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Baking Degree Discrimination and Quality Prediction of Tieguanyin Oolong Tea

Based on Near-infrared Spectroscopy
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Abstract: [Objective] This study aims to assess the quality of Tieguanyin oolong tea during the baking process.
[Method] Near-infrared spectroscopy was used for non-destructive detection of Tieguanyin oolong tea during the
baking process and chemometrics was employed to analyze the changes in the intrinsic quality of the Tieguanyin
oolong tea. Spectral preprocessing and dimensionality reduction were conducted for the near-infrared spectral
data. Support vector machine (SVM) and back propagation neural network (BPNN) were adopted to construct
discrimination models for the baking degree of Tieguanyin oolong tea. Combining the near-infrared spectral data
with intrinsic quality data, partial least squares regression (PLSR) was employed to build quality prediction
models. [Result] According to the changes in intrinsic quality and sensory evaluation results, the baking degree

of Tieguanyin oolong tea can be graded into under baking, moderate baking, and over baking. Under the full-
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spectrum spectral data model, with preprocessing as multiple scatter correction (MSC) and the discriminant

model as BPNN, the discriminant effect was the best, and the accuracy rate of the test set was 100.00%. When

predicting the four intrinsic quality properties, the prediction model combining the successive projections

algorithm (SPA) with PLSR had the best accuracy. The determination coefficients of prediction (R}) of the best

prediction model for free amino acids, tea polyphenols, catechins, and caffeine were 0.949 6, 0.944 3, 0.950 8,

and 0.740 0, respectively. [Conclusion] This study realized the accurate discrimination of the baking degree and

the rapid prediction of quality of Tieguanyin oolong tea, providing a theoretical foundation for the accurate

discrimination and control of oolong tea baking.

Keywords: Tieguanyin oolong tea baking; near-infrared spectroscopy; degree discrimination; quality prediction
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Fig. 1 Changes in the intrinsic quality of tea leaves during baking
R 3MBEEEZM MR ANOVA 534
Table 1 ANOVA analysis of tea leaves quality under three
baking degrees
EELAN N IVE N ¥107 P
o 28 1] 29.042 <0.001
B A SR
A 0.031 <0.001
e £ 1w 262.457 <0.001
e
AN 0.354 <0.001
itk 707.092 <0.001
ILEER
AN 0.879 <0.001
EEN 0.309 <0.001
W T B
H 0.008 <0.001
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Table 2 Sensory evaluation results of Tieguanyin oolong tea

with different baking degrees BAL:4
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5 AN 2 85 83 82 80 84 82.05
b 3 91 89 92 90 81 90.40
I R 79 84 84 86 85 83.75
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Fig. 2 Original near-infrared spectroscopy spectra and near-infrared spectroscopy spectra preprocessed with different methods
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100.00% A1 96.67% , MSC Tl &b # 5 1) Il 25 £ F1 U
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Table 3 Discrimination accuracy of baking degree based on

full-band near-infared spectroscopy spectra  B{i : %
) ) R T 40 #E U5 4 i 1 IR A R
S-G 98.33 90.00
SVM SNV 100.00 96.67
MSC 100.00 95.00
S-G 99.44 97.78
BPNN SNV 99.72 98.33
MSC 99.17 100.00
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Fig. 3 Discrimination performance of the SVM model after

dimensionality reduction by PCA
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Table 4 Discrimination accuracy of the BPNN model with 5

and 10 PCs
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5 93.33 95.00
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Fig. 4 Performance of prediction models preprocessed with

different methods
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Table 5 Performance of models with different characteristic wavelength screening algorithms

o o R y EES MIRERS
P AE it i AR I RS KImE S PCHL
Ry RMSECV R} RMSEP RPD
Ak BOG 15 0.942 1 0.1218 0.9473 0.140 5 43940
e ‘ CARS 11 0.929 7 0.1343 0.941 1 0.148 6 4.156 1
W B A LR Ji g e i
SPA 13 0.914 0 0.148 4 0.949 6 0.137 4 4.493 9
RF 13 0.944 9 0.1189 0.947 6 0.140 2 4.403 8
A Bt v 15 0.9516 0.368 9 0.9413 0.408 9 41615
i N CARS 12 0.948 5 0.380 2 0.9315 0.4417 3.8519
2 J U e i
SPA 13 0.942 7 0.401 4 0.944 3 0.3983 42723
RF 7 0.866 2 0.6132 0.920 8 0.474 8 3.5832
AUk BOG T 15 0.9512 0.562 2 0.948 4 0.677 8 4.4399
B i CARS 13 0.945 6 0.593 7 0.934 8 0.761 9 3.949 6
ILER J 0 e i
SPA 15 0.9519 0.558 1 0.950 8 0.662 0 4.5455
RF 12 0.9550 0.539 8 0.942 9 0.713 2 42193
A% BOG 16 0.740 7 0.054 6 0.709 5 0.056 2 1.8711
CARS 18 0.6710 0.061 4 0.660 3 0.060 8 1.730 1
e i FD
SPA 19 0.748 5 0.053 7 0.740 0 0.053 2 1.977 7
RF 20 0.7352 0.055 1 0.707 6 0.056 4 1.8657
3.6 ) ) ] 18 - 4
o IR g° o %A P
341 o s . o A o WsE s #78
| BB R AL o o e o8 T - mr i o g 37§
% 321 — y=xkf Lk Iy E‘:?’ - — y=oht R g o
Zso0r SR8 . ='or P Lh
0 ,g L % ° S ° 2 .
>t =% © 15 3 % o
Eo6f i = g
= & S4t ., 8@
®24r o = e 2 § °
. = 8.
M\? 221 L2/ 98 {’\Q\ 13+ .
i 20 ° % ° ES o %
itad I~ . 9y
= %P,/ 12 o
1.8 3
1 6 8: 1 1 1 1 1 1 1 1 ] 11 o) 1 1 1 1 1 ]
1.6 1.8 20 22 24 26 28 3.0 32 34 3.6 11 12 13 14 15 16 17 18
e B8 B IR S D R 0 B0 % Z5 20 SN 5 EU %
(a) W B LR (b) FZ W
34 ® 240 -
o I o £ o IR
o g e, 8 235 o k4 %
32 - - P AR T R AU A 2R g _---«Mﬁ%fmﬂﬂﬁhﬁ’ﬁu“& o go
% = ° 2.30 3
%ﬁ — y=xXf R 2R o8 & © — y=ont Lk o o
g ofl 8870 225 = E
=30 = A %
s * K220 28 oo
H?@ u° Y &8 o 0~ o o .
L ) W 2.15 | s 7 o 8
X 28 §’,’ = o o : o r.\d:uu om @
B X =210 F B o eg a
= L DX . o '
g 20 °e o gz.os— 5.
R p = e
=200F °.7° a
= o4t § &
° 195+ © °
o
22 1 1 1 1 1 i 190 1 1 1 1 1 1 1 1 1 ]
22 24 26 28 30 32 34 1.90 1.95 2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 2.40
JLAS 38 92 553 250/ (mg/g) WA S 0 5 430/ %
(c) JLFEE= (d) WG

BS5 RAEFRMAEATGE N E RN LR
Fig. 5 Scatter plots of intrinsic quality properties predicted by the best prediction model
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