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Introduction

The Food and Agriculture Organization (FAO) estimates that by 2050, food production must increase by
70% to feed the world’s projected 9.9 billion people. Consequently, the development of novel and innovative
solutions to address existing challenges and improve food sustainability has become crucial. Three D food printing
(3DFP) is an emerging technology in the food industry, categorized as an additive manufacturing method, which
serves as an innovative alternative to conventional production technologies. This technology offers freedom in
customized production and greater flexibility in product design based on consumer demand. 3D food printing
holds the potential to produce highly customized foods in terms of shape, texture, flavor, structure, and nutritional
value, while enabling the creation of unique formulations and edible alternatives. Given its advantages over
traditional methods, 3DFP is increasingly attracting the attention of academia and industry; it is plausible that it
may replace current food production methods in the near future. These printers operate via various mechanisms,
most notably extrusion, powder bed fusion, binder jetting, and inkjet printing. This study discusses the raw
materials suitable for food 3D printers.

Methods
A standard search methodology was employed across several databases, including ScienceDirect, Scopus,
PubMed, Google Scholar, and ISC. The selection criteria focused on articles published between 2009 and 2025
concerning food applications of additive manufacturing technology. Ultimately, 64 articles were selected and
reviewed.

Results and Discussion
The results indicate that raw materials for 3DFP are generally categorized into three groups: natively printable,
non-printable, and alternative materials.

Natively printable materials can be further classified into three sub-groups: sugars and confectionery products,
dough-based foods and pastes, and food gels. Hydrogels, oleogels, pastry cream, cheese, hummus, ice cream,
chocolate, powdered sugars, and starch-based ingredients belong to this category. The composition of these
materials—specifically the ratio of carbohydrates, lipids, proteins, and fibers—is critical in determining the
printability and final quality of the edible structures, often requiring minimal pre-processing.

The second category includes materials that are not naturally printable and thus require specific pre-
processing, such as the addition of food additives or blending with suitable printable materials, to achieve
printability. Traditional foods, such as vegetables and fruits (rich in fiber), meat products (protein sources), and
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items with high moisture content, can be challenging to print because they often contain lower amounts of
structural components like carbohydrates, proteins, and fats. However, these foods are valuable sources of fiber,
antioxidants, vitamins, and minerals essential for human health. By incorporating hydrocolloids into non-printable
materials and adjusting their rheological properties—such as viscosity, concentration, and flowability—these
materials can be rendered printable. Hydrocolloids are hydrophilic polymers containing hydroxyl groups that
typically possess polysaccharide or protein structures and may originate from plants, seaweed, animals, or
microorganisms. Furthermore, the use of additives such as egg yolk, egg white, starch, and rice, wheat, or millet
flours can enhance the printability of non-printable materials.

The third category includes alternative materials such as insects, algae, mushrooms, and lupin seeds, which are
rich in nutrients but are generally considered unconventional food sources. Additionally, waste streams and by-
products from food processing lines—such as fruit and vegetable peels, meat scraps, and fish parts—can be
effectively utilized as raw materials for 3D printing. Constructing 3D structures from these alternative sources can
significantly reduce carbon dioxide emissions and serve as a promising solution to global hunger, particularly
regarding malnutrition among infants and adolescents. Furthermore, food printing enables value creation from
food waste, contributing to a greener circular economy.

In the long term, 3D printing is expected to transform food production by integrating multiple processing stages
into a single unit and simplifying the supply chain. This study comprehensively addresses the printability and
classification of food raw materials used in 3D printing.

Keywords: Alternative materials, Natively printable foods, Non-printable, Printability
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Table 4- Summary of the mechanism of printability of protein-based material
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Table 5- Summary of the mechanism of printability of puree, food paste and composite dough
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Mashed temperature Potato (steam cooked), 15% This study establishes a significant correlation between the material
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soy protein isolate
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Results showed that printability increased with consistency index
and decreased with the behaviour index.
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The effect of different cooking methods (microwave heating and
boiling) on microstructural changes of starch for 3D printing was
studied.
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Functionality of the starch molecules greatly affected
physiochemical
Jproperty of printing mixture
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Post-process fast cooling of the 3D printed structures (—65 °C for

approximately 10 min) was beneficial in structure and shape
stability during baking
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Effect of the material composition on the 3D printing
characteristics of dough was analyzed
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A pseudoplastic gel with higher gel strength, extrudability,
elasticity, and a lower ductility were desirable for achieving higher
print fidelity
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Microwave pre treatment significantly increased the degree of
gelatinization and improved viscosity, hardness, and elasticity of
dough.
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Dough with porcine plasma protein between 42.5 and 47.5% (w/w)
showed higher printing performance. Also, mixed dough with pea
protein concentrate and soy protein isolate of 10-15% (w/w)
possessed better printability.
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Fig. 7. Methods used for hydrogel fabrication (Anandharamakrishnan et al, 2022)
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Table 6- Summary of the mechanism of printability of Gel-based food systems
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Xylose Maillard reaction products had the highest
degree of cross linking showed a strongest adhesion
and cohesion
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Alginate to pea protein proportion of 80 : 20
showed better printing performance
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Tested formulation of gel systems had hardness
ranged from 8 to 45kPa possessing a soft jelly-like
texture
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The samples with gelatin and xanthan gum
possessed higher hardness and densest texture
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Increasing syrup content resulted in a
weakgel.Material composition had significant
impact on textural and rheological properties.
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Soy protein isolate gel with xanthan gum and NaCl
solution at 1 g/100 ml showed better printability.
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Dry heat treatment 3D printed samples exhibit
better printability than native starch samples
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The phase angle and relaxation exponent could be
used for understanding of viscoelastic behaviour of
the material supplies.
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The effects of ozone treatment in starch
modification that can be used for production of
printed starch based food
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Table 7- Summary of the role of commercially important hydrocolloids in foods

Source Origin of extraction Hydrocolloid Food category Function
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