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AGRICULTURAL AND
FOOD CHEMISTRY

In Vitro Study of Microencapsulated Isoflavone and
p-Galactosidase
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This study was designed to find the optimum conditions for isoflavone or -galactosidase microen-
capsulation and to examine the release efficiency of microcapsules in simulated gastrointestinal
conditions. Coating materials were either medium-chain triacylglycerol (MCT) or polyglycerol
monostearate (PGMS). The highest rate of microencapsulation was found at 15:1 (w/w) ratio of MCT
to isoflavone or -galactosidase as 70.2 or 75.4%, respectively. When PGMS was used as the coating
material, 91.5% f3-galactosidase was microencapsulated with 15:1 mixture (w/w). In vitro study, less
than 6.3—9.3% of isoflavone was released in simulated gastric fluid (pH 2—5) during 1 h incubation.
Comparatively, isoflavone release increased dramatically to 87.8% at pH 8 for 1 h incubation in
simulated intestinal fluid and was maintained thereafter. The release of 3-galactosidase showed a
similar trend to that of isoflavone. It appeared in the range of 12.3—15.2% at pH 2—5; however, it
increased significantly to 80.6% as the highest value at pH 8. Among the released isoflavones, 53.5%
was converted into the aglycone form of isoflavone at pH 8 for 3 h incubation. The present study
indicated that isoflavone or -galactosidase could be microencapsulated with fatty acid esters and
released effectively in simulated intestinal condition.
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INTRODUCTION by the traditional process has not been accepted because of its
) off-flavor which is characterized by beany flavor and an

In recent years, the heglth benefits of soybean-paseql proqUCt%bjeCtionable aftertaste (7). Among several investigations on
have been widely recognized all over the world. Epidemiological the objectionable aftertaste of soybeans, Arai eti8) identified

9 y P these phenolic acids had sour, bitter, and astringent taste. Sessa

various chronic diseases and hormone-associated health disor- L ; - .
ders (1). Genistein, daidzein, and their derivatives such aSet al. (L1) reported that oxidized phosphatidylcholine contributed

aglyclones are the major forms found in the soybean grains and'.(O the bitter taste in soy flakes. Huang et al2) identified

in nonfermented foods (). To establish a relation between |sofllav0.ne compogn(_is from defatied soy flo.ur, as daidzejn,
isoflavone intake and its proposed biological activity, the genistein, and glycitein, and stated that these isoflavones might

absorption, distribution, metabolism, and excretion isoflavones be responsible for the undesirable bitterness and astringency of
from the glycone and aglycone forms have been investigated soybean products. ) .
in animals and humansl(5). After ingestion, the glucoside To mask those sensory defects, microencapsulation could be
forms of isoflavones are hydrolyzed to the aglycone forms by & good vehicle for the addition of isoflavone tq food product.s
B-glucosidase (46) including f-galactosidase in the jejunum (13, 14). Among several factors to be considered for this
(7). The released aglycone forms of isoflavones are either technique, the choice of coating materlgl is the most important
absorbed intact by the intestine or are further metabolized by @hd depends on the chemical and physical properties of the core
intestinal microflora into several other produdts). Moreover, material, the process used to form microcapsules, and the
since the benefits of soybean are more easily achieved with theultimate properties desired in microcapsules.
isoflavones in their aglycone forms, fermented soybean products In addition, 5-galactosidase microencapsulation could be a
could provide a better source of food factors. means of employing higher rates of bioavailability. It may

Soy milk is one of the popular traditional products of soy Prevent the hydrolysis of lactose in foods, which is mostly
beans and has been consumed widely as a nutritious andcontained in dairy products, and may provide the increased
economical protein food. However, the soy milk manufactured absorption rate in intestinal condition.

Although several researchers have used coating materials such

* Author to whom correspondence should be addressed. Tel: (822) 3408- 2 Milk fat, agar, gelatin, and so forth responsible for enzyme,
3226; fax: (822) 4978931; e-mail: kwakhs@sejong.ac.kr. flavor, and iron microencapsulation in food(-18), no study
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has measured the efficiency of isoflavone bgalactosidase
microencapsulation using fatty acid esters and their staliility
vitro. Therefore, the objectives of this study were to find the
optimum conditions for isoflavone gi-galactosidase microen-
capsulation and to examine the release efficiency of microcap-
sules in simulated gastrointestinal conditionsiitro.

