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ORIGINAL ARTICLE
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Abstract Cold water steeping is reported to maximise tea
health benefits, but requires long infusion time. In this work,
the employment of a brief hot infusion step followed by ice
addition was evaluated. The comparison of this innovative
method with hot and cold steeping was investigated on
green, black and oolong teas. Catechins, xanthines and
gallic acid content, antioxidant power, total phenolics
and colour analysis were evaluated. Hot infusion shown
rapid extractive power, but relevant compound degrada-
tion. On the contrary, cold infusion extracted higher
level of healthy molecules with slow kinetic. The inno-
vative method achieved in short time similar properties
of cold infusion in terms of antioxidant power. As for
bioactive compounds, such as gallic acid and epigallo-
catechin gallate, highest values, about double than in
hot infusion, were recorded for green and black teas.
This steeping method may represent an alternative ap-
proach for industrial beverage preparation.

Keywords Green tea . Black tea . Oolong tea . Colour .

FRAP . Caffeine

Introduction

Tea is a popular beverage representing the most consumed
drink in the world after water. According to processing, such
as extent of oxidation (so-called Bfermentation^), three types
of tea are known: green (non-fermented), oolong (semi-
fermented) and black tea (fully fermented). Black tea is the
most consumed in Western countries, although great attention
has been paid in recent years to green tea, for its higher anti-
oxidant activity and related health effects (Steinmann et al.
2013; Park et al. 2014; Pang et al. 2015).

Traditional way of preparing teas is brewing leaves in hot
water at a temperature depending on the type (70–100 °C,
Yang et al. 2007). Many studies reported differences in quality
and antioxidant property depending on polyphenols and bio-
active compounds content of different teas (Chen et al. 2012;
El-Shahawi 2012; Rahim et al. 2014; Zhang et al. 2013) ac-
cording to tea type (Bae et al. 2015; Lin et al. 2014a, b; Yang
and Liu 2013), geographic origin (Dias et al. 2014) and sea-
sonal variation (Laddi et al. 2014). Effect of infusion condi-
tions on bioactive compounds extraction has been studied
(Araújo Ramalho et al. 2013; Bae et al. 2015; Rusak et al.
2008) showing that temperature and time are the most crucial
parameters affecting polyphenol content and antioxidant ca-
pacity (Araújo Ramalho et al. 2013; Damiani et al. 2014). For
best extraction of antioxidant compounds from green tea it is
recommended to employ low temperatures (Banerjee and
Chatterjee 2014), since over 90 °C polyphenols are destroyed
and sensory properties have been found to decrease (Saklar
et al. 2015); agitation and dosage form have no important
influence (Samaniego-Sánchez et al. 2011).

Highlights
• Alternative steeping methods for green, black and oolong tea infusion
were studied
• Catechins, xanthines, antioxidant value and colour analysis were
performed
• The innovative ice-based method tested prevented degradation of active
molecules
• Similar properties to those achieved by cold infusion were obtained in
shorter time
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Recently, cold water (4 °C or room temperature) steeping
become a new popular way for infusion. It provides lower
caffeine, lower bitter taste and higher aroma (Lin et al.
2014a, b). Infusion rates of caffeine, catechins and gallic acid
were lower than in hot water, and increased with infusion time
(Liao et al. 2012). Venditti et al. (2010) studied the influence
of temperature to maximise potential health benefits.
However, the promising cold steeping technology requires
long infusion. To overcome it, a potential modification in-
volves an infusion step with hot water followed by ice addi-
tion, avoiding the slow cooling process, responsible for
changes in the contents of functional compounds
(Ananingsih et al. 2013).

Effects of cold water on functional compounds and organ-
oleptic quality were not yet investigated and deserve more
attention considering the advertised beneficial effects of tea
consumption on health. In this paper, the effects of three dif-
ferent steeping methods on three tea types (black, green and
oolong) are described. The methodologies followed for infuse
preparation involved hot, cold, and hot water followed by ice
addition. Antioxidant activity, colour, caffeine, theobromine,
theophylline, catechins and gallic acid content were evaluated
to compare the characteristics of the obtained drinks.

