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Correlation between Non—destructive Quality Evaluation

Parameters and Spectral Reflectance of Apple
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Summary

Optical properties of fruits can provide information for nondestructive quality evaluation. An attempt

is made here to develop an optical method for quality evaluation of apple using the spectral reflectance

of its surface. Optical fiber was used to transmit light conveniently from light source to sample and sam-

ple to detector.

Spectral reflectances of two types of Fuji variety— one of which was exposed to the sunlight directly

(non— bagging) and the other was wrapped with bag (bagging) — were investigated from the wavele-

ngth ranging of 400nm to 700nm. The relationships between reflectance characteristics and quality in-

dices such as chlorophyll content, anthocyanin content, and soluble solids were analyzed.
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1. Light source 2. Short pass filter 3. Band pass filter
4. Fan 5. Bifurcated fiber optics 6. Light scal
7. Sample 8. Ph Itiplier tube 9. M: ic shield case
10. Iligh-voltage power supply 11. Socket assembly 12, Low-voltage power supply
13. Data acquisition card 14. Personal computer 15, Disk drive

16. Printer 17. Monitor

Fig. 1. Schematic diagram of instruments for
optical properties measurement.
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Table 1. Specifications for instruments used in

the experiment.

Item Specifications

Halogen lamp

Light source 300W/120V

Short wavelength

pass filter stopband 700 nm

Band pass

filter 400 to 700 nm
Fiber optic Bifurcated bundle
Photomultiplier Head-on type
tube 2 diameter (R669)
High-voltage

power supply 0 to + 3,000 Vdc
Magnetic -

shield case 2" diameter
Socket DA type
assemblies connector input
T}) B

Betd 54 &3 A2 FARrE XET
18 24 (photomultiplier tube), BZ#EEA ol =
(magnetic shield case), = REZ R (high—vol-
tage power supply), X EFHEEEMH &2 R 18
#8253 (socket and amplifier), EIEZHER 52
2 o]FojFr}

FAANZNBL KBFE TYANA BE 7R
Wl 342 7)% photo— cathode, A%HZ(input
window), FARE BoJEo|= FHlEE (focu-
sing electrodes), A2 FFA)71= dynodes
y ZEy ZAAE 29 ANz EHse
anode® TAETH

Table 2. Specifications for fiber optic.

Item Specifications

Fiber Bifurcated bundle
Material

core plastic

cladding plastic
Diameter

core 470 pym

cladding 500 pm
Refractive index

core 149

cladding 144
Numerical aperture 0.40

Attenuation 450 to 550 dB/Km

H 3 2 d9d AMSE FEAFuge] 7
2L vehd Aol Aol AHS-E FAAFH
B H7 29 LA o 24 300~900nm <]
B 998 783 91t} Photocathode®] A
A& multialkali (Na—K—Sbh—Cs) &4 ¥R
BE GEFKNE GG ola7ztA FEATE &
Hey HEAHE AV ok BAAFHR
F9)9 BIFHS BARZu e FEE FAA
717] W&ol MEHREE A7 A8
HEE el T ETh B AFdME #EH
BE H2aA717) 93t AF 29 BBEE
caseE AHE-EIE T FAAZ U FANX Y Y2
cathode$} anode Alol] 5 qtol whet 2 A
wahste) oy Fadste] oA S st A
= &89 st Avd FFE W] 7ol
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Table 3. Specifications for head—on type pho-

tomultiplier tube.

D TYPE SOCKET ASSEMELY

(BNC PLUG) “
. E . = L L sena

Item Specifications
Type R669(Hamamatsu)
Diameter 27
Spectral range 300~900 nm
Peak wavelength 650 nm

Photo cathode
material

Window
material

Cathode
sensitivity

Anode to cathode
supply voltage

Anode
sensitivity

Current
amplification

Max. dark
current

Rise time
response

Multialkali(Na-K-Sb-Cs)

Borosilicate glass

50 mA/W

1000 Vdc

1.7X10* A/W

3.3X10°

15 nA

9.0 nS

SIGNAL '- outPuT

INPUT
HY POWER SUFPLY

Fig. 2. Socket assemblies of connector— input
type.
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Table 4. Specifications for data acquisition card.
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R:iL X 100(%) .............................. (1)
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Item Specifications
Analog input
channels 16 single—ended or 8 differential
resolution 12 bit
input range Unipolar - +10V, +5V, +2V, +1V

Conversion speed

Bipolar : + 10V, £ 5V, £ 2.5V, +1V, £ 0.5V

60 KHz max
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Fig. 4. Reflectance curves for bagging cultiva-

tion of Fuji variety.
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Fig. 6. Comparison of reflectance for bagging
and non-bagging cultivation of Fuji va-

riety.

