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Abstract 9 

Characterization of the relationship between food system acceptability and repeat consumption within 10 
the spaceflight food system may be linked to caloric intake but the impact of food acceptability and 11 
repeat consumption has not been previously systematically investigated. In this study, 15 astronauts on 12 
the International Space Station (ISS) reported acceptability of the items in one meal a week over 13 
approximately 6-month and 1-year missions. The results indicated that acceptability scores did not 14 
decrease over the mission. Astronauts limited selections to their personal favorites early in the mission 15 
and did not consume foods they did not like. Although they continued to like the foods they chose, 16 
many foods were not rated by more than one individual, supporting variability in personal preference. 17 
Intake of only liked foods from mission start may impact total variety and quantity available to each 18 
astronaut within the restricted system on ISS, which may ultimately impact total nutritional intake. It 19 
also increases the challenge for exploration missions, where food may be pre-positioned and personal 20 
preferences may not be accommodated. Astronaut comments indicated specific food types and 21 
strategies that may help improve food system acceptability for future missions. 22 
 23 

Introduction 24 

The spaceflight food system is a restricted food system, which means that astronauts derive their 25 
calories and nutrition from a defined set of foods that is limited by mass, volume, and shelf-life 26 
requirements. To ensure individuals can obtain adequate calories and nutrition, the food system must 27 
provide a number of factors including food safety, nutrition, and quality, but also aspects such as menu 28 
variety and food acceptability. 29 
 30 
Food acceptability, or liking, is an interaction between food and an individual consuming the food at any 31 
given moment of time (Maina 2018). Characteristics of the food such as appearance, aroma, flavor, and 32 
texture all contribute to food acceptability, and there is a positive relationship between food 33 
acceptability and food intake. For example, in military samples, soldiers were more likely to choose 34 
foods again when they rated it as highly acceptable than when it was low in acceptability (de Graaf et al. 35 
2005). 36 
 37 
In restricted food systems the availability of foods is inherently limited, so it is necessary to consider that 38 
menu variety supports adequate nutrition and food acceptability especially as individuals are faced with 39 
repeat consumption. Menu variety is the total number of different foods made available to the 40 
individual. Over time, individuals may experience menu fatigue, where they may change their eating 41 
behavior, such as losing interest in eating the food available due to repetitive and limited variety. For 42 
individuals sustained by a restricted food system over time, menu fatigue can be particularly 43 
problematic if this decreased interest also results in insufficient caloric and nutritional intake.  44 
 45 
 Previous studies on menu fatigue or food monotony in operational environments are limited in duration 46 
and indicate that limited menu variety may result in decreased food acceptance and reduced intake 47 
within a short timeframe (Meiselman et al. 2000). Military studies with Meals Ready to Eat (MREs) 48 
resulted in a policy to limit sole use of MREs to 21 days to prevent underconsumption and weight loss 49 
associated with continued use of this limited food system (Friedl and Hoyt 1997). 50 
 51 
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The focus of our research is on understanding the relationship between menu variety, food 52 
acceptability, and menu fatigue over time in a space food system. Current and future space exploration 53 
such as missions to Mars will be a significant human achievement. The food system is central to ensuring 54 
crew health and performance and ultimately mission success. The food system is currently considered a 55 
red risk by NASA for exploration missions, meaning that there is not currently an adequate food system 56 
strategy available that will support the constraints and timelines of these missions. Currently there are 57 
no capabilities to grow food in space at the levels needed to provide adequate caloric and nutritional 58 
intake. Therefore, astronauts rely on a shelf stable food system that fits within the mass, volume, shelf-59 
