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Correlation between Acoustic Feature and Sensory Crispness
of Different Puffed Food Based on Energy Release Analysis

ZHU Chengkai', HU Xinnan', JI Zhili"*, SHEN Wangyang®, JIA Xiwu'

(1.School of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China;
2 Key Laboratory for Deep Processing of Major Grain and Oil, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: This study sought to identify a method for swiftly improving the correlation between sensory crispness and
acoustic characteristics of puffed food. The sensory group was formed by selecting individuals adept at identifying
brittleness through sequencing test, with sensory assessments conducted on various puffed food. Adopting 1000 Hz as the
interval for energy segmentation, the Hilbert-Huang Transform (HHT) was utilized to segment the energy of the sound
signal from puffed food to observe the process of energy migration. The relationship between sensory evaluation and
acoustic properties of 10 varied puffed food types was studied. The results of sensory evaluation showed that samples with
higher "crispness" were more likely to obtain higher evaluation scores. The pulse factor (+=0.937) and kurtosis (=0.889)
showed an extremely significant correlation with sensory crispness between different types of puffed food, revealing that
the energy release characteristics remained consistent (P<0.01), while the energy released by the crunchy foods led to
abrupt and unstable signals. It was observed that the sound signal frequencies of puffed food predominantly concentrated in

the lower frequency range, accounting for 80% of the total energy. The results showed that there was no significant
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correlation between the low frequency interval and sensory crispness among different types of puffed food, but the acoustic

features extracted from the inherent low frequency interval were significantly correlated with sensory crispness. This study

establishes a fast method to identify the best frequency interval of sound signal recording of puffed food, thereby enhancing

the accuracy and reliability of acoustic evaluation in food sensory quality control.

Key words: puffed food; acoustic feature; Hilbert-Huang Transform; energy migration; acoustic frequency
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Fig.1 Twelve types of grain-puffed products
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Table 2 F-values of sensory results for 42 subjects

ZdEmS  FE || ZRAEHRT  FE || ZAERT  FE
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3 9 17 9 31 9
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6 9 20 9 34 54
7 8.1 21 9 35 9
8 9 22 9 36 9
9 9 23 9 37 9
10 9 24 9 38 9
11 9 25 9 39 9
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13 9 27 9 41 8.1
14 9 28 8.1 42 8.1
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Table 4 Sensory evaluation scores of 10 samples
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Table 3 Variance of sensory crispness values for 30 subjects

e e
2 98.91+£9.94 13 336.66+18.34 25 69.66+8.34
3 58.66£7.65 14 24.66+4.96 26 20.66+4.54
4 150.91+12.28 16 111.33+10.55 27 146.66+12.11
5 241.58+15.54 17 96.25+9.81 30 37.66+6.13
6 137.58+11.72 18 3.58+1.89 31 155+12.44
8 253.58+15.92 20 149.66+12.23 35 94.2549.7
9 49.66+7.04 21 249.58+15.79 36 44.25+6.65
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Table 5 Pearson correlation matrix between acoustic characteristics and sensory score of different samples at full frequency
bR SS E E ax D pluseF K, t CP Ave LD
SS 1
E 0.842" 1
Eax 0.440 0.537 1
D 0.518 0.645 0.922" 1
pluseF 0.937" 0.767" 0.457 0.464 1
K, 0.889" 0.859™ 0.654° 0.656 0.8217 1
t —0.242 0.015 —0.120 0.045 —0.138 —0.401 1
CP 0.095 —0.079 0.153 0.297 0.062 0.034 0.189 1
Ave 0.410 0.137 0.089 0.188 0.184 0.454 —0.630 0.393 1
LD 0.542 0.605 0.903™ 0.946™ 0.432 0.702" -0.163 0.258 0.402 1

