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Abstract: The objective of this study was to discuss the method for deproteinization of the polysaccharides from
Lethariella spp. Based on the single factor experiment, the orthogonal design was applied to select the optimal
condition for the deproteinization of polysaccharides. The deproteinization rate and polysaccharide retention rate
was used as indexes which were determined by UV-Vis spectrometer. The optimal extraction conditions were as
follows: (Ratio of n-butyl alcohol to chloroform was 0.20, dosage of mixture was 20%, deproteinization duration
was 10 min and times of deproteinization were five. Under this optimal condition, deproteinization rate and
polysaccharide retention rate of polysaccharides was 55.37% and 60.34%, respectively. The process was suitable
and feasible for the deproteinization of polysaccharides in Lethariella spp. extreact.
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INTRODUCTION

Lethariella spp. is one of the health tea foods in
China. It is well known as ‘Hong-Xue-Cha’ in China
and it is abbreviated as HX-tea here after. As the tea are
benefited with health, HX-tea has been reported to be
effective in folk medicine for the treatment of clearing
heat, anti-inflammatory, anti-fatigue, antiradiation and
antiphlogosis in previous study (Zhao et al., 2005; Zhao
and Zhang, 2005). Moreover, earlier study showed that
the polysaccharides were one of the main components
of water extracts of HX-tea. And its polysaccharides
have been demonstrated to possess diverse and
significantly biological activities such as antioxidant
activity reducing blood sugar and enhancing human
nonspecific immunity, etc (Zhao et al., 2005; Zhao
and Zhang, 2005; Kawahara et al., 2004).

Recently, it reported that the water extracts from
HX-tea could produce high levels of polysaccharides.
In addition, the crude polysaccharides showed strong
scavenging activities in vitro (Yang et al.,, 2013).
However, the crude polysaccharides extracts contained
many proteins and it was a major problem associated
with the further purification of polysaccharides. In

addition, the presence of proteins in the polysaccharides
solution would also effect the content determination of
polysaccharide. Therefore, in order to overcoming the
problems, a suitable method to reducing the proteins
from crude polysaccharides extracts of HX-tea was
necessary.

Many deproteinization methods have been used by
biologists and chemists, including sevage method
(Kumagai et al., 1981; Qin et al., 2002), resins
adsorption (Liu et al.,, 2007), trichloroacetic acid
method (Fic et al., 2010), urea (Kawahara et al., 2004),
the NaCl method and chelating agents (Cattaneo et al.,
1993) and many of them have been widely employed
for the deproteinization process (Liu et al., 2010; Zhang
et al., 2012; Wang et al., 2012; Zhuang et al., 2012).
Among these methods, sevage method is one of the
most widely used deproteinization techniques because
of its advantage, such as low cost, effective, simple,
broad applicability and short time.

In this study, a comprehensive study of sevage
methods was presented by optima analysis with
deproteinization rate and polysaccharides retention rate
as the evaluation index. The primary objective of this
study was to find the most desirable way to remove
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Table 1: Factors and levels of orthogonal test for deproteinization rate of HX-tea polysaccharides

Factors

A: Ratio of n-butyl alcohol

Levels to chloroform B: Dosage of mixture (%) C: Deproteinization duration (min)  D: Times of deproteinization
1 0.15 10 10 5
2 0.20 15 20 6
3 0.25 20 30 7

proteins from HX-tea water extracts. This study aimed
that the sevage method deproteinization were optimized
method to find the suitable condition.

Based on the single factor experiment, the
orthogonal design was applied to select the optimal
condition for the deproteinization of polysaccharides
from HX-tea extracts. The ratio of n-butyl alcohol to
chloroform, dosage of mixture, deproteinization
duration and times of deproteinization were studied in
details. Meanwhile, an efficient deproteinization
process for HX-tea polysaccharides hoped to be found
that yields a solution suitable for subsequent
polysaccharides analysis.

MATERIALS AND METHODS

Materials and reagents: HX-tea was supplied by
Shangri-La Shan-Yuan native products Co., Ltd.
(Yunnan, China). The samples were dried and ground
into power with an aperture size of 100 pm and then
stored in a desiccator before experiment.

Sulfuric  acid, glucose, phenol, ethanol,
chloroform, n-butyl alcohol and sodium hydroxide were
obtained from Tianjin Fengchuan Chemicals and
Reagents Co. (Tianjin, China). All used reagents were
analytical grade and the solutions were prepared with
deionized water.

