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Apple Quality Measurement Using Hyperspectral Reflectance and Fluorescence
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Hyperspectral reflectance and fluorescence scattering have been researched recently for measuring fruit post-harvest
quality and condition. And they are promising for nondestructive detection of fruit quality. The objective of this research
was to develop a model, which measure the quality of apple by using hyperspectral reflectance and fluorescence. A violet
laser (408 nm) and a quartz tungsten halogen light were used as light sources for generating laser induced fluorescence
and reflectance scattering in apples, respectively. The laser induced fluorescence and reflectance of ‘Golden Delicious’
apples were measured by using a hyperspectral imaging system. Fruit firmness, soluble solids and acid content were
measured using standard destructive methods. Principal component analyses were performed to extract critical information
from both hyperspectral reflectance and fluorescence data and this information was then related to fruit quality indexes.
The fluorescence models had poorer predictions of the three quality indexes than the reflectance models. However, the
prediction models of integrating fluorescence and reflectance performed consistently better than the individual models of
either reflectance or fluorescence. The correlation coefficient for fruit firmness, soluble solid content, and titrable acidity
from the integrated model was 0.86, 0.75, and 0.66 respectively. Also the standard errors were 6.97 N, 1.05%, and 0.07%

respectively.
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FZoll, 2A 214 37 (near-infrared spectroscopy: NIRS)
5 ol8M BE 22 AR iR FEE SYsk=d A
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LKLammertyn et al., 1998; Kim et al., 1999; Lu and Peng,
2004; Seo and Noh, 2007) 7L A% =4 Aup= AJZH o)A
FH. Seo et al.(2007)> ZHYAE o] &3] Aol UE-
Zhd 9 Wg Jlshs ATE 33tk
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Table 1 Firmness, SSC and T-acid of apple samples
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. BARIE

40070¢] A2HGD: Golden delicious)E ©]=r T|A|7F 9
tjete] Fetad g 9 oAz oE o= RE
FET T AL AFILE 0.5C, S5 90%)0) BAF o
chekst W9l e] Ak} FAATE 47 A shiel 100714
F 43R 1520l AXA APE AAPTE AL A
Zareld AR ARS8 el 2] Aol 18417
B st Al LEE 2T BEE fAEH o &
FAEE 9 TE 4 Aol o] gsinh Aol AMgH A}
e A=} G 1HE ), @ F AF(Titratable

. A% R 74

FAs G| FhoEZH tho] 2= Fo|A(SRT-F
408-20, Micro Laser Systems, Garden Grove, CA, USA)E
ol-gsl3lal WhARY S-S A% B oA B2 lF(quartz
tungsten halogen: Spectra-Physics, Mountain View, CA, USA)
< ARSIITE T1d 10 9AE S AIARRE vERASITE A
o] i BELE Fululx 2EF CCD(Charged Couple
Device) 7Hl2l(Hamamatsu C4880-21: Hamamatsu Photonics,
Hamamatsu city, Japan)E ©]-83}it) G4 AHER 7|
(image spectrograph: ImSpector V9, Spectral Imaging Ltd.,
Oulu, Finland)E ©1-§81] Ale} Al 270¢f) o5t A ED
A ARE ZEE 5 AR AX 2] o sl ot
& AHES T I2 F QUSich e 9 A5 CCD
HE7I FE 22 (e 3RS TE dhve &
HAEY JRH)o| FFor UYehlHith o] 2FF YAEE A]
AL A 3go] 500 nmollA 1040 nm®] 3L 1.65 nm)

H>0 =
Rim 037%31 9;11]:]'

Mean Min Max

Firmness [N] 48.3 26.8 83.7

SSC [%] 13.3 . 9.2 17.5
T-acid [%] 0.289 0.094 0.087 0.511
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Fig. 1 Laser induced fluorescence and reflectance imaging system.
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Fig. 2 Flowchart diagram for development of apple maturity predic-
tion model.
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Fig. 3 Spectral profile of fluorescence with time and reflectance image
at the center of the apple.

Table 2 Spectra combination of best model for firmness, SSC, and T-acid in image model

Fluorescence model

Reflectance model Integrated model

Firmness [N] Mean
SSC [%] Max, Mean, STD
T-acid [%] Mean, STD

STD STD
Mean Max, Mean, STD
Max Max
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Fig. 4 Actual and predicted firmness, soluble solids contents and acidity of apples by fluorescence model.
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Fig. 5 Actual and predicted firmness, soluble solids contents and acidity of apples by reflectance model.
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Fig, 6 Actual and predicted firmness, soluble solids contents and acidity of apples by fluorescence and reflectance combined model.
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