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Introduction

3D printing technology: 

Materials:

- A rapid prototyping technique „using 3D computer aided design models“

- It belongs to the additive manufacturing process group „layer-based“

AdditiveSubtractive

Subtractive vs. additive manufacturing  (Ambrosi A. and Pumera M., 2016).

Plastics Metals Food
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State of the art

Available technologies in the food industry: 

3D printing of food materials  (Foodjet and 3D systems Co., Noort et al. 2017 ).

Selective 
laser 

sintering

Fused 
deposition 
modelling

Cereals

Inkjet 
printing

Binder 
jetting
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FDM: Extrusion-based technology

Working principle:

Advantages for cereal-based food: 

By obtaining control over layer-based properties:

• Elimination of multiple processes  

• Texture control 

• Flavor manipulation

FDM schematic and opertaion (creax FDM 300).

Fused 
deposition 
modelling
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Process compatibility: materials and structures

Printability: 

- Original definition: „the ability of paper to take in ink“ which from a scientific prespective

discusses the ability not just interms of material but process and conditions as well

Structural 
printability

Material 
printability

Source: thebeadedmolucules. Open cell Al foam structure (Kennedy A. and Jinnapat A. 2012).
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Printability:

• Is cereal-based materials printable using such process and conditions?

 Understanding the material-process interaction

Process compatibility: materials and structures

Material-
Process 

interaction

Material 
printability

3D printing quality schematic (bootsindustry).

How the material behavior affects the 3D printing 

process?

How extrusion affects the material?  

Quality
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Printability:

• Is cereal-based materials printable using such process and conditions?

 Understanding the material-process interaction

 Establishing an evaluation method

 Establishing a criteria or a standard 

Process compatibility: materials and structures

Flow 
behavior

Process 
conditions/
parameters

Material 
properties

Material-
Process 

interaction

Forces acting on 

the system

M’Barki, A., Bocquet, L. and Stevenson, A. (2017) ‘Linking Rheology and Printability for 

Dense and Strong Ceramics by Direct Ink Writing’, Scientific Reports, 7(1), pp. 1–10.
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Scientific approach:

Materials:

• Simulating a high range of material properties and their interaction with the printing process, thus 

affecting the geometrical stability and stack-ability of the printed structures

Process compatibility: materials and structures

Flow 
behavior

Material 
properties

Geometrical 
stability and 

defects 

1

3

2

Wheat flour doughs with varying

water contents

Wheat starch-egg white protein 

blends with varying water contents

• Establishing important 

geometrical aspects

• Investigating induced 

defects 

• Understanding  

contribution of 

viscoelastic properties 
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Scientific approach:

• Printing of lines and stacks up to 5 layers

• On-board top and side view cameras

• Using image analysis algorithm to determine geometrical aspects

Quality analysis using an imaging morphological 

method

Lines Stacks

Side view

Top view

Process flow: from image to features 

extraction

Geometrical 
stability and 

defects 



Ahmed Fahmy | Digital food design: 3D printing of customized cereal-based food | 27 March 2019 10

E
x
tr

u
d

e
d

 l
e

n
g

th
 𝑙
𝑒
𝑥
𝑡

(m
m

)

Layer count

Results overview:

Quality analysis using an imaging morphological 

method

Extruded 
length

Example:
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Wheat starch-egg white protein blends Wheat flour doughs

Abbreviations:

F50 abbreviation corresponds 

to the wheat flour mixture with 

water content 50 g/100g of dry 

material

100 mm

Water content
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Results overview:

Induced delay caused by pressure gradient 

requirement to reach material yield strength

– During initiation of extrusion

– Corrected for increasing number of 

layers
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Quality analysis using an imaging morphological 

method

Under-
extrusion

L
e

n
g

th
 f
ra

c
ti
o

n
 𝐿
𝑒
𝑥
𝑡

(m
m

)

Water addition (g/100g dry material)

Initial delay in extrusionWheat flour doughs
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Results overview:

Pressure gradient increases due to yield 

strength hysteresis causing ooze behavior at 

the termination of extrusion

 Drag behavior occurs due to the 

network formation ability of gluten

Quality analysis using an imaging morphological 

method

Over-
extrusion

Water addition (g/100g dry material)
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Quality analysis using an imaging morphological 

method

Stretch/drag 
behavior

Directional dependence

Results overview:

Drag behavior causes elongation in the longitudinal direction while compression in the 

transversal direction which is directional dependent due to adhesion discrepancy
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Wheat flour doughs
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Quality analysis using an imaging morphological 

method

Stacking-
ability

Layer count

Layer count
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Results overview:

Wheat flour doughs
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Results overview:

Quality analysis using an imaging morphological 

method

Stacking-
abilityWheat starch-egg white protein blends

Layer count
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Material selection:

Quality analysis using an imaging morphological 

method

Summary

Pros and cons:

• Better dimensional accuracy

• Reduced overall defects

• Inferior structural stability even at 

lower water contents

Wheat flour doughs

Pros and cons:

• Worse dimensional accuracy

• Higher overall defects at lower 

water contents

• Superior structural stability

Wheat starch-egg white protein blends
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Practical applications:

• Dual extrusion with local IR heating

 Printing of composite materials

 Addition of bread flavor or odor recombinants

 Creation of local concentration gradients of flavors

 Manipulation of textures

Design and execution:

Digital design of crumb-like structures

Sensory 
perception

1

2
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Digital design of cereals and new production 

technologies 

Process 
optimization

Process 
development

Scientific 
methods

3D printing 
of cereals

Heating and printing schematic (Clker.com).

ሶ𝛾𝑁 =
4𝑄

𝜋𝑅3 (
3𝑛 + 1

4𝑛
)

ሶ𝛾𝑆 =
2𝑄

𝜋𝐷 sin𝜑 cos𝜑𝐻2
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Thank you ...
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