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To enhance the y-aminobutyric acid (GABA) content, the optimized fermentation of soybean
with added sea tangle extract was evaluated at 30°C and pH 5.0. The medium was first
inoculated with Aspergillus oryzae strain FMB S46471 and fermented for 3 days, followed by
the subsequent inoculation with Lactobacillus brevis GABA 100. After fermentation for 7 days,
the fermented soybean showed approximately 1.9 g/kg GABA and exhibited higher ACE
inhibitory activity than the traditional soybean product. Furthermore, several peptides in the
fraction containing the highest ACE inhibitory activity were identified. The novel fermented
soybean enriched with GABA and ACE inhibitory components has great pharmaceutical and
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y-Aminobutyric acid (GABA), which is known as a
neurotransmitter in the central nervous system, has various
physiological functions in animals and humans, including
antihypertensive activity [3, 4]. Moreover, angiontensin-I
converting enzyme (ACE)-inhibitory activity can be also
related to enzymatic proteolysis and can regulate the
pressure of blood by binding with ACE [15]. The aim of
this study was to develop a novel functional fermented
soybean with both high GABA and ACE inhibition
characteristics. To increase the GABA content and ACE
inhibitory activity in the fermented soybeans, optimization
of the soybean fermentation process was conducted for
several fermentation conditions. Sea tangle (Saccharina
japonica), known as a seaweed that has plentiful glutamic
acid, was used to provide a natural source of glutamate
[12]. ACE inhibitory activities were analyzed at each stage,
from the fermentation to the digestion of the fermented
soybeans, and the molecular masses and amino acid
sequences of the peptides that were present in the ACE
inhibitory fraction were identified.

Optimization of GABA Production in Fermented
Soybean

Basal steamed soybeans were prepared as follows.
Soybeans crushed by a blender were added to sea tangle
extract (STE). STE was prepared by autoclaving the
mixture with sea tangle powder and distilled water, and
filtered through filter paper. Next, soybeans containing
STE were sterilized by autoclaving at 121°C for 15 min.
After fermentation, the amino acids and GABA were
assessed by TLC and HPLC [6, 8]. Three microorganisms
were used for the fermentation; A. oryzae FMB 546471 and
B. subtilis natto, which were derived from meju, and
L. brevis GABA 100, which was isolated from kimchi, as
previously reported [7, 9]. A. oryzae FMB 546471 was
inoculated at 5 x 10* spores/ml at the beginning of the
fermentation, whereas B. subtilis natto and L. brevis GABA
100 were inoculated at the 1% (v/v, 10° CFU/ml) level at
the beginning of fermentation, or after 3 days of fermentation.
GABA production was observed when L. brevis GABA 100
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was cultured. The fermented soybean cultured with B.
subtilis natto or co-cultured with B. subtilis natto consumed
the glutamate; thus, GABA was minimally produced even
in the presence of L. brevis GABA 100 (data not shown).
These results were similar to the usual fermentation
process with A. oryzae and B. subtilis [5].

Various combinations of the soybean, sea tangle, and
water were composed according to Table 1. Groups G1 to
G9 comprised the various compositions of soybean and sea
tangle in 5g quantities; Groups G10 and G11 were
compared with G1, and then the optimal fermentative
conditions for GABA production were selected based on
TLC analysis. As a result, GABA was produced in greater
quantities by increasing the soybean content compared
with sea tangle (Fig. 1A). The fermented soybean added
with sea tangle extract showed lower levels of GABA than
that added with sea tangle powder. The sea tangle
component present in the powder but excluded in the
extract may have contributed to the elevation of GABA
production. For instance, group G5 (composed only with
STP) contained GABA after the fermentation, whereas in
group G9 (composed only with STE), the pattern of GABA
was not detected. In Fig. 1B, the pattern of glutamate in
groups G10 and G11 by the third day declined compared
with the beginning of the fermentation period. In other
words, the glutamate from the sea tangle was not used to

produce GABA during fermentation by the third day, which
was partially consumed by the microbes. Furthermore, the
effects of temperature (25°C, 30°C, and 37°C), pH (4.0 to
6.0), inoculum age, and several carbohydrates were
investigated. The optimal fermentative conditions were
found to be 30°C, pH 5.0, with no added carbohydrates
based on the TLC (data not shown). A. oryzae FMB 546471,
which was inoculated at the beginning of fermentation,
might have extended the period of protein hydrolysis.
L. brevis GABA 100, which has GABA-producing activity,
showed the highest GABA content when inoculated on the
third day. Moreover, as shown in Fig. 1C, adding the sea
tangle to the soybean had a beneficial function in regulating
the pH of the soybean medium during fermentation. Groups
G10 and G11 were able to maintain a pH of approximately
6.0 or below, whereas the pH of G1 increased. In this study,
GAD of L. brevis played an important role in converting
glutamate to GABA. Therefore, the sea tangle was able to
lower and maintain the pH to the nearly optimal condition
for GAD activity and GABA production.

