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Tea is one of the most widely consumed 
beverages in the world. Its production and con-
sumption grow rapidly, not only because of the 
health promoting effects, but also due to stimula-
tive effects and desirable sensory properties. The 
least known type of tea is the minimally fermented 
version, known as yellow tea. This tea is gradually 
gaining recognition in Western countries, with the 
most popular variety of Junshan Yinzhen from 
Hunan province (China). It is often equalized with 
green tea because of the very similar antioxidant 
concentration [1]. However, the slow steaming 
during processing gives it desired yellowish colour 
by breaking down and partly oxidizing the chloro-
phyll in the leaves and removing the grassy taste 
characteristic of green tea. The aroma of yellow 
tea is then flowery, fresh, mild and is often de-

scribed as being somewhere between white tea and 
green tea.

The chemical composition of tea is very complex, 
since it contains polyphenols, methylxanthines, ami-
no acids, saccharides, proteins, chlorophyll, volatile 
compounds, minerals such as manganese and potas-
sium [2], and other undefi ned compounds. HORŽIĆ 
et al. [3] studied the effect of extraction techniques 
on yellow tea composition. Although the quantity of 
polyphenols and methylxanthines varied with the ex-
traction procedure and conditions, yellow tea proved 
to be a rich source of bioactive compounds, similar to 
other, extensively examined types of tea [3]. Yellow 
tea was found to be particularly rich in fl avonoids, 
among which fl avan-3-ols are generally the most 
abundant. Epigallocatechin gallate (EGCG) is the 
most prominent compound in this group, while cate-
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methylchromane-2-carboxylic acid), potassium 
peroxodisulphate and TPTZ (2,4,6-tris(2-pyridyl)-
s-triazine) were obtained from Fluka (Buchs, 
Switzer land). ABTS•+ (2,2-azino-bis(3-ethyl-
benzthiazoline-6-sulphonic acid)diammonium 
salt), gallic acid (3,4,5-trihydroxybenzoic acid), 
(–)-epicatechin (EC), (–)-gallocatechin (GC), 
(–)-gallo catechin gallate (GCG) (–)-epicate-
chin gallate (ECG), epigallocatechin (EGC) and 
theaflavine were obtained from Aldrich (Sigma–
Aldrich Chemie, Steinheim, Germany). Formal-
dehyde (35%), acetic acid and sodium acetate 
trihydrate were obtained from Alkaloid (Skopje, 
Macedonia). Hydrochloric acid (37%) and ethanol 
(96%) were obtained from Carlo Erba Reagents 
(Cornaredo, Italy). Methanol (HPLC gradient 
grade) was obtained from J. T. Baker (Deventer, 
Netherlands). 

Sample preparation
Yinzhen tea from Hunan province (China) 

analysed in this study was purchased in a spe-
cialized tea store, House of tea (Zagreb, Croatia). 
We used tea leaves in loose leaf form, bagged 
form and in metal infuser to prepare extracts. 
An amount of 2.0 g of tea leaves was poured with 
200 ml of aqueous ethanol (10%, 25%, 50%, 
75%) or absolute ethanol, and heated to the boil-
ing temperature of the solvent. Loose leaf tea was 
stirred occasionally for 3 min and, after that, fil-
tered through a tea strainer. In order to establish 
the changes of total polyphenol concentration, as 
well as the composition of biologically active com-
pounds and antioxidant capacity, the prepared ex-
tracts were examined after 1 h, 2 h, 4 h, 6 h and 
24 h of storage at room temperature.

Determination of total polyphenol concentration
and total flavonoid concentration

Total polyphenol concentration (TPC) was 
measured spectrophotometrically using Folin-Cio-
calteu’s reagent according to the modified method 
of LACHMAN et al. [9]. Briefly, 2.5 ml of Folin-Cio-
calteu’s reagent, 30 ml distilled water and 7.5 ml 
20% Na2CO3 were added to 0.5 ml of sample and 
diluted to 50 ml with distilled water. After 2 h, the 
absorbance of blue colouration was measured at 
765 nm against the blank sample. Total flavonoids 
were precipitated using formaldehyde and sepa-
rated from the solution by filtration. The filtrate 
contained the non-flavonoid polyphenols that 
were determined by Folin-Ciocalteu method as 
described previously. The difference between total 
polyphenol and non-flavonoid concentration was 
taken as the total flavonoid concentration (TFC). 
All measurements were performed in triplicate 

chin and gallocatechin (GC) are the least abundant. 
Methylxanthines were also identifi ed and quantifi ed, 
with caffeine at the highest concentration, and theo-
bromine and theophylline at lower concentrations [3].

