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Nondestructive Measurement of Apple Quality
Using Ethylene Generated by Sweep Sinusoidal Vibration

Ghi Seok Kim', Man Soo Kim', Hyun Mo Jung", Yong Soo Hwangm

L1 L]

and Ki Bok Kim

Key Words : Ethylene Production(o| & @'¢4)), Sweep Sinusoidal Vibration(7F#F 34 A 51 F),
Nondestructive Measurement of Apple Quality(A}3}9] ¥ o} £ 2 A &)
1. M8 AL ol¢ & AL gudy
A Rl FF I 4 Fo LAHE
HEe FEFLoRE YRE EYL o435} ZNAXRA IFLE QAF &4& Folu RIF
2 geH F2 AL FE8HD Jded oY &4 of tid FHA AFE BAste &48 Ha
1Y T BR2AL FA FA Fod ge Al & Qe e EAstE AL 2 B
XA " g3 gl
T4 T HAdol AHWEHE IA FA Y= AT F(006)2 Alzte] AF F WA=
o] T &4 Fa9& 3 ol & d(ethylene)o] ME® AEE9 wWald nmx

oz HFol B71A

ol A, AFL e HAL dgds Do
BAATII o] w38 FxEte] AF e L
Ag AANA Ao

FELE FF5HY F AH &9 98 &4
< 9F 3040%%U HOE B3 Hojglon olg s
4L YRR 40y Fo BAHE J)AHA
s S40 9% Aoz oz g AANA &

FTEUSL YEALTER BBUYNALT
Tel. 042-821-7869, Fax. 042-823-6246
Email : kelvins@cnu.ac.kr
T ARG B Yoy dE)
T EEURE 4eAAgR AdRAT
T AREEAAATY HAEEY

23

GHE BARGCH 2 A3 ogA TS
sre AE H-H FHE 37tsof o
xa7 AEY o Qe B4 A
Red -rsno}oq ATHE BANPOZH 3}
S ANe B

29
:F.
tﬁ)

43
o
a2

o, ot
re
ol
i)
o F
._CL
)
o?‘:,
(a1}
_Q,

Ay = 5ot o rlr

%l‘z*th immc}
H(2005)= At#el Hoold dgd JAAY
I-MCPE AMEstn 22T, FUEE 90%2] Zd
AstAA g BAFE 19 HHoE 23
slastgieh. 2 23 1-MCP F3e FolMe o
g9 BAFo] AR T 4dole F23] F7sld
o]F 1579 B¢ WY 1549 B2 FHr}sic)
7b 2 olFole WAFY Filgol EEHYOY
T8 Frrevkn Baskgch

2 dFdMe 71AHA 2Ed 2o ug A}



7Y - PN - AU - 45 A01E  FFAL T YA A5 A2g

Ho|l FAWRE B Yo pEFAs A pvspep— AGCELEROMETER
3 UEE ol8T 2o FEHEEL AFAEY prers—
E FEY ¥ 23 ZvEOWPZAE o] £ CoNTROL PROGRAM
Atzte] oE AL RS AS3n HARAE o) § T
& YHNSEFER AFAIG i Alge VIBRATION
ALy 2d& sNEsisch CONTROLLER
v

2 B 3 oy MPUER

2.1 AR Fig. 1 Schematic diagram of the vibration test
AEo AHEE BAE AlgFA)ollen, Al apparatus for fruits

B8 EF 20069 108 2¢3 dwsshALE
E AA FE&8 F A ALEEY AR Table 2 Specification of the vibration test

% 109 A= ALAFE£1T, 85+5% rh)stch apparatus for the fruits
AMEEY 7]EAHA EAEL Table 13 Zon, items specifications
Aol ALEEH7 A AP FAZXAU5T, 5% sine force(peak) 150 kee
th)ol A ek 5A1F F<t HE& AN F Ao A} random force(rms) | 150 kgs
433l
Table 1 Harvesting date and physical characteristics electro- shock force(peak) 300 ke
of the fruits used in tests . | useable Frequency | 5~4,500 Hz
True magnetie max. disp.(p-p) 25 mm
Cultivar Date of Voiumc: Mass density Shaker .
harvest (10" m’) (kg) (kg/m3) max. velocity 120 cm/sec
Apple 2006. 10 3.619 030 83075 max.. acceleration 60 G
(Fuji) ) ’ vertical load support| 70 kgr
N power(Full Load) 0.75 kW
x
S SR A s s g Nover | fow e 011 m/s
L 7M7) AT AEAYII9 Alzte) o air_pressure 0.0045 Mpa
AFE AF3n BEA%Y) 9% 72 38viEa range 50 G
A e A8 accelerom _ sitivity 100 mv/y
Fig. 12 AFAA71Y HAHNQY T4 5o e frequency response | 1~10,000 Hz

Fe NEERA 1F5E BASE AR 437
(shaker)?t 7131719 RF& AosFE= AR x|,
AAZANAN A 7h272 EHHE Aojas
g FEANAFE ZE7|(amplifier)d AFHY 2
%—Ew— AZsn AA2NE Ao A% A5
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€ Fig. 29} Table 3] Z+z Uehigict, Fig. 2 Gas Chromatography used in the study
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Table 3 Specifications of Gas Chromatography used
in the study

Item Specifications
inner volume W230xD140xH360 mm
temp. control range 10~399 C

max. heating rate 13min. for 50~350 C
9min. for 300~50 T

*1% of the set temp.

-1~+1 volt

1700 VA

cooling speed
temperature accuracy
signal output

power requirements
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Fig. 3 Sinusoidal sweep vibration test for the fruits
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Fig. 4 Ethylene gas collection of fruits
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Fig. 5 Ethylene production of the apple after sweep
sinusoidal vibration excited

Table 4 Ethylene production of the apple after
sweep sinusoidal vibration excited

Storage

time

Ohr | 24 hr | 48 hr | 72 hr

Sample

No Vibration

Excited(0.5 G)

Excited(0.75 G)

Excited(1.0 G)

Excited(1.25 G)

Average

Std

0.0401
0.0854
0.1247
0.1113
0.1616
0.1046
0.04535

0.1788
0.2167
0.3693
0.3330
0.4413
0.3078
0.10860

0.1363
0.3157
0.5463
0.5089
0.8343
0.4683
0.26229

0.1694
0.6126
0.7875
0.8257
1.1534
0.7097
0.35976
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Fig. 6 Response surface of ethylene production of
the apple as a function of the storage time
and the input acceleration
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Table 5 Coefficients of multiple regression model for ethylene production

EL=a+bxST+exIA+dxST*+exIA*+XSTXIA Coefficient of
Variables multiple
Coefficients Standard error t-ratio Prob.(t) determination (R?)

a 0.080175 0.053580 1.496354 0.15676
b 0.000906 0.002261 0.400949 0.69451
c -0.023257 0.120451 -0.193084 0.84967

0.9677
d 1.073474E-05 2.690695E-05 0.398958 0.69594
e 0.048877 0.085844 0.569370 0.57813
f 0.009628 0.001292 7.454678 0.0

* Note : EL = Ethylene production(ul/kg - hr), IA = Input acceleration(G), ST = Storage time(hr)
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