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Introduction

White tea is one of the six major tea categories in China, 
mainly produced in Fujian Province. The production pro-
cess of white tea is significantly different compared with 
those of other teas, such as green tea, black tea and pu-
erh tea. It is a lightly fermented tea with only two simple 
processing called withering and drying. It retains large 
quantities of catechins, amino acids and other constituents 
because of its simplest process. White tea is a seasonal crop 
(spring) with special flavor, and its health benefits have 
been explained gradually by scientists [1]. Yen et al. [2] had 
found that the water extracts of white tea had significant 
antioxidant properties and can maintain the normal redox 
status of the cell. In addition, white tea owned a greater 
inhibitory potency than the green tea in the Salmonella 
assay [3]. Zhao et al. [4] analyzed Pu’er raw tea, green tea 
and white tea by UPLC/DAD/MS and found the contents of 
total catechins in white tea and green tea were similar and 
higher than that in Pu’er raw tea; furthermore, the contents 
of phenolic acid derivatives and total flavonoids were the 
highest in white tea. There is a general belief that the more 
aged white tea is, the better it is. In addition, the chemical 
quality of different grades of white tea is still confused by 
consumers and researchers.

White tea has four grades from high to low which are the 
main products in the market called Baihao Yinzhen (BY), 
Bai Mudan (BM), Gong Mei (GM) and Shou Mei (SM). 
It is mainly graded by tenderness of fresh tea shoots, and 
these grades have different quality such as performance, 
flavor and taste. Baihao Yinzhen is the most famous and 
expensive white tea which is made only from buds with no 
mature leaves [5], followed by Bai Mudan, Gong Mei and 
Shou Mei are made from one bud with two leaves, one bud 
with two or three leaves and mature leaves, respectively. 
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The contents of polyphenol, caffeine and amino acids are 
considered to reflect tea quality [6]. Tea is known to have 
many health-related properties, including physiological 
and pharmacological activities, which are mainly due to its 
chemical components like polyphenols, alkaloids, amino 
acids and others [7]. Analytical methods for quantifying 
these tea components involve extraction, separation and 
analysis [8].

A series of chemical reactions will take place during 
storage. Recent research shows that the quality of pu-erh 
tea would be better with storage time [9]. In the previous 
study, the comparison analysis of aged white tea and newly 
made white tea also indicated that the long-term stored 
white tea has a better healthy function than that of newly 
made white tea [10]. As a result, the influence of storage on 
tea quality is worth studying.

There are quite a number of studies on health function 
of white tea; however, the systematic research on white tea 
of different grades and different stored times is limited. The 
paper detected and compared the contents of catechins, caf-
feine and main amino acids in white teas from different 
grades and different stored times which were stored under 
the same condition by high-performance liquid chromatog-
raphy (HPLC) and investigated the main biochemical com-
ponents in white tea for qualitative identification by UPLC-
QQQ-MS/MS. The aim of this paper was to ascertain the 
difference in effective components among white teas of dif-
ferent grades and different stored times and identify chemi-
cal components in white tea.

Materials and methods

Chemicals and reagents

Standards of caffeine, gallic acid (99 %, GA), (+)-catechin 
(99  %, C), (−)-epicatechin (99  %, EC), (−)-epicatechin 
gallate (99  %, ECG), (−)-epigallocatechin gallate (99  %, 

EGCG) and (−)-epigallocatechin (99 %, EGC) were from 
Sigma (Sigma Chemical Co., St. Louis, MO, USA). HPLC 
and UPLC grade acetonitrile, methyl alcohol and acetic 
acid were from Tedia (Tedia Co., Ohio, USA). The stand-
ards of 17 kinds of amino acids and theanine (100 %) were 
from Waters (Waters Corp., Milford, MA, USA). Water 
was purified with a water purification system (Aquapro 
International Co., Delaware, USA).

Materials

All of teas were obtained from Fujian PinPinxiang Tea Co., 
Ltd (Fujian, China). 2013 Baihao Yinzhen (2013 BY), 2013 
Bai Mudan (2013 BM), 2013 Gong Mei (2013 GM) and 
2013 Shou Mei (2013 SM) were produced in 2013, 2012 
Shou Mei (2012 SM) was produced in 2012, 2010 Shou 
Mei (2010 SM) was produced in 2010, and 1993 Shou Mei 
(1993 SM) was produced in 1993. All teas were cultivated 
in the same tea plantation, picked in the spring (from April 
1 to April 20) and processed in the same factory, as well as 
naturally preserving in the storehouse in the same condi-
tion: dry, sealed and avoid from light and smell.

