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Abstract: Separation of caffeine and catechins from tea extracts usually ARTICLE HISTORY
requires conventiona.I liquid-liquid extractiqn emplo'ying chl'oroforrp. This Received: February 11, 2019
work was planned to improve a green extraction technique to distunguish these
important chemicals from green tea. Extraction of caffeine and catechins from Revised: August 11, 2019
Turkish green tea firstly employing MAE, and then to separate these Accepted: September 25, 2019
compounds from each other using a SFE method were purpose of this study.

Microwave assisted extraction was applied to extract tea components from  KpyWORDS

green tea then i) conventional liquid-liquid extraction or i) supercritical carbon

dioxide fluid extraction (SFE) method was charged with the effective separation ~ Caffeine,

of caffeine and catechins. Initially, an ethanol: water mixture was usedina close  Catechins,

microwave system under the particuler extraction situations of green tea  gupercritical Fluid Extraction
samples (fresh, frozen or dried) picked up in three collection periods (first, (SFE)

second and third collection periods). MAE of tea samples was exerted under a ’
controlled 600 W microwave power for 4 min irradiation time at 80 °C
temperature. Then MAE crude aqueous extract was divided in to two portions. (MAE),
The first portion was fractionated first with chloroform to distunguish caffeine ~ Green Tea
then ethyl acetate for catechins. Caffeine and catechins were successfully

separated. Second portion was freeze-dried and obtained lyophilized solid was

used for SFE. Caffeine (3.68% extract yield) was successfully separated from

catechins with SFE at 250 bar and 60°C for 180 min. Constituents of the extracts

were determined (caffeine and four catechins namely EGC, EC, C, EGCG) by

HPLC to evaluate the effectiveness of the separation.

Microwave Assisted Extraction

1. INTRODUCTION

Green tea has been popular beverage in Asian countries and is consumed all over the
World [1]. Green tea is made ready through processing of tea leaves without fermentation [1].
The components of green tea include 10-30% (w/w) polyphenols, 2-4% (w/w) caffeine [2],
aroma chemical, fats, vitamins, amino acids, chlorophyll, others [3]. The strain of tea tree,
manufacturing process employed, harvest time varies according to ingredient of green tea [4,5].
Catechines, flavanols, flavanonens, phenolic acids, plant pigments and glycosides are which
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polyphenols of tea [6]. This group of compounds is known to preserve good bioactive effects
incluiding anticancer, antioxidation, antimutagenic properties of tea [7,8]. Investigators
embarked on enterprise selectively extraction of caffeine and catechins from green tea by
various methods.

Chloroform, isopropanol, ethyl acetate and methylene chloride have been effectively used
to remove caffeine and to produce decaffeinated green tea [9]. Vuong and Roach [9] have been
investigated alternative studies because the use of organic solvents increases health problems
in food processing. Chloroform and ethyl acetate are used but not approved resulting from their
toxicities in spite of they are effective [10]. Green extraction techniques has important
advantages than traditional methods such as greater energy efficiency, shorter extraction time,
less solvent and reduction of environmental pollution [11]. Microwave-assisted extraction,
carbon dioxide supercritical fluid extraction, ultrasonic-assisted extraction have progressed in
recent years owing to its inherent advantages such as solvent volume, reduction in extraction
time over more conventional extraction techniques. MAE is novel technique that utilizes
nontoxic solvents, microwave energy to extract objective compounds from different matrices
and also provides an important reduction in the depletion of organic solvents for extraction.
And then MAE is extracting soluble products into a fluid from a wide variety of materials
utilizing microwave energy. Microwaves increase speed of heating by directly heating solvent
or solvent mixture [12, 13]. Pressure, extraction time, co-solvent, moisture content of tea leaf
and temperature affect to SFE selectivity [ 14-16]. SFE utilising CO- as a solvent can be option
to toxic organic solvents. Generally, carbon dioxide is utilised as a supercritical fluid owing to
it has low critical temperature and pressure [17]. CO2 is a non-toxic, nonflammable,
environmentally-friendly, quite inexpensive, easily separated from the system and do not leave
waste. SFE is a fast, leaves no toxic residue and provides less degradation of catechins [9].
Vuong and Roach [9] have been planned in line with the increasing needs for the development
of safe, sustainable and environmentally friendly methods to separate caffeine and catechin
from green tea in their study. Bimakr [18] and Park [14] found and the optimum condition of
SFE was achieved at 200 bar, 60 -C and 60min (60.566mg/g extraction yield). Maran [19]
advanced SFE method appropriate for extraction of phenolic compounds from tea leaves at
differant extraction conditions. And so, they asserted extraction pressure (100-200 bar), co-
solvent flow rate (1-3 g/min) have significant effect. Some reports are available on extraction
of catechins from both black tea and green tea in supercritical carbon dioxide with the addition
of cosolvents such as ethanol and water [14, 16, 20, 21].

