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An advanced oxidation process, ultrasound/H, O, oxidation was used for the decolorization of Cyclocarya
paliurus (Batal.) Iljinskaja polysaccharides (CPP). The effects of main operating parameters including ini-
tial concentration of CPP solution, dosages of H,0,, temperature, pH and ultrasonic irradiation on the
decolorization efficiency of CPP were investigated and the optimum operational conditions of the pro-
cess were also evaluated. Furthermore, HPLC, Fourier transformed infrared (FT-IR) and NMR spectra
methods were applied to analyze the components and structure changes of CPP. Results showed that
ultrasound/H, 0, oxidation process represented good decolorizing ability on CPP. The optimum opera-
tional conditions were determined as follows: concentrations of the polysaccharide solution, 0.5 mg/ml;
H,0,, 0.623 mM; temperature, 40 °C; pH, 9.0. Under these conditions, the decolorization efficiency was
reached to 84.1%. The results of HPLC, FT-IR and NMR analysis indicated that ultrasound/H,0, oxidation
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process did not result in any significant change in the structure of CPP.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Cyclocarya paliurus (Batal.) Iljinskaja (C. paliurus), commonly
known as ‘sweet tea tree’, is a medicinal herb, an endemic tree
growing on cloudy and foggy highlands in the tropics and subtrop-
ics in the south of China (Fang, Wang, Wei, & Zhu, 2006). The leaves
of C. paliurus have been used in China both as drug formulations in
traditional Chinese medicine (TCM) and as an ingredient in health
foods or dietary supplements (Xie, Li, Nie, Wang, & Lee, 2006; Xie,
Xie, Nie, et al., 2010). Recently, it has been reported that the leaves
of C. paliurus are used in folk medicine for the treatment of dia-
betes, hypertension hyperlipoidemia, anti-hypertensive (Kurihara,
Asami, Shibata, Fukami, & Tanaka, 2003; Li et al., 2000), antiox-
idation and the enhancement of mental efficiency have also been
recorded for the leaves of this plant in our previous study (Liu et al.,
2007; Xie & Xie, 2008; Xie, Xie, Shen, et al., 2010). Our earlier study
showed that the polysaccharides were one of the main compo-
nents of the water extracts of C. paliurus leaves. The polysaccharides
has been found to exhibit a variety of biological activities such
as antioxidant activity, antihyperglycemic, antidiabetic, reducing
blood sugar and enhancing human nonspecific immunity, etc. (Liu
et al., 2007; Xie et al., 2006; Xie, Xie, Nie, et al., 2010; Xie, Xie,
Shen, et al., 2010). In our early research, the crude polysaccharides
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derived from the leaves of C. paliurus are back-brown and con-
tain high pigments, which is a major problem associated with the
further isolation, purification, structure identification of polysac-
charides derived from higher plants. Therefore, it is necessary to
remove the pigments from CPP. However, less attention has been
paid to the decolorization of polysaccharides.

Various chemical and physical processes, such as activated
carbon adsorption process (Ahmedna, Marshall, & Rao, 2000;
Simaratanamongkol & Thiravetyan, 2010), exchange resins adsorp-
tion (Achaerandio, Guéll, & Lopez, 2002) and H,0, oxidation
process have been employed for decolorization. However, those
treatments possess inherent limitations such as high cost, inef-
fective, complicated, formation of hazardous by-products, and
intensive energy requirements. Therefore, it is necessary to find
an effective method of treatment. Among the new oxidation meth-
ods called advanced oxidation processes, chemical oxidation using
ultrasonic in the presence of H,O; is a very promising technique.
Ultrasound is described as a possible generator of highly active *OH,
*HOO, °*H radicals (Adewuyi, 2001; Mahmoodi, Arami, Limaee, &
Tabrizi, 2005). These radicals are capable of initiating or promot-
ing many fast reduction-oxidation reaction. During the last decade,
some investigators have reported the successful applications of
the ultrasound/H;0, process for the decolorization of wastewater
(Zhang & Zheng, 2009).