Preparation of the test solution

Ground sample of tea (0.2  g) was extracted with 5  mL 
70  % methanol at 70  °C for 10  min with stirring (every 
5 min) and then centrifuged at 1400×g for 10 min under 
room temperature. The supernatant was taken into a 10-mL 
volumetric flask, then repeated the steps and diluted with 
70  % methanol to 10  mL. After that, the extracts were 
diluted to five times for further filtering through 0.22- μm 
Millipore filter for analysis of catechins, gallic acid (GA) 
and caffeine by HPLC.

One-gram tea sample was extracted with 300  mL of 
hot water (100  °C) for 20  min. The extract was vacuum-
filtered, then transferred to 500-mL volumetric flask and 
diluted with water to volume, and mixed. After that, the 

Fig. 1   HPLC chromatogram of mixed references of catechins, GA and caffeine
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extract was filtered through a 0.22- μm Millipore filter and 
transferred into centrifuge tube. Finally, pre-column deri-
vatization was performed using the AccQ-Fluor Reagent 
Kit according to the manufacturer’s specifications. The test 
solution was further analyzed for amino acids on HPLC.

Determination of catechins, caffeine and GA

High-performance liquid chromatography (HPLC) was 
used to determine the catechins and caffeine in white tea 
samples. The Waters E2695 series HPLC system (Waters 
Corp., Milford, MA, USA) consisted of a sample manager, 
a quaternary solvent manager, a ultraviolet/visible detector 
and a SymmetryR C18 column (particle size 5 μm; column 
size 250 mm ×  4.6 mm; Waters). The gradient was from 
solvent A (9 % acetonitrile, 2 % acetic acid, 0.2 % EDTA, 
88.8  % water) to solvent B(80  % acetonitrile, 2  % acetic 
acid, 0.2  % EDTA, 17.8  % water), and the linear gradi-
ent condition of mobile phase was 0–10  min, 100  % A; 
10–25 min, 100–68 % A; 25–35 min, 68 % A; 35–40 min, 
68–45 % A; 40–45 min, 45 % A; 45–50 min, 45–100 % A; 
and 50–60 min, 100 % A. The flow rate was 1 mL min−1, 
and the detection was performed at 278 nm.

Determination of amino acids

Sample analysis was carried out with a Waters 600 series 
HPLC system (Waters Corp., Milford, MA, USA). A 
Waters AccQ.Tag reversed-phase HPLC column (particle 
size 4 μm; column size 3.9 mm × 150 mm; Waters) was 
used, and column temperature was maintained at 25  °C. 
The mobile phase was composed of AccQ.Tag Eluent A 
(A), acetonitrile (B) and Milli-Q water (C). The gradient 
program used for separation of the tea amino acids: 100 % 
A at 0 min, turned linearly to 91 % A, 5 % B and 4 % C at 
17 min, then changed into 80 % A, 17 % B and 3 % C at 
24 min, 68 % A, 20 % B and 12 % C at 32 min and last for 
2 min, then went to 60 % B, 40 % C at 35 min to 37 min, 
and returned to 100 % A at 38 min, then added to column 
wash and stabilization from 38 to 45 min. The flow rate was 
1 mL min−1, and the detection was at 395 nm. The contents 
of amino acids were obtained from chromatograms. The 
regression equation, limit of detection (LOD) and limit of 
quantification (LOQ) in the determination of amino acids 
are listed in Table  1. The calibration curves of the amino 
acids showed good linearity (r2 ≥  0.99). LOD and LOQ 
values were less than 0.07 and 0.2 μg mL−1, respectively.

