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The establishment of a catalytic system to enrich isoflavone aglycones in black soybean

milk was investigated in this study. Beta-glucosidase, which was covalently immobilized

onto cellulose beads, exhibited a significant efficiency for the conversion of 4-nitrophenyl

b-D-glucuronide to p-nitrophenol over the solegel method. The Michaelis constant (Km) of

the cellulose bead enzymatic system was determined to be 1.50 ± 0.10 mM. Operational

reusability of the cellulose bead enzymatic system was justified for more than 10 batch

reactions in black soy milk. Moreover, the storage stability verification indicated that the

cellulose bead catalytic system was able to sustain its highest catalytic activity for 10 days.

High-performance liquid chromatography results demonstrated that this enzymatic sys-

tem required only 30 minutes to achieve complete isoflavone deglycosylation, and the

aglycone content in the total isoflavones in black soy milk was enriched by 67% within 30

minutes by the cellulose bead enzymatic system.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Over the past decades, black soybean milk has become a

popular beverage consumed in Asian countries as it is rich in

isoflavone, with reports estimating its isoflavone level to be

100 mg/L [1]. Isoflavone is a subgroup of flavonoids that ex-

hibits many potential health-enhancing benefits [2],

including reduction of cardiovascular disease [3], prevention

of cancer [4], protection from osteoporosis [5], and
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antioxidant activities [6]. Several studies have demonstrated

that the isoflavone aglycone is adsorbed faster than isofla-

vone glycoside, which results in higher bioavailability of

isoflavone aglycone [7e10]. In addition, it was revealed that

the amount of isoflavones adsorbed is higher in aglycone-

rich fermented soy milk than glycoside-rich nonfermented

soy milk [11]. The intake of aglycone-rich black soy milk was

therefore suggested to be more beneficial for the purpose of

health enhancement.
ology, National Taiwan University, Number 1, Section 4, Roosevelt
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In recent years, many studies have emphasized on the

enrichment of isoflavone aglycones in black soy milk by fer-

menting it with some probiotic microorganisms [12e14] or

immobilized enzyme systems [15e18]. The bioconversion of

isoflavone glucosides into aglycones was achieved through

the removal of the glucoside conjugates using b-glucosidase.

The establishment of immobilized enzyme systems has

attracted tremendous attention for isoflavone bioconversion

due to the advantages of easy separation from reaction solu-

tion, reusability for reducing cost, continuous processing, and

long-term stability [15e18].

In this study, a covalently immobilized enzyme system

and an enzyme-entrapped system were adopted and

compared for their efficiency on deglycosylation of isofla-

vone. Two biocompatible materials (cellulose bead and sol-

egel) were used to evaluate the feasibility of black soy milk

isoflavone conversion. Beta-glucosidase was immobilized on

cellulose beads by covalent binding and entrapped within

solegel by matrix entrapment, respectively. The solegel

process is a common approach to encapsulate enzymes or

proteins for various applications [19]. In this method, the

formation from solution phase to gel phase provides a plat-

form for the enzymes to be entrapped inside a matrix, in

which the corresponding substrate can easily bind onto the

active site of the enzyme [20]. Cellulose beads act as solid

carrier onto which the enzymes attach after chemical

modification. The catalytic efficacy of the two enzyme sys-

tems has been investigated by evaluating the Michaelis

constant (Km) and maximal activity (Vmax). The system that

possesses more efficient catalytic behavior was applied in

deglycosylation of isoflavone in black soy milk and the effi-

ciency was evaluated based on the changes in isoflavone

content (genistin, daidzin, genistein, and daidzein) in black

soy milk before and after deglycosylation.
2. Materials and methods

2.1. Materials

Beta-glucosidase from Aspergillus niger, cellulose acetate, tet-

ramethyl orthosilicate, glutaraldehyde, and sodium carbonate

were obtained from Sigma-Aldrich (St. Louis, MO, USA). Acetic

acid, methanol, and acetonitrile were purchased from J.T.

Baker (Center Valley, PA, USA). 4-Nitrophenyl b-D-glucuronide

(p-NPG) purchased from Alfa Aesar (Ward Hill, USA) was used

as the substrate to determine the catalytic activity of the

immobilized enzyme system. The black soy milk was pre-

pared by milling black soybeans [Glycine max (L.) Merr.]

(Tainan, Number 3) with a grinder. Porous cellulose beads [21]

and solegel [22] were prepared as previously described.

