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[bookmark: _Toc210390746]Table S1: Reasoning for macro- and micronutrient composition in PNP per health benefit for the female sport field lab 
	Health benefit
	Dough
	Filling
	Macronutrient
	Micronutrient / functional ingredient
	Dosing (mg)
	Substantiation

	Endurance
	Cellular ink (Carrot)
	Ganache
	Complex carbohydrates and high energy content to support endurance exercise (1)
	Iron if menstruating or to support anemia prevention
	226 
	Consensus statement UEFA expert group [footnoteRef:1], IOC Consensus statement [footnoteRef:2]  [1:  Collins J, Maughan RJ, Gleeson M, et al UEFA expert group statement on nutrition in elite football. Current evidence to inform practical recommendations and guide future research British Journal of Sports Medicine 2021;55:416.]  [2:  McClung JP, et al. (2023).] 


	Recovery
	Cereal almond
	Banana-strawberry
	Protein-forward profile, aiming to support daily protein distribution; carbohydrate included when recovery follows higher-load training
	Leucine,
Iron
	2200
226
	Protein and leucine support post-exercise recovery by contributing to muscle protein synthesis. Iron supports oxygen transport and may be relevant when recovery needs to account for menstrual iron losses or risk of iron deficiency 1,[footnoteRef:3] [3:  Donald K Layman, Tracy G Anthony, Blake B Rasmussen, Sean H Adams, Christopher J Lynch, Grant D Brinkworth, Teresa A Davis,
Defining meal requirements for protein to optimize metabolic roles of amino acids234, The American Journal of Clinical Nutrition, Volume 101, Issue 6, 2015, Pages 1330S-1338S, ISSN 0002-9165,
https://doi.org/10.3945/ajcn.114.084053.] 


	Recovery light
	Protein
	Pear
	protein-containing dough with fruit-based carbohydrate filling; lower energy load than full recovery profile
	Folic acid
	48
	EFSA health claim to support normal immune system function and helps reduce tiredness and fatigue [footnoteRef:4] [4: EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). (2009). Scientific Opinion on the substantiation of health claims related to folate and blood formation, homocysteine metabolism, energy-yielding metabolism, function of the immune system (ID 91), function of blood vessels, cell division, and maternal tissue growth during pregnancy pursuant to Article 13(1) of Regulation (EC) No 1924/2006. EFSA Journal, 7(9), 1213. https://doi.org/10.2903/j.efsa.2009.1213] 


	Immune health - Mesomorph body type
	Cereal almond
	Cream cheese
	Body-type dependent base; healthy-fat profile when appropriate; protein/carbohydrate balance adapted to body type and training context
Fibers (3) and Poly unsaturated fatty acids (4) to support immune health, combination supports mesomorph macronutrient profile
	Zinc,
Folic acid, 
Iron 
	52
48
226
	EFSA health claims on Zinc, Folic acid and iron to support the immune system 4,[footnoteRef:5],[footnoteRef:6] [5:  EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). (2009). Scientific Opinion on the substantiation of health claims related to zinc and function of the immune system (ID 291, 1757) pursuant to Article 13(1) of Regulation (EC) No 1924/2006. EFSA Journal, 7(9), 1229. https://doi.org/10.2903/j.efsa.2009.1229]  [6:  EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2016. Scientific opinion on iron and contribution to the normal function of the immune system: evaluation of a health claim pursuant to Article 14 of Regulation (EC) No 1924/2006. EFSA Journal 2016; 14(7):4548, 8 pp. doi:10.2903/j.efsa.2016.4548] 


	Immune health – Endomorph body type   
	Cereal almond
	Banana-strawberry
	Fibers (3) and Poly unsaturated fatty acids (4) to support immune health, combination supports endomorph macronutrient profile
	Zinc, 
Folic acid, 
Iron 
	52
48
226
	EFSA health claims on Zinc, Folic acid and iron to support the immune system  4,5,6

	Immune health - Ectomorph body type 

	Cereal almond
	Pear
	Fibers (3) and Poly unsaturated fatty acids (4) to support immune health, combination supports ectomorph macronutrient profile
	Zinc, 
Folic acid, 
Iron 
	52
48
226
	EFSA health claims on Zinc, Folic acid and iron to support the immune system  4,5,6

	Gut health -Mesomorph body type
	Cellular ink (Carrot)
	Cream cheese
	Fiber-oriented profile; complex carbohydrates and fruit/vegetable ingredients; adjust fiber load to habitual fiber intake and GI complaints
Fibers to support digestive health (18), combination supports mesomorph macronutrient profile
	Probiotics 