life and other limitations of the vehicle. We next describe the current system, followed by the additional 60 
restrictions likely for space exploration, including a mission to Mars.  61 
 62 
On the International Space Station (ISS) the diets of astronauts in the United States Operating Segment 63 
are restricted to a shared standard food system with a usage rate based on the astronauts in-mission, 64 
limited crew preference foods, and very limited fresh food supply. The majority of the food system 65 
(~80% of the system) is part of the shared standard system that includes a consistent variety of 66 
approximately 200 different shelf stable foods and beverages packaged in lightweight flexible packaging. 67 
The food system is stored at ambient temperatures, must be easily prepared (heat, add water only), and 68 
must have a multi-year shelf life. Much of the food is produced and provisioned months in advance of a 69 
mission and arrives to the ISS prior to the astronauts who will consume it. The food system is designed 70 
to meet nutritional, quality, safety, and limited resource requirements. Foods are rated through sensory 71 
evaluation in the Space Food Systems Laboratory at the NASA Johnson Space Center (Houston, TX). 72 
Specifically, panels of volunteers evaluate the foods and rate them using a 9-pt hedonic scale (1 = Dislike 73 
Extremely; 9 = Like Extremely). Only foods rated above 6.0 are included in the system.  74 
 75 
The standard food system is supplemented with Crew Specific Menu foods (CSM – foods chosen by each 76 
astronaut that meet spaceflight requirements; ~20% of the system). CSM foods consist of shelf stable 77 
foods, with limited foods from International Partners (IPs), which are designated for the astronaut that 78 
chose them.  Fresh foods (e.g., apples, oranges) are limitedly available to astronauts when small 79 
amounts are provided during a resupply mission. 80 
 81 
Although only foods rated as acceptable by panels are included in the shared standard food system, 82 
specific astronauts on a mission may differ in their opinion of a specific food’s acceptability and have 83 
different preferences for foods within the standard system. To account for this, the shared food system 84 
is provisioned to provide as much variety as possible within the mass, volume, and usage rate limitations 85 
to enable astronauts some choice. This may work well if members of a crew have different preferences, 86 
but it can be a challenge if they have the same preferences. Therefore, menu fatigue, or a change in 87 
eating behavior due to the repetition of foods and limited variety, is still a concern.  88 
 89 
ISS astronauts often comment in debriefs on the importance of menu variety and choice, and that they 90 
may tire of certain foods over their mission (~6 months), indicating menu fatigue. However, resupply 91 
logistics and astronaut mission assignment timelines limit the ability to provide a greater percentage of 92 
CSM foods. Additionally, body mass loss is often experienced by ISS astronauts (Smith et al. 2021). The 93 
perception of food acceptability related to a restricted food system may increase in significance for 94 
future exploration missions in which food may be prepositioned (e.g., launched ahead of crew or any 95 
final crew changes). Planetary physics restricts launch windows to Mars, which may impact the ability to 96 
provision CSM foods that align with specific astronauts. Return capability may also be restricted, which 97 
may increase the importance of the acceptability of the food system to maintain nutritional intake, 98 
health, and performance for multi-year durations.  99 
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 100 
Thus, the overarching purpose of our research was to characterize food acceptability over time in 101 
astronauts on 6-or-12-month missions aboard the International Space Station. Our first objective was to 102 
determine the impact of repeat consumption on food acceptability within the current variety 103 
restrictions of the spaceflight food system. We hypothesized that menu fatigue due to repeat 104 
consumption of foods in a variety restricted system will lead to decreases in acceptability of individual 105 
foods and increased aversion to available foods over a mission. Our second objective was to identify 106 
strategies that may improve food system acceptability over time. We used a mix of qualitative and 107 
quantitative data to address these objectives.  108 
 109 