2.2. Carrier preparation and enzyme immobilization

2.2.1. Cellulose beads
Cellulose acetate (6 g) was dissolved in an organic mixture

solution (50 mL; acetone:dimethyl sulfoxide ¼ 6:4). The ho-

mogenized mixture was pipetted with a pipette syringe (size

of syringe tip: Number 25, 0.5 � 25 mm) and precipitated in

water. The beads were then washed with distilled water and
dried overnight at room temperature to a constant weight.

Cellulose beads (total volume: 40 cm3) were activated by

treating them with 2.5% glutaraldehyde aqueous solution at

100�C for 30 minutes [23,24]. Activated cellulose carriers were

then treated with 2.5% glutaraldehyde aqueous solution at

room temperature for 60 minutes. After the beads were

washed at room temperature with double-distilled water,

they were incubated separately for 16 hours at 4�C with 50 mg

of b-glucosidase dissolved in 50 mL of 0.1 M phosphate buffer

at pH 6. The unbound enzyme was removed from the carriers

using 0.1 M phosphate buffer, and the enzyme-modified car-

riers were stored in a fridge at 4�C until use to preserve their

activity. The amount of enzymes being immobilized on the

carriers was determined by monitoring the difference be-

tween the amount of b-glucosidase initially used and the

amount recovered in the solution at the end of the immobi-

lization process. The concentration of b-glucosidase was

determined according to the Bradford dye-binding procedure

[25]. The amount of b-glucosidase (750 U/g) immobilized on

cellulose beads was estimated to be 37.54 ± 2.8 mg, which

corresponds to 28.5 U of enzyme involved in the catalytic

reaction.

2.2.2. Solegel
As much as 26 mL of the diluted enzyme buffer solution,

which contains an equal amount of enzyme attached onto

cellulose beads in the immobilized enzyme system, was

added into a solution containing 10 mL tetramethyl orthosi-

licate and 4 mL HCl (10 mM). The mixture was then vortexed

for 1 minute, followed by washing (two times) with 0.1 M

phosphate buffer (pH 6). The solegel enzymatic system ob-

tained was aged at 4�C for more than 3 days to improve its

stability [22].

2.3. Verification of enzyme immobilization

X-ray photoelectron spectroscopy, also known as electron

spectroscopy for chemical analysis (ESCA), is usually used to

determine the surface functional groups of various materials

[26,27]. Changes in the chemical binding energy indicate the

formation of new functional groups after surface modifica-

tion. ESCA is commonly used in protein immobilization [28,29]

and immobilization of microorganisms [30]. In this work,

ESCA was used to verify successful enzyme immobilization.

X-ray photoelectron spectroscopy measurements were con-

ducted using an ESCA system (VGMicrotech,MT-500, UK)with

A1Ka radiation (hn ¼ 1486.6 eV). The Thermo Scientific

Avantage Data System (Thermo Fisher Scientific Inc., Hert-

fordshire, UK) was used to perform curve fitting and calculate

the atomic concentrations.

2.4. Enzymatic activity determination

Five milligram of p-NPG, which is equal to the amount of

isoflavone in 50 mL of soy milk as published previously

[1], was dissolved in 0.1 M phosphate buffer (50 mL, pH 6). The

b-glucosidase-immobilized system was incubated with 50 mL

of p-NPG solution in a batch reactor. The reaction was stopped

by adding 1 mL of 1 M sodium carbonate (Na2CO3). The

absorbance of p-NPG was measured at 425 nm [31].

http://dx.doi.org/10.1016/j.jfda.2016.03.007
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2.5. Morphology characterization

The surface morphologies of cellulose bead and solegel

without and with b-glucosidase immobilization were exam-

ined by scanning electronmicroscopy (SEM) at an accelerating

voltage of 10 kV (JSM-6510LV, JEOL, Tokyo, Japan).

