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CONTENTS OF PRESENTATION & LAYING ITS FOUNDATION STONE

Contents

- Nebular bar (snack) — Space dish #1

- Personalized nutrition salad — Space dish #2

- Jollof rice one-pot meal — Space dish #3

- Personalized nutrition beverage — Space dish #4
- Plasma as aroma-intensifier in space

Laying foundation (thanks Herve ©)

- why is it interesting to go to space

- why is it difficult to feed people there
- what are the effects of microgravity
- how it affect senses

- why it is difficult to cook



NUTRIENT-DENSE DUCKWEED SNACK FOR BIOREGENERATIVE FOOD SPACESYSTEMS

Lentils
2t0 9 mm (D)

Pumpkin seeds
16 mm (L), 8 mm (W)

2cm

Duckweed
1 mm (D)
Honey
High heat ~~\__
conductivity
’ Blueberries
3 om 5to 16 mm (D)
Material | Thermal Conductivity Density (kg/m?) Heat Capacity
(W/m-K) (J/kg-K)
Duckweed | 0.14 ~1100 ~3000
Honey 0.50 ~1420 ~2000
Blueberry | 0.55 ~1000 ~3800




DUCKWEED SNACK =NEBULA BAR

Layered food system



INGREDIENTS OF THE NEBULA BAR

Ingredient | Amount | Calories | Protein | Fat | Carbohydrates | Fibre | Ref.
) kea) (@ |@ |@ ®

Duckweed | 75 95 31.5 345 | 0.8 4 Appenroth
etal., 2018

Pumpkin 50 300 15 26 10 4 Batool et

seeds al., 2022

Lentils 50 175 12.5 0.5 |30 8 Streit, 2023

(dry)

Freeze- 30 100 1 0.5 |26 4 Hodges, et

dried al. 2023

blueberries

Honey 45 135 0 0 36 0 Barreiros,
et al. 2024

Total 250 805 60 304 | 102.8 20




THERMAL CONDUCTIVITY OF KEY INGREDIENTS
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THERMAL DYNAMICS UNDER “SPACE CONDITIONS” (HEAT CONDUCTION ONLY)
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THERMAL DYNAMICS, AS PER SIMPLIFIED “SPACE EXPERIMENT”




A SUSTAINABLE BONE HEALTH SPACE SALAD FOR PERSONALIZED NUTRITION
IN LONG-DURATION MISSIONS

Past ACS awarded research, forming background of new study.
Food for astronauts
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OPTIMAL CROP COMBINATIONS FOR THE ‘SPACE SALAD’

Scenarios
Nutrient sources 1 3 4 5 6 7 8 9 10
Soybean 75 55 63 - - - - - -
Poppy 120 173 155 36 - 35 - 36 34
Barley 18 254 223 365 - 357 - - 198
Garlic - - - 91 - 115 - - -
Chard 616 - - - - - - - -
Kale - 74 79 36 - 28 61 93 93
% Peanuts 76 30 25 - - - - - -
S Broccoli - - - - 53 - 33 - -
2 Spinach - - - 94 15 96 - - -
2 146 - - -
Sweet Potato 1280 527 642 - 0 -
Sunflower - - 18 25 13 26 - 16 18
Quinoa - - - - - - 361 294 265
Flax - - - - - - 223 - -
Figs - - - - - - 104 - -
Maize - - - - - - - 173 -
Beef - - - - - - 21 20 9
Chicken spread - - - 309 164 302 - 65 114
- Trout - - - 133 709 155 - 504 469
§ Salmon - - - - - - 130 - -
< Clams ; _ ; 111 521 88 267 ; -
293 120 1200 1201 1200

Total food weight 2185 1113 1205 1200 5 5




CONSTRAINTS FOR MODELLING THE ‘SPACE SALAD’

