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ABSTRACT
Growing fresh, nutritious, palatable produce for crew consumption during spaceflight may provide health-promoting, bioavailable nutrients and enhance the astronaut dietary experience as we move toward longer-duration missions.  Tending plants may also serve as a countermeasure for crew psychological stresses associated with spaceflight.  However, requirements to support consistent growth of a variety of nutritious crops under spaceflight environmental conditions remain unclear.  This study explores the potential to grow crops for consumption on the International Space Station (ISS) using the Veggie vegetable-production system.  VEG-04A and B were two flight tests conducted in 2019 with the leafy green crop Mizuna mustard.  Mizuna was grown in two Veggie chambers simultaneously, with the chambers set to different red-to-blue light formulations; one Veggie was programmed as “red-rich” and the second as “blue-rich.”  Light quality is known to impact plant growth, nutrition, microbiology, and organoleptic characteristics on Earth, and the Veggie flight tests examined how these impacts might differ in microgravity.  VEG-04A was a 35-day growth test with a single harvest.  VEG-04B, a 58-day test with harvests at four, six, and eight weeks from the same plants, assessed sustained productivity.  Challenges with the watering program occurred early during VEG-04A, and several plants failed to survive in both the flight and ground control operations.  Thus, prior to VEG-04B, an extra test was conducted to tailor water timing and volumes.  This test allowed a fine tuning of methods for VEG-04B, and generally plant survival was better in that experiment.  At each harvest, the astronauts froze half of the edible plant tissue to return to Earth and weighed the remaining half using the ISS Mass Measurement Device (MMD).  Weighed samples were then cleaned with produce-sanitizing wipes, and consenting crew members participated in organoleptic evaluation of the fresh produce.  Organoleptic evaluations were conducted on the Mizuna crops grown in both light treatments, and data from these tests are compared to ground data collected at JSC.  The remaining sanitized produce was available for crew consumption as desired.  Frozen flight samples were returned for microbial and chemical analyses to assess food safety and nutritional quality.  Microbial assessments included culturing and identifying aerobic bacteria, yeasts, and molds, and screening for specific human pathogens.  Chemical nutrient analyses included assessing elements, antioxidants, and phenolics in plant tissues.  Crew members involved in plant operations completed behavioral health surveys pre-flight, in-flight associated with plant growth and harvest activities, and post-flight.  Surveys captured the amount of time spent on different plant-related operations, enjoyment of the different activities, engagement with Veggie, experience interacting with Veggie, and sensory stimulation associated with growing plants in Veggie.

[bookmark: _GoBack]Within each study, plant growth did not differ across light treatment or location (flight versus ground).  In general, more biomass was produced in most treatments during the longer study, but growth of this crop declined over time with the repeated harvests.  On average, bacterial and fungal counts were significantly lower on ground control samples than flight samples, and microbial counts increased with repeated harvests.  Light treatment did not influence any elements in tissues tested; however, the growth duration did impact levels of several elements.  Organoleptic scores were generally higher in flight, and ground tasters considered samples more bitter.  Amount of interaction and responses to Veggie varied widely by individual.  Enjoyable tasks had higher impact than non-enjoyable tasks and interacting with Veggie was generally viewed as positive.  These tests on ISS are helping to mitigate the risk of an inadequate food supply for long-duration missions by adding fresh vegetables and key nutrients to the crew diet, and indicating which plant care activities are providing behavioral health benefits for the crew. This research was co-funded by the Human Research Program and Space Biology (MTL#1075) in the ILSRA 2015 NRA call.  