MAE is an effective extraction process for green tea which was previously utilised for
extraction of various tea samples (dried, fresh or frozen) collected in first, second and third
collection periods [22,23]. MAE provides a mixture of both caffeine and catechins and another
separation step should be employed for effective separation of caffeine from catechins. The
purpose of this work is to extract caffeine and catechins from green tea firstly employing MAE,
then to separate these compounds from each other using a SFE method. We have employed a
conventional liquid-liquid extraction method to separate caffeine and catechins to compare the
extraction effectiveness of the developed SFE method.

2. MATERIAL AND METHODS
2.1. Standards and Chemicals

Chloroform, ethanol and ethyl acetate were analytical grade from Merck. Caffeine, gallic
acid, (—) epicatechin, (—) epigallocatechin, (—) epicatechin gallate and (—) epigallocatechin
gallate of standard chemicals were bought from Sigma (St Louis, MO, USA). Green tea samples
used in the experiments were supplied by a local tea producer (Siir¢cay San. Co. Ltd., Trabzon,
Turkey) in 2016. Green tea samples were collected at three collection periods (first, second and
third collection) of the same year and location. After collection tea samples were either
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extracted directly (fresh), extracted after freez drying (freezed) or extracted after drying the
sample (dried).

2.2. Microwave Assisted Extraction

Initially, tea ingredients were extracted utilizing a close microwave assisted extraction
system (MILESTONE, START S Microwave, USA). Extraction time and microwave power
from MAE parameters can influence the extraction performance [24]. Extraction conditions
were previously reported by our group [22,23]. 10 g of tea sample and 200 ml ethanol-water
(1:1 v/v) solution were placed in extraction vessel. Extraction was performed under a controlled
at 80 °C temperature, 600 W microwave power for 4 min irradiation time. Aqueous tea infusion
was divided into two portions. The first portion was used for liquid-liquid separation and second
portion was freeze dried. After drying process the remaining solid vas used for SFE
experiments. The same procedure was repeated three times and data was calculated from the
results of replicates.

2.2. Conventional Liquid-liquid Extraction

After completion of the MAE obtained aqueous tea infusion was filtrated and the filtrates
were initially partitioned with chloroform to remove caffeine. A 50 mL portion of chloroform
was used to extract caffeine and this was repeated three times. Then separation of caffeine the
aqueous phase was re-extracted with ethyl acetate following the same procedure. The filtrate
was concentrated by a rotary evaporator under reduced pressure at 55 °C after the ethyl acetate
and chloroform phases were filtered. Extract yield was calculated according to this formula;

Extract Yield % = (mass of extract/mass of tea sample) x 100

The yields of caffeine and catechins were calculated after process and purity/combination
of the extracts were determined by HPLC.

2.4. Supercritical Carbondioxide Extraction

The freeze dried extracts obtained from MAE were subjected to SFE. Aqueous tea
infusion was completely dried by freeze drying. Caffeine extraction was carried out with SFE
at 60 °C, 10-30 MPa for 3 hours [25, 26]. Then separation of caffeine the remaining solid mainly
contains catechins. The extract yield of caffeine was calculated and purity/composition of the
extracts were stated by HPLC analyses. Extraction steps are given in Schema 1.

Sample |

‘

Microwave Extraction
1 Ethanol-Water

|

Aqueous extract

1 Lvophilization

i

Drv extract .

1 SFE-COz . l-.Caﬂ‘eine extract J

H

Catechin extract

Schema 1. Extraction and separation steps of caffeine and catechins.
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2.5. Quantification of Caffeine and Catechins

HPLC analyses were performed to decide the amount of each catechins in the mixture
[27] and the purity of distinguished phases. The instruments used in the work was a HPLC
system (Hitachi Elite Lachrom) equipped with a Shim-pack VP-ODS C18 column (5 mm, 4.6
x 250 mm, 35 °C) at 278 nm. Solvents A (water) and B (DMF-methanol-acetic acid mixture,
20:1:0.5) were run with 86% A for 13 minutes. After that, its volume was decreased to 64%
within next 15 minutes and back to initial concentration for another 6 min. Concentration of
each catechin was measured by their peak areas against those of standards made from original
compounds.

3. RESULTS and DISCUSSION
3.1. Liquid-liquid Extraction After MAE

The average caffeine and catechin yields from the first (in May, 1. Collection), second
(in June, II. Collection) and third collection periods (in August-September, I11. Collection) are
given in the Figure 1 and Figure 2. Data is the average of three replicates.

