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Alginate microparticles were prepared to evaluate the effect on the fibrinolytic activity of Korean fer-
mented soybean paste, Cheonggukjang (CGJ). The mean diameter of microparticles was 110.37 um and
the microparticles had generally spherical and some wrinkled surfaces. The fibrinolytic activities of
encapsulated and non-encapsulated CGJ extract were measured at various ranges of pH and temperature.
When non-encapsulated CGJ extract was exposed to simulated gastric juice of pH 2.0, the fibrinolytic
activity was rapidly reduced. However, fibrinolytic activity of encapsulated CGJ extract (14.27 units)
was significantly higher than that of non-encapsulated CGJ extract (4.15 units). The fibrinolytic activity
of non-encapsulated CGJ extract decreased rapidly with increased temperature, but stability of fibrino-
lytic activity of encapsulated CGJ was improved under high temperature conditions. These results indi-
cate that the microencapsulation technique is an effective tool to protect the fibrinolytic activity of

CGJ extract from ingestion and heating effects.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Fibrin is an insoluble protein component that is formed by the
specific cleavage of fibrinogen during recovery from a wound (Voet
& Voet, 1990). Normally, the fibrin formed in the blood is dissolved
by fibrinolytic enzymes, such as plasmin, which is activated from
plasminogen by a tissue-type plasminogen activator, within a
few days after injury has healed (Marks, Marks, & Smith, 1996).
Redundant accumulation of fibrin in the blood vessels can interfere
with blood circulation and lead to myocardial infarction, stroke
and other serious cardiovascular diseases (Kim & Choi, 2000; Kim
et al., 1996; Mine, Wong, & Jiang, 2005). Synthetic compounds,
such as coumarin and warfarin, have been used for treatment of
thrombosis (Electricwala, Sawyer, Jones, & Atkinson, 1991).
Although the intravenous administration of urokinase obtained
from human urine has been widely used for thrombosis therapy,
this enzyme has a low specificity to fibrin and is expensive (Kim
et al.,, 1996; Sumi, Sasaki, Toki, & Robbins, 1980).

Fibrinolytic effect can be found in a variety of foods, such as the
Japanese Natto (Sumi, Hamada, Tsushima, Mihara, & Muraki, 1987)
and Korean Cheonggukjang (Kim et al., 1996). A traditional Japa-
nese fermented food, Natto, has been reported to enhance fibrino-
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lytic activity in plasma and the production of tissue-type
plasminogen activator (Sumi, Hamada, Nakanishi, & Hiratani,
1990). The oral administration of fibrinolytic enzyme obtained
from Natto has been shown to enhance the solubilisation of fibrin
in the blood (Sumi et al., 1990).

Cheonggukjang (CGJ) is a traditional and popular fermented
soybean food in Korea and similar to Japanese Natto. A procedure
of Cheonggukjang production is shown in Fig. 1. In the past, soaked
and boiled soybeans have been spread on rice straw and fermented
for 2-3 days. Bacillus subtilis, present in the straw, propagates and
creates sticky mucilage on the soybean. In the modified CK],
soybeans are inoculated with B. subtilis and fermented. Many
researchers have studied the functional components of CGJ (Kwon
et al., 2006; Park, Jung, & Kwon, 2003) and their fibrinolytic activity
(Kim, Kim, & Oh, 1995; Kim et al., 1996; Ko, Yan, Zhu, & Qi, 2004;
Yoo, Seo, Lee, & Kang, 1998). However, a major barrier to the effect
of fibrinolytic activity of CG]J is that fibrinolytic enzymes are unsta-
ble under the acidic conditions of the stomach and heating condi-
tions during the cooking process (Kim et al., 1996).

To overcome this disadvantage, a microencapsulation technique
was applied. Microencapsulation has been successfully used to im-
prove the survival of microorganisms in dairy products, protect
sensitive food components, ensure against nutritional loss and
incorporate unusual or time-release mechanisms into the formula-
tion (Desai & Park, 2005; Lee, Cha, & Park, 2004). The alginate
microparticles have been widely used for the immobilization of
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Fig. 1. The procedure of Cheonggukjang production.

target materials owing to their ease of handling, nontoxic nature
and low cost (Albarghouthi et al., 2000; Hari, Chandy, & Sharma,
1996; Park & Chang, 2000). In this study, alginate microparticles
loaded with CGJ extract were prepared by an air-atomizing device.
The air atomization technique is not harmful to live organisms and
produces small particles (Kim, Hwang, Park, & Park, 2002; Kwok,
Groves, & Burgess, 1991).