2.6. Isoflavone extraction

The methods for extraction of isoflavone in black soy milk

were in accordance with the procedures described previously

[32]. At regular intervals, 0.75 mL of black soy milk was with-

drawn and added into 0.75 mL of MeOH (100%) containing

2000 ppm benzoic acid as the internal standard. The volume

ratio of black soy milk to methanol was 1:1, to achieve 50% of

methanol in the mixture. The mixture was shaken for 3 mi-

nutes and then centrifuged at 8000g for 1 minute to remove

the insoluble debris. The supernatant was collected and

further diluted by 50%methanol. After filtering through a 0.45-

mm minipore polyvinylidene fluoride filter, the filtrate was

collected and analyzed by high-performance liquid chroma-

tography (HPLC). Acetic acid (0.1%) in acetonitrile (Solvent A)

and 0.1% acetic acid (0.1%) in aqueous solution (Solvent B)

were used as the eluents. The gradient program of the mobile

phase was performed as follows: 0 minute, A:B ¼ 10%:90%; 25

minutes, A:B ¼ 68%:32%; 32 minutes, A:B ¼ 70%:30%; and 35

minutes, A:B ¼ 90%:10%. The amount of isoflavones in black

soy milk (daidzin, genistin, daidzein, and genistein) was

calculated using the following equation [32]:

Isoflavone ¼ AS

AIS
� CIS

RRF
� 1

MW
� VInitial

VWithdrawn

where AS and AIS represent the peak areas of each isoflavone

species and internal standard, respectively; CIS represents the

concentration of internal standard (2000 ppm); MW is the

molecular weight of each isoflavone species; and VInitial and

VWithdrawn represent the initial volume of black soy milk

(50mL) and the volume of black soymilk withdrawn (0.75mL),

respectively. The relative response factor (RRF) was deter-

mined to be 4.23, 7.50, 9.91, and 9.09 for daidzin, genistin,

daidzein, and genistein, respectively.

2.7. HPLC analysis

Resolution of isoflavone glycosides and aglycones was

measured using YMC-Pack ODS-AMC C18 column (5 mm,

250 � 4.6 mm). The column was attached to an HPLC work-

station containing two LDC pumps (ConstaMetric 3200 and

ConstaMetric 3500) and an LDC analytical mixer. The injection

volume was 20 mL and an elution rate of 1.0 mL/min was used.

Acetic acid (0.1%) in aqueous solution (Solvent A) and 0.1%

acetic acid in acetonitrile (Solvent B) were used as the eluent.

Detection was performed by UV absorption at 254 nm. The

data were analyzed using an SISC chromatography data sys-

tem (SISC Taiwan, Taipei, Taiwan).

2.8. Statistical analysis

The data expressed in various studies were plotted using

Sigma Plot 11.0 (Systat Software, Inc., Chicago, IL, USA) and
expressed as standard error (±). Each value represents the

mean of three independent experiments, with average stan-

dard deviation less than 5%.
3. Results

3.1. Chemical modification of b-glucosidase attached
onto cellulose bead

To testify the chemical modification of b-glucosidase attached

onto cellulose beads, the elemental compositions and chemi-

cal structure characteristics obtained using ESCA were evalu-

ated and used as indicators. The ESCA spectra in Figure 1

(cellulose beads without and with enzyme immobilization)

illustrated the specific functional groups of unmodified and

modified cellulosebeads. The spectral features in theC1s ESCA

spectrum (Panel i in Figure 1A) observed at 284.6 eV, 286.2 eV,

and 288.8 eV represented the carbon (C), hydroxyl (CeOH), and

carbonyl (C]O) groups, indicating that the surface of cellulose

beads mainly contains CeOH groups. In the N 1s ESCA spec-

trum (Panel i in Figure 1B), no apparent peak was observed,

which indicates that there is nonitrogen atomon thesurfaceof

cellulose beads. After chemicalmodification, the specificpeaks

observed at 286.1 eV (CeOeC) and 287 eV (eC]Ne) in the C 1s

ESCA spectrum mainly resulted from covalent binding be-

tween cellulose bead and b-glucosidase using glutaraldehyde

as a cross-linking reagent (Panel ii in Figure 1A). A significant

increase of a new peak at 399.8 eV (eC]Ne) can be observed in

the N 1s ESCA spectrum (Panel ii in Figure 1B), which confirms

the successful immobilization onto cellulose beads through

the amino acid of b-glucosidase. The results demonstrate that

the abundant eOH groups on the surface of cellulose beads

were cross-linked with glutaraldehyde through covalent

binding. Amino acids on b-glucosidase subsequently reacted

with glutaraldehyde via eC]Ne bonds, which led to an

attachment between enzymes and cellulose beads.

The relative atomic percentage among C, O, andN obtained

from the ESCA spectra for cellulose beads without and with

enzyme immobilization was further investigated (Figure 1).

Prior to enzyme immobilization, the C/N ratio of cellulose

beads was 66.16/0, which indicates the presence of 66.16% of

carbon and 0% of nitrogen on the surface of clean cellulose

beads. After enzyme immobilization through chemical

modification, the relative content of C decreases to 60.04,

whereas the relative content of N increases to 4.47, which

confirms the covalent binding of beta-glucosidase onto cel-

lulose beads through the amino groups.