	3204
	Probiotics support intestinal health [footnoteRef:7],[footnoteRef:8],[footnoteRef:9]  [7: Miller LE, Zimmermann AK, Ouwehand AC. Contemporary meta-analysis of short-term probiotic consumption on gastrointestinal transit. World J Gastroenterol 2016; 22(21): 5122-5131]  [8:  Goodman, C., Keating, G., Georgousopoulou, E., Hespe, C., & Levett, K. (2021). Probiotics for the prevention of antibiotic-associated diarrhea: a systematic review and meta-analysis. BMJ Open, 2021;11:e043054. doi: 10.1136/bmjopen-2020-043054.]  [9:  Zheng, Y., Zhang, Z., Tang, P., Wu, Y., Zhang, A., Li, D., Wang, C., Wan, J., Yao, H., & Yuan, C. (2023). Probiotics fortify intestinal barrier function: a systematic review and meta-analysis of randomized trials. Frontiers in Immunology, 14. https://doi.org/10.3389/fimmu.2023.1143548] 



	Gut health -Endomorph body type
	Cellular ink (Carrot)
	Cream cheese
	Fibers to support digestive health (18), combination supports endomorph macronutrient profile
	Probiotics 
	3204
	Probiotics support intestinal health 7,8,9

	Gut health -  Ectomorph body type
	Cellular ink (Carrot)
	Ganache
	Fibers to support digestive health (18), combination supports ectomorph macronutrient profile
	Probiotics 
	3204
	Probiotics support intestinal health 7,8,9

	Menstrual healthing

	NA* 
	NA*
	Balanced profile with sufficient carbohydrates and protein; avoid low-energy availability; support iron status and menstrual comfort
	Folic acid,
B12,
Iron
	48
51
226
	Iron, vitamin B12 and folic acid support blood formation and oxygen transport, which is relevant during menstruation due to menstrual iron losses and increased risk of iron depletion 4,6

	Luteal phase
	Protein
	Pear
	Higher emphasis on adequate energy, healthy fats and amino acids/protein; avoid under-fueling; match training load, preferably lower-intensity where relevant
	Iron
	226
	Pre-liminary evidence supporting PMS symptom relief [footnoteRef:10],[footnoteRef:11] [10:  Bruner, A. B., Joffe, A., Duggan, A. K., Casella, J. F., & Brandt, J. (1996). Randomised study of cognitive effects of iron supplementation in non-anaemic iron-deficient adolescent girls. The Lancet, 348(9033), 992–996. https://doi.org/10.1016/S0140-6736(96)02341-8]  [11:  Hinton, P. S., Giordano, C., Brownlie, T., IV, & Haas, J. D. (2000). Iron supplementation improves endurance after training in iron-depleted, nonanemic women. Journal of Applied Physiology, 88(3), 1103–1111. https://doi.org/10.1152/jappl.2000.88.3.1103.  ] 


	Amenorrhea
	Cereal almond
	Banana-strawberry
	Energy-availability restoration profile: adequate carbohydrates, adequate protein, and nutrient-dense fats; avoid energy restriction 12
	Calcium
	1792
	IOC consensus statement on RED-S [footnoteRef:12] and EFSA health claim for bone health [footnoteRef:13] [12:  Mountjoy M, Sundgot-Borgen J, Burke L, et al. The IOC consensus statement: beyond the Female Athlete Triad-Relative Energy Deficiency in Sport (RED-S). Br J Sports Med. 2014; 48: 491–497.
]  [13:  EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). (2009). Scientific Opinion on the substantiation of health claims related to calcium and maintenance of bones and teeth pursuant to Article 13(1) of Regulation (EC) No 1924/2006. EFSA Journal, 7(9), 1210.] 



* No distinct macronutrient profile is specified, as micronutrients are incorporated into the nutritionally appropriate selected PNP formulation; when selected micronutrients are already present in the formulation, dosing is applied only once to avoid duplicate enrichment.



