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Abstract

A brown seaweed, sea tangle (ST) (Laminaria japonica), is a dietary supplement with potential
biological activities. If fermented using Lactobacillus brevis, it is converted to y-aminobutyric acid

(GABA)-rich fermented sea tangle (FST). The traditional Korean rice wine has been brewed using a
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variety of natural materials, and its physiological or functional properties have been well
documented. But there is a paucity of data suggesting its beneficial effects when supplemented with
GABA-rich FST. We therefore examined the biological properties of the Korean rice wine
supplemented with GABA-rich FST. For the current experiment, the white rice was fermented using
Aspergillus kawachii (AK), Aspergillus oryzae (AO), Rhizopus oryzae (RO) and Monascus
purpureus (MP). Thus, the sample was prepared and then divided into the four groups: (1) Group 1:
The first brew supplemented with 0.5% (w/v) GABA-rich FST (AK-1, AO-1, RO-1 and MP-1); (2)
Group 2: The first and second brews supplemented with 0.25% (w/v) GABA-rich FST each (AK-2,
AO-2, RO-2 and MP-2); (3) Group 3: The second brew supplemented with 0.5% (w/v) GABA-rich
FST (AK-3, AO-3, RO-3 and MP-3); and (4) Group 4: No supplementation attempted (AK-4, AO-4,
RO-4 and MP-4). Then, we performed assays of general chemicals, organic acid, free sugar, volatile
flavor compounds, GABA, phenolic compounds and kojic acid. Moreover, we also performed assays
of antioxidant, radical scavenging activity and fibrinolytic one. Furthermore, we also assessed
alcohol dehydrogenase (ADH) zymogram and band pattern following yeast culture. The degree of
antioxidant, radical scavenging activity was the highest in the AK-2, and it was approximately 11%
higher as compared with the AK-4. The degree of antioxidant, radical scavenging activity was higher
in the AK-2 or the AK-3 as compared with the AK-1 or the AK-4. The degree of fibrinolytic activity
reached the highest level in the RO-2. Moreover, it was approximately 2 times higher in the RO-2 as
compared with the RO-4. Furthermore, it was 2-3 fold higher in the RO-4 as compared with the AK-
4, AO-4 and MP-4.

In conclusion, our results indicate that the Korean rice wine would have beneficial effects, such as

antioxidant and fibrinolytic activities, if supplemented with GABA-rich FST.
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1. Introduction

A brown seaweed, sea tangle (ST) (Laminaria japonica), is a dietary supplement, and its potential
biological activities have been well described in the literature; these include antioxidant, anti-
mutagenic and anti-obesity effects [1-6]. It has a wealth of minerals, dietary fibers, polyphenolic
compounds and glutamate-rich protein [7-9]. If fermented using Lactobacillus brevis (L. brevis,
BJ20), it undergoes changes in its constituents; glutamate (GLU) is completely converted to y-
aminobutyric acid (GABA). Thus, fermented sea tangle (FST) has an abundant presence of GABA.
It is therefore termed as GABA-rich FST [10-12]. GABA is a dietary supplement that is effective in
treating sleep disorder, depression, autonomic nervous system disorder, chronic alcoholism and
hypertension [13, 14]. It is one of the major inhibitory neurotransmitters that are present in the
central nervous system. It plays a key role in modulating synaptic transmission, promoting neuronal
development and relaxation and preventing insomnia and depression [15-19]. Moreover, its anti-
hypertensive, anti-diabetic, anti-carcinogenic, antioxidant, anti-inflammatory, anti-microbial and
anti-allergic actions have been well documented. Furthermore, it has also been reported to protect
liver, kidney and intestine from toxin-induced damages [20].

The traditional Korean rice wine has been brewed using a variety of natural materials, such as
ginseng, black garlic and lingzhi or reishi mushroom (Ganoderma lucidum), and its physiological or
functional properties have been well documented [21, 22]. Such properties include anti-

acetylcholinesterase (ACE) actions, fibrinolysis, pseudo-superoxide dismutase (SOD) activity,
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reduction and anti-platelet aggregation [23, 24]. Still, however, little is known about its beneficial
effects when supplemented with GABA-rich FST.

Traditional Korean rice wines have long been prepared using mold bran or koji that are known to
contain a variety of microorganisms such as fungi, yeast, and lactic acid bacteria [25-29]. Of these,
Aspergillus sp., Rhizopus sp., Mucor sp. and Monascus sp. are well known microorganisms [30-32].

Given the above background, we conducted this experimental study to examine the biological

properties of the Korean rice wine supplemented with GABA-rich FST.

2. Materials and methods

2.1. Experimental materials and setting

Polished white rice was soaked in water for 12 hr, and it was drained and then steamed for 40 min.
The steamed white rice was cooled at room temperature. It was fermented using mold strains; these
include Aspergillus kawachii (A. kawachii [AK], KCCM 32819), Aspergillus oryzae (A. oryzae
[AO], KCCM 11372), Rhizopus oryzae (R. oryzae [RO], KCCM 11273) and Monascus purpureus
(M. purpureus [MP], KCCM 12002). The sample was incubated at 27°C for 48 hr after inoculated
with AK, AO and RO and 27°C for 5 days after inoculated with MP. Then, the sample was extracted
at a weight of 6 g and then treated with Saccharomyces cerevisiae (S. cerevisiae) (0.027 g). The
mixture was placed in a 9 mL of distilled water at 37°C for 1 hr. Thus, the first brew (mother brew)
was prepared. It was fermented at 25°C for 2 days and then treated with the steamed rice and water at
a respective ratio of 27:50:23. Thus, the second brew was prepared (Table 1). It was fermented for
12 days and then filtered, which eventually led to the preparation of the rice wine, as previously

described [33, 34].
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Table 1. Ratio of fermented sea tangle supplemented to the rice.