Method 110 

We collected and analyzed data from 15 astronauts (8 M/7 F) living and working on the ISS for 166 to 111 
355 days to address our research questions. This study was approved per NASA IRB protocol 112 
STUDY00000107 for inclusion of human subjects.  113 
 114 
Our first objective sought to determine the impact of repeat consumption on food acceptability within 115 
the current variety restrictions of the spaceflight food system. To answer this question a questionnaire 116 
was administered at one meal a week to capture in situ scoring of consumption experiences. Astronauts 117 
indicated which foods and beverages they consumed at this meal and then rated each food or beverage 118 
on its overall acceptability using a 9-pt hedonic scale (1= Dislike Extremely; 9 = Like Extremely). 119 
Participants then provided open-ended feedback regarding food context, attributes of the food, and the 120 
meal. The repetition in survey administration was intended to target repeat consumption ratings of 121 
foods prior to menu fatigue, where ratings may decrease to a point where an astronaut might stop 122 
eating those foods and begin eating other available foods or limiting their choices to their favorites. 123 
Astronauts also participated in a post-mission debrief interview. 124 
 125 
We analyzed the data using a mixed method approach. Descriptive statistics and visualizations were 126 
used to quantitatively summarize food acceptability ratings over time. The primary goal was to look for 127 
trends in the trajectories of ratings of the food items over time – both within and between individuals – 128 
to determine if there were substantial decreases in acceptability across all foods. The number of times a 129 
particular item was scored was used as an indicator of frequency of consumption (i.e., preference). 130 
Variety was operationalized as the overall number of unique items scored by an astronaut. We assessed 131 
whether individuals were more likely to have more observations on food items that are rated higher, 132 
and whether those who rated foods higher had more or less overall variety. Summary statistics for each 133 
food item (number of ratings, number of astronauts who rated, mean, standard deviation, min, and max 134 
rating) and astronaut (number of ratings, number of unique items, mean, standard deviation, min, and 135 
max ratings) were estimated. Association between ratings, number of items, and mission length were 136 
analyzed by estimating correlation between mission summaries of variety (number of unique items 137 
scored), mission duration, and average numeric rating. Repeated measures correlation (Bakdash and 138 
Marusich 2017) was used to estimate correlation between the number of times a crewmember rated a 139 
food item and the average rating adjusting for the repeated measures within crew across each unique 140 
rated menu item. Mixed models including subject-specific random effects to address the repeated 141 
measures were used to explore effect of time and repeat consumption on the numeric ratings. Analyses 142 
were run in R v4.5.0 with packages rmcorr_0.7.0 and nlme_3.1-168.  143 
 144 
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Our second objective sought to identify possible strategies that may be used in the design of the food 145 

system to reduce menu fatigue and improve acceptability over time, even within a limited variety 146 

system. To answer this question we engaged in a reflexive thematic analysis of three open-ended 147 

comment prompts, “provide the context (e.g., appearance, taste, texture/mouth-feel) for any of your 148 

ratings,” “provide context on satisfaction or boredom with individual foods, and variety of the food 149 

system overall,” and “provide any additional comments you’d like to share regarding this meal” to 150 

identify recurring patterns in data and group them into categories or themes. The first author, with 151 

consultation and code and theme review from the second author, coded the data. The reflexive 152 

thematic analysis was guided by the six steps outlined from (Braun and Clarke 2006; Braun and Clarke 153 

2025) : 1) becoming familiar with dataset, 2) coding, 3) generating initial themes, 4) develop and 154 

reviewing themes, 5) refining, defining, and naming themes, and 6) summarizing results in writing. Given 155 

the novelty of a space exploration food system, we used an inductive method in that we specifically 156 

designed the survey questions to identify items related to variety, acceptability, and fatigue. We used a 157 

deductive and experiential approach to learn from the astronauts’ experience in the unique content of 158 

spaceflight, with both semantic and latent outcomes. We used these experiences to construct our ideas 159 

on strategies for exploration food systems.  160 

Results 161 

A total of 1772 food scores for 434 different foods were received from all 15 astronauts. In contrast to 162 

the hypothesis, astronauts in this study did not show menu fatigue in relation to repeat consumption 163 

through decreasing food acceptability scores over time. Instead, there was no correlation between 164 

variety of foods an individual rated and how they rated foods overall (cor=0.29, p=0.2921). The food 165 

acceptability ratings by individual also were not related to mission length (cor=0.26, p=0.3528). Scores of 166 

liked foods did not decrease over time. Instead, higher scores were associated with a greater number of 167 

repeat scores (rmcorr=0.1, p=0.0018) although the effect was modest (0.07 ± 0.02, p=0.0018 per 168 

additional one point rating from mixed modeling). This all supports a common debrief response, that 169 

astronauts limited selections to favorites early in the mission and continued to like those foods 170 

throughout the mission and score them acceptably (Figure 1). 171 

More than half of the foods rated (254 of 434) were only rated by one of the 15 astronauts (Figure 2). 172 

