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Abstract

The purpose of this study was to investigate optimum test conditions of acoustical-mechanical mea-
surement of wafer analysed by Acoustic Envelope Detector attached to the Texture Analyser. Force-
displacement and acoustic signals were simultaneously recorded applying two different methods (3-point
bending and cutting test).
In order to study acoustical-mechanical behaviour of wafers, the parameters “maximum sound pres-
sure”, “total count peaks” and “mean sound value” were used and optimal test conditions of microphone
position and test speed were examined. With a microphone position of 45° angle and 1 cm distance
and at a low test speed of 0.5 mm/s wafers of different quality could be distinguished best. The angle
of microphone did not have significant effect on acoustic results and the number of peaks of the force
and acoustic signal decreased with increasing distance and test speed.
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1 Introduction

Quality of wafer products is generally exam-
ined and categorised according to textural prop-
erty which is mainly called crispness considered
as a primary textural attribute measured dur-
ing bending and snapping of crispy foods at the
first bite (Vickers, 1983; Duizer, 2004; Mallikar-
junan, 2004; Martinez-Navarrete, Moraga, Tal-
ens, & Chiralt, 2004). In general knowledge,
as higher is the crispness value, higher is qual-
ity of wafer however determination of crispness
and its perception by consumers greatly varies

from individual to individual and from country
to country (Bourne, 2002). This brings food re-
searchers huge difficulty to identify parameter
that is scientifically meaningful and easy to mea-
sure. In order to identify crispness, many sen-
sory test panels have been still performed and
large variations of results have been estimated.
Although, sensory test methods are fundamen-
tal methods to determine crispness (Christensen
& Vickers, 1981; Vickers, 1984), due to the dif-
ficulties such as time consuming, not convenient
for routine tests, requiring more statistical works
and most of all providing participants who have
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good knowledge in texture attributes, other test
techniques; mechanical-acoustical tests and their
parameters are applied and evaluated by using
some crispy foods which are mechanically brit-
tle and emit sound during consumption (Duizer,
2004; Gregersen et al., 2015; Roudaut, Dacre-
mont, Pamies, Colas, & Le Meste, 2002; Zdunek,
Cybulska, Konopacka, & Rutkowski, 2011).
Sounds of crispy products during mechanical
tests can be detected and evaluated by applying
acoustical methods (Edmister & Vickers, 1985;
Seymour & Hamann, 1988; Tesch, Normand, &
Peleg, 1996; Duizer, 2004). Acoustic detection
devices connected to texture analyser can pro-
vide to obtain information about crispness from
the acoustic and force/displacement curves ac-
quired during mechanical measurements of wafer
and parameters on these curves can be calculated
and correlated by sensory test results.
Recently, related studies were carried out by
some researches and good correlation values be-
tween sensory and acoustical-mechanical tests
were estimated in different types of crispy foods
(Dematte et al., 2014; Piazza & Giovenzana,
2015; Wiktor et al., 2016; Zdunek et al.,
2011; Saeleaw, Duerrschmid, & Schleining, 2012;
Chanvrier, Jakubczyk, Gondek, & Gumy, 2014;
Blonska, Marzec, & Blaszczyk, 2014; Giacosa
et al., 2016; Jakubczyk, Gondek, & Tryzno,
2017). Moreover, parameters and deformation
techniques were improved and test conditions
such as test speed and microphone location were
noticed as critical factors affecting the results of
acoustical methods in some studies at the begin-
ning of this type of researches (Chen, Karlsson,
& Povey, 2005; Varela, Chen, Fiszman, & Povey,
2006; Varela, Salvador, & Fiszman, 2008).
In this study, in order to distinguish quality dif-
ferences of wafer samples in terms of crispness,
acoustical-mechanical tests were carried out by
using acoustic envelop detector and microphone
attached to texture analyser. Two different frac-
turing methods (3-point bending and cutting test
methods) and acoustical parameters were used
and optimum test conditions of microphone po-
sitions and test speeds were examined.

2 Materials and Methods

2.1 Materials

Nine different brands of wafers; Bella, Manner,
Sweet Gold, Napoli, Biscoteria, Jadro, Fin Carre
(Normal), Fin Carre Strawberry and Fin Carre
Limon with the dimension of 16 mm thickness,
51 mm length and 18 mm width were purchased
from local markets. Samples were kept in its orig-
inal package in a dark place at about 24°C. For
each experiment, in order to avoid humidity ab-
sorption, a new package was opened and in case
samples were not of the same size, a sharp knife
was used for trimming. All samples were mea-
sured within maximum 20 minutes.

