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Longan polysaccharide (LP) was extracted from longan (Dimocarpus longan Lour.) pulp. The composition and rheological
properties were determined by chemical analysis and dynamic shear rheometer. The flow behavior and viscoelastic behavior of
longan polysaccharide (LP) solution were investigated by steady shear and small amplitude oscillatory shear (SAOS) experiments,
respectively. The result shows that the solution is a pseudoplastic flow in a range of shear rate (1–100 s−1). The rheological behavior
of LP was influenced by cations such as Na+ and Ca2+. With an increase of apparent viscosity, G󸀠 and G󸀠󸀠 were accompanied by
addition of Na+ and Ca2+.

1. Introduction

Polysaccharides have attracted much attention due to their
broad spectra of therapeutic properties and relatively low
toxicity [1–3]. Polysaccharides can be divided into ani-
mal polysaccharides, plant polysaccharides, and microbial
polysaccharides according to their different sources. Plant
polysaccharides are widely distributed and are of higher con-
tent among all polysaccharides. Plant polysaccharides also
show some bioactivities, such as antioxidation, immunomod-
ulation, antitumor, and hypoglycemic activities, in develop-
ment of therapeutic drugs and high value healthy food in
modern science [4].

Longan (Dimocarpus longan Lour.) which belongs to the
Sapindaceae family, mainly planted in the south of China
[5, 6], was welcomed by consumers due to health benefits
[7, 8]. The fresh seed and pericarp of the fruit have been
used as traditional Chinese medicines (TCMs) for several
decades. Logan pulp and pericarp contain polysaccharides,
which have a variety of bioactivities, such as antioxidation [9]
and antitumor activities [10] and the activity of antiglycation
and antityrosinase [11].

Studying the rheological properties is important to appli-
cation of polysaccharides functional properties, the gelation
processing can be gotten from rheological data, and pro-
cessing parameters of polysaccharides may affect the jelly
preparation [12]. There are many factors that affect the
rheological behavior of polysaccharides. The inner factor is
microstructure of polysaccharides, such as molecular weight,
degree of branches, and functional groups of polysaccharides
[13]. Furthermore, temperatures, concentration of polysac-
charide, and presence of sugars or salts also have an effect
on rheological properties of polysaccharide [14–17]. Previous
works on rheological properties of mango polysaccharide
[18], psyllium polysaccharide [19], and polysaccharide from
boat-fruited sterculia seeds [20], which are affected by factors
such as the concentration of polysaccharide, cosolute, and
pH conditions, were studied. To the best of our knowledge,
there is no paper on rheological properties study on longan
polysaccharides.

To the best of our knowledge, there is no paper to report
the rheological properties of longan polysaccharide, so the
aim of this work is to study the rheological properties of
longan polysaccharides for further application. In order to
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prepare the polysaccharides, we used ethanol precipitate to
prepare water-soluble polysaccharides. The composition and
rheological properties were determined by chemical analysis
and dynamic shear rheometer.

2. Materials and Methods

2.1. PlantMaterials and Sample Preparation. Thehot air dried
Shixia longan (Dimocarpus longan Lour., harvested from
Guangdong Province) pulp was soaked into fourfold 80%
(v/v) ethanol for 48 hours to remove pigment and then dried
before grinding into 200-mesh powder which was subject to
further analysis.

2.2. Polysaccharide Extraction. Longan polysaccharide (LP)
was extracted by hot water and alcohol precipitation accord-
ing to Yi’s methods [21]. In brief, 10 g of longan fruit
pericarp powder was dispersed in 100mL of distilled water
and heated to 90∘C for two hours once for three times.
The extract was filtered through fourfold gauze and then
centrifuged at 3000 rpm for 10 minutes. The supernatant was
concentrated to 100mL using rotatory evaporator (LR4002,
Heidolph, Germany) at 65∘C under vacuum. Anhydrate
ethanol (400mL) was added to the concentration extract to
precipitate polysaccharides overnight at 4∘C. The pellet was
gathered after centrifugation, successively washed by anhy-
drate ethanol, absolute ether, and acetone, and then dried at
45∘C under vacuum. The content of neutral polysaccharide
was determined by the phenol-sulphuric acid method and
expressed as glucose equivalents. The content of hexuronic
acid was determined by the method of Blumenkrantz and
Asboe-Hansen and expressed as glucuronic acid equivalents.
The protein content was estimated using Folin-Ciocalteu’s
reagent and expressed as bovine serum albumin equivalents
[8].