The number of different foods each astronaut rated was positively associated with mission length 173 

(cor=0.87, p<0.0001). 174 

While many comment entries were left blank, some astronauts frequently provided comments.  175 

Comments to open-ended questions “provide context or boredom with individual foods, and variety of 176 

the food system overall” and “provide any additional comments you’d like to share regarding this meal” 177 

included both positive comments (e.g., aspects which helped to ward off menu fatigue or boredom) as 178 

well as negative comments (e.g., content of comments that indicated frustration, boredom, or onset of 179 

menu fatigue). Results of the thematic analysis suggested 7 themes: 1) importance of variety and when 180 

it was lacking, including indicators of onset of menu fatigue; 2) supplements to the menu that helped 181 

ward off menu fatigue; 3) components of food related to behavioral or physical health; 4) specific foods 182 

mentioned that were liked;  5) specific foods mentioned that were disliked, 6) ability to eat similarly to 183 

home, and 7) other factors related to food portioning and preparation impacting eating experience.  184 

Comments indicating menu fatigue varied widely, with some astronauts indicating concerns about menu 185 

fatigue as early as 2 days into their missions and some astronauts never indicating they experienced 186 
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fatigue (no fatigue comments). For the 9 astronauts with fatigue indicators in their comments, these 187 

first appeared between 1 and 4 months into their missions. During the debrief interviews astronauts 188 

indicated the fatigue did not impact the amount of food eaten over their mission length, however, 189 

several astronauts indicated that they thought it would on a longer mission or if no preference foods 190 

were available. In general, fatigue was due to individual expectations and tolerance for limited variety 191 

and the desire for preference foods. Comments further indicated that breakfast foods and vegetables 192 

were the most inadequate in variety and quantity. 193 

We provide detail on each theme along with exemplar comments next. 194 

Theme 1: importance of variety and when it was lacking, including indicators of onset of menu fatigue  195 

Most, but not all, astronauts commented on the availability of different foods.  196 

We opened a few new BOBs [food containers] this weekend and were thinking it would be nice if 197 

there was some variety between BOBs. Even a few meals different would be great. It’s 198 

disheartening to open the same food week after week. Astronaut A, 38% into mission 199 

Common subthemes were around the lack of variety in vegetables and a lack of protein in the breakfast 200 

foods. The acceptability in vegetables was also a recurring theme. 201 

There are not enough vegetables and fruit and these go fast. Too much nuts and too much soup, 202 

so we are always down to just soup and nuts (haha) because vegetables and fruit get eaten more 203 

quickly.... Astronaut D, 27% into mission 204 

Several times the need for more breakfast proteins was reported early on, even prior to menu fatigue.  205 

Overall, I am very happy with quantity and quality of the food system. I do wish there were more 206 

eggs in the standard breakfast menu. …. Astronaut E, 2% into mission 207 

Even though some liked the idea of cereal: 208 

Love having cereal for breakfast. Astronaut F, 38% into mission  209 

Theme 2: Supplements to the menu that helped ward off menu fatigue 210 

While the lack of variety was often noted, crewmembers indicated that supplements to the menu 211 

helped keep a lack of variety from turning to boredom and menu fatigue. Supplemental food from the 212 