Table 1   Regression equation, 
LOD and LOQ in the 
determination of analytes

a   y is the peak area; x is the concentration (pmol/μL)
b  y is the peak area; x is the concentration (mg/mL)

Compounds Regression equationa Correlation coefficient 
r2

LOD (μg/mL) LOQ (μg/mL)

Asp y = 3592.2x − 6500.3 0.9999 0.03 0.11

Ser y = 4807.5x − 4114.4 0.9996 0.03 0.08

Glu y = 3479.2x − 9100.8 0.9991 0.04 0.12

Gly y = 4088.8x + 1534 0.9999 0.02 0.06

His y = 7117x − 6903.1 0.9997 0.04 0.13

Arg y = 7456.8x − 4108.6 0.9994 0.04 0.14

Thr y = 7527.7x − 11618 0.9990 0.03 0.10

Ala y = 6243.9x − 396.91 0.9994 0.02 0.07

Pro y = 3074.2x + 724.02 0.9995 0.06 0.19

Theab y = 90474x − 84651 0.9992 0.01 0.03

Cys y = 1081.3x + 9468.2 0.9986 0.05 0.16

Tyr y = 9559.6x − 9006.3 0.9996 0.02 0.06

Val y = 15638x − 18406 0.9994 0.01 0.04

Met y = 13151x − 21355 0.9990 0.02 0.05

Lys y = 6376.5x − 8279.4 0.9997 0.04 0.12

Ile y = 18003x − 16861 0.9999 0.01 0.04

Leu y = 17918x − 28900 0.9998 0.01 0.04

Phe y = 21290x − 7211.1 0.9992 0.02 0.06



2096	 Eur Food Res Technol (2016) 242:2093–2104

1 3

Tea preparation for UPLC‑QQQ‑MS/MS

Hundred milligrams of each tea sample (approximately 8 % 
moisture content, 40 mesh to 60 mesh) was placed in 10-mL 
plastic centrifuge tube, and added 1  mL of methyl alco-
hol/0.1  % acetic acid–water (75:25, v/v) and then vibrated 
for 10 s. After mixing, tubes were placed in KQ500DE-type 
ultrasonic cleaner (220 V, 50 HZ, 500 W) at 30 °C for 20 min. 
Two hundred microliters of the sample extract was diluted to 
2  mL with distilled water. The solution was further filtered 
through 0.22-μm Millipore filter. Five microliters of the 
residual solution was injected to the UPLC-MS/MS system.

UPLC‑QQQ‑MS/MS analysis

The Agilent 6460 series UPLC-MS/MS system consisted of 
quaternary pump with a vacuum degasser, thermostated col-
umn compartment, autosampler, UV detector and triple quad-
rupole mass spectrometer (QQQ) from Agilent Technologies 
(Palo Alto, CA, USA). An Agilent ZORBAX Eclipse Plus 
C18 column (particle size 1.8 μm, length 100 mm and inter-
nal diameter 2.1  mm) was used in this study at a flow rate 

of 0.2  mL  min−1. The column oven temperature was set at 
40 °C, and the detection was performed at 254 nm. The elu-
tion profile used two solvents, 0.2 % aqueous acetic acid (A) 
and acetonitrile (B): 0 min, 0.1 % B; 0–22 min, 0.1–7 % B; 
22–25 min, 7–11 % B; 25–30 min, 11–12 % B; 30–31 min, 
12–14 % B; 31–43 min, 14–30 % B; and 43–47 min, 30–80 % 
B. Mass spectra were acquired simultaneously using electro-
spray ionization in the negative ionization mode over the range 
of 100–1000 m/z. A drying gas flow of 6 L min−1, drying gas 
temperature of 350 °C, nebulizer pressure of 45 psi and capil-
lary voltages of 3.5 kV were used in this study.

The compounds in white tea (2013 BY, 2013 SM, 1993 
SM) were identified qualitatively by comparing the reten-
tion time, deprotonated molecules ([M–H]−) and major 
fragment ions with the published literature.

Statistical analysis

All data were expressed as means obtained from triplicate 
experiments ±  standard deviation (SD). ANOVA was car-
ried out to determine significant difference (a, p < 0.05) by 
using SPSS 18.0 statistical software.

0.00

0.04

0.08

0.12

b

a
a

C
 c

on
ce

nt
ra

tio
n 

(m
M

)

C
a

0

4

8

12

16

20

24

28

32

c

b
b

C
af

fe
in

e 
co

nc
en

tr
at

io
n 

(m
M

) D a

2013 BY 2013 BM 2013 GM 2013 SM
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

c

ab

G
A

 c
on

ce
nt

ra
tio

n 
(m

M
)

A

Grade

2013 BY 2013 BM 2013 GM 2013 SM
Grade

2013 BY 2013 BM 2013 GM 2013 SM
Grade

2013 BY 2013 BM 2013 GM 2013 SM
Grade

a
bc

0

1

2

3

4

5

c
d

EG
C

 c
on

ce
nt

ra
tio

n 
(m

M
)

