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4. Skewness
5. Kurtosis
6. Moment
7. Moment

8. Natural Frequency
9. Matlab
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1. Hardness
2. Gumminess

3. Chewiness
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Fig 1. A sample of the sound of bread with different amount of Chia during storage under the compression test
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Table 1. Statistical analysis of acoustical data

Standard Root mean square Root mean absolute Variance Max Sample Day
Deviation value value ol yls Ry Ages 5
Slro Bl il Ol po (b jd Bl ju8 Hd (1Sl
o ¢yl 30

0.012+0.002" 0.0001+0.00014° 0.000002+0.000003%° 0.0001+0.00006"°  0.0620.009"% Blank
0.012+0.002" 0.0001+0.00014° 0.000001+0.000003% 0.0001+0.00004"°  0.0620.005*° c-2.5% 0

b

AT
0.012+0.001"° 0.0001+0.00008"° 0.000003+0.000002"%  0.0001£0.00002*°  0.06+0.003% c-5%

10~ L=
0.010£0.001° 0.0002+0.00009"° 0.000004+0.000002*°  0.0001+0.00005*°  0.05+0.007 c-7.5%

/N0l
0.01620.0025 -2.52E-7+0.000004% -2.52E-7+0.000004% 0.0002+0.00007%*  0.07+0.078"" Blank
0.017+0.0008" 0.0003+0.0001 0.000004+0.000003*"  0.0003+0.00002*°  0.07+0.003* c-2.5% 3

b

JATIN
0.017+0.0014% 0.0002+0.00014 0.000003+0.000002%°  0.0003+0.00003**  0.07+0.004* c-5%

7.0 -L=
0.016+0.001° 0.0002+0.00014 0.000004+0.000002°°  0.0003+0.00005"*  0.08+0.006°* c-7.5%

IVI0-L
-0.009+0.003% 0.0001+0.00014%® 0.00001+0.000008** 0.0003+0.00002%*  0.09+0.005" Blank
-0.01+0.003% 0.0001+0.00014 0.00001£0.000005"* 0.0003+0.00003**  0.08+0.003% c-2.5% 6

bz

AT
-0.01+0.003% 0.0001+0.000074° 0.000009+0.000006"*  0.0003+0.00003"*  0.08+0.004% c-5%

70 L
-0.01+0.003% 0.0001+0.0001 0.000008+0.000004*  0.0003+0.00004"*  0.08+0.006°* c-7.5%

INIO-L
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Kurtosis Skewness Natural frequenc Entro Ener Sample
quency py ay p
e yh SNz b 558 95! &5 gl 395
4.83+1.109% -0.003+0.008"° 137.63+18.861° 1433.92+514.75"° 20.74%2.112"° Blank
5.58+0.746"2 -0.005+0.005"° 149.14+9.974 1332.59+335.745"° 20.69+1.176%° c-2.5% 0
L=
YATIN
4.95+0.55 -0.007+0.006"" 139.63+10.4275° 1311.88+229.432"° 20.61+0.879"° c-5%
70 -L>
4.62+0.5535% -0.01+0.0055° 113.64+9.564° 946.345+243.43% 18.52+1.423% c-7.5%
INI6-Le
4.39+0.47%° -0.006+0.00352 169.68+22.4814 2299.08+557.48% 23.25+1.8745 Blank
4.39+0.1914° -0.01+0.003"8° 169.49+5.339%° 2428.61+198.213%°  23.78+0.391°%°  ¢-2.5% 3
L=
AT
4.26+0.356"° -0.008+0.003"E2 166.66+6.511°° 2444.38+271.842%  23.78+0.579"% c-5%
70 -L>
4.29+0.762"° -0.006+0.0074 172.63+16.626"° 2666.97+408.596" 24.18+0.879" c-7.5%
IVI0-L=
5.43+0.44"¢ -0.009:+0.00382 201.01+4.556"% 2459.67+215.019% 23.97+0.4345 Blank
4.94+0.247% -0.01+0.001%* 216.46+41.503 2718.67+211.534" 24.44+0.398" c-2.5% 6
L=
AT
4.74+0.43% -0.01+0.00352 205.83+36.323"* 2510.5224226.107%  23.99+0.497% c-5%
70 -L>
4.74+0.5195 -0.01+0.003° 204.78+55.344"2 2297.61+397.662%° 23.45+1.038°° c-7.5%
IVI0-L

0 o 45 Cilises slogs, crm (513 sime NS oaims)lis SsS Gg,m g 40 gl 1 calies sla Lo (s (6,10 sie DS oaimaLis 55 g
The uppercase letters represent a meaningful difference between the different treatments at the 5%; the lowercase letters represent a
significant difference between the different days at the 5% level
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Table 2. Statistical analysis of texture analyzer data