As far as we know, there is little information on the applica-
tion of ultrasound/H,0, oxidation process for the decolorization
of polysaccharides. Therefore, the aim of this work was to study


dx.doi.org/10.1016/j.carbpol.2010.11.030
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:myxie@ncu.edu.cn
dx.doi.org/10.1016/j.carbpol.2010.11.030

256 J.-H. Xie et al. / Carbohydrate Polymers 84 (2011) 255-261

the feasibility of applying ultrasound/H,0, oxidation process to
remove pigments from polysaccharides, and finally established a
reliable technique for the decolorization of polysaccharides iso-
lated from C. paliurus. The operating parameters such as initial CPP
concentration, H, 0, dosages, temperature and pH value were opti-
mized, and the effects of ultrasound/H,0, oxidation treatment on
the structure of CPP were also evaluated by HPLC, NMR and FT-IR
spectra methods.

2. Materials and methods
2.1. Materials and reagents

The dried leaves of C. paliurus, cultivated in Xiushui County,
Jiangxi Province, China, were provided by Jiangxi Xiushui Mirac-
ulous Tea Industry Co. (Jiangxi, China). All samples were sliced and
ground into fine powder in a mill before extraction.

Standard monosaccharide references (arabinose, rhamnose,
fucose, xylose, galactose, glucose, ribose and mannose), galac-
turonic acid and glucuronic acid reference were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). The H,0, solution with
30% (w/w) concentration, NH4OH, HCI and ethanol were obtained
from Shanghai Chemicals and Reagents Co. (Shanghai, China). All
reagents used were of analytical grade. Aqueous solutions were
prepared with purified water from a Milli-Q water purification sys-
tem (Millipore, Bedford, MA, USA).

2.2. Preparation of CPP

The dried leaves powder of C. paliurus (40 mesh) were first
weighed and extracted with 80% ethanol for 24 h to remove the
interference components such as monosaccharide, disaccharide,
oligosaccharide in the samples at 80 °C. After filtration, the residue
were dried at room temperature and placed in an extraction
tube, then extracted twice with distilled water at 80°C for 2h.
The extracts were filtered through glass wool and centrifuged
at 8000 x g for 5min in a high speed centrifuge (3K3D, Sigma,
Germany) to separate the supernatant and the residue. The twice
extracts were combined and concentrated under reduced pres-
sure at 50°C and precipitated with four volumes of ethanol, then
kept at 4 °Covernight in refrigerator to precipitate polysaccharides.
The precipitates formed in the solution were collected and then
lyophilized in vacuum freeze dryer (ALPHA 2-4, Christ, Germany)
to obtain CPP powder. The dried CPP were stored in the refrigerator
before measurements and treatments.

2.3. Operating procedure

Experiments were conducted with CPP solution for the standard
stock polysaccharides solution. The standard stock CPP solution of
1.0 mg/ml were prepared by diluting the corresponding mass of
dried CPP in ultra pure water. The standard working CPP solution
were prepared by further dilution of standard stock CPP solution.
The calibration curves were established by measuring a series of
the solutions (0.25, 0.5, 0.75, and 1.0 mg/ml). A blank signal was
obtained using distilled water. Twenty millilitres of the solution
was placed in a cylindrical glass vessel. Effects of initial concentra-
tion of CPP solution (0.25, 0.5, 0.75, and 1.0 mg/ml), H,0, dosages
(0.156, 0.312, 0.623, 0.935 and 1.246 mM), solution pH (4, 5, 6, 7,
8, 9 and 10), temperature (20, 30, 40, 50 and 60°C) and six con-
tact time (10, 20, 30, 40, 50 and 60 min) employed as well. Samples
were withdrawn from the sampling port at regular certain reac-
tion intervals, about 1.5ml of sample was withdrawn, analyzed
with a double beam UV-visible spectrophotometer (TU-1900, PGE-
NENAL, Beijing, China), and returned quickly back to the vessel.

All the measurements were made in replicates, standard devia-
tion and relative standard deviation were calculated, which means
that measurements were kept under continuous statistical control.
An ultrasonic bath (KQ-50E, Kunming Ultrasonic Instrument Co.,
Kunming, China) with a constant frequency of 40 kHz and at sonic
power of 100 W, and with temperature can be changed from 10 to
80°C was used in this experiment. The temperature of the solution
was modulated by this processor, and the pH of the solution was
measured by using digital pH meter (Shanghai Precision & Scien-
tific Instrument Co., Shanghai, China). pH adjustments were made
by addition of HCI or NH4OH to the CPP stock solution in the range
of 4-10(25°C).

