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Table 1. The result of the MLR analysis between NIR data of apples* and free acid contents by titration of intact juice, brown

Jjuice and heat treated juice

Sample type Range (%) Mean (%) Terms” R SEC (%) SEP (%) F-value
intact juice 0.19~0.43 0.28 8 0.69 0.035 12.84
brown juice 0.16~0.35 025 39 0.56 0.034 0.039 18.19
heat treated juice 0.18~0.36 027 79 0.67 0.035 0.035 13.25

*Apple samples were cultivated in 1996

R: Multiple correlation of coefficient

SEC: Standard error of calibration(n=119)

SEP: Standard error of prediction(n 78)

F-value: Mean square of rqgresswn/mean square of error
“Terms: Number of used wavelength for calibration equation
1420, 1512, 1876, 2048, 1428, 2240, 1928 nm and 1992 nm
91424, 1512 nm and 2048 jnm

91488, 1500, 1392, 2352, ?136, 2140 nm and 2316 nm
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Table 2. Effect of sodium hydroxide concentration on determining of free acid content in apples* by NIR spectroscopy

NaOH concentration Range (%) Mean (%) Terms? R SEC (%) SEP (%) F-value
0.005 N 0.17~0.33 0.23 2% 046 0.028 0.025 13.97
0.001 N 0.17~0.37 0.25 20 0.54 0.028 0.026 21.26

*Apple samples were cultivated in 1997 year

R: Multiple correlation of coefficient

SEC: Standard error of calibration (n=108)

SEP: Standard error of prediction (n=72)

F-value: Mean square of regression/mean square of error
“Terms: Number of used wavelength for calibration equation
%1196 nm and 1300 nm

91776 nm and 1816 nm
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Fig. 1. Relationship between free acid content by titration and
NIR-predicted value of non-storage apples.

Table 3. The result of MLR analysis between free acid contents and raw NIR data of apples* for determining of free acid con-

tents in non-storage apples

Used wavelength (nm) R SEC (%) SEP (%) F-value
1804, 1836 0.399 0.031 0.037 9.965
1824, 1836, 1100 0.431 0.030 0.036 7.902
1824, 1836, 1184, 1732 0.464 0.030 0.035 7.048
1724, 1836, 1140, 1732, 1840 0.497 0.030 0.036 6.696
1760, 1784, 1360, 1728, 1420, 1936 0.547 0.029 0.032 7.178
1724, 1760, 1348, 1728, 1420, 1936, 1720 0.567 0.028 0.033 6.775
1724, 1760, 1348, 1728, 1420, 1936, 1720, 1932 0.578 0.028 0.033 6.194
1724, 1760, 1348, 1728, 1420, 1936, 1720, 1932, 1768 0.597 0.028 0.032 6.035

*Apple samples were cultivated in 1997

Range: 0.24~0.38%, Mean : 0.31%

R: Multiple correlation of coefficient

SEC: Standard error of calibration (n=108)

SEP: Standard error of prediction (n=55)

F-value: Mean square of regression/mean square of error
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Table 4. The result of MLR analysis between free acid contents and raw NIR data of apples for determining of free acid contents
in non-storage apples* with different harvest time

Used wavelength (nm) R SEC (%) SEP (%) F-value
1188, 1292 0.745 0.029 0.032 48.67
1188, 1292, 1212 0.755 0.029 0.033 34.10
1196, 1296, 1212, 1940 0.773 0.028 0.030 28.26
1188, 1300, 1212, 2132, 2148 0.809 0.026 0.033 28.39
1296, 1300, 1212, 2132, 2148, 1204 0.820 0.025 0.034 25.35
1288, 1300, 1212, 2136, 2148, 1204, 1320 0.853 0.023 0.036 27.92
1288, 1300, 1212, 2136, 2148, 1204, 1320, 1196 0.857 0.023 0.035 24.88
1288, 1300, 1212, 2116, 2120, 1164, 1320, 1204, 1156 0.867 0.023 0.033 23.85
*Apple samples were cultivated in 1996 year
Range: 0.20~0.41%, Mean|: 0.31%
R: Multiple correlation of coefficient
SEC: Standard error of calibration (n=81)
SEP: Standard error of prediction (n=54)
F-value: Mean square of rqgression/mean square of error
i
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Table 5. Result of prediction of free acid content in storage
apples* using calibration equation established with ¢ month
storage apples

Sample storage Range (%) Mean (%) Terms® SEP (%)

month
0 54 0.21~0.41 0.31 4 0.030
2 55 0.15~0.32 0.23 40 0.079
4 30 0.08~0.21 0.14 4” 0.253

*Apple samples were cultivated in 1996 and 1997 year
“Terms: Number of used wavelength for calibration equation
71196, 1296, 1212 nm and 1940 nm
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Table 6. Result of prediction‘ of free acid content in storage apples* using calibration equation established with combined apples®

Storage Range Mean 5 SEP
month n (%) %) Terms Used wavelength (nm) R F-value %)
2 1168, 1268 0772 96.78
3 1164, 1280, 1924 0815 85.60
4 1176, 1260, 2160, 1184 0842 7881
o , 5 1176, 1260, 2160, 1184, 2164 0847 6520
Calibration combined 134 0.05~040 022 ¢ 1476 1950 2160, 1184, 2180, 2152 0856 57.99
7 1164, 1276, 2160, 1724, 1940, 2140, 1936 0878 6053
8 1188, 1128, 2160, 1700, 1940, 2140, 1936, 1400 0890 5938
9 1180, 1128, 2160, 1696, 1940, 2140, 1936, 1400, 2200 0.895 55.30
0 55 024038 031 9 0.040
Prediction 2 55 015~032 023 9 0.043
4 30  008~021 014 9 0.044

*Apple samples were cultivated in 1997
“Mergy of 0, 2 and 4 month storage apples
®Terms: Number of used wavelength for calibration equation
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Nondestrlfptive Evaluation of Free Acid Content in Apples using Near-infrared Spectroscopy
Mi-Ryeong%Sohn and Rae-Kwang Cho*(Department of Agricultural Chemistry, Kyungpook National University,

Taegu, 702-701, Korea)

Abstract : jln non-destructive evaluation of free acid content in apples by near- infrared spectroscopy(NIRS),
browning and heat treatment of squeezed apple juice affected to the accuracy but titrable alkali concentration did
not. The free acid content in apples after harvest was able to determine using different apples in harvest time for
calibration ‘making. The result of MLR, multiple correlation coefficient(R) was 0.77 and standard error of
prediction(SEP) was 0.03%. The free acid content in apples during storage was able to determine using calibration
equation established with stored apples, R was 0.90 and SEP was ca. 0.04%. The prediction accuracy by NIR was
not sufficient for use of quantitative analysis of free acid content in apple, but classification of low and high level

in acid content was supposed to be applicable.

Key words 1‘ non-destructive evaluation, near-infrared spectroscopy, apple, free acid
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