Gumminess Hardness Chewiness Sample Day
(S S S ONg Cabld agas 395
(N) (N) (N.mm)
0.281+0.775%° 0.313+0.0915%P 0.278+0.0775%° Blank
0.709+0.076"° 0.801+0.079%° 0.705+0.07%¢ c-7.2/5 0
AT -l
0.317+0.346%° 0.379+0.544%° 0.316+0.036° c-/5
7.0 -l
0.13+0.009%° 0.152+0.002°° 0.13+0.009%° c-77/5
Y10
3.22+0.181% 3.66+0.265% 3.204+0.204%2 Blank
3.063+0.441F° 3.585+0.545°° 3.046+0.417%° c-/2/5 3
A
3.865+1.2% 4.423+1.407%° 3.82+1.188%2 c-75
70— L>
7.357+0.032" 8.175+0.036™2 7.283+0.033%@ c-77/5
ZV/A—L:?,
3.767+0.270%2 3.27+0.29252 3.748+0.248%2 Blank
7.96+1.063" 9.134+0.925" 7.872+1.05742 c-7.2/5 6
AR
6.352+1.210% 7.328+1.629%% 6.315+1.158%2 c-/5
70— L>
7.465+0.333% 8.434+0.173% 7.283+0.329%% c-77/5
NI~z
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The uppercase letters represent a meaningful difference between the different treatments at the 5%; the lowercase letters represent a
significant difference between the different days at the 5% level.
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Table 3. Correlation analysis between acoustic and texture data

ada)

9|dwes

114

Aeq

XeN

§ e

aduelle

A Lol gol ompre?

anfeA 3INjosge uealw 100y

<pf s oL
anfeA asenbs uesw J0oy

Inaliakeinl
uoneIAaQg plepueis

e

SSOUMBYS

SISOLINY

¢2
ABlaug

|6
Adonu3z

a7

AouanbaiS feinreN

SSaupJleH

SSauUIMaYD

ssaulwwng

v
a|dwes

ﬂm‘w
Aeq

-0.04

0.72"

XeN

n_wjm.i)
aquele/

0.68" 0.30

0.81™




ol o uLuo.:l} t)ic

ovy <> b Load (2 b cdb b))
\/

A <0 ool omy®

9NJeA 3)Nnjosge uesw 100y

0.20 0.42* 0.109

0.19

o€ g ol
aNjeA arenbs ueaw 100y

0.36" 0.12 0.18 0.34"

-0.11

o<l =
uoneinaqg plepuels

0.151 0.99™ 0.81™ 0.64** 0.05

0.34"

el

SSaUMBXS

-0.06 -0.15 -0.15 -0.08 -0.35" -0.16

-0.13

-0.42" -0.33" 0.002 -0.44™ 0.04 -0.06 0.08

0.32

SISOLNY

¢
ABisug

-0.10 0.99™ 0.32 0.10 0.97" 0.80** 0.58" 0.08

-0.39"




IPRR Lsli oF o)l Y 098 ¢ i (g slos pslis anbilad c AYA

ok

ok

*

ek

ok

1 0.97 047" -0.15 0.99 0.37 0.17 0.99 0.79 0.65** 0.03

P
sk
5

1 0.74™ 0.73" -0.02 -0.16 0.75" 0.23 0.29 0.76" 0.76" 0.79" 0.13 -
2o
Sy
g}
i

E

©

P4

1 0.65" 0.60” 0.54™ -0.18 -0.35" 059" 0.40* 051 0.61" 0.54" 0.82" 0.30

%ﬁ

E H

[3+]

T
1 0.99” 0.64™ 0.59™ 0.54™ -0.18 -0.35" 0.58™ 0417 051" 0.61" 0.53™ 0.81" 0.31 9
w3
s\
(@) 3

1.00” 0.99” 0.64** 0.59" 0.54” -0.18 -0.35" 0.58" 0417 051" 061" 0.53" 081" 0.32 "
£
5

TN 510 s )5 gl gme oo S

Significant levels of 5%, Significant levels of 1%



oK 5 ul.uo.il} t)d.a

ova 0 bz Lowd (22 06 28l b))

Sre sl ly Gl aY 0 gy ol 4 s (ar

sl o SLSL il Sy 5 wliee 20 5)l0 s 55k
leaedoe ) wm Gl aY 50 595 Al g
i ia db G meS b et oSl el (R0 B0
POV PN X SV IFCIH X S PRINE JUEN IPCRA 1]

o yiiie (6 xS0k

FEyman gras A0 b iy (ol QLI T as
oaboll sla S5 b caslite «(g39)5 4Y 0 95V L
Sl (Forr (i) (2o aY 0 0es Vo
WY 50 (P ol e jshaieds 0B (b (g
el e O)lsShle — Sl e)eSI Y 6l (Sl
Y jo oy olawd xie 6,850k Sy 0dd wlide
IS0 50 Giseel sl 5 28l yois Yo U) 5l ale