MATERIALS AND METHODS

Materials. For microencapsulation, polyglycerol monostearate (PGMS)
or medium-chain triacylglycerol (MCT) was used as the coating
material. It was purchased from II-Shin Emulsifier Co., Ltd. (Seoul,
Korea). One core material was isoflavone, which was the glycone form
extracted from soybean and purchased from Amore Pacific Co. Ltd
(Seoul, Korea). The other one wgsgalactosidase, fungal lactase
(activity, 80,000 unit/g) purchased from Amano Enzyme, Inc. (Nagoya,
Japan). The six individual standards for isoflavone, genistin, daidzin,
genistein, and daidzein were obtained from Sigma Chemical Co. (St.
Louis, MO), and glycitein was purchased from Fujico Co. (Tokyo,
Japan). Other materials far vitro study were purchased from Sigma
Chemical Co. (St. Louis, MO).

Preparation of Microcapsule. Microcapsules of isoflavone were
made by MCT, ang-galactosidase was made by either MCT or PGMS.
Subsequently, the glycone form of isoflavonefgalactosidase was
mixed with MCT in the ratios of 5:1, 10:1, 15:1, and 20:1 (coating to
core), and the conditions were the same with PGMS except for distilled
water addition with four-fifths of the coating material. The spray
solution was heated at 5% for 20 min and was mixed thoroughly
with stirring at 1200 rpm.

An airless paint sprayer (W-300, Wagner Spray Tech. Co., Markdorf,
Germany) nebulized a coating and core material emulsion into a cylinder
containing a 0.05% polyethylene sorbitan monostearate (Tween 60)
solution at 5°C. The diameter of the nozzle orifice was 0.33 mm.
Microcapsules were formed as lipid solidified in the chilled fluid. The
chilled fluid was centrifuged at 2,49& g for 10 min to separate
isoflavone org-galactosidase microcapsules. The microencapsulation
of the core materials was done in triplicate.

Efficiency of Microencapsulation. The dispersion fluid of microen-
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Table 1. Microencapsulation Efficiency of Isoflavone with Different
Ratios of MCT to Isoflavone?

ratio (w/w)
MCT? isoflavone efficiency (%)
5 1 57.3d
10 1 63.1c
15 1 70.2a
20 1 68.6b

@Means of triplicate. Means in a column without the same letter are significantly
different (p < 0.05). ® Medium-chain triacylglycerol.

Table 2. Microencapsulation Efficiency of 5-Galactosidase with
Different Ratios of Coating Materials to 3-Galactosidase?

ratio (w/w) efficiency (%)
coating material p-galactosidase MCT® PGMS¢
5 1 50.2d 61.4d
10 1 63.7¢c 73.9c
15 1 75.4a 91.5a
20 1 70.2b 79.5h

@Means of triplicate. Means in a column without the same letter are not
significantly different (p<0.05). ® Medium-chain triacylglycerol. ¢ PGMS (polyacyl-
glycerol monostearate):distilled water = 5:4.

measured for isoflavone gi-galactosidase content released from the
microcapsules. All treatments were triplicate.

Statistical Analysis. Data from each experiment were analyzed by
analysis of variance (ANOVA) using a SAS program (20), and
differences among treatments were determined by Dunwaiftiple
test atp < 0.05, unless otherwise stated.

RESULTS

Microencapsulation of Isoflavone. The efficiency of mi-

capsulation was assayed for untrapped isoflavone by MCT. One croencapsulation made by MCT is showrTiable 1. Efficiency
milliliter of the dispersion fluid was taken and diluted 10 times and of isoflavone microencapsulation increased steadily up to 15:1
the total isoflavone content was measured by HPLC (Waters 600, ETL of coat-to-core ratio and was the greatest (70.2%) at that ratio.
Testing Lab. Inc., Cortland, NY). A sample measurement was run in 5 significant difference was not found between 15:1 (70.2%)

triplicate.

