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ABSTRACT: New technique to modify cotton fiber by esterification with citric acid was developed. The

reaction was carried out in the tight flask and applied argon as anti-burning reagent. The optimum

condition was 170°C, 5h and 3g of citric acid per 2g of cotton fiber, which result was up to 0.88 mol

citric acid grafted on 1 mol glucose. The modified cotton fiber thereafter was applied to purify

epigallocatechin gallate (EGCG) and epicatechin gallate (ECG) from green tea polyphenol by column

chromatography with the suitable mobile phase.
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1. INTRODUCTION

Cellulose ion exchange materials are
created primarily by attaching a functional
groups on different cellulose structure by
chemical method such as esterification [1,2,3],
etherification [4] or rely on free radical grafting
reactions of various monomers on cellulose
structure [5,6,7], cellulose materials after
processing are required to retain its fiber
structure and creates products insoluble or not
to be excessive expansion in the various
solvent.

Although ionic exchange properties of this
material is like other ion exchange resins, but it
has some special characteristics that ion
exchange resins do not have such as they are
very fine with open structure, the porous
systems are very different in size so cationic
cellulose has a surface area higher than the

normal ion exchange resins.

Thanks to the properties above the cationic
cellulose have capacity as well as the ion
exchange rate higher than the other ion
exchange resins and therefore it is proper for
chromatography process, in addition to the
open structure systems and different porous
size allows such a great molecules as protein,
enzymes can go into the adsorption site and
was thereby able to separate of these
compounds [8]. Another reason makesit more
favorable to particular application is easy to
regenerate [9].

EGCG is the most valuable component in
tea polyphenol for its pharmaceutical property
[10], until now there are various method to
separate polyphenol from tea extract [11,12,13]
but separation EGCG from tea polyphenol is
difficult so there are some HPLC method for
analysis [14,15] and separation [16] and there
are no industrial process to purify this

component from abundance tea polyphenol so
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isolation EGCG from the other compound in

the mass production is necessary.

2. MATERIALS AND METHOD
2.1. Preparation of cotton

Rude cotton fiber was sank within 18h in
solution of alcohol 75% (each 80ml of alcohol
contains 0.3ml of H,S0, 98%), the ratio
between cotton fiber and solution was 1/20.
After treatment, 2g of cotton fiber was sunk in
solution of 50ml citric acid which had the
concentration depend on condition of
investigation. After 1 hour of sinking for
completely penetration, the mixer of cotton
fiber and solution of citric acid was vaporized
almost water at 70°C. After vaporization,
cotton fiber was putted into double neck flask
for esterification. The investigated parameters
were temperature, time, and different dose of
citric acid, temperature was controlled
indirectly through the temperature of batch,
tight system and argon were pumped into to
limit natural burning reaction of cotton fibers.

Cotton fiber after reaction was washed out
of citric acid with 500ml of water, drying,
weighing, and measuring moisture,
respectively then continual washing with

alcohol 96% in soxhlet extractor within 8h.
2.2, Preparation of tea extract

Tea after extraction with alcohol 60% was
vaporized out of alcohol and cooled to remove
sediment. The water phase thereafter was
extracted with dichloromethane to remove
caffeine. Raffinate was extracted with ethyl

acetate to get polyphenol. Ethyl acetate layer

after extraction was dried with Na,SO, and
allowed to adsorb onto neutralized modified
cotton fiber (NMCF), continuing process was
vaporized out of solvent, then the dried NMCF
was added to the column and washing with
suitable cooperation solvent.

2.3. Analysis

Result of esterification was evaluated by
titration of modified cotton fiber (MCF), in this
process 0.5g of MCF was orderly added 20ml
of NaOH 0.09M, 100ml of distillation water.
The mixture thereafter was stirred 60 minutes
and titrated every 10 minutes with H,SO,
0.02N until got the same results at 2 times of
titration,

Scanning Electron Microscopy (SEM) was
analyzed at Institute of Chemistry, the
Vietnamese Academy of Science and
Technology.

ECG and EGCG was analyzed by HPLC-
MS and HPLC-UV at High-Tech Analysis
Center Hoan Vu (column XBD C18-150 mm,
ID 4.6 mm, H,O:CH;CN, flow rate 0.7 ml/min,
A =280 nm).

