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Abstract— Cyclodextrin is a cyclic oligosaccharid material which shows an ability to incorporate organic guest
molecules inside their cavity area. Thus, this B-cyclodextrin treatment on fiber substrates may provide the
changed surface characteristics of the substrates such as solubility, chemical reactivity and spectral property. In
this context, the aim of this present work is to make a bridge connection using hetero-bi-functional reactive dye
between fiber substrates and B-cyclodextrin. In addition, the corresponding Berberine inclusion behaviors into
the inner cavity of B-cyclodextrin was examined. The %exhaustion of Berberine inclusion as a guest molecule
within the B-cyclodextrin was measured using UV-Vis spectrophotometer. The findings showed that the
%exhaustion of Berberine inclusion increased with increasing the prepared dye bridge compound and f#

-cyclodextrin host material.
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1. Introduction

Developments in textile finishing technology
have recently focused on the incorporating of
additional functional properties and benefits
into fibers and garments. To incorporate anti-
bacterial agent, aroma and perfume into textiles
are good examples for functional treatment
process.

It is well known that B-cyclodextrin is a
toroidal shape polysaccharide which is made up
of six to eight D-glucose monomers being con-
nected at 1 and 4 carbon atoms™”.

The structure of B-cyclodextrin is schematically
represented in Fig. 1. The cavity of B-cyclodextrin
shows relatively hydrophobic property, while
the external face represents hydrophilic charac-
teristic. Its shape is capable of forming inclusion
complexes with coming guest organic molecules.

This £-cyclodextrin treatment on fiber substrates
may provide the changed surface characteristics of

the substrates such as solubility, chemical
reactivity and spectral property”). To make an
attachment of B-cyclodextrin to the cellulosic
fibers, the hetero-bi-functional dye was used as a
bridge agent. It is well known that hetero-bi-
functional reactive dye, which contains two
different types of reactive group, has been
attracted by many important dying and finishing
research areas”'’. Using these two reactive
groups, the dye was considered as a bridge
performing material, connecting cellulosic fiber
substrates and S -cyclodextrin.

In this context, the aim of this present work
is to examine the %exhaustion behaviors of
Berberine colorant inclusion as a guest material
and to study the effect of both £-cyclodextrin
and hetero-bi-functional reactive dye on %exhaustion
of Berberine inclusion. The %exhaustion of Ber-
berine inclusion was then measured with UVVis
spectrophotometer. If Berberine could be com-

plexed within the anchored £ -cyclodextrin’s
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Fig. 1. The structure of B-cyclodextrin and dye bridge.

inner cavity on cellulosic substrates, %exhaustion
of Berberine would be increased with increasing
the concentration of B-cyclodextrin host and
dye bridge.

2. Experimental

2.1 Reagents and Materials

All chemicals used were of analytical grade and
double distilled water was used. Cellulosic
substrates were purchased from Korea Apparel
Testing and Research Institute (KATRI). The B
-cyclodextrin (Fig. 1) was purchased from Aldrich
Chemical Co. The hetero-bi-functional reactive
dye used as a bridge material on cellulosic
substrates was C. I Reactive Red 198.

2.2 Measurements

A TU-1800 PC UV/Vis spectrophotometer was
used for measuring the absorption spectra. A
Corning model 220 pH meter was used for pH
measurements.

2.3 Initial study for Berberine inclusion

B -cyclodextrin concentration was used to be
to 1.04 x 10°M and
Berberine concentration was maintained at 2.0 x
10°M. To find out the effect of Berberine
inclusion complex inside pB-cyclodextrin cavity

ranging from zero

according to the variation of [B-cyclodextrin
concentration, %exhaustion was determined. The
effect of pH using Mallvaine buffer solution
(pH 4-8) was also studied.

2.4 Dye and B-cyclodextrin linkage formation

Cellulosic fibers (2.5g) were dyed with various
concentrations of hetero-bi-functional reactive
dye and pB-cyclodextrin using 20 g// NaCl at
pH 7 in a sealed, stainless steel dye pots of 120
em’ capacity laboratory-scale dyeing machine
(ACE-6000T). Samples were placed at 45 °C dye
bath for 30 min, and pH was then adjusted.
Temperature was raised until it reaches 80 °C
by 2 °C/min and then continued for 45min.

