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Introduction
Tea is an agricultural product produced 
from the raw material of young shoots 
of the plant Camellia sinensis L, which 
is native to China. It is harvested for 
processing from the bud, the first leaf and 
the first three leaves up to a maximum of 
four leaves; see Figure 1. Sensory testers 
classify the tea for its tenderness accord-
ing to the position order from the bud 
to the leaves used. The youngest part, 
which is the bud, usually has a fresh 
weight of about 30 mg to 50 mg with, 

generally, about 75% moisture content; 
so it is easy to understand that if only 
the buds were used, this would produce 
a very low quantity, but it would be the 
best quality tea.

In tea manufacturing, the raw material 
includes the bud with the first one, two 
or three leaves; its quality will depend on 
a mix of the quality and quantity of the 
selected leaves, namely, according to the 
types of tenderness: the best (bud + first 
leaf), good (bud + first two leaves) and 
middle (bud + first three leaves); accept-
able is bud + first four leaves. The high-
est quality is the best tenderness class 
(100% bud + first leaf), which is called 
class 1. Each tea type has different 
 quality class ranges, with a maximum 
of six classes represented here by the 

proportions (%) of three tenderness 
types shown in Table 1.1

From a biochemical point of view, 
scientists believe that the bud and each 
leaf are independent variables, thus tea 
quality must be evaluated with the posi-
tion of each leaf considered separately. 
When a new bud is formed, the old bud 
becomes the first leaf and the others 
following the position order then become 
second leaf and third leaf etc. Metabolic 
activity changes occur according to the 
position of the leaves; this has, in turn, 
a direct influence on the quality of the 
tea. Thus, sensory and composition prop-
erties depend on small molecules such 
as amino acids, caffeine and soluble 
nitrogen. The higher these contents are, 
the better the tea quality. Conversely, a 
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Tenderness types Class 1 Class 2 Class 3 Class 4 Class 5 Class 6

Bud + 1st leaf 100 85 75 25  0  0

Bud + 1st two leaves   0 15 25 75 75 20

Bud + 1st three leaves   0  0  0  0 25 80

Table 1. The variable quality of the raw material from class 1 to 6 of tea shown by the 
 proportions (%) of three tenderness types of tea samples.
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and secondly according to a mixed variable, namely in the used raw material in 
which buds are mixed with 1, 2 or 3 leaves. What is the difference between these? Is 
one better than the other?   
The aims of the studies discussed in this article are not only to find an answer to the 
above two questions and to understand both the composition and sensory 
properties of tea, but also to compare and judge both points of view by using partial 
least squares (PLS) techniques of near‐infrared (NIR) spectroscopic data recorded 
from various tea samples. However, developing a NIR online method to evaluate the 
quality of fresh tea needs a solid scientific base.   
Materials and Methods 
Materials: All fresh tea leaf samples studied were picked from the tea garden of 
Anhui Agricultural University, Hefei, Anhui, China, between 15 and 30 April 2008. 
There were 3 types of fresh tea leaves: (1) 4 varieties were picked from the bud to 
the 1st, 2nd 3rd, and 4th leaves separately; each position from each variety was 
represented by 10 to 20 examples and analysed in order to get the data shown in 
Figures 2 and 3; (2) 78 leaf position samples (without buds) included the 1st, the 2nd, 
3rd and 4th leaves separately were analysed, see Table 2; (3) 84 raw material tea 
samples with 4 tenderness types ranging from bud +1st leaf to bud +1st 2, 3 or 4 
leaves, respectively, were analysed, see Table 3. 

Figure 1: Young shoots of a tea plant showing the position from the bud through the 

1st to 4th leaves.   

Figure 1. Young shoots of a tea plant show-
ing the position from the bud through the 
first to fourth leaves.
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content of larger molecular components 
such as lignin and protein is always a 
characteristic of old leaves and, hence, 
inferior quality tea.2

The quality of tea may be assessed 
according to both points of view, i.e. 
first, according to an independent vari-
able, namely bud and leaves studied 
 separately and second, according to a 
mixed variable, namely in the used raw 
material in which buds are mixed with 
one, two or three leaves. What is the 
difference between these? Is one better 
than the other? 