CSM, food augmentation for physiological studies, IP foods, condiments, fresh or specialty food 213 

deliveries with short shelf life that are only available with late load on resupply vehicles, and combining 214 

food in new ways were important to support consumption.   215 

Many heavily relied on their preference foods from CSM for needed variety. 216 

Variety is good but supplement with CSM foods are needed to help with boredom. Astronaut H, 217 

13% into mission  218 

The shrimp curry out of my CSM was a nice change from the standard menu.  I have noticed that 219 

items are becoming a bit dull.  Variety and new foods at this point in the mission is a most 220 

welcome addition. Astronaut B, 45% into mission  221 
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The majority of astronauts commented on the importance of IP food as a means of warding off menu 222 

fatigue.  223 

The variety of food from various space agencies is important.  We should be able to select more 224 

food from ESA, JAXA, and CSA, even if there are not crewmembers flying with us. Astronaut J, 225 

25% into mission 226 

Astronauts also used strategies such as combining foods and suggested condiments as a means of 227 

warding off menu fatigue.  228 

Variety is okay, but at this point in the mission I find myself getting creative to change things up.  229 

Mixing together different foods, etc. Astronaut F, 34% into mission 230 

Almost everything could benefit from condiments.  I wish there was greater variety in 231 

condiments, and more plentiful. Astronaut J, 19% into mission 232 

Theme 3: Components of food related to behavioral or physical health 233 

Astronauts noted psychological or physical health aspects of food, or on one occasion how another 234 

astronaut’s diet may have had an impact to menu fatigue. 235 

These days I find myself full-ish, but not satisfied.  I am definitely craving something, but not sure 236 

what.  Variety?  Salty crunchy food?  More crunchy vegetables?  A smoothie?  Hard to say. 237 

Astronaut L, 86% into mission 238 

Boredom seems to be setting in, …  Additionally, I have a crew member that is eating [a specific 239 

diet].  Because of [astronaut’s] food choices, we burn through many of the foods I like very 240 

quickly ….  The perceived variety is reduced, and the repetition of food selections is increased.  241 

This specific diet by one crew member has an adverse affect on the rest of the crew. Astronaut B, 242 

92% into mission 243 

Frustrating not enough healthy foods. Too much sugar. Not enough eggs. Astronaut A, 56% into 244 
mission 245 

 246 
Themes 4-5: Specific foods liked (Theme 4) or disliked (Theme 5) 247 
 248 
There were several comments that called out specific foods that were either liked or disliked, and 249 

sometimes a particular reason was given. The specific foods varied between astronauts and crews.  250 

Definitely need more variety. It is a gut punch to open a new food BOB and find it is the exact 251 

same as the last one. And, the foods that everyone dislikes we see … throw[n] away over and 252 

over … Astronaut A, 49% into mission 253 

Ability to eat similarly to home (Theme 6), and other factors related to food portioning and 254 

preparation impacting eating experience (Theme 7) 255 

Although commented on less frequently than other themes, several crewmembers commented about 256 

how the diet compared to what they would have at home, portion sizes being too large or too small, 257 

challenges with hydration of freeze-dried foods, and the importance of chilling some foods. 258 
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The [food] is good, just super tiny. As with a lot of the portions, it is not nearly enough for a 259 

meal, more of a tease. If it was 3x the size, it would be just over [x] calories and constitute a 260 

meal. Astronaut A, 63% into mission 261 

Love using my crew preference spreads to make a toast type breakfast like at home. Astronaut F, 262 

61% into mission 263 

…Orange juice is great, but it has to be cold. Very critical to have a Glacier to chill drinks. It 264 

makes a huge difference in acceptability…Astronaut D, 16% into mission 265 

 266 

Discussion 267 

Data were collected from 15 astronauts on the ISS to determine the impact of repeat consumption on 268 

food acceptability within the current variety restrictions of the spaceflight food system and inform 269 

strategies to improve food system composition. The data did not support our hypothesis, that menu 270 

fatigue due to repeat consumption of foods within the variety restricted spaceflight food system led to 271 

decreases in acceptability of individual foods. Instead, the results indicated that astronauts limited 272 

selections to favorites early in the mission and continued to like those foods throughout the mission and 273 

score them acceptably. 274 

Even with only one meal rated a week and approximately 200 items on the standard menu, more than 275 