2.4. Result and discussion

2.4.1 Results of esterification respect to
temperature

Investigation was carried out orderly at
120°C, 130°C, 140°C, 150°C, 160°C, 170°C
with the fixed time, citric acid:cotton fiber
(Figure 1).  The reaction time and citric
acid:cotton was chosen at 420 minutes and 4:2
(g/g) respectively (all of experiments were
carried out in double flask 500ml sinking %

volume in batch of glycerin) .
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Investigated temperature only carried out
up to 170°C due to higher temperature could
cause decomposition. From the Figure 2, at
120°C, consumed NaOH was 0.001465 (mol)
but at 170°C NaOH consumed up to 0.02627.
150°C),

consumed NaOH increased fast and linearly,

At low temperature (lower than

when temperature transfer from 140°C to

160°C, the difference of consumed NaOH was
only 0.000192 mol which was so low
compared to 0.000689 mol when changed from
120°C to 140°C. Continuing increasing of
temperature from 160°C to 170°C caused the
big change of consumed NaOH that is
0.00028 Imol of citric acid.
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Figure 1. Change of mass with temperature

The consumed NaOH was signal to
measure the efficiency of esterification so from
the number above we could conclude that
productivity of esterication increased when
apply higher temperature. The mass showed
large difference due to the reaction was
promoted by temperature which resulted higher
grafted citric acid onto cellulose structure.
Higher temperature caused a decrease of
difference mass which could easily explain by
burning reaction of cellulose, the difference of
consumed NaOH was also high due to more
effective of grafting. It was also showed that
when temperature changed from 140°C to
160°C the efficiency of esterification did not
show much-differently.

Higher temperature caused increase of
esterification because the melting point of citric

acid is 153°C so citric acid could deeply

Figure 2. Mol of consumed NaOH to neutralized 1g MCF

penetrate into cellulose structure. The mass also
increased when applied higher temperature,
when temperature changed from 120°C to
170°C, the (g) was

0.350846g. Difference of mass increased when

difference of mass

temperature was changed from 120°C to 160°C
but it showed decrease from 160°C to 170°C.
From 140°C to 150°C and 150°C to 160°C,
difference of mass 0.009679g and
0.169705g but difference of consumed NaOH
0.000154mol 0.0000382mol

respectively.

was

was and

In Figure 3, from 150°C to 160°C, large
change of mass and very small change of
consumed NaOH was recorded so at low
temperature, the esterification only occurred at
one acidic group of citric acid. Comparing the
when

difference  of consumed NaOH

temperature changed from 140°C to 150°C and
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150°C to 160°C, we concluded that there was
change from one acidic group of esterification
to two acidic group of esterification at this
range of temperature. If we assumed that one

acidic groups of citric acid was esterified at the

temperature lower than 160°C and two acidic
groups of citric acid was esterified at the
temperature upper than 160°C, the degree of
esterification (mol of grafted citric acid per mol

of glucose) would be calculated.
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Figure 3. Difference of mass and consumed NaOH with different temperature.

2.4.2 Results of esterification respect to
time
Esterification was carried out with

different time which were 3h, 4h, 5h, 6h, 7h,
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Figure 4. Change of mass with time of esterification

set temperature was 170°C and ratio between
cotton fiber and citric acid was 4:2(g/g) (all of
experiments were carried out in double flask

500ml sinking ‘2 volume in batch of glycerin).
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Figure 5. Mol of NaoH to neutralize 1 g MCF
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From Figure 4 and Figure 5, we see that
from the starting time to 3h, the difference of
mass and difference of consumed NaOH were
0.08615g per hour and 0.0007766mol per hour
that was too high comparing to difference of
mass and difference of consumed NaOH when
transferred from 3h to 4h, which were only
0.02274725g and 0.000152576mol. From 4h to
5h, difference of mass is high comparing to the
others (0.13481575g) but difference of
consumed NaOH (0.000182038mol/g) is little
higher comparing to difference of consumed
NaOH when transferred from 3h to 4h. Due to
mass and consumed NaOH was a measurement
of esterfication so from the figure above,
longer esterified time caused increase of
esterified efficiency, this trend showed clearly
when transferred from 3h to 5h but nearly

standstill after 5h.

In Figure 3, the different mass and
consumed NaOH in range time from Oh to 3h
was higher than from 3h to 4h, these results
suggested that in range time from Oh to 3h,
only one acidic group of citric acid was
esterified. When time transferred from 3h to
4h, the remained groups of citric acid was
esterified but with a small grafting quantity,

that caused a slight change of mass and

consumed NaOH. In the range time from 4h to
5h, the above trend was continuing with quick
increase of mass and consumed NaOH, which
showed a large amount of citric acid was
esterified. Changeable speed of mass was
quicker comparing to the ranged time from 3h
to 4h, consumed NaOH also showed a big
change but with the same speed from 3h to 4h.
From this point of view, we could conclude
that the in ranged time from 4h to 5h, the
esterification almost occurred at two acidic
group of citric acid. For explanation, from Oh
to 3h, there were a lot of active sites on
cellulose structure so it is easy for citric acid to
graft on cellulose structure. The mass and
consumed NaOH did not show much change
when time of reaction reached 5h due to almost
active sites on cellulose structure was occupied,
another reasons are citric acid which in the
liquid form could gradually vaporize and stuck
on the wall of flask or the slowly
decomposition of citric acid so the productivity
did not improve clearly after Sh. From the table
if we accepted that only one group of citric acid
was esterified at temperature lower than 5h and
both group of citric acid was esterified at the
temperature  higher 5h, the degree of

esterification could relatively calculate
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Figure 6. Change of mass with time of citric acid