Addition
Materials Yeast starter Total (g)
1st 2nd
Rice koji (g) 6.00 75.00 81
Steamed rice (g) 225.00 225
Fermented sea
tangle (g) 2.63
Water (ml) 9.00 112.50 405.00 526.50
Saccharomyces 0.30 0.30
cerevisiae (g)
Total (g) 15.00 187.50 632.63 835.13

2.2. Preparation of the sample

GABA-rich FST was generously provided by Marine Bioprocess Co., Ltd. (Busan, Korea), and it
was prepared as previously described [10]. In the current experiment, we determined its optimal
amount for supplementing the rice wine at varying concentrations of 0-1.5% (w/v), thus setting it at

0.25% or 0.5%.

Figure 1. Experimental schema.

i FST addition
Yeast starter - - -
Firstbrewing Second brewing
O.5°0T 0,2:'~°0T o,:5°.§[ O,f%T
Group 4 Group 1 Group 2 Group 3
AK-4 AK-1 AK-2 AK-3
AO-4 AO-1 AO-2 AO-3
RO-4 RO-1 RO-2 RO-3
MP-4 MP-1 MP-2 MP-3

Abbreviations: FST, fermented sea tangle; AK: Aspergillus kawachii; AO, Aspergillus oryzae;
RO, Rhizopus oryzae; MP, Monascus purpureus.
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As shown in Figure 1, the white rice was fermented with 4 mold strains: AK, AO, RO and MP
and then supplemented with GABA-rich FST at concentrations of 0.25% or 0.5%, where applicable.
Thus, the samples belonged to the following 4 groups:

(1) Group 1: The first brew that was solely supplemented with 0.5% (w/v) GABA-rich FST (AK-
1, AO-1, RO-1 and MP-1)

(2) Group 2: The first and second brews that were individually supplemented with 0.25% (w/v)
GABA-rich FST (AK-2, AO-2, RO-2 and MP-2)

(3) Group 3: The second brew that was solely supplemented with 0.5% (w/v) GABA-rich FST
(AK-3, AO-3, RO-3 and MP-3)

(4) Group 4: No supplementation attempted (AK-4, AO-4, RO-4 and MP-4).

2.3. General chemical assay
The pH was measured using a pH meter (Methrohm 691, Swiss) and the titratable acidity was
estimated after titration with 0.1 N NaOH solution until it reached the pH 7.0. The acidity (%) was

calculated according to the following formula:

Total acidity (%)= [Consumed 0.1 N NaOH (mL) x citric acid 0.0064 x factor x 100]/[Sample

(mL)].

Alcohol content was determined using an alcoholic meter and densitometer (Anton Paar, DMA
4500, Hungary) after water distillation. Reducing sugar content was determined via the 3’,5’-dinitro

salicylic acid (DNS) method [35].

2.4. Organic acid assay
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After a 12-day fermentation process, the sample was centrifuged at 7,000 x g for 15 min and the
supernatant was filtered through a 0.2-um membrane syringe filter (Sartorius Stedim Biotech,
Goeppingen, Germany). Then, eight types of organic acids, such as oxalic acid, D-tartaric acid,
formic acid, D-malic acid, L(+)-lactic acid, maleic acid, succinic acid and citric acid, were analyzed
using a high-performance liquid chromatography (HPLC) (Agilent 1200 series RRLC, Agilent
Technologies, Santa Clara, CA) with a diode array detector (DAD). A Zorbax eclipse plus C18
column (4.6 x 250 mm, 5 pm, Agilent) was used for a separation. The detection wavelength, the
solvent flow rate and the injection volume were set at 210 nm, 0.8 mL/min and 15 pL, respectively.
The column and detector were adjusted to a temperature of 25°C. The mobile phase was a gradient
elution of solvent A (20 mM H3PO, in water) and the solvent B (acetonitrile) (0 min; A:B=100:0, 7
min; A:B=100:0, 12 min; A:B=97:3, 17 min; A:B=97:3, 20 min; A:B=93:7, 25 min; A:B=93:7, 35
min; A:B=0:100, 45 min; A:B=0:100). The contents of organic acids contained in the liquor were
determined through the standard curve of the commercially-available standard of organic acids
(Supelco Co., Ltd., Bellefont, PA) and identified by a comparison of their retention time with that of

the external standard. The peak areas were quantified using the external standard calibration curve.

