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Development of technology for measurement of fruit

hardness by ultrasonic parameter (1)

— Analysis of ultrasonic and mechanical properties of whole fruit
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Table 1. Physical properties of the fruits used in this study.

I S d Diameter Mass Volume Density
tem torage days| (. yp-2m) | (x107%kg) | (x107'm) (ke/m")
60 7.39 2059 2.45 830,65
Apple ~160 ~ 793 = 92292 ~ 261 = 859.20
P 60 891 36.75 3776 841.40
car ~120 ~ 10.28 ~ 54.36 ~ 552 ~ 100857
6.79 19.71 2.06 853.82
Peach 2~11 ~ 801 ~ 2457 ~ 253 ~ 99875

FHAe g3 FAguHE AZd) H3td ASE AXE 29 1994 EE ukeh 2o
259 BAZE+ CNS FARNELL”’A PUNDIT®|$loH 253 AMe FFEEH/SAT
dollA ALy FAHE 2239 AAM00k)E AHEstTh A9 JAA 54 @& &7
Ja 2e3 FHUPL o Aol Ut AL Fus] ARG, W AR A )
& AFIAY LF(ESoh)adEE AP AHgEATh 45 AP 29 FHE UTM
AU E o)l g3lgdon olme &FFAstEE(loading rate)= 5 mm/minZ ok dEFAEY
Al Abzhel wie] A 29 29 22 ASAE standardl A A|AEL e ¥ W(plate) S ol &
stk Bgoly B¢ ¥ 37 Zo] A9 d¥(whole fruit)ol Wit H A (plate)S ©l

&3t d5EddE AP

(Fruit cut in half)

Fig. 2. Single plate contact for mechanical

Fig. 1. Ultrasonic measurement system
properties of apple and pear.

for fruits.

~#— Sample
(W hole Fruit)

Fig. 3. Single plate contact for mechanical properties of peach.
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300

220 |- —mu-— Apple
—e&—Pear / 270 - - - Peach
200

240 |-

180 |- 210 |

180 |-
150 [
120 |- //

120 L | | L { 1 1 1 1 | A
60 80 100 120 140 160 2 4 [ 8 10 12

Storage day (day) Storage day (day)

Bioyield strength (kPa)
Bioyield strength (kPa)

140 |

Fig. 4. Plot of bioyield strength v.s. apple (Fuji Fig. 5 Plot of bioyield strength v.s. peach
cultivar) and pear (Niitaka -cultivar) (Jungbak cultivar) according to the
according to the storage days. storage days.
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Fig. 6. Charges of ultrasonic transmitted signal of apple at time domain according to the

storage days.
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Fig. 7. Charges of frequency characteristics of ultrasonic transmitted signal of the apple according
to the storage days.
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Fig. 8 Ultrasonic velocity of the apple and Fig. 9. Ultrasonic velocity of the peach

pear according to the storage day. according to the storage day.
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Fig. 10. Attenuation coefficient of the apple and Fig. 11. Attenuation coefficient of the peach
pear according to the storage day. according to the storage day.
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13. Spectrum density of the peach according
to the storage day.
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Table 2. Correction coefficient among bioyield strength
of the apple (Fuji) and spectrum densities at
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Table 3. Correction coefficient among bioyield strength
of the pear and spectrum densities at various

various frequencies. frequencies.
Bioyield Strength (ikPa) Bioyield Strength (kPa)
V (mvs) 03133 V (mvs)
Max. (V) Max. (V)
Coeff. (dB) Coeff. (dB)
Diff (V) Diff (V)

AA1] 1000 Hz

DDI1 2000 Hz

S DD11 4000 Hz
pectrum

Density DDi1 6000 Hz

DDI11 8000 Hz
DDI0 6000 Hz
DDI10 9000 Hz
DD10 12000Hz
DDI0 15000Hz
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AA12 1000 Hz |

DDI12 2000 Hz

S DDI12 4000 Hz
pectrum

Density DDI12 6000 Hz

DDI12 8000 Hz
DD11 6000 Hz
DDI11 9000 Hz
DD11 12000Hz
DD11 15000Hz




Table 4. Correction coefficient among bioyield strength* Note : V = Transmitted velocity (),
of the peach and spectrum densities at

various frequencies. Max, = Max. amplitude (V),
Bioyield Strength (kPa) Min. = Min. amplitude (V),
1\\/;@(/&8/)) 07544 Coeff. = Attenuation coefficient in max. amplitude (dB),
L
Coeff, (dB) Diff = Difference between max. amplitude and min
Diff (V)

amplitude (V)

AAILL 100 Hz
DDI1 150 He
DDIL 2000 Hz
S&?Cnst‘i“t;n DDI1 %500 Hz

DDI10 3000 Hz
DDI0 400 Hz
DDI0 5000 Hz
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Table 5. Correlation coefficients among ultrasonic properties and mechanical property of

the fruits according to the storage days.

Ultrasonic properties Mechanical property
\% AC SD BS
apple 0.5430 0.5062 0.9847 0.9727
Storage day
(davs) pear 0.9922 0.4080 0.9269 0.7826
as peach 0.9944 0.8283 0.3807 0.9931

* Note : V=Velocity (V), AC=Attenuation coefficient (dB), SD=Spectrum density,
BS=Bioyield strength (kPa)
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