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Quercetin, an aglycon of rutin, is widely applied as an important material in food and pharmaceutical 
industries. In the present study, in order to investigate the optimal reaction conditions for directional 
biosynthesis of quercetin by enzymatic hydrolysis of rutin catalyzed by snailase, the influences of 
temperature, substrate concentration and pH value on enzymatic hydrolysis of rutin were investigated 
by the conversion yield of quercetin from rutin with single-factor test. The results indicated that the 
crude snailase had good biocatalytic ability for selective hydrolysis of one rutinose from rutin. When the 
hydrolysis reaction conditions catalyzed by snailase were as follows: temperature 34°C, pH 6.2, and 
substrate concentration 0.0242 mg/ml, the highest conversion yield of quercetin was 98.18%. Moreover, 
selected metal ions (Cu

2+
, Ca

2+
, Mg

2+
, Fe

2+
, K

+
 and Na

+
) all had depressant effect on the conversation of 

quercetin from rutin with different strength. The hydrolysis product was purified by solvent extraction 
and crystallization, in which the chemical structure was identified as quercetin by 

1
H-NMR and 

13
C-NMR. 

In conclusion, enzymatic conversion process of quercetin from rutin is simple, practical and can provide 
a reference in the trial production.  
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INTRODUCTION 
 

In plants, flavonol aglycones are most commonly present 
conjugated at the 3-position of the unsaturated C-ring with 
a sugar moiety, forming O-b-glycosides such as quercitrin 
or rutin (Boots et al., 2008). Quercetin is a 
naturally-occurring flavonol that has a long history of 
consumption as part of the normal human diet and one of 
important active compounds in traditional Chinese 
medicine (TCM) (Thangasamy et al., 2009). Because a 
number of biological properties of quercetin can be 
beneficial to human health, interest in the addition of this 
flavonol to various traditional food and pharmaceutical 
products has been increasing (Chen et al., 2010). Recent 
pharmacological  studies  have  shown  that  quercitrin  
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possess a wide range of biological activities, including 
anti-oxidant (Huebbe et al., 2010), metal cations chelating 
(Sun et al., 2008), anti-carcinogenic (Murakami et al., 
2008), cardioprotective (Khoo et al., 2010), 
plaque-stabilizing (Saunders et al., 2009), and 
anti-inflammatory properties (Rogerio et al., 2010). The 
antioxidant activity of this molecule is higher than 
well-known antioxidant molecules ascorbyl, trolox and 
rutin. This is due to the number and position of the free 
hydroxyl groups and the catechol-type B-ring in the 
chemical structure of quercetin (Kumari et al., 2010). 
Therefore, quercetin has been widely used in oxidative 
stress related researches, and lots of natural products are 
rich in quercetin and their extracts are being used as 
functional ingredients and TCM for several industrial 
products (Erlund, 2004: Wang et al., 2008; Wach et al., 
2007). Several years ago, the use of quercetin in 
pharmaceutical field is limited, because its  instability  and 
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Figure 1. Directional biosynthesis of quercetin by enzymatic hydrolysis of rutin with snailase. 

 
 
 
low solubility in aqueous media both in vitro and in vivo, 
which result in poor bioavailability, poor permeability, 
instability and extensive first pass metabolism before 
reaching the systemic circulation (Thangasamy et al., 
2009). Notwithstanding, now the application of quercetin 
in pharmaceutical industry is sharply increasing by two 
basic ways to circumvent these problems, including 
entrap/adsorb it into biodegradable polymeric 
nanoparticles and chemically modifiy it for improving its 
solubility (Kumari et al., 2010; Li et al., 2009; Wu et al., 
2008; Hossion et al., 2010; Mochizuki et al., 2009). So, 
establishing the conventional process of quercetin 
production on a large scale is the basic demand of its high 
additional value application in food and pharmaceutical 
industry. 

