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Multiple indicators metrological analysis for 5 kinds of tea produced in Yunnan, China
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Abstract

Five kinds of tea, including camphor-scented palace tea, fossil glutinous rice tea, old tree white tea, Brown Mountain ancient
tree tea, and pure Banzhang tea, from Yunnan Province, China, were selected as the samples for analysis. The combustion heat,
differential thermal-thermogravimetric, fat content, crude fiber content, ash content, and trace element content data of the teas
we selected were determined, and quality evaluation and classification were carried out by the stoichiometric method from
the perspective of food nutrition. In this paper, according to the combustion heat, differential thermal-thermogravimetric, fat
content, crude fiber, ash content, and trace element content data of the teas we selected, systematic multi-index comprehensive
evaluation systems were constructed through gray pattern recognition, factor analysis, the entropy method and entropy cluster
analysis. The multi-index comprehensive evaluation system established in this study provides a new concept for the quantitative
control of the quality of tea, a powerful method for research on the large-scale development and classification of tea and basic
support for the selection of raw tea materials and the application of a quantitative control mode for assessing the contributions
of multi-index ingredients to tea quality.

Keywords: tea; entropy method; thermogravimetric analysis; ICP-OES; trace elements.

Practical Application: The multi-index comprehensive evaluation system established in this study provides a new idea for the
quantitative control of the quality of tea, a powerful method for large-scale development and research on classification of tea
and basic support for the selection of raw tea materials and the application of a quantitative control mode for evaluating the

contributions of multiple ingredients to tea quality.

1 Introduction

Tea (Camellia sinensis) is perhaps the most popular and
economic beverage globally due to its distinctive fragrance
and flavor generated from the leaves of commercially farmed
tea plants (Bag et al., 2022). Based on hydrophilic interaction
chromatography coupled with triple quadrupole-tandem mass
spectrometry, this work developed and validated an efficient
(8.5 min per run), sensitive (LOQ: 0.002-0.493 mug/mL) and
accurate method. This method was successfully used to determine
the contents of 45 hydrophilic constituents in Yunnan large-leaf
tea. Umami amino acids and umami-enhanced nucleotides
generally exhibited higher contents in green tea and raw pu-erh
tea. In contrast, a few amino acids (e.g., proline and gamma-
aminobutyric acid) and most alkaloids and nucleosides showed
significantly higher contents in black tea or ripe pu-erh tea.
By performing orthogonal partial least squares discriminant
analysis, classification models for distinguishing four types of
tea from each other and for distinguishing green tea from raw
pu-erh tea were established (Wang et al., 2022a).

Tea components (tea polyphenols, catechins, free amino
acids, and caffeine) are the key factors affecting the quality of
green tea (Wen et al,, 2021). Aroma is one major aspect of tea
flavor and represents an essential criterion for quality evaluation.
Herein, we present a novel approach for the rapid, nondestructive

and real-time fingerprinting of green tea aromas using ion
mobility spectrometry (IMS) without prior sample treatment.
Positive photoionization with acetone as a dopant was selected
as a suitable technique for tea volatile analysis in comparison
to other methods (Li et al., 2019).

Wauyi Rock tea is one of well-known tea in China. The ‘Spring
Tea Competition’ every year is a big event in tea industry of
Wauyishan City. In this paper, 667 samples with four grades of
Wauyi Rougui teas from ‘Spring Tea Competition, 2019” were
collected to determine quality indexes. The relationship between
the quality index and tea grades was analyzed. The results showed
that the higher the grade of teas, the higher the total quality score
(TQS) of sensory evaluation (Pang et al., 2022).

Pu-erh tea, native to Yunnan, China, is a highly prized
commodity with unique aroma and taste and multiple health
effects (Wang et al., 2022b). Public attention in tea quality and
nutrition has increased significantly in recent decades, due
in part to changes in consumer behavior and the gradually
increasing consumption of tea. Demand for high quality tea
products obviously requires high standards of quality assurance
and process control; satisfying this demand in turn requires
appropriate analytical tools for analysis of tea quality and
nutrition (Chen et al., 2015).
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According to the thermogravimetric parameters, gray
pattern recognition was used to determine the combustibility
(combustion stability) of 5 teas (Kayisoglu & Coskun, 2021),
including camphor-scented palace tea, fossil glutinous rice tea,
old tree white tea, Brown Mountain ancient tree tea, and pure
Banzhang tea, from Yunnan Province, China. Research on the
combustion heat and thermogravimetric analysis of tea has
important theoretical and practical significance. The combustion
heat, differential thermal gravimetric values, fat contents, crude
fiber contents, trace element contents, and ash contents of
5 kinds of tea were used to construct a systematic multi-index
evaluation system by entropy analysis and entropy cluster
analysis, which can compensate for the gaps in this area and
provide a scientific basis and research significance for the study
of tea quality (Zhou et al., 2022a).

Five kinds of tea, including camphor-scented palace tea,
fossil glutinous rice tea, old tree white tea, Brown Mountain
ancient tree tea and pure Banzhang tea, from Yunnan Province,
China, were selected as the samples for analysis. The combustion
heat (Direktor et al., 2020; Zhang et al., 2022) was measured
by an oxygen bomb calorimeter, the combustion stability
(Xie et al., 2021; Zhang et al., 2020) of tea was analyzed by
thermogravimetric analysis, the fat content was measured by
a fat analyzer (Ellers, 1995; Ender et al., 1997; Zhang et al.,
2011), and the trace element content was measured by IOP-
OES (Jung et al., 2019; Oropeza et al., 2019). According to the
combustion heat, thermogravimetric parameters, fat contents,
crude fiber contents, trace element contents, and ash contents,
a multi-index comprehensive evaluation system (Jia et al., 2017;
Chenghua et al., 2016) of five kinds of tea was established, and
entropy analysis and entropy cluster analysis were used to
evaluate nutritional value. The quality of tea was evaluated by
the stoichiometric method from the aspect of food nutrition,
which can provide a strong scientific basis for the large-scale
development of tea resources and research on tea classification.

2 Materials and methods
2.1 Materials

Five kinds of tea, including camphor-scented palace tea
(produced in April 2012, Menghai County, Xishuangbanna
Dai Autonomous Prefecture, Yunnan Province, China), fossil
glutinous rice tea (produced in September 2010, Menghai
County, Xishuangbanna Dai Autonomous Prefecture, Yunnan
Province, China), old tree white tea (produced in April 2016,
Menghai County, Xishuangbanna Dai Autonomous Prefecture,
Yunnan Province, China), Brown Mountain ancient tree tea
(produced in April 2014, Mengku Town, Shuangjiang County,
Lincang City, Yunnan Province, China) and pure Banzhang tea
(produced in March 2016, Menghai County, Xishuangbanna
Dai Autonomous Prefecture, Yunnan Province, China), were
selected as the samples for analysis. All samples were ground
in a mortar and sieved through a 40-mesh sieve. The test was
repeated three times for each sample.