2.4. Decolorization measurement

The decolorization of CPP were measured according to the
method described by Wang, Qin, Guo, Wang, and Zheng (2005)
with a double beam UV-visible spectrophotometer at a wavelength
of 420 nm. Decolorization efficiency was calculated by comparing
the absorbance value of the CPP solution after treatment to the
absorbance value of the original CPP solution. A blank signal was
obtained using ultra pure water. The decolorization efficiency was
defined as (Carabasa, Ibarz, Garza, & Barbosa-Canovas, 1998):
100(A - B)

— (1
where A is the initial absorbance of CPP solution, B is the absorbance
of CPP solution after ultrasound/H, 0, oxidation treatment.

Decolorization efficiency (%) =

2.5. HPLC analysis

HPLC method (Chen, Xie, Wang, Nie, & Li, 2009) was employed
for the measurement of CPP before and after decolorized. The
dried hydrolysed glycoprotein and monosaccharide standards were
directly labelled with PMP according to the method of Fu and Oneill
(1995). Analysis of the PMP-labelled monosaccharide was carried
out on a Waters HPLC with a photodiode array detector (PAD)
using a special C18 column (250 x 4.6 mm i.d.) that was stable to
alkaline solvents. The flow rate was set to 1.0 ml/min at 30°C and
the wavelength for UV detection was 250 nm. The mobile phase
comprised 0.1 M PBS solution (pH 6.9) containing 15% (solvent A)
and 40% (solvent B) acetonitrile, and the following gradient elu-
tion programme was used: 0-10 min, 10-20% A; 10-20 min, 20% A;
20-25min, 20-10% A; 25-35 min, 10-30% A; 35-40 min, 30-10% A.
The injection volume was 20 pl.

2.6. Fourier-transformed infrared spectroscopy

FT-IR measurements (FT-IR-5700, Nicolet, USA) were made
with diffuse reflectance infrared Fourier transform spectroscopy
(DRIFTS) equipped with an OMNIC workstation (FTIR, Nicolet, USA)
at room temperature. FT-IR spectra were recorded in the range
4000-400cm~! (Wu, Cui, Tang, Wang, & Gu, 2007), at a resolu-
tion of 4cm~! and with 200 scans per sample, after preparing a
KBr disk containing approximately 2 mg of polysaccharides. The
polysaccharides samples were diluted at a 1:50 ratio with KBr pow-
der. Abackground spectrum was subtracted automatically from the
spectrum of each sample.

2.7. NMR spectroscopy

For NMR measurements CPP was dried in a vacuum over P05
for several days, and then exchanged with deuterium by lyophiliz-
ing with D, 0 for several times (Duenas-Chasco et al., 1997). The
deuterium-exchanged polysaccharide sample was put in a 5-mm
NMR tube and dissolved in 99.9% D,0. Spectra were recorded at
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Fig. 1. Effect of the initial polysaccharides concentration on the decolorization effi-
ciency of CPP in the ultrasound/H;0, oxidation process (H,0>, 0.623 mM; pH, 9.0;
temperature, 40 °C; contact time, 60 min).

50°C, using Bruker DRX-400 NMR spectrometer (Bruker, Rheinstet-
ten, Germany), operating at 400.15 MHz for protons, equipped with
pulse gradient units, capable of producing magnetic field pulsed
gradients in the z-direction of 50 G/cm.

3. Results and discussion
3.1. Effect of initial polysaccharides concentration

The effect of the initial concentration of CPP on the decoloriza-
tion efficiency was shown in Fig. 1.