2.5. Free sugar assay

The amount and compositions of free sugar were determined using the HPLC (Agilent 1200 series
RRLC, Agilent Technologies) equipped with a Zorbax Carbohydrate column (4.6 X 150 mm, 5 pm)
for separation. The mobile phase consisted of 75% acetonitrile and 25% water with a flow rate of 1.4
mL/min. The temperature of the column oven and refractive index detector (RID) was set at 30°C.
The free sugar contents were detected using the RID. Commercially-available standards (Sigma-
Aldrich, St Louis, MO), such as fructose, glucose, sucrose and D-(+)-maltose, were used to identify

and to plot the calibration curve.

https://preprints.jmir.org/preprint/96415 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kimet d

2.6. Assay of volatile flavor compounds

The sample was centrifuged and the resulting supernatant was harvested at a volume of 100 mL.
Then, the supernatant was distilled and filtered through a 0.2-um membrane syringe filter (Sartorius
Stedim Biotech). Commercially-available standards, such as alcohol, acetaldehyde, acetone, ethyl
acetate, methanol, iso-butanol, iso-propanol, n-butanol, iso-amyl alcohol and 2-phenyl alcohol, were
purchased from the manufacturer (Sigma-Aldrich), which were analyzed using a gas chromatography
(GC) (Agilent Technologies) equipped with a flame ionization detector (FID). The temperature of
the FID was set at 300°C. DB-FFAP column (50 m x 0.5 mm % 0.32 pm 1.D., J&W Scientific,
Folsom, CA) was used for separation. The temperature of the inlet was set at 210°C. The sample was
injected at a volume of 1 pL in a split mode; it was done at a split ratio of 5:1. The injection
temperature was set at 210°C. The temperature of the oven was held at 50°C for 5 min and then
programmed at 210°C at a rate of 8°C. Then, it was held isothermally for 15 min. The mixture of the
sample and the standard was submitted to GC. Thus, flavor contents were detected using the GC and
then identified through a comparison of the retention time between the sample and the standard in the

same chromatographic conditions.

2.7. GABA assay

The sample was centrifuged and the supernatant was filtered through a 0.2-um membrane syringe
filter (Sartorius Stedim Biotech). This was followed by the HPLC of GABA filtrates using the
Agilent 1200 series RRLC (Agilent Technologies). Each HPLC system consists of a binary pump, a
column oven, a fluorescence detector (FLD) and an auto-sampler. A Zorbax Eclipse Cig column
AAA (4.6 x 150 mm, 3.5 pm, Agilent) was used for the chromatographic separation. The mobile
phases were A (40 mmol/L. Na,HPO, at pH 7.8) and B (45% acetonitrile, 45% methanol, 10% water).
Each sample was derivatized with o-phthaldealdehyde 3-mercaptopropionic acid (OPA-3MPA) [36].

This was followed by the separation at a column temperature of 40°C and a flow rate of 2.0 mL/min
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[36]. Then, GABA was detected with FLD with excitation=340 nm, emission=450 nm and PMT gain

of 10. The GABA content was calculated using a commercially-available GABA (Sigma Chemical,

St. Louis, MO) standard based on a standard curve. The retention time of GABA standard was 10.42

min (Figure 2).

Figure 2. y-aminobutyric acid assay on high-performance liquid chromatography.
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Abbreviations: GABA, y-aminobutyric acid.
(A) Standard sample, (B) The Korean rice wine brewed using Monascus purpureus-2.

2.8. Assay of phenolic compounds

The amount of total polyphenolic compounds was determined using the Folin-Ciocalteau method,

as previously described [37]. A 2 mL of the Folin-Ciocalteau phenol reagent (Sigma Chemical Co.)

was added into a 10 mL of the sample and then mixed well. Subsequently, the mixture was treated

with a 2 mL of saturated sodium carbonate (Na,COs) solution for 5 min and then shaken well. After 1

hr, the optical density of the sample was measured at a wavelength of 760 nm using a UV-VIS

spectrophotometer (Shimadzu UV mini 1240, Shimadzu, Kyoto, Japan). The contents of phenolic

compound were calculated based on the standard calibration curve of tannin (0-500 pg/mL).
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2.9. Assay of kojic acid
The kojic acid assay was performed using the Agilent 1200 series HPLC system (Agilent
Technologies). This was followed by the separation of the sample using a reversed phase silica
column (LiChrospher 100 RP-18, 250 mm 4 mm, Merck, Darmstadt, Germany). Then, the mixture of
solvents containing methanol, water and acetic acid at a respective volume ratio of 60:35:5 was
eluted at a flow rate of 1 ml/min and a temperature of 40°C. Finally, the concentration of kojic acid
was measured as previously described [38]. A 100 pL of the sample was mixed with a 1 mL of
freshly-prepared 1% (w/v) FeCls. This was followed by the measurement of the absorbance using the
Shimadzu UV-1240 (Shimadzu). Thus, it was determined using a standard calibration curve of kojic

acid (Sigma).

2.10. Assay of antioxidant, radical scavenging activity

Antioxidant, radical scavenging activity was assayed using 1,1-diphenyl-2-picryl hydrazyl
(DPPH) [39]. DPPH (16 mg) was dissolved in a 100 mL of ethanol and a 0.2 mM of DPPH solution
was prepared accordingly. The solution was filtered through the Whatman filter paper No. 2 (Toyo
Roshi, Tokyo, Japan). Then, the mixture was added to an 1 mL of the sample. It was incubated at
room temperature for 30 min, followed by the measurement of the absorbance at a wavelength of
528 nm using a UV mini 1240 UV-VIS spectrophotometer (Shimadzu). The degree of antioxidant,
radical scavenging activity was expressed as the percentage, and it was calculated based on the

following formula:

DPPH radical scavenging activity (%) = [(Absorbance of reaction mixture-absorbance of the

sample)/(Absorbance of blank)]x100

2.11. Assay of fibrinolytic activity
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Fibrinolytic activity was assayed by the standard fibrin plate method, as previously described [40].
A 10 mL of 0.6% (w/v) fibrinogen (Sigma) solution was dissolved in a 0.2 M of borate buffer (pH
7.5), and it was placed into a petri-dish. This was followed by the treatment with a 0.1 mL of 5,000
U of thrombin (Sigma) at a concentration of 40 U/mL. Then, the mixture was stirred vigorously. The
dish was left at room temperature for 30 min for the formation of fibrin clot layer. A 50 pL of the
sample was placed onto the fibrin plate. This was followed by the incubation at 37°C for 12 hr. The

degree of the fibrinolytic activity was measured based on the clearance area (mm?) of the lysis zone.