T ¥3RIRP<0.05, **3R7RP<0.01, LT[,

F 6 AL AEA R N A R B L

Table 6 Relative energy ratios of different samples in different frequency ranges

e T
WK i) (Hz) S— ‘H"” : : : :
REREANDL  EORYE MaFAEs  a®hr FAENE WIrAy ROEE EMERE FEPiT HERE

0~1k 0.15 0.10 0.37 0.27 0.22 0.25 0.55 0.26 0.35 0.17
1k~2k 0.04 0.08 0.11 0.04 0.07 0.01 0.05 0.06 0.04 0.03
2k~3k 0.07 0.10 0.06 0.06 0.07 0.06 0.05 0.09 0.07 0.07
3k~4k 0.05 0.09 0.14 0.07 0.09 0.11 0.05 0.07 0.08 0.08
4k~5k 0.13 0.09 0.03 0.07 0.08 0.09 0.04 0.04 0.06 0.10
5k~6k 0.13 0.09 0.05 0.08 0.09 0.11 0.08 0.08 0.09 0.10
6k~7k 0.09 0.12 0.06 0.07 0.09 0.02 0.02 0.04 0.03 0.06
7k~8k 0.11 0.08 0.05 0.04 0.04 0.03 0.03 0.06 0.06 0.03
8k~9k 0.02 0.07 0.06 0.03 0.04 0.03 0.02 0.05 0.04 0.05
9k~10k 0.04 0.07 0.04 0.06 0.05 0.05 0.03 0.08 0.05 0.08
10k~11k 0.05 0.05 0.02 0.07 0.05 0.06 0.02 0.05 0.04 0.09
11k~12k 0.02 0.01 0.01 0.03 0.03 0.03 0.01 0.04 0.02 0.04
12k~13k 0.02 0.03 0.00 0.03 0.02 0.03 0.01 0.03 0.02 0.03
13k~14k 0.01 0.00 0.01 0.02 0.01 0.02 0.00 0.02 0.01 0.01
14k~15k 0.01 0.01 0.00 0.03 0.02 0.03 0.01 0.02 0.01 0.02
15k~16k 0.01 0.01 0.00 0.01 0.01 0.02 0.00 0.01 0.01 0.01
16k~17k 0.01 0.01 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.01
17k~18k 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
18k~19k 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01
19k~20k 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
e 7 LR 0.80 0.81 0.81 0.84 0.84 0.83 0.83 0.82 0.82 0.85
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Table 7 Pearson correlation matrix between acoustic characteristics and sensory score of different samples
at low frequency range

ahR SS E E ax D pluseF K, t CP Ave LD
SS 1

E 0.966™ 1
Epax 0.687" 0.726 1

D 0.896™ 0.879" 0.704 1

pluseF 0.976" 0.925" 0.625 0.893" 1

K, 0.951" 0.940™ 0.744° 0.928" 0.968" 1

t 0.011 —0.082 0.347 0.094 —-0.095 —-0.075 1

CP 0.095 0.007 0.124 —0.245 0.119 0.027 0.019 1
Ave 0.410 0.338 —-0.022 0.177 0.458 0.401 —-0.431 0.393 1

LD 0.711" 0.742" 0.640" 0.737" 0.708" 0.751° —0.094 0.123 0.360 1

CP FE W75 B A4 v AW [m] 1 335 Ry R 45 44
AiE, ARIERE S S M 22 ST RE 2 28 e . ksk, Xt
e (SOPAEAT T ) 22 7 5% 5, LD S5EE MaBE 9 4H
KEM 0.542CRRE) EFHE] 0.711 (R 35), E 5E
W B AR SCPE PN 0.842 (K 2.3 ) EJH2Z 0.966 (1K i
&), D S5BCEMEEE A AN 0.518CA i 3E) LTt
Z 0.896(M B 3E) . 454 pluseF Ml K, SEE M A
B A ICPE, 3 FR B X AR EE TP I —1k
J& B RBRFELE DA AS [B])™ S B AT R S5 S A 3R
o BB, RSHAS BEAFNE S5 8 B PR B AR S a4
P REAFAE . X P HEJE T AEIC SR (5 5 15 JoikkE
TR IARBEE RS | T/ N M SR A PR = X (Al Y RE
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3 #Hig
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