Nutrition constraints considered

Food intake

. Number Calories (2700 Macro- Amino Minerals Vitamins . .
Scenario of crops - 3700 kcal) nutrients acids N(g;aZnF;eém v I;: Eé) (%’E,?EE,ZC?B,BQ’ I%f’ Fiber  per V\ll(z;gc:‘)t (-2
V(9), exclude: A;
1 44 v v V(9) v(10) B12: D
V(9), exclude: A;
2 44 v v V(9) V(10) B12; D /
v (6) exclude: P; Na; V(6), exclude: A; B6;
3 44 v v Cu; Se B12; D; E; K /
4 44 v v v (9) V(9) exclude: Na V(9), exclude: A; v
B12; D
5 50 v v V(9) J(10) V(10), exclude: A; D v
V(5) exclude: P; Na;  V(9), exclude: B3;
6 50 v v Cu; Mn; Se. B6; K v
7 50 v v V(9) V(10) V(12) v v
V(9), exclude: A;
8 102 v v V(10) B12: D: v
V(9), exclude: A;
9 100 v v V(10) B12: D: v
10 99 J J J(10) V(9), exclude: A; v

B12; D;




OPTIMAL CROP COMBINATIONS FOR THE ‘SPACE SALAD’
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OPTIMAL CROP COMBINATIONS FOR THE ‘SPACE SALAD’

A psychology test was conducted and reported as “The Harmonic Psychology of a Space Salad” led
by Karolina Rivera-Osorio, College University of New York/US (CUNY); also working for NASA’s
“Venus New Exploration Era”, Space Psychology.

 Volunteer #1 - loved the taste overall, especially the barley and sweet potatoes.

* Volunteer #2 - it tasted “very sweet” and compared it to a gourmet salad.

* \Volunteer #3 - the “barley was a bit dry and could have been soaked longer,” but “enjoyed the
sweet taste of the potatoes and freshness crunch.”

* Volunteer #4 - did not like it at first but had another bowl later.




NEW ‘SPACE SALAD’ STUDY: MATHEMATICAL CONSTRAINTS

Bone Health-Oriented Layered Optimization Model

Z = Zpone t C‘\:denm'ai + AvgZyg + AW

Z=overall objective function to be minimized;

Zpone= deficiency penalty associated with the core bone-health nutrient layer;
Z generar= deficiency penalty associated with the general nutrition layer;

a= weighting coefficient assigned to the general nutrition layer;

Zy k= penalty term associated with vitamin K intake exceeding the soft cap;

Ay k= weighting coefficient controlling the strength of the vitamin K penalty;

W = total water requirement associated with the crop formulation;

Ay = weighting coefficient assigned to the water-demand penalty.

max (0, R; — N, °
anﬂe - ( R. )
[

i




NEW ‘SPACE SALAD’ STUDY: MATHEMATICAL CONSTRAINTS

Second general nutritional layer

(max (O,R; — Nj))z
denerm‘. —
Z R;

j

Nutritional limits

Calories < 800
Sodium < 800
Protein = 45



NEW ‘SPACE SALAD’ STUDY: CULINARY CONSTRAINTS

Dish-structure constraints Leafy vegetables:
Leafy = 320
Legumes:
Legumes < 150
Seeds:
Seeds < 20
Nuts:|
Nuts < 25
To preserve freshness and culinary Juicy = 40
realism, minimum inclusion constraints Aromatic > 3

L

1 N;
Score = —Z min (— 1)
n & R;
L



NEW OPTIMAL COMPOSITION FOR THE ‘SPACE SALAD’ STUDY

Crop Amount (g) Primary role

Kale 142.1 Calcium, Vitamin K
Spinach 83.3 Magnesium, Folate

Lentil 82.4 Protein, Phosphorus
Soybean 67.6 Protein, Lysine
Broccoli 54.6 Potassium, Vitamin C
Peanuts 25.0 Healthy fat
Avocado 24.3 Texture, lipid
Tomato 22.8 Fresh component




‘JOLLOF RICE IN ORBIT’: AMOLECULAR GASTRONOMY BLUEPRINT
FOR AFRICAN CULINARY HERITAGE IN SPACE

SPACE JOLLOF:
Molecular Gastronomy Blueprint for Heritage Cuisine in Orbit
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JOLLOF RICE DISH-COOKING ON EARTH

Emulsification - oil Heat-driven
droplets stabilised physical and chemical processes

within red sauce + Starch gelatinisation
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SPACE-MADE JOLLOF PREPARATION

Dual-Chamber Capillary-driven Food Rehydration System for Microgravity Environments

1. Modular Dual-Chamber Pouch Overview | 3. Colorimetric Sensory Cue (Transformation)
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COMPARISON EARTH- AND SPACE-MADE JOLLOF