3.2. Morphology of cellulose bead and solegel

The SEM images of cellulose beads with and without enzyme

immobilization are presented in Figure 2. The diameter of

cellulose bead was approximately 1 mm. Prior to the enzyme

attachment, the surface of the cellulose bead was smooth

(Panels i and ii in Figure 2A). After enzyme immobilization

through covalent binding, the surface of cellulose bead was

covered by some granulated areas, which represent the re-

gions of enzyme attachment (Panels iii and iv in Figure 2A).

This provided an evidence that b-glucosidasewas successfully

http://dx.doi.org/10.1016/j.jfda.2016.03.007
http://dx.doi.org/10.1016/j.jfda.2016.03.007


Figure 1 e The observed (A) C 1s and (B) N 1s electron spectroscopy for chemical analysis (ESCA) spectra used for examining

enzyme immobilization: (i) clean cellulose beads and (ii) cellulose beads with enzyme immobilization. The characteristic

functional groups responsible for the corresponding ESCA signals are indicated by arrows. The atomic compositions of

cellulose beads without and with enzyme immobilization were determined as follows: (a) clean cellulose beads: C,

66.16 ± 0.1; O, 33.83 ± 0.1 and (b) cellulose beads with enzyme immobilization: C, 60.06 ± 0.2; O, 35.49 ± 0.1; N, 4.47 ± 0.1.
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immobilized onto the cellulose beads. Figure 2B shows the

images of solegel with and without enzyme immobilization.

Solegel exhibits a porous structure prior to the enzyme

entrapment (Panels i and ii in Figure 2B); nevertheless, it

became compact after enzyme immobilization (Panels iii and

iv in Figure 2B). Beta-glucosidase was successfully enclosed

within solegel to fill up the pores, which accounts for the

compact phenomenon.

3.3. Comparison of efficiency between the two beta-
glucosidase-immobilized systems

Figure 3 presents a comparison of the efficiency between the

cellulose bead enzymatic system and the solegel enzymatic

system with an increase in the p-NPG concentration. The

Michaelis constant (Km) reflects the effective characteristics of

the enzyme and the affinity between enzyme and substrate,

which was determined using the MichaeliseMenten equation

n ¼ Vmax½S�
Km þ ½S�

where [S] represents various concentrations of p-NPG. The

maximal activity (Vmax) indicates the intrinsic characteristic

of the enzyme, at which all active sites of the enzyme are all

bound to the substrate.

The Km and Vmax values of the two enzymatic systems

calculated from the MichaeliseMenten equation are summa-

rized in Table 1. The values of Km for the cellulose bead system

and thesolegel systemhavebeenestimated tobe1.50 ± 0.10mM

and 1.73 ± 0.13 mM, respectively. As shown in Figure 3,

significant differences in Km determination between the cel-

lulose bead and solegel systems occurred with the substrate

concentration of 2 mM (p < 0.05). The lower Km of solegel
implies that the affinity between beta-glucosidase and p-NPG

of the solegel system was smaller than that of the cellulose

beads enzymatic system. It may be explained that the diffu-

sion of p-NPG into the active site of enzymes entrapped in

solegel requiredmore time comparedwith the cellulose beads

system, where p-NPG was able to contact enzymes directly as

enzymes were immobilized on the surface of cellulose beads.

Moreover, the cellulose bead systemhad two times betterVmax

value than the solegel system, indicating that the cellulose

bead system displays higher velocity when saturated with p-

NPG. The cellulose bead system exhibits lower Km and higher

Vmax comparedwith the solegel system,which directly proves

the more effective catalytic activity of the cellulose bead

enzymatic system. The results obtained were as expected; in

the case of solegel entrapment immobilization, it might

require longer time for the substrate to access the active site of

the enzyme. Beta-glucosidase immobilized through covalent

bindingwas directly anchoredon the surface of cellulose beads,

which facilitates the reaction between enzyme and substrate

to enhance the catalytic efficiency. To achieve effective

deglycosylation of isoflavones in soy milk, cellulose beads

wereused as b-glucosidase immobilizer in the following study.