The selected fermentation conditions based on TLC
analysis were those found in group G1 (as a control group),
and then G10 and G11, which contained the added sea
tangle and the highest soybean composition. The fermented
soybean—containing STP cultured under optimal conditions
produced 1.9 g/kg of GABA.

Table 1. The various medium compositions with different ratios of soybean, sea tangle, and water, used for the fermentative

production of GABA.
Composition of the steamed soybean Change of glutamate and GABA during fermentation®
Group 5B (g) STP (g) DW (ml) STE (g/ml) Glutamate (mg/kg) GABA (mg/kg)
ST (g) DW (ml) 0 day 7 days 0 day 7 days

Gl 5.0 - 50 - - 46.20 1,058.57 16.31 1,503.14
G2 375 1.25 50 - -

G3 25 25 50 - -

G4 1.25 3.75 50 - -

G5 - 5.0 50 - -

G6 375 - - 1.25 50

G7 25 - - 25 50

G8 1.25 - - 3.75 50

G9 - - - 5.0 50

G10 5.0 - - 2.5 50 1,384.20 936.11 64.75 1,894.12
G11 5.0 25 50 - - 1,413.64 389.22 50.55 1,919.72

SB, soybean; STP, dried sea tangle powder; STE, sea tangle extract; DW, distilled water.

STE was prepared by autoclaving a mixture of sea tangle powder and distilled water, and was filtered through filter paper.

*Groups G1, G10, and G11 were selected to measure glutamate and GABA, both of which were assessed by HPLC. Other groups were not evaluated, because they
showed lower GABA than G1, G10, and G11 analyzed by the TLC method (data not shown).
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Fig. 1. Effects of various media compositions on the production of GABA.
The pattern of amino acid production depending on medium composition (A and B) and pH (C) (circles, G1; diamonds, G10; squares, G11). M,

MSG; G, GABA.

Measurement of the ACE Inhibitory Activity of
Fermented Soybean

The ACE-inhibition effect of fermented soybeans was
determined in vitro using a previously described method
[10]. As shown in Fig. 2A, ACE inhibitory activities were
increased in the soybeans fermented by A. oryzae FMB
546471 compared with those fermented by L. brevis GABA
100 or B. subtilis natto. Only group A0G3 showed a high
level of GABA and ACE inhibition, which was fermented
with A. oryzae FMB 546471 at the beginning of fermentation
and then inoculated with L. brevis GABA 100 at 3 days
after fermentation. Thus, subsequent experiments were
conducted by using the inoculum combination of A0G3 to
increase GABA production and ACE inhibitory activity
simultaneously.

When L. brevis was inoculated into the soybean, the pH
typically decreased to approximately 4.3 within 24 h, whereas
A. oryzae and B. subtilis increased the pH by hydrolyzing

the soybean protein. The change of pH until the third day
and the pattern of amino acid production in group A0GO
were similar to that of GO (data not shown). Production of
amino acids and GABA was affected by a pH below 5.0,
which was able to inactivate or decrease the activities of
enzymes, such as protease and GAD. Release of amino
acids by A. oryzae was observed at the third day after
inoculation, and the pH failed to increase, as presented in
Fig. 1C. This means that A. oryzae needed 3 days to grow
and produce proteases after inoculation. Thus, the ACE
inhibitory activity of A. oryzae could be decreased by the
lower pH when L. brevis was inoculated at the beginning of
fermentation.

In group AOGS3, the pH ranged from 5.5 to 6.5 for 3 days,
which was when A. oryzae was growing during the
fermentation. Then, L. brevis lowered the pH to 5.0-6.0, at
which time GAD efficiently converted glutamate into GABA.
Likewise, this pH range might not affect the inhibition of
the growth and the protease activity of A. oryzae.
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Fig. 2. ACE inhibitory activities of fermented soybeans
depending on the inoculation combination (A), the addition
of sea tangle (B), and the stage of fermentation and digestion
(&)

(A) A, A. oryzae FMB S46471; G, L. brevis GABA 100; B, B. subtilis natto.
The inoculation time of each microorganism is written on the right of
the microorganism abbreviation in the fermented groups. (B), (C)
Refer to Table 1 for the details of each fermentation group; data are

expressed as averages in triplicate.