Since polyphenols and methylxanthines are the 
main bioactive compounds in tea, significant effort 
has been made to find an efficient procedure for 
their extraction. The composition and nature of 
polyphenols determine the choice of the extrac-
tion conditions [4]. Most extraction techniques 
manipulate the solvents according to their physical 
properties in order to reduce the surface tension, 
increase solubility of the solutes, promote a higher 
diffusion rate and sometimes to change the solvent 
polarity. Besides the simple solid-liquid extraction, 
previous studies reported microwave-assisted ex-
traction [5], ultrasound-assisted extraction [3, 6], 
or usage of supercritical carbon dioxide [7]. Water 
has been often used to simulate household brew-
ing conditions for a cup of tea [5, 8]. Moreover, 
alcoholic solvents such as ethanol [5] and other 
organic solvents have been used for this purpose. 
Although alcoholic solvents are not highly selec-
tive for polyphenols unlike other organic solvents, 
the use of ethanol is preferable due to the pos-
sible applications of the extracts in food produc-
tion. Ethanol is a non-toxic, food grade solvent, 
acceptable in small residual percentages according 
to good manufacturing practice (GMP). Further-
more, it extracts polyphenols better than water; it 
can be mixed with water in different ratios and can 
be much easier evaporated in commercial manu-
facturing of the extract. Previous studies on green 
tea showed that the extraction of polyphenols and 
caffeine from green tea leaves was greatly influ-
enced by the ethanol concentration [5]. Due to 
the lack of data on yellow tea, the aim of this study 
was to find the most effective hydroalcoholic ratio 
in aqueous ethanol mixture as the solvent for the 
extraction of polyphenols and methylxanthines of 
yellow Yinzhen tea, depending on the form of tea 
(loose leaf, bagged, tea infuser) and storage dura-
tion.

MATERIALS AND METHODS

Chemicals
Folin-Ciocalteu’s reagent, sodium carbonate, 

iron (III) chloride hexahydrate and formic acid 
were supplied by Kemika (Zagreb, Croatia). Iron 
(II) sulphate heptahydrate was purchased from 
Gram-mol (Zagreb, Croatia). Nitrogen gas was 
obtained from Messer Croatia Plin (Zapresic, 
Croatia). DPPH• (2,2-diphenyl-1-picrylhidra-
zyl), as well as Trolox (6-hydroxy-2,5,7,8-tetra-
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and expressed as milligrams per litre of gallic acid 
equivalents (GAE).

HPLC analysis of polyphenol compounds 
and methylxanthines

HPLC analysis of samples was performed with 
Varian HPLC system (Varian, Walnut Creek, Cali-
fornia, USA) consisting of Pro Star Solvent De-
livery System 230, Pro Star 330 photodiode array 
detector (PDA) and controlled by Star Chroma-
tography Workstation Version 5 software (Varian). 
Separation was performed using a reversed-phase 
Pinnacle II-C18 column (Restek, Bellefonte, Penn-
sylvania, USA; 250 mm × 4.6 mm × 5 μm). The 
samples were filtered through a 0.45 μm mem-
brane filter (nylon membranes; Supelco, Belle-
fonte, Pennsylvania, USA). The mobile phases 
used were 2% formic acid (mobile phase A) and 
HPLC grade methanol (mobile phase B) at a flow 
rate of 1 ml·min-1. The elution was performed 
with a gradient starting at 2% B to reach 32% B 
at 10 min, 40% B at 20 min and 95% B at 30 min, 
and becoming isocratic for 5 min. Chromatograms 
were recorded at 278 nm. PDA detection was per-
formed by recording the absorbance of the eluate 
between 200 nm and 400 nm, with a resolution 
of 1.2 nm. Polyphenol compounds and methyl-
xanthines were identified by comparation of the 
retention times and spectral data with those of 
authen tic standards. All analyses were performed 
in triplicate.

Determination of antioxidant capacity

Determination of free radical-scavenging ability 
by the use of DPPH• radical

The samples were analysed according to the 
method of BRAND-WILLIAMS et al. [10]. Briefly, 
a volume of 3.8 ml of methanolic DPPH• solution, 
c(DPPH•) = 0.094 mmol·l-1, was added to 200 μl of 
the diluted sample. Free radical-scavenging ca-
pacity of the sample was determined by measuring 
the absorbance decrease at 517 nm after 30 min of 
incubation, compared to the blank sample (pure 
methanol instead of the sample). Antioxidant 
capacity was expressed as millimoles of Trolox 
equivalents per litre, using the calibration curve 
of Trolox (0–1000 μmol·l-1), a water-soluble vi-
tamin E analogue. All determinations were per-
formed in triplicate. 

Determination of free radical-scavenging ability 
by the use of ABTS•+ radical cation

The free radical-scavenging activity of tea ex-
tracts was also determined using the ABTS•+ radi-
cal cation decolourization assay [11]. An amount 

of 20 μl of tea extract was added to 2.0 ml of the 
ABTS•+ radical solution, and the absorbance 
readings were taken after exactly 6 min against the 
appropriate reagent blank instead of the sample. 
The results obtained from triplicate analyses were 
expressed as Trolox equivalents, and derived from 
a calibration curve determined for this standard 
(100–1000 μmol·l-1).

Determination of ferric reducing/antioxidant power
The ferric reducing/antioxidant power (FRAP) 

assay was carried out according to BENZIE and 
STRAIN [12]. Briefly, to a volume of 200 μl of tea 
extract, 3.8 ml of FRAP reagent, iron(III) tripy-
ridyltriazine, was added and, after 4 min, the 
absorbance of blue colouration was measured 
against a blank sample. All measurements were 
performed in triplicate and expressed as milli-
moles of Fe2+ per litre.

Statistical analysis
The results were statistically analysed using 

Statistica 6.0 software (Statsoft, Hamburg, Germa-
ny) to determine the average value, standard error 
and analysis of variance by two-way ANOVA.