3.4. Hydrolysis of isoflavone glycosides in black soy milk
to isoflavone aglycones by the cellulose bead enzymatic
system

Fifty milliliter of black soy milk was used as the substrate for

the catalytic conversion from isoflavone glycosides to isofla-

vone aglycones. The isoflavone content for different experi-

mental conditions are presented in Table 2. Following 10

minutes of treatment, the total amount of isoflavone glyco-

sides reduced significantly from 276 mM (daidzin, 128 mM;

http://dx.doi.org/10.1016/j.jfda.2016.03.007
http://dx.doi.org/10.1016/j.jfda.2016.03.007


Figure 2 e Scanning electron microscopy images of surface morphologies of (A) cellulose beads and (B) solegel (b) without

(Panels i and ii) and with (Panels iii and iv) b-glucosidase immobilization.

j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 4 ( 2 0 1 6 ) 7 8 8e7 9 5792
genistin, 148 mM) to 119 mM (daidzin, 55 mM; genistin, 64 mM).

Meanwhile, the total amount of aglycones increased from 45 mM

(daidzein, 21 mM; genistein, 24 mM) to 131 mM (daidzein, 60 mM;

genistein, 71 mM), which reveals that the immobilization of

enzyme on cellulose beads was feasible during the hydrolysis

of isoflavone in black soy milk. A complete deglycosylation of

both daidzin and genistin by the cellulose bead enzymatic

system was achieved in 30 minutes (Figures 4A and 4B).

Enrichment of the two isoflavone aglycones (by 67%) in black

soymilk was accomplished within 30minutes by the cellulose

bead enzymatic system (Table 2).

3.5. Storage stability and reusability of the cellulose
bead enzymatic system

The storage stability of the cellulose bead enzymatic system

was investigated in black soymilk for 30 days (Figure 4C). This
examination is worthwhile because black soy milk is consid-

ered to be a complicated environment containing plenty of

proteins or compounds, which may cause enzyme degrada-

tion. It was found that the cellulose bead enzymatic system

retained 80% of its original activity after 10 days. A dramatic

decrease of relative activity (0.45) was observed after 15 days.

By contrast, the catalytic capability retained 70% of its original

activity for 10 batch reactions. The results demonstrate that

the storage stability and reusability of the b-glucosidase

immobilized system were 10 days and 10 batch cycles,

respectively.
4. Discussion

Numerous studies have reported that the utilization of

b-glucosidase isolated from microorganisms acts as a

http://dx.doi.org/10.1016/j.jfda.2016.03.007
http://dx.doi.org/10.1016/j.jfda.2016.03.007


Figure 3 e Catalytic behaviors of the immobilized

b-glucosidase system using cellulose beads and solegel as

enzyme carriers. The Michaelis constant (Km) was

determined by the fitting curve. All the experiments were

performed in triplicates.
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potential approach for deglycosylation of isoflavone glyco-

sides [33e35]; nevertheless, suspended enzymes without any

support can only perform single catalysis owing to the

difficulty in retrieving enzymes from products. Lately,

several research topics were dedicated to the establishment
Table 1 e Kinetic parameters characterizing the solegel
and the cellulose bead enzymatic systems.

Solegel Cellulose bead

Km (mM) 1.73 ± 0.14a 1.50 ± 0.10b

Vmax (mM/min) 0.03 ± 0.001a 0.08 ± 0.002b

All experiments were performed in triplicates. Values (in the same

row) not marked by the same letter are significantly different

(p < 0.05; n ¼ 3).

Table 2 e Isoflavone contents of black soy milk treated at vario

Reaction time Glycoside (mM) Aglycone (mM) A

Daidzin Genistin Daidzein Genistein D

Nontreated 128 ± 15c 148 ± 9c 21 ± 2c 24 ± 1c d

5 min 83 ± 8d 97 ± 8d 36 ± 3d 62 ± 9d 34.2

10 min 55 ± 3e 64 ± 2e 60 ± 7e 71 ± 3e 53.1

15 min 46 ± 7e 39 ± 3f 71 ± 4e 91 ± 3f 60.9

20 min 0f 9 ± 1g 91 ± 1f 115 ± 5g 54.4

30 min 0f 0h 89 ± 1f 126 ± 13g 53.5

45 min 0f 0h 93 ± 6f 133 ± 1g 56.5

All experiments were performed in triplicates. Values (in the same colum

n ¼ 3).
a Aglycosylation rate (%) ¼ (increased molarity of isoflavone aglycone

� 100%.
b Aglycone (%) in the total isoflavones ¼ (the amount of aglycones/the to
of b-glucosidase immobilized system [15e18]. Our previous