2.2 Instruments and methods
Instruments and reagents

Materials used included a BH-series combustion heat
experimental measurement device, oxygen cylinder, oxygen
meter, grinder, sheet press, ignition wire (nickel-chromium wire,
Changsha Changxing Higher Education Instrument Equipment
Co., Ltd.), electronic balance (model FA2004, Shanghai Shunyu
Hengping Scientific Instrument Co., Ltd.), benzoic acid (AR,
Tianjin KERMEL Chemical Reagent Co., Ltd.), medicinal
capsules, STA 2500 thermogravimetric analyzer (NETZSCH,
Germany), crucible, SE206 fat tester, analytical balance, filter
paper, a 100 mL beaker, drying oven, petroleum ether (China
Jinan Alva Instrument Co., Ltd.), an F1600 automatic fiber
tester, air drying oven, muffle furnace, crucible, filter bag, acid-
and alkali-resistant pen, tertiary water, sulfuric acid solution
(0.13 mol/L), potassium hydroxide solution (0.23 mol/L),
hydrochloric acid solution (0.5 mol/L), petroleum ether (China
Jinan Alva Instrument Co., Ltd.), an iCAP7200 ICP-OES
(Thermo Scientific, USA), CEM MARS-6 microwave digestion
instrument (CEM, USA), Milli-Q ultrapure water preparation
system (Millipore, USA), AUY120 millionth electronic analytical
balance (Shimadzu Company), nitric acid, hydrogen peroxide
(super pure, Guangzhou Chemical Reagent Co., Ltd.) and ultra-
pure water prepared in-house.

Methods

The heat of combustion (Libing et al., 2021), thermogravimetric
parameters (Junfeng etal., 2021), fat contents (Novokshanova et al.,
2019; Pauter et al., 2018), crude fiber contents (Oboh, 2006;
Slama et al., 2019), ash contents (Hassid et al., 2022; Krishna et al.,
2022; Simonovi¢ova et al., 2021), and contents of trace elements
(Ohata et al., 2009; Vaculovic et al., 2011) for 5 kinds of tea were
determined. According to the combustion heat, thermogravimetric
parameters, fat contents, crude fiber contents, trace element
contents and ash contents, the multi-index entropy method,
gray pattern recognition and entropy cluster analysis of 5 kinds
of tea were performed in Yunnan, China.

3 Results and discussion

3.1 Calculation of combustion heat values of the samples

1) The first group of experimental samples were of camphor-
scented palace tea. The AT curve of the Reynolds
temperature for camphor-scented palace tea according
to the data is shown in Figure 1. The experiment was
repeated three times. According to the calculations,
Amg =0.1003 g, W_ = 13324.0583]/°C,

amphor-scented palace tea cal
Qcaps‘lle =18991.5681]/g, me™ 0.0971g, AT=0.321°C,
AInignition wire 0.0150 & Am QvCamphor-scented
palace tea = WcalAT - Q
and Qv

Qv

Camphor-scented palace tea

ignitionwire ignition wire capsule capsule

Camphor-scented palace tea =24047.1531 ]/g ﬂle aVerage Of
was 24769.0499 J/g.

Camphor-scented palace tea

2)In the same way, the combustion heat values for fossil
glutinous rice tea, old tree white tea, Brown Mountain
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Figure 1. AT Curve of Reynolds temperature of Camphor-scented
palace tea.

ancient tree tea and pure Banzhang tea were determined,
and the tests were repeated three times. The heat of
combustion values of the 5 kinds of tea are shown in Table 1.
According to Table 1, the 5 kinds of tea were ranked in
order of combustion heat magnitude as camphor-scented
palace tea > fossil glutinous rice tea > Brown Mountain
ancient tree tea > old tree white tea > pure Banzhang tea.
The combustion heat of the test samples for 5 types of tea
ranged from 21006.8506 to 24769.0499 J/g, CV% < 4.75%.
The combustion heat of camphor-scented palace tea was
24769.05 J/g, and the energy was highest for this tea. The
combustion heat of pure Banzhang tea was 21006.85 J/g,
indicating a relatively low energy value. Combustion
heat is regarded as an important physical parameter for
measuring the energy content of tea.

3.2 Thermogravimetric analysis

Results of thermogravimetric analysis

1)Thermogravimetric analysis of camphor-scented palace
tea

The thermogravimetric data for camphor-scented palace tea
are shown in Figure 2 and Table 2. The sample of the camphor-
scented palace tea began to decompose at a temperature of
55.6 °C, and after the first stage of decomposition, the loss rate
was 4.81%. When the temperature reached 175.3 °C, the sample
entered the second stage of decomposition, and at 393.2 °C, the
loss rate was 34.03%. The sample continued to decompose, and
the final residual mass was 50.27% (Zhou et al., 2022¢).

The DTG curve for camphor-scented palace tea displayed
two peaks, and the inflection points of the peaks were 91.7 °C
and 333.7 °C. The DTA curve for camphor-scented palace tea
exhibited a high exothermic peak with a peak value of 106.2 °C,
a temperature range of 54.6 °C-181.9 °C, and a peak area of
202.3]/g.

Food Sci. Technol, Campinas, 42, €70922, 2022

DTA /(m\W/mg)
TG % DTG H(%/min)

G
oTa 1 €XOl
1

904l

Mass Change -34 03 %

804;

70

@
=1

s r.nang?m[

1
Resdual Mass 50727 % (5885 °C)

Peak: 333 7 min
100 200 300 400 500
Temperature I°C

50

Figure 2. Thermogravimetric (TG %) curve, derivative thermogravimetric
(DTG) curve and differential thermal analysis (DT) curve of Camphor-
scented palace tea.

Table 1. Combustion heat of 5 kinds of tea (n = 3).

Sample Quuerae T8 CV/%
Camphor-scented palace tea 24769.0499 3.3732
Fossil glutinous rice tea 24210.9248 4.5321
Old tree white tea 22324.7255 4.7423
Brown Mountain ancient tree tea 24153.8380 3.4710
Pure Banzhang tea 21006.8506 4.5298

Table 2. Thermal analysis data of Camphor-scented palace tea.

Percentage The fastest
. Temperature . Peak .
Curve  Project =~ oC weight areal(J/g) weight loss
8 loss/% 5 temperature/°C
TG,DTG Peakl 55.6~175.3 4.81 — 91.7
Peak2 175.3~393.2  34.03 — 333.7
DTA  Peakl 54.6~181.9 — 202.3 106.2

2)Thermogravimetric analysis of fossil glutinous rice tea

The thermogravimetric data for fossil glutinous rice tea are
shown in Figure 3 and Table 3. Figure 3 shows that the fossil
glutinous rice tea sample began to decompose at a temperature of
59.9 °C. After the first stage of decomposition, the loss rate was
5.23%; when the temperature reached 178.6 °C, the tea entered
the second stage of decomposition. At 413.3 °C, the loss rate
was 41.16%; the sample continued to decompose, and the final
residual mass was 41.58%.

The DTG curve for fossil glutinous rice tea showed two
peaks, and the inflection points of the peaks were 101.5 °C and
333.7 °C. The DTA curve for fossil glutinous rice tea had a high
exothermic peak with a peak value of 109.7 °C, a temperature
range of 64.1 °C-186.2 °C, and a peak area of 198.2 J/g; there was
an endothermic peak with a peak value 0f421.7 °C, a temperature
range of 315.7 °C to 506.7 °C, and a peak area of 218.2 J/g.