RESULTS AND DISCUSSION

Fig. 1 presents changes of total flavonoid 
(TFC), total non-flavonoid (TNC) and total 
polyphenol concentration (TPC, obtained as 
the sum of TFC and TNC) of Yinzhen tea ex-
tracts, after 1 h, 2 h, 4 h, 6 h and 24 h of storage 
at room temperature. Storage duration and 
ethanol concentration showed significant influ-
ence (p < 0.05) on TFC, TNC and TPC. Taking 
into account all used forms of tea leaves and 
concentrations of ethanol, TFC, TNC as well 
as TPC increased during prolonged storage for 
the majority of extracts, and reached the high-
est ratio after one-day storage. TPC ranged from 
38.56 ± 0.80 mg·l-1 (2 h, absolute ethanol) to 
2 890.91 ± 37.27 mg·l-1 (6 h, 75% ethanol) for 
loose leaf tea, from 65.45 ± 1.33 mg·l-1 (6 h, ab-
solute ethanol) to 2 691.21 ± 36.03 mg·l-1 (24 h, 
75% ethanol) for the infuser leaf form, and from 
34.09 ± 2.91 mg·l-1 (1 h, absolute ethanol) to 
2 491.01 ± 29.46 mg·l-1 (24 h, 75% ethanol) for tea 
in the bagged leaf form. Depending on the ethanol 
concentration, TPC of loose leaf form tea during 
prolonged storage decreased in the following or-
der: 75% ethanol extract > 50% ethanol extract > 
10% ethanol extract > 25% ethanol extract > ab-
solute ethanol extract. The ranking of polyphenol 
concentration during prolonged storage of infuser 
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leaf form extracts was quite different, but 75% 
ethanol extracts exhibited the highest values, fol-
lowed by 10%, 25%, 50% ethanol and absolute 
ethanol as the solvent with very poor extraction 
efficiency. Similar to results for other two forms 
of tea, 75% ethanol was the most efficient and 
absolute ethanol the least efficient for the extrac-

tion of polyphenols from bagged yellow tea, while 
50% ethanol was a relatively good solvent for this 
purpose. The obtained results indicate the selec-
tivity in the extraction of polyphenol compounds 
depending on the form of tea leaves. Unlike leaves 
in tea infuser or in a bag, loose leaf form allows 
“free movement” of leaves that, in combination 

Fig. 1. Changes in total flavonoid, non-flavonoid and total polyphenol concentrations in the extracts 
from different forms of Yinzhen tea at different ethanol concentrations and storage durations.

A – loose leaf tea, B – infuser tea, C – bagged tea.
Total polyphenol concentration is the sum of flavonoids and non-flavonoids. Concentration of total polyphenols, flavonoids and 
non-flavonoids is expressed in milligrams of GAE per litre.
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with stirring, results in a higher concentration of 
bioactive compounds in the extract. Additional-
ly, as seen in Fig. 1, flavonoids exerted the main 
quantitative effect on TPC and, again, 75% etha-
nol was the most effective solvent for their extrac-
tion from yellow tea, among all used tea forms. In 
our study, TFC of 75% ethanol loose leaf form ex-
tract increased from 663.64 ± 3.98 mg·l-1 after 1 h 
to 1 563.64 ± 15.72 mg·l-1 after 1 day storage. Tea 
in infuser and bagged leaf form extracted with the 
same solvent had much higher TFC than of loose 
leaf (Fig. 1). Among all employed hydro-alco holic 
mixtures, absolute ethanol was the least effec-
tive solvent for the preparation of flavonoid-rich 
extracts. Water, ethanol or acetone were studied 
with some other plants [13, 14]. WANG and HEL-
LIWELL [15] reported aqueous ethanol as the most 
effective for flavonoid extraction form tea, which 
was in accordance with the findings of HORŽIĆ 
et al. revealing that the best extraction perform-
ance for yellow tea was achieved with 75% ethanol 
as the extraction medium [3]. The explanation of 
our results on TPC and TFC lies in the nature of 
the solvent. The results were greatly affected by 
the water: ethanol ratio. Since water is more po-
lar than ethanol, the addition of a certain amount 
of water improved the extraction efficiency, due to 
the potential of water to increase the polarity of 
other solvent in this case ethanol [16]. The second 
explanation lies in the fact that ethanol, as a less 
polar solvent, is more efficient in cell walls degra-
dation, that are of non-polar character, and causes 
the release of polyphenols from cells [17]. The ad-
dition of water causes an increase in swelling of 
the plant material by water, which also enables 
better contact surface area between ethanol and 
the matrix. During extraction using aqueous etha-
nol with the concentration of ethanol lower than 
75%, water contributes to increased extraction of 
other compounds and, as a consequence, a lower 
concentration of total polyphenols and flavonoids 
is present in these extracts [18]. In similar studies, 
the best extraction performance for yellow tea was 
achieved with the use of an ultrasound probe, or 
by a combination of 75% ethanol and conven-
tional extraction at high temperatures [3]. Those 
results are in accordance with the highest TPC, 
TFC and TNC of 75% ethanol yellow tea extracts 
obtained in our study.