Nowadays, acetylation (De Oliveira et al., 2009) and 
hydrolysis reaction are two basic ways to improve 
biological activities of flavonoids. In fact, flavonoids’ 
acylation can be effectively accomplished by enzymatic 
processes (De Oliveira et al., 2010; Lue et al., 2010; 
Mellou et al., 2006). As flavonoids show a very large 
structural diversity (i. e. number and positions of glycoside 
units and hydroxyl groups, degree of oxidation of the 
Cring), they have different sizes, flexibilities, charge 
distributions, hydrophilic–hydrophobic balance properties, 
and are likely to yield different interaction modes with the 
lipase (De Oliveira et al., 2009). Moreover, a solution to 
improve the hydrophobic nature of flavonoids consists in 
their hydrolysis, which can lead to the cleavage of some 
sugar groups that are directly implicated in the beneficial 
properties of these molecules (Mauludin et al., 2009).  

Quercetin is generally accumulated in plants (flowers, 
fruits and leaves) as glycosides such as glucosides, 
rutinosides and xylosides, so it can be obtained from 
plants via extraction of the quercetin glycosides followed 
by hydrolysis to release the aglycone and subsequent 
purification (Mauludin et al., 2009). Rutin is widely 
distributed in many plants in the world (Wang et al., 2010), 
such as Alabastra sophorae japonicae with concentration 
range of 10 to 28% in China (Mauludin et al., 2009). It is 
suggested that rutin is the ideal material for producing 
quercetin by hydrolysis method. There are two basic 
hydrolysis method of rutin: acidic hydrolysis and 

enzymatic hydrolysis. However, besides common process 
problem encountered in the acidic hydrolysis such as low 
yield and difficulties in purification of product, the use of 
corrosive and toxic acids were the major drawback in 
these chemical hydrolysis methods. Furthermore, the 
production of quercetin could be unstable due to its low 
aqueous solubility and instability in acidic aqueous 
solutions. Therefore, synthesizing quercetin by acidic 
hydrolysis methods of rutin is laborious and present 
several drawbacks in a practical point of view. 

Contrarily, enzymes exhibit excellent region- and 
stereoselectivity towards the synthesis of heat sensitive 
and regioisomerically pure aglycons (Bojarov and Kren, 
2009). The use of enzyme as biocatalysts for production 
of highly value quercetin have many potential benefits 
such as ability of glycosidase to catalyze cleavage of 
glycosyl groups from flavonoid glycosides under relatively 
mild reaction conditions and reduction of environmental 
pollution (Souza et al., 2010). In recent years, it has been 
reported that the use of enzymatic hydrolysis method 
offers some advantages, such as the increase in the 
selectivity and speed of hydrolysis reaction, and easy 
separation of product from substrate as well as the 
improvement of product stability (Do et al., 2009). Based 
on this, several trials have been conducted to obtain 
quercetin with different conversion yield by enzymatic 
hydrolysis of rutin with different glycosidase. However, no 
report has been published on the use of snailase for 
production of quercetin from rutin by enzymatic hydrolysis 
method. As shown in Figure 1, the snailase-catalyzed 
cleavage of the rutin sugar moiety leads to the release of 
rutinose and quercetin. In order to obtain highly purified 
quercetrin, we need to choose a suitable hydrolysis 
process to synthesising quercetrin from hydrolysates of 
rutin for the further pharmacological investigation and 
application research as natural antioxidant. Unfortunately, 
less attention has been paid to the directional hydrolysis 
of rutin catalyzed by snailase.  

Snails have long been recognized as an excellent 
source of many major cell-wall degradation enzymes, 
including complex cellulases (endoglucanase, 
exoglucanase, and β-glucosidase) and β-galactosidase 
(Yoon et al., 2005). Many literatures  reported  that  the  
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digestive juice of the snail, Helix pomatina, contained 
cellulases, chitinase, and β-glucosidase (Hu et al., 2009; 
Hu et al., 2007). Indeed, to our knowledge, no study 
reporting the biosynthesis of quercetin from the direct 
enzymatic hydrolysis of rutin by snailase is available in the 
literature.  