3)Thermogravimetric analysis of old tree white tea

The thermogravimetric data for old tree white tea are shown
in Figure 4 and Table 4. Figure 4 shows that the temperature at
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which the old tree white tea sample began to decompose was
64.1 °C. After the first stage of decomposition, the loss rate was
5.88%. When the temperature reached 174.4 °C, the sample
entered the second stage of decomposition. At 395.6 °C, the loss

Table 3. Thermal analysis data of Fossil glutinous rice tea.

Percentage The fastest
., Temperature . Peak .
Curve Project range/°C eight areal(J/g) weight loss
loss/% temperature/°C
TG,DTG Peakl 59.9~178.6 523 — 101.5
Peak2 178.6~413.3 41.16 — 333.7
DTA  Peakl 64.1~186.2 - 198.2 109.7
Peak2 315.7~506.7 — 218.2 421.7
Table 4. Thermal analysis data of old tree white tea.
_ Temperature Perce.ntage Peak Th? fastest
Curve Project range/°C weight area/(J/g) weight loss
loss/% temperature/°C
TG,DTG Peakl 64.1~174.4 5.88 97.8
Peak2 174.4~395.6  36.31 — 3325
DTA  Peakl 52.5~192.6 — 278 111.6
DTA imWimg)
TG % DTG /(%/min)
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Figure 3. Thermogravimetric (TG %) curve, derivative thermogravimetric
(DTG) curve and differential thermal analysis (DTA) curve of Fossil
glutinous rice tea.
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Figure 4. Thermogravimetric (TG %) curve, derivative thermogravimetric
(DTG) curve and differential thermal analysis (DTA) curve of old tree
white tea.

rate was 36.31%. The sample continued to decompose, and the
final residual mass was 47.03%.

The DTG curve for old tree white tea showed two peaks,
and the inflection points of the peaks were 97.8 °C and 332.5 °C.
The DTA curve for old tree white tea exhibited a high exothermic
peak with a maximum of 111.6 °C, the temperature range of
the peak was 52.5 °C-192.6 °C, and the peak area was 278 J/g.

4)Thermogravimetric analysis of Brown Mountain ancient
tree tea

The thermogravimetric data for Brown Mountain ancient
tree tea are shown in Figure 5 and Table 5. Figure 5 indicates
that the temperature at which the Brown Mountain ancient
tree sample began to decompose was 56.6 °C, and after the
first stage of decomposition, the loss rate was 7.33%. When the
temperature reached 161.9 °C, the tea entered the second stage
of decomposition. At 399.2 °C, the loss rate was 59.83%; the
sample continued to decompose, and the final residual mass
was 15.60%.

The DTG curve for the Brown Mountain ancient tree tea
showed two peaks, and the inflection points of the peaks were
98.6 °C and 335.1 °C. The DTA curve for the Brown Mountain
ancient tree tea exhibited a high exothermic peak with a peak
value of 114.0 °C, a temperature range of 61.4 °C to 175.7 °C,
and a peak area of 224.7 J/g; there was an endothermic peak
with a peak value of 352.5 °C, a temperature range of 326.2 °C-
380.7 °C, and a peak area of 23.68 J/g.

Table 5. Thermal analysis data of Brown Mountain ancient tree tea.

Percentage The fastest
. Temperature . Peak .
Curve Project range/°C weight areal(J/g) weight loss
8 loss/% & temperature/°C
TG,DTG Peakl 56.6~161.9 7.33 — 98.6
Peak2 161.9~399.2  59.83 — 335.1
DTA Peakl 61.4~175.7 — 2247 114.0
Peak2 326.2~380.7 — 23.68 352.5
DTA mWimg)
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Figure 5. Thermogravimetric (TG %) curve, derivative thermogravimetric
(DTG) curve and differential thermal analysis (DTA) curve of Brown
Mountain ancient tree tea.
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5)Thermogravimetric analysis of pure Banzhang tea

The thermogravimetric data for pure Banzhang tea are shown
in Figure 6 and Table 6. Figure 6 shows that the temperature at
which the pure Banzhang tea sample began to decompose was
47.3 °C. After the first stage of decomposition, the loss rate was
4.02%; when the temperature reached 175.7 °C, the tea entered
the second stage of decomposition. At 402.1 °C, the loss rate
was 32.01%; the sample continued to decompose, and the final
residual mass was 56.63%.

The DTG curve of pure Banzhang tea displayed two peaks,
and the inflection points of the peak shapes were 91.9 °C and
338.7 °C. The DTA curve for pure Banzhang tea showed a high
exothermic peak; the maximum was 106.8 °C, the temperature
range was 42.0 °C-189.9 °C, and the peak area was 175.1J/g.

The thermogravimetric data shown in Figures 2-6 indicate
that the process of thermal decomposition of the five Yunnan tea
samples from room temperature to 599 °C at a constant rate can
be divided into three weight loss stages. (1) The volatile escape
stage: the temperature range is 47.3 °C-178.6 °C, the weight loss
rate ranges from 4.02%-7.33%, and the first stage of the DTG
curve is an endothermic peak, mainly water, accompanied
by volatile aromatic substances and their precursors with
the escape of substances that produce more volatile products
generating a tea aroma. The sample shows slight weight loss
and a small amount of heat absorption, which reflects the slow
process of its depolymerization and “glass transition”. (2) The
thermal decomposition stage of deodorization: the temperature
corresponds to the range of 178.6 °C-413.3 °C, the weight loss is
obvious, and the weight loss rate reaches 32.51%-59.83%, which
corresponds to the second stage of the DTG exothermic peak.
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Figure 6. Thermogravimetric (TG %) curve, derivative thermogravimetric
(DTG) curve and differential thermal analysis (DTA) curve of Pure
Banzhang tea.

Table 6. Thermal analysis data of Pure Banzhang tea.

Percentage The fastest
., Temperature . Peak area/ .
Curve Project range/°C weight /) weight loss
& loss/% & temperature/°C
TG,DTG Peakl 47.3~175.7 4.02 — 91.9
Peak2 175.7~402.1  32.01 — 338.7
DTA  Peakl 42.0~189.9 — 175.1 106.8
Peak2 — — — —

Food Sci. Technol, Campinas, 42, €70922, 2022

Substances such as sugars, proteins and fats undergo violent
thermal decomposition reactions, and the tea flavor has obviously
deteriorated, presenting a burnt taste. (3) Carbonization and
combustion stage: the temperature range is 413.3 °C-599 °C,
the weight loss rate ranges from 7.52%-11.32%, and the thermal
weight loss rate is low, because the residue is gradually oxidized
and thermally decomposed and the tea is finally burned and
ashed. Therefore, to obtain better quality tea, the processing
temperature should be maintained under 178.6 °C.