Table S2 Overview health benefits and measurement methodology
	 
	Measurement methodology

	
	Military
	Hospital
	Elite female athletes

	Immune health
	Subjective questionnaire on fitness level and sleep quality
PAL questionnaire
	Physician interpretation
	Subjective questionnaire on fitness level and sleep quality
Supplement use

	Gut health
	Fiber intake questionnaire
Subjective complaints questionnaire
	NA
	Fiber intake questionnaire
Subjective complaints questionnaire

	Endurance
	Planned activities, anthropometrics
	NA
	Planned training intensity, anthropometrics

	Muscle power
	Planned activities, anthropometrics
	NA
	NA 

	Recovery
	Planned activities, anthropometrics
	NA
	Planned training intensity, anthropometrics

	Recovery light
	NA
	NA
	Planned training intensity, anthropometrics

	Mental Performance
	Planned activities, coffee & energy drink intake
	Physician interpretation
	NA

	Muscle Health
	NA
	Physician interpretation
	NA

	Blood glucose regulation
	NA
	Physician interpretation
	NA

	Energy restricted
	NA
	Physician interpretation
	NA

	Mental Health
	NA
	Physician interpretation
	NA

	Luteal phase, amenorrhea, menstrual health
	NA
	NA
	Menstrual tracking





Table S3: Composition of the PNP per health benefit and filling combination for the female sport field lab
	Health benefit  
	Casing  
	Filling
	Energy, Kcal/100g  
	Carbohydrates  
g/100g  
	Protein, g/100g  
	Fat g/100g 
	PUFA g/100g 
	Fiber, g/100g  
	Micronutrient
(mg/pp)  

	Endurance
	Cellular ink (Carrot)
	Ganache
	347.3
	60.5
	2.03
	11.0
	2.21
	7.5
	Iron (226)

	Recovery
	Cereal almond
	Banana-strawberry
	280.1
	34.9
	6.55
	13.1
	3.64
	3.3
	Leucine (2200)
Iron (226)

	Recovery light
	Protein
	Pear
	193.7
	21.2
	22.4
	3.19
	0.31
	1.8
	Folic acid (48)

	Immune health - Mesomorph body type
	Cereal almond
	Cream cheese
	352.6
	49.5
	7.69
	13.2
	3.64
	5.1
	Zinc (52)
Folic acid (48)
Iron (226)

	Immune health – Endomorph body type   
	Cereal almond
	Banana-strawberry
	280.1
	34.9
	6.55
	13.0
	3.64
	3.3
	Zinc (52)
Folic acid (48)
Iron (226)

	Immune health - Ectomorph body type 
	Cereal almond
	Pear
	267.0
	32.7
	6.24
	12.9
	3.65
	4.0
	Zinc (52)
Folic acid (48)
Iron (226)

	Gut health -Mesomorph body type
	Cellular ink (Carrot)
	Cream cheese
	262.6
	56.4
	2.47
	0.36
	0.01
	8.5
	Probiotics (3204)

	Gut health -Endomorph body type
	Cellular ink (Carrot)
	Cream cheese
	262.6
	56.4
	2.47
	0.36
	0.01
	8.5
	Probiotics (3204)

	Gut health -  Ectomorph body type
	Cellular ink (Carrot)
	Ganache
	347.3
	60.5
	2.03
	11.0
	2.21
	7.5
	Probiotics (3204)

	Luteal phase
	Protein
	Pear
	193.7
	21.2
	22.4
	3.19
	0.31
	1.8
	Iron (226)

	Amenorrhea
	Cereal almond
	Banana-strawberry
	280.1
	34.9
	6.57
	13.1
	3.64
	3.3
	Calcium (1792)