As seen in the figure, decolorization efficiency of CPP was
decreased as the initial CPP concentration increased. This negative
effect can be explained by considering that, the *OH free radicals
reach equilibrium with the concentration of H,0,, as the con-
centration of CPP increased, the equilibrium adsorption of *OH
on the CPP active sites increases, hence competitive adsorption
of *OH on the same sites decreases, the fewer *OH available are
required to oxidize more molecules, which means a lower forma-
tion rate of *OH radical which is the principal oxidant indispensable
for a high degradation efficiency. Reversely, decreasing the con-
centration of CPP to 0.25mg/ml caused a deduction effect. The
results indicated that at an appropriate initial concentration of CPP,
high decolorization efficiency can also be achieved about 80% at
60 min. Fig. 1 also showed the effect of contact time on the decol-
orization efficiency of CPP. The results plotted in the figure also
suggested that the decolorization efficiency increased with contact
time. The increase in decolorization efficiency of CPP was signifi-
cantin 10 min. Meanwhile, it could be observed that at 0.5 mg/ml of
CPP, the decolorization efficiency of the ultrasound/H; 0, oxidation
process was implemented significantly. Therefore, 0.5 mg/ml of CPP
was found to be the optimal concentration in the ultrasound/H;0,
oxidation process.

3.2. Effect of the H,0, dosages

The initial dosages of H,0, is an important parameter for the
decolorization of CPP in the ultrasound/H,0, oxidation process.
The effect of initial dosages of H,O, on the decolorization effi-
ciency of CPP was showed in Fig. 2. The results showed that the
decolorization of CPP was increased by increasing the dosages of
H,0,. Meanwhile, the results showed that the 50.3% decolorization
of CPP could be reached within 10 min, while H,0, dosages varied
from 0.156 to 1.246 mM. Theoretically, the higher decolorization
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Fig. 2. Effect of the dosages of H,0, on the decolorization efficiency of CPP in the
ultrasound/H, 0, oxidation process (CPP concentration, 1.0 mg/ml; pH, 9.0; temper-
ature, 40°C; contact time, 60 min).

efficiency in the higher dosages of H, 0, is in the result of faster for-
mation of *OH free radical (Modirshahla, Behnajady, & Ghanbary,
2006). However, the increase in decolorization efficiency of CPP was
not significant when the dosages of H,0, were above 0.935 mM
H,0,. The results indicated that the concentration of *OH radical at
the 0.623 mM level was adequate for the oxidation reaction. This
could be due to that the solutions were saturated with *OH radi-
cals at the 0.623 mM H,0, dosage level, and recombination of *OH
radicals and also *OH radicals reacted with H,0,, contributing to
the *OH scavenging capacity (Eqs. (2-4)) (Ghaly, Hartel, Mayer, &
Haseneder, 2001).

H,0, 4 *OH — H,0 + *HO, 2)
*HO, +*OH — H,0 + 0, (3)
*OH + *OH — H,0, (4)

It can be postulated that H,O, should be added at an optimum
concentration to achieve the best decolorization, hence with a dose
of 0.623 mM H;0, appear to be an optimum dosage for 1.0 mg/ml
of CPP in the ultrasound/H, 0, oxidation process.

3.3. Effect of temperature

One of the important parameters that could affect the decol-
orization efficiency of CPP in the ultrasound/H,0O, process was
temperature. The effect of operating temperature on the decol-
orization of CPP was carried out at 20, 30, 40, 50 and 60°C,
respectively, while the other variables were kept constant (H,0-,
0.623 mM, pH 9.0; initial concentration of CPP, 1.0 mg/ml). As seen
in Fig. 3, the effect of temperature on decolorization efficiency of
CPP was pronounced, and their color removals increased with the
increase of the temperature. It was observed that the decolorization
efficiency of CPP increased from 38.1% to 65.3% with temperature
from 20 to 60°C at 10 min. Although the increase of temperature
benefits to the decolorization efficiency, both the investment and
operational costs are high in the actual treatment of polysaccha-
rides. More than 80% of the decolorization efficiency were achieved
at40°C.

3.4. Effect of pH
The decolorization of CPP in the ultrasound/H, 0, oxidation pro-

cess were highly influenced by the pH of the solution. To examine
the effect of initial pH on the decolorization efficiency of CPP, the
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Fig. 3. Effect of temperature on the decolorization efficiency of CPP in the
ultrasound/H, 0, oxidation process (H,02, 0.623 mM; pH, 9.0; CPP concentration,
1.0 mg/ml; contact time, 60 min).