Catechins (flavan-3-ols) are the major 
polyphenol constituents of tea and, in this study, 
(–)-EGCG, (+)-GC, (+)-catechin and (–)-EGC 
were quantified. Tab. 1, 2 and 3 summarize the 
concentration of flavan-3-ols and gallic acid in 
Yinzhen tea extracts depending on solvents, tea 
form and storage duration. Storage duration did 

not show a significant (p > 0.05) effect on the 
concentration of majority of flavan-3-ols, but it in-
fluenced the concentration of gallic acid (p < 0.05). 
The concentration of the solvent showed the in-
verse effect, i.e. it significantly affected the con-
centration of a majority of flavan-3-ols (p < 0.05), 
but not gallic acid concentration (p > 0.05). The 
most abundant catechin during one day storage 
was EGCG, ranging from 13.27 ± 0.13 mg·l-1 
to 416.01 ± 2.70 mg·l-1 in loose leaf, from 
12.60 ± 0.1 mg·l-1 to 352.60 ± 2.30 mg·l-1 in infuser 
and from 13.21 ± 0.15 mg·l-1 to 351.20 ± 3.30 mg·l-1 
in bagged tea. The concentration of EGC also 
varied with the tea form and the solvent, rang-
ing from 1.59 ± 0.10 mg·l-1 (absolute ethanol ex-
tract of loose leaf form after 2 h of storage) to 
264.92 ± 2.43 mg·l-1 (25% ethanol extract of loose 
leaf form after 4 h of storage). Among all used 
solvents, the highest concentration of EGCG was 
determined in 50% ethanol extracts of all used tea 
forms. The EGCG concentration found in 50% 
ethanol extracts relating to the form of tea de-
creased in the following order: loose leaf > bagged 
leaf > infuser leaf form. Solvents with ethanol 
percentage lower than 50% were superior for the 
recovery of other identified catechins. This was in 
accordance with their extremely polar and hydro-
soluble nature, pointing again to the importance 
of the chosen hydroalcoholic solvent ratio. Only 
the least polar catechin was determined in higher 
amounts in extracts prepared using 75% ethanol 
as the solvent, with the exception of bagged leaf 
form. Absolute ethanol extracts did not contain 
GC and gallic acid (Tab. 1–3). It was interest-
ing to see that, in the majority of tested extracts, 
the expected increase of catechins proportionally 
with the prolonged storage was not observed (as it 
was the case for TPC and TFC, Fig. 1) and, addi-
tionally, fluctuations of their values, or even the 
highest concentration after some shorter period 
of storage were detected. This could be explained 
by the great abundance and variability of all tea 
constituents, which participate in various reac-
tions during storage of tea extracts, such as poly-
merization or degradation of some compounds [8]. 
Moreover, the diverse solvent efficiency in extract-
ing total polyphenols (Fig. 1) and individual cate-
chins (Tab. 1–3) was also observed. These results 
can be explained by the chemical nature of plant 
polyphenols, which ranges from simple to highly 
polymerized substances, as complexes with sac-
charides, proteins and other plant components, or 
some high molecular weight polyphenols and their 
complexes that are insoluble. Also, the selectiv-
ity of Folin-Ciocalteu’s reagent is small [19] and 
causes its reactions not only with polyphenols but 
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also with other reducing compounds such as caro-
tenoids, amino acids, saccharides and vitamin C 
[20]. The presence of polymerized polyphenol 
compounds that can interfere with the determina-
tion of polyphenol compounds also affect the TPC 
and TFC determination and, therefore, result in 
over-estimation of their concentration when com-
pared to individual polyphenols.

Methylxanthines are also important biologically 
active compounds of tea, with caffeine (CF), theo-
bromine (TB) and theophylline (TP) as constitu-
ents. Extraction methods were previously studied 
[3], pointing to the conventional extraction as the 
most effective for yellow tea methyl xanthines. In 
our study, Fig. 2 presents the changes in the con-

centration of methylxanthines in conventionally 
extracted Yinzhen tea during 24 h of storage at 
room temperature, depending on the solvent used 
as well as on the form of tea. Unlike ethanol con-
centration (p < 0.05), storage duration did not 
show a significant effect on the concentration of 
methylxanthines (p > 0.05) in tea extracts. CF was 
quantitatively the most abundant methylxanthine 
in all tea extracts, ranging from 11.40 ± 0.09 mg·l-1 
(absolute ethanol extract of bagged tea after 4 h 
of storage) to 473.89 ± 2.80 mg·l-1 (25% ethanol 
extract of loose leaf form after 6 h of storage). The 
extraction form of tea leaves and the solvent selec-
tively affected the extraction of CF, whose concen-
tration generally increased during storage (with 

Tab. 1. Concentration of gallic acid and flavan-3-ols in loose leaf form extracts of Yinzhen tea 
at different ethanol concentrations and storage durations.