The objective of this study was to investigate the effect of algi-
nate microparticles loaded with CG]J on the fibrinolytic activity in
simulated gastric juices, as well as their temperature stability
(40-90 °C).

2. Materials and methods
2.1. Materials

Fifteen Cheonggukjang samples were purchased in various re-
gions in Korea. Human fibrinogen, thrombin, plasmin, fibrin, Fo-
lin-Ciocalteu’s phenol reagent, sodium alginate of medium
viscosity and phosphate-buffered saline tablets (pH 7.4 at 25 °C)
were purchased from Sigma Chemicals (St. Louis, USA). Oxgall
was purchased from Difco (Detroit, MI), glycerol was purchased
from Junsei (Tokyo, Japan), and xanthan gum (Keltrol F) was ob-
tained from NutraSweet (Chicago, IL).

2.2. Fibrinolytic activity

CG]J (1 g) was mixed with 9 ml of sterilized distilled water for
3 h. After centrifugation (12,000 rpm, 50 min) of the mixture, the
supernatant fluid was analysed for its fibrinolytic activity by a
modified fibrin solution method of Ehrlich et al. (1987).

The fibrin solution (0.6% (w/v)) was prepared in 1 N NaOH and
adjusted to pH 8.0. This solution was dialysed against water at
room temperature to remove base, for 24 h. CGJ extract (0.1 ml)
was mixed with 0.4 ml of fibrin solution, and then incubated at
40 °C for 20 min. The reaction mixture was added to 0.45 ml of
0.44 M trichloroacetic acid (TCA) and the solution was allowed to
stand for 30 min at room temperature. After centrifugation
(12,000 rpm, 10 min), 0.1 ml of supernatant was reacted with
1 ml of 0.55 M Na,CO3 and 0.2 ml of Folin-Ciocalteu’s phenol re-
agent for 30 min at room temperature. The absorbance was mea-
sured at 660 nm. One unit of fibrinolytic activity was defined as
the amount of enzyme required to produce 1 pug of tyrosine per
min.

2.3. Preparation of alginate microparticles

The preparation of alginate microparticles followed the modi-
fied method of Lee et al. (2004). An alginate mixture was prepared
in distilled water containing 1% (w/v) sodium alginate, 5% (v/v)
glycerol, 0.15% (v/v) xanthan gum, and 0.1% (v/v) Tween 80 and
homogenised at 4 °C for 1 day. The extract solution (250 ml) of
CGJ was mixed with the alginate mixture solution (500 ml) and
sprayed into 0.5 M CaCl, solution to form beads using an air-atom-
izing device (Spray Systems Co., Incheon, Korea) while stirring the
solution in the stainless steel pan (30 cm x 30 cm x 8 cm) with a
magnetic bar. The air-atomizing device was operated at an air
pressure and a liquid pressure of 1.0 kg f/cm?. The microparticles
were allowed to stand for about 30 min for gelation to occur and
then washed twice with distilled water. The capsules were har-
vested by filter paper (Cat. No. 1004 110, Whatman, Maidstone,
UK) and freeze-dried.

2.4. Physical examination of alginate microparticles

2.4.1. Size analysis

The size of the microparticles was determined by using a parti-
cle size analyser (CILAS-1064, France). In order to use uniform size
of <200 um, size segregation was carried out using a 200 pm sieve.

2.4.2. Morphology

The morphology of the microparticles was observed under a
scanning electron microscope (SEM). The encapsulated samples
were sprinkled onto a double-sided tape, and coated by an ION
COATER (IB-5, Eiko Co., Japan) for 6 min. Observations were made
using the scanning electron microscope (FE-SEM, S-4700, HITACHI,
Japan) at an accelerating voltage of 5.0 kV.