Flexible Food Manufacturing Platform
Machine architecture
The FFMP was physically placed in a modified transportable sea container. This container, shown in Figure S1, was originally built as a so-called Mobile Satellite Kitchen (MSK) and used by the military. 
[image: ]
Figure S1: A Mobile Satellite Kitchen (MSK) provided by the Dutch military, was used as mobile housing for the FFMP.
The construction as a kitchen allows for the production of food for consumption. It has a built-in air conditioning system that keeps the ambient temperature stable between 18 and 24 °C. Prior to installation, all standard kitchen equipment was removed from the MSK to create maximum internal space for the FFMP. The actual FFMP dimensions were W x D x H = 3.43 x 1.77 x 1.91  m.
During production, each PNP is created onto a carrier that holds one individual PNP. As shown in Figure S2, this carrier consists of a stainless steel frame with a removable and washable silicone (baking) mat removably clamped on top of the frame. 
[image: ]
Figure S2: Stainless steel metal tray with silicone baking mat on top for transporting the PNP between stations.
In addition, the tray has QR codes attached to it on both sides that uniquely identifies the tray during production. At the start of production of a PNP, this tray-ID was uniquely coupled to the order-ID of the PNP for the duration of the production of the PNP. Off-site, the order-ID of the PNP was in turn coupled to a specific order of a specific consumer. For privacy reasons, this information was not available nor required at the production location where thus only numerical IDs were used. At every station, the barcode on the tray was read, so that the correct deposition or dispensing action was performed as it was required for that particular PNP. Also in this way, the FFMP is always aware of the location of each PNP in the production process, even if for one reason or another a PNP was removed or lost from the production process. 
A robot gripper, henceforth called ‘robot’,  transports the PNP between the various stations over a transport stage that covers the full width of the machine. The robot moves at a typical speed of 30 cm/s, and with a maximum acceleration of 30 cm/s2. These values keep the PNP in place on its tray while swiftly moving between stations. This configuration with a transport robot moving PNP’s between stations, allows for the various processing steps to run in parallel, thus maximizing throughput. 
[image: ]
Figure S3: Robotic gripper carrying a tray with PNP on top between production stations.
The robot show in Figure S3 is capable of lifting and lowering the tray from and onto stages local to each station and moving it into and out of each station area and then subsequently moving it sideways between all stations. Pegs protruding from the bottom of the tray allow for docking the tray onto a hole pattern in the local stages for proper alignment. 
Production process
The production process involves a number of sequential deposition and processing steps that are each performed in the separate stations in the FFMP. A HACCP assessment was performed to ensure the production process was compliant with food safety requirements.
Preparation
Before a daily production run started, all cartridges containing food materials were brought from cold storage to ambient temperature in a forced convection box. After about 1 hour, the cartridges were equilibrated and placed onto the FFMP. Meanwhile, the oven was preheated to the production temperature of 160 °C. Micronutrients were dosed from containers that remained on the printer for longer periods of time. Just before production, all depositors and dispensers were primed in an automated sequence.
3D-Printing
Production of a PNP started by dispensing a tray onto a 3D-printing platform. This was done by the tray dispenser shown in Figure S4, which can hold up to 40 trays.
 [image: ]                        [image: ]
Figure S4: Left: Tray dispenser with a capacity to hold 40 trays. Right: 3D dough printing station.
In addition to the peg-in-hole docking of the tray to the printing platform, here the tray is additionally held in place magnetically. This is done as 3D-printing requires a higher positioning accuracy than is needed at the other deposition and processing stations. At this station, the casing is 3D-printed in a layer wise fashion. The printing stage holding the tray was moved in X-Y-Z directions to create the 3D casing, while dough is dispensed from a printing head. During the field labs, three basic 3D casing designs were available for printing: small (4 cavities), medium (6 cavities) and large (8 cavities). The printing station is divided in six areas such that six different doughs can be printed. Thus, in principle, every layer in the casing can be printed with a different casing material. 
A printing head consists of a stepper motor driven gear pump, which is fed from the cartridge holding the dough formulation. Figure S5 shows the internals of a gear pump.
[image: ]
Figure S5: Gear pump as used for dispensing fillings.
Feeding the gear pump was achieved by putting the food material in the cartridge under pneumatic back-pressure. This back-pressure only ensures a good feed to the gear pump and had no influence on the amount of material that was dispensed. The gear pump itself acts as a very precise metering device for accurate dosing. Per type of dough, a one-time calibration was performed as the gear pump is a volumetric pump, and the nutritional advice is given in terms of mass. The gear pump was developed in-house.
Printing the casing typically took about four minutes for a medium sized casing. When printing was finished, the printing stage moved the tray to the pickup location next to the QR code reader. The FFMP then sent the robot to pick up the tray and moved it to the next station.
Baking
Depending on the recipe, the printed casing was moved to either the oven (CGE11-N, Diamond, Belgium) or directly to the micronutrient deposition station. With the casing materials used in our field labs, baking was always required. Some doughs needed a short baking time of about two minutes while other doughs required a baking time of four or even twelve minutes. The oven temperature was fixed at 160 °C, which was a slight compromise between the optimal temperatures required for the different casing materials.
[image: ]
Figure S6: Oven with rotation platform with a capacity for three PNP to be baked together and three waiting positions.
For efficiency, orders were automatically clustered prior to manufacturing, based on the required baking time. The oven is equipped with a rotating platform as can be seen in Figure S6.  Both sides of the platform can hold three trays. Exactly after the currently set baking time expires, the platform was rotated. Thus, it presented the freshly baked casings for the robot to be moved further, and it started baking whichever number of casings were present on the rotating platform on the outside of the oven at the moment of rotation. Removing the freshly baked casings now has the highest priority for the robot as we need to prevent double baking. All available trays with baked casings are moved to the cooling area. 
Cooling
The cooling area show in Figure S7 is located directly next to the oven to limit move times. Cooling down to a temperature below 40 °C is required for two reasons. Compliance with food safety regulations, requires prevention of activating spores which can happen by putting cold food materials onto hot food materials. Secondly, some micronutrients (e.g. vitamin C) may deteriorate when they are exposed to high temperatures. 