Storage 
duration 

[h]

Ethanol 
concentration 

[%]
GA [mg·l-1] GC [mg·l-1] EGC [mg·l-1] EGCG [mg·l-1] C [mg·l-1]

1

10 5.52 ± 0.51 a 77.40 ± 0.90 A 139.11 ± 1.51 B 345.26 ± 2.01 C 32.11 ± 0.11

25 11.72 ± 0.36 a 55.85 ± 1.08 A 106.20 ± 1.50 B 334.38 ± 2.32 C 26.33 ± 0.59

50 7.34 ± 0.23 a 31.42 ± 0.69 A 128.69 ± 1.09 B 416.01 ± 2.70 C 43.35 ± 0.90

75 nd 21.09 ± 0.37 A 59.31 ± 0.59 B 304.62 ± 2.27 C 54.53 ± 0.70

100 nd nd 12.54 ± 0.10 B 59.62 ± 1.10 C 20.17 ± 0.29

2

10 4.89 ± 0.30 a 71.23 ± 0.75 A 125.26 ± 0.41 B 339.73 ± 3.15 C 35.07 ± 0.11

25 11.43 ± 0.12 a 66.94 ± 0.62 A 113.97 ± 1.11 B 327.31 ± 1.83 C 30.93 ± 0.35

50 7.35 ± 0.28 a 30.48 ± 0.61 A 130.52 ± 2.33 B 407.62 ± 2.91 C 39.05 ± 0.62

75 nd 22.48 ± 0.43 A 60.51 ± 0.31 B 225.52 ± 2.80 C 40.47 ± 1.59

100 nd nd 1.59 ± 0.10 B 53.95 ± 0.92 C 8.61 ± 0.13

4

10 4.74 ± 0.19 a 82.25 ± 0.67 A 129.94 ± 2.7 B 333.75 ± 2.00 C 23.44 ± 0.21

25 11.51 ± 0.89 a 71.61 ± 0.45 A 264.92 ± 2.3 B 342.75 ± 0.71 C 27.08 ± 0.11

50 7.38 ± 0.35 a 29.01 ± 0.34 A 135.00 ± 1.2 B 399.56 ± 2.45 C 40.71 ± 0.62

75 nd 19.07 ± 0.12 A 50.23 ± 0.9 B 241.87 ± 1.55 C 50.93 ± 0.90

100 nd nd nd 44.77 ± 0.63 C 13.45 ± 0.32

6

10 6.03 ± 0.30 a 88.14 ± 0.83 A 144.36 ± 2.82 B 345.89 ± 2.31 C 30.89 ± 0.87

25 12.12 ± 0.89 a 72.96 ± 1.32 A 150.76 ± 1.15 B 344.35 ± 3.13 C 36.64± 0.42

50 7.33 ± 0.65 a 25.15 ± 0.72 A 132.01 ± 1.91 B 401.31 ± 1.65 C 36.22 ± 0.12

75 nd 21.40 ± 0.63 A 73.72 ± 1.11 B 220.67 ± 1.08 C 58.49 ± 0.99

100 nd nd 1.90 ± 0.20 B 58.41 ± 0.60 C 86.93 ± 1.31

24

10 9.56 ± 0.58 a 70.85 ± 0.92 A 158.18 ± 1.90 B 366.40 ± 3.61 C 32.09 ± 0.32

25 38.10 ± 0.41 a nd 165.07 ± 3.04 B 344.39 ± 2.31 C 47.71± 0.42

50 7.38 ± 0.24 a 28.52 ± 0.31 A 116.75 ± 0.81 B 364.58 ± 2.70 C 33.22± 0.45

75 nd 20.63 ± 0.12 A 37.17 ± 0.32 B 223.57 ± 1.55 C 40.10 ± 0.63

100 nd nd nd 13.27 ± 0.13 C nd

GA – gallic acid, Flavan-3-ols denoted as: GC – (+)-gallocatechin, EGC – (–)-epigallocatechin, EGCG – (–)-epigallocatechin-3-
gallate, C – (+)-catechin, nd – not detected.
The same lowercase letter (a) denotes the concentrations of biologically active compounds, which were significantly (p < 0.05) 
influenced only by the storage duration. The same uppercase letters (A–C) denote the concentrations of biologically active 
compounds, which were significantly (p < 0.05) influenced only by the ethanol concentration.
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minor fluctuations). When compared to CF, tea 
extracts contained relatively low concentrations of 
TB and TP, or they were not detected in samples. 
Absolute ethanol showed the poorest efficiency 
to extract methylxanthines. As can be seen from 
the results (Fig. 2), the higher water concentra-
tion was preferable in ethanol/water mixtures for 
the extraction of tea methylxanthines, in particu-
lar for TB and TF, regardless of tea form. Similar 
results were obtained in a study of HORŽIĆ et al. 
[3], and could be explained by the specific solu-
bility of these compounds. It is known that most 
of pure methylxanthines are not readily soluble 
in water, but they dissolve more or less readily in 
alcohol, some non-polar solvents such as ether or 

chloroform. The exception is pure CF, which is 
soluble in hot water and in polar aprotic solvents, 
such as acetone or dimethylformamide. Moreover, 
methylxanthines also occur naturally in the forms 
of salts, which are mostly quite soluble in water, 
and fairly so in alcohol. To conclude, pure CF 
and probably, to some minor extent its salt form, 
as well as TB and TP in their salt forms, might be 
contained in Yinzhen tea leaves. In this form, they 
are more soluble in water and, as a consequence, 
they are found at higher concentrations in extracts 
with lower ethanol percentage. 

Although various mechanisms have been pro-
posed for the beneficial effects of tea in different 
models of chronic disease, the radical-scavenging 

Tab. 2. Concentration of gallic acid and flavan-3-ols in infuser leaf form extracts of Yinzhen tea 
at different ethanol concentrations and storage durations.