Extraction method: HX-tea powder (1.0 g) was
extracted with distilled water for 2 h at 80°C and
filtered (Yang et al., 2013). Then the extracts were
mixed with three-time volumes of 80% (v/v) ethanol-
aqueous and the mixtures were stored at 4°C overnight,
followed by centrifugation at 4000 r/min for 10 min and
then they were dissolved in distilled water and dialyzed.
The concentration of polysaccharide was measured by
the phenol-sulfuric acid method using glucose as
standard (Dubois et al., 1956).

Deproteinization method: The sevage method was
employed for deproteinization. Orthogonal experiments
were carried out to optimize the deproteinization
process.

Effects of ratio of n-butyl alcohol to chloroform
(0.15, 0.20, 0.25, 0.30 and 0.35), dosage of mixture
(15%, 20%, 25%, 30% and 35%), deproteinization
duration (10, 20, 30, 40 and 50 min) and times of
deproteinization (1, 2, 3, 4 and 5) were employed as
well by single factor experiment. Then, a three-level
OAD with an OA 9(3*) matrix was chosen (Table 1).

Quantitative determination of the polysaccharide
retention rate and deproteinization rate: The
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polysaccharide retention rate and deproteinization rate
were analyzed with UV-visible spectrophotometer
using distilled water as control. Deproteinization rate
was measured at 280 nm which was the strong
absorption of protein with ultraviolet absorption
method. And the method been selected for determining
protein absorbance. Polysaccharide retention rate was
measured using absorption of polysaccharide solutions
at 490nm by phenol-sulfuric acid test. Then, the
polysaccharide retention rate and deproteinization rate
was defined.

The polysaccharide retention rate was calculated
by the Eq. (1):

Polysaccharide retention rate (%)

= (A1/A2) x100 1)
where, Al and A2 were the absorbance of
polysaccharide  solutions  after and  before

deproteinization, respectively.
The deproteinization rate was calculated by the Eq. (2):

2

where, A3 and A4 were the absorbance of protein after
and before deproteinization, respectively.

Deproteinization rate (%) = (1- A3/A4) x100

RESULTS AND DISCUSSION

Effect of ratio of n-butyl alcohol to chloroform: As
the ratio of n-butyl alcohol to chloroform was increased
from 0.15 to 0.35, in the ratio range, polysaccharide
retention rate (ca. 75%) and deproteinization rate (ca.
55%) was high at the ratio of 0.20. During the different
concentration treatment, the deproteinization rate
reached the maximum at the ratio of 0.35, but it led to
polysaccharide retention rate with a serious loss. So, the
ratio of 0.20 was chosen as the best proportion for
subsequent orthogonal experiment (Fig. 1).

Effect of dosage of mixture: The initial dosage of
mixture was an important parameter for the
deproteinization of polysaccharides. The effect of initial
dosage was shown in Fig. 2. The results showed that the
polysaccharide retention rate reached the maximum at
the dosage of 35%, but deproteinization rate decreased
the minimum. There was a significant loss in the
polysaccharide retention rate at 30%. The 15% was
chosen as the best dosage of mixture for subsequent
orthogonal experiment.

Effect of deproteinization duration: In Fig. 3, there
was higher polysaccharide retention rate and
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deproteinization rate with 20 min deproteinization
treatment. And the polysaccharide retention rate was
significantly down with increasing the time after 20
min, in spite of deproteinization rate gently increasing
with the time. So, 20 min was chosen as the best
deproteinization duration for subsequent orthogonal
experiment.

Effect of times of deproteinization: In Fig. 4, the
effect of deproteinization times on polysaccharide
retention rate and deproteinization rate was also
investigated. The polysaccharide retention rate is the
lowest, but deproteinization rate is highest at 7 times of
deproteinization. Compared to the 7 times of
deproteinization, 6 times of deproteinization had a
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higher  polysaccharide  retention  rate and
deproteinization rate. The best 6 times of
deproteinization was chosen for subsequent orthogonal
experiment.

Optimization of deproteinization process: In order to
decrease protein, selecting a suitable deproteinization
method was the priority. The sevage method was a
commonly methods as used for deproteinization.
During deproteinization process, the protein was
discarded and easily separated from the crude
polysaccharides extracts. The deproteinization process
was performed according to the orthogonal experiment
design (Table 1), in which polysaccharide retention rate
and deproteinization rate was expressed as control
indexes. Therefore, a three-level OAD with an OA
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9(3*) matrix was chosen. Table 1 shows the OAD
factors and its levels for the deproteinization method.

