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Abstract; Coupled with partial least squares (PLS), near infrared (NIR) spectroscopy was applied to develop a fast and
nondestructive method to identify the production date of Rizhao green tea aiming at the deficiencies of the existing methods. In
the modeling process, the raw spectra were first processed by five-point smoothing and first derivative, And then, moving
window back propagation artificial neural network (MW-BP-ANN) was applied to select the characteristic spectral variables.
After that, the calibration model was built by PLS, and the optimum model was achieved when 9 principal component scores
(PCs) were included. The performances of the calibration models were evaluated according to root mean square error of
prediction ermsep » correlation coefficient (C,) and residual prediction deviation (grep). The optimum results of the calibration
model was achieved. and egusep =19. 965, C, =0. 943 and orpp =3. 07. The overall results sufficiently demonstrate that NIR
spectroscopy combined with PLS can be efficiently applied in the rapid identification of green tea production date.
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0 Introduction

As one of the most popular beverages worldwide,
green tea is widely praised and more and more
favored by consumers due to its beneficial medicinal

[1-3]

propertiest'®, clear taste'” and strong aroma™. The

quality of green tea mainly depends on the origins,
Rizhao
(Shandong province, China) green tea is a new

production date and stir-frying methods.

brand, which has three unique characteristics, i. e. ,
leaves hypertrophy, high fragrance and resistant to
brew. And the three characteristics are all benefit
from its unique geographical location, such as large
temperature difference between day and night, long
wintering period and superior coastal climate
condition. Nowadays, Rizhao has developed into the
main producing area of green tea in Shandong
province and the biggest green tea planting base in
In addition, Rizhao along with

Baocheng (Korea) and Shizuoka (Japan) is called the

northern China.
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three major coastal green tea cities in the world.
Compared with the southern green tea in China,
Rizhao green tea is rich in amino acids, vitamins,
minerals and other nutrient compositions'®.

Green tea can be generally separated into three
varieties of spring tea, summer tea and autumn tea
by production season. For the same region and
variety, production date will have a major impact on
the contents of major chemical compositions of green
teal’). Researches indicate that spring green tea
contains high concentrations of amino acids and
moderate concentration of catechin. In contrast,
summer green tea has high concentration of catechin
and low concentrations of amino acids®. In general,
the quality of green tea is highly correlated with
production date. For example, spring green tea has
the highest quality of catechins, autumn green tea
takes the second place, and summer green tea is the
worst, which perfectly reflect the quality status of

[6]

Rizhao green tea As a result, production date
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largely determines the quality and price of green tea.

Near infrared spectroscopy (NIRS) has been
widely used in quantitative and qualitative analyses in
agricultural products, with the characteristics of
rapid analysis, non-invasive detection and high
accuracy’'"). For production date research, NIRS
has been applied to identify the vinegarage''" and rice

JL12]

freshness''®/, et al. In green tea industry, NIRS is

mainly applied for the quantitative detection of

8, qualitative

[15]'

compositions
[14]

internal  chemical

identification of species and origins In
contrast, there is litter study on the production date
of green tea. Currently, the production date of green
tea was mainly identified by sensory evaluation"'® or
traditional wet chemical analysis methods"'™. Wu et
al. studied the feasibility of determinating the total
taste scores of green tea infusion by using FT-NIR
spectroscopy combined with variable selection
methods' ™, Xu et al
season of green tea by high performance liquid
chromatograph (HPLC)

algorithms, and the correct recognition rate was up

identified the production
and pattern recognition

to 94. 8%, However, there are some disadvantages

in these sensory evaluation methods. Sensory
evaluation methods take many steps and cast much
time, and the accuracy of results is affected greatly
by subjective factors of human inspectors. Although
the traditional analysis methods based on chemical
equipment can guarantee analytical precision, they
also had many limitations, such as high cost, source
waste and second pollution.

The paper was attempted to propose a fast and
effective method to determinate the production date
of Rizhao green tea by modeling analysis of near
infrared diffuse reflectance spectra combined with

multivariate calibration method.

1 Materials and methods

1.1 Sample preparation

From April to October, 100 groups of green tea
samples were collected from the main producing areas
(i. e. » the towns of Jufeng, Houcun and Beiguo) of
Rizhao, according to the seasonal distribution of total
production. All samples were the same specie
(Longjing 43), and each sample collected was 100 g.
For experimental clarity, each sample was coded as a
three-digit dummy label according to the number of
production days in the year. For example, the
dummy label of samples produced at May 26 is 148.

