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1

( 925-1716 nm)

( ) ( )
14 11 5
Pov 0.878 0.912 0.845 SECV 0.433°Brix 0.027 g/100g
5.390 °Brix 100g/g
1998 9,781 381,459
39
20 °Brix

20 °Brix
©
(1,2,4,5,7,8,10,13,15)

(2,6,7,13)
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2000 1 Malus pumila 35 5
8
1
2 15 cm
925.115-1716.03 nm (256 )
3.19nm 9  Savitsky-Golay 16 (integration time)
0.1 16 947-1691
nm 950-1688 nm 1650 nm
947-1650 nm 950-1650 nm
3. 180° 2
4. RS232
CDI Spectrograph (Control Development Inc., USA) Save Trace
5. Grams 386 File I mport/Export
(Converter Name) ORL_RUN2 SPC Grams 386
mfutils.ab (multifile) JDX
SNV JDX Uscrambler JCAMP
1
(°Brix) 5%
2. 109 40 ml pH
0.IN  NaOH pH 8.1 NaOH
5% CNS (12570) 49
(0/100g) (0.INNaOH ml ) *f*k/ (9) *100
f (f = N NaOH / 0.1N NaOH) (citric acid) k 0.0064 k
0.0067 (malic acid)
12 134 1.601 131-132
9/100g ) 9@

(Partial Least-Squares Regression; PLSR) PLSR
Marten  Naes@® Haaland  Thomas?

Optical Solution PS-1 1
3.125 nm 16000 1
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Fig. 1. Schematic diagrams of the portable hear-infrared reflectancespectrophotometer.
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1. Spectrograph Application Software Version 2.3 Control Development

Savitsky-Golay
2.GRAMS/386 Galactic
3.Uscrambler 6.1 CAMO
Y
Y Y,
A PLSR
1. (SEC)
n 1/2
< ~\2
Y (v-¥)
OB C = | ol | e 2
(N ~A-1) @
2. (SECV)
n 1/2
< ~\2
Y(v-¥)
SECV = | | e 3
(N ~A-1) <
3 n

SNV

<>

Ncal



(48) 43

5. (Root mean square error of calibration ; RMSEC)
Nea . 05
2y -¥f
RMSOEC = | 1o | e (6)
Nea
6.

1. Dw(left,right,polynomial):

D w | eft right

polynomial
(left+right+1) D1(2,2,2) 5 Savitsky-Golay 2
1 8.4-15.8 °Brix
13.06 °Brix 1.41 °Brix 0.087-0.469 g/100g 0.262 g/100g
0.082 g/100g 26.91-133.18 °Brix 100g/g 54.7 °Brix 100g/g
17.49 °Brix 100g/g
1

Table 1. Results from calibration set for sugar content, acid content, and ratio of sugar content to acid content in apple
juice by reference analyses.

Sugar content Acid content Sugar/Acid
13.06 0.262 54.70
Mean
141 0.082 17.49
Standard deviation
8.4 0.087 26.91
Minimum
15.8 0.469 133.18
Maximum
35 35 35
Sample size
PLSR

20
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Optical Solutions PS-1

2 3
2 1650 nm
1650 nm
4 D1(2,2,2)
5 D1(2,2,2)
1288-1436 nm  1132-1194 nm
2 D1(22,2)
D»(3,3,2) SECV 0.88 043 °Brix 081
0.50 °Brix SECV 091 0.027 g/100g 0.88 0.025 g/100g
SECV 0.71 5.48°Brix 100g/g 0.85 5.39 °Brix 100g/g
3 lravan @
ra 074 SEP  1.64°Brix ra 055 SEP  0.09g/100g ©
ra 080 SEP 0.05g/100g On-Line NIRS 6500 @
ra 099 SEP  0.32°Brix r.a 0.88 SEP  0.08 g/100g ®
s 082 SEP 0.65 °Brix s 056 SEP 0.03 g/100g Tanabe'®
r’.a 0.88 SEP  1.16 °Brix ra 086 SEP 0.08g/100g
r’a 0.88 SEP  1.02 °Brix rva 076 SEP  0.01g/100g @

s 085 SEP  0.49 °Brix rva 019 SEP  0.04 g/100g @

s 074 SEP  0.45°Brix r.a 053 SEP  0.27 g/100g @

e 092 SEP  0.48 °Brix ( ) 0.88-0.99

0.74-0.92 0.76-0.88

0.19-0.80 PLSR o 0.88

091 085 SEP 0.43°Brix 0.027 ¢/100g  5.39 °Brix 100g/g
2.