2.2 Texture measurement

All measurements were carried out with a tex-
ture analyzer TAXT.plus (Stable Micro Systems,
Surrey, U.K) connected with the standard micro-
phone (Brüel Kjaer, Type 2671 Naerum, Den-
mark). The reaction force was determined by
a 5 kg load cell and the microphone was cal-
ibrated with the acoustic calibrator type 4231
(Brüel Kjaer) at 94 and 114 dB sound pressure
level (SPL). The amplifier was set to level 4.
Chen et al. (2005) explained that the intensity
of the vibration of original source, the travel dis-
tance and the available sound paths affect the
strength of the sound. Therefore, the position of
the detecting microphone is important to mea-
sure acoustic signals. On this huge random of
possibilities, nine positions were selected for mi-
crophone. Tests were made in 3 different angles
(0°, 45°, 90°) and 3 different distances (1 cm, 5
cm and 10 cm) for each angle totally nine dif-
ferent location. Product Bella were used to in-
vestigate best microphone position by applying
3-point bending at 1.0 mm/s test speed.
Two deformation methods were used to investi-
gate crispness of wafer samples; 3-point bend-
ing (Alvarez, Saunders, Vincent, & Jeronimidis,
2000; Baltsavias, 1996; Castro-Prada, Luyten,
Lichtendonk, Hamer, & Van Vliet, 2007; Chen
et al., 2005) and cutting test methods (Castro-
Prada et al., 2007). For the 3-point bending, the
sample lays on two supports and a compressing
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bar moves down between these supports, bending
the food until it snaps (Table 1). For the cutting
test the samples lays on a flat metal platform,
and a trapezium-shaped stainless steel blade (60
mm length, 19 mm height and 0.65 mm width)
cuts the sample to for a distance of 9 mm (Table
2).
Four different test speeds of 0.1, 0.5, 1.0 and 1.5
mm/s were applied to examine the optimum test
speed for the 3-point bending and cutting test
(see table 1 and 2 for test settings). Measure-
ments were repeated ten times for the product
Bella.
Parameters of maximum sound pressure (MSP),
total count peaks (TCP) and mean sound
value (MV) were calculated from the acoustic-
displacement curve within a range from 0 to 10
resp. 20 mm using the Exponent software (Sta-
ble Micro System Surrey, U.K) (see Figure 1 and
2).

2.3 Statistical analysis

Results were studied and evaluated by SPSS soft-
ware with Analysis of Variance (ANOVA) and
multiple range tests.

3 Results and Discussions

3.1 Selection of the microphone
position

In order to find the best position for the micro-
phone, nine different positions; 0°-1 cm, 45°-1
cm, 90°-1 cm, 0°-5 cm, 45°-5 cm, 90°-5 cm, 0°-10
cm, 45°-10 cm, 90°-10 cm and test speed of 1.0
mm/s was applied for the product “Bella” with
the 3-point bending method, which has been used
for acoustic tests by several researchers (Castro-
Prada et al., 2007; Chen et al., 2005).
The maximum sound pressure (MSP) and the to-
tal count peaks (TCP) were examined to see in
which position these parameters have the small-
est variability (see Figure 3 and 4). Table 3 and
Table 4 show standard deviations (SD) and aver-
age values of MSP and TCP at the nine different
microphone positions.
Table 3 demonstrates that generally the average

values of the MSP and TCP decrease and the
standard deviation of MSP increase with the mi-
crophone distance. For TCP there was no signif-
icant effect on the standard deviation.
Figure 3 and Figure 4 show that the angle had no
significant effect on the MSP and TCP. This was
also observed by Chen et al. (2005). Consider-
ing Table 3, optimum microphone angle and dis-
tance can be selected as 45° angle-1 cm distance
since at this position lower standard deviations
and high average values of MSP were measured
compared to the other positions.
Because of low variability and high values at
small distance for both parameters, the choice
of the best microphone position according to the
MSP and TCP was 1 cm distance 45°.

3.2 Selection of the test speed

The microphone position of 45° angle and 1 cm
distance was used to select best test speed. Pa-
rameters of MSP, TCP and mean sound value
(MV) were evaluated from the obtained curves
(Figure 1 and 2) and results are illustrated in
Table 4 shows that how variances of MSP, TCP
and MV change as a function of test speed in
10 replications (Bella brand of sample tested for
each speed within ten replications).
Table 4 shows that for both test methods in gen-
eral the average values for values MSP and MV
increase with the test speed, whereas the values
of TCP decrease for both tests. This could be
explained that with higher speeds some acous-
tic events were lost. Statistically, the increase of
MSP was not significant.
The values of MSP and MV of the 3-Point bend-
ing method were higher than for the cutting test,
whereas the TCP values were lower except at 0.1
mm/s test speed. The higher number of peaks
for the cutting test is obviously due to the longer
measuring time.
For the 3-point bending test the standard devia-
tions decrease with increasing test speed for TCP
but are more or less the same for MSP and op-
posite for MV. For the cutting test the standard
deviations generally decrease with increasing test
speed for TCP and MV.
Chen et al. (2005) explained that the reliability
of acoustic emission detector is higher in distin-
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Table 1: Settings of 3-point bending test method