The aims of the studies discussed 
in this article are not only to find an 
answer to the above two questions 
and to understand both the composi-
tion and sensory properties of tea, but 
also to compare and judge both points 
of view by using partial least squares 
(PLS) techniques of near infrared (NIR) 
spectroscopic data recorded from various 
tea samples. However, developing a NIR 
online method to evaluate the quality of 
fresh tea needs a solid scientific base. 

Materials and methods
Materials
All fresh tea leaf samples studied were 
picked from the tea garden of Anhui 
Agricultural University, Hefei, Anhui, 
China, between 15 April and 30 April 
2008. There were three types of fresh 
tea leaves: (1) four varieties were picked 
from the bud to the first, second, third 
and fourth leaves separately; each posi-
tion from each variety was represented 
by 10 to 20 examples and analysed in 
order to get the data shown in Figures 
2 and 3; (2) 78 leaf position samples 
(without buds), which included the first, 
second, third and fourth leaves sepa-
rately, were analysed, see Table 2; (3) 
84 raw material tea samples with four 
tenderness types ranging from bud + first 
leaf to bud + two, three or four leaves, 
respectively, were analysed, see Table 3.

Experimental
Weight contents
(1) The fresh mean weight of four vari-
ety control samples from bud to the first, 
second, third and fourth leaves were 
calculated for each position (Figure 2); 
(2) all moisture contents of the samples 

were calculated as fresh weight (FW) %. 
Chemical compound analysis was under-
taken as: (1) total nitrogen content was 
determined according to the Kjeldahl 
method;3 (2) amino acids content was 
determined by the ninhydrine method and 
caffeine was determined by a UV spectro-
photometric method;2 (3) the lignin content 
was determined according to the general 
method;4 and (4) sample quality indexes 
(QI) were calculated using the formula: 
moisture × total  nitrogen/lignin.5,6

NIR spectroscopy
The diffuse reflectance spectra log10 

(1/R) of tea samples were recorded 

over the range 12,500–4000 cm–1 
using a Bruker MPA Fourier transform 
(FT) NIR spectrometer (Bruker Optik 
GmbH, Ettlingen, Germany). About 60 g 
of fresh tea leaf samples (except bud 
samples) were put into a sample cup 
(97 mm  diameter). Thirty-two scans for 
each spectrum and each sample were 
collected three times and then an aver-
age was established; the data interval of 
each spectrum was 3.68 cm–1, thus each 
spectrum contained 2307 data points.

Software
Al l  data analys is methods were 
performed using the Bruker OPUS 6.5 
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The leaf position order in the young shoots has also been called tea age or tea 
tenderness by sensory testers. There are two main characteristics: the first is that 
young shoots grow rapidly: the mean weight values increased from bud (30 ‐50 mg) 
to the 1st leaf (80 ‐ 120 mg), 2nd leaf (180 ‐ 250 mg), 3rd leaf (260 ‐ 350 mg) and 4th 
leaf (370 ‐ 450 mg), respectively; see Figure 2.     
 
Figure 2: Mean fresh weight of the bud (0), the 1st, 2nd, 3rd and 4th leaves in 4 
varieties.   
 
The second characteristic is that the highest metabolic activity exists within the 
young shoots. There is a higher quantity of smaller molecular components in the 
youngest leaves, which contain more than 70% (FW) of moisture, and a rapid 
decrease of the relative contents of small molecular compounds, such as amino acids 
and caffeine, and soluble nitrogen components, and rapid increase of the relative 
contents of larger molecular comports such as lignin (see Figure 3) accompanying 
leaf age. According to the most widespread point of view in biochemistry, the small 
molecular components are constituents and precursors of the larger ones, so 
polyphenols such as hydrolysable tannins and other phenolic components are 
believed to be important precursors of lignin [7], while amino acids and caffeine are 
believed to be important precursors of protein and nucleon acids [8].   
Figure 3 shows that amino acids, caffeine, soluble nitrogen and lignin contents vary 
systematically and separately following tenderness: from the position of the leaves, 
from bud (0) through the 4 leaf positions.   