400 foods and beverages were rated. Although the personal preference provided to ISS astronauts is 276 

limited to only ~20% of their options, it adds a significant variety for these crews. It is also important to 277 

note that we expect the variety consumed was much greater than what was indicated here, because the 278 

evaluation was limited to one meal per week. It is possible that 100 unique food items may be added by 279 

each individual’s CSM foods, adding a substantial variety to the ISS food system.  280 

Despite the variety added by CSM foods in the current system, the majority of comments suggested the 281 

importance of variety and when it was lacking, including indicators of onset of menu fatigue (Theme 1). 282 

Comments were suggestive of the importance of variety and choice. Many crewmembers commented 283 

on the lack of variety in foods, particularly with vegetables and breakfast items. Comments indicated 284 

that some astronauts were craving foods that were not available and that although they rated what they 285 

consumed as acceptable, they could not find enough that they liked most to consume and stated that 286 

they were eating just to get nutrition. Over half of the astronauts provided comments indicating they 287 

were experiencing fatigue related to the menu as a whole. In a restricted system, limiting oneself to 288 

favorites could impact perception of the menu as a whole over time as well as total intake even if the 289 

subset of foods chosen for consumption are still considered acceptable.  290 

Less than half of the foods and beverages were scored by multiple crewmembers (Figure 2), 291 

demonstrating varying preferences across astronauts and the importance of providing preference foods 292 

to support choice, and ultimately to support adequate intake, health, and performance. This was further 293 

reflected in the experiences of astronauts captured by Theme 2, of warding off menu fatigue with 294 

supplemental items from CSM or personal preference foods, international partner foods, condiments, 295 

and other ‘enhancements’. Importantly, many of these strategies may not be possible on exploration 296 

missions. First, food prepositioning timelines may occur well in advance of crew launch or any final crew 297 

changes, so use of preference foods may not align with those of the final crew. Second, although 298 
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inclusion of IP foods increases variety, inclusion of these would need to be agreed upon between space 299 

agencies. Third, foods must fit within nutritional, safety, shelf life, and mass and volume requirements, 300 

and often supplemental foods are higher in salt and fat, have a shorter shelf life, or are packaged in 301 

heavier, bulkier, packaging, such as cans, limiting their inclusion in the food system. Although some 302 

astronauts indicated a preference for the textures from canned foods over flexible food packages, mass 303 

and volume restrictions on future missions may not accommodate cans. Fortunately, many condiments 304 

do meet exploration requirements and greater varieties of condiments have been included in the space 305 

food system. The variety increases if refrigeration is available for storage after the condiment is opened, 306 

but resource restrictions may also eliminate even a small chiller from many space missions.  307 

Themes 4 and 5 focused on liked and disliked foods. Some crew comments indicated that foods that 308 

were disliked by an entire crew were thrown away. Excess food on spaceflight missions is extremely 309 

limited or not available, making it important to identify strategies to improve food system acceptability 310 

to ensure adequate intake and reduce waste. Because preferences varied widely between astronauts 311 

and between crews, removing and replacing foods to improve acceptability within a closed spaceflight 312 

system is not straightforward. Different astronauts may like and dislike the same foods. Food usage is 313 

currently tracked over time in spaceflight, and foods that are more commonly under-consumed or noted 314 

as disliked are replaced. Comments from Theme 1 indicate the most likely improvements would be to 315 

provide as much variety as possible, specifically increasing variety and quantity of fruits and vegetables, 316 

rotating foods, and modifying the breakfast foods to include more protein rich foods. Theme 3 317 

comments, related to behavioral and physical health, such as evaluating sugar reduction, or 318 

identifying/developing crunchy foods that have a long shelf life and do not generate crumbs, may also 319 

be considered for potential improvements in the exploration food system strategy.  320 

