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a  b  s  t  r  a  c  t

Resveratrol  and its glycosidic  derivative  polydatin  are  the  major  stilbenes  in  Polygonum  cuspidatum, a
most  widely  used  traditional  herbal  medicine.  To  produce  resveratrol  via  enzymatic  hydrolysis  of poly-
datin,  �-glucosidase  was  immobilized  on  cross-linked  chitosan  microspheres  modified  by l-lysine.  The
condition  of enzyme  immobilization  was  optimized,  and  the characterization  of  the  immobilized  enzyme
was  carried  out.  Km value  of  immobilized  �-glucosidase  was  calculated  as  47.7  ± 0.7 mM,  and  Vmax value
was  34.6  ±  0.5  U/mg. Under  optimized  condition,  which  was  45 ◦C, pH 6.0,  with  the  initial  polydatin  con-
centration  of  2.0%,  and  the  flow  rate  of 1.0 mL/min,  the  overall  hydrolysis  yield  could  reach  85.8  ±  0.6%,
and  the  activity  of  the  immobilized  enzyme  remained  92.2  ±  0.9%  after  continuous  hydrolysis  for  8 h.
Enzymatic  hydrolysis  of  polydatin  extracted  from  P. cuspidatum  is  a  promising  method  to  increase  the
supply  of resveratrol  in pharmaceutical  markets  worldwide,  which  also  showed  a new  application  of
immobilized  �-glucosidase  in  biotechnological  industry.

©  2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Resveratrol, 3,5,4′-trihydroxy-trans-stilbene, is a natural phe-
nol, and a phytoalexin naturally produced by several plants when
under attack by pathogens such as bacteria or fungi [1,2]. It
has been widely considered beneficial to human health for its
physiological properties, including anti-oxidation, anticancer, and
anti-inflammatory, especially the property to reduce neuronal
injury both in vitro and in vivo [3,4].

Resveratrol was firstly extracted from skin of red grapes, and
now it could be produced by chemical synthesis or biotechno-
logical synthesis adopting metabolic engineered microorganisms
[5,6]. Polygonum cuspidatum Sieb. et Zucc., a traditional, pop-
ular Chinese medicinal herb, is widely distributed in southern
China and Japan. The root of P. cuspidatum has been used in
treatment of inflammation, infection, jaundice, skin burns and
hyperlipemia diseases, in China and Japan. Resveratrol and its
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glycosidic derivative polydatin are the major stilbenes in P. cus-
pidatum, which can be used in the treatment of atherosclerosis,
cough, asthma, hypertension, cancer, etc. [1,3]. Considering the
popularity of resveratrol in pharmaceutical markets worldwide,
it is cost-effective to transform polydatin to resveratrol to pro-
duce the latter. This purpose could be well achieved by the
mild and effective enzymatic reaction catalyzed by �-glucosidase
[7].

�-Glucosidases (EC 3.2.1.21) are biologically important
enzymes and catalyze the transfer of glycosyl group between
oxygen nucleophiles [8]. They are, therefore, accountable for the
hydrolysis of �-glycosidic linkages in amino-, alkyl-, or aryl-�-
d-glucosidase, cyanogenic glycosides, and di- and short chain
oligo-saccharides. In this study, �-glucosidase could catalyze
the hydrolysis of terminal non-reducing �-d-glucose residues in
polydatin with the release of �-d-glucose.

The immobilization of �-glucosidase in a solid carrier offers
the prospect of cost saving and widens the flexibility of process
design, by enabling continuous operation and simplifying down-
stream processing. Till now, several natural and synthetic materials
have been explored as potential supports for �-glucosidase immo-
bilization, such as alginate gel beads, polyacrylamide-magnetite
beads, chitosan, chitosan–clay composite, and new ionic liquid
sol–gel matrices [9–13]. Among these materials, chitosan is a cheap,
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non-toxic, and non-harmful support to the enzymes. It possesses
many advantages such as excellent hydrophilicity, high poros-
ity, and large adhesion area. Chitosan has hydroxyl (–OH) and
amino (–NH2) groups, which easily links with enzymes and, can be
cross-linked with glutaraldehyde to prevent dissolution in acidic
solution (pH < 2) [14,15]. The cross-linked chitosan microspheres
are more applicable in biochemical engineering due to their greater
mechanical strength. However, there are still operational defects;
for example, its reactive primary amino groups are directly bonded
with pyranoid rings, which would cause large steric hindrance.
And the cross-linking reaction would consume a large portion of
amino groups, which reduced the enzyme load and subsequently
decreased the volumetric productivities. These problems could be
overcome by a novel synthesized resin prepared in our lab, which

is a cross-linked chitosan resin modified by l-lysine, named LMCCR
[16]. A six-carbon l-lysine residue acted as flexible spacer arm
to decrease the steric hindrance and the epsilon-NH2 of l-lysine
residues would replace the less reactive amino groups of cross-
linked chitosan during the cross linking reaction.

In this study, to produce resveratrol by hydrolysis of polydatin,
�-glucosidase was immobilized on LMCCR to facilitate the enzy-
matic reaction. The characteristics of the immobilized enzyme were
explored and the whole transformation process was  studied in
detail.