Experimental designed data analysis: The orthogonal
experiments results indicated that there were great
differences results among each set of deproteinization
conditions. An ANOVA was used to interpret the
experimental data from the OAD optimization. The
significance of each factor was evaluated by calculating
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of deproteinization on the polysaccharide retention rate and deproteinization rate of HX-tea

the F wvalue. In Table 2, the influence on the
deproteinization rate by the parameters decreased in the
order of: A>B>D>C, i.e., the influence of ratio of n-
butyl alcohol to chloroform (A) was the most and
followed by dosage of mixture (B) and times of
deproteinization (D), then deproteinization duration
(C). In Table 3, the influence on the polysaccharide
retention rate by the parameters decreased in the order
of:
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Table 2: The orthogonal optimization experiment results in deproteinization rate of HX-tea polysaccharides

Factor
A: Ratio of n-butyl B: Dosage of C: Deproteinization D: Times of Deproteinization
Number alcohol to chloroform mixture (%) duration (min) deproteinization rate
1 1 1 1 1 54.27
2 1 2 2 2 58.53
3 1 3 3 3 62.68
4 2 1 2 3 60.87
5 2 2 3 1 67.23
6 2 3 1 2 55.83
7 3 1 3 2 47.58
8 3 2 1 3 60.54
9 3 3 2 1 49.86
K1 175.47 162.72 170.64 171.36
K2 183.93 186.60 169.26 161.94
K3 157.98 168.36 177.48 184.08
k1 58.49 54.24 56.88 57.12
k2 61.31 62.20 56.42 53.98
k3 52.66 56.12 59.16 61.36
R 8.65 7.96 2.74 7.38
Table 3: The orthogonal optimization experiment results in polysaccharide retention rate of HX-tea polysaccharides
Factor
A: Ratio of n-butyl B: Dosage of C: Deproteinization D: Times of Polysaccharide
Number alcohol to chloroform mixture (%) duration (min) deproteinization retention rate
1 1 1 1 1 68.18
2 1 2 2 2 49.79
3 1 3 3 3 46.58
4 2 1 2 3 53.99
5 2 2 3 1 52.34
6 2 3 1 2 62.73
7 3 1 3 2 59.14
8 3 2 1 3 56.44
9 3 3 2 1 64.88
K1 164.55 181.32 187.35 185.4
K2 169.05 158.58 168.66 171.66
K3 180.45 174.18 158.07 157.02
k1 54.85 60.44 62.45 61.8
k2 56.35 52.86 56.22 57.22
k3 60.15 58.06 52.69 52.34
R 5.30 7.58 9.76 9.46
Table 4: Variance analysis of deproteinization rate
Sources Square of deviance Degrees of freedom F ratio F critical value Significant
Ratio of n-butyl alcohol to chloroform 116.784 2 58.392 9.02 *
Dosage of mixture 101.047 2 50.524 7.81 *E
Deproteinization duration 12.951 2 6.476 1 -
Times of deproteinization 82.379 2 41.190 6.37 **
Errors 8
Table 5: Variance analysis of polysaccharide retention rate
Sources Square of deviance Degrees of freedom F ratio F critical value Significant
Ratio of n-butyl alcohol to chloroform 44.825 2 22.413 1 -
Dosage of mixture 90.198 2 45.099 2.012 *
Deproteinization duration 146.620 2 73.31 3.30 ok
Times of deproteinization 134.378 2 67.189 3.07 *
Errors 8
C>D>B>A retention rate. The best combination of protein removal

As the deproteinization rate increase gradually,
polysaccharide retention rate will decline. Analysis of
the possible causes: there may entrain sugars in the gel
formed by Sevage. Some glycoproteins formed by
polysaccharides and protein also occur to aggregation
precipitation. It leads to decreased polysaccharide
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rate was A,B,C;D; and the best combination for
polysaccharide retention rate was A3;B;C;D;. So in
order to elevate deproteinization rate and
polysaccharide retention rate, the A,B;C;D; was chosen
for the best deproteinization process. The variance
analysis of deproteinization rate and polysaccharide
retention rate was shown in Table 4 and 5.
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Verification test: In order to verify the stability of the
deproteinization techniques, according to the obtained
optimum conditions, the deproteinization rate and
polysaccharide retention rate was evaluated by assaying
three replicate of the same sample, respectively.

The results showed that the average
deproteinization rate was 55.37% and polysaccharide
retention rate was 60.43%, respectively. It indicated the
chosen good performance of the optimal process was
stable and feasible.

CONCLUSION
Base on the single factor experiment and
orthogonal experiment, the polysaccharide

deproteinization technology of HX-tea extract was
optimized. The results showed that an effective method
for polysaccharides deproteinization of HX-tea was
established. The sevage method deproteinization
process was optimized and the proper conditions (Ratio
of n-butyl alcohol to chloroform = 0.20, dosage of
mixture = 20%, deproteinization duration = 10 min,
times of deproteinization = 5) were obtained. Under the
optimization conditions, the polysaccharide
deproteinization rate was 55.37% and polysaccharide
retention rate was 60.43%, respectively.
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