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Assessment of Crispness & Crunchiness
by Acoustics




Definition of crispness. UNIVERSITY OF LEEDS
100% B firm
90% - | snaps easily
0% - | crackly sound
@ clean fracture (snap)
70% - O high-pitched sound
60% - o loud sound
50% - | like walking on snow/frost
O brittle
N W noisy
30% - W breaks easy
20% - @ clear break
10% - W light texture
O fresh
gL | sharp
0O light

O fracture abruptly



An objective measure of crispiness &
and crunchiness is needed UNIVERSITY OF LEEDS
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Position of Microphone UNIVERSITY OF LEEDS
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Materlals tes UNIVERSITY OF LEEDS

o Carr's Table Water (CTW)

* Rich Tea Fingers (RTF)
 Mac Vitie’s Digestive (MVD)
e Short Bread (SB)

e Crackbread (CB)

* Rye Crispbread (RCB)

e Dutch Crispbakes (DC)
Also

* Apples, Celery and Carrots
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*Crispness/crunchiness is related to crack propagation

«Some of the elastic energy stored and then released by cracking is
emitted as a sound pulse

*The magnitude of each sound pulse is related to the energy release in
the crack event

*The rate at which crack events occur is related to perception of
crispiness/crunchiness

*Acoustic pulse rate is a very robust discriminator between different types
of biscuit

sAcoustic pulse rate can be used as an objective measure of
crispy/crunchiness



Tnree-Point Bending ﬁ

UNIVERSITY OF LEEDS

F: measured force
L: length between the supports
w: width of biscuit

t: thickness of biscuit

d: deflection at the centre of the
beam.

The ratio of the length to the
thickness of biscuit was set to
close to 9 (between 8.3 and 9.8).




Avallable for Analysis ﬁ
UNIVERSITY OF LEEDS

Mechanical properties Acoustic properties

*Young's modulus * Number of peaks per newly

«Maximum stress created area

« Maximum acoustic peak

» Total number of acoustic peaks
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Component | Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
% of Cumulative % of Cumulative % of

Total Variance % Total Variance % Total Variance Cumulative %
1 2.989 59.772 59.772 2.989 59.772 59.772 2.906 58.120 58.120
2 1.149 22971 82.743 1.149 22971 82.743 1.231 24.624 82.743
3 .580 11.604 94.348
4 177 3.537 97.885
5

.106 2.115 100.000

The first two component axes have the cumulative
percentage of the variance of 82.7%, which is satisfactorily
high to describe the properties of biscuits.



Component

1 2
Young's modulus -.732 211
Maximum stress -.017 .958
Number of peaks per mm2 924 083
of created area
Maximum acoustic peak 786 504
Total number of peaks .948 .083

UNIVERSITY OF LEEDS



principal component analysis &
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C ﬁ g IIE 0N 5 10 15 20 25
ape um - - - - +———— + = -
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SB 2 30 000g
SB 4 32 0+ 0 .
MVD 2 18 08 6 cluster anaIyS|S
MVD 3 19 ou 6
MVD 5 21 0U U00000000000008
MVD 6 22 ou o6 0]
SB 3 31 ou o6 0]
SB 5 33 ou 6 o]
SB 6 34 0060+ o]
MVD 1 17 ou 0
MVD 4 20 o+ U00000000000000000008
CTw 3 9 0o o} o}
Rye CB 7 38 ou o} o}
Rye CB 10 41 060008 o} o}
Rye CB 9 40 o+ Uo00g 0 0
CTW 6 12 00000+ O 0 0
RTF 7 27 00000  U0000000+ 6
RTF 8 28 0+ 6 6 6
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We can make these measurements ﬁ

during human biting UNIVERSITY OF LEEDS

m Human biting, Duch Crispbakes

O Crackerbread

m Carr's Table Water

[ Rich Tea Fingers

m Digestive
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Biting apples UNIVERSITY OF LEEDS




Apples and Ultrasound &

UNIVERSITY OF LEEDS

Crisp apples produce much more ultrasound than either the
biscuit or the crisps

« Examination of the three ultrasound recordings below

Indicate that crisp apples (middle recording) produce much
more ultrasound.

