
77th International Astronautical Congress 2026

IAF/IAA SPACE LIFE SCIENCES SYMPOSIUM (A1)
Life Sciences for Space Exploration (9)

Author: Dr. Claudia Gonzalez Viejo
University of Melbourne, Australia

Dr. Lydia Ong
University of Melbourne, Australia

Ms. Arnika Wain
University of Melbourne, Australia

Dr. Ane Aldalur
University of Melbourne, Australia

Mr. Pablo Felix
TECNOLOGICO DE MONTERREY, Mexico

Dr. Arturo A. Mayorga-Martinez
TECNOLOGICO DE MONTERREY, Mexico

Prof. Sally Gras
University of Melbourne, Australia

Prof.Dr. Sigfredo Fuentes
University of Melbourne, Australia

CAN WE BUILD DIGITAL TWINS USING 3D-PRINTED FOODS COUPLED WITH DIGITAL
SENSORS FOR SPACE MISSIONS THAT PREDICT ASTRONAUT MENU FATIGUE?

Abstract

Ensuring adequate nutrition and the self-sustainability of astronauts remain a critical challenge for
future long-duration space missions, particularly due to risks of malnutrition, menu fatigue, and reduced
food palatability. This study developed 3D-printed plant-based foods with distinct textural properties to
evaluate differences in sensory perception under immersive simulated Space and Earth environments using
a trained panel (n = 12). A low-cost, portable electronic nose (e-nose) was integrated into the 3D printer
to monitor volatile compound release during printing, while final products were analyzed using a handheld
near-infrared (NIR) device to obtain chemical fingerprints. Principal component analysis showed clear
grouping of samples according to tasting environment, with attributes such as mouthcoating and pasty
perceived as more intense in the Space-simulated condition, whereas springy and noodly textures were
rated higher in the Earth environment. Machine learning models were successfully developed using (i)
e-nose outputs and (ii) NIR absorbance data as inputs to predict sensory perception across environments.
Both models achieved high predictive performance (R ¿ 0.99) without indications of under- or overfitting.
These findings suggest that integrating real-time volatile monitoring and chemical fingerprinting with 3D
food printing could enable adaptive, personalized food production systems for long-duration missions,
supporting digital food twins and environment-specific menu optimization in future space missions.
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