 

Figure 3: Amino acids, caffeine, soluble nitrogen and lignin contents dry weight (DW) 

vary following the position from bud (0) to 4th leaf (4).  
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Figure 2. Mean fresh weight of the bud (0), the first. second, third and fourth leaves in four 
varieties. 

Figure 3. Amino acids, caffeine, soluble nitrogen and lignin contents dry weight (DW) vary 
following the position from bud (0) to fourth leaf (4). 
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such as hydrolysable tannins and other 
phenolic components are believed to 
be important precursors of lignin,7 while 
amino acids and caffeine are believed to 
be important precursors of protein and 
nucleic acids.8

Figure 3 shows that amino acids, 
caffeine, soluble nitrogen and lignin 
contents vary systematically and sepa-
rately following tenderness: from the 
position of the leaves, from bud (0) 
through the four leaf positions.

Younger shoots all contain higher mois-
ture content, which is an important senso-
rial and composition property, because 
the higher moisture contents assure the 
highest metabolic activity; the latter yields 
the global characteristics of smell, flavour 
and taste. This fact is accepted not only 
by scientists and sensory testers but also 
by the tea  manufacturers.

Tea quality evaluation 
by using composition 
properties 
According to Zhang et al.5 and Wang 
et al.,6 the moisture, total nitrogen and 
lignin contents are the three  principal 
composition properties; they were the 
first to propose establishing the formula 
of a QI (quality index) = (moisture × total 
 nitrogen)/lignin. Their repor ts are 
confirmed from a scientific standpoint in 
Table 2, which shows that the QI values 
decrease very rapidly from the bud at 
0.72 to 0.42 for the first leaf to being only 
0.18 in the fourth leaf. 

The data in Table 3 show the values 
from a tea producer’s viewpoint: it shows 
the values determined from the 84 raw 
material samples of fresh tea leaves 
according to their four tenderness types: 
No significant difference is observed 
between their moisture contents; nitro-
gen levels decrease from about 4.9% 
to 3.4%; whereas, the lignin content 
increases from ca 6.7% to ca 11.7%. 

Table 2 and Table 3 enable us to 
compare both points of view—that of 
the scientists and that of the tea manu-
facturers. The scientists believe that 
the changes in metabolic activity occur 
according to the position of the leaves, 
while the manufacturer’s focus is, clearly, 
on the stability and productivity of the 
tea quality. The values in Table 2 show 

The second characteristic is that the 
highest metabolic activity exists within 
the young shoots. There is a higher quan-
tity of smaller molecular components 
in the youngest leaves, which contain 
more than 70% (FW) of moisture, a 
rapid decrease in the relative content 
of small molecular compounds such as 
amino acids, caffeine and soluble nitro-
gen components and a rapid increase 
in the relative content of larger molecu-
lar comports such as lignin (see Figure 
3) accompanying leaf age. According 
to the most widespread point of view 
in biochemistry, the small molecular 
components are constituents and precur-
sors of the larger ones, so polyphenols 

software package (Bruker Optik GmbH, 
Ettlingen, Germany). 

Results and discussion
The characteristics of young 
shoots: sensory properties
The leaf position order in the young 
shoots has also been called tea age 
or tea tenderness by sensory testers. 
There are two main characteristics: the 
first is that young shoots grow rapidly: 
the mean weight values increased 
from bud (30–50 mg) to the first leaf 
(80–120 mg) , second leaf (180–
250 mg), third leaf (260–350 mg) and 
fourth leaf (370–450 mg), respectively; 
see Figure 2.