CPP solution were performed at pHs ranging from 4 to 10 with an
initial CPP concentration of 1.0 mg/ml, also the fixed concentration
ratio of H, O, to CPP solution of 1 ml, temperature at 40 °C, and con-
tact time 60 min employed as well. The effect of pH values on the
decolorization efficiency of CPP was shown in Fig. 4.

AsseeninFig. 4, the decolorization efficiency of CPP was found to
be highest at pH 9, which was in agreement with the studies of dyes
decolorization (Sanghi, Bhattacharya, & Singh, 2006). After 40 min,
the decolorization efficiency increased from 60.2% to 77.1% as a con-
sequence of increasing pH of the solution from 4 to 9. On the other
hand, the decolorization efficiency decreased from 77.1% to 69.9%
with increasing pH value of the solution from 9 to 10 (Fig. 4). This
may be due to the pH value influences the generation of hydroxyl
radicals, thus influences the decolorization efficiency. Ata pH below
7, the amount of hydroxyl radicals would decrease, therefore, as a
result the decolorization efficiency decreases, while, at a pH above
9, decolorization efficiency decreases due to the oxidation poten-
tial of hydroxyl radical was known to decrease with increasing pH
(Tadolini & Cabrini, 1990). In this study, a maximum decolorization
of 77.1% at 60 min was obtained at pH 9. Therefore, pH 9 was found
to be the optimal pH.

804

g | '

> 75 / \

2 [

<]

)

2 | 1

=

S 704

=

.2

=

N

R}

S 651 %

S ] )

5 l—'—'_'—_./

604

T T T T T T T
4 5 6 7 8 9 10

pH

Fig. 4. Effect of pH on the decolorization efficiency of CPP in the ultrasound/H,0,
oxidation process (HO0,, 0.623mM; temperature, 40°C; CPP concentration,
1.0 mg/ml; contact time, 60 min).
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Fig. 5. The comparison of different decolorization techniques of using ultrasound,
H,0, and ultrasound/H;0, on the decolorization efficiency of CPP (CPP concentra-
tion, 0.5 mg/ml; H,0;, 0.623 mM; temperature, 40 °C; contact time, 60 min).

3.5. Comparison of different decolorization techniques

In the experiments we describe a comparative study of
the decolorization techniques of using ultrasound, H,O, and
ultrasound/H;0,. Fig. 5 showed the decolorization efficiency of
CPP versus time for different processes. As seen in Fig. 5, it was
evident that the fastest decolorization of CPP was obtained by
ultrasound/H, 0, oxidation process with 77.3% decolorization effi-
ciency. Decolorization of CPP with H,0, oxidation process was
also observed to be efficient (71.2%). In contrast, the ultrasound
radiation treatments were found to be less efficient, and the
decolorization was nearly negligible, with 29.4% decolorization effi-
ciency of CPP. So it can be concluded that CPP could be decoloredina
relatively high reaction rate in ultrasound/H, O, process. This could
be attributed to the increase in hydroxyl radical generation from
coupling of ultrasound irradiation and H, O,. Ultrasound irradiation
plays animportantrole in the formation of plentiful *OH in the solu-
tion (Mark et al., 1998). At the presence of ultrasound irradiation,
more hydroxyl radicals were produced upon photodissociation of
H,0,, hence decolorization efficiency of CPP increased. The applica-
tion of ultrasound/H,0, process obtained a higher decolorization
efficiency, and required less time when compared to ultrasound
and H;0,. The results suggested that the ultrasound/H,0, oxi-
dation process was a suitable approach for the decolorization of
CPP.