[image: ]
Figure S7: Cooling station, with a capacity for six PNP, currently holding three PNP.
At the cooling station, the casings cool down by natural convection in an open area. Forced convection is neither needed to achieve the required throughput, nor preferred to prevent high circulation which would bring large amounts of ambient air in contact with the casings. The cooling station is also equipped with a rotating platform that is very similar to the one in the oven station. Here, however, there is no functional difference in the casing being on either side of the platform. There is also no maximum cooling time defined, only a minimum value of 14 minutes. Thus, the cooling area also acts as a buffer in the FFMP with six temporary cooling/storage locations.
Filling stations: introduction
After cooling, the casing needs to be filled with micronutrients, fillings and toppings. Each of these has its own filling station. Filling stations are designed as lines perpendicular to the robot path, with multiple filling heads placed in a row. Each casing passes twice through each filling station. On the first pass, the right cavities in the casing are filled and on the second pass, the left cavities are filled. The robot is used to move the tray sideways between passes for alignment between casing cavities and dispensing nozzles. The choice to use the robot for this side movement was made to prevent the need for having extra actuators in all dispensing stations. The robot has sufficient time to perform these actions. 
Filling stations: micronutrients
The first station that is visited after cooling is the micronutrient station shown in Figure M9. This station holds seven dispensers, each with a different micronutrient. These dispensers are commercial units (SDB-1, XQ Instruments, Singapore) that can dispense multiples of a well-defined basic dosing unit.
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Figure S8: Left: Micronutrient deposition station with a capacity for seven different micronutrients. Right: Filling station with a capacity for seven different fillings and an extra eight position for the topping most in demand.
The dosing amounts per PNP ranged from 48 mg to 3.2 g. They were different for each micronutrient and also varied between field labs. In principle, each cavity can be filled with any or all of the available micronutrients. Originally, it was foreseen that micronutrients were only to be dosed in such tiny amounts that their volume would not significantly affect the subsequent dosing of fillings and toppings. In practice however, also to prevent a too powdery taste, we were limited to a maximum of three different micronutrients to be dosed in each casing.
Filling stations: Fillings
After micronutrients have been dosed, the casings are moved to the fillings station, also shown in Figure S8. Here, we find eight dosing heads. Seven of these heads are coupled to cartridges with different filling formulations. The eighth location holds the cartridge with the filling that is in highest demand. Thus, we prevented or at least limited the need for replacing cartridges than ran empty during the production process. 
The dispensing heads in this station were identical to the heads in the case printing station, i.e. gear pumps connected to 360 mL cartridges filled with a food formulation under back pressure. This again allowed for precise dosing after a one-time calibration per filling type. In practice, the upper viscosity limit, given a maximum available back pressure of 7 bar, a chosen nozzle diameter of 2 mm and a reasonable motor size was about 1000 Pa·s at a shear rate of 1/s which typically corresponds to smooth peanut butter. In the presence of particles, their size should be no larger than 200 micron, to avoid the risk of blockage of the nozzle. Also here, in principle, every cavity can be filled with any combination of fillings. With that approach however, one very much runs the risk of clashing tastes. Therefore we choose to only have a single type of filling per individual PNP. 
Fillings station: Toppings
After the fillings have been deposited into the casings, the robot moves them to the topping station. This station has the same layout as the filling station with eight dispensing heads. 
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Figure S9: Left: Topping deposition station with a capacity for seven different toppings and an extra eight position for the topping most in demand. Right: Output area with a capacity to temporarily store five PNP.
For the toppings however, no gear pumps are used. Dosing of toppings does not require the accuracy needed for casings. Toppings are dosed from 30 mL cartridges that are each equipped with a backpressure cap. For dosing of the toppings, we choose to apply this back pressure in pulses at a fixed level of 1 bar and a variable length in time between about 500 and 1100 ms. Also here, a one time calibration of this dosing time was required, to arrive at a fixed dosing amount of 0.4 grams per cavity for all toppings.
Storage
After dosing the toppings, the PNP is ready. The robot moves the tray with PNP to the output area, also shown in Figure S9. This area acts as a buffer that can hold up to five trays. 
Food safety requires that a PNP is consumed within two hours after production started, if they are not kept in cold storage. So, to extent the consumption window, the operator moves the PNP from the output area to cold storage as soon as possible.
This sets the upper limit to the capacity of the output buffer. From there, the operator takes out the tray. Manually scanning the barcode on the side of the tray displays the corresponding order-ID on an operator display. The operator takes the PNP from the tray and places it in a 500 mL bamboo carton box. The box is then closed with a lid and the order-ID as displayed on the operator screen is written on top of the lid. Finally, the PNP is placed in temporary cold storage to await transport to the consumer site.
Cleaning
After a production run, all food containers are discarded. Gear pumps are disassembled and are washed in a dishwasher, together with the trays and printing mats. After drying, printing mats are clipped back onto the trays which are then put back into the tray dispenser. In addition, gear pumps are assembled again and placed back onto the FFMP, ready for the next production run.
Machine control
The FFMP is controlled from a PLC (Beckhoff, Germany) with control modules driving the various actuators and reading all sensors. The control architecture and software were designed and realised in house. A human-machine-interface (HMI) was also created especially for the FFMP. In engineering mode, this HMI allows the operation of all individual actuators and running specific test sequences. In production mode, it allows loading a print job and subsequently running and monitoring the production of PNP as per the recipes. Print jobs can also be paused in a smart way through this HMI if needed. As per food safety requirements, the FFMP also logs the temperature at various stations together with the ambient temperature and humidity. As an illustration, Figure S10 shows the Production tab of the HMI.
[image: ]
Figure S10: Production tab of the HMI that the operator can use to control the HMI.