All samples were processed by the same processing

factory, and the spectra were collected once the
progressing is completed, excluding the impacts of
warehousing and stir-frying methods for the internal

chemical compositions of green tea.
1.2 Spectra collection

For each sample, (30+£0. 1) g tea leaf was filled
into a 200 ml beaker and pressed to keep the surface
10 diffuse
reflection spectra (1 050—2 500 nm) of each sample
were obtained by using AvaSpec-NIR256/2. 5TEC
spectrometer (Avantes, Netherlands) equipped with

flat without any other pretreatment.

a fiber-optic probe and an InGaAs detector. The
distance between the probe and tea was kept at
10 mm. The NIR spectrum of each sample was
obtained by taking the average of 40 scans, and each
data was collected from different places. The raw
data were measured in 6. 4 nm intervals, which
resulted in 227 variables. For each sample, the mean
of 10 spectra was applied in the subsequent analysis.
Then the spectral region of 1 300—2 300 nm was
selected for further analysis since both ends of the
spectra exhibited a high level of noise, as presented
in Fig. 1(a).

1.3 Chemical analysis

The contents of polyphenols, epigallocatechin
(EGC), catechin ( C), epigallocatechin gallate
(EGCG), epicatechin (EC), gallocatechin gallate
(GCG) , epicatechin gallate(ECG) and caffeine were
reference measured by the ultra-performance liquid
chromatography (UPLC, ACQUITY UPLC I-Class,
Waters, USA). (0.240.000 1) g of the tea powder
accurately weighted was extracted twice with 10 mL
of 70% aqueous methanol each for 10 min at 70 °C.
After cooling, the extracts were centrifuged at
3 000 r/min for 10 min. Then the liquid phases of
both extracts were collected in a 50 ml. volumetric
flask. The tea brew was filtered through a 0. 22 ym
membrane filter, and diluted 5 times with millipore
water and analyzed immediately. The analysis results
are all collected in Table 1.

As shown in Table 1, the samples of green tea
with different production dates are quite different in
the contents of polyphenols and caffeine, which are
mainly reflected in the difference of bitter taste*.
Relatively speaking, all standard deviations of EGC,
EGCG and ECG are large, which largely determine

[20]

the quality of green tea Given that the planting

area of Rizhao green tea is relatively small, so the
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soil and climatic conditions have no significant
difference. As a result, production date is the main
determinant of chemical compositions and quality of

Rizhao green tea. Based on the pre-established

mathematical model, NIR spectroscopy can get the
contents and ratio of above chemical compositions,
and further calculate the production date of Rizhao
green tea.

Table 1 Reference measurements of polyphenols, caffeine and catechin in Rizhao green tea samples

Component June July August September October o
Polyphenols (%) 16. 954 20. 215 19. 312 17. 879 20. 883 1. 624
EGC (mg/g) 42. 465 42,735 42,212 42. 774 36. 357 2.777
C (mg/g) 8. 469 9. 542 9. 798 8.803 10. 047 0. 670
EGCG (mg/g) 92. 58 103. 973 102. 256 95. 853 113.793 8. 202
EC (mg/g) 10. 208 10. 047 10. 22 10. 376 9.35 0. 403
GCG (mg/g) 2. 319 2.5 2. 468 2.16 4,443 0. 941
ECG (mg/g) 23.931 27.32 26. 462 23.916 30. 640 2.787
Caffeine (mg/g) 29.176 32.775 31. 622 28.795 34. 89 2. 542

1.4 Model evaluation

All 100 samples were randomly divided into
calibration set and prediction set at a ratio of 7 ¢ 3. In
partial least square (PLS) model building, an
optimization solution was achieved by using leave-
one-out cross-validation to minimize the estimated
generalization error. The robustness and stability of
calibration model were evaluated in terms of root
mean square error of cross-validation (erysgey) and
correlation coefficient of calibration (C.). Root mean
square error of prediction (erusgp )» correlation
coefficient of prediction (C,) and residual predictive
deviation (orpp ) were used to evaluate the
performance of the prediction set in the prediction

process. The ogrpp and ermseey were calculated by

/2<y,-—y>2/<n—1>

ORPD — g = , (D
€ RMSEP n ..
[ 23 i — 0%/
i=1
>0 — y)?
eRvsECY = | ) (2)

n

where n is the number of samples in the prediction
set; § is the mean value of reference measurement
result for prediction set samples; y, is the reference
measurement result for test prediction sample 7, and
y; is the estimated result of the model for prediction
sample 1.

orep 18 generally applied to evaluate the stability
and predictive ability of the calibration model. In
general, if orpp >3, the model has high stability and
excellent predictive ability, which can be used in the
actual detection; if 2. 5<orep<<3, the model can be

used in quantitative analysis, but the prediction
accuracy needs to be further improved; if orpp<<2. 5,

the model
[21]

cannot be applied in quantitative

analysis

1.5 Software

For the spectra collection, AvaSoft ( AvaSpec
NIR256/2. 5TEC And all
algorithms were implemented by using a self-
developed NIR analysis software ARCO-NIR, which
was developed in MATILAB programming language
by MATLLAB 2010a (Mathworks Co. , USA) under
Windows 7.

system ) was used.

2 Results and discussion

2.1 Spectral preprocessing

The spectral region of 1300—2 300 nm was

selected for further analysis, since both ends of the
Fig. 1(a)
presents the raw green tea spectra from April to

spectra exhibited a high level of noise.