Load cell 5 kg
Test Type Return to start
Pre-test speed 0.8 mm/s, 0.4 mm/s, 0.8 mm/s and 1.4 mm/s
Test speeds 0.1 mm/s, 0.5 mm/s, 1.0 mm/s and 1.5 mm/s
Back-test speed 10 mm/s
Distance 16 mm
Test mode Compression
Microphone position 0 degree (parallel to sample) and 1 cm distance to sample
Data acquisition rate 500 pps
Envelope Corner Frequency 3.125 KHz

Table 2: Settings of cutting test method

Load cell 5 kg
Test Type Return to start
Pre-test speed 0.8 mm/s, 0.4 mm/s, 0.8 mm/s and 1.4 mm/s
Test speeds 0.1 mm/s, 0.5 mm/s, 1.0 mm/s and 1.5 mm/s
Back-test speed 10 mm/s
Distance 16 mm
Test mode Compression
Microphone position 0 degree (parallel to sample) and 1 cm distance to sample
Data acquisition rate 500 pps
Envelope Corner Frequency 3.125 KHz

Table 3: Maximum sound pressure (MSP) and total count peak (TCP) for the 3-point bending test at 1.0
mm/s test speed at different microphone positions, carried out with wafer Bella. Values are expressed as
average ± standard deviation (n=10). Different indices indicate significantly different values per column
based on the Tukey test, p < 0.05

Positions Acoustic Parameters
MSP TCP

0°-1 cm 79.81±2.86cd 232.80±45.07abc

0°-5 cm 75.82±3.57bc 265.70±37.73c

0°-10 cm 70.82±3.50a 204.90±34.41ab

45°-1 cm 80.39±2.32d 227.40±51.97abc

45°-5 cm 75.73±2.59bc 223.90±51.27abc

45°-10 cm 70.86±4.58a 193.80±25.89a

90°-1 cm 81.95±3.21d 253.30±21.70bc

90°-5 cm 75.83±2.95bc 249.30±32.56bc

90°-10 cm 72.12±2.61ab 193.90±27.07a

ANOVA F-value 16.813 4.722
P value 0.000 0.000
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Figure 1: Results (acoustic and force) of the 3-point bending method (Red line corresponds force-
displacement curve and black line corresponds acoustic-displacement curve)
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Figure 2: Results (acoustic and force) of the Cutting test method (Red line corresponds force-
displacement curve and black line corresponds acoustic-displacement curve)
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Figure 3: Maximum sound pressure (MSP) at
various distances and angles in 3-point bending
method (�-45°, ♦-0°, N-90°)

Figure 4: Total count peak (TCP) at various dis-
tances and angles in 3-point bending method (�-
45°, ♦-0°, N-90°)

guishing acoustic signals during breakup of bis-
cuits at low speeds than fast speeds. It was no-
ticed that the device probably fails to pick up
all individual acoustic events at high testing test
speed for some products. This is due to a too
large integration time of the acoustic emission
detector that makes the device unable to distin-
guish two sequential acoustic events. The cur-
rent default integration time works well for the
majority of crispy foods at a reasonably low test
speed, but a shorter integration time should be
considered for acoustic-rich products. Especially
variations of other acoustic parameters, such as
TCP, showed an obviously loss of this informa-
tion at high speeds.
Although the variability was lower at high test
speeds and especially high at 0.1 mm/s 0.5 mm/s
was selected in order not to lose acoustical events
at high test speeds.

3.3 Comparison of quality
differences of wafers by means
of crispness

A test speed of 0.5 mm/s and microphone po-
sition of 45° angle with-1 cm distance from the
sample were used to distinguish quality differ-
ences of nine brands of wafers by applying a 3-
point bending test.
Table 5 illustrates the average values and stan-
dard deviations of MSP, TCP and MV of the
brands of wafers. There are significant differ-
ences (p<0.05) between MSP, TCP and MV val-
ues of nine brands of wafers.
The products Jadro, Fin Carre, Fin Carre
Lemon, Fin Carre Strawberry and Napoli were
placed in same group regarding MSP values more
than 80 dB (see Fig. 5 and Table 5). However,
highest TCP values more than 440 were exam-
ined for the products Napoli, Sweet Gold, Fin
Carre Lemon and Fin Carre Strawberry. In ad-
dition, highest MV values more than 49.50 dB
were also obtained for products Fin Carre, Fin
Carre Strawberry and Sweet Gold.
According to these results, generally products
Fin Carre group (Fin Carre, Fin Carre Lemon
and Fin Carre Strawberry) and Sweet Gold dis-
played highest values of acoustic parameters.
Crispness is evaluated with sound events dur-
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Figure 5: Distribution of brands of wafers as functions of Maximum sound pressure, Total count peak
and Mean sound value

ing mechanical deformations and as higher num-
ber of sound events, the higher is the crispness.
Based on this, it could be said that products Fin
Carre group and Sweet Gold are more crispy than
the other 5 brands of wafers.