2.12. Yeast culture, alcohol dehydrogenase (ADH) zymogram and band pattern

S. cerevisiae (KCCM 11350) was aerobically cultured in the YPD medium (1% yeast extract, 2%
peptone and 2% dextrose supplemented with 0.5, 1, 2 and 4% [w/v] of the FST powder) at 30°C at
200 rpm for 18 hr. The cell cultures were centrifuged at 7,000 x g for 15 min and then the harvested
cells were washed with a distilled water 3 times. Their growth was monitored by measuring the OD
at a wavelength of 610 nm using a spectrophotometer (Shimadzu UV mini 1240; Shimadzu). The
harvested cells were suspended in a 50 mM of sodium phosphate buffer (pH 8.0) (1 g wet weight of
cells per a 2.5 mL of buffer) containing a 1 mM of EDTA and a 2 mM of dithiothreitol. This was
followed by ultrasonic disruption 3 times at a 30-s cycle at a medium intensity (40% duty cycle)
using a Ultrasonic Processor VCX-750 (Sonics & Materials, Inc., Newtown, CT). The cell lysates
were centrifuged at 10,000 x g at 4°C for 10 min. The supernatant was harvested and its protein
contents were quantified using the Bio-Rad protein assay kit, as previously described [41]. The ADH
(EC 1.1.1.1) activity was assayed according to the method of Bergmeyer [42]. That is, after the
initiation of the enzyme reaction at 25°C, the nicotinamide adenine dinucleotide (NADH) was
formed in the reaction system for 5 min. This was followed by the measurement of its absorbance at
a wavelength of 340 nm. The degree of ADH activity was expressed as percentage to the control

value; it was calculated by dividing the concentration of NADH (mM) by that of protein (mg)
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produced for 1 min. The ADH zymogram was visualized as described previously [43]. The observed
ADH in the cell-free extract from S. cerevisiae was subjected to non-denaturing polyacrylamide gel
electrophoresis (PAGE) with a 7.5% polyacrylamide gel with an applied current of 20 mA/gel at 4°C
overnight. This was followed by the visualization of ADH zymogram in a zymogram staining
solution containing 50 mM 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethane sulfonic acid (HEPES) (pH
7.2), 1.5 mM NAD", 10 mM alcohol or acetaldehyde, 0.06 mM phenazine methosulfate (PMS) and
0.25 mM nitroblue tetrazolium at room temperature for 15 min. The active protein band was

observed as a dark band in the zymogram.

3. Results and Discussion

3.1. General compositions

Traditionally, a variety of functional liquors have been prepared using dandelion, black garlic,
Ganoderma lucidum, Phellinus linteus and Paecilomyces japonica [22, 44-47]. They have their own
physiological properties [48, 49].

The ST has long been used as a folk remedy and dietary supplement to promote maternal health
[50, 51]. Most of its constituents include protein (20.4% per dry weight) and indigestible
carbohydrates (65.5%) [52]. In addition, its major bioactive constituents include alginate, fucoidan,
fucoxanthin, laminarin and insoluble dietary fiber. Its biological effects in inhibiting oxidation,
hypertension, diabetes and obesity have been well described in the literature [51, 53-55].
Nevertheless, there have been no experimental studies to examine whether it can be used to prepare a
functional liquor. In the current study, we examined the biological effects of the rice wine
supplemented with GABA-rich FST. According to a review of literatures, its biological effects

include anti-hepatotoxicity and anti-cytotoxicity [56, 57]. Thus, we performed a series of
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experiments to evaluate its physiological properties at concentrations of 0.25% or 0.5% (w/v). This
showed that the concentration of alcohol was 14.88 in the AK-4, 16.72 in the AO-4, 7.45 in the RO-4
and 11.21% in the MP-4. In addition, it reached the highest when the rice wine was supplemented

with the FST at a concentration of 0.5% (Table 2).

Table 2. Association of fermented sea tangle (FST) content with alcohol content in the
Korean rice wine supplemented with FST.

FST contents Aspergill.L.ls Aspergillus Rhizopus Monascus
kawachii oryzae oryzae purpureus
(%, w/v)
Alcohol (%)

0.00 14.88 16.22 7.45 11.21
16.3 16.2 8.5 11.5
0.25 4 7 6 1
0.50 16.83 16.74 8.97 11.56
16.7 16.6 8.6 11.5
0.75 1 1 3 0
16.2 15.7 8.0 10.9
1.00 4 2 8 8

15.0 14.3 7.6
1.25 1 7 6 9.85
1.50 14.17 13.87 7.19 8.54

We found that the concentration of FST exceeding 1.0% would not be appropriate for the
supplementation of the rice wine because such level of concentration causes a strong salty, seaweed
flavor (data not shown). We therefore set an optimal level of FST at 0.5% in the current experiment.
Moreover, we also found that the concentration of alcohol reached the highest level (17.83%) in the

group 2 (Table 3).

