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Determination of Color Value (L, a, b) in Green Tea Using Near—Infrared Reflectance
Spectroscopy
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ABSTRACT Near infrared spectroscopy (NIRS) is a
rapid and accurate analytical method for determining the
composition of agricultural products and feeds. The appli-
cability of near infrared reflectance spectroscopic method
was tested to determine the color value (L, a, b) of green
tea. A total of 162 green tea calibration samples and 82
validation samples were used for NIRS equation develop-
ment and validation, respectively. In the developed NIRS
equation for analysis of the color value (L, a, b), the most
accurate equation for L value was obtained at 2, 8, 6, 1
(2nd derivative, 8 nm gap, 6 points smoothing, and lpoint
second smoothing), and for a, and b value were obtained
at 1, 4, 4, 1 (Ist derivative, 4 nm gap, 4points smoothing,
and 1 point second smoothing) math treatment condition
with SNVD (Standard Normal Variate and Detrend) scatter
correction method and entire spectrum (400~2,500 nm) by
using MPLS (Modified Partial Least Squares) regression.
Validation results of these NIRS equations showed very
low bias (L: 0.005%, a: 0.003%, b: -0.013%) and standard
error of prediction (SEP, L: 0.361%, a: 0.141%, b: 0.306%)
as well as high coefficient of determination (R?, L: 0.905,
a: 0.986, b: 0.931). Therefore, these NIRS equations can
be applicable and reliable for determination of color value
(L, a, b) of green tea, and NIRS method could be used as
a mass screening technique for breeding programs and
quality control in the green tea industry.
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Table 1. Laboratory reference value statistics for L, a, and b values in green tea.

Sample set Color value Mean Range SD
L 53.37 48.52~57.72 1.32
Calibration
(n=162) a -7.55 -10.02~-4.63 1.23
b 18.07 14.00~22.02 1.18
L 53.37 49.80~56.23 1.23
Validation
(n=82) a -7.58 -9.71~-4.54 1.20
b 18.13 15.23~21.37 1.18
1.2
1.0
0.8
~
T 06
]
04 | L: 48.52, a: —-6.42, b: 14.00
02 r L: 67.72, a: -8.14, b: 21.56
0.0 . ‘ ‘ ‘
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Fig. 1. Comparison on the raw spectra of NIRS with different color values in green tea powder.
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Fig. 2. Comparison on the second derivative spectra of NIRS with different color values in green tea powder.
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Fig. 3. Total raw spectra of NIRS in green tea calibration sample set.
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Table 2. Equation development statistics using MPLS and SNVD scatter correction for the NIRS prediction of L, a, b values
in green tea samples.

Color Trans- Calibration Cross-validation
value formation Terms SEC R 1-VR SECV RSC
0,0, 1,1 8 0.402 0.906 0.892 0.432 3.06
L 1, 4,4, 1 5 0.389 0.909 0.878 0.448 2.95
2,8, 6,1 10 0.336 0.936 0.902 0.415 3.18
0,0, 1,1 10 0.137 0.988 0.984 0.158 7.78
a 1, 4, 4, 1 9 0.118 0.991 0.986 0.145 8.48
2,8, 6,1 0.139 0.987 0.980 0.166 7.40
0,0, 1,1 10 0.262 0.952 0.941 0.288 4.10
b 1, 4,4, 1 9 0.246 0.958 0.940 0.291 4.05
2,8, 6,1 0.273 0.947 0.931 0.312 3.78

SEC: standard error of calibration, R* : coefficient of determination of calibration. 1-VR: one minus the ratio of unexplained
variance divided by variance, SECV: standard error of cross-validation, RSC: SD/SECYV, the ratio of SD (standard deviation
of reference data) to SECV in the calibration set.
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Fig. 4. Scatter plots of L (left), a (right), and b (center) values in green tea samples by colorimeter versus by NIRS for the
calibration sample set.
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Table 3. External validation statistics for L, a, b values in green tea samples.

2

Color value N mean SD r SEP Sloop RSP
L 78 53.43 1.11 0.005 0.905 0.361 1.002 3.07
a 80 -7.59 1.17 0.003 0.986 0.141 1.009 8.30
b 80 18.12 1.13 -0.013 0.931 0.306 0.997 3.69

N: samples used to monitor the model, SD: standard deviation of mean, Bias: average difference between reference and NIRS
values, : coefficient of determination of cross-validation, SEP: the corrected standard error of prediction, Slope: the steepness
of a straight line curve, RSP: SD/SEP, the ratio of SD of reference data to SEP in the external validation set.
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