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INTRODUCTION
Advances in digital technologies and additive manufacturing

technologies have revolutionized the food world and enabled
the development of 3D food printing, also called additive food
manufacturing. This technology differs from conventional
food processing technologies in which food materials are
mixed and processed in large quantities before being subjected
to heat treatment. With 3D food printing technology, it's
possible to manufacture food with exact composition, precise
structure, texture, and nutritional value. This technology also
provides a wide scope of applications in nutritional and
therapeutic food products, space food, food innovation, and
sustainable food systems, and its potential has been recognized
with growing interest from food producers worldwide.

2. Principles of 3D Food Printing

Fundamentally, 3D printing of food involves the technology of
adding layers of food into thin cross-sections to create a
specific shape in three dimensions according to a design.
Preparing the design is the primary step towards the creation
of a specific shape through CAD technology. CAD technology
helps create a specific structure or shape and determine the
finished size and the internal structure. Preparing the materials
to be used for the printing process is necessary for the choice
of the materials based on rheological and mechanical
properties. The final step is the addition of the printing
materials into the nozzle or printing head according to the
predetermined design or structure. Cooking or baking may be
necessary after printing for the chosen products.
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3. Types of 3D Food Printing Technologies

3.1 Extrusion

The most prevailing 3D printing technique for
foods is the extrusion-based technique. It is
widely accepted and commonly used. In this
technique, the semi-solid foods are pressed out of
the nozzle by pneumatic pressure, mechanical
motion, or a screw-based motion. The foods that
mostly fall under this category possess
viscoelastic properties, including chocolates,
dough, cheese, mashes of vegetables, fruit, and
protein-based products. This technique is
convenient for the production of personalized
snacks, bread items, confectionery products, and
designer foods because of the fine control that
can be exercised over the size, shape, and
nutritional content of the extrudates.

3.2 Inkjet

Inkjet food printing involves a method where
small drops of food are deposited individually
onto the surface. However, its use is not in the
construction of 3D food, but rather adding flavor,
color, nutrients, or bioactive elements to existing
food. It is primarily used in the surface
decoration, flavoring, or coloration, as well as
changing food in the confectionery or bakery
industries.

3.3 Binder Jetting

This powder bed fusion technique involves the
selective application of the binding liquid to the
food powder bed. This method works best on
food materials rich in sugars and carbohydrates.
This method allows for intricate designs and
shapes, making it suitable for confectionery,
artwork, and decorations made of sugars.

3.4 Selective Laser Sintering

Selective laser sintering is a more advanced 3D
food printing technology used less commonly
than the other techniques. In this method, laser
light is used to melt the powdered food stuff.
Once the laser light is absorbed by the powder
bed, the particles tend to solidify. Though this
method is highly precise and allows the printing
of intricate designs, its applications in the field of
food technology are confined to experimental
purposes.

4. Printable Food Materials

The success of 3D food printing also relies on the

formulation of materials to be used with
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appropriate printability in food products. The
commonly used food materials for 3D printing
comprise carbohydrate materials such as
chocolate and sugar gels. These materials can be
easily melted and solidified. Protein materials
such as plant-based proteins, animal proteins,
and insect proteins can also be used. Fat-based
materials such as butter, margarine, and cocoa
butter contribute to texture, mouthfeel, and
structural stability. Additionally, alternative and
functional ingredients such as algae, seaweed,
personalized nutrient blends, probiotics, and
bioactive compounds are incorporated to enhance
nutritional and functional value.

5. APPLICATIONS OF 3D
PRINTING

5.1 Tailored

One of the best uses of 3D food printing is the
development of a nutrition plan that is
personalized to the particular needs of the
individual. This enables the precise combination
of nutrients, making the food suitable to the
needs of the individual based on age, gender,
health condition, exercise, as well as particular
health goals. Of particular interest to seniors,
athletes, as well as individuals on a particular
diet, is the nutrients required by the body.

5.2 Healthcare and Clinical Diets

In health facilities, 3D printing can also be used
to create soft, attractive, and nutritious meals for
patients struggling to chew or swallow, such as
patients with dysphagia. By improving texture
without affecting taste and nutrition, this
technology improves patient compliance and
well-being.

5.3 Space and Defense Food Systems

Space agencies such as NASA and defense
organizations have also looked into the
possibilities of 3D printed food. The benefits of
the above include minimal waste, long shelf life
of the ingredients, space-saving storage, and the
ability to be prepared immediately.

5.4 Alternative Proteins and Sustainability
The technology assists in the development of a
sustainable food choice that is derived from non-
traditional sources of protein plants, insects, and
algae. With the right formulations and design
appeal, the technology assists in enhancing the
interest in non-traditional sources of protein
while also satisfying environmental and food
security agendas.

FOOD
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5.5 Culinary Innovation and Design

For chefs and food designers, especially, there
are many windows that can be opened through
3D printing, especially when it comes to
intrinsically complex shapes, textures, and
artistic presentation, which are difficult to obtain
with traditional food preparation methods.

6. Advantages of 3D Food Printing

3D food printing provides a high level of
personalization, enabling the precise control of
food ingredients, shape, and nutritional content.
The technology minimizes food waste by using
only the needed quantity of raw ingredients and
facilitates the efficient use of ingredients. The
technology also enables the development of new
textures and innovative designs and seamlessly
integrates with digital food processing systems.
7. Limitations and Challenges

Despite its promising applications, 3D food
printing is currently facing a number of
challenges, including the high cost of equipment
and operation, the lack of availability of printable
food ingredients, and the relatively slower
production rate compared to traditional mass
production processes. In addition, regulatory and
food safety issues, as well as the challenges of
consumer acceptance and perception of printed
foods, also pose significant barriers to the
technology's wider adoption.

8. Future Prospects

The future of 3D food printing is expected to be
shaped by innovations in artificial intelligence
for intelligent food formulation, multi-material
printing for complex nutritional formulations,
and the integration of edible sensors and smart
food materials. The integration of the technology
with Internet of Things (IoT) and smart kitchen
systems is also expected to improve automation
and convenience. With continued research and
development, technological improvements, and
cost reductions, the large-scale commercial
adoption of 3D food printing is anticipated.
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CONCLUSION

3D food printing is a revolutionary technology
that combines food science, engineering, and
digital innovation. The technology's capability to
provide  personalized  nutrition, facilitate
sustainable food production, and enable creative
food design makes it a promising technology for
the future food industry. Despite the current
technical, economic, and regulatory hurdles,
continued innovations and increased consumer
awareness are expected to accelerate the
technology's adoption in healthcare, space
exploration, culinary arts, and sustainable food
systems.
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