The dispersion fluid was assayed for untrapggdalactosidase
according to a modified procedure of Shin et 40Y. Two milliliters
of the dispersion fluid was filtered by Whatman no. 540, followed by
membrane filteration (id. 1.2m, Whatman International Ltd., Mad-
istone, England). The 2 mL of 5 miM-nitrophenols-galactosidase
(Sigma Chemicals Co., St. Louis, MO) heated to °& for 15 min
was added to 0.5 mL in a water bath for 20 min. The reaction was
stopped by adding 0.5 mL of 500 mM M&Os. The color intensity
was read at 420 nm with Beckman DU 650 Spectrophotometer
(Beckman Instruments Inc., Fullerton, CA). Microencapsulation ef-
ficiency was calculated as follows: % (specific activity of residual
in the dispersion fluid/initial specific activity of enzyme in spray
solution) x 100. The dispersion fluid was centrifuged at 200y to

and 20:1 (68.6%). In the ratio of 20:1, MCT was leftover in
the upper layer of dispersion fluid after centrifugation. Therefore,
the optimum ratio of MCT to isoflavone was 15:1, even though
leftover was still found in the upper layer.

Microencapsulation of f-Galactosidase The efficiency of
microencapsulation fof-galactosidase is shown ifiable 2.
Microencapsulation efficiency made by MCT also increased up
to 15:1 of coat-to-core ratio. The highest efficiency was 75.4%
in that ratio. Significant difference was not found between ratios
of 15:1 (75.4%) and 20:1 (70.2%). MCT wifrgalactosidase
was also dispersed in the upper layer after centrifugation similar
to that of isoflavone. Therefore, the optimum ratio of MCT to

remove the intact capsules from the fluid. Sample measurements were?-dalactosidase was found to be 15:1, even though leftover was

run in triplicate.
In Vitro Study. To determine the stability in the stomach and

still found in the upper layer.
Even though PGMS was heated to 85, it appeared to be

intestine, the simulated gastrointestinal solutions were prepared ashard to spray as described in a previous stui@).( From

follows: (1) gastric fluid prepared in sample solution containing pepsin
(pH 1.2) and simulated into five different fluids with pHs-8 using

1 N HCl and 1 N NaOH. Intestinal fluid was prepared in 0.1 M PBS
buffer (100 mL, pH 7.4) containing 20 mg pancreatin, 5 mg lipase, 10
mM cholic acid, and 10 mM deoxycholic acid and was simulated into
four different intestinal solutions as pHs 6—9.

In gastric and intestinal fluids, the microcapsules of isoflavone or
f-galactosidase in distilled water were incubated at@7with 100
rpm shaking for 10 min; in intestinal fluid, they were incubated at 37
°C for 30 min with the sample collecting at 1 h interval. The treated
samples were centrifuged at 2,490 g, and the supernatant was

preliminary experiment, when the ratio of coating (PGMS) to
core material to distilled water was 5 g:1 g:30 mL, the highest
efficiency was 75%. Too much addition of distilled water for
microrencapsulation resulted in a weak microcapsule coat;
therefore, the efficiency was decreased in our preliminary studies
(18, 21).

When the ratio of PGMS to distilled water was 5:4 (w/v),
the optimum ratio of PGMS t@-galactosidase, 5:1, 10:1, 15:
1, and 20:1, was examined as showTable 2. Efficiency of
the microencapsulation increased up to 15:1 (w/w) (coating-
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Figure 1. Effect of different pH values on isoflavone release from Figure 3. Effect of different pH values on isoflavone release from
microcapsules incubated under simulated gastric condition in vitro. microcapsules incubated under simulated intestinal condition in vitro.
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Figure 2. Effect of different pH values on f3-galactosidase release from ) ) )
microcapsules incubated under simulated gastric condition in vitro. Figure 4. Effect of different pH values on f-galactosidase release from

microcapsules incubated under simulated intestinal condition in vitro.

to-core ratio) and decreased thereafter when the amount of
coating material increased. When the ratio was 15:1, the during 3 h incubation. The higher percentag@afalactosidase
microencapsulation efficiency was 91.5% as the highest value. release in lower pHs (3 and 4) than higher pH (5) may probably

Since PGMS is a solid type in room temperature, an additional be due to a highly acidic condition, which resulted in capsule
procedure was applied on the basis of the method for MCT breakage.
microencapsulation; first, the heating process was applied for 2y simulated Intestinal ConditioriTo determine how ef-
ease of spraying, and, second, distilled water was added (ot tively isoflavone orp-galactosidase was released in the
reduce the viscosity of spray solution for the encapsulating jntestine, a simulated intestinal fluid was prepared with the
Iactasg. . . . . presence of pancreatin and bile salts and was incubated at 37