Material and methods

Chemicals

Gallic acid (GA), ascorbic acid, theobromine, theophylline,
caffeine, (-)-epicatechin (EC), (-)-epigallocatechin gallate
(EGCG), 2,4,6-Tripyridyl-s-triazine (TPTZ), glacial acetic ac-
id, methanol (MeOH), acetonitrile (ACN), Folin Ciocalteu’s
phenol reagent and 2,2-difenil-1-picrilhydrazyl (DPPH) were
purchased from Sigma–Aldrich Chemical Co. (St. Louis, MO,
USA). Sodium acetate and ferric chloride were obtained from
Carlo Erba Reagents (Milano, Italy). Phosphoric acid was
supplied by J.T. Baker (Milano, Italy) and sodium carbonate
by Sigma–Aldrich (Milano, Italy). Deionized water (‹ 18 MΩ
cm resistivity) was obtained from a Milli-Q (Millipore,
Bedford, MA, USA); bottled mineral water (80.5 mg/l dry
residue at 180 °C), 124 μS/cm conductivity at 25 °C, and
5.9 °F) was purchased from market.

Teas and infuses preparation

Sencha Needle unfermented green, Tung Ting semi-
fermented oolong and Orange Pekoe Flowery fully-
fermented black teas donated by BFerri dal 1905^ (Mantova,
Italy) were analysed. Green and black leaf size was about
1.5 mm; oolong tea leaves were rolled with 3 mm diameter.
Estimated total surface available for mass diffusion was 104.4,
44.8, and 16.8 mm2 for oolong, green and black tea,

respectively. Steeping methods tuned by a panel of experi-
enced tea tasters are reported in Table 1. Extraction with hot
water (Bhot^): tea (12 g) was placed into 1 L of water brought
to specific temperature. Cold tea (Bcold^) was prepared by
infusion at refrigeration temperature (4 °C ± 1) along 12 h.
Ice tea (Bhot + ice^) was prepared by placing 30 g of tea in
600 mL of water at 80 °C and adding 400 g of ice after the
required time of infusion and leaves removing. All samples
were prepared in triplicate and filtered (0.45 mm).

High-performance liquid chromatography

Separations were performed on Agilent Technologies 1200
liquid chromatograph with Kinetex C18 column
(100 mm × 2.1 mm ID, 2.6 μ) modifying a previous method
(Wang et al. 2000). Mobile phase (0.2 ml/min) consisted of
85 % solvent A (water containing 0.1 % v/v orthophosphoric
acid) and 15 % of solvent B (MeOH). Solvent B increased
linearly to 27 % at 16 min. Gradient returned to 15 % B in
1min, standing for 13min. Injected volume 20μl. Monitoring
wavelengths: 210 and 280 nm.

Studies on linearity, precision, selectivity, and recovery
were performed, according to Eurachem guidelines (www.
eurachem.org).

Detection limit (yD) and quantitation limit (yQ) were calcu-
lated as signals based on the mean blank (y−b ) and the standard
deviation (sb) of the blank signals:

yD ¼ �yb þ 2 tsb

yQ ¼ �yb þ 10 sb

t = constant of t-Student distribution (one-sided) depending on
confidence level and degrees of freedom (ν = n-1; n = number
of measurements). Ten blanks were performed to calculate y−b

and sb. Values of yD and yQ were converted from signal
domain to concentration domain to estimate LOD and LOQ
respectively, using an appropriate calibration function.

Linearity was established in the range of between 0.05 and
100 mgL−1 for gallic acid and caffeine, 0.05–50 mgL−1 for
theobromine, 0.05–25 mgL−1 for theophylline, 0.5–25 mgL−1

for epicathechin and 0.5–100 mgL−1 for epigallocathechin gal-
late. Five equispaced concentration levels were chosen and
three replicated injections were performed at each level. The
homoscedasticity test was run and the goodness of fit of the
calibration curve was assessed applyingMandel’s fitting test. A
t-test was carried out to verify the significance of the intercept
(confidence level 95 %). Precision was calculated in terms of
inter-day and intra-day repeatability both of area and retention
times as RSD% at two concentration levels for analysis.