2.3. Rheological Measurement

2.3.1. Preparation of Samples. Water-soluble polysaccharide
solutions at different concentrations (0.5%, 3.0%, 5.0%, and
10%, w/v) were prepared by dissolving the dried polysac-
charide powder in distilled water and samples (5%, w/v)
dissolved in different NaCl concentration solutions (0mM,
50mM, 150mM, and 250mM) and different CaCl

2

concen-
tration solutions (0mM, 50mM, 150mM, and 250mM). All
the samples were stirred for 2 h.

2.3.2. Rheological Experiment. Dynamic shear rheological
properties such as storage modulus (𝐺󸀠), loss modulus
(𝐺󸀠󸀠), and complex viscosity (𝜂∗) of the gels were measured
under low-amplitude oscillatory shear using plate-and-plate
geometry with diameter of 50mm in an MCR Rheometer
(Anton Paar, Austria, DE). The dynamic measurements were
performed at a strain value of 0.02 (2%) (within the linear
viscoelastic region). Frequency sweep tests of all the solutions
were performed using plate/plate geometry (50mmdiameter,
0.5mm gap) at 25∘C and frequency (𝜔) from 0.1 to 100 s−1 to
assess the flow behavior of the polysaccharide dispersions.
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Figure 1: Steady shear flow curves of different concentration of LP.

3. Results and Discussion

The water-soluble polysaccharides were extracted from lon-
gan pulp by hot water and alcohol precipitation in this work.
The longan polysaccharide (LP) was determined to contain
80.72% of polysaccharides, 5.27% of uronic acids, and 13.10%
of proteins, which is similar to previous report [22].

3.1. The Viscosity Change of LP Solution. Studying the viscos-
ity at the low shear rate could permit testing the consistency of
the product in the mouth [23] while the viscosity at the high
shear rate could provide some information of the product in
processing operation, such as mixing and spray drying. In
this paper, the effect of concentration on apparent viscosity
for 0.5%, 3.0%, 5.0%, and 10.0% (w/v) crude longan polysac-
charide solutions is shown in Figure 1.The apparent viscosity
of each concentration solution obviously decreased with the
increase of shear rate, showing a shear-thinning behavior,
which means that this kind of crude longan polysaccharide
solution belongs to non-Newtonian fluid (or pseudoplastic
flow behavior). From Figure 1, it also could be found that
the viscosity increased with increasing LP concentration;
however, at lower concentrations (0.5%), the rheologicalmea-
surements became erratic. The shear-thinning phenomenon
could be due to the rate of formation of new entanglements
lower than externally imposed disruption ratewith increasing
in shear rate.

The effect of Na+ and Ca2+ on the flow properties of LP
was illustrated in Figures 2 and 3. With progressive addition
of Na+ solution, the viscosity of LP increased little at first
(50mmol/L) and then increased quickly after addition of Na+
(100mmol/L). For Ca2+, the viscosity increased rapidly after
addition of CaCl

2

(50mmol/L) in Figure 3.

3.2. Cox-Merz Inconformity. The Cox-Merz rule (1) allows
us to predict 𝜂( ̇𝛾) from oscillatory measurements when 𝜂( ̇𝛾)
is difficult to measure at high shear rates because of sample



International Journal of Polymer Science 3

0.1 1 10 100

0.01

0.1

1

10

100

Shear rate (1/s)

Vi
sc

os
ity

 (P
a·

s)

250mM 150mM
50mM 0mM

Figure 2: Steady shear flow curves of LP with different concentra-
tion of Na+.
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Figure 3: Steady shear flow curves of 5% LP with different
concentration of Ca2+.

fracture, secondary flows, and so forth, or we can estimate
𝜂∗(𝜔) from steady state viscosity data when oscillatory mode
is not available. Another important application of the Cox-
Merz rule is to learn about the microstructure of materials
from the degree of conformity with the rule. Therefore,
the shear rate dependence of steady shear viscosity and the
frequency dependence of complex viscosity were compared
to check if LP sample conforms to the Cox-Merz rule. Steady
shear viscosity is defined as 𝜂 = 𝜏/ ̇𝛾 in which 𝜏 stands
for steady shear stress and ̇𝛾 for steady shear rate, and
complex viscosity is defined as 𝜂∗ = 𝜎/𝛾𝜔 = 𝐺∗/𝜔 =
√𝐺󸀠2 + 𝐺󸀠󸀠2/𝜔, in which 𝜎 stands for stress, 𝛾 for strain,
and 𝜔 for frequency. According to the result illustrated in
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Figure 4: Cox-Merz plot of polysaccharide of 10% solution at 25∘C
(X-𝜂; ◼-𝜂∗).