Combustion stability analysis of 5 kinds of tea

Based on the thermogravimetric parameter data of 5 kinds
of tea, a multi-index evaluation system for combustion stability
was established. Thermogravimetry was applied to study the
characteristic combustion index values of tea samples at different
heating rates by a thermogravimetric analyzer to judge the
combustion stability of tea. The method of gray pattern recognition
(Zhou, 2020) was applied to calculate the correlation coefficient
between each scheme and the ideal scheme composed of the best
indicators, obtain the degree of correlation from each correlation
coefficient, and then sort and analyze the results according to the
correlation degrees to draw a conclusion. The greater the value of
a correlation degree Z is, the better the sample effect is. Finally,
all the Z values were compared to evaluate the samples and draw
a conclusion. Calculated by Excel, the Z values of 5 kinds of tea,
including camphor-scented palace tea, fossil glutinous rice tea,
old tree white tea, Brown Mountain ancient tree tea, and pure
Banzhang tea, were 0.8153, 0.9039, 0.8394, 0.8677 and 0.8014,
respectively. From the analysis of thermogravimetric results
and thermogravimetric combustion stability, the 5 kinds of tea
were ordered by combustion stability as: fossil glutinous rice
tea > Brown Mountain ancient tree tea> old tree white tea>
camphor-scented palace tea > pure Banzhang tea.

3.3 Determination of fat, crude fiber, and ash content

Five kinds of tea, including camphor-scented palace tea, fossil
glutinous rice tea, old tree white tea, Brown Mountain ancient
tree tea, and pure Banzhang tea were examined. The results
for determination of fat, crude fiber, and ash contents of the
5 kinds of tea are shown in Table 7. Table 7 shows that the order
of fat content (%) of the 5 kinds of tea was fossil glutinous rice
tea > Brown Mountain ancient tree tea > old tree white tea >
pure Banzhang tea > camphor-scented palace tea. The order of
crude fiber content (%) was old tree white tea > pure Banzhang
tea > camphor-scented palace tea > Brown Mountain ancient
tree tea > fossil glutinous rice tea. The order of ash content (%)
was fossil glutinous rice tea > camphor-scented palace tea >
old tree white tea > Brown Mountain ancient tree tea > pure
Banzhang tea. The energy value of tea can also be reflected
by the combustion heat and by fat content to a certain extent.
The contents of ash and fat are regarded as important physical
data for measuring the quality of tea. Tea quality is evaluated
from the aspect of energy, which provides a strong scientific
basis for the classification of tea.
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3.4 Determination of trace elements
Results of trace element determination (Souza et al., 2022)

A method for the determination of 18 trace elements, including
Al As, Ba, Co, Cr, Cu, Fe, Hg, K, Li, Mg, Mn, Na, Ni, Pb, Sc,
Sr and Zn, has been established by inductively coupled plasma
optical emission spectrometer (ICP-OES) based on microwave
digestion. The average value and standard deviation of 18 trace
elements in 5 kinds of tea, including camphor-scented palace
tea, fossil glutinous rice tea, old tree white tea, Brown Mountain
ancient tree tea, and pure Banzhang tea, are shown in Table 8.
The element Sc was not detected, and the contents of the heavy
metals Pb and Hg and the toxic element As were very low, which
is consistent with international regulations (Yao et al., 2021).

Factor analysis of 14 trace elements in 5 kinds of tea

Through factor analysis (Petrov, 2022), the characteristic
roots of the factor correlation coefficient matrix and variance
contribution rates of trace elements (Liberato et al., 2013;
Miele et al., 2015), including Al, Ba, Co, Cr, Cu, Fe, K, Li, Mg,
Mn, Na, Ni, Sr and Zn, were obtained, as shown in Table 9.
According to Table 9, the cumulative contribution rates of the
first 3 main factors reached 99.012%, and the eigenvalues of
the first 3 main correlation coefficient factors (A > 1.0) were

larger; that is, the first 3 main factors contributed the most to
the explanatory variables. It is most appropriate to extract the
first 3 main correlation coefficient factors, which represented
99.012% of the information on 14 trace elements in 5 kinds of
tea, including camphor-scented palace tea, fossil glutinous rice
tea, old tree white tea, Brown Mountain ancient tree tea, and
pure Banzhang tea from Yunnan, China.

The component coeflicient matrix after rotation is shown
in Table 10. Table 10 shows that the first main factor F, of the
correlation coeflicient mainly contained the original variables
Al, Co, Cr, Fe, Li, Mn, Na, Sr, and Zn. The second main factor
F, of the correlation coefficient mainly contained the information
for the original variables Cu, Mg, and Ni. The third main factor
F, of the correlation coefficient mainly contained the information
for the original variable Ba.

The factor scores and the comprehensive factor scores
are shown in Table 9. Table 11 indicates that the order of the
contents of 14 trace elements in 5 kinds of tea was glutinous
rice tea > camphor-scented palace tea > pure Banzhang tea >
Brown Mountain ancient tree tea > old tree white tea. In terms
of trace element contents, fossil glutinous rice tea contained the
highest levels of trace elements in all samples.

Table 7. Determination results of fat, ash content in 5 kinds of tea (n = 3, CV% < 2.0%).

Sample Crude fiber/% Fat content/% Ash/%
Camphor-scented palace tea 9.0708 0.2135 6.4527
Fossil glutinous rice tea 5.7159 1.0544 6.7914
Old tree white tea 32.3535 0.3734 6.1385
Brown Mountain ancient tree tea 6.7044 0.6852 5.6083
Pure Banzhang tea 9.1425 0.2458 5.4570

Table 8. Average values + standard deviation of 18 trace elements in 5 kinds of tea (pg/g, n = 6, CV% < 5.0%).

Camphor-scented Fossil glutinous rice

Brown Mountain

Sample palace tea tea Old tree white tea ancient tree tea Pure Banzhang tea
Al 327.6664 £ 0.0005 1010.5370 £ 0.0120 18.5864 + 0.0067 6.9126 + 0.0061 267.9403 £+ 0.0049
As - 0.1020 + 0.0002 0.6358 + 0.0002 0.1791 + 0.0003 1.2737 £ 0.0018
Ba 7.8382 +0.0001 28.1441 £ 0.0003 0.3740 + 0.0004 - 112.0815 + 0.0001
Co 0.2147 + 0.0000 0.2719 + 0.0000 - - 0.2911 + 0.0001
Cr 2.1832 £ 0.0000 11.7947 £+ 0.0000 - - 1.6376 £ 0.0001
Cu 70.4724 + 0.0005 35.6900 + 0.0002 3.0666 + 0.0023 - 31.6230 + 0.0001
Fe 252.4696 + 0.0028 623.3855 + 0.0020 18.2124 + 0.0086 4.8711 + 0.0081 190.0655 + 0.0009
Hg - - 0.0374 + 0.0001 - -