4 Conclusion

Comparing the 2 methods, it could be concluded
that the 3-point bending test is more convenient
and reliable than the cutting test since there
were difficulties to distinguish acoustical events
whether caused by friction of the knife or by
breaking of the wafer.

The best microphone position was selected as 45°
and 1 cm distance from the breaking point of the
wafer due to lower variability. The smaller the
distance the higher are the values of the eval-
uated parameters and in general the lower the
variability. The angle of microphone did not
significant effect. The results of the test speed
measurements displayed that especially number
of recorded peaks at high test speeds (1.0 and
1.5 mm/s) were less than at slower test speeds,
because there is loss of acoustic events at high
speeds. As the evaluated parameters showed a
much higher variability at the lowed test speed
of 0.1 mm/s, 0.5 mm/s was chosen.
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Table 4: Maximum sound pressure (MSP), total count peak (TCP) and mean sound value (MV) for
the 3-point bending and cutting test at different test speeds, carried out with Product Bella. Values
are expressed as average ± standard deviation (n=10). Different indices indicate significantly different
values per column based on the Tukey test, p < 0.05.

Test Speeds
3-Point Bending test

MSP TCP MV
0.1 mm/s 78.31±3.31a 1123.0±120.96c 42.97±0.60a

0.5 mm/s 79.65±2.47a 374.7±70.94b 48.04±0.79b

1.0 mm/s 79.81±2.86a 232.8±45.07a 51.65±1.17c

1.5 mm/s 80.48±2.61a 163.8±25.60a 52.02±0.84c

ANOVA
F-value 1.030 349.263 230.482
P-value 0.390 0.000 0.000

Cutting Test
MSP TCP MV

0.1 mm/s 75.06±4.05b 989.2±127.57d 46.12±0,36a

0.5 mm/s 70.89±2.60a 448.7±67.06c 47.93±0.34b

1.0 mm/s 74.49±3.35ab 349.0±23.43b 49.67±0.30c

1.5 mm/s 73.96±3.28ab 256.4±19.16a 50.61±0.32d

ANOVA
F-value 3.071 198.972 354.031
P-value 0.040 0.000 0.000

Table 5: Maximum sound pressure (MSP), total count peak (TCP) and mean sound value (MV) for the
3-point bending at optimum test conditions (at 0.5 mm/s test speed and 45°-1 cm microphone position),
carried out with 9 different brand of wafers. Values are expressed as average ± standard deviation
(n=10). Different indices indicate significantly different values per column based on the Tukey test, p <
0.05.

Brand of Wafers MSP TCP MV

Manner 77.89±3.38a 411.10±37.29bc 47.96±0,32b

Fin Carre 83.23±2.70c 385.40±39.63ab 51.06±0,59g

Napoli 81.05±1.06abc 515.70±84.87d 48.93±0,70cd

Fin Carre Lemon 82.20±2.18bc 464.80±102.36bcd 48.25±0,63bc

Sweet Gold 79.62±2.41ab 505.90±44.66cd 49.71±0,82ef

Fin Carre Strawberry 81.92±3.37bc 441.00±50.31bcd 50.20±0,49f

Jadro 84.32±1.64c 302.20±80.37a 47.18±0,56a

Biscoteria 77.93±3.31a 366.20±107.62ab 49.23±0,47de

Bella 79.65±2.47ab 374.70±70.94ab 48.05±0,79b

ANOVA
F-value 7.488 9.111 40.135
P-value 0.000 0.000 0.000
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From the different brands of wafers, the products
Fin Carre group and Sweet Gold were examined
as more crispy due to their higher MSP, TCP
and MV values.
In conclusion, this study can lead further inves-
tigations on wafer quality in terms of crispness
which is generally difficult to determine, by us-
ing obtained test conditions and acoustic param-
eters from acoustical-mechanical measurements.
Although, sensory test methods were carried out
to determine crispness of wafers, using fast and
reliable methods such as acoustical-mechanical
tests in industry is important. With this method
conditions and parameters, quality of wafer can
be distinguished by means of simple and repro-
ducible test.
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