Table 3. Chemicals contained in the Korean rice wine suplemented with fermented sea
tangle.

. alcohol Acidity Reducing
Ingredients (%) pH (%) Sugar (%)
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AK-1 16.83 4.31 0.421 5.745
AK-2 17.83 4.40 0.397 5 836
Aspergillus '
kawachii AK-3 16.67 4.32 0.410 5.231
AK-4 14.88 3.99 0.544 7509
AO-1
16.33 4.69 0.318 2.711
AO-2
Aspergillus 1674 472 0275 e
oryzae AO-3
16.71 4.72 0.309 2.628
AO-4
16.22 4.79 0.352 1.5t
RO-1 12.07 4.32 0.351 0.589
Rhizopus RO-2 13.16 4.30 0.362 0.627
oryzae
RO-3 8.88 4.36 0.359 0.594
RO-4 7.45 4.46 0.307 03
MP-1 12.16 4.01 0.481 0.282
Monascus MP-2 13.46 3.99 0.538 0.283
purpureus
MP-3 11.60 4.38 0.492 0.284
MP-4 11.29 4.57 0.352 0.174

In the current study, there was an increase in the concentration of alcohol until that of FST reached

up to 0.5%, but there was a decrease in it thereafter. Presumably, this might be due to promotion or

inhibition of alcohol fermentation by unknown substance contained in the FST.

S. cerevisiae has been traditionally used to brew alcoholic beverages because of its potent ability

to synthesize alcohol dehydrogenase (ADH) [58, 59]. This has been well described in a literature; S.

cerevisiae RA-74-2, S. cerevisiae D and Kluyveromyces marxianus RA-912 are known to produce

alcohol [60, 61]. It has been reported that the degree of ADH synthesis reached the highest level at
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approximately 16-18 hr after the growth of S. cerevisiae, Kluyveromyces marxianus and the
mycelium and yeast cells of Mucor rouxii [43, 61]. In the current study, yeast cells were cultured in
the YPD medium supplemented with the FST at varying concentrations of 0-4% (w/v) for 18 hr.
There was no significant inhibition of their growth until the FST reached a concentration of up to
1%. At a concentration of > 1%, however, there was a significant inhibition of it (data not shown).
Our results showed 2 bands on zymogram of ADH isoenzyme in S. cerevisiae, which is in agreement
with a previous study in this series [61]. The degree of ADH activity reached the highest level in the
culture medium containing 0.5% (w/v) FST. At a concentration of > 1%, however, it was decreased

(Figure 3).

Figure 3. Effects of fermented sea tangle on the activity of alcohol dehydrogenase and its
findings on zymogram after Saccharomyces Cerevisiae culture.
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Abbreviations: ADH, alcohol dehydrogenase; FSH, fermented sea tangle.

These results indicate that the FST has a potential effect in increasing the activity of ADH.
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Yeast cells are exposed to a high concentration of alcohol during fermentation. This renders them
less viable due to alcohol toxicity, thus making them vulnerable to cell death followed by a decrease
in alcohol fermentation [62]. It can therefore be inferred that a higher degree of resistance to alcohol
is closely associated with a higher degree of alcohol production and a shorter fermentation time. In
addition, amino acids are byproducts that are synthesized during fermentation and they are mainly
involved in the taste of fermented alcoholic beverages. For example, L-proline has a sweet flavor and
it is present in fermented alcoholic beverages, such as wines, rice wines and beer [63, 64]. Previous
studies have shown that it play a role in protecting yeast cells from damage by ethanol stress and
freezing [62, 65]. It is abundantly present in Korean and Japanese rice wines [63, 64, 66]. In the
current study, L-proline was also detected at a concentration of 280.4-463.5 ppm (Figure 4). It

reached the highest level in the AK-2.

Figure 4. Proline content in the Korean rice wine supplemented with fermented sea tangle on

high-performance liquid chromatography.
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Abbreviations: FST, fermented sea tangle; AK: Aspergillus kawachii; AO, Aspergillus oryzae;
RO, Rhizopus oryzae; MP, Monascus purpureus.

This suggests that there is a strong correlation between the alcohol content and proline levels.
Takagi et al. reported that the intercellular proline content in S. cerevisiae increased transiently in
response to ethanol stress in the presence of 9% or 18% ethanol, possibly due to the uptake of proline

derived from culture medium [62]. This confirms a hypothesis that proline protects yeast cells from
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alcohol stress. It can therefore be inferred that a high content of alcohol in the AK-2 might be closely

associated with a high level of proline.

Table 4 presents the quality characteristics of the sample; these include total acid, pH, reducing

sugar content and organic acid content. The final pH ranged from 3.99 to 4.79, which is consistent

with other studies of 23 traditional rice wines, showing a pH range of 3.40-5.03 [66, 67]. The

titratable acidities ranged between 0.275 and 0.544 (g/L), showing that the AO-2 was less acidic and

the AK-4 was most acidic among the 16 samples. The 23 types of Korean traditional rice wines

contained 0.01% to 0.67% of total acid [67]. The major free sugars include glucose, fructose, sucrose

and maltose (Table 4).

Table 4. Free sugar content in the Korean rice wine supplemented with fermented sea

tangle.