October. Each spectrum is the mean spectrum for
that month. And then the raw spectra were further
processed by five-point smoothing and first derivate
to reduce the interference of noise signal and improve
the prediction accuracy of model, as show in
Figs. 1(b) and (c).

Smoothing can high
frequency noise and enhance the signal to noise ratio
(SNR)!, but it can also weak the detailed spectral
Hence, the further

processed by first derivate to enhance most of the

effectively remove the

information. spectra were

detailed information and eliminate overlapped spectral

lines®. Based on the preprocessed spectra, the
calibration models were successively built by ARCO-

NIR coupled with PLS to determinate the production
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date of Rizhao green tea in prediction set.
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Fig. 1 Near infrared diffuse reflectance spectra of Rizhao green tea

Table 2 presents the modeling results with
different processing methods. It can be observed that
five-point smoothing and first derivate can

significantly improve the prediction performance of
calibration model with C,, erusgp and ogrep up to
0.822, 87.359 and 2. 16, respectively.

Table 2 C,. grwsecv and owrep Of preliminary model with
different spectral preprocessing methods
. Number of
Preprocessing L
principal C, ERMSEP ORPD
method
components
Raw 8 0. 706 105. 698 1. 786
Five-point smoothing 8 0.737 96. 866 1. 949
First derivative 6 0.763 93. 697 2.014
Five-point smoothing and _
9 0. 822 87.359 2.16

First derivative

2.2 Spectral variables selection

Spectral variables selection can effectively reduce
the impact of unrelated variables and improve the
predictive ability of model. Traditionally, one
component needs at least three wavelengths which
are absorption wavelength, interference wavelength
and reference wavelength. In this study, the spectra
preprocessed by five-point smoothing and first
derivate were further processed by moving window
back propagation artificial neural network (MW-BP-
ANN) to select spectral characteristic variables!?*.
There are two main steps to select spectral variables.
The first step is setting the width of the window
which moves from the left side to the right side of the
whole spectral range. And then the wavelengths
covered in the window are applied to build back
propagation artificial neural network calibration
models as the windows moving. After a complete
movement is finished, all prediction results are
simultaneously calculated by computer. The second
threshold and selecting

step is setting the

characteristic variables according to the calculation
results of previous steps. The wavelengths coved by
the shade in Fig. 2 are characteristic variables selected
by MW-BP-ANN.

1400 1600

1800 2000 2200
A (nm)

Fig. 2 Selection results of characteristic variables by MW-BP-
ANN

2.3 Calibration model building

2.3.1 Selection of optimal principal components
During PLS modeling process, the most important

step is to determine the optimum number of principal

components (PCs), which has a great impact on the

The

rational use of PCs is an efficient way to reduce noise

predictive power of final calibration model.

and make the most of spectral information.
Generally, if the number of PCs is too less, the
model cannot adequately reflect the relationship
between the change of absorbance and production
date. But on the contrary, too many PCs can easily
result in over-fitting. Because there is more chance to
include noise and unrepresentative information from
the calibration data with increasing number of PCs.
For a nonlinear system, the optimal PCs should
correlation independent

overcome the among

variables and reflect the non-linear relationship

between the independent and dependent variables.
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In this study, the number of PCs was selected by
leave-one-out cross-validation and determined by the
lowest ermsgcv. As presented in Fig. 3, the optimum
number of PCs was 9.

ERMSECY

) 2 4 6 8 10 12
Number of PCs

Fig. 3 Selecting optimum principal components

2.3.2 PLS model building

The characteristic spectra of the 70 samples in
calibration set and corresponding production dates
were taken as input and output variables to build PLS
model. After that, the 30 samples in prediction sets
were used to test the effectiveness of the model. The
predicted results for both calibration and prediction
sets were collected in Fig. 4.
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Fig. 4 Final prediction results of PLS model for Rizhao green
tea prediction date

As presented in Fig. 4, C. and egmseey of calibration
set were 0. 952 and 15. 182. The values of C,, erusep

and ogpp for prediction set were 0. 952, 19. 965 and
3.07,
Egs. (1) and (2). The value of ogpp is greater than 3,
which indicates that the

predictive ability. Above results demonstrate that

respectively, which were calculated by

model has excellent
NIR spectroscopy can be applied in the prediction of
production date of Rizhao green tea.

3 Conclusion

This study was carried out to develop a rapid and
non-destructive inspection method to determine the
production date of green tea by NIR spectroscopy and
PLS. The raw spectra were firstly processed by five-
point smoothing and first derivative, and then MW-
BP-ANN was used to select characteristic spectral
variables. It was found that the best C,, eruser and
orrep Of prediction set were 0. 943, 19, 965 and 3. 07
when the number of PCs was 9. The overall results
sufficiently demonstrate that NIR spectroscopy can
be successfully applied in measurement of production
date of Rizhao green tea.
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