Table 5. Correlation coefficients between reflectance and quality indices for bagging cultivation of Fuji

variety.
Wavelength
Indices
500nm 550nm 600nm 650nm 700nm
Chlorophyll 0.0179 0.1696 0.1637 —0.1258 —0.1701
Anthocyanin —0.4278 —0.7730** | —0.8386** | —0.6458" —0.2701
Soluble solids —0.3939 —0.1306 0.0614 —0.0017 —0.1077

* means significance level at the 5%

* % means significance level at the 1%
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Table 6. Correlation coefficients between reflectance and quality indices for non-bagging cultivation of

Fuji variety.

. Wavelength
Indices
500nm 550nm 600nm 650nm 700nm
Chlorophyll 0.7051" 0.7107* 0.5907 —0.8082*" | —0.4042
Anthocyanin —0.8593""* —-0.8768*** | —0.7382* 0.5653 0.4403
Soluble solids —0.8840*** | —0.8584™* | —0.7698" 0.4654 0.4203

* means significance level at the 5%
% % means significance level at the 1%

* % % means significance level at the 0.1%

Table 7. Comparison of correlation coefficients between reflectance difference and quality indices for

bagging and non— bagging cultivation of Fuji variety.

Bagging Non-bagging
Reflectance
. Chloro- Antho- Soluble Chloro- Antho- Soluble
difference
phyll cyanin solids phyll cyanin solids
Risoo-350 —0.1908 0.7764"* 0.0443 —0.6375" 0.8590** 0.7801**
Risoo—s00 —0.1659 0.7915** —-0.1316 —0.3638 0.4846 0.5404
Rio0-es0 —0.1248 0.6047 —0.0408 0.8772*** | —0.7767** | —0.7181°
Riso0-700 0.1796 —0.0142 —0.1521 —0.6543* —0.7633** —0.7639*

- 600 —0.0628 0.4237 —0.2309 0.5155 -0.7014"* =0.5137
Raso-6s0 —0.0631 0.3822 —0.0757 0.8289** 0.8762*** | —0.8033**
Rsso-700 0.2532 —-(.7483* —0.1023 0.7250* -0.9108*** | —0.8666""
Reoo-6s0 —0.0282 0.1463 0.0535 0.7953** | —0.7806** | —0.7652""
Reoo-700 0.2166 —0.8075** 0.0928 0.6476" —0.7891** —0.8207*"
Reso-700 0.1682 —-0.6615" 0.0172 —0.4704 0.2183 0.1391

* means significance level at the 5%

%% means significance level at the 1%

% % * means significance level at the 0.1%
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Table 8. Comparison of correlation coefficients between reflectance ratio and quality indices for bag-

ging and non-bagging cultivation of Fuji variety.

Bagging Non-bagging
Reflectance

ratio Chloro- Antho- Soluble . Chloro- Antho- Soluble

phyll cyanin solids phyll cyanin solids
Rrooreso —0.1661 0.6717* —0.0406 0.5010 —0.2266 =0.1575
Rroo/e0 —0.2183 0.6656* —0.1358 —0.6876* 0.8022* " 0.8597**
Rioossso —0.2265 0.6894* 0.1820 —0.7492* 0.9637*** 0.9251***
Roosoo —0.1526 0.3438 0.4622 ~0.6313 0.7807** 0.8555**
Resoseo —0.0798 0.1576 —0.1198 —0.8502" " 0.7495"* 0.7437*
Resarsso —0.1687 0.3172 0.2978 ~0.8087"* 0.8769*** 0.8024**
Resor500 0.0781 —0.4675 0.2228 —0.7606" 0.7723* 0.8090* "
Reoossso —0.1277 0.2726 0.2450 —0.6461" 0.8964**" 0.7688**
Reoos00 0.1089 —0.5863 0.3180 —0.6044 0.7533* 0.8075*"*
Rissoss00 0.1945 —0.7537* 0.0316 0.2243 —0.3515 —0.1599

* means significance level at the 5%
* % means significance level at the 1%

* % % means significance level at the 0.1%
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