3.6. HPLC, FT-IR and NMR analysis

The polysaccharides from C. paliurus were analyzed using
high performance liquid chromatography. Peaks in the obtained
chromatograms were identified by comparing the retention time
and on-line UV spectra with those of the standards (Fig. 6).
Through comparing the retention time with standards (Fig. 6A),
the monosaccharide composition was identified (Fig. 6B, C). Five
monosaccharides and disaccharides, including rhamnose, arabi-
nose, xylose, mannose, glucose and galactose, were identified for
polysaccharides from C. paliurus. The relative molar percentages
of rhamnose, arabinose, xylose, mannose, glucose and galac-
tose in polysaccharides from C. paliurus were 10.6%, 30.2%, 4.6%,
8.7%, 31.8% and 14.1%, respectively. The results showed that the
monosaccharides of CPP before and after decolorized were close to
each other, indicating that the ultrasound/H, 0, oxidation process
had no effect on the monosaccharide components of CPP.
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Fig. 6. The HPLC chromatograms of PMP derivatives of 10 standard monosaccharides (A), component monosaccharides released from CPP without ultrasound/H, O, oxidation
treatment (B) and component monosaccharides released from CPP with ultrasound/H; O, oxidation treatment. The HPLC analysis was carried out as described in Section 2.5.
Peaks: 1. PMP; 2. ribose; 3. mannose; 4. rhamnose; 5. glucuronic acid; 6. galacturonic acid; 7. glucose; 8. xylose; 9. galactose; 10. arabinose; 11. fucose.

FT-IR spectra method was used for the analysis the CPP
before and after the ultrasound/H;0, oxidation process treatment.
The results showed that the FT-IR spectrum of CPP displayed a
broad stretching intense peak at around 3420 cm~! characteris-
tic for hydroxyl and amine groups, and a weak C-H stretching
band at 2923 cm~!. The peak around 2121cm~! also indicated
aliphatic C-H bonds. Fig. 7 showed that the bands in the region of
1646 cm~! was principally meant carboxyl group existed (Santhiya,
Subramanian, & Natarajan, 2002). Further, it can be found that

two stretching peaks at 1154cm~! and 1077cm~! suggested
the presence of C-O bond. The spectrum of a glycosidic bond
appeared at approximately 915cm~! suggested that CPP was
composed of sugar derivatives (Zhou, Zhang, Yao, Niu, & Gao,
2010). A band of absorption at 773cm~! represented symmetri-
cal ring vibration. This typical feature of CPP spectra suggested
that the ultrasound/H,0, oxidation process under the condition
given did not result in any significant change in the structure of
CPP.
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The 'H NMR spectrum of CPP before and after decolorized was
illustrated in Fig. 8. From the figure about the comparison of group
A and B, we can see that they are basically the same. Signals at
5.10, 3.82, 3.99, and 4.38 ppm were assigned to H-1 to H-4 of
(1—4) a-galacturonic acid residues, respectively (Hokputsa et al.,
2004). Obviously, a strong signal at 4.7 ppm in Fig. 8 was originated
from the residual solvent (HDO) (Bian, Peng, Xu, Sun, & Kennedy,
2010). The chemical shift at 5.02 ppm of anomeric H-1 indicated
a form of L-arabinofuranosyl unit (Yang et al., 2009). The signal at
1.19 ppm was assigned to the CH3 of a-L-rhamnopyranose units.
The proton signals near 2.1 ppm arise from the -CHjs of the acetyl
groups (Sun, Cui, Tang, & Gu, 2010). These results suggested that
the ultrasound/H, 0, oxidation process had no significant effect on
the structure of CPP.
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4. Conclusions

From the results of this work, it can be concluded that the
ultrasound/H,0, oxidation process provides good performance in
the decolorization treatment of CPP. The decolorization efficiency
of CPP was affected significantly by the initial concentration of
CPP solution, dosages of H,0,, temperature and pH. In general,
increasing the dosages of H,0, increased the decolorization effi-
ciency of polysaccharides, but there was an optimum value of
dosage, over which the decolorization efficiency was increased
slowly. Besides, pH, temperature, and contact time also played
important roles in the ultrasound/H,0, oxidation decolorization
process of CPP. This investigation also confirmed the presence of
ultrasound irradiation could enhance the effectiveness of decol-
orization. The optimum operational conditions for decolorization
were determined as follows: 0.623 mM H,0,, 0.5 mg/ml of CPP
solution, 40°C, pH=9.0, with a decolorization efficiency of 84.1%.
Moreover, the results of HPLC, FT-IR and NMR analysis suggested
that the ultrasound/H,0, oxidation process under the optimum
condition did not result in any significant change in the structure
of CPP. The experimental results showed that the ultrasound/H;0,
oxidation process was a suitable method for decolorization of
polysaccharides.
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