K - - 1777.8609 + 1.3640 938.7536 = 1.1920 -

Li 0.1790 £ 0.0000 0.3399 + 0.0000 - - 0.1092 + 0.0000
Mg 1481.7466 + 0.0230 - 154.2633 + 0.1006 62.7507 £ 0.0106 1783.1150 + 0.0380
Mn 734.7888 £ 0.0330 852.4813 £ 0.0160 38.6687 £ 0.0159 14.0401 £ 0.0145 711.7904 = 0.0180
Na 324.3737 £ 0.0177 337.9674 £ 0.0135 - - 447.2344 + 0.0060
Ni 13.6006 + 0.0003 6.1183 +0.0003 0.9723 £ 0.0001 0.3940 + 0.0003 7.6783 +0.0002
Pb 2.1832 + 0.0003 1.6655 + 0.0002 0.1122 + 0.0002 - 0.7642 + 0.0002
Sc - - - - -

Sr 7.5877 £ 0.0001 14.4120 = 0.0001 0.4488 + 0.0003 - 6.0408 + 0.0000
Zn 69.5419 + 0.0001 63.0184 + 0.0001 0.3366 + 0.0001 - 74.6361 + 0.0011
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3.5 Discussion

Construction of multi-index comprehensive evaluation systems
for 5 kinds of tea

Construction of a multi-index analysis and comprehensive
evaluation system by entropy analysis

According to combustion heat, differential thermogravimetric,
fat content, crude fiber content, ash content, and trace element
content data for 5 kinds of tea, multi-index comprehensive
evaluation systems for 5 kinds of tea, including camphor-
scented palace tea, fossil glutinous rice tea, old tree white tea,
Brown Mountain ancient tree tea, and pure Banzhang tea, were
established by the entropy method (Aide et al., 2021; Alvarez et al.,
2020; Arch-Tirado et al., 2020; Bostian et al., 2020; Chen et al.,
2020; Cho, 2020).

Table 9. Factor characteristic root and variance contribution rate of 14
trace elements in 5 kinds of tea.

L Characteristic Contribution Cum'ulat%ve
Principal factor contribution
root rate %

rate %

1 9.893 70.664 70.664

2 2.903 20.738 91.401

3 1.066 7.611 99.012

4 0.138 0.988 100.000

Table 10. The component coeflicient matrix of 14 trace elements in5
kinds of tea.

Component Component Component
Element coefficient coefficient coefficient

matrix 1 matrix 2 matrix 3

Al 0.9662 -0.2424 -0.0847
Ba 0.3038 0.2212 0.9258
Co 0.8595 0.3450 0.3763
Cr 0.9122 -0.3892 -0.1274
Cu 0.6454 0.7345 -0.2061
Fe 0.9823 -0.1598 -0.0927
K -0.8040 -0.4273 -0.2177
Li 0.9903 -0.0293 -0.1356
Mg 0.1345 0.8776 0.4570
Mn 0.9181 0.3584 0.1640
Na 0.7769 0.4548 0.4347
Ni 0.5837 0.8064 -0.0854
Sr 0.9982 -0.0083 -0.0419
Zn 0.8020 0.5223 0.2889

(Deng et al., 2020; Galas et al., 2021; Gupta & Chokshi,
2020; Hu et al., 2020) According to the characteristics of entropy,
this paper judges the randomness and degree of disorder of an
event by calculating the entropy value and judges the degree of
dispersion of an index by using the entropy value. The greater
the dispersion degree of the index is, the greater the influence
(weight) of the index on the comprehensive evaluation, and the
smaller the entropy value. Using the entropy method, 5 kinds
of tea were weighted to calculate the comprehensive score S.

The weighted summation formula was used to calculate the
evaluation value for each sample. The larger the comprehensive
score S is, the better the sample effect is. Finally, all S values
were compared; that is, the conclusion regarding evaluation was
drawn. The S values calculated in Excel for camphor-scented
palace tea, fossil glutinous rice tea, old tree white tea, Brown
Mountain ancient tree tea, and pure Banzhang tea were 0.3835,
0.6303, 0.2432, 0.2224 and 0.3794, respectively.

According to combustion heat values, combustibility
(combustion stability) and fat, crude fiber, ash and trace element
contents, entropy analysis indicated that the order of the multi-
index comprehensive evaluation of 5 teas was fossil glutinous
rice tea > camphor-scented palace tea > pure Banzhang tea > old
tree white tea > Brown Mountain ancient tree tea. Therefore, the
results of comprehensive evaluation of the quality of tea selected
in this study indicated that fossil glutinous rice tea was the best,
followed by camphor-scented palace tea.

Construction of a multi-index analysis and comprehensive
evaluation system by entropy cluster analysis tree diagram for 5
kinds of tea

Entropy cluster analysis of the 5 kinds of tea was based on the
many properties of the samples, and the cluster analysis diagram
was obtained from the entropy values. The classification was
carried out according to the degree of affinity of the characteristics
of the samples. All cases were classified into different classes.
Individuals in the same class were more similar to each other, and
individuals in different classes were more different (Zhou et al.,
2022b). The multi-index comprehensive entropy cluster analysis
system of combustion heat, combustibility (combustion stability),
fat contents, crude fiber contents, ash contents and trace element
contents of 5 teas from Yunnan Province of China was established.
A tree diagram of the entropy cluster analysis of the 5 kinds of
tea is shown in Figure 7. Figure 7 indicates that 5 kinds of tea,
including camphor-scented palace tea, fossil glutinous rice tea,
old tree white tea, Brown Mountain ancient tree tea, and pure
Banzhang tea, were divided into three categories according to

Table 11. Factor scores and comprehensive factor scores of 14 trace elements in 5 kinds of tea.

Sample F, EF, E, F Ranking
Camphor-scented palace tea 0.2944 1.4878 -0.9479 0.4488 2
Fossil glutinous rice tea 1.4570 -1.0008 -0.2748 0.8091 1
Old tree white tea -0.9635 -0.5008 -0.2925 -0.8150 5
Brown Mountain ancient tree tea -0.9192 -0.5099 -0.1891 -0.7774 4
Pure Banzhang tea 0.1314 0.5237 1.7043 0.3345 3
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Figure 7. Tree diagram of entropy cluster analysis to 5 kinds of tea.

the results of entropy cluster analysis. Fossil glutinous rice tea
constitutes a class, camphor-scented palace tea and pure Banzhang
tea form one class, and old tree white tea and Brown Mountain
ancient tree tea form a class. Through entropy cluster analysis,
we found the degrees of similarity and genetic relationships
among the properties of various tea materials, which can facilitate
investigation of the classification of tea.

4 Conclusion

According to combustion heat, differential thermogravimetric,
fat content, crude fiber content, ash content, and trace element
content data for 5 kinds of tea, the results of multi-index analysis
constructed through entropy analysis and entropy cluster analysis
show that the order of comprehensive evaluation of the 5 teas
was fossil glutinous rice tea > camphor-scented palace tea > pure
Banzhang tea > old tree white tea > Brown Mountain ancient
tree tea. Therefore, the results of comprehensive evaluation of the
quality of the teas selected in this study are that fossil glutinous
rice tea is the best, followed by camphor-scented palace tea.