2. Materials and methods

2.1. Materials

The enzyme �-glucosidase extracted from almonds was pur-
chased from Sigma with an activity of 3.4 U/mg protein. And
�-glucosidase from almonds has high efficiency of hydrolyzing
resveratrol glucoside than the same enzyme from Aspergillus niger
and Saccharomyces cerevisiae yeast [17,18]. l-lysine was purchased
from Merck. Chitosan oligosaccharide (Mw < 5000 Da), with the
deacetylation degree of 90.3%, was purchased from Yuhuan Bio-
chemical Co. in Zhejiang, China. Polydatin crude product in the
form of powder with a purity of 80% was purchase from Yan-
gling Dongke Madisen Medical Pharmaceutical Co. in Xian, China.
The standard product of resveratrol and polydatin were supplied
by China National Institutes for Food and Drug Control. All other
chemicals were of analytical grade.

2.2. Experimental methods

2.2.1. Preparation of LMCCR
LMCCR was prepared following the methods described in detail

in the previous paper [16]. The simplified synthesis process of
LMCCR contains two steps. In the first step, chitosan solution was
poured into a dispersion medium, paraffin oil and Tween-80. The
dispersion medium was vigorously stirred by a mechanical stirrer.
Thirty minutes later, glutaraldehyde solution and CaCO3 powder
were continuously added into the dispersion medium. After that,
the product was filtered by vacuum and washed continuously with
petroleum ether and ethanol. Then the solid product was  poured
into HCl solution and the cross-linked chitosan resin (CCR) was
obtained. In the second step, CCR was suspended in l-lysine solu-
tion, and then DCC was added to induce the acylation reaction.
When the reaction finished, the product was then filtered by vac-
uum and washed with 95% ethanol. Finally, the solid product was

dialyzed with deionized water and filtered again to obtain the final
product (LMCCR).

2.2.2. Immobilization of enzyme and activity determination
The LMCCR beads, 15 g, were suspended in 100 mL buffer com-

posed of disodium hydrogen phosphate (0.2 M)  and citric acid
(0.1 M))  for 60 min  at 25 ◦C. Then they were mixed with 20 mL
of 80 U/L �-glucosidase in a shaker for 1 h at 4 ◦C. Aqueous glu-
taraldehyde solution of 1.0% (v/v) was  added dropwise and the
suspension was then incubated for several hours. After the reac-
tion mixture was filtered by vacuum and washed with 0.2 mol/L
phosphate buffer (PB, pH 6.8) to remove excessive glutaraldehyde,
the immobilized beads were stored at 4 ◦C. The immobilization effi-
ciency was defined as percentage of total enzyme protein content
immobilized on the support and calculated according to Eq. (1).

Immobilization efficiency = preliminary enzyme content − enzyme content in the filtrate
preliminary enzyme content

× 100% (1)

The activity of �-glucosidase in the solution was determined
by adding 0.1 mL  sample to 0.9 mL  of 0.1 M acetate buffer (pH
3.5), which contained 5 mM of p-nitrophenyl �-d-glucopyranoside
(Sigma Co., N7006) substrate [19]. The mixture was  incubated with
stirring at 25 ◦C for 1 min  and stopped by adding 2 mL of 1 M
Na2CO3. The absorbance of the product p-nitrophenol at 400 nm
was measured using an UV/visible spectrophotometer (Jasco V-
530), and the activity was calculated based on a molar extinction
coefficient of 18,300 dm3/(mol cm). One activity unit (U) of �-
glucosidase is defined as the amount of this enzyme required for
hydrolyzing 1 �mol of substrate per minute. The activity of �-
glucosidase immobilized on the LMCCR was  similarly measured,
except that 0.1 mL  of the solution was replaced by 0.1 mL  deion-
ized water and a given amount of LMCCR. The activities of the free
�-glucosidase and the immobilized �-glucosidase were given as
U/mg protein and U/mg immobilized �-glucosidase, respectively.
The relative activity was  calculated using Eq. (2).

Relative activity = activity
maximum activity

× 100% (2)

And the enzyme activity recovery was defined as follows:

Enzyme activity recovery = Uact

Utotal − Uremain
× 100% (3)

where Uact is the activity of immobilized enzyme, Utotal is the activ-
ity of total enzyme used, and Uremain is the activity of �-glucosidase
in filtration.

2.2.3. Resveratrol production by immobilized enzyme
15.0 g wet immobilized �-glucosidase was packed in a

40 cm × ˚1  cm column with thermal insulation jacket (Shanghai
Jinhua Co., Ltd., China), which was  then connected to constant
temperature water bath and peristaltic pump YZ1515X (Baoding
Longer Precision Pump Co., Ltd., China) to construct the immobi-
lized enzyme reactor, as it was  shown in Fig. 1.

After sample loading using peristaltic pump, the effluent was
taken intermittently to determine the glucose concentration in the
hydrolysate and calculate the hydrolysis rate of the polydatin. The
concentration of the initial polydatin solution and the sample flow
rate were changed to examine their effects on the hydrolysis rate
of the process.

2.2.4. Analytical methods
The concentration of polydatin and resveratrol were mea-

sured by high-performance liquid chromatography (Agilent, USA)
equipped with an Agilent model DAD UV–VIS detector and a dis-
covery C18 column (250 mm × 4.6 mm ID, 5 �m,  Supelco, USA).
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