Components 
 

Quality evaluation by four type tenderness raw material (n = 84)

Bud + first leaf Bud + first 
two leaves

Bud + first 
three leaves

Bud + first 
four leaves

Mean (FW %) 
moisture

73.32 
(as 100)

74.47 
(102)

74.48 
(102)

73.31 
(100)

Mean (DW %) 
nitrogen

4.89 
(as 100)

4.33 
(89)

3.65 
(75)

3.39 
(69)

Mean (DW %) 
lignin

6.67 
(as 100)

8.15 
(122)

9.99 
(150)

11.67 
(175)

Mean 
QI 

0.53 
(as 100)

0.40 
(75)

0.27 
(51)

0.21 
(40)

Table 3. Evaluation of three main component properties; quality indexes (QI) are set  according 
to the tenderness types of raw material samples from the manufacturer’s point of view. The 
values shown in brackets are calculated as variations of relative % from the bud + first leaf as 
100%.

Components 
 

Quality evaluation from position of tea leaf (n = 78 + 4†)

Bud* First leaf Second leaf Third leaf Fourth leaf

Mean (FW %) 
moisture

74.81 
(as 100)

72.31 
(97)

72.09 
(96)

70.84 
(95)

69.10 
(92)

Mean (DW %) 
nitrogen 

5.10 
(as 100) 
—

4.72 
(93) 
(as 100)

4.05 
(79) 
(86)

3.44 
(67) 
(72)

3.10 
(61) 
(66)

Mean (DW %) 
lignin 

5.25 
(as 100) 
—

7.26 
(138) 
(as 100)

9.22 
(176) 
(127)

10.58 
(202) 
(146)

11.78 
(224) 
(162)

Mean 
QI 

0.72 
(as 100) 
—

0.42 
(58) 
(as 100)

0.32 
(44) 
(76)

0.23 
(32) 
(55)

0.18 
(25) 
(43)

†buds data comes from an analysis of samples from four varieties, see Figure 2.

Table 2. Three main component compositions (see Figure 3) and quality index values for the 
bud and leaf positions. The values shown in brackets are calculated as variations of relative % 
from the bud or the first leaf as 100% separately.



20 SPECTROSCOPYEUROPE

ARTICLE

www.spectroscopyeurope.com

 VOL. 23 NO. 4 (2011)

lignin values are different in both tables. 
However, with the same 1DOD pre-
processing for the QI analysis by PLS, 
the R values between the  calibration and 
prediction sets for both sets of data show 
no significant differences. Through NIR 
spectroscopy PLS data analysis evaluation 
it is very easy, therefore, to appreciate that 
the viewpoints of scientists and manufac-
turers are close and that the technique 
could be used as an evaluation tool. 

Conclusions
From the analysis of both approaches we 
can conclude that both points of view 
are mutually supportive. The approach of 
constituting raw material out of a mix of 
bud and leaf in  variable samples is more 
appropriate to tea  manufacturers. NIR 
spectroscopy PLS techniques are useful for 

thus all samples contained more than 
70% to 75% moisture. We have stud-
ied the relationships between mois-
ture, nitrogen and lignin properties as QI 
values according to both points of view 
discussed above using NIR spectroscopy 
with PLS data analysis. The NIR spectra of 
84 raw materials are presented in Figure 
4.

PLS regression analysis was used to 
estimate, from the NIR spectroscopic 
data, comparison calibration and predic-
tion models from both the scientist’s and 
manufacture’s viewpoint, as shown in 
Table 4 and Table 5, respectively.

When comparing both correlation coef-
ficients (R and r), it can be seen that 
those in Table 4 are a little higher than 
those in Table 5. Naturally, the RMSECV 
and RMSEP moisture, nitrogen and 

that nitrogen decreases from the bud 
relative value of 100% to 34% for the 
fourth leaf, but that lignin increases from 
the bud relative value of 100% to 224% 
for the fourth leaf. However, since the 
bud is not generally used independently 
as a raw material by the manufacturers, 
they assess raw material tenderness as 
depicted in Table 2, in which we observe 
the nitrogen content decreases from 
“100%” (first leaf) to 66% (fourth leaf), 
while lignin content increases from a 
value of 127% (second leaf) to 162% 
(fourth leaf). From this comparative 
 analysis, we can see that, while the trends 
are similar, the relative changes are less 
between the leaves from extreme posi-
tions than those between the bud and 
the forth leaf; however, despite these 
value differences, both the scientist’s and 
manufacturer’s standpoints are similarly 
met and the trends in agreement.