Food material formulations 
Casing
The casing formulations and their preparation methods are as follows. There were 3 variations in the cereal dough formulations. The ingredients, suppliers and amount are shown in Table S4.
Table S4: Ingredients and composition of the cereal doughs with variations.
	Ingredient
	Supplier
	Cereal dough
	Cereal almond
	Cereal fibre-rich

	Wheat flour
	White feather, Nissin
	35.83%
	24.19%
	23.94%

	Soluble beta-glucan
	PromOat GF, Lantmännen
	
	
	11.69%

	Almond flour
	Supermarket
	
	20.29%
	

	Egg white powder
	Bouwhuis Enthoven
	4.22%
	4.02%
	3.97%

	Instant starch
	Claria Instant 360, Tate & Lyle
	12.65%
	12.05%
	11.92%

	Extra fine sugar
	Cosun
	11.60%
	11.04%
	5.47%

	Soluble corn fibre
	Promitor 70R, Tate & Lyle
	
	
	5.47%

	Shortening
	Trio puur zacht,
	22.13%
	10.47%
	20.83%

	Sodium Bicarbonate
	Supermarket
	0.20%
	0.19%
	0.19%

	Sodium Pyrophosphate SAPP 28
	Zeelandia
	0.31%
	0.29%
	0.29%

	NaCl
	Supermarket
	0.42%
	0.40%
	0.40%

	Tap water
	
	12.65%
	17.06%
	15.83%

	Total
	
	100.00%
	100.00%
	100.00%



The cereal doughs were prepared with the following method: shortening was weighed in the bowl of a Hobart mixer (N-50). Mix powders of extra fine sugar, sodium bicarbonate, SAPP 28, salt and egg white powder. For almond- or fibre-rich formulations, almond flour or soluble beta-glucan and soluble corn fibre powders were also added in this step. Add the powder mix to the shortening and mix for 1 min at speed 1. Slowly add in the water while mixing for 1 minute at speed 2. Scrape the wall using a dough scraper and mix for 3 minutes at speed 2. Add in the wheat flour and instant starch and mix until clean wall. Beat the dough at speed 2 for 10 seconds. The dough was then stored in a sealed PE bag in the fridge for further use. The shelf life was 7 days.
The protein bar also had 3 variations. The ingredients, suppliers and amount are shown in Table S5.
Table S5 Ingredients and composition of the protein bars
	Ingredient
	Supplier
	Protein bar
	Protein – medium sugar
	Protein – low sugar

