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Mechanical Properties and Ultrasonic Parameters of the
Apple Flesh while in Storage
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ABSTRACT

The potential use of ultrasonic technique for firmness measurement of apples was evaluated. Mechanical properties
(bioyield deformation, bioyield strength, rupture deformation, ultimate strength, and elastic modulus) and ultrasonic
parameters (ultrasonic velocity, attenuation coefficient and the first peak frequency) of the apple flesh during the storage
time were measured and analyzed. Ultrasonic parameters were determined from the measurement of ultrasonic wave
transmission through the apple flesh specimen. Mechanical properties were obtained by universal testing machine. The
bioyield strength, rupture strength, elastic modulus, ultrasonic velocity, and the first peak frequency of the apple flesh
decreased with the storage time. The bioyield deformation, rupture deformation, and ultrasonic attenuation coefficient
increased with the storage time. The correlation analysis between ultrasonic parameters and mechanical properties and
the storage time was performed. The high cormrelations were found between the storage time and the ultrasonic
parameters, and these relationships seem to be useful for determining the firmness of the apple flesh.

Keywords : Apple flesh, Storage time, Firmness, Mechanical property, Ultrasonic parameter.
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Fig. 1 Ultrasonic measurement setup.
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Fig. 2 Compression test apparatus for apple
flesh specimen.
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apple fleshes with the storage time
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bars represent 1 one standard deviation.
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Table 1 Result of comrelation analysis between the storage time and mechanical property of the apple

flesh specimen
Mechanical property
Item Bioyield Rupture Bioyield Ultimate Elastic modulus
deformation(mm) | deformation(mm) | strength(kPa) | strength(kPa) (kPa)
Correlation coefficient 0.6814 -0.6222 -0.8711 -0.7976 -0.9703

—242—



A7IRre] e ALt e A1AH 24

wat, 78 goll Uepule)l Zo] 28} 7hlAS
AT AR dolEE Aslshe AR
e} gAH e Erske AR Ui ol
g Wi ATl SR W} A% He
wpe) AE Faeh Axy 27 olgwdew
Qdste] ehgAGst astl Hz, olel wet A
s} 28 dges el AY delA @
o oAzt Wol F4Eel FA7E 2A BASE
Aes Azdd, 59, GAACE Aol me)
ZaAF7} 2ot Qe AREselA A
G7b 27 FobRAR o AR Aol e}
A7 Al 2ok Aol Yeptedl W)
oeiat A4 WAL B % 9ATE 4
Pz 9 Folek

_ﬂ.iérir

b
a3 o) EHEM Fo EAE 7
oA Hiule} o] ARy WE A | ¥ F
g7l AR E Trade A deldsich
g, ARz Foes ol 1586 kHz, EFH
1}7} 3.90 kHzE uYeldls o s Agdrjes
ol 7.85 kHz, BEHXI} 1.89 kHzE A Fug
W3l Zo] wimd ZA Jelygt. ol Wi Fn|
de AAEAM AR A& YEE EREEe 249
Az o] Folpe} s AR Mdge] 75
ez AgFrh

dubro g 2-gulel e AT} A ellA
A o A= | Ao 25 o3 As)slA
e, oju <z} dAfAte]o] kAol FulsEl= e
Aulel shel g wx A Ao &, A& vl
g} o] AAZIZho] F el uiel HE WRe
HISE'%I S ojgdAN o R U3l w@Aute A
g A gATE ZHF o] ot wet A
oz wiel g Forl L 259 AR
Zolal gz} Aol A Abgks] Ay 7R = e
v, AR ez o] Ay Fagrt e %
Sk 23517 Ho) o)#d Fuig HIEA
LiljedahlZ} Abbott (1994)2] AF-AFAXE 4
£ 9lE=d] o]E2 Delicious®} Golden delicious AR}

rlo

lr\

e r‘1o

% 283 seteg

€

£
250 5 =
< =
£ =
> 225 | 44 o
= T [}
: A 2
o § ©
- — L4
[3 R ! %
> 200} \ig%yé_ -~ 1s 8
L2 -~ c
H %/ . 2
8 175 | _wi2 3
= o
5 2

<

150 1

z; 8I 1I2 1.6 2l0 2.4 2l5 3l2 36
Storage time (day)

Fig. 6 Variations in ultrasonic velocity and att-
enuation coefficient of the apple flesh
with the storage time. Error bars repre-
sent = one standard deviation. =: ult-
rasonic velocity, and o: attenuation
coefficient.

25.0k

20.0k |
15.0k -%\+

\%\%\"*’}\H\%\%

0 4 é 1‘2 1I6 2|0 2,4 2‘8 312 36
Storage time (day)
Fig. 7 Variations in first peak frequency of
apple flesh with the storage time. Error
bars represent * one standard deviation.

50 istol 23] PAFIS WS DAY A7}

$57} ANLSS 3, AR7Ige] 27l w32
o7} BESE ASE Wuels, 5L oleld
H2A HEI} AR B AAle] AGel
opiAlz, AEHe] FEo} asted AAHOE HE
s} YA} Rhsho] MRl Ao 2B v slek

10.0k |

o
o
=

First peak frequency (Hz)

0.0

@) M&7|2t3 22T

Apake) A7z v 2&v) st BAE
Aoz Jehyy) $iste] B 204 Riule} o)
AR ANk 28 &5, A4S, A
sa Fog 2T A@A S} 07 oAk Av|t

nietn|E{ 2ol 2HA

Table 2 Resuit of correlation analysis between the storage time and ultrasonic parameters of

the apple flesh specimen.

Ultrasonic parameter

Item
Ultrasonic velocity (m/sec)

Attenuation coefficient(dB/mm)

First peak frequency (kHz)

Correlation coefficient -0.9653

-0.9338

0.7429
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