B a

b

Fig. 2   Concentrations of GA, catechins and caffeine in white teas 
of different grades: A GA, B EGC, C +C, D Caffeine. Data are 
mean ± standard deviation of three replicates. Test of the significance 

of difference is showing in the figure, “a” versus “a” meaning that 
there is no significant difference (p > 0.05). Results are expressed as 
mM (1 g dry tea: 50 mL 70 % methanol)
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Results and discussion

Separation and quantitation of catechins, GA 
and caffeine

The separation of catechins, GA and caffeine in mixed stand-
ards and tea sample was shown in Fig. 1. Determination of 
the caffeine, esterified catechins (EGCG, ECG) and total 
catechins in white teas of different grades showed that 2013 
BY > 2013 BM > 2013 GM > 2013 SM (Figs. 2D, 3A, C, D), 
which suggested that total catechins and esterified catechins 
declined with the growth of new shoots. Eungwanichayapant 
and Popluechai [11] also determined catechins in new shoots 
as well as in mature leaves and reported that accumulation 
of most catechins was higher in new shoots than in mature 
leaves. As shown in Figs.  2B and 3B, EGC and EC con-
centration increased markedly from 2013 BY to 2013 GM 
and then decreased significantly between 2013 GM to 2013 
SM. C showed no significant change from 2013 BY to 2013 
GM and was not detectable in 2013 SM (Fig. 2C). Similar 
trends were also found in the previous study [12]. The trends 
of EGC concentration were similar to previous reports by 

Mamati et  al. [13] that the level of EGC in mature leaves 
was higher than in new shoots. Song [14] has reported that 
the levels of EGC and EC increased significantly from bud 
to the second leaf. In addition, the caffeine concentration 
decreased from 26.881 to 14.797 mM with grade reducing. 
As noted above, the accumulation of caffeine in new shoots 
was significantly higher than that in mature leaves [11]. This 
decrease has also reported [15] that the amount of caffeine 
presented a decreased in the next elder leaves compared to 
the leaves at the same stage, as well as demonstrated caffeine 
synthesized and accumulated mainly on the new shoots and 
decreased significantly with shoots aging. From 2013 BY 
to 2013 GM, GA decreased significantly from 0.877  mM 
to 0.640  mM and then markedly increased to 0.770  mM 
in 2013 SM (Fig. 2A). Saijo et al. [16] speculated that GA 
was biosynthesized and esterified with EC and EGC to form 
ECG and EGCG in young tea shoots. So GA, a kind of tea 
polyphenols, showed a similar tendency to the previous work 
[13] that the concentration of tea polyphenols declined with 
age of tea leaves (from 2013 BY to 2013 GM). However, GA 
increased from 2013 GM to 2013 SM, which was probably 
due to the hydrolysis of esterified catechins. 
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Fig. 3   Concentrations of catechins in white teas of different grades: 
A EGCG, B EC, C ECG, D total Catechins. Data are mean ± stand-
ard deviation of three replicates. Test of the significance of difference 

is showing in the figure, “a” versus “a” meaning that there is no sig-
nificant difference (p > 0.05). Results are expressed as mM (1 g dry 
tea: 50 mL 70 % methanol)
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The effect of storing on EC content is shown in Fig. 5A, 
which reduced significantly with the lengthening of stor-
age time. Many factors contributed to the change in tea 
catechins, chief among that is oxidation [17]. Similarly, the 
concentrations of EGC, EGCG, ECG and total catechins 
showed a tendency to decrease markedly from 2013 SM 
to 2010 SM (Figs. 4B, D, 5B, C). However, these concen-
trations increased from 2010 SM to 1993 SM, and similar 
result was reported in the previous article [18] that indi-
vidual and total catechin levels increased in green tea after 
long-term storage. GA in 1993 SM was significantly higher 
in comparison with others during storage (Fig.  4A), and 
this might be connected with oxidative degradation of cat-
echins, which is in line with the result of previous analysis 
that GA content in Pu’er tea increased gradually with the 
storage time of raw material (Pu’er crude tea) [19]. Yang 
et al. [20] have reported that gallic acid showed a significant 
increase after tea infusions stored at 25 °C for 36 h. Gallic 
acid has been reported to inhibit fatty acid synthase [21] as 
well as cholesterol biosynthesis in a Hep G2 cell line [22]. 
However, there was no significant difference in caffeine 
content from 2013 SM to 2010 SM, resulting from stable 
purine ring structure of caffeine. The caffeine concentration 

of SM which had been stored for 20 years (1993 SM) pre-
sented a significant rise. This result was in agreement with 
the previous study [23]. One possible explanation for this 
result could be the degradation of complex by theaflavins 
and caffeine in the storage, which resulted in the dissocia-
tion and detection of caffeine. Another possibility would be 
correlated with tea differences between 20 years—such as 
variety, cultivation, harvest time, tea plantation and others. 