Process Earth Jollof

Parameter (Traditional) Space Jollof (Proposed System)  Functional Rationale

Controlled release of

Tomato—pepper—onion  Emulsified tomato—pepper base volatiles: stability under

Base Sauce purée simmered in encapsulated in alginate— _ _
microgravity and

vegetable o1l maltodextrin beads "
= radiation

Controlled Maillard pre-reaction

Cooki Open-pot simmeri . : Safe, low-moisture heat
00 ting pen-po” cring in sealed reactor at 110 °C, dried ate, Jowrmolstire fiea
Method and stirring reaction
to flavour powder
Rice Parboiled rice absorbs Pre-gelatinized rice granules Elimination of free-
Texture sauce through boiling rehydrated via diffusion at 70 °C floating erumbs
: Mi lated vegetable oil L -
0il Flavour carrier and an;jgﬂeicfﬁamu f‘ﬂ:ﬂ ilfeglf)li; Tuzl Oxidative stability and
Function colour enhancer S P P nutritional retention
protein gugumesnting
Safe, gravity-independent
Serving Communal bowl and Dual-chamber pouch; modular are, grav ity-mn cpencent
: ) dining: preserves social
Mode spoon connection for group sharing
aspect
Sensory Aroma through Visual colour transition + Restores multi-sensory

Stimulus convection and steam controlled aroma vents engagement




PERSONALIZED NUTRITIONAL BEVERAGE - CLOUD EMULSION
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Schmidt, Hessel et al.

IMPACT ON DROPLET SIZE ACS Food Science & Technology 6, 4 (2026) 1092-1111
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A 50 g/L Sucrose B 100 g/L Sucrose

PHASE DIAGRAMS, DEPENDENCY
ON THE NUTRIENT ADDITION
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PLASMA AS FLAVOUR MODIFIER AND INTENSIFIER

Innovative Food Science and Emerging Technologies 90 (2023) 103497

Contents lists available at ScienceDirect

Innovative Food Science and Emerging Technologies

e

FI SFVIFR journal homepage: www.elsevier.com/locate/ifset =

Radiofrequency cold plasma — A novel tool for flavour modification in fresh | ==
and freeze-dried strawberries
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PLASMA HAS POSITIVE EFFECT ON FLAVOUR; NOT JUST CHANGING IT
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Strawberries in a radio-frequency plasma reactor
(equipment of collaborator A/Prof. Bryan Coad, Waite, Adelaide

Percentage change (% 8C) in concentration of ethyl butanoate, mesifuran, butanoic acid, hexanoic acid, furaneol, and y-decalactone, in different samples
and cold plasma treatments, compared to their corresponding control treatments (i.e., just gas (C15: used as a control for C16, C17, C18, & C19 only) or no
treatment (CO: used as a control for all other treatments)); these are represented as no significant difference (yellow), a statistically significant increase
(green), or a statistically significant reduction (red).



PLASMA CAN HAVE LARGE EFFECT ON SOME KEY FLAVOUR MOLECULES
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Fig. 2. Mean concentrations (% w/w) (n = 4-5) (+ s.d.) of (a) methyl butanoate (MB), (b) ethyl butanoate (EB), and (¢) methyl hexanoate (MH) in fresh strawberries
(FO), with (F1) or without (FO) freeze drying and with (C17) or without direct RF (C0) air-based plasma treatment.



CORRELATION OF PLASMA EFFECT BETWEEN FOOD (‘in vivo’) & VESSEL (‘in vitro’)
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Fig. 5. Average concentrations (% w/w) (n = 3 to 5) (£ 5.d.) of ethyl butanocate (a), mesifuran (b), butanoic acid (c), hexanoic acid (d), furaneeol (), and y-dec-
alactone (f) in either the MI sclution (mix of these volatiles on a 3 em aroma paper strip) (Y1 axis) or in freeze-dried strawberries (S1) (Y2 axis). These were weated
with air-based RF plasma with (“P") er without (just air) (“G") ionisation at 65 V input (2-3 kV at 1 MHz AC output) for 60 5. Strawberries were placed either 3 em or
5 cm away (axially) from the plasma source. Paper strips were kept 2 em away axially from the tip (5 cm to the base) to the plasma source. Lowercase letters indicate
significant differences between treatment types. Uppercase letters indicate significant differences berween matrices.