It is very interesting to note from Table 
2 and Table 3 that: the QI value decreases 
from “100%” (first leaf) to 43% (fourth 
leaf), see Table 2 and similarly decreases 
from “100%” (bud + first leaf) to 40%, 
see Table 3. So, one observes nearly the 
same % QI decrease from both sets of 
data. Therefore, we might say that the 
scientists’ and the manufacturers’ assess-
ment viewpoints of tea quality are nearly 
equally met!

Estimation of tea quality 
by PLS techniques
In the research presented here, we have 
paid special attention to fresh tea leaves, 
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tenderness as depicted in Table 2, in which we observe the nitrogen content 
decreases from ‘100%’ (1st leaf) to, to 66% (4th leaf), while lignin content increases 
from a value of 127% (2nd leaf) to 162% (4th leaf). From this comparative analysis, we 
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Estimation of tea quality by PLS techniques 
In the research presented here we have paid special attention to fresh tea leaves, 
thus all samples contained more than 70% to 75% moisture. We have studied the 
relationships between moisture, nitrogen and lignin properties as QI values 
according to both points of view discussed above using NIR spectroscopy with PLS 
data analysis. The NIR spectra of 84 raw materials are presented in Figure 4. 
 

Figure 4: The spectra log10 (1/R) of 84 raw material tea samples recorded over the 

range 12500 – 4000 cm-1.

PLS regression analysis was used to estimate from the NIR spectroscopic data 

both the scientist and manufacture’s viewpoint comparison calibration and prediction 

models shown in Table 4 and Table 5, respectively.   

Figure 4. The spectra log10 (1/R) of 84 raw material tea samples recorded over the range 
12500–4000 cm–1. 

Leaf position models Pre-processing† PLS factors Calibration (n = 45) Prediction (n = 33)

R RMSECV r RMSEP

Moisture 1DOD + MSC 7 0.97 0.453 0.94 0.518

Nitrogen MSC 7 0.88 0.298 0.87 0.313

Lignin 2DOD 5 0.96 0.415 0.94 0.443

QI 1DOD 4 0.92 0.040 0.89 0.047
†Data pre-processing: 

1DOD or 2DOD are the first or the second derivative of an original spectrum, respectively. 

MSC, multiplicative scatter correction; 
R, coefficient correlation for the calibration set; r, coefficient correlation for the prediction set. 

RMSECV, root mean-square error of cross-validation for the calibration data set.  

RMSEP, root mean-square error of cross-validation for the prediction data set.

Table 4. Estimation of three main composition properties and QI values of the 78 leaf position samples by NIR spectroscopy PLS analysis for calibra-
tion and prediction models
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Editor note
The interested reader may wish to also 
refer to an article by the same author:
NIR evaluation of the quality of tea 
and its market price in Spectroscopy 
Europe 19/2 (2007): http://www.
spectroscopyeurope.com/articles/55-
articles/1547-nir-evaluation-of-the-qual-
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Z.Z. Zhang, “Estimation the qual-
ity of tea leaf materials based on 
contents of moisture, total nitrogen 
and crude fiber by NIR-PLS tech-
niques”, J. Tea Sci. 31(1), 67–71 
(2011).

an evaluation of sensory and  composition 
properties of young tea shoots, and can 
also estimate tea  quality. A NIR spectros-
copy-based tea quality online evaluation 
method used in the production process 
would  considerably accelerate the assess-
ment and  subsequent classification of the 
raw material.
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Raw material models Pre-processing PLS 
factors

Calibration (n = 46) Prediction (n = 38)

R RMSECV r RMSEP

Moisture 1DOD + MSC 7 0.93 0.424 0.90 0.466

Nitrogen 1DOD + MSC 7 0.82 0.394 0.81 0.412

Lignin 2DOD 6 0.93 0.684 0.90 0.712

QI 1DOD 7 0.90 0.053 0.88 0.058

Table 5. Estimation of three main composition properties and QI values of 84 raw material samples by NIR spectroscopy PLS analysis for calibration 
and prediction sets.
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