The detection and analysis of amino acids

In this study, 18 free amino acids were detected and illus-
trated (Fig. 6).

The contents of 18 free amino acids in different 
grades and different ages are listed in Tables  2 and 3, 
respectively. Theanine is the predominant amino acid 
in tea accounting for 30–50  % of the total amino acids 
[24] and is important for the formation of aroma and 
umami taste as well as health benefits [25–27]. In this 
study, despite the fact that all 18 free amino acids were 
detected, theanine was the most abundant account-
ing for 35.4, 38.0, 45.3 and 43.3  % of 18 amino acids 
from BY to SM, respectively and then followed by 
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serine (levels as 0.609–3.880 mg g−1) and arginine (lev-
els as 1.549–8.277 mg g−1). Except for theanine, serine 
and arginine, each grade contained the content of other 
15 amino acids in Table  2 levels up to 17.271, 18.212, 
20.043, 6.258  mg  g−1(from BY to SM, respectively). 
Table 2 shows the content of total amino acids increased 
gradually from BY to GM and then dropped from GM 
to SM. GM contained the highest content, which was 
3.6 times higher than that in SM, the lowest grade. The 
results demonstrated that only when the maturity in a 
moderate condition can the highest amino acids contents 
be reached. GM has moderate maturity, resulting in a 
sharp metabolism. Under these conditions, water-soluble 
proteins were hydrolyzed into amino acids. According 
to previous research, theanine is synthesized from eth-
ylamine and glutamic acid by theanine synthetase in the 
root of tea and then transports to the tea shoot [28]. The 
content of theanine was reduced with the  leaf maturity; 
similar results were found in the previous analysis [29]. 
However, the internode contained the highest amount 
of theanine in all parts of tea leaves [30]. The contents 
of amino acids increased from BY to GM, which might 

be linked with some tender stem. There are old leaves 
and lignified stem in SM and caused the lowest level in 
amino acids. However, many factors may accord with the 
amino acids’ content, including variety, growing location, 
method of cultivation and others [31].

Based on Table  3, the contents of 18 amino acids 
decreased with age. The contents of amino acids in 1993 
SM were very low: theanine, Asp, Ser, Glu, His, Arg, Ala 
and Phe, all of which showed a similar variation tendency 
that decreased strongly to total amino acids from 2013 SM 
to 1993 SM. The theanine content in 2013 SM was 15.4 
times higher than that in 1993 SM, and the content of total 
amino acids in 2013 SM is 9.6 times higher than that in 
1993 SM. This should be attributed to a series of physi-
ological and biochemical reactions like oxidation by cat-
echin o-quinone and subsequently Strecker degradation, 
which leads to a decrease in amino acids [32]. On the other 
hand, most amino acids did not reduce significantly in the 
short term due to the hydrolysis of protein to amino acids—
even an increase in methionine from 2013 SM to 2010 SM, 
so the contents of amino acids had no significant change 
during short-time storage.
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Fig. 5   Concentrations of catechins in white teas of different stored 
times: A EC, B ECG, C total catechins. Data are mean ± standard 
deviation of three replicates. Test of the significance of difference is 

showing in the figure, “a” versus “a” meaning that there is no signifi-
cant difference (p > 0.05). Results are expressed as mM (1 g dry tea: 
50 mL 70 % methanol)



2100	 Eur Food Res Technol (2016) 242:2093–2104

1 3

Fig. 6   HPLC chromatogram of main amino acids in tea

Table 2   Contents of main 
amino acids in different grades

Data are given in mg g−1   on dry weight basis

Data are expressed as means ± SDs, followed by the same letter, within a row, are not significantly differ-
ent (p > 0.05)