Ingredients Fructose Glucose Sucrose Maltose
AK-1 0.0460 0.1534 0.0320 0.0614

AK-2
Aspergillus 0.0449 0.1531 0.0314 0.0595
kawachii AK-3 0.0436 0.1604 0.0333 0.0668
AK-4 0.0376 0.1698 0.0325 0.0657
AO-1 0.0422 0.1560 0.0310 0.0592

AO-2
Aspergillus 0.0438 0.1561 0.0318 0.0619
oryzae AO-3 0.0370 0.1624 0.0330 0.0635
AO-4 0.0366 0.1295 0.0322 0.0642
RO-1 0.0379 0.1793 0.0349 0.0585
0.0355 0.1360 0.0372 0.0599

Rhizopus RO-2

oryzae

RO.3 0.0242 0.2432 0.0299 0.0503
RO 0.0278 0.2196 0.0344 0.0548
0.0384 0.1812 0.0369 0.0608

Monascus MP-1

purpureus

MP-2 0.0389 0.1391 0.0362 0.0601
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MP.3 0.0239

MP_4 0.0273

0.2555

0.2020

0.0288

0.0345

Kimet al

0.0516

0.0528

Unit: %

3.2. Organic acids

Organic acids are also involved in the flavor and taste, and their contents are an indicator of

quality control in the liquor industry. The major organic acid components include lactic, malic,

succinic, tartaric and formic acids (Table 5).

Table 5. Organic acid content in the Korean rice wine supplemented with fermented sea

tangle.
Organic Aspergillus kawachii Aspergillus oryzae

acid AK-1 AK-2 AK-3 AK4 AO1 AO-2 AO-3 AO4

Oxalicacid 97.1  103.1  98.9 72.7 98.2 92.6 97.8 66.7
D-tartaric acid 1050.0 1135.3 1027.3 1035.3 1058.7 1078.0 1017.3 1018.0
Formicacid 772.7 7893 796.7 823.3 789.3 7653 809.3 781.3
D-malic acid 1040.7 1139.3 1049.3 1208.7 1050.0 1049.3 1038.7 1204.7
L-lactic acid 1308.7 1348.0 1222.7 924.7 1280.0 1238.0 1163.3 901.3

Maleic acid  16.1 16.0 15.7 14.3 16.1 15.4 15.9 13.1
Succinic acid 1042.7 1008.0 1002.0 1063.3 990.0 946.7 1031.3 1018.7
Citricacid 494.0 4820 353.3 226.0 467.3 458.0 3173 218.0

Organic Rhizopus oryzae Monascus purpureus
acid

RO-1 RO-2 RO-3 RO-4 WMP-1 MP-2 MP-3 MP4

Oxalic acid 111.0 1156  51.2 93.3 115.6 1156  50.5 92.7
D-tartaric acid 833.3 823.3 528.7 634.0 8393 846.7 491.3 624.0
Formic acid 992.7 979.3 728.7 9227 994.7 994.7 657.3 928.7
D-malic acid 516.0 484.7 554.7 5253 552.7 515.3 438.0 555.3
L-lactic acid 720.0 768.7 676.0 428.0 752.7 773.3 713.3 643.3

Maleic acid 154 15.5 8.7 11.1 15.1 15.2 5.8 10.3
Succinic acid 382.7 350.7 308.7 271.3 402.7 3793 2313 2727
Citricacid 484.7 460.0 460.7 401.3 508.0 450.0 404.0 354.0

Unit: ppm.
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Of these, the lactic acid was the most abundant component that is found in the AK-1, -2 and -3 and
and the AO-1, -2 and -3, but the maleic acid was the most abundant one that is found in the group 4.
This is in agreement with previous reports that the lactic and succinic acids are the major organic

acid components in commercially-available rice wines [34, 64].

3.3. Volatile flavor compounds
It has been shown that a high level of alcohol might be involved in the flavor and taste of alcoholic
beverages. Such alcohols include isoamyl alcohol, 2-phenylethanol and athylacetate [34, 68]. In the

current study, we also assayed some volatile compounds that are involved in the flavor (Table 6).

Table 6. Volatile flavor compound content in the Korean rice wine supplemented with
fermented sea tangle.

volatile Aspergillus kawachii Aspergillus oryzae

compounds AK-1 AK-2 AK-3 AK-4 AO-1 AO-2 AO-3 AO+4

Acetaldehyde  39.08 38.22 41.72 69.32 42.70 40.04 41.62 58.32
Aceton 3.83 3.74 4.43 4.52 4.54 3.66 4.17 4.01

Ethyl acetate 95.55 76.84 8188 6732 9521 9396 8236 69.02
Methyl alcohol 17.18 17.42 16.85 1430 17.20 18.00 17.27 14.25
n-propanol 221.92 231.28 203.60 214.67 227.81 229.13 198.64 217.70

Iso-buty] 178.12 185.81 207.11 189.83 180.80 193.67 213.25 195.12
alcohol
n-butyl alcohol  9.66  9.05 854 13.15 10.03 9.80 8.02 1276
Iso-amyl 369.30 369.62 392.29 347.56 374.58 386.99 398.20 350.75
alcohol
2-phenyl 68.48 7733 7293 8286 83.11 91.30 89.52 79.05
alcohol