In this paper, based on combustion heat, differential
thermogravimetric analysis, fat content, crude fiber, ash content,
and trace element content data of teas we selected, systematic
multi-index comprehensive evaluation systems were constructed
through gray pattern recognition, factor analysis, the entropy
method and entropy cluster analysis. The multi-index comprehensive
evaluation system established in this study provides a new idea for
the quantitative control of the quality of tea, a powerful method
for large-scale development and research on classification of tea
and basic support for the selection of raw tea materials and the
application of a quantitative control mode for evaluating the
contributions of multiple ingredients to tea quality.

Conflict of interest

The authors declare no conflicts of interest.

Availability of data and material

Data are contained within the article.

Funding

This research was supported by Key Scientific Research Project
Funding of Guangxi Science & Technology Normal University
(GXKS2021ZD004), the Teaching Reform Project of Guangxi
Science & Technology Normal University (2021GKSYGA04), and
the High-Level Talents Project of Guangxi Science & Technology
Normal University (GXKS2020GKY006).

Author contributions

L.B. and Q.Zh. performed the experiments, L.B. was in
charge of data processing and writing the paper. All authors
reviewed the manuscript.

References

Aide, N,, Elie, N., Blanc-Fournier, C., Levy, C., Salomon, T., & Lasnon,
C. (2021). Hormonal receptor immunochemistry heterogeneity and
(18)F-FDG metabolic heterogeneity: preliminary results of their
relationship and prognostic value in luminal non-metastatic breast
cancers. Frontiers in Oncology, 10, 599050. http://dx.doi.org/10.3389/
fonc.2020.599050. PMid:33511077.

Alvarez, D., Arroyo, C. A,, Frutos, ]. F, Crespo, A., Cerezo-Hernandez,
A., Gutiérrez-Tobal, G. C., Vaquerizo-Villar, F,, Barroso-Garcia, V.,
Moreno, E, Ruiz, T., Hornero, R., & Campo, E (2020). Assessment
of nocturnal autonomic cardiac imbalance in positional obstructive
sleep apnea. A multiscale nonlinear approach. Entropy, 22(12), 1404.
http://dx.doi.org/10.3390/622121404. PMid:33322747.

Arch-Tirado, E., Collado-Corona, M. A., Lino-Gonzélez, A. L., &
Terrazo-Lluch, J. (2020). Uncertainty, dynamic systems, principles
of quantum mechanics and their relationship to the health-disease
process (analysis proposal). Revista Espariola de Salud Piiblica, 94,
€202012136. PMid:33350398.

Bag, S., Mondal, A., & Banik, A. (2022). Exploring tea (Camellia sinensis)
microbiome: insights into the functional characteristics and their
impact on tea growth promotion. Microbiological Research, 254, 126890.
http://dx.doi.org/10.1016/j.micres.2021.126890. PMid:34689100.

Bostian, M. B., Daraio, C., Fare, R., Grosskopf, S., zzo, M. G., Leuzzi, L.,
Ruocco, G., & Weber, W. L. (2020). Reconstructing nonparametric
productivity networks. Entropy, 22(12), 1401. http://dx.doi.org/10.3390/
€22121401. PMid:33322452.

Chen, L., He, W,, & Liu, J. (2020). Safe fabrication, thermal decomposition
kinetics, and mechanism of nanoenergetic composite NBC/CL-
20. ACS Omega, 5(48), 31407-31416. http://dx.doi.org/10.1021/
acsomega.0c04958. PMid:33324852.

Chen, Q. S., Zhang, D. L., Pan, W. X., Ouyang, Q., Li, H. H., Urmila,
K., & Zhao, J. W. (2015). Recent developments of green analytical
techniques in analysis of tea’s quality and nutrition. Trends in Food
Science & Technology, 43(1), 63-82. http://dx.doi.org/10.1016/j.
tifs.2015.01.009.

Chenghua, O., Rui, R., Chaochun, L., & Haiyan, Y. (2016). Multi-index
and two-level evaluation of shale gas reserve quality. Journal of
Natural Gas Science and Engineering, 35, 1139-1145. http://dx.doi.
org/10.1016/j.jngse.2016.09.056.

Cho, S. B. (2020). Set-wise differential interaction between copy number
alterations and gene expressions of lower-grade glioma reveals
prognosis-associated pathways. Entropy, 22(12), 1434. http://dx.doi.
0rg/10.3390/e22121434. PMid:33353229.

Deng, X., Liu, Y., & Xiong, Y. (2020). Analysis on the development of
digital economy in Guangdong province based on improved entropy

Food Sci. Technol, Campinas, 42, €70922, 2022


https://doi.org/10.3389/fonc.2020.599050
https://doi.org/10.3389/fonc.2020.599050
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33511077&dopt=Abstract
https://doi.org/10.3390/e22121404
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33322747&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33350398&dopt=Abstract
https://doi.org/10.1016/j.micres.2021.126890
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34689100&dopt=Abstract
https://doi.org/10.3390/e22121401
https://doi.org/10.3390/e22121401
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33322452&dopt=Abstract
https://doi.org/10.1021/acsomega.0c04958
https://doi.org/10.1021/acsomega.0c04958
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33324852&dopt=Abstract
https://doi.org/10.1016/j.tifs.2015.01.009
https://doi.org/10.1016/j.tifs.2015.01.009
https://doi.org/10.1016/j.jngse.2016.09.056
https://doi.org/10.1016/j.jngse.2016.09.056
https://doi.org/10.3390/e22121434
https://doi.org/10.3390/e22121434
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33353229&dopt=Abstract

Zhou; Zhang

method and multivariate statistical analysis. Entropy, 22(12), 1441.
http://dx.doi.org/10.3390/€22121441. PMid:33419351.

Direktor, L. B., Sinelshchikov, V. A., & Sychev, G. A. (2020). Thermophysical
properties of volatile products of low-temperature pyrolysis of wood
biomass. High Temperature, 58(1), 50-53. http://dx.doi.org/10.1134/
S0018151X20010046.

Ellers, J. (1995). Fat and eggs: an alternative method to measure the
trade-off between survival and reproduction in insect parasitoids.
Netherlands Journal of Zoology, 46(3-4), 227-235. http://dx.doi.
org/10.1163/156854295X00186.

Ender, K., Nurnberg, K., & Papstein, H. J. (1997). Two parts of fat - a
review. Archiv Fur Tierzucht, 40(1), 35-45.

Galas, D. J., Kunert-Graf, J., Uechi, L., & Sakhanenko, N. A. (2021).
Toward an information theory of quantitative genetics. Journal of
Computational Biology, 28(6), 527-559. http://dx.doi.org/10.1089/
c¢mb.2020.0032. PMid:33395537.

Gupta, S., & Chokshi, P. (2020). Self-assembly of polymer grafted
nanoparticles within spherically confined diblock copolymers. The
Journal of Physical Chemistry B, 124(51), 11738-11749. http://dx.doi.
org/10.1021/acs.jpcb.0c08279. PMid:33319558.

Hassid, A., Klinger, M., Krzack, S., & Cohen, H. (2022). TGA-DSC
combined coal analysis as a tool for QC (quality control) and
reactivity patterns of coals. ACS Omega, 7(2), 1893-1907. http://
dx.doi.org/10.1021/acsomega.1c05296. PMid:35071880.