Figure 4, the longan polysaccharide solution did not meet
Cox-Merz plot as shear viscosity differed in complex dynamic
viscosity. This result indicated that it is not appropriate to
estimate dynamic viscosity through apparent viscosity for
this system, and vice versa. The inconformity of the Cox-
Merz rule implies that a network can be broken down during
steady shear measurements but remains intact under small
amplitude oscillation:

𝜂 ( ̇𝛾) = 𝜂
∗

(𝜔)
󵄨󵄨󵄨󵄨𝜔= ̇𝛾 . (1)

3.3. Viscoelastic Properties. The viscoelastic properties of
LP were evaluated by SAOS measurements. The frequency
dependence of storage modulus (𝐺󸀠) and loss modulus (𝐺󸀠󸀠)
of longan polysaccharide solution with different concen-
tration could be seen in Figure 5. A viscoelastic solid-like
behavior with 𝐺󸀠 higher than 𝐺󸀠󸀠 over the entire range of
𝜔 is clearly seen. Furthermore, both 𝐺󸀠 and 𝐺󸀠󸀠 nearly keep
a constant during the whole experiment, which means that
both 𝐺󸀠 and 𝐺󸀠󸀠 exhibit a little dependence of frequency.This
phenomenon means that the LP showed typical “weak gel”
structure.

The effect of Na+ and Ca2+ on viscoelastic properties of
LP was measured and the result could be found in Figures 6
and 7. Immediate sharp increase in 𝐺󸀠 and 𝐺󸀠󸀠 (see Figure 4)
on progressive addition of NaCl or CaCl

2

to 5% LP, with
more gradual increase at Na+ or Ca2+ concentrations above
∼50mM, was seen. However, the Ca2+ has a more significant
effect on 𝐺󸀠 and 𝐺󸀠󸀠 than Na+. Effect of salt on LP is broadly
similar to that of gellan, which is anionic and forms double
helices [24]. For gellan, monovalent (Group I) metal ions
promote gelation by binding to individual double helices,
thus suppressing the electrostatic barrier to helix-helix asso-
ciation. Binding occurs only above aminimum critical cation
concentration, which for Na+ is ∼65mM (the concentration
at which the moduli and viscosity of LP increase steeply on
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Figure 5: Frequency dependence of storage (𝐺󸀠) and loss (𝐺󸀠󸀠)
modulus of different concentration of LP.
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Figure 6: Frequency dependence of storage (𝐺󸀠) and loss (𝐺󸀠󸀠)
modulus of 5% LP with different content of Na+.

progressive addition of NaCl). Ca2+ promotes gelation by
binding between helices, and there is an immediate sharp
increase in moduli on progressive addition of CaCl

2

to gellan
solutions (as seems also to occur with LP). These apparent
similarities may be coincidental, but the effect of salts on LP
in greater detail would beworth exploring, and the details will
be studied in the future.
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Figure 7: Frequency dependence of storage (𝐺󸀠) and loss (𝐺󸀠󸀠)
modulus of 5% LP with different content of Ca2+.

4. Conclusion

The rheological properties of water-soluble polysaccharides
from longan (Dimocarpus longan Lour.) fruit were studied in
this paper. Steady shear rheological measurements showed
a non-Newtonian shear-thinning flow behavior and it dis-
conforms to Cox-Merz empirical correlation. Both fluidlike
(𝐺󸀠󸀠 dominant) and solid-like (𝐺󸀠 dominant) behaviors were
observed when a cosolute was added or acidic condition
changed. It was found that the addition of Na+ and Ca2+ had
influence on viscosity and fluidlike or solid-like behaviors
of longan polysaccharide. The current paper provided a
preliminary exploration of rheological properties of longan
polysaccharide.
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