MECHANISM OF PLASMA EFFECT: VERY FIRST STEP TO RATIONAL DESIGN
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UHPLC results (Beta-ionone Control and Plasma)
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Changes in volatile organic compounds in cherry tomato

Contrel only (n=2)
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Plasma : 18 compounds

RT Area Score Compound Aroma

9.85 458690 96.27 Benzaldehyde Almond, cherry, nutty
10.24  695944.66 82.3 1-Hepten-3-one Metallic
10.50 512494 87.16 Furan, 2-pentyl- Green, fruity, earthy, beany, vegetable, metallic
10.70 475967 94.36 cis-2-(2-Pentenyl)furan Green, fatty, vegetable, fuity, nutty, leafy, earthy
10.87 174057 82.15 2,4-Heptadienal, (E,E)- Fatty, green, oily, vegetable
11.27 860344.5 90.17 5-Ethylcyclopent-1-enecarboxaldehyde Green, floral
11.50 455702.33 93.02 Benzeneacetaldehyde Green, sweet, floral, rose, honey, cocoa
11.75 940710.75 86.87 2-Octenal, (E)- Cucumber, green, fatty, herbal
12.32 357079.75 93.26 Phenol, 2-methoxy- Phenolic, smoky, spicy, vanilla, medicinal, woody
12.56 193990 83.56 Nonanal Waxy, rose, citrus, orange peel, lemon peel, fatty
12.72 902127.25 94.46 Phenylethyl Alcohol Floral, rose, fresh, bready, honey
13.47 132695 80.37 2-Nonenal, (E)- Fatty, green, cucumber, citrus
14.18 79621 84.29 Decanal Sweet, waxy, orange peel, citrus, floral
14.47 102854.5 88.12 1-Cyclohexene-1-carboxaldehyde, 2,6,6-trimethyl- Saffron, herbal, rose, sweet, tobacco, fruity
15.48 160265 86.75 2,4-Decadienal, (E,E)- Oily, cucumber, melon, citrus, pumpkin, nutty
15.60 40798 80.59 Benzene, (2-nitroethyl)- Flower, spice
16.59 11282263  86.41 (E)-2-Butyl-2-octenal Green, fruity, metallic, oily, cucumber, herbal, fatty
16.76  1065689.5 85.18 (Z2)-2-Butyl-2-octenal Green, fruity, metallic, oily, cucumber, herbal, fatty




Compound

Found in Cherry Tomato
Literature?

Yes, a very characteristic

Aroma Role

Green, wasabi,

Priority

Detected in
GC-MS?

Volatile Organic Compounds — Literature Relevance and GC-MS Detection in Cherry Tomato

GC-MS Group

Signal Area
(Control) B2

Signal Area
(Plasma) 4

2-Isobutylthiazole Very High Yes Control only 434,362 nd
marker of tomato aroma tomato-leaf
Yes, belongs to important Floral. sweet. hone

Benzeneacetaldehyde phenylalanine-derived like ’ ’ Y Very High Yes Both groups 318,786 455,702
volatiles
Yes, part of phenylpropanoid-

Phenylethyl Alcohol related volatiles beneficial for Floral, rose-like Very High Yes Both groups 696,020 902,127
aroma

Benzaldehyde Ry LRI EMCITR7 |/ iSlilepCiiiia) High Yes Both groups 394,962 458,690
tomato VOC studies nutty
Y i rtant aldeh fatt

(E)-2-Octenal Yes, animportant aldehyde  Green, fatty, High Yes Both groups 688,995 940,711
in cherry tomato cucumber-like

(2)-3-Hexenal Yes, one of the most potent F.resh-cut grass Very High No . nd nd
green-note compounds (intense)
Yes, k i

(E)-2-Hexenal s, key contributor to Green, leafy Very High No = nd nd
green and leafy notes
Y idely identified

Hexanal €5 YVI €y .en ed as Green, fatty High No — nd nd
a major volatile

6-Methyl-5-hepten-2- Yes, |r.nportant for fruity Fruity, citrus High No . nd nd

one and citrus nuances
Yes, extremely potent i

Floral I
B-lonone odorant with very low Ll R Very High No = nd nd

threshold

high OAV)
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