2.5. Effect of pH on the fibrinolytic activity of CGJ extract

The fibrinolytic activity of CGJ extract was studied under differ-
ent pH conditions, including KCI-HCI buffer (artificial gastric juice,
pH 2.0), glycine-HCI buffer (pH 4.0), phosphate-buffered saline
tablet (artificial intestinal juice, pH 7.4), and glycine-NaOH (pH
10.0). CGJ extract (0.1 ml) and 1 M buffer (0.1 ml) were mixed with
0.6% fibrin solution (0.3 ml), and then incubated at 40 °C for
20 min. Alginate microparticles (1 g) loaded with CG]J extract were
added to 30 ml buffer solution and stirred for 5 h. The mixture was
centrifuged at 12,000 rpm for 30 min and the supernatant was ob-
tained. The fibrinolytic activity was measured using the modified
fibrin solution method (Ehrlich et al., 1987).

2.6. Effect of temperature on the fibrinolytic activity of CGJ extract

CG] extract solution or microparticles loaded with CGJ extract
were incubated at various temperatures (40, 50, 60, 70, 80 and
90 °C) for 60 min. Distilled water (3 ml) was added to 0.1 g of
microparticles and it was centrifuged at 12,000 rpm for 30 min to
obtain the supernatant. The supernatant (0.1 ml) was mixed with
0.6% fibrin solution (0.4 ml) and then the fibrinolytic activity was
measured by the modified fibrin solution method (Ehrlich et al.,
1987). CGJ extract (0.1 ml) was prepared, using the same method
as for the non-encapsule sample.

2.7. Statistical analysis

The mean values and the standard deviation were calculated
from the data obtained with triplicate trials. The data were ana-
lysed by Duncan’s multiple comparison method, using the statisti-
cal analysis system (SAS Institute Inc., Cary, NC, USA). Significance
was determined at p < 0.05 level for all analyses.
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3. Results and discussion

3.1. Selection of excellent fibrinolytic crude enzyme extract from
various CGJs

Fig. 2 shows the relative fibrinolytic activity of crude enzyme
solution from various CGJs. The relative activities of CGJ extracts
varied between 34% and 92% due to varieties of soybean, ferment-
ing bacterial strains, the ratio of materials and various processes of
the region in which it is manufactured (Park et al., 2003). The C2
sample had significantly higher fibrinolytic activity among 15
kinds of CG]J, so it was used in this study.

3.2. Physical examination of alginate microparticles loaded with CGJ

Alginate microparticles loaded with CGJ were prepared by an air
atomizer. The particle sizes of those ranged mainly between 90 and
120 pm and the mean diameter was 110.37 pm. Alginate micropar-
ticles had generally spherical shape and some wrinkled surface (Fig.
3).Kwoketal.(1991) reported that the wrinkled surface was formed
due to the loss of water content during the freeze-drying process.

3.3. Effect of pH on the fibrinolytic activity of non-encapsulated and
encapsulated CGJ extracts

Fig. 4 shows the fibrinolytic activity of non-encapsulated and
encapsulated CGJ extracts at various pH values. The fibrinolytic
activity of non-encapsulated CG]J extract and encapsulated CGJ ex-
tract were 19.5 and 18.5 units at pH 7.4, respectively, and 4.15 and
14.3 units at pH 2, respectively. Fibrinolytic activities of both non-
encapsulated CG]J extract and encapsulated CGJ extract decreased
with decreasing pH. This shows that the fibrinolytic activity of CG]J
was sensitive to the acidic condition and that ingestion of Cheon-
ggukjang would result in reduced fibrinolytic activity. It was in
agreement with the results of Kim et al. (1996) who reported that
Bacillus sp. strain CK11-4, which produced a strongly fibrinolytic en-
zyme, was screened from CGJ and optimum pH range of fibrinolytic
enzyme was pH 7-12. Also Yoo et al. (1998) reported that fibrino-
lytic enzyme isolated from B. subtilis K-54 was stable within a pH
range 8-12 and Lee et al. (2001) reported that the stable pH range
of fibrinolytic enzyme isolated from Bacillus sp. KDO-13 was 6-10.