Hu, B., Kuo, D. Y., Paik, H., Schlom, D. G., & Suntivich, J. (2020).
Enthalpy and entropy of oxygen electroadsorption on RuO2(110)
in alkaline media. The Journal of Chemical Physics, 152(9), 094704.
http://dx.doi.org/10.1063/1.5139049. PMid:33480745.

Jia, E, Yang, M., Liu, B., Wang, J., Gao, J., Su, H., & Zhao, E. (2017). A
comprehensive evaluation method study for dam safety. Structural
Engineering and Mechanics, 63(5), 639-646.

Junfeng, L., Yixuan, Z., Ting, Y., & Libing, Z. (2021). Combustion
analysis of Niuhuang Shangqing tablets, Qinghuo tablets, Qingliang
Hou tablets. Shandong Chemical Industry, 50(11), 86-89.

Jung, M. Y, Kang, J. H., Choi, Y. S., Lee, D. Y,, Lee, J. Y., & Park, J. S.
(2019). Analytical features of microwave plasma-atomic emission
spectrometry (MP-AES) for the quantitation of manganese (Mn)
in wild grape (Vitis coignetiae) red wines: comparison with
inductively coupled plasma-optical emission spectrometry (ICP-
OES). Food Chemistry, 274, 20-25. http://dx.doi.org/10.1016/j.
foodchem.2018.08.114. PMid:30372927.

Kayisoglu, S., & Coskun, E. (2021). Determination of physical and
chemical properties of kombucha teas prepared with different
herbal teas. Food Science and Technology, 41(Suppl. 1), 393-397.
http://dx.doi.org/10.1590/fst.12720.

Krishna, D. S., Madhavi, K., Meeravali, N. N., & Sahayam, A. C. (2022). A
sensitive vesicle mediated dispersive liquid-liquid microextraction of
parts per quadrillion levels of beryllium from seawater samples prior
to graphite furnace atomic absorption spectrometry determination.
Analytica Chimica Acta, 1191, 339313 http://dx.doi.org/10.1016/j.
aca.2021.339313. PMid:35033251.

Li, J., Yuan, H. B,, Yao, Y. E, Hua, J. ], Yang, Y. Q.,, Dong, C. W,, Deng,
Y., Wang, J., Li, H,, Jiang, Y., & Zhou, Q. (2019). Rapid volatiles
fingerprinting by dopant-assisted positive photoionization ion
mobility spectrometry for discrimination and characterization of
green tea aromas. Talanta, 191, 39-45. http://dx.doi.org/10.1016/j.
talanta.2018.08.039. PMid:30262074.

Liberato, M. C. T. C., Morais, S. M., Magalhaes, C. E. C., Magalhaes,
I. L., Cavalcanti, D. B., & Silva, M. M. O. (2013). Physicochemical
properties and mineral and protein content of honey samples from

Food Sci. Technol, Campinas, 42, €70922, 2022

Ceard state, northeastern Brazil. Food Science and Technology, 33(1),
38-46. http://dx.doi.org/10.1590/S0101-20612013005000028.

Libing, Z., Ting, Y., & Ziyu, L. (2021). Thermogravimetry and caloric
value analysis of 4 kinds of heat-clearing and detoxicating drugs.
Shandong Chemical Industry, 50(10), 93-96.

Miele, A., Rizzon, L. A., Queiroz, S. C. N., & Gianello, C. (2015).
Physicochemical composition, minerals, and pesticide residues in
organic grape juices. Food Science and Technology, 35(1), 120-126.
http://dx.doi.org/10.1590/1678-457X.6540.

Novokshanova, A. L., Topnikova, E. V., & Ababkova, A. A. (2019).
Analysis of amino acid composition of skim milk and buttermilk
for the production of dairy drink when introducing whey protein
hydrolysate. Voprosy Pitaniia, 88(3), 90-96. PMid:31265780.

Oboh, G. (2006). Nutritive value, antioxidant and antimicrobial properties
of Struchium sparganophora leaves. Journal of Medicinal Food, 9(2),
276-280. http://dx.doi.org/10.1089/jmf.2006.9.276. PMid:16822216.

Ohata, M., Takaku, Y., Inagaki, K., Hioki, A., & Chiba, K. (2009).
Improvement of analytical sensitivity by Ar-N-2 inductively coupled
plasma in axially viewing optical emission spectrometry. Analytical
Sciences, 25(2), 161-163. http://dx.doi.org/10.2116/analsci.25.161.
PMid:19212047.

Oropeza, D., Gonzilez, J., Chirinos, J., Zorba, V., Rogel, E., Ovalles, C.,
& Lopez-Linares, F. (2019). Elemental analysis of asphaltenes using
simultaneous laser-induced breakdown spectroscopy (LIBS)-laser
ablation inductively coupled plasma optical emission spectrometry
(LA-ICP-OES). Applied Spectroscopy, 73(5), 540-549. http://dx.doi.
0rg/10.1177/0003702818819497. PMid:30482044.

Pang, X. M., Chen, E Y,, Liu, G. Y, Zhang, Q, Ye, J. H., Lei, W. X,, Jia,
X., & He, H. (2022). Comparative analysis on the quality of Wuyi
Rougui (Camellia sinensis) tea with different grades. Food Science
and Technology, 42, e115321. http://dx.doi.org/10.1590/fst.115321.

Pauter, P, Rozanska, M., Wiza, P, Dworczak, S., Grobelna, N., Sarbak,
P, & Kowalczewski, P. L. (2018). Effects of the replacement of wheat
flour with cricket powder on the characteristics of muffins. Acta
Scientiarum Polonorum. Technologia Alimentaria, 17(3), 227-233.
PMid:30269462.

Petrov, P. (2022). Using factor analysis to determine representative
indicators in the financial sphere of economic security. Revista
Gestdo & Tecnologia, 22(1), 154-167.

Simonovi¢ova, A., Takacova, A., Simkovic, I, & Nosalj, S. (2021).
Experimental treatment of hazardous ash waste by microbial
consortium Aspergillus niger and Chlorella sp.: decrease of the Ni
content and identification of adsorption sites by Fourier-transform
infrared spectroscopy. Frontiers in Microbiology, 12,792987. http://
dx.doi.org/10.3389/fmicb.2021.792987. PMid:34950123.

Slama, J., Schedle, K., Wurzer, G. K., & Gierus, M. (2019). Physicochemical
properties to support fibre characterization in monogastric animal
nutrition. Journal of the Science of Food and Agriculture, 99(8),
3895-3902. http://dx.doi.org/10.1002/jsfa.9612. PMid:30684273.

Souza, M. ]. B,, Barciela-Alonso, M. C., Aboal-Somoza, M., & Bermejo-
Barrera, P. (2022). Determination of the trace element content of
fruit juice samples by ICP OES and ICP-MS. Brazilian Journal of
Analytical Chemistry, 9(35), 49-61.

Vaculovi¢, T., Otruba, V., Matal, O., & Kanicky, V. (2011). Determination
of carbon in solidified sodium coolant using new ICP-OES methods.
Chemical Papers, 65(5), 620-625. http://dx.doi.org/10.2478/s11696-
011-0054-x.