Table 2. PLSR model performances for sugar, acid content, and ratio of sugar content to acid content in apple by a port-
able near-infrared spectrophotometer.

z re P SEC 1o Py SECV

Attribute Treatment Size PCs
Sugar D1(2,2,2) 31 14 1.00 100 004 094 0.88 0.43
Dx(3,3,2) 30 4 096 092 033 0.90 081 0.50
Acid D1(2,2,2) 31 8 099 098 0.010 094 091 0.027
D2(3,3,2) 32 6 098 096 0.014 094 088 0.025
D.(2,2,2) 33 10 099 097 167 084 071 5.48

Sugar/Acid

Dx(3,3,2) 33 15 100 100 036 092 0.85 5.39

z) The outliers had been deleted by equation seven.
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3.
Table 3. Comparison of different calibration performance for sugar, acid content, and ratio of sugar content to acid con-
tent of fruits by a portable near-infrared spectrophotometer with those of other's calibration results.

eal r,  SEP SECV

Fruits Attribute Status Authors

Apple Sugar Intact  0.74 1.64 Irawan etc. ™
Acid Intact 0.55 0.09

Apple Sugar Intact 0.88 0.43 Thisstudy
Acid Intact 0.91 0.027

Intact 0.85 5.39
Sugar/Acid

Grape Acid Intact  0.80 0.05 Chen etc. ©

Mangoes Sugar Juice  0.99 0.32 Chou etc. @
Acid Juice 0.88 0.08

Mangoes Sugar Intact  0.82 0.65 Chen etc. ®
Acid Intact 0.56 0.03

Mangoes Sugar Juice  0.88 1.16 Tanabe etc.
Acid Juice 0.86 0.08

Pineapple Sugar Juice 0.88 1.02
Acid Juice 0.76 0.01

Pear Sugar Intact  0.85 0.49 Chen etc.

Acid Intact 0.19 0.04

Ponkang Sugar Intact  0.74 0.45 Ou etc. @
Acid Intact 0.53 0.27

Wax apple Sugar Intact  0.92 0.48 Chen etc.

SEP: Standard error of prediction.; SECV: Standard error of cross validation.; r2,4: Determination of validation.; rZ,:
Determination of cross validation.
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Fig. 2. Original absorbance spectra of calibration set of apple by a portable near-infrared reflectance spectrophotometer.
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Fig. 3. Standard deviation of absorbance of original spectrain each wavelength for calibration set of apple by a portable
near-infrared reflectance spectrophotometer.
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Fig. 4. First derivative D4(2,2,2) absorbance spectra of calibration set of apple by a portable near-infrared reflectance
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spectrophotometer.
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Fig. 5. Standard deviation of absorbance of first derivative spectrain each wavelength for calibration set of apple by a
portable near-infrared reflectance spectrophotometer.
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Nondestructive Deter mination of Internal Quality in Apple by
a Portable Near-Infrared Reflectance Spectrophotometer



(53)

Wang-Sheng Li and Jai-Tsung Shaw

Summary

Measuring the chemical compositions of apple by wet chemical methods can be used for evaluating the apple
quality, but they are time-consuming, and polluting. A portable near-infrared reflectance spectrophotometer system
which includes an optical fiber probe, a diode array spectrophotometer, ranging from 925 nm to 1716 nm, together
with a portable computer were developed to calibrate sugar content, acid content and ratio of sugar content to acid
content in apple for a quick evaluation of apple quality. With first derivative pretreatment for sugar and acid con-
tent’s analysis and with second derivative pretreatment for ratio of acid content to sugar content’s analysis of each
original absorbance spectrum and then analyses by partial least-squares regression, the calibration curve of sugar
content, acid content and ratio of acid content to sugar content by employing 14, 11, 15 principal-component PLSR
models had r-squared of cross validation 0.878, 0.912 and 0.845 and standard error of cross validation (SECV)
0.433 °Brix, 0.027 g/100g, and 5.390 °Brix 100g/g, respectively.

Key words: apple, portable near-infrared reflectance spectrophotometer, sugar content, acid content, ratio of
sugar content to acid content.