Storage 
duration 

[h]

 Ethanol 
concentration 

[%]
GA [mg·l-1] GC [mg·l-1] EGC [mg·l-1] EGCG [mg·l-1] C [mg·l-1]

1

10 1.87 ± 0.12 b 71.17 ± 0.72 D 117.32 ± 1.50 E 243.97 ± 1.32 F 19.01 ± 0.15 G

25 8.41 ± 0.65 b 55.12 ± 0.91 D 104.08 ± 1.59 E 291.37 ± 2.71 F 30.80 ± 0.32 G

50 1.85 ± 0.36 b 29.66 ± 0.45 D 94.09 ± 1.25 E 303.73 ± 2.56 F 31.21 ± 0.81 G

75 27.82 ± 0.98 b 17.54 ± 0.32 D 86.20 ± 0.78 E 266.86 ± 2.87 F nd

100 nd nd 2.90 ± 0.10 E 21.94± 0.08 F nd

2

10 1.84 ± 0.10 b 60.11 ± 1.21 D 126.34 ± 1.21 E 247.30 ± 1.9 F 18.38 ± 0.14 G

25 5.29 ± 0.84 b 59.20 ± 0.67 D 95.99 ± 1.10 E 285.66 ± 1.3 F 28.74 ± 0.62 G

50 1.88 ± 0.10 b 27.84 ± 0.36 D 126.50 ± 1.23 E 331.32 ± 2.1 F 28.33 ± 0.83 G

75 27.20 ± 0.56 b 19.81 ± 0.09 D 77.47 ± 0.81 E 234.53 ± 1.4 F 61.57 ± 0.80 G

100 nd nd 2.28 ± 0.05 E 12.60 ± 0.1 F nd

4

10 2.34 ± 0.56 b 71.69 ± 0.23 D 120.51 ± 1.33 E 236.92 ± 2.70 F 17.13 ± 0.30 G

25 5.20 ± 0.55 b 33.34± 0.34 D 91.42 ± 1.11 E 272.40 ± 1.52 F 26.48 ± 0.61 G

50 2.03 ± 0.54 b 30.25 ± 0.67 D 137.44 ± 3.44 E 335.37 ± 2.05 F 32.99 ± 0.33 G

75 26.68 ± 0.25 b 20.49 ± 0.33 D 88.34 ± 0.40 E 250.88 ± 1.15 F 47.08 ± 0.41 G

100 nd nd 2.45 ± 0.10 E 14.60 ± 0.13 F nd

6

10 2.79 ± 0.25 b 50.44 ± 0.72 D 131.68 ± 1.89 E 250.17 ± 2.21 F 18.64 ± 0.33 G

25 2.69 ± 0.25 b 40.14 ± 0.71 D 97.49 ± 0.79 E 271.86 ± 1.90 F 26.37 ± 0.10 G

50 2.27 ± 0.82 b 31.81 ± 0.22 D 157.43 ± 1.23 E 352.60 ± 2.30 F 41.69 ± 0.60 G

75 25.63 ± 0.38 b 19.37 ± 0.43 D 92.42 ± 0.44 E 270.73 ± 2.71 F nd

100 nd nd 2.47 ± 0.09 E 19.56 ± 0.12 F nd

24

10 1.81 ± 0.20 b 56.06 ± 0.41 D 115.37 ± 1.53 E 229.49 ± 2.30 F 19.94 ± 0.09 G

25 0.18 ± 0.36 b 46.94 ± 0.42 D 103.55 ± 1.31 E 271.32 ± 1.90 F 26.26 ± 0.15 G

50 3.05 ± 0.41 b 32.50 ± 0.85 D 92.13 ± 0.85 E 313.93 ± 3.34 F 30.13 ± 0.86 G

75 0.40 ± 0.05 b 20.44 ± 0.50 D 61.90 ± 0.41 E 263.86 ± 2.61 F 43.22 ± 0.90 G

100 nd nd nd 18.67 ± 0.10 F nd

GA – gallic acid, Flavan-3-ols denoted as: GC – (+)-gallocatechin, EGC – (–)-epigallocatechin, EGCG – (–)-epigallocatechin-3-
gallate, C – (+)-catechin, nd – not detected.
The same lowercase letter (b) denotes the concentrations of biologically active compounds, which were significantly (p < 0.05) 
influenced only by the storage duration. The same uppercase letters (D–G) denote the concentrations of biologically active 
compounds, which were significantly (p < 0.05) influenced only by the ethanol concentration.
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and antioxidant properties of tea polyphenols are 
frequently cited as important contributors [21]. 
Numerous studies have demonstrated that tea 
cate chins and polyphenols are effective scavengers 
of physiologically relevant reactive oxygen and 
nitrogen species in vitro [22]. Tab. 4 presents the 
antioxidant capacities (AC) of all tested ethanol 
extracts of Yinzhen tea determined using three 
different assays: ABTS•+, DPPH• and FRAP. The 
AC values obtained using these methods were 
quite different within one tea form, but they fol-
lowed the same trend as previously determined 
TPC and TFC. The differences in the results ob-
tained within one tea form could be explained with 
the interference effect of the solvent and non-anti-

oxidant constituents, for which the revealed rank-
ing in AC assays was: ORAC (oxygen radical anti-
oxidant capacity) > ABTS•+ > DPPH• > FRAP 
[23]. Additionally, these three methods differ 
in the nature of used substances and their work-
ing mechanism. DPPH• is more lipophilic, whilst 
FRAP is basically a hydrophilic antioxidant assay, 
not well responding to lipophilic antioxidants [24]. 
FRAP method, based on outer-sphere e-transfer 
by a coordinately saturated metal complex, is as-
sociated with a divalent-charged chromophore 
(Fe(TPTZ)22+) having a greater affinity toward 
the aqueous phase due to ion-dipole interac-
tions of the chromophore with water molecules 
of the solvent. On the other hand, ABTS•+ assay 

Tab. 3. Concentration of gallic acid and flavan-3-ols in bagged form extracts of Yinzhen tea 
at different ethanol concentrations and storage durations.