H Dried
Fresh

B Frozen

Caffeine Yield %
(=]

| I. Collection Il. Collection lll.Collection

Figure 1. Caffeine content of the dried, fresh and frozen green tea leaves in first, second and third
collection periods

Caffeine yields varied between 0.51% and 3.68%. The highest caffeine extract yields
were obtained from the dried sample of the first collection. It is expected since dried samples
contain higher amount of biomolecules. Almost 60-70 percent of water content of the tea leaves
are lost during drying process. First collection gave higher amount of caffeine.

Catechin extract yields are given in Figure 2. Similarly dried samples of first collection
period gave highest extract yield. It is gradually decreased at second and third collection
periods.
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Figure 2. Total catechin content of the dried, fresh and frozen green tea leaves in first, second and third
collection periods.

3.2. Supercritical Carbondioxide Extraction After MAE

SFE method was tested only for dried tea samples. Caffeine and catechin extraction from
tea samples were already optimized by our group [25]. We reported direct supercritical fluid
extraction of these compounds from dried green tea. It was an effective method extracting
caffeine first running the instrument for 3 hours employing SFE supercritical fluid (25 MPa and
60 °C). Additionally, another 3 hours was necessary to extract catechins under the identical
situations however, using ethanol as modifier at 0.5 mL/min flow rate. So, at least 6 hours
extraction period is needed for a successful extraction of these important tea components.
However, MAE is achieved in only 4 minutes and separation of caffeine from catechins is
fulfilled within 3 hours. Caffeine extract yields obtained with SFE at different pressures are
given in Figure 3.

w10 MPa

20 MPa
m 25 MPa

m30 MPa

Caffeine %
=]

| lj
o 4
Dried Fresh Frozen

Figure 3. Caffeine yields of the dry, fresh and frozen green tea leaves after MAE (1. Collection period,
60 °C and 3 h).

It is clear that high pressure is required to separate caffeine from the mixture and 25 MPa
provide the highest caffeine yield (3.68%) which is equal to the amount of caffeine separated
with liquid-liquid extraction. This is quite strong evidence that SFE is able to separate all
caffeine content from the mixture. MAE can be used for total extraction of tea components then
following this step SFE might be used as effective green extraction methods for effective
separation of caffeine from catechins.

3.3. HPLC Analysis

Caffeine and catechin concentrations of the extracts were identified by reversed-phase
HPLC. Catechin standards were catechine (C), epicatechin (EC), epigallocatechin (EGC) and
epigallocatechin gallate (EGCG). The chromatogram of the standard mixture is given in Figure
4.
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Figure 4. The chromatogram of caffeine and catechin standarts. Retention times are as below; caffeine
11.18; EGC 13.34; C 16.44; EC 20.60; EGCG 22.03 min. Injection volume is 20 pL.
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Figure 5. HPLC chromatogram of caffeine and catechin extracts obtained by liquid-liquid extraction
(a and ¢) and SFE (b and d, 25 MPa, 60 °C, 3 h) from dried green tea samples initially extracted with
MAE.
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The identification of caffeine and catechins were realized by matching their retention
times to concerning standards and the amount of individual components was calculated from
these chromatograms. Developed SFE method was compared with liquid-liquid extraction
method. The purities of caffeine extracts obtained from both methods are given in Figure 5 (a
and b). It is clear that caffeine was successfully removed from the mixture and caffeine extract
is pure as much as obtained with liquid-liquid extraction. The composition of catechin extract
obtained from the extracting tea infusion with ethyl acetat is given in Figure 5c. Similarly, the
composition of catechin extract (a residue after separation of caffeine with SFE) was also
determined and given in Figure 5d. Purity and combination of both extract was completely
same. The quantitative analysis of each cateshin constituent was determined from HPLC
chromatograms. The amount of catechin constituents is given in Figure 6.
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Figure 6. The amount of each cateshin from dried, fresh and frozen using SFE after MAE.

4. CONCLUSION

This study provides a practical approach for extraction of green tea bioactive compounds.
A lot of methods have been worked for extraction and separation of catechins such as
microwave-assisted extraction, maceration, supercritical carbon dioxide extraction. MAE is
economical, fast and green extraction method that effective separation of caffeine and catechin
from green tea. Both caffeine and catechin extraction was quite successful with microwave
assisted extraction following effective separation with SFE. To overcome use of harmful
organic solvents, SFE can be a potential method for isolating catechins from the tea leaves.
Further search is useful to evolve new methods or the present methods to exceed the limitations
of processes. Tea catechins especially EGC and EGCG can be separated from dried, fresh or
frozen green tea using green solvents and green technologies in remarkable process periods.
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