Theme 6 indicated that some astronauts were interested in finding foods that enabled them to eat like 321 

they do on Earth. This is a challenge in a restricted system given the great variety of options on Earth, 322 

and the varied preferences among crew. However, this idea supports the importance of provisioning 323 

whole, familiar foods. Although it is often assumed that as high-performing, highly-trained individuals, 324 

astronauts will eat anything required to complete a mission, food familiarity and quality assumes added 325 

psychological importance on extended-duration space missions, where it may mitigate stress associated 326 

with prolonged isolation and confinement (Stuster 2010).  327 

Theme 7 comments, on other factors impacting eating experience, varied among astronauts for 328 

different foods. Comments included where they would prefer a different portion size, the ability to 329 

easily hydrate foods to preference, or foods they would like to be able to hydrate longer or consume 330 

cold, both requiring refrigeration. Although all crew may not want to see a change in portion size, this is 331 

an area under consideration for a subset of exploration foods. Additionally, these comments highlight 332 

the importance of ensuring the exploration food preparation infrastructure is adequate as well as the 333 

foods. Although equipment for heating and hydration of foods, or chilling even a small number prior to 334 

consumption, can require significant mass, power, and volume, the comments here indicate that 335 

adequate preparation equipment is central to acceptability and consumption. 336 

Understanding the relationship between food acceptability and mission duration may be even more 337 
important for exploration missions. Some future menu plans for highly resource-constrained missions 338 
limit astronauts to only the calories that they need, despite data that indicates that individuals who do 339 
not want to consume an item will lose weight rather than consume it (Sirmons et al. 2020). In addition, 340 
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food may be prepositioned, limiting or eliminating the potential to provide preference foods that would 341 
not support late crew assignment changes. Since dietary intake is linked to health and performance 342 
(Douglas et al. 2022), inadequate food system design may have more severe health and performance 343 
consequences as mission duration and distance from Earth increase. These findings suggest that 344 
adequate acceptable variety may be critical to sustain intake on longer missions. Further data are 345 
needed in simulated or real long-duration contexts to define adequate variety and food system design 346 
requirements within the resource restrictions of longer missions.  Another challenge to defining 347 
adequate variety and food system design was indicated in crew comments in this study (Theme 3). If a 348 
crewmember self-selects from only a few of the foods available, it may limit the availability of the foods 349 
they are consuming to other crewmembers due to the nature of a restricted, shared food system, which 350 
could have nutritional implications. 351 
 352 
Data from this study, and future studies that include additional information on nutritional intake and 353 

body mass in relation to variety available and food acceptability over time, can be used to help design 354 

menus that are most acceptable for exploration crews. While many of the strategies used by astronauts 355 

on the ISS to increase variety and ward off menu fatigue, such as crew specific food items, may be 356 

limited or not available for exploration missions, some strategies noted here such as increasing variety 357 

and quantity in specific food groups, rotating foods, and ensuring adequate condiments may be 358 

possible. Future research can explore these and other approaches and inform the design of future 359 

exploration spaceflight food systems that allow us to sustain human health and performance as we push 360 

the boundaries of human space exploration. 361 

  362 
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 388 

 389 

Figure Caption: 390 

Figure 1: Food acceptability ratings by astronaut. Each bar represents one astronaut with colors 391 

representing the percentage of responses in each rating on the 9-pt hedonic scale (n=15). Astronauts 392 

continued to score the foods they were choosing high throughout the mission, but comments indicated 393 

they were only selecting their favorites and not consuming other foods. 394 

Figure 2: Number of different foods and number of astronauts who rated them. Each bar represents the 395 

number of foods scored by the corresponding number of astronauts. More than half of the foods were 396 

only scored by one astronaut, indicating the varying preferences across the astronauts and the 397 

importance of providing variety. 398 
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