Storage 
duration 

[h]

 Ethanol 
concentration 

[%]
GA [mg·l-1] GC [mg·l-1] EGC [mg·l-1] EGCG [mg·l-1] C [mg·l-1]

1

10 2.42 ± 0.23 c 55.98 ± 0.73 H 122.19 ± 2.35 286.24 ± 2.82 I 25.33 ± 0.44 J

25 6.12 ± 0.72 c 54.12 ± 0.41 H 110.57 ± 1.51 299.66 ± 3.21 I 23.90 ± 0.40 J

50 4.12 ± 0.51 c 28.93 ± 0.60 H 137.96 ± 1.78 349.30 ± 2.33 I 40.16 ± 0.55 J

75 3.54 ± 0.50 c 18.47 ± 0.12 H 65.68 ± 0.79 204.34 ± 1.52 I 13.23 ± 0.12 J

100 nd nd 13.75 ± 0.15 nd nd

2

10 3.07 ± 0.22 c 63.29 ± 0.42 H 130.26 ± 2.81 296.89 ± 1.91 I 25.81 ± 0.33 J

25 6.28 ± 0.32 c 43.05 ± 0.75 H 105.39 ± 1.30 302.48 ± 2.30 I 24.38 ± 0.59 J

50 5.01 ± 0.23 c 29.47 ± 0.32 H 146.69 ± 2.31 351.20 ± 3.30 I 45.81 ± 0.64 J

75 3.90 ± 0.54 c 19.85 ± 0.13 H 66.23 ± 0.42 259.46 ± 2.24 I 15.02 ± 0.10 J

100 nd nd 4.13 ± 0.23 13.21 ± 0.15 I nd

4

10 2.62 ± 0.45 c 62.85 ± 0.90 H 129.24 ± 1.52 293.25 ± 3.33 I 26.81 ± 0.44 J

25 4.87 ± 0.25 c 48.24 ± 0.60 H 100.92 ± 1.54 246.03 ± 0.52 I 18.02 ± 0.37 J

50 3.94 ± 0.12 c 32.34 ± 0.82 H 130.57 ± 1.11 337.52 ± 3.13 I 39.10 ± 0.22 J

75 5.25 ± 0.23 c 21.70 ± 0.13 H 58.10 ± 1.82 256.86 ± 1.52 I 17.71 ± 0.13 J

100 nd nd 3.17 ± 0.13 15.68 ± 0.67 I 15.79 ± 0.65 J

6

10 3.82 ± 0.65 c 63.15 ± 0.70 H 136.03 ± 2.11 301.70 ± 1.71 I 21.82 ± 0.30 J

25 5.21 ± 0.41 c 53.69 ± 0.78 H 112.46 ± 1.67 256.15 ± 2.31 I 22.75 ± 0.34 J

50 1.12 ± 0.10 c 30.48 ± 0.11 H 124.29 ± 1.81 340.28 ± 2.80 I 35.29 ± 0.56 J

75 8.65 ± 0.54 c 20.91± 0.34 H 50.39 ± 0.62 226.90 ± 3.42 I 19.06 ± 0.23 J

100 nd nd nd 14.21 ± 0.13 I nd

24

10 3.24 ± 0.20 c 54.47 ± 0.33 H 122.15 ± 1.12 285.85 ± 1.80 I 26.62 ± 0.66 J

25 5.29 ± 0.31 c 50.93 ± 0.67 H 77.33 ± 0.56 252.60 ± 2.67 I 27.29 ± 0.11 J

50 1.24 ± 0.23 c 29.45 ± 0.55 H 129.08 ± 1.11 348.38 ± 3.78 I 34.90± 0.42 J

75 10.26 ± 0.56 c 20.42 ± 0.11 H 9.68 ± 0.15 250.72 ± 1.55 I 20.88 ± 0.73 J

100 nd nd nd 13.57 ± 0.10 I nd

GA – gallic acid, Flavan-3-ols denoted as: GC – (+)-gallocatechin, EGC – (–)-epigallocatechin, EGCG – (–)-epigallocatechin-3-
gallate, C – (+)-catechin, nd – not detected.
The same lowercase letter (c) denotes the concentrations of biologically active compounds, which were significantly (p < 0.05) 
influenced only by the storage duration. The same uppercase letters (H–J) denote the concentrations of biologically active 
compounds, which were significantly (p < 0.05) influenced only by the ethanol concentration.
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is successful in antioxidant capacity estimation 
of both hydrophilic and lipophilic antioxidants 
in polar and non-polar solvent media, because 
it involves univalent-charged chromophore spe-
cies (ABTS•+) capable of being solvated by both 
water and alcohols as well as by less polar sol-
vent mixtures. ABTS•+ assay, as an antioxidant 

assay method based on H-atom donation from 
a polyphenol compound, is generally affected to 
a greater extent by the solvent behaviour, in par-
ticular by its polarity and hydrogen bond-accept-
ing ability [24]. To conclude, methods applied to 
measure AC extremely depend on the reaction 
conditions and substrates or products. Antioxidant 

Fig. 2. Concentrations of methylxanthines in extracts from different forms of Yinzhen tea forms
with different ethanol concentrations during 24 h of storage.

