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COMMERCIAL PROTEIN BARS
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3D printed protein bars

Texture



AIM OF STUDY

Investigate the influence of spatial distribution of chocolate on instrumental 
texture properties and sensory perception of 3D printed high protein bars
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Rectilinear

Concentric

Zhu, Sicong, et al. "How macroscopic structure of 3D printed protein bars filled with 
chocolate influences instrumental and sensory texture." LWT 151 (2021): 112155.
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Zhu, Sicong, et al. "How macroscopic structure of 3D printed protein bars filled with 
chocolate influences instrumental and sensory texture." LWT 151 (2021): 112155.



METHODOLOGY
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Low chocolate amount (15%)

High chocolate amount (26%)

Ingredient mixing

(thick paste)

Printing at 60°C

Manually add 

chocolate filling

Texture profile 

analysis (TPA)

Sensory evaluation

Hardness
Young’s modulus
Chewiness

Hardness
Chewiness
Liking

Process Samples Analysis



TPA RESULT
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Low chocolate amount (15%): Concentric bar was harder than Layered and Rectilinear bars.

High chocolate amount (26%): Concentric and Rectilinear bars were harder than Layered bar.

Comparable results as hardness was also observed for Young’s modulus.

S. Zhu et al., (2021)



TPA RESULT - EXPLANATION
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OR: 
Why layered bars had smaller Young’s modulus than Rectilinear and Concentric bars?  

Why layered bars were less hard than Rectilinear and Concentric bars?  

Young’s modulus:
- A mechanical property that measures the tensile or compressive 
stiffness of a solid material when the force is applied.

- Proportional to the spring constant of an object with a defined height 
and cross sectional area.



TPA RESULT - EXPLANATION
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Spring constant of spring in series 
(Layered sample)

𝑘 =
𝑘1 ∗ 𝑘2
𝑘1 + 𝑘2

+

k2

k

k1



TPA RESULT - EXPLANATION
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Spring constant of spring in parallel 
(Concentric sample)

𝑘 = 𝑘1+ 𝑘2

k1 k2+ k

S. Zhu et al., (2021)
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TPA RESULT - EXPLANATION

Calculated theoretical Young’s moduli values matched with experimentally determined Young’s moduli

S. Zhu et al., (2021)
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TPA RESULT - EXPLANATION

Calculated theoretical Young’s moduli values matched with experimentally determined Young’s moduli

A higher young’s modulus in concentric bar is also confirmed by theoretical calculation.
S. Zhu et al., (2021)



SENSORY EVALUATION
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- Samples were cut in half to standardize fixed biting size (30 x 15 x 10 mm).
- Two rounds ranking tests to evaluate liking, hardness and chewiness.
- 70 panellists, age between 18 – 55. 
- Analysis method: Friedman test. 



SENSORY RESULT

23/11/2021 14

Layered Rectilinear Concentric P value

Liking 2.1 2.1 1.8 0.12

Hardness 2.2 2.1 1.8 0.05

Chewiness 2.0 2.0 1.9 0.84

Low chocolate content (15%)

- Concentric sample was perceived harder.
- No difference in liking or perceived chewiness.
- Similar results as in instrumental texture analysis.

Remark: higher score indicates a less preferred/less hard/less chewy sample.
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S. Zhu et al., (2021)



SENSORY RESULT
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Layered Rectilinear Concentric P value

Liking 2.1 2.1 1.9 0.17

Hardness 2.6a 1.7b 1.7b 0.00*

Chewiness 2.2 1.8 2.0 0.12

High chocolate content (26%)

Remark: higher score indicates a less preferred/less hard/less chewy sample.

- Rectilinear and Concentric samples were perceived significantly 
harder.
- No significant difference in liking or perceived chewiness.
- Similar results as in instrumental texture analysis.
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SUMMARY

▪ Spatial distribution of chocolate influenced the perceived hardness of protein bars.

▪ The difference in hardness can be explained using spring models.

▪ People have different preference of appearance of protein bar, indicating the 

necessity of personalized design.

23/11/2021 16



WHAT DOES THIS MEAN FOR PRODUCT DEVELOPMENT?
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New

texture/mouthfeel

Existing

recipe
texture/mouthfeel

New

recipe

Change spatial distribution

(e.g. 3D printing)
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