	Demi water
	
	24.2%
	25.9%
	29.9%

	Glucose fructose syrup
	DAWN
	22.5%
	16.9%
	11.0%

	Glycerol
	supermarket
	7.5%
	7.5%
	7.5%

	Soluble corn fibre
	Promitor 70R, Tate & Lyle
	
	3.9%
	5.75%

	Microcrystalline cellulose
	P290, JRS pharma
	
	2.0%
	2.0%

	Sunflower oil
	Supermarket
	5.0%
	5.0%
	5.0%

	Whey protein
	Bipro, Davisco
	15.0%
	13.0%
	13.0%

	Calcium caseinate
	Excellion, Friesland Campina
	25.0%
	25.0%
	25.0%

	Kappa carrageenan
	Sigma Aldrich
	0.8%
	0.8%
	0.8%

	Total
	
	100%
	100%
	100%


Preparation of the protein bar started with a κ-carrageenan solution: dissolve the κ-carrageenan powder into 80°C demi water while mixing, bring the temperature down to 60°C before further use. In sugar-reduced variants, soluble corn fibre was also added to the solution.
Add whey protein, calcium caseinate powder and sunflower oil (and microcrystalline cellulose when applicable) to the mixing chamber of the Stephan cutter (UM12A). Close the lid, set the vacuum to 80% and mix for 30 seconds at low speed. Release the vacuum and add the remaining ingredients: glycerol, κ-carrageenan solution and glucose-fructose syrup. Close the lid, set the vacuum to 80% and mix for 1 min at low speed, repeat the process for another 2 minutes. The dough was then stored in a sealed PE bag in the fridge for further use. The shelf life was 7 days.
The cellular ink had 2 variations. The ingredients, suppliers and amount is summarized in Table S6.
Table S6 Ingredients and composition of the cellular-based food ink.
	Ingredient
	Supplier
	Cellular – carrot
	Cellular - 
plum

	Pectin
	CESAPECTIN HMSS, Tate & Lyle
	3.0%
	3.0%

	Sugar
	Cosun
	50.0%
	

	Soluble corn fibre
	Promitor 70R, Tate & Lyle
	
	22.0%

	Dried plum
	Supermarket
	
	50.0%

	Demi water
	
	26.7%
	11.9%

	Tri-Na-citrate
	Supermarket
	0.8%
	0.8%

	50% citric acid solution
	Sigma Aldrich
	2.0%
	2.0%

	Carrot fibre
	Van Rijsingen
	17.5%
	10.3%

	Total
	
	100.0%
	100.0%


For the carrot variant, mix powders of pectin and sugar, add demi water and let mix and solubilize in a water bath of 95°C for 2 hours.
For the plum variant, soak the dried plum in demi water for half an hour and grind it in a Retsch Grindomix (GM200) until a smooth paste. Add the pectin and sugar mix into the plum paste and heat in a water bath of 95°C for 2 hours.
Add pectin-sugar paste or pectin-sugar-plum paste into the mixing bowl of the Hobart mixer. Add in citric acid, Tri-Na-citrate and carrot powder, mix 1 minute at speed 1 in the Hobart. Repeat the process after scraping the wall. Mix for 1 minute at speed 2. Repeat the process after scraping the wall. The dough was then stored in a sealed PE bag in the fridge for further use. The shelf life was 7 days.
Filling and toppings 
Fillings were sourced as commercially available products or via in-house production. The chocolate ganache was ‘Creme dell Artigiano extra bitter’ from Callebaut (Belgium). The apple puree concentrate (brix 38), the pear puree concentrate (brix 45) and the smooth salted organic peanut butter were supplied by General mills Inc (USA). The strawberry banana puree was prepared by mixing strawberry puree with a banana puree in 1:1 ratio, both purees were purchased from Van Gelder (The Netherlands). 
The yoghurt, custard and cheese fillings were produced and supplied by Tate & Lyle (Germany), their ingredients are listed in Table S7. The fruity toppings (summer fruit, strawberry, green apple, orange and citrus fruit) all had the same formulation, presented in Table S8, but with different flavour and colorant. The formulations of the caramel and chocolate toppings can be found in Table S9 and Table S10. All toppings were produced and supplied by Tate & Lyle (Germany). 
The production process of the yoghurt, custard and cheese fillings and all toppings was done using a Thermomix (Vorwerk, Germany). Mix cold water and CMC/MCC blend for 15 min. Add starch Kappa carrageenan, mix for 5 minutes at speed 4, make sure no lump is formed. Add glucose syrup along with the other sweeteners, set temperature to 60 °C, mix with speed 2 for 2 min. add sodium citrate, citric acid solution and potassium sorbate solution with 2 min intervals. Add fruit derivatives and colorant, start cooking the product at 90 °C for 2 minutes. Start cooling product to 75 °C, when reaching 75 °C, add flavour, mix for 2 minutes and fill the cartridges with the product. Pack the closed cartridges in PE sealed bag and store refrigerated.
Table S7: composition of the yoghurt, custard and cheese fillings. These fillings only differ in flavour.
	Ingredient
	%