Intraday repeatability was calculated on peak areas and on
retention times using five determinations at two concentration
levels in triplicate. Inter-day repeatability was calculated
performing the same analyses in two different days.
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Percentage of recovery, on samples fortified with all
analytes at three levels of concentration was calculated by:

Recovery %ð Þ ¼ C1−C2ð Þ=C3� 100

(C1 concentration determined in fortified sample, C2 concen-
tration determined in unfortified sample, C3 concentration of
fortification).

Total phenolic content

Total phenol content (TPC) was determined according to
Folin–Ciocalteau procedure (Jayasekera et al. 2011), with
some modification. Briefly, to an aliquot of 1 mL, 4 mL of
7.5 % sodium carbonate solution and 5 mL Folin–Ciocalteau
reagent (10 %) were added. Mixture was allowed to react for
60 min at room temperature in the dark. Absorbance was read
at 750 nm. Calibration was achieved with an aqueous gallic
acid solution (25–300 μg/mL). Total phenol values were
expressed as gallic acid equivalents (GAE). Duplicate extrac-
tions of each sample were performed; each assay was carried
out in triplicate (n = 6).

Determination of ferric reducing antioxidant power
(FRAP)

Ferric reducing/antioxidant power (FRAP) assay was carried
out according to Benzie and Strain (1996) by measuring the
change in absorbance at 593 nm owing to the formation of a
blue coloured FeII-tripyridyltriazine compound from the
colourless oxidized FeIII form by the action of electron donat-
ing antioxidants. FRAPwas prepared bymixing acetate buffer
300 mM, pH 3.6, TPTZ 10mM and FeCl3 6H2O (20 mM) at a
ratio of 10:1:1. To 200 mL of tea infuse, 380 μL of working
FRAP warmed at 37 °C was added. Immediately, and again
after 4 min, the absorbance at 593 nm was measured against a
blank sample.

Determination of liquor total colour and CIElab
parameters

Liquid total colour (LTC) was determined according to
Obanda et al. (2004). Three mL of infusion were diluted with
45 ml distilled water. Absorbance was read at 460 nm against
distilled water. Results were corrected for dry matter content:
values of 93.5, 92.6 and 93.7 % for black, green and oolong
respectively were obtained with thermo-balancemethod (BEL
Engineering, Monza, Italy).

Liquor colour ¼ Abs460nm*10
DM

�
100

Colour of infuses was measured by image analysis:
samples put into transparent containers were scanned by
desktop flatbed scanner (Hewlett Packard Scanjet 8200,
Palo Alto, CA, USA) at 236 pixels per cm (600 dpi of
resolution; true colour – 24 bit), equipped with a cold
cathode lamp for reflective scanning. During acquisition,
scanner was held in a black box to exclude surrounding
light and external reflections. Flatbed scanner colour
was characterized and corrected as previously reported
by N’Dri et al. (2010).

Consumer test

Tea were subjected to a preference ranking test (ISO
2006) conducted with 24 subjects, young adults (10
men and 14 women) between 18 and 40 years.
Samples were ranked on the basis of overall acceptabil-
ity and organoleptic quality. Data were analyzed using
Friedman’s chi-square non-parametric test providing an
overall view of sample discrimination (p-value). Least
significant rank differences (LSRD) were calculated to
identify pair-wise sample differences among rank sums
resulting from preference ranking.

Table 1 Schematic description
of the infusion preparations Tea Extraction Leaves (g/L) Temperature (°C) Time (min) Water (L) Ice (kg)a

Green Hot 12 75 4 1 -

Cold 8 4 720 1 -

Hot + Ice 30 80 5 0.6 0.4

Oolong Hot 12 85 4 1 -

Cold 7 4 720 1 -

Hot + Ice 30 80 4 0.6 0.4

Black Hot 12 90 3 1 -

Cold 7 4 720 1 -

Hot + Ice 30 80 3 0.6 0.4

a added after infusion
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Statistical analysis

Means and standard deviations (SD) of data were calculated
with SPSS (Version 20.0) software used also to perform one-
way analysis of variance (ANOVA) and the least significant
difference (LSD) test at a 95 % confidence level (p < 0.05), to
identify differences among samples. The same software was
used to perform Pearson correlation between analytical data
(0.01 level, 2-tailed).