Most proteins cannot be delivered orally because of problems
related to degradation in the acidic environment of the gastrointes-
tinal tract (Dai, Wang, & Zhao, 2005). To overcome these disadvan-
tages, the encapsulation method has been used as an alternative
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Fig. 2. The relative fibrinolytic activity of crude enzyme solutions from various
Cheonggukjang samples. Standard plasmin is equal to 100% relative activity.

Fig. 3. SEM picture of CG]J loaded alginate microparticle.
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Fig. 4. The effect of pH on the fibrinolytic activity of non-encapsulated CGJ extract
and encapsulated CG]J extract. =, significantly different between non-encapsulated
and encapsulated at p < 0.05 by Duncan’s test.

technology to the entrapment of cells and enzymes. Proteins
encapsulated in the gel matrix can be protected from harsh envi-
ronmental conditions, such as pH, temperature, organic solvent
and poison (Park & Chang, 2000).

As shown in Fig. 4, there were no significant differences in fibri-
nolytic activity between non-encapsulated and encapsulated CG]
extracts at pH 7.4 and pH 10. However, the fibrinolytic activity of
encapsulated CGJ extract (14.3 units) was significantly higher than
that of non-encapsulated CG]J extract (4.16 units) at pH 2 (p < 0.05).
This result suggested that the microencapsulation could protect
fibrinolytic activity of Cheonggukjang extract from the gastric
environment.

3.4. Effect of temperature on the fibrinolytic activity of non-
encapsulated and encapsulated CGJ extract

The effect of temperature on the fibrinolytic activity of non-
encapsulated and encapsulated CGJ extract was evaluated over
the range 40-90°C at pH 7.4 (Fig. 5). Fibrinolytic activities of
non-encapsulated and encapsulated CGJ extracts were 21.8 units
and 19.5 units at 40 °C, respectively. As the temperature increased,
the fibrinolytic activity decreased. The fibrinolytic activity of non-
encapsulated CG] extract decreased rapidly from 21.8 units to
5.98 units with the increased temperature from 40 °C to 90 °C.
These results were similar to those of Kim et al. (1996). They
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Fig. 5. The effect of temperature on the fibrinolytic activity of non-encapsulated
CGJ extract and encapsulated CGJ extract. =, significantly different between non-
encapsulated and encapsulated at p < 0.05 by Duncan'’s test.

showed that fibrinolytic activity of CG] was very stable at 40 °C and
decreased with increased temperature. Kim et al. (1997) reported
that the optimum temperature of fibrinolytic enzyme from Bacillus
sp. was 40 °C.

CG]J is usually used after cooking, that is, boiling so the fibrino-
lytic activity of CGJ would be reduced during the cooking process.
Therefore, the microencapsulation technique was applied to im-
prove stability of fibrinolytic activity of CGJ in the high tempera-
ture environment. Alginate can form stable gels over a 0-100 °C
temperature range (Gombotz & Wee, 1998). Fig. 5 shows that the
fibrinolytic activity of encapsulated CG]J extract in alginate micro-
particles was maintained significantly higher than that of non-
encapsulated CG]J at high temperature, although that of CGJ loaded
in alginate microparticles decreased due to the rigidity of the algi-
nate gel decreasing with an increase in temperature. This result
showed that stability of fibrinolytic activity of CGJ loaded in algi-
nate microparticles was significantly improved over that of non-
encapsulated CGJ at high temperature.

4. Conclusion

CG]J is a traditional Korean fermented soybean paste and many
researchers have been interested in functions of CG]J, such as fibri-
nolytic activity. Alginate microparticles were used to protect the
fibrinolytic activity of CGJ extract from harsh environmental condi-
tions, such as artificial gastric conditions and the heating process.
The fibrinolytic activity of encapsulated CGJ extract was signifi-
cantly higher than that of non-encapsulated CG]J extract in simu-
lated gastric juice of pH 2.0 or at high temperature. Therefore,
microencapsulation of CGJ extract with alginate can offer an effec-
tive way of maintaining fibrinolytic activity during oral adminis-
tration and the cooking process.
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