The effects of various experimental conditions, such as 
pH value, temperature, substrate concentration,enzymatic 
reaction time, and metal ion on the conversion yield of 
quercetin are studied in order to determine the optimum 
hydrolysis conditions. Thenrecrystallization was 
successfully applied to purify the quercetin obtained from 
the hydrolysates of rutin. Its structure was characterized 
by 

1
H NMR and 

13
C NMR.  

 
 
MATERIALS AND METHODS 
 

Chemicals and reagents 
 

Standards of rutin and quercetin were purchased from National 
Institute for the Control of Pharmaceutical and Biological Products 
(NICPBP) (Beijing, China). Snailase was purchased from Sanland 
chemical Co., LTD (Xiamen, China). All reagents used were of 
analytical grade except methanol and acetonitrile, which were of 
HPLC grade purchased from TEDIA Co. (Fairfield, OH, USA). Water 
was purified using an Elga Purelab Option-Q purification system 
(Elga Labwater, High Wycombe, Bucks, UK) and had a resistivity of 
not less than 18.0 MΩ cm. This water was used for cleaning 
procedures and in the preparation of all buffer solutions. All water 
solutions were prepared with ultrapure water filtered through a 0.45 
μm membrane filter. 
 
 

HPLC and NMR analysis 
 
High-performance liquid chromatography-ultraviolet (HPLC-UV) was 
performed using HITACHI Pump L-7100 with a UV-VIS Detector 
L-7420 (Techcomp Ltd., Shanghai, China) and N-2000 workstation 
(Hangzhou Mingtong S&T Ltd., Hangzhou, China). Separation and 
determination of rutin and quercetin by using HPLC-UV methods 
was at a flow rate of 1.0 mL/min, detected at 360 nm, and on an 
Alltima C18 column (250 × 4.6 mm; i.d. 5 μm) with a mobile phase 
consisting acetonitrile: 0.02% phosphoric acid solution (20:80, v/v), 
and acetonitrile: pH 4 ammonium acetate buffer (27:73, v/v), 
respectively (Wang et al., 2009).  

Concentrations of rutin and quercetin were calculated from peak 
areas using calibration curves. All solutions were filtered through a 
0.45 μm filter before injection. All samples were determined in 
triplicate.1H NMR and 13C NMR spectra were recorded in DMSO-d6 
using a Bruker 300 Hz spectrometer. 
 
Enzymatic hydrolysis of rutin catalyzed by snailase 
 
Conversion yield of quercetin was measured by mixing 10 mg crude 
snailase with 20 mL saturated solution of rutin and 20 mL water. The 
mixtures were incubated for different time at various substrate 
concentrations, temperatures, and pH value while fixing the other 
conditions in a temperature controlled heating water bath. The 
reaction was stopped by adding 5 mL methanol. And then, the crude 
hydrolysis products of rutin were centrifuged at 10000 rpm for 10 
min, the supernatants were filtered through a 0.45 μm filter before 
injection. All samples were determined in triplicate. The conversion 
yield of CA was calculated as expressed in Equation (1). 

 
 
 
 

    ( / )
    (%) 100%

     ( / )

molar concentration of quercetin mmol L
Conversion yield of quercetin

initial molar concentration of rutin mmol L
 

 (1) 
 
The crude product of quercetin was purified by extraction and silica 
gel column chromatography with n-hexane-ethyl acetate (50:50, v/v) 
as eluent and recrystallized in mixed solvent methanol-water (70:30, 
v/v). 
 
 
Effect of various metal ions on the conversion yield of 
quercetin 
 
The effect of different metal ions on the conversion yield of quercetin 
catalyzed by crude snailase was determined by the addition of 
corresponding ion at a final concentration of 1.0 mM to the reaction 
mixture, and assayed under the previous conditions. The enzymatic 
hydrolysis of rutin were carried out in the presence of CuSO4, CaCl2, 
MgSO4, FeSO4, KCl and NaCl, respectively.  