Results and discussion

High-performance liquid chromatography (HPLC)

The analytes of interest were xanthines (caffeine, theophylline
and theobromine), catechins (epicatechin, and epigallocate-
chin gallate) and gallic acid, well separated in about 14 min
(Fig. 1). Quantitative data reported in Table 2 show the effec-
tiveness of extraction notwithstanding the differences in the
leaves:water ratio employed. Significant differences between
the steeping methods were observed.

EGCG was the most predominant catechin (El-Shahawi
et al. 2012). Among xanthines, caffeine showed the highest
content, followed by theobromine and theophylline, in accord
to ranges reported in literature (Friedman et al. 2006). Gallic
acid was detected in significant amounts, ranging from 1.05 to
5.13 mg/g, according to recent studies (Bae et al. 2015).

For green and black tea, hot + ice infusion allowed
extracting the highest amount of all analytes, except TP whose
amount was constant (Table 2). Extraction of compounds
clearly depends on both temperature and time of infusion.
Temperature seems the most influent parameter in agree
with Yang et al. (2007) reporting lower rates of gallic acid
from green tea with cold than with hot water.

For both green and black tea, cold method allowed the
extraction of slightly higher amounts than hot method, show-
ing that longer time of contact ensures migration of a relevant
amount of some compounds even at low temperature. It can
also be hypothesized that higher amounts of analytes are ex-
tracted during long time, but then are destroyed by oxidation
or side reactions such as polymerization phenomena occurring
along 12 h (Samaniego-Sánchez et al. 2011; Ananingsih et al.
2013). Such phenomena could occur after infusion, during
cooling process, while hot + ice infuses reach quickly a low
temperature keeping higher amount of active compounds.
Oxidative degradation of EGCG has been previously reported
to occur during storage (Yang et al. 2007); accordingly, its
amount was definitely higher in both Bhot + ice^ and cold
infuses (Table 2). Similarly, Kim et al. (2007) observed a
decrease in catechins at high temperature, suggesting that
epimerization or oxidation could take place. Moreover it can
be noticed that EC was not found in cold infuse (Wang and
Helliwell 2000).

For oolong tea the highest values of analytes were found
after cold extraction. This apparently unexpected behav-
iour can be explained considering the shape and dimen-
sion of the rolled leaves (diameter definitely higher than
others). Their shape leads to a difficult extraction kinet-
ics, slowing the migration process. Longer time of con-
tact with water, although at low temperature, causes the
leaves unrolling, exposing a bigger total surface avail-
able for mass diffusion (Astill et al. 2001). As for the
comparison between hot and hot + ice methods, simi-
larly to green tea, a double amount of gallic acid and
ECGC was recorded in the latter extract respect to the
former, while the opposite happened for EC.

In black tea, smaller differences between the three steeping
procedures were observed, with slight higher values for hot +
ice method, and lower values for hot extraction. Since hot
extraction was performed at highest temperature employed,

Fig. 1 HPLC chromatogram of
green tea infuse. GA gallic acid,
TB theobromine, TP theophylline,
CA caffeine, EC epicatechin,
EGCG epigallocatechine gallate
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our results confirm previous findings reporting that high tem-
perature leads to compounds degradation (Samaniego-
Sánchez et al. 2011; Kim et al. 2007).

In conclusion, data about catechins content in different teas
are in agreement with Zhang et al. (2013) and Kim et al.
(2007) who observed that the amounts of total catechins were
ordered according to the fermentation processes as follows:
non-fermented (green tea) > partially fermented (oolong
tea) > fully fermented (black tea).