Rhizopus oryzae Monascus purpureus

RO-1 RO-2 RO-3 RO-4 MP-1 MP-2 MP-3 MP4
Acetaldehyde  38.76 39.75 31.58 30.45 38.32 39.26 38.09 3547
Aceton 2.30 2.31 1.78 1.84 2.64 2.51 1.90 1.80
Ethyl acetate 90.84 80.94 39.84 34.37 89.67 83.11 37.99 34.07
Methyl alcohol 18.02 18.31 1894 1498 1786 18.61 19.19 15.34
n-propanol 157.10 130.98 64.18 46.69 160.33 140.25 63.80 45.69

25120'13]‘;1-‘71 235.63 236.88 243.64 266.70 233.44 228.32 238.13 255.82
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n-butyl alcohol  5.31 3.50 0.51 0.20 5.48 3.99 0.51 0.25

Iso-amyl 400.67 392.99 367.37 360.00 398.41 388.83 353.57 344.82
alcohol

2-phenyl 88.65 9029 99.70 112.90 79.82 88.89 93.13 96.77
alcohol

Unit: ppm.

We also found that isoamyl alcohol, isobutyl alcohol, n-propanol and 2-phenylethanol were
present as the most abundant components. Of these, isoamyl alcohol was present as the most
abundant component; its amount was larger in the group 1, 2 and 3 as compared with the group 4.
Moreover, isoamyl alcohol, isobutanol, n-propanol and 2-phenyl ethanol are present at higher
concentrations in alcoholic beverages, thus being involved in the flavor even in a small quantity [69].

Isoamyl alcohol has a banana-like flavor, and it is synthesized from leucine by yeast fermentation
[34, 69].

Alcohol is oxidized to acetaldehyde (ALD) by ADH and then further metabolized to acetic acid by
acetaldehyde dehydrogenase (ALDH) that is involved in the degradation of alcohol at a
concentration of approximately 90% [70]. ALD is more toxic than alcohol. Therefore, it shows a
cytotoxicity even at a lower level. Thus, it is involved in hangover including thirst, vomiting, fatigue,
dizziness and headache [71]. Moreover, it has a strong unpleasant ether-like odor of commercially-
available liquors [63, 69]. Furthermore, it is synthesized through deamination, ecarboxylation and
oxidation during fermentation [72]. In the current study, the group 1, 2 and 3 had a significantly
smaller amount of ALD as compared with the group 4 (the AK-4, AO-4 and RO-4) except for the
MP-4. This indicates that GABA-rich FST might be effective in improving alcoholic hangover. This
deserves further studies.

Ethyl acetate is one of the essential ester compounds with a fruity, pineapple-like flavor [69]. In
the current study, we found that the group 1, 2 and 3 had a higher concentration of fruity ester

compounds as compared with the group 4 (Table 6).
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n-propanol was detected from commercially-available liquors, whose concentration ranged from
59.4 to 230.4 ppm [69, 73]. In the current study, it was also detected at a high concentration of 46.69
in the MP-4 and 231.28 ppm in the AK-2 (Table 6). But it was lower in the MP-1, -2, -3 and -4 as

compared with the AK-1, -2, -3 and -4; AO-1, -2, -3 and -4; and RO-1, -2, -3 and -4.

3.4. Antioxidant, radical scavenging activity

As shown in Table 7, the degree of antioxidant, radical scavenging activity was the highest in the
AK-2, and it was approximately 11% higher as compared with the AK-4. The degree of antioxidant,
radical scavenging activity was higher in the AK-2 or the AK-3 as compared with the AK-1 or the
AK-4. These results are in agreement with a previous report that the degree of DPPH radical
scavenging activity was higher when the second brew was supplemented with ginseng as compared
with when the first brew was supplemented with ginseng or the first and second brews were not

supplemented with ginseng [45].

Table 7. Functions and contents of polyphenol and kojic acid in the Korean rice wine
supplemented with fermented sea tangle.

Polyphenol Kojic acid Electron-donating  Fibrinolytic

Ingredients (mg%) (mM) ability (%) activity (mm?)
AK-1 146.16 0.455 83.8 74.16
AK-2
Aspergillus 150.14 0.489 94.2 70.24
kawachii  AK-3 14972 0.479 90.6 70.72
AK-4 140.24 0.416 82.8 80.24
AO-1 134.16 0.479 90.9 54.06
AO-2
Aspergillus 136.72 0.484 92.7 56.72
oryzae  AO-3 136.72 0.474 92.3 56.72
AO-4 130.24 0.406 78.5 50.24
60.24 0.436 80.0 220.24
Rhizopus  RO-1
oryzae 64.16 0.426 83.6 236.24

RO-2
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Ro-3 0024 0.402 83.7 230.16
RO-4 58.47 0.368 73.9 108.47
vpq 11524 0.426 80.3 0.24
Monascus  MP-2 120.24 0.436 89.1 0.16
purpureus s 114.16 0.397 666 0o
MP-4 108.47 0.368 63.4 38.47

Seaweeds are a rich source of antioxidants, and they have a wide distribution of polyphenolic
compounds, such as phenolic acid, flavonoid and tannin, that potentially have an antioxidant effect
[74]. The degree of DPPH radical scavenging activity was found to be 83.9%, 78.9% and 42.3% in
the extract (1 mg/mL) of S. siliquastrum, E. cave and I. okamurae, respectively. Of 30 types of
seaweeds, however, other extracts had a degree of DPPH radical scavenging activity of < 20% [74].
However, GABA-rich FST exhibited a strong DPPH radical scavenging activity of 92.8% at a lower
concentration of 0.1 mg/mL [75]. According to Park et al., there was a significant increase in the
degree of the effects of antioxidant enzymes in the ST-treated samples as compared with the non-ST-
treated controls [52]. These results suggest that fermentation or enzymatic treatment of sea tangle
possess potent antioxidant activities. It is presumed that the degree of DPPH radical scavenging
activity may be affected by the enzymatic treatment or fermentation of some substances, such as
low-molecular weight polysaccharides, proteins or peptides and other ingredients of sea tangle.