Wang, D., Shi, L., Fan, X., Lou, H., Li, W, Li, Y., Ren, D., & Yi, L. (2022a).
Development and validation of an efficient HILIC-QQQ-MS/MS
method for quantitative and comparative profiling of 45 hydrophilic


https://doi.org/10.1590/S0101-20612013005000028
https://doi.org/10.1590/1678-457X.6540
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31265780&dopt=Abstract
https://doi.org/10.1089/jmf.2006.9.276
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16822216&dopt=Abstract
https://doi.org/10.2116/analsci.25.161
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19212047&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19212047&dopt=Abstract
https://doi.org/10.1177/0003702818819497
https://doi.org/10.1177/0003702818819497
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30482044&dopt=Abstract
https://doi.org/10.1590/fst.115321
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30269462&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30269462&dopt=Abstract
https://doi.org/10.3389/fmicb.2021.792987
https://doi.org/10.3389/fmicb.2021.792987
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34950123&dopt=Abstract
https://doi.org/10.1002/jsfa.9612
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30684273&dopt=Abstract
https://doi.org/10.2478/s11696-011-0054-x
https://doi.org/10.2478/s11696-011-0054-x
https://doi.org/10.3390/e22121441
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33419351&dopt=Abstract
https://doi.org/10.1134/S0018151X20010046
https://doi.org/10.1134/S0018151X20010046
https://doi.org/10.1163/156854295X00186
https://doi.org/10.1163/156854295X00186
https://doi.org/10.1089/cmb.2020.0032
https://doi.org/10.1089/cmb.2020.0032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33395537&dopt=Abstract
https://doi.org/10.1021/acs.jpcb.0c08279
https://doi.org/10.1021/acs.jpcb.0c08279
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33319558&dopt=Abstract
https://doi.org/10.1021/acsomega.1c05296
https://doi.org/10.1021/acsomega.1c05296
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35071880&dopt=Abstract
https://doi.org/10.1063/1.5139049
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33480745&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2018.08.114
https://doi.org/10.1016/j.foodchem.2018.08.114
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30372927&dopt=Abstract
https://doi.org/10.1590/fst.12720
https://doi.org/10.1016/j.aca.2021.339313
https://doi.org/10.1016/j.aca.2021.339313
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35033251&dopt=Abstract
https://doi.org/10.1016/j.talanta.2018.08.039
https://doi.org/10.1016/j.talanta.2018.08.039
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30262074&dopt=Abstract

Multiple indicators metrological analysis of 5 kinds of tea

compounds in four types of tea (Camellia sentences). Food Chemistry,
371, 131201. http://dx.doi.org/10.1016/j.foodchem.2021.131201.
PMid:34598116.

Wang, S., Qiu, Y., Gan, R.-Y., & Zhu, E (2022b). Chemical constituents
and biological properties of Pu-erh tea. Food Research International,
154, 110899. http://dx.doi.org/10.1016/j.foodres.2021.110899.
PMid:35337597.

Wen, B., Li, R., Zhao, X., Ren, S., Chang, Y., Zhang, K., Wang, S., Guo,
G., & Zhu, X. (2021). A quadratic regression model to quantify
plantation soil factors that affect tea quality. Agriculture, 11(12),
1225. http://dx.doi.org/10.3390/agriculture11121225.

Xie, M., Dai, E, & Tu, Y. (2021). A numerical study of accelerated
moderate or intense low-oxygen dilution (MILD) combustion
stability for methane in a lab-scale furnace by off-stoichiometric
combustion technology. Chinese Journal of Chemical Engineering,
32, 108-118. http://dx.doi.org/10.1016/j.cjche.2020.09.053.

Yao, Q. H,, Lin, Q,, Yan, S. A., Huang, M. M., & Chen, L. H. (2021).
Dietary risk assessment of fluoride, lead, chromium, and cadmium
through consumption of Tieguanyin tea and white tea. Food Science
and Technology, 41(3), 782-789. http://dx.doi.org/10.1590/fst.69220.

Zhang, B., Zhao, X., & Dai, E (2011). Monthly variation in the fat content
of anchovy (Engraulis japonicus) in the Yellow Sea: implications for
acoustic abundance estimation. Chinese Journal of Oceanology and
Limnology, 29(3), 556-563. http://dx.doi.org/10.1007/s00343-011-0187-3.

10

Zhang, P, Xiao, J., Wu, J., & Duan, J. (2022). Experimental analysis on
combustion characteristics of diesel and kerosene under different
radiation intensity of heat source. Energy Reports, 8, 1055-1067.
http://dx.doi.org/10.1016/j.egyr.2022.02.091.

Zhang, Q. Fang, J., Meng, Z., Chen, C., & Qin, Z. (2020). Thermogravimetric
analysis of soot combustion in the presence of ash and soluble
organic fraction. RSC Advances, 10(55), 33436-33443. http://dx.doi.
org/10.1039/DORA06384C. PMid:35515062.

Zhou, L. (2020). Study on the amino acids in different varieties of
Osmanthus Fragrans using grey pattern recognition and grey
hierarchical clustering analysis. In C.-F. Liang & O. AbdulLateef
(Orgs.), 2nd International Conference on Advances in Civil
Engineering, Energy Resources and Environment Engineering (p.
012079). Bristol: IOPscience. http://dx.doi.org/10.1088/1755-
1315/526/1/012079.

Zhou, L. B, Jiang, C. Y,, Shi, J. P,, & Jiang, K. X. (2022a). Gray pattern
recognition and grey system cluster analysis of multi-indexes of five
kinds of tea. Fresenius Environmental Bulletin, 31(3), 2510-2521.

Zhou, L., Jiang, C., & Lin, Q. (2022b). Entropy analysis and grey
cluster analysis of multiple indexes of 5 kinds of genuine medicinal
materials. Scientific Reports, 12(1), 6618. http://dx.doi.org/10.1038/
$41598-022-10509-0. PMid:35459282.

Zhou, L., Jiang, C., & Zhang, Y. (2022c). Combustion stability and
metrological analysis of multiple indexes of 5 kinds of rice. Fresenius
Environmental Bulletin, 31(6), 5499-5514.

Food Sci. Technol, Campinas, 42, €70922, 2022


https://doi.org/10.1016/j.egyr.2022.02.091
https://doi.org/10.1039/D0RA06384C
https://doi.org/10.1039/D0RA06384C
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35515062&dopt=Abstract
http://dx.doi.org/10.1088/1755-1315/526/1/012079
http://dx.doi.org/10.1088/1755-1315/526/1/012079
https://doi.org/10.1038/s41598-022-10509-0
https://doi.org/10.1038/s41598-022-10509-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35459282&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2021.131201
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34598116&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34598116&dopt=Abstract
https://doi.org/10.1016/j.foodres.2021.110899
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35337597&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35337597&dopt=Abstract
https://doi.org/10.3390/agriculture11121225
http://dx.doi.org/10.1016/j.cjche.2020.09.053
https://doi.org/10.1590/fst.69220
https://doi.org/10.1007/s00343-011-0187-3