	Water
	24.21%

	Carboxymethyl cellulose (CMC)/ Microcrystalline Cellulose (MCC) blend
	0.25%

	Whey powder
	4.50%

	Resistamyl 367
	4.50%

	Kappa carrageenan 
	0.15%

	Glucose syrup 40 DE
	29.74%

	Sugar 
	4.05%

	Sta Lite L90
	12.00%

	Sorbitol
	10.00%

	Glycerol
	10.00%

	Salt
	0.18%

	Tartaric acid
	0.22%

	Potassium sorbate 
	0.10%

	Flavour (yoghurt, custard or cheese)
	0.10%

	Total
	100.00%



Table S8: composition of the fruity flavoured toppings. 
	Ingredient
	%

	water
	25.66%

	CMC/MCC blend
	0.10%

	Resistamyl 367
	3.50%

	Kappa carrageenan 
	0.21%

	Glucose syrup 40 DE
	42.52%

	Sugar 
	5.44%

	Sta Lite L90
	9.22%

	Sorbitol
	5.21%

	Glycerol
	5.21%

	Sodium citrate
	0.14%

	Citric acid
	0.42%

	Potassium sorbate 
	0.10%

	Concentrate
	2.09%

	Flavour
	0.16%

	Colouring agent
	0.02%

	Total
	100.00%



Table S9: composition of the caramel flavoured topping
	Ingredient
	%

	Water
	24.94%

	CMC/MCC blend
	0.20%

	Resistamyl 367
	4.00%

	Kappa carrageenan
	0.08%

	Glucose syrup 40 DE
	26.52%

	Sugar 
	5.44%

	Sta Lite L90
	8.50%

	Sorbitol
	5.21%

	Glycerol
	5.21%

	Salt 
	0.40%

	Tartaric acid
	0.05%

	Potassium sorbate 
	0.10%

	Caramelized Condensed Milk
	15.00%

	Flavour
	0.25%

	Butter-unsalted
	4.00%

	Total
	100.00%



Table S10: composition of the chocolate flavoured topping
	Ingredient
	%

	Water
	24.89%

	CMC/MCC blend
	0.20%

	Resistamyl 367
	4.00%

	Kappa carrageenan
	0.08%

	Glucose syrup 40 DE
	40.52%

	Sugar 
	5.44%

	Sta Lite L90
	8.50%

	Sorbitol
	5.21%

	Glycerol
	5.21%

	Salt 
	0.40%

	Tartaric acid
	0.20%

	Potassium sorbate 
	0.10%

	Alkalized Cocoa powder
	5.00%

	Flavour
	0.25%

	Total
	100.00%



Micronutrients
An overview of micronutrients used in each field lab is shown in Table S11. All micronutrients were supplied by SoliPharma (The Netherlands). Detailed information of the powder, its active strength and dosage per product (independent of size, i.e. per serving) can be found in Table S12.
Table S11 Overview of micronutrients used in each field lab.
	Military
	Medical
	Female sport

	Leucine
	Leucine
	Leucine

	Caffeine
	Iron
	Iron 

	Folic acid 
	Folic acid 
	Folic acid

	Vitamin C     
	Vitamin C     
	Probiotics

	Probiotics     
	Calcium
	Calcium

	Zinc            
	Zinc            
	Zinc

	Beta alanine
	Vitamin B12
	Vitamin B12



Table S12 Overview of micronutrients, active strength and dosage per product.
	Micronutrient
	Name 
	Active strength
	Dosage per product (mg)

	Leucine
	L-Leucine
	100%
	2200 (military, female soccer) – 825 (hospital) 

	Caffeine
	Caffeine Anhydrous
	100%
	192 (military)

	Folic acid 
	Pteroylmonoglutamic acid
	1%
	48 (military, hospital, female soccer)

	Vitamin C     
	Ascorbic acid
	100%
	196 (military, hospital)

	Probiotics     
	Winclove junior
	5e8 CFU/gram
	3204 (military, female soccer)

	Zinc            
	Zinc Citrate
	31.2%
	52 (military, hospital, female soccer)

	Beta alanine
	Beta-Alanine
	100%
	3094 (military)

	Iron
	Iron pyrophosphate
	78%-90%
	226 (hospital, female soccer)

	Calcium
	Lithothamnion Calcareum
	>30%
	1792 (hospital, female soccer)

	Vitamin B12
	Cyanocobalamine
	1%
	51 (hospital, female soccer)


For caffeine and Leucine, bitter maskers were included. The bitter masker for caffeine was Tastegem at 6.5%, the bitter masker for Leucine was Steviarome 5000, at 0.52%, provided by SoliPharma (The Netherlands).
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