 
 
RESULTS AND DISCUSSION  
 
The influence of pH value on conversion yield of 
quercetin 

 
Traditionally, flavonoid aglycon could be formed by 
hydrolysis of flavonoid glycoside (Takahama et al., 2009), 
so the first step in enzymatic hydrolysis of rutin is to 
optimize the operating conditions (pH value, enzymatic 
reaction time, substrate concentration, temperature, metal 
ion, etc.) to obtain an efficient biosynthesis of quercetin. In 
the present study, optimization of the reaction conditions 
in enzymatic hydrolysis method was carried out by using a 
single-factor method. Hydrolysis mechanism of glycosides 
is always thought to proceed primarily through an A1 
carbonium ion reaction (Laopaiboon et al., 2010), so the 
pH value of enzymatic reaction system is very important 
for biosynthesis of quercetin via directionally hydrolysis of 
rutin. The effects of pH on conversion yield of quercetin 
were investigated by varying the pH of 0.02 mg/mL 
aqueous rutin solution in the range of 3.0 to 8.0, which 
reactions were incubated at 35°C and stirred for 2 h at 
120 rpm. The influence of pH value on conversion yield of 
quercetin by enzymatic hydrolysis of rutin is shown in 
Figure 2. 

From (Figure 2) we can see that snailase could 
effectively catalyze the cleavage of a terminal rutinoside 
group from rutin to quercetin and rutinose. Essentially, the 
cleavage of terminal rutinoside group from rutin catalyzed 
by snailase is contributed to β-glucosidase (EC 3.2.1.21). 
The reason is that snailase is a crude glycosidase 
containing glucosidase, cellulase, amylase, and so on 
(Han et al., 2007). β-glucosidase family, as well as most 
other GH families, catalyze glycoside hydrolysis via a 
double displacement mechanism involving two carboxylic 
acid-containing side chains in the active site. One of these 
groups, a carboxylate, functions as a nucleophile, leading 

app:ds:ethyl%20acetate
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Figure 2. The influence of pH value on conversion yield of quercetin by 
enzymatic hydrolysis of rutin. 

 
 
 
to a glucosyl-enzyme intermediate (an acylal). The other, 
a carboxylic acid, acts as a general acid catalyst in the 
formation of this intermediate, and a general base catalyst 
in its breakdown (Bowers et al., 2007). The pH value of 
enzymatic reaction system was found to be the most 
important determinant of the conversion yield of quercetin. 
The highest conversion yield of quercetin was found to be 
at pH 6.2 using snailase as catalyst. These results are in 
accordance with some literature reports showing optima 
pH of 5 to 7 for partial purified β-glucosidase from 
Trichoderma reesei (Gautam and Simon, 2006), 
Aspergillus niger (Seidle et al., 2005), Cladosporium 
fulvum (Gao et al., 2010), and Humicola insolens (Souza 
et al., 2010). It also indicated that the snailase was very 
sensitive to pH and lost its activity entirely when pH is 
beyond 7.4. This could be explained that amino acid side 
chains in the active site may act as weak acids and poses 
with critical functions that depend on their ionizing state, 
and elsewhere in the enzyme, ionized side chains may 
play an essential role in the interactions that maintain 
protein structure (Lu et al., 2006). Therefore, optimum pH 
value is around 6.2, which is essential to obtain maximum 
conversion yield of quercetin by directionally enzymatic 
hydrolysis of rutin. 
 
 
The influence of temperature on conversion yield of 
quercetin 
 
Previous studies had shown that temperature influences 
the biosynthesis yield of quercetin by enzymatic 

hydrolysis of rutin with snailase, since it has an effect on 
enzyme and product stability, and on substrate solubility. 
In the present study, the effects of temperature on 
conversion yield of quercetin were investigated by varying 
the temperature of 0.02 mg/ ml aqueous rutin solution in 
the range of 28 to 40°C, which reactions were incubated 
in aqueous rutin solution with pH 6.2 and stirred for 2 h at 
120 rpm. So, the influence of temperature on conversion 
yield of quercetin was investigated by enzymatic 
hydrolysis reaction under different temperature (Figure 3). 
As can be seen from Figure 3, range of reaction 
temperature from 28 to 37°C was good for transformation 
of quercetin from rutin, and the highest conversion rate of 
quercetin was found when the reaction was at 34°C. 
When temperature was lower than 28°C, only some 
quercetin were found be growing with low enzyme activity. 
It is also not suitable for biosynthesis of quercetin by 
enzymatic reaction when temperature was up to 28°C. 
This occurs because as the temperature changes this 
supplies enough energy to break some of the 
intramolecular attractions between polar groups and the 
hydrophobic forces between non-polar groups within the 
enzyme structure (Lu et al., 2008). Therefore, the 
optimum enzymatic reaction temperature was set at 34°C.  
 