A – loose leaf, B – infuser, C – bagged.
Concentrations of caffeine, theobromine, and theophylline are expressed in milligrams per litre.
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capacity varies not only with antioxidant structure, 
its properties or solvent type, but it also depends 
on solubility and partition coefficient of active 
species [25], working mechanism based on the 
method, as well as possible interference of non-
antioxidant species. Generally, AC of the majority 
of tested samples evaluated by all used methods 
indicated an increase of AC of tea extracts during 
prolonged storage, with the highest value after one 
day of storage. According to our results, absolute 
ethanol extracts exhibited the lowest AC con-
sidering all forms of tea during the whole storage 
period. Equally as for TPC, TFC and individual 
catechins and methylxanthines, the difference in 
solvent polarity altered its ability to dissolve a se-
lected group of antioxidant compounds and influ-
enced the concentration of bioactive compounds, 
as well as AC estimation. In accordance with 
previous results, the addition of water at low per-
centages to the solvent improved the antioxidant 
capacity [26]. As published earlier [3], the most ef-
ficient extraction technique in terms of AC of yel-
low tea varied depending on the assay used. Best 
results were obtained using conventional extrac-
tion with ABTS•+ and FRAP assays, and ultra-
sound bath with DPPH• assay. Considering meth-
ods for obtaining AC and ethanol concentration, 
the highest AC characterized 75% ethanol extracts 
of yellow tea [3], which was in accordance with 
our results for the whole period of tea storage. 
Results of both DPPH• and ABTS•+ assays con-
firmed the highest AC in 75% ethanol extract 
of bagged tea form after one day storage, while 
FRAP method revealed the highest AC of 75% 
ethanol extract of infuser tea form after one day. 
In addition, minor fluctuations were observed – 
AC of some tea extracts increased during first 4 h, 
then it decreased after 6 h, and again increased 
and reached the highest value after one day of 
storage. KOMES et al. [8] observed a similar phe-
nomenon for green tea extracts. Additionally, the 
increase in the antioxidant capacity could be the 
consequence of the strong tendency of polyphe-
nols to undergo polymerization reactions, making 
more stable polyphenol radical through conjuga-
tion and electron delocalization. When the de-
gree of polymerization exceeds a critical value, the 
higher molecular complexity and steric hindrance 
reduce the availability of hydroxyl groups in reac-
tions with radicals [27]. In the case of cate chin, AC 
in the aqueous phase increases from monomer to 
trimer and then decreases from trimer to tetramer 
[28]. This causes a reduction in the antiradical ca-
pacity and may explain the observed fluctuations. 
Analysis of variance points to mutual significant 
effect of storage duration and ethanol concentra-

tion (p < 0.05) on antioxidant capacity of major-
ity of tested tea extracts. The order of AC affected 
by storage duration is in accor dance with TPC and 
TFC, confirmed by a high linear correlation ob-
tained between the results: rDPPH•/TPC = 0.847, 
rABTS+•/TPC = 0.821, rFRAP/TPC = 0.846, rDPPH•/TFC = 0.873, 
rABTS+•/TFC = 0.850, rFRAP/TFC = 0.868. This im-
plies that the antioxidant capacity of samples di-
rectly related to their polyphenol concentration. 

CONCLUSION

Storage duration significantly affected TPC 
and AC of Yinzhen tea extracts. TPC and TFC, 
as well as AC of ethanol Yinzhen tea extracts ob-
tained from different leaf forms, increased during 
one-day storage at room temperature. The highest 
values were reached after one day of storage, re-
gardless of the tea form or solvent used. The re-
covery of bioactive compounds was highly de-
pendent on concentration of ethanol in solvent 
employed for the extraction. The addition of water 
at low percentages to absolute ethanol improved 
the polyphenols extraction, as well as AC of the 
extracts. Extracts obtained with 75% ethanol from 
all leaf forms were the richest source of polyphe-
nols during prolonged storage. Results also con-
firmed the selectivity in the extraction of polyphe-
nol compounds depending on the extraction form 
of tea leaves. Comparison of values linked to 75% 
ethanol extracts of all tea forms pointed to the 
highest TPC in loose leaf form of tea. The least 
effective solvent for all forms of Yinzhen tea was 
absolute ethanol. A comparison of the results ob-
tained by HPLC analysis showed that the most 
abundant bioactive constituents of yellow tea were 
catechins, followed by methylxanthines and gallic 
acid. EGCG was quantitatively the most abun-
dant catechin and caffeine was the most abun-
dant methyl xanthine for this tea type. Solvents 
with lower ethanol percentage were preferable 
for extraction of individual catechins and meth-
ylxanthines. The highest concentration of EGCG 
was determined in 50% ethanol extract of loose 
leaf form, while 25% ethanol extract of loose leaf 
form after 6 h of storage had the highest caffeine 
concentration. The antioxidant capacity of the 
examined extracts correlated with their polyphe-
nol and flavonoid concentration. 
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