As shown in Table 7, the amount of total phenolic compounds was larger in the group 1, 2 and 3
as compared with the group 4.

Rice mold starters prepared from Aspergillus species are commonly used for the preparation of
koji rice in the early stages of the production of traditional fermented rice wines [76, 77]. They have
been reported to show a potent antioxidant activity and to contain antioxidant components such as

pyranonigrin A and S and kojic acid [77, 78]. Their antioxidant activities were approximately
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equivalent to those of ferulic acid, an antioxidant in cereal grain [77]. Kojic acid (5-hydroxy-2-
hydroxymethyl-1,4-pyrone) is a secondary metabolite isolated from koji rice prepared by mostly
Aspergillus species, and it had skin-whitening and antioxidant properties [78]. In the current study,
we assayed the contents of kojic acid in the FST-treated samples prepared using mold koji rice. The
amount of kojic acid was the largest in the AK-2 containing sample (Table 7). Additionally, the
content of kojic acid from water extract of mold rice koji was also shown to the highest in A.
kawachii-koji [79].

The MP-4 also had a potent antioxidant activity (63.4%); this showed no significant difference
from antioxidant, radical scavenging activity of rice and soybean fermented with MP (62% and
60.8%, respectively) [80]. But the degree of antioxidant, radical scavenging activity was
approximately 26% higher in the MP-2 as compared with the MP-4 (Table 7). Monascus species is
one of the molds that are used to produce the rice koji, and it also synthetize dimerumic acid, an
antioxidant [80, 81]. Foods contain plant-derived antioxidants, such as phenolic compounds. In
addition, it has been examined whether their radical scavenging activity is associated with the

prevention of life-style diseases [22, 77].

3.5. GABA content

GABA is a non-protein amino acid that is produced by animals and plants [22]. It is
biosynthesized by microorganisms such as Monascus sp., Lactobacillus sp., Streptococcus sp. and
Enterococcus sp. via decarboxylation of glutamic acid by glutamate decarboxylase [36, 80, 82, 83].
Glutamate is particularly abundant in sea tangle, cheese, tomato, soybean and mushroom [80, 84]. In
addition, it was almost completely metabolized to GABA after a 48-hr fermentation using L. brevis
BJ-20 in the ST [80]. In the current study, the amount of GABA was larger in the group 1, 2 and 3 as

compared with the group 4 (Figure 5). It reached the highest level (360 ppm) in the MP-2.
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Moreover, it was also relatively higher (350 ppm) in the AK-2. The amount of GABA was relatively

higher in the group 2.

Figure 5. y-aminobutyric acid content in the Korean rice wine supplemented with fermented

sea tangle on high-performance liquid chromatography.
400

350

300

250 ~

200

GABA Content (ppm)

Abbreviations: GABA, y-aminobutyric acid; AK: Aspergillus kawachii; AO, Aspergillus oryzae;
RO, Rhizopus oryzae; MP, Monascus purpureus.

These results arise from the supplementation with GABA-rich FST. By contrast, the amount of
glutamate was smaller in the MP-2 (230.4 ppm) and the AK-2 (217.6 ppm) as compared with their
respective controls (MP-4: 285.7 ppm and AK-4: 289.6 ppm). These results indicate that a certain
amount of glutamate was converted to GABA by both mold koji strains during fermentation. But this
was not seen in other two strains. Therefore, the amount of GABA was smaller in the MP-1, -2, -3

and -4 and the AK-1, -2, -3 and -4 as compared with the AO-1, -2, -3 and -4 and the RO-1, -2, -3 and

4.

3.6. Fibrinolytic activity

Traditional fermented foods have been reported to contain potent fibrinolytic enzymes [85, 86]. In
addition, fibrinolytic activities were also found in seaweeds [87], mushrooms [22] and fermented
silkworm [88]. Recent studies have focused on the effects of rice wines brewed using natural
products in inhibiting the activities of angiotensin I-converting enzyme (ACE) and platelet
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aggregation [42, 67, 89]. In the current study, the degree of fibrinolytic activity reached the highest
level in the RO-2 (Table 7). Moreover, it was approximately 2 times higher in the RO-2 as compared
with the RO-4. The degree of the fibrinolytic activity reached the highest level in the RO-2.
Furthermore, it was 2-3 fold higher in the RO-4 as compared with the AK-4, AO-4 and MP-4.
According to Yu et al., of 42 types of traditional liquors, only 13 had a fibrinolytic activity (1.2-31.8
U) [67]. Therefore, the RO-1, -2, -3 and -4 had a fibrinolytic activity leading to cardiovascular
effects. This is in agreement with Liu et al. reporting that wheat bran was fermented with Rhizopus
chinensis and then had a strong fibrinolytic activity [90].

In conclusion, our results indicate that the Korean rice wine would have beneficial effects, such as

antioxidant and fibrinolytic activities, if supplemented with GABA-rich FST.
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