 
The influence of substrate concentration on 
conversion yield of quercetin 
 
To clarify the third factor, a test was performed in which 
rutin as substrate was added  to  reactor  for  quercetin
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Figure 3. The influence of temperature on conversion yield of quercetin by enzymatic 
hydrolysis of rutin. 

 
 
 
production. In the present study, the effects of substrate 
concentration on conversion yield of quercetin were 
investigated by varying the substrate concentration of the 
aqueous rutin solution in the range of 0.02 to 0.08 mg/mL, 
which reactions were incubated in aqueous rutin solution 
with pH 6.2 at 34°C and stirred for 2 h at 120 rpm. 
Therefore, the influence of substrate concentration on the 
snailase-catalyzed hydrolysis of rutin was shown in Figure 
4. As can be seen from Figure 4, when the concentration 
of rutin was increased from 0.02 to 0.08 mg/ml, the 
conversion yield of quercetin was sharply decreased from 
near 98.2 to 0%. It is indicated that when initial 
concentration was above 0.02 mg/mL, the hydrolysis rate 
of rutin started to slow down remarkably, this 
phenomenon demonstrated that substrate concentration 
is playing an important part in biosynthesis of quercetin. 
For lower substrate concentrations, enzymatic reaction 
equilibrium is not reached. For higher concentrations, 
poor solubility of rutin leading to diffusion problems may 
occur. Therefore, substrate inhibition and product 
degradation are the possible reasons for the decrease in 
conversion yield when the rutin concentration was 
augmented (Buque-Taboada et al., 2005), and the optimal 
concentration of rutin for quercetin production by snailase 
was considered to be 0.02 mg/ml. 

The influence of reaction time on conversion yield of 
quercetin 
 
In the present study, the effects of reaction time on 
conversion yield of quercetin were investigated by varying 
the reaction time in the range of 0.5 to 3.5 h, which 
reactions were incubated of 0.02 mg/mL aqueous rutin 
solution with pH 6.2 at 34°C and stirred at 120 rpm. The 
enzymatic hydrolysis time (0.5, 1.0, 1.5, 2.0, 2.5, 3.0 and 
3.5 h) influence the conversion yield of quercetin from 
rutin (Figure 5). Figure 5 showed the conversion yield 
curve of quercetin hydrolyzed by rutin, which reflect the 
biosynthesis ability and stability of quercetin in this 
enzymatic reaction system. When the enzymatic reaction 
time was 2 h, the maximal yields of quercetin were 
obtained. However, after 2 h, with the increase of 
enzymatic reaction time, the yields of quercetin rapidly 
decreased. It is indicated that quercetin as enzymatic 
hydrolysis product was unstable in this reaction system 
with the presenting of snailase.  

Therefore, the enzymic hydrolysis of rutin is carried out 
with various enzymes which possibly act sequentially 
according to two steps: firstly, β-glucosidase, make the 
cleavage of the terminal rutinose, and the corresponding 
aglycon (quercetrin) is released; subsequently,  quercetin 
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Figure 4. The influence of substrate concentration on conversion yield of quercetin by 
enzymatic hydrolysis of rutin. 
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Figure 5. The influence of reaction time on conversion yield of quercetin by enzymatic 
hydrolysis of rutin. 
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Table 1. Effect of various metal ions on conversion yield of quercetin by enzymatic hydrolysis of rutin. 
 

Metal ions (1.0 mM) Conversion yield of quercetin (%) 

Control 98.8 

CuSO4 0 

CaCl2 51.0 

MgSO4 50.7 

FeSO4 0 

KCl 53.2 

NaCl 0 

 
 
 
maybe continuously degrading to other products 
catalyzed by other enzymes in the crude snailase at the 
same time. Therefore, the optimum enzymatic reaction 
time was 2 h. When snailase is catalyzed by hydrolysis 
reaction conditions of rutin was as follows:  temperature 
34°C, pH6.2, and substrate concentration 0.0242 mg/mL, 
the optimum conversion yield of quercetin was 98. 
18%.The result indicated that the crude snailase had 
good biocatalytic ability for selective hydrolysis of one 
rutinose from rutin. 
 