1P

1 -

05 9
0 T 1 1 1 1
0 5 10 15 20 25

el evenberg-Marquardt -fill=Scaled conjugate gradient ==fe==Gradient descent

oo @Y 53 093 ol et b (s Sy (255 i 50 (s 4 a0l sl () JSB
Fig 2. Neural network training error in the prediction of hardness by changing the number of neurons in the hidden layer
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Table 4. Statistical analysis of prediction error of hardness for Levenberg- Marquardt, scaled conjugate, Gradient descent to the number

of neurons in the middle layer

RMSE Neuron
Gradient descent scaled conjugate gradient Levenberg-Marquardt ©r
ke (6 7SOl Cas oudpolidio plgi canid ORI JRN
2.63+0.61° 1.86+0.14° 3.20+0.20° 1
1.80+0.44° 1.66+0.89° 2.59+0.53" 2
1.93+0.35° 1.38+0.70%™ 2.77+0.79® 3
1.65+0.31™ 1.42+0.95° 2.12+0.36% 4
1.60+0.54™ 1.45+0.47° 1.96+0.58° 5
1.78+0.59 1.73+1.59° 1.75+0.82% 6
1.40+0.32™ 1.31+0.55® 1.33+0.67° 7
1.55+0.42" 0.61+0.38™ 1.18+0.58" 8
1.62+0.69™ 0.53+0.42™ 1.14+0.18" 9
1.13+0.31 0.53+0.18™ 0.09+0.01¢ 10
0.66+0.15° 0.55+0.44™ 0.09+0.005° 11
0.55+0.43° 0.53+0.33"™ 0.09+0.01¢ 12
0.62+0.28° 0.52+0.39™ 0.09+0.02¢ 13
0.66+0.52° 0.52+0.42™ 0.09+0.02¢ 14
0.68+0.65° 0.42+0.31° 0.09+0.008° 15
0.66+0.21° 0.41+0.20° 0.09+0.06¢ 16
0.65+0.46° 0.27+0.31° 0.09+0.06¢ 17
0.65+0.42° 0.25+0.42° 0.09+0.01¢ 18
0.65+0.25° 0.24+0.39° 0.09+0.01¢ 19
0.64+0.24° 0.24+0.29° 0.09+0.05¢ 20
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Non-consecutive letters in each column indicate a significant difference at the 5% level

o 283 Sppo (Satz 5 ohsr CELB @ Cod
dmbre @ Olgen ) (e (G o YL S8
cobl asyl b ol cans miwedl 5l o] ki
oS wulee ewsay £y Ly, (S 5 ousx

D23 o ol las s og5

a
10
y= O9945x+0 002
8 '
z ~0.9666 .
§°
]
8 ¢
g
29
0 a!
0 2 4 6 8 10
Real (N)

Prediction{N)

&l oaidonss slaosls AR i3 el Helate 4
A

Ol (V JSS) wals

Soin R%=4AY AV b e e

u“i—" ;A...Lls u>_._o.,..; 6‘)‘

444:-9; Qy(/\“\us /Y\N‘/\f)w).:dq ‘;W
S Sl (St (e S sl a0 g iR
b
10
y= 10416x+00652
’ =0.9258 f
4 3" .
) L
0 ‘.
0 2 4 6 8
2

Real(N)



OYY : Lo boud & b cdl b))l Oen 5 Ll & e
10
E 8 y="1.0464x+0.0272
E R=0.9472 8
2
S *' ’
L .
Y |
0 2 4 6 8

Real (N.mm)

Hly polis 4 Cons (€©) (g <ol § (0) Stz (@) (i (s polie Hloges (F) JSi
Fig 3. The prediction vs actual values of hardness (a), gumminess (b) and chewiness (c)
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Abstract

The purpose of this study is to model the bread texture by acoustical- mechanical method, non-
destructively. To do so, bread texture enriched with 3 different levels of modified chia (2.5%, 5%
and 7.5%) was evaluated by texture analyzer at a test speed of 3 mm. s™ to 30% compression,
while the microphone was located at 5 cm from the samples at a 45° angle to the horizon. From
the sound recorded during loading mean sound intensity, maximum of sound, variance, standard
deviation, root mean absolute value, root mean square value, skewness, kurtosis, fifth moment,
sixth moment, energy, entropy in time domain, and spectral entropy and natural frequency in the
frequency domain were extracted. After selecting the most suitable features (maximum sound,
variance, standard deviation, root mean absolute value, energy, entropy and natural frequency),
based on statistical analysis, artificial neural network with 3 algorithms (Marquardt, scaled
conjugate gradient, gradient descent) was trained and tested with 7 neurons in the input layer (in
accordance with the selected features) and 3 neurons in the output layer (hardness, gumminess,
chewiness). Based on the results, the training error in the Levenberg - Marquardt algorithm was
lower than the other algorithms, and the root mean squared error of the test stage of this algorithm
to predict hardness, gumminess and chewiness were 0.14, 0.23, and 0.33, respectively. This shows
the ability of the proposed method in predicting the quality of bread.

Key words: Texture, acoustical features, storage, bread, modified chia.
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