Amino acid 2013 BY 2013 BM 2013 GM 2013 SM

Asp 1.957 ± 0.095a 1.621 ± 0.023b 1.165 ± 0.275c 0.396 ± 0.008d

Ser 8.277 ± 0.255a 7.614 ± 0.061a 6.270 ± 0.987b 1.549 ± 0.041c

Glu 1.484 ± 0.088b 1.643 ± 0.037b 2.758 ± 0.624a 0.946 ± 0.065b

Gly 0.159 ± 0.004a 0.128 ± 0.006a 0.130 ± 0.026a 0.048 ± 0.003b

His 1.437 ± 0.126b 1.971 ± 0.036a 2.032 ± 0.319a 0.529 ± 0.036c

Arg 3.880 ± 0.273a 3.804 ± 0.031a 3.031 ± 0.371b 0.609 ± 0.021c

Thr 0.775 ± 0.041a 0.717 ± 0.004a 0.728 ± 0.087a 0.206 ± 0.008b

Ala 1.764 ± 0.089b 1.819 ± 0.017b 2.625 ± 0.497a 0.805 ± 0.029c

Pro 1.672 ± 0.083a 1.785 ± 0.267a 1.656 ± 0.323a 0.509 ± 0.022b

Thea 16.119 ± 0.716b 18.184 ± 0.514b 24.263 ± 3.424a 6.432 ± 0.137c

Cys 0.880 ± 0.072a 1.108 ± 0.215a 0.968 ± 0.494a 0.531 ± 0.321a

Tyr 0.912 ± 0.077b 1.052 ± 0.031b 1.206 ± 0.091a 0.519 ± 0.030c

Val 1.377 ± 0.058a 1.340 ± 0.008a 1.291 ± 0.197a 0.390 ± 0.012b

Met 0.924 ± 0.079b 0.855 ± 0.013bc 1.418 ± 0.399a 0.407 ± 0.014c

Lys 0.172 ± 0.010a 0.156 ± 0.005ab 0.126 ± 0.032b 0.025 ± 0.001c

Ile 1.184 ± 0.049a 1.125 ± 0.015a 0.962 ± 0.131b 0.273 ± 0.009c

Leu 1.155 ± 0.050a 1.003 ± 0.014b 0.850 ± 0.116c 0.229 ± 0.008d

Phe 1.420  ± 0.128b 1.889 ± 0.033a 2.128 ± 0.179a 0.446 ± 0.027c

Total 45.547 ± 2.025a 47.814 ± 0.374a 53.606 ± 8.019a 14.848 ± 0.710b
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Fig. 7   UPLC of white tea extract at 254 nm: A 2013 BY, B 1993 SM, C 2013 SM



2102	 Eur Food Res Technol (2016) 242:2093–2104

1 3

Chemical constituents in white tea by UPLC‑QQQ‑MS/
MS

To investigate the constituents in white tea, UPLC-QQQ-
MS/MS was used to study the mass spectral fragmentation 
pattern of various chemical constituents in 2013 BY, 2013 
SM and 1993 SM. Each sample was analyzed in negative 
ion mode. A total of 29 metabolites were detected (Fig. 7), 
of which 22 were identified qualitatively based on mass 
data including retention time, [M–H]− and fragment irons 
coupled with the published literature [4, 33–35]. As shown 
in Fig.  7, 2013 BY, 2013 SM and 1993 SM had similar 
main chemical composition. Major chemical compounds in 
white tea (2013 BY) are presented in Table 4. 

On the basis of the published literature [33], peak 1 
showed a deprotonated molecule ion [M–H]− at 191 m/z 
and fragment ions at 85 and 127 m/z, and this peak was 
identified as quinic acid. Similarly, peak 2 was identified 
as theanine by comparison with [M–H]− at 173  m/z and 
fragment ions at 111, 130, 158  m/z. Furthermore, peaks 
3 and 4 were identified as β-glucogallin (βG) and GA on 
the basis of the same logic. For the same reason, the main 
monomers of catechins such as GC (peak 5, 305  m/z), 

EGC (peak 9, 305 m/z), C (peak 10, 289 m/z), EC (peak 
17, 289 m/z), EGCG (peak 18, 457 m/z) and ECG (peak 
24, 441  m/z) were speculated, respectively. In the same 
manner, peaks 14, 19 and 20 were identified as listed in 
Table 4.