 
The influence of metal ions on conversion yield of 
quercetin 
 
Most of the metal ions tested have a slight stimulatory 
influence or an inhibitory influence on enzyme activity and 
conversion yield of product. In the present study, the 
enzymatic hydrolysis of rutin was carried out in the 
presence of CuSO4, CaCl2, MgSO4, FeSO4, KCl and NaCl, 
respectively (Table 1). Table 1 clearly indicated that 
selected metal ions all inhibit the enzyme activity of 
snailase result in decreasing the conversion yield of 
quercetin by enzymatic hydrolysis of rutin. The activity of 
the crude sailase was completely depleted in the 
presence of Ca

2+
, Mg

2+
 or K

+
, but residual activities of 

51.0, 50.7 and 53.2%, respectively, were observed in the 
presence of the same ions at 1 mM concentration. In 
contrast, Cu

2+
, Fe

2+
 or Na

+
 totally abolished the activity at 

1 mM concentrations. Therefore, selected metal ions all 
had depressant effect on the conversation of quercetin 
from rutin with different strength. 
 
 
1
H NMR and 

13
C NMR spectra of quercetin 

 
The quercetin was purified by solvent extraction and 
crystallization, which purity was about 98% analyzed by 
HPLC. 

1
H NMR and 

13
C NMR spectra of quercetin were 

recorded in DMSO-d6 using a Bruker 300 Hz 
spectrometer (Figure 6). As can be seen from Figure 6, for 
quercetin, 

1
H-NMR (300 MHz, DMSO-d6) (ppm): δ6.18 

(1H, d, J = 1.8 Hz, H-6), 6.40 (1H, d, J = 2.1 Hz,  H-8), 
6.89 (1H, d, J = 8.4 Hz, H- 5'), 7.54 (1H, dd, J = 2.1 and 
8.7 Hz, H-6'), 7.67 (1H, d, J = 2.1 Hz, H- 1'), 12.49 (1H, s, 
5-OH). 

13
C-NMR (300 MHz, DMSO-d6) (ppm): δ 156.1 

(C-2), 135.7 (C-3), 175.8 (C-4), 160.7 (C-5), 98.1 (C-6), 
163.8 (C-7), 93.3 (C-8), 156.1 (C-9), 102.9 (C-10), 121.9 
(C-1’), 115.0 (C-2’), 145.0 (C-3’), 147.6 (C-4’), 115.5 (C-5’), 
119.9 (C-6’). From the data of 

1
H-NMR and 

13
C-NMR 

(Williams and Wender, 1953; Aderogba et al., 2006), it 
could be concluded that the hydrolysate was quercetin. 
That is, quercetin can be effectively produced by 
selectively hydrolyzing one rutinose from rutin. 
 
 
Conclusions 
 
In the present study, a crude snailase was used to 
produce quercetin by directionally enzymatic hydrolysis of 
rutin and the reaction conditions were optimized. The 
results indicated that the crude snailase had good 
biocatalytic ability for selective hydrolysis of one rutinose 
from rutin. When the hydrolysis reaction conditions of rutin 
catalyzed by snailase were as follows: temperature 34°C, 
pH 6.2, and substrate concentration 0.0242 mg/mL, the 
optimum conversion yield of quercetin was 98.18%. 
Moreover, metal ions (Cu

2+
, Ca

2+
, Mg

2+
, Fe

2+
, K

+
 and Na

+
) 

all had depressant effect on the conversation of quercetin 
from rutin with different strength. The hydrolysis product 
was purified by solvent extraction and crystallization, 
which chemical structure was identified as quercetin by 
1
H-NMR and 

13
C-NMR. In conclusion, enzymatic 

conversion process of quercetin from rutin is simple, 
practical and can provide a reference in the trial 
production.  
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Figure 6. 1H NMR and 13C NMR spectra of quercetin were recorded by a Bruker 300 Hz spectrometer. 
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