The dyed samples were washed off using 2
g/ ¢ NayCO; and 2 g/ 7/ of a non-ionic surfactant
at 60 °C for 30min. Fig. 2 shows the reaction
scheme of the treatment of dye bridge compound
and B-cyclodextrin onto cellulosic substrates.

2.5 Beberine inclusion

Berberine as a guest molecule was complexed
within the B-cyclodextrin’s inner cavity. The
%exhaustion of Berberine inclusion was pro-
portional to the pretreated B -cyclodextrin
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Fig. 2. Reaction scheme of dye bridge and 8-cyclo—

dextrin anchor.
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concentration. The concentration of Berberine

used was 2 x 10°M. The exhaustion rate (%E)

was then calculated using equation (1) :

D,-D |

b, =D,] x10
D

o

%E = 0 )

where Dp and Dy are the quantity of dye in the
initial and final bath, respectively. Those values
were calibrated through absorbance measurement
of original and exhausted bath.

3. Results and Discussion

3.1 Initial study for inclusion complex formeation

An initial study is to examine the effect of £
~cyclodextrin on the %exhaustion of Berberine
inclusion. Also, the effects of pH on the
%exhaustion of Berberine inclusion were deter-
mined. The UV-vis spectra of Berberine at various
concentrations of B-cyclodextrin are shown in
Fig. 3. In this case, when [-cyclodextrin was
added into the Berberine solution, the general
decreasing trend in absorbance of Berberine was
shown with increasing the concentration of B
-cyclodextrin. This finding displays that Berberine
is being complexed inside (-cyclodextrin’s cavity
space. Thus, the corresponding the spectral peaks
were getting decreased with increasing Berberine
complex inclusion. Fig. 4 shows that %exhaustion
of Berberine inclusion increased with increasing
the pH. However, the higher %exhaustion of
Berberine inclusion decreased after maximum
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Fig. 3. UV-Vis absorption spectra of Berberine at
various concentration of B—cyclodextrin.
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Fig. 4. Effect of pH on the %exhaustion of Berberine
inclusion.

value of pH 7. With these results, it could be
proposed that an acidic or alkaline condition
tends to interfere the inclusion of B-cyclodextrin
with Berberine.

3.2 Effect of B-cyclodextrin on the %exhaustion
of Berberine inclusion within the fibers

Anchoring B-cyclodextrin to the cellulosic sub-
strates is a function to provide inclusion potentials
towards the guest molecule of Berberine colorant.

This function was utilized with hetero-bi-
functional reactive dye as a bridge agent between
B -cyclodextrin and cellulosic substrates.

B -cyclodextrin molecules can be anchored
to one of the reactive groups of hetero-bi-functional
reactive dye, while the other reactive group
of the dye is able to link with hydroxyl groups
on cellulosic fiber molecules. Fig. 5 shows the
effects of B-cyclodextrin concentration on the
%exhaustion of Berberine inclusion within the
cellulosic substrates. Also, the effects of dye
bridge concentration on the %exhaustion of
Berberine inclusion are shown in Fig. 6. From the
results, it can be proposed that the %exhaustion
of Berberine inclusion is dependent on the
concentration of both f-cyclodextrin and dye
bridge within the cellulosic substrates. Thus,
the %exhaustion of Berberine inclusion increased
with increasing the concentration of both B
-cyclodextrin and hetero-bi-functional reactive
dye.



B-cyclodextrin inclusion properties with guest molecules using hetero—bi—functional reactive dye 35 &b

100

—&— 1% o.w.f Red
—h— 3% o.w.f Red
—ip— 5% o.w.f Red

—@— 10% o.w.f Red
soﬁ;:zk—-‘-’-‘:::;*
A
60
y
i r_ﬁ —@ —y

ki . . :

0 10 20 30 40
B-cyclodextrin (g/l)

Fig. 5. Effect of B-cyclodextrin concentration on the

%exhaustion of Berberine inclusion.
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Fig. 6. Effect of dye bridge concentration on the
%exhaustion of Berberine inclusion.

4. Conclusions

B-cyclodextrin can be anchored to cellulosic
substrates by hetero-bi-functional reactive dye as
a role of bridge agent. B-cyclodextrin is capable
of forming inclusion complexes with a guest
molecule, Berberine. The %exhaustion of £-cyclo-
dextrin increased with increasing the concen-
tration of dye bridge and the corresponding
%exhaustion increase of £ -cyclodextrin resulted
in the increase of Berberine inclusion complex
formation.
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