Caffeine contents reported in Fig. 2 (panel a) were in
the ranges previously reported (Bae et al. 2015; Rahim
et al. 2014) with green tea showing higher values (Yang
et al. 2007). Caffeine extraction directly depends on
temperature with a higher mass transfer rate with in-
creasing water temperature (Perva-Uzunalić et al.
2006). For green tea, the highest value was recorded
for hot + ice extraction, similarly to black tea. On the
contrary, for oolong tea, cold method gave the highest
value. Thus, for green and black tea the leaves dimen-
sion represents the limiting factor for mass transfer, and
water temperature played an important role. Besides, in
oolong tea the great surface/volume ratio allowed effi-
cient extraction also at low temperature due to longer
infusion time.

Finally, since caffeine is an important psychoactive drug,
whose consumption should be taken under control, we calcu-
lated the amount of caffeine occurring in a cup to evaluate the
intake for a tea habitual consumer notwithstanding the differ-
ent procedures (Fig. 2, panel b). For all teas, the hot + ice
method gave highest values of caffeine, because of the
greater leaves:water ratio used (Table 1). Great differ-
ences between hot + ice and other methods were ob-
served for green and black teas due to their low surface/
volume value. As expected, hot method gave higher
amount of caffeine than cold one because of higher
leaves:water ratio employed, but also since high temper-
ature favoured the extraction process.

Total phenolic content

Folin-Ciocolteau method gave an estimation of the total re-
ducing power of the extract, since is sensible to all reducing
compounds. The amount of phenolics is generally connected
to beneficial health effects of food, considered a major source
of antioxidants.

No great differences were observed between the different
infusions, as data follow a similar trend (Table 2): cold infu-
sion gave the highest phenolic content, followed by hot + ice
and then hot method, in accordance to Damiani et al. (2014).
Two possible reasons could explain this behaviour: the longer
time of extraction determined the migration of higher amount
of active compounds and/or low temperature protected mole-
cules from degradation.

To understand the predominant variable between time and
temperature, we took into account data from other extracts:
time seems having a predominant effect, while high tempera-
ture lead to destruction of the molecules causing oxidation,
epimerization and polymerization phenomena. Therefore, we
can assume that the rapid cooling in the hot + ice method
limited those effects, exerting a protective effect on the mole-
cules not subjected to long exposition to high temperature.

FRAP value

High values were recorded for green tea with no differences
between extraction methods (Table 2). This confirms that it is
richer of antioxidant compounds and suggests that compounds
responsible for this activity are also stable at high temperature.

On the contrary, lowest values were recorded for oolong.
Besides, since cold and hot + ice extractions gave higher
values than hot infusion, we may assume that the compounds
reacting in FRAP test for oolong tea are quite sensible to high
temperature (Damiani et al. 2014). In addition, we can hypoth-
esize that the high exchanging surface at the longer time of
extraction in cold method determined the extraction of higher

Table 2 Analytical results of tea samples.Data (mean ± standard deviation) expressed as mg/g leaves

Tea Extraction FRAP TPC GA EC EGCG TP TB

Green Hot 1463.1 ± 129.7a 13.5 ± 0.1c 3.46 ± 0.03c 1.36 ± 0.06b 4.09 ± 0.12b 0.20 ± 0.00a 0.63 ± 0.01b

Cold 1653.5 ± 147.1a 19.7 ± 0.1a 3.93 ± 0.03b n.d. 4.13 ± 0.10b 0.19 ± 0.01a 0.65 ± 0.03b

Hot + Ice 1432.6 ± 80.8a 14.2 ± 0.0b 5.13 ± 0.06a 1.61 ± 0.05a 7.36 ± 0.02a 0.19 ± 0.00a 1.22 ± 0.03a

Oolong Hot 325.4 ± 64.9b 12.8 ± 0.2c 1.05 ± 0.01c 0.23 ± 0.05a 0.62 ± 0.01c 0.06 ± 0.01b 0.25 ± 0.01b

Cold 1278.5 ± 81.1a 21.0 ± 0.1a 2.94 ± 0.02a n.d. 2.45 ± 0.01a 0.24 ± 0.01a 0.43 ± 0.01a

Hot + Ice 1183.5 ± 124.3a 14.1 ± 0.2b 2.12 ± 0.02b 0.11 ± 0.02b 1.17 ± 0.07b 0.06 ± 0.00b 0.25 ± 0.00b