Peak 22 was identified as myricetin which had previ-
ously been characterized by Zhao et al. [4]. Four kinds of 
flavone glycosides such as quercetin 3-O-rutinoside (peak 
25), kaempferol 3-O-glucosylrutinoside (peak 26), kaemp-
ferol 3-O-rhamnosylgalactoside (peak 27) and kaempferol 
3-O-glucoside (peak 29) were identified, respectively, 
based on comparison with the previous paper [33].

Peak 16 was identified as p-coumaroylquinic acid and by 
comparison with the negatively identified peaks reported in 
the literature [34]. In addition, peak 21 and peak 23 were 
further identified as myricetin 3-O-galactoside and myri-
cetin 3-O-glucoside, respectively, by comparison with the 
positive data published in the literature [35].

Peak 7 was speculated tentatively as purine alkaloid 
(theobromine or theophylline), which was previously 
reported in tea by positive-ion mode [35]. Peak 7 was 
detected only in 1993 SM. However, more data are neces-
sary to establish this.

Table 3   Contents of main amino acids in different stored times

Data are given in mg g−1   on dry weight basis

Data are expressed as means ± SDs, followed by the same letter, within a row, and are not significantly different (p > 0.05)

Amino acid 2013 SM 2012 SM 2010 SM 1993 SM

Asp 0.396 ± 0.008a 0.324 ± 0.028b 0.249 ± 0.024c 0.089 ± 0.029d

Ser 1.549 ± 0.041a 1.058 ± 0.072b 0.454 ± 0.099c 0.081 ± 0.120d

Glu 0.946 ± 0.065a 0.811 ± 0.084b 0.464 ± 0.010c 0.118 ± 0.022d

Gly 0.048 ± 0.003a 0.044 ± 0.001a 0.038 ± 0.002a 0.019 ± 0.013b

His 0.529 ± 0.036a 0.331 ± 0.010b 0.173 ± 0.007c 0.044 ± 0.005d

Arg 0.609 ± 0.021a 0.471 ± 0.022b 0.380 ± 0.039c 0.050 ± 0.005d

Thr 0.206 ± 0.008a 0.179 ± 0.009ab 0.173 ± 0.025b 0.045 ± 0.007c

Ala 0.805 ± 0.029a 0.671 ± 0.053b 0.347 ± 0.039c 0.045 ± 0.006d

Pro 0.509 ± 0.022a 0.492 ± 0.042a 0.312 ± 0.030b 0.062 ± 0.031c

Thea 6.432 ± 0.137a 5.113 ± 0.202b 5.492 ± 0.160c 0.427 ± 0.026d

Cys 0.531 ± 0.321ab 0.166 ± 0.124ab 0.585 ± 0.269a 0.041 ± 0.000b

Tyr 0.519 ± 0.030a 0.450 ± 0.021b 0.472 ± 0.022ab 0.106 ± 0.006c

Val 0.390 ± 0.012a 0.381 ± 0.028a 0.264 ± 0.020b 0.060 ± 0.010c

Met 0.407 ± 0.014c 0.490 ± 0.038b 0.720 ± 0.051a 0.154 ± 0.025d

Lys 0.025 ± 0.001a 0.022 ± 0.002a 0.014 ± 0.001a 0.013 ± 0.012a

Ile 0.273 ± 0.009a 0.273 ± 0.018a 0.176 ± 0.007b 0.058 ± 0.007c

Leu 0.229 ± 0.008a 0.234 ± 0.015a 0.171 ± 0.004b 0.069 ± 0.008c

Phe 0.446 ± 0.027a 0.378 ± 0.015b 0.268 ± 0.008c 0.071 ± 0.006d

Total 14.848 ± 0.710a 11.887 ± 0.645b 10.752 ± 0.680b 1.536 ± 0.082c
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Conclusion

The current study revealed that abundances of caffeine 
and total catechins decreased with grades reducing and 
GM had the highest amounts of amino acids. In addition, 
the contents of catechins and amino acids decreased with 
storage time, whereas relatively low influence on caffeine 
was found. On the other hand, 29 chemical compounds 
in white tea were detected by UPLC-QQQ-MS/MS. The 
present work suggests that grade and storage can be taken 
into account in white tea quality, but high- and low-quality 
white teas should not be distinguished solely on the basis 
of these factor. It is reasonable to drink tea in a scientific 
way rather than excessive pursuit of commercial craze.
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