Rich tea biscuit Jazz apple High quality crisp



Conclusion UNIVERSITY OF LEEDS

*Acoustic envelope detection is an economical and
objective method for the acoustical evaluation of
crispy/crunchy foods

*The technique Is robust because It Is easy to
desensitise it to ambient noise when a ‘peak
counting’ method is used. It has a sound physical
basis

*Acoustic peak counting provides an objective
measure of the ‘cracking’ of foods

*Acoustic peak countmg prowdes an objective
measure of sensory ‘crispiness’ and ‘crunchiness’

Ultrasound assessment can be carried out in ‘noisy’
environments



Chemometric approach UNIVERSITY OF LEEDS

JOURNAL OF CHEMOMETRICS, J. Chemometrics 2006; 20:
311-320, Published online in Wiley InterScience,
(www.interscience.wiley.com) DOI: 10.1002/cem.1029

Crispness assessment of roasted almonds by an integrated
approach to texture description: texture, acoustics, sensory
and structure

P. Varelal, J. Chen?, S. Fiszman! and M. J. W. Povey?#

linstituto de Agroqui’mica y Tecnologl’a de Alimentos (CSIC) Apartado de Correos 73,
46100 Burjassot, Valencia Spain

2Procter Department of Food Science, University of Leeds, Leeds LS2 9JT, UK



Crushing almonds UNIVERSITY OF LEEDS

(b)

Figure 4. Photographs of the almond samples fractured after compressing in the texture analyser,
examples of (a) raw and (b) 6-min roasted.



Almonds fail by cracking and &

extrusion UNIVERSITY OF LEEDS
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Recording directly an assessor UNIVERSITY OF LEEDS
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Figure 6. Sound pressure level. Example of a recording from
one of the assessors while chewing the samples: (a) raw
sample and (b) 6-min roasted sample.

Figure 7. Effect of roasting time on the number of acoustic
signal peaks: (a) sensory texture evaluation, (b) instrumental
texture evaluation, (c) second derivative of force curve.



The measureables UNIVERSITY OF LEEDS

Table IV. Principal component analysis

PC1 (39.1%) PC2 (16.8%) PC3 (9.7%) PC4 (B.6%) PCH (7.7 %)
Area —0.298 0.788 0.360 —0.144 —{0.00
Slopepmax (1.358 0.666 —0.139 —0.X9 —0.042
Mumber of force peaks 0,935 —0.112 0. 164 0.067 —0.013
Average gradient —0.178 0102 —0.002 —0.037 0922
Fit distance 0.06R5 —0.067 —0.226 0.854 0066
Average drop off —(.446 —0.074 0126 0.656 —0.349
Linear distance —0.072 0.623 0.241 0.214 0332
Force at failure =868 0174 0.02s 0.303 0230
Dhistance at failure —0.736 —0.019 0.065 0.430 0.161
Mumber of peaks of the derivative 0,859 0.261 0.289 0146 0.06s
Mumber of sound peaks 0. 905 0036 0.306 —0.075 0.043
Max SPL 0.534 .559 —0.214 —0.056 —0.077
Panel sensory crispness 0,780 0248 0.256 —0.0d6 —0.194
Panel number of sound peaks 0.448 —0.098 0727 —0.074 0.230
Panel Max SPL 0.210 0273 0777 —-0.114 —.164

Rotated component matrix. Extraction method: Principal component analysis. Rotalion method: Varimax with Kaiser normalization. Rotation
converged in 16 iterations. Correlations were taken into account if their absolute values were =06 (numbers in bold print).



Almond roasting
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Figure 8. PCA. 3D-loading plot of the samples in the first

three prnncipal components, together they explain 65.7% of
the variance.
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