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These days, 3D printers arelaying down plastics, metals, resins, and other materialshatewver
configurations creative people can dream up. Buigmthe next 3D printing revolution comes, you'll be
able to eat it.

Engineers and gourmands alike are dabbling withledubstances as raw materials for 3D printing.
Among their hoped-for results: previously unach@gdood shapes and textures, personalized grub, an
varied menus on future long-term voyages to Markete is some very cool stuff going on," says a&gffr
Lipton, CTO of Seraph Robotics and a Ph.D. candidaCornell University.

Edible 3D printing emerged several years ago widln€ll's Fab@Home printer, which wor2@07

Popular Mechanics Breakthrough Awalithe syringe-based machine works like an inkjetter,

depositing layers of viscous liquids to build upadject according to a user's uploaded design.&llorn
researchers posted the Fab@Home blueprints onlineh o the delight of tinkerers the world over.
"People started experimenting, putting in differérimgs like epoxies and silicones," Lipton sayshen

we started seeing what other people did when thent ito their kitchens, things like Cheese Whiz,
Nutella and frosting . . . You can extrude anythimgpugh it." Lipton says wild new shapes and teegu

for artisanal purposes might serve as some of 80 fwinting's first, albeit limited, commercial sgsses.
"You could see food tchotchkes find a little nickiée've pretty much exhausted every known process fo
inventing new foods."

In fact, foods created by printers have alreadgindves. "A lot of people don't know this, buttak
microwave pancakes available in supermarkets ilN#tberlands are printed," says Kjeld van Bommel, a
researcher at the Dutch Organization for Appliei&dic Research (TNO in Dutch). Van Bommel calls
the pancakes "two-and-a-half-D-printing," becatmss/ tare formed through a single deposition of batte
Other products out there meet the definition off@Dting, or additive manufacturing. The U.KCéoc

Edge for example, sells printers that melt chocolaté gile it up in layers to create custom shapess Th
past Valentine's Day;abCafein Japan crafted 3D-printed chocolate faces ofotnsrs' significant others.
Last summer, Google introduced 3D-printed pasttsiamployee cafeteria.

These early examples have all used simple, prodessgyle-ingredient pastes, powders or pureesordo
is yet able to manufacture anything as diverssas,a burger with all the fixings. Cobbling togathll



the different ingredients and structures, giveryivay temperature requirements and sterility nesdsuly
daunting. "Making one grain of wheat is a hell détamore complex than doing anything with wheat
flour,” van Bommel says. And in many cases, it digg@t make economic sense to try. "If a complex
structure already exists in nature, like a lettiged, why would you want to print it?" says van Bosi.

So rather than reinventing an organic object, vamBel says one of the promises of 3D food priniéng
to create novel consumables with personalizedtimn&l content. "You can add extra calcium or om8&ga
fatty acids, and all done in a patient-specific Wéne says. To this end, his group is researchin@o®d
printing to help nursing home residents who suifem dysphagia and have trouble chewing and
swallowing food. These elderly people typically tetir meals in the form of an unappealing milkshak
pureed chicken and broccoli, for example, leadinlpss of appetite and malnourishment. Van Bommel
has a grant from the European Union to develop Bitgble soft replacement foods loaded with nutgen



Printed foods could also use smarter, more sustigirtaloric sources, such as algae protein in pace
resource-intensive animal meat. "I'd rather thstieiad of printing a steak from cow protein, youldou
make it from algae or insects," van Bommel say®na example, his group added milled mealworm to a



shortbread 3D cookie recipe. "The look [of the wsfput me off, but in the shape of a cookie I'll ig&
van Bommel says. "You eat with your eyes."

But what about the dream of a universal 3D foodtpri—something like &ar Trek replicator that could
fabricate whatever you request? This prospectenhioretically possible, poses immense challenges,
Bommel notes. "Obviously if you're going for unisal 3D food printer, you can't have 50 million
cartridges lying around for the moment you wangriat a tomato," he says. "It sounds simple to‘sal
have a fat cartridge,’ but there are hundredsrafskof fats." Instead, he envisions a machine avitmited
range of inputs. "Maybe three types of proteinsedhypes of carbs . . . It could happen, but wel&vo
need to know a lot about how to make different sypkfoods from those building blocks."

A major obstacle for all 3D printing, and espegiddir that of food, is that the printing processlisw,
requiring cooling or curing periods, for examplefdre more material is deposited. "If | can stestesak
and it takes three months to print, no one is gtinegat it—it needs to work in minutes or hourdggtan
says.

Some researchers are trying to speed up the pricesske 3D-printed food more realistic. Van Bomimel
TNO has a process that uses a laser-based techaitpgally cook the food (the company used itdolc
an egg white into the world's smallest fried eggslthan an inch across). TNO recently demonsteated
machine called PrintValley that aims to acceletiageprocess. PrintValley runs 100 platforms under
deposition nozzles consecutively, assembly-linéestyuilding up 100 objects about a square inctiza

in less than 10 minutes, or about 6 seconds pegetidWe developed this to show it doesn't neddke

so long to print a 3D object," van Bommel says.

Printing food in 3D isn't quite practical in mosages, at least not yet. But there's one placeavheould
make a major meal-making differencespace Michelle Terfansky recently explored this conciepa
master's degree project at the University of Sout@alifornia. Terfansky heard how astronauts @n th
International Space Station get bored with the lergueekly meal rotations; travelers on a futunerjey

of many months to Mars will deal with similar calf@ver. Three-dimensional printers could let friend
and family on Earth transmit recipes to break #uum. Storage-space-wise, 3D printers could aftova
wide variety of dishes without having to stockgileces of animal carcasses and heaps of vegetékes.
a very basic way of making people happy and febbaie, whether on the Moon or Mars or an asteroid,"
Terfansky says. "It's a morale booster."”

But there's one more important area—perhaps théimpsrtant area—where 3D food printing will need
to improve to be a factor in the future of foodddat is taste. Lipton notes that some of thegledwn,

3D printed meat stand-ins have been dubbed "shhneat,crudely obvious portmanteau. To address this
issue, TNO is teaming up with a culinary schoaléwise more gastronomically advanced and delicious
offerings. "As long as it looks okay and it's naxit, we call it 3D printed food," jokes van Bomméut
the recipes could be optimized a lot further. Wegahnicians, not cooks.”
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