From the Figure 6 and Figure 7, increasing
of citric acid caused an increase of mass and
consumed NaOH. Increasing of used citric acid
from 2g to 3g caused a significant increase of
mass and consumed NaOH (which was
0.2027g and 0.000421013 mol) but the mass
seemed to be standstill when mass of citric acid
reached the value of 3g per 2g of cotton fiber.
For explanation, when mass of citric acid
reached 3g, the productivity of reaction did not
show increase due to almost active sites on

cellulose structure was occupied and a large
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Figure 7. Mol of NaoH to neutralize 1 g MCF

amount of citric acid gradually vaporized and
crystallized on the wall of flask which caused
the lost of citric acid, another reason could be
named was the lost of citric acid because of

decomposition at high temperature.

Due to temperature and time of reaction
were high, we assumed that the esterification
occurred at two acidic group of citric acid and
from the figure above, the vyicelds of
esterification could be calculated (Figure
8).The suitable condition was chosen at 3g of

citric acid per 2g of cotton fiber.
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Figure 8. The yields of esterification with mass of citric acid

Trang 44



TAP CHi PHAT TRIEN KH&CN, TAP 13, $0 13 - 2010

2.4.3.Property analysis of MCF

2.4.3.1 SEM analysis

The picture below showed that MCF is a
oval rope with the diameter about 20 um, the
distribution of length is pretty wide from tens
to several hundred pum. The surface of this fiber
is rugged and there are also a lot of scratches

points especially at the starting and ending. The

5,“\ 3«
’3

picture at left side show ending point of this
rope, which has a lot of holes on this area
which suggested a porous structure inside
which have the diameter about 0.1um. Fibrils
found from this picture, which can casily swell
when sinking in solvent to form the porous
structure. The extremely high surface on this
area suggested a good adsorption characteristic
for MCF.

Picture 1. SEM with magnification of 100 and 1000.

2,4.3.2 HPLC-MSS analysis of ECG
HPLC-MS was carried out to define the

components in this fraction and specially

identify ECG, the result was showed 4 big

peaks, the peak at retention time 12.61 is the
most intensive. we encoded the peak at 10.65,
12.06, 12.61, 1294 as peak 1, 2, 3, 4
respectively for further convenience. In MS
analysis, the most intensive peak is 441 which
is the main part of ECG so the peak at retention
time 12.61 is peak of ECG. Found out both
MS is likely but the retention time is very
different, which could conclude that they are

possible the optical isomers. The main peaks in

MS are 209.08 and 209.09 which suggested as -
catechin and epicatechin. The MS of Peak 4 is
unknown components, the comparing with
three MS above was carried out which showed
some peak with the same position. The peak
33520 in  MS suggested the some
transformation stage was the same in ionization
process of three components. From the
comparing, the peak at retention time 12.94 is
possible a derivative of catechin. The HPLC
showed that this fraction mainly contained
ECG and a low concentration of the other

catechins.
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2.4.3.2 HPLC analyze the purification of
EGCG

The only one and sharpened peak in
HPLC-UV showed that EGCG was separated
in the pretty pure form.
3. CONCLUSION

The suitable condition to remove lignin

and impurities: 0.3ml H,50, 98% per 80 ml of

alcohol 75% per 4 g of cotton fiber and 18 h of
reaction.  The  suitable condition for
esterification: 170°C, 5h and 3g of citric acid
per 2g of cotton fiber. Apply MCF to separate
ECG and EGCG from tea polyphenol:
percentage of EGCG up to 78.4%.

NGHIEN CU'U TACH CHIET ECG VA EGCG TU TRA BANG SQI BONG

Tir Ngoc Thach, Pham Thanh Quén, Téng Thanh Danh
Truong Pai Hoc Bach Khoa, PHQG-HCM

TOM TAT: Phat trién cdc ky thudt méi dé hoat hda soi bong bang phan tng este héa véi axit

citric, phan ing da dugc thyee hién trong cdc binh kin voi khi hiem Argon. Cac diéu kién toi wu la 170

“C, 5 giovoi tv Ié la 3 g cia acid citric véi méi 2 g chat xo bong va co thé nang lén mirc 0,88 mol acid

citric trén 1 mol glucose. Cdc sgi bong sau khi hoat hoa da duoc ap dung dé chiét tach epigallocatechin

gallate (EGCG) va epicatechin gallate (ECG) tir polyphenol trong tra xanh bang sdc ky ¢ot voi cdc pha

dong phit hop. Két qua phan tich HPLC cho thay chi c6 mét dinh cao ciia EGCG.

Tir khéa: ECG, EGCG, chiét ich tra.
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