Black Hot 1111.8 ± 139.2b 14.2 ± 0.1b 3.62 ± 0.15b n.d. 0.43 ± 0.01c 0.09 ± 0.00a 1.29 ± 0.01b

Cold 1218.8 ± 38.0b 20.4 ± 0.1a 4.11 ± 0.14a n.d. 0.60 ± 0.01b 0.10 ± 0.01a 1.15 ± 0.00c

Hot + Ice 1629.0 ± 189.6a 14.8 ± 0.2b 4.07 ± 0.15a 0.03 ± 0.00 0.76 ± 0.03a 0.11 ± 0.01a 1.62 ± 0.06a

Abbreviations: GA gallic acid, EGC (−)-epigallocatechin, EC (−)-epicatechin, EGCG (−)-epigallocatechin gallate, TP Theophylline, TB Theobromine
a,b,c Same letters within each column do not significantly differ (n = 5; p < 0.05)
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amount of active compounds. At the same time, low temper-
ature protected the antioxidant molecules from degradation.

Similar behaviour was noticed for black tea: hot + ice in-
fusion gave the highest value, while no significant differences
between the other extracts were observed.

The high variability between the behaviour of teas suggests
that the pattern of the compounds responsible for the antiox-
idant activity is different and/or a different kinetic of migration
of the active molecules from the leaves occurred.

Nevertheless, it is important to bear in mind that tea leaves
composition and infusion concentration depends on many pa-
rameters such as cultivar type, growing environment, plucking
practices and manufacturing conditions (Astill et al. 2001;
Dias et al. 2014).

Liquor total colour (LTC) and colorimetric parameters

Samples of hot infusion presented a significantly higher total
liquor colour compared to cold ones (Table 3), which present-
ed a significantly higher value than hot + ice ones. Kim et al.

(2007) reported for green tea that L* decreased while a* and
b* increased with heating temperature, suggesting that the tea
liquor becomes less green and deeper yellow due to oxidation
of catechins and degradation of chlorophyll. Ice infuses pre-
sented lowest value of colour, even though solid/liquid ratio
was the highest one, probably due to the rapid cooling process
preventing these phenomena and reducing extraction of
coloured compounds.

Regarding indices measured by image analysis, no signif-
icant differences were observed for L*, a* and b* for oolong,
giving a very light infuse; probably this method was not fea-
sible to distinguish colour differences due to its low sensibil-
ity. On the contrary, for green teas significant differences were
observed for a* with hot sample significantly less green com-
pared to others, confirming catechins oxidation and chloro-
phyll degradation due to high temperature in hot infusion,
and for b* with the order hot + ice < hot < cold: cold infusions
presented the highest b* value meaning a more yellow colour.

Finally, for black tea, L* value in cold extraction was sig-
nificantly higher compared to both hot + ice and hot method;
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Fig. 2 Panel a Caffeine content,
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J Food Sci Technol

Author's personal copy



on the contrary, cold sample presented a negative a* value
corresponding to a green colour, while both hot and hot +
ice showed a positive value, corresponding to a red colour
with a significantly higher value for the latter. Probably, in
cold samples chlorophyll was not degraded into pheophytin
by the effect of high temperature, and colour of leaves was
maintained after the infusion process.

In addition, b* values presented significant differences
among all samples with hot + ice being the more yellow col-
our and cold the less one.

Consumer test

Ranking test was performed by 24 not-expert panellists, there-
fore the significant value for assuming a preference was equal
to 13.6 (ISO 2006). Results shown a significant preference
only between cold vs. hot + ice for black tea, between cold
vs. hot + ice and hot vs. hot + ice for green one with a prefer-
ence for the former samples. For oolong tea no significant
differences were observed. Thus, it appears that consumers,
not expert tasters, did not appreciate hot + ice method proba-
bly due to the higher astringency and higher concentration of
compounds with extensive aromatic notes.