In Vitro Study. (1) S|mL_JIated Gastric Corjdltloﬁ'.hls study °C for 3 h (Figures 3and4). When both pH and the duration
was conducted to determlne whether the mlcrocapsult_as releqsegf incubation increased, the release of isoflavone increased
isoflavone org-galactosidase during simulated gastric condi-
tions. The isoflavone release showed a similar trend in every
pH (2-5) (Figure 1) when incubated in simulated gastric fluid.
When incubated at pH 3, only about 3—5% isoflavone was
released from the microcapsules at the initial time (0 h), and it
was increased up to 8.8% at 1 h and plateaued thereafter, :
Incubation at pHs 4 and 5 at 3T at the initial time also showed f[hereafter. When incubated at -pHs 7 and 8, 88 .and 79%
the release of 35% isoflavone. There was a dramatic increase isoflavone were releasgd from microcapsules at 1 h incubation
to the range of 12:515.8% at pHs 25 during 1 h incubation. and thereafter, respectively.
The relatively higher percentage of isoflavone release in lower  In the case off-galactosidase, a similar trend was found as
pHs (2 and 3) than higher pH 5 may probably be due to highly €xpected. When both the pH and the duration of incubation
acidic condition, which resulted in capsule breakage. increased, the release of enzyme increased dramatically, espe-

A similar trend was also found ifi-galactosidase case. The cially at pHs 7 and 8. Less than 45% of the entrapped
release of-galactosidase showed a similar trend in every pH p-galactosidase was released at pH 6 at every time peried (1
(2—5) (Figure 2) when incubated in simulated gastric fluid. h); however, twice as much increase was found until 1 h
When incubated at pH 2, none was released from the micro- incubation. When incubated at pHs-9, a dramatic increase
capsules at the initial time (0 h), and it was increased up to (over 2 times) was observed between 0 and 1 h incubation and
15.2% at 1 h and plateaued thereafter. Incubation at pHs 3 andwas maintained thereafter. When incubated at pHs 7 and 8, 78.8
5 at 37 °C at the initial time showed also no enzyme release. and 80.6%3-galactosidase were released from microcapsules
There was a dramatic increase as #28.2% at pHs 25 at 1 h incubation and thereafter, respectively.

dramatically, especially in pHs 7 and 8. Less than 30% of the
entrapped isoflavone was released at pH 6 at every time period
(0—3 h), and not much increase was found until 1 h incubation.
When incubated at pHs®, a dramatic increase (over 4 times)
was observed between 0 and 1 h incubation and was maintained
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60 T determine how stable the microcapsules were in the stomach
and how effectively they were released in the intestine, which
is the primary site of isoflavone absorption and regulation.

It is generally accepted that for an effective uptake of
nutritional effect from microcapsules, several problems need

50 +

40+

Production of aglycone (%)

T I to be solved such as the capsules have to contain as much
20 - g--- & -84 Control nutrition as possible, have to resist the gastric and intestinal
, —&—pH 6 fluids, and have to be captured by the enterocytes before being
10 —&—pH7 released into the blood circulation.
—¢—pH 8 - .
0 , , o As expected, the present study indicated that a little amount
j ) ) of isoflavone andg-galactosidase was released at low pH.
0 1 1.5 2 25 3 . . . )
Comparatively, those releases increased dramatically in neutral
Time (h) pH, which was a similar condition to that of the intestine. These
Figure 5. The production of aglycones by released f-galactosidase from results also indicated that microcapsules would be a convenient
microcapsules when incubated in simulated intestinal conditions. tool for isoflavone angs-galactosidase fortification because of

an increase of absorption by favoring the uptake and effective

In addition, the present study examined the conversion of release in the intestine. The present study showed a possible
released isoflavone into aglycone when incubated in simulated application in encapsulated isoflavone apfegalactosidase
intestinal conditions with different pHs and timdsidure 5). fortification using MCT or PGMS, which may be used ef-
At 1 h incubation, 35.839.7% of isoflavone released from  fectively in the food system.
microcapsules was converted into the aglycone form at pHs
6—9. The conversion rate increased to 4152.5%, and the
highest conversion was found at pH 8, which may be the
optimum pH for release@-galactosidase. The present study (1) Setchell, K. D. R.; Cassidy, A. Dietary isoflavone: biological
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