study utilizing glass microspheres as a solid carrier for b-

glucosidase immobilization reveals an efficient method to

achieve complete isoflavone deglycosylation in 30 minutes

[15]. In addition, we evaluated the fact that b-glucosidase

immobilized on spent coffee grounds was capable of cata-

lyzing isoflavone glycosides in black soymilk [16]. Chang et al

[17] used chitosanecarbon bead as an enzyme immobiliza-

tion support to hydrolyze isoflavone glycoside in an aque-

ouseorganic two-phase system. Ethyl acetate was used as

the organic phase due to its good solubility. The hydrolysis

completion time for daidzin and genistin was estimated to be

40 minutes and 60 minutes, respectively. Chitosan bead

was also selected as an enzyme carrier to immobilize

soybean b-glucosidase for enhancement of aglycones in

commercial soy milk [18]. The results demonstrated that

there was a 24% increase in aglycones content after 60

minutes of catalytic reaction.

In this work, we reported a method to bind b-glucosidase

onto cellulose beads for the enrichment of isoflavone agly-

cones in black soy milk. The reaction time for complete

deglycosylation in this study was only 30 minutes, which is

shorter in comparison with other studies utilizing chitosan

beads as the enzyme carrier. Moreover, with respect to their

application in a packed or fluidized bed reactor, cellulose

beads (approximately 1 mm) have more suitable size than

glass microspheres (approximately 10 mm). By contrast,

good reusability and long-term storage stability increase the

values of enzyme-immobilized systems in the industrial

application. It has been reported that the reusability and

storage stability of b-glucosidase immobilized onto chito-

sanecarbon composite were 7 reuses and 60 days, respec-

tively [17]. Our previous results demonstrated that the glass

microsphere enzymatic system can catalyze 40 reactions

and be stored stably for 40 days [15]. Furthermore, the spent

coffee ground enzymatic system was confirmed to have 30

batch reactions reusability and stability of 20 days [16].

However, substrates used to verify reusability and storage

stability in the aforementioned cases were glycosides dis-

solved in an aqueouseorganic system [17] and p-NPG
us reaction times by the cellulose bead enzymatic system.

glycosylation rate
(%)a

Aglycone (%) in the total isoflavonesb

aidzin Genistin

d 13.8 ± 0.36c

± 2.55c 75.2 ± 1.88c 30.7 ± 0.98d

± 1.89d 56.5 ± 2.13d 40.7 ± 1.74e

± 3.25e 61.3 ± 1.45d 50.2 ± 2.74f

± 1.77d 65.2 ± 0.87d 63.9 ± 1.32g

± 1.99d 68.8 ± 1.34be 67.0 ± 1.97h

± 0.61d 74.0 ± 1.35e 70.6 ± 1.83h

n) not marked by the same letter are significantly different (p < 0.05;

s/decreased molarity of the corresponding glycosylated isoflavone)

tal amount of initial isoflavones) � 100.

http://dx.doi.org/10.1016/j.jfda.2016.03.007
http://dx.doi.org/10.1016/j.jfda.2016.03.007


Figure 4 e (A) Conversion of daidzin to daidzein in black soy milk by the cellulose bead enzymatic system. (B) Conversion of

genistin to genistein in black soy milk by the cellulose bead enzymatic system. (C) Storage stability of the cellulose bead

enzymatic system in black soy milk recorded from 1 day to 30 days. (D) Operational reusability of the cellulose bead

enzymatic system in black soy milk. All the experiments were performed in triplicates.
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dissolved in phosphate buffer solution [15,16], respectively.

In this study, black soy milk, which contains large amounts

of proteins, polysaccharides, and other sugar components,

was directly used as the substrate to examine reusability

and stability of cellulose bead enzymatic system. The ca-

pacity of 10 reuses and the long-term storage (stable for 10

days) of black soy milk make this catalytic system a

remarkable one for the scale-up preparation of aglycones-

rich products.
5. Conclusion

In summary, the immobilization of b-glucosidase on cellu-

lose beads is capable of catalyzing the isoflavone hydrolysis

in black soymilk. The capacity of 10 consecutive uses and 10-

day stability in black soy milk offer an economic approach to

prepare the aglycone-rich black soy milk in place of

fermentation in industrial production. Moreover, for large-

scale preparations of aglycone-rich black soy milk, deter-

mination of optimal condition of the cellulose beads enzy-

matic system in a fluidized bed reactor will be the next

challenge.
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