Correlations

Data were subjected to analysis by evaluating Pearson’s cor-
relation indices. For black tea, FRAP data resulted significant-
ly correlated with catechins (R2 > 0.86, p < 0.01) but not with
total phenolic content (TPC), as also previously observed
(Agbor et al. 2005). This behaviour can be explained taking
into account that FRAP and Folin reagents reacts differently
and at different rates with the several antioxidant compounds
contained in the infuses.

TPC was significantly directly correlated with L*
(R2 > 0.96, p < 0.01) and inversely correlated with other indi-
ces (a* and b*, R2 < −0.90, p < 0.01) and with ranking test
results (R2 = −0.92, p < 0.01) confirming contribution of phe-
nolic compounds to the colour and the astringency.

In oolong tea, caffeine was inversely correlated with rank-
ing test (R2 = −0.94, p < 0.01) according to a previous report
that identified it as key taste for contribution to bitter taste
(Scharbert and Hofmann 2005). Besides, in oolong tea, cate-
chins and gallic acid were recognised to be strongly responsi-
ble for antioxidant value since TPC and FRAP showed a high
correlation with them (R2 > 0.89, p < 0.01). In the case of TPC
a high correlation was also found with all xanthynes
(R2 > 0.92, p < 0.01).

Differently from others, in green tea correlation between
TPC and FRAPwas found (R2 = 0.71, p < 0.01), confirming a
linkage between phenolic compounds and antioxidant activity
(Samaniego-Sánchez et al. 2011).

For green and oolong samples, EC and EGCG were corre-
lated with b* value (R2 > 0.86, p < 0.01) in accord with Kim
et al. (2007) suggesting that catechin oxidation might be re-
sponsible for the changes in colour. A remarkable point was
that no correlation with total liquor colour (TLC) was record-
ed, showing that this analysis was not suitable for comparing
different methods.

Conclusions

Comparing classical hot extraction with alternative methods,
differences on compounds extraction, antioxidant activity, to-
tal phenolic content, colour and taste were recorded. Cold
extraction allowed highest antioxidant activity, total phenolics
and gallic acid content, supporting the raising popularity of
this technique. The innovative infusion method prevents deg-
radation of bioactive molecules caused by exposure to high
temperature, permitting to enhance antioxidant properties.
Besides, it allows obtaining, in a definitely shorter time, sim-
ilar properties to those achieved by cold infusion.

Pearson’s correlations can be interpreted as indicating that
consumers acceptance was significantly correlated with pa-
rameters such as caffeine, catechins, total phenolic content
and liquor colour contributing to the overall taste.

This study adds new information on the effect of non-
conventional preparation methods and on the extraction of

Table 3 Liquor total colour and colour determination values (L*, a*, b*) of tea infusions

Green Oolong Black

Hot Cold Hot + Ice Hot Cold Hot + Ice Hot Cold Hot + Ice

LTC 10.1 ± 0.0a 10.1 ± 0.0a 9.5 ± 0.0a 9.9 ± 0.0a 9.8 ± 0.0a 10.0 ± 0.0a 11.1 ± 0.0a 10.2 ± 0.0a 10.4 ± 0.0a

L* 56.3 ± 0.5a 57.5 ± 0.6a 56.4 ± 0.5a 56.1 ± 0.3a 56.9 ± 0.5a 57.2 ± 0.8a 47.3 ± 0.8b 54.4 ± 0.9a 46.7 ± 0.8b

a* −4.4 ± 0.1a −4.8 ± 0.1b −4.9 ± 0.1b −4.7 ± 0.1a −4.6 ± 0.1a −5.1 ± 0.4a 1.1 ± 0.1b −3.8 ± 0.0c 2.6 ± 0.1a

b* 7.9 ± 0.2b 4.7 ± 0.5c 11.3 ± 0.2a 10.1 ± 0.2a 7.9 ± 0.1b 9.5 ± 1.7a 35.6 ± 1.2b 18.3 ± 0.2c 44.7 ± 2.0a

Abbreviations: LTC liquid total colour
a,b,c Same letters within each row do not significantly differ (n = 10; p < 0.05)
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active compounds from leaves. Obtained results may contrib-
ute to investigate new ways for maximising potential health
benefits by means of different methods of tea preparation.
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