In the A. oryzae FMB 546471 and L. brevis GABA 100 co-
cultured fermented soybean, the combination of soybean
and sea tangle in the fermented soybeans also affected ACE
inhibition, and the results showed that the ACE inhibitory
activities were positively proportional to the level of GABA
production. The diluted groups of G10 and G11 (at the ratio
of 1:100 (v/v)) were above 50% (Fig. 2B). In comparison,
the diluted Korean traditional fermented soybeans (at the
ratio of 1:100 (v/v)) showed 22-31% ACE inhibitory
activity in this study. The addition of STE (groups G6—G9)
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was less effective on the ACE inhibitory activity than STP
addition (groups G2—G5). ACE inhibition was correlated
with a high degree of hydrolysis [2], and the amount of
GABA was influenced by the amount of glutamate
produced from protein sources. The in vitro ACE inhibitory
activity of the fermented soybean (at a dilution ratio of
1:100) was evaluated by its in vitro treatment with various
digestive enzymes (pepsin, trypsin, and o-chymotrypsin)
and the subsequent estimation of the ACE inhibition
activities.

In all tested samples of fermented soybean with various
combinations of soybean and sea tangle, ACE was increased
by fermentation, but it tended to be decreased by digestive
enzymes. This suggests that ACE inhibitors generated from
fermented soybeans might be hydrolyzed by gastrointestinal
digestive enzymes, such as pepsin, trypsin, and a-
chymotrypsin. From the results of these comparisons, the
fermentation of soybeans was shown to be a beneficial process
that improved bioactivity, such as GABA production and
ACE inhibitors, although fermented soybean hydrolysate
decreased ACE inhibition compared with prior digestion.
Several studies reported that fermented soybeans, such as
soy milk and Korean soybean paste, lowered the blood
pressure in in vivo models, although they were fermented
under slightly different conditions [13, 14].

Purification and Identification of Peptides in the
High ACE Inhibitory Fraction

The fermented soybean G10 hydrolysate (FSH) was
fractionated using UF membrane filters. The ACE inhibitory
activity of the fraction below the 3 kDa MW cut-off showed
the lowest ICs, (11.69 pg/ml). Then, the identification of
peptides in the ACE inhibitory fraction having the highest
activity was assessed by nano-LC-ESI-MS/MS. The MS/
MS spectra of the peptide fractions below 3kDa indicated
nine novel peptides derived from soybeans that had not
been previously reported (Table 2).

A peptide, WAMLGALGCVFPELLARNGVKFGEASWEFK,
contains hydrophobic-rich amino acids at the N-terminus
and Trp and Phe at the C-terminus as a potent inhibitor,
which may easily bind on the structure of ACE [1]. In
addition, the peptides VFDGELQEGR and LQESVIVEISKK
were mentioned in a patent indicating that several
polypeptides or polypeptide fragments that included these
sequences could be isolated from soybean oil body-
associated proteins; they may be useful for the treatment or
prevention of cardiovascular disease because of their
suppression of cholesterol uptake by Caco-2 cells in a dose-
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Table 2. Identified peptides in fermented soybean hydrolysate (FSH?) fractionated below 3 kDa.

Sequences Charge m/z (Da) Position NCBI Accession No and source protein

LQESVIVEISK 2 622.8587 309-319 gi| 9967357
EEGQQQGEQR 2 594.7692 299-308 Alpha subunit of beta—conglycinin, partial [Glycine max]
GSEEEQDER 2 539.7177 74-82 gi| 9967361
LQESVIVEISK 2 686.9056 325-335 Alpha' subunit of beta-conglyc'min, partial [Glycine max]
LQESVIVEISKK 2 686.9056 325-336
DNPNWTSDTR 2 603.2662 788-796 gi| 126406

Lipoxygenase-3 (Seed linoleate 9S-lipoxygenase-3) [Glycine max]
QLEALIETLSK 2 622.8587 218-228 gi| 571468558

Uncharacterized protein LOC102659859 [Glycine max]
WAMLGALGCVFPEL 4 800.1650 84-112 gi| 115779
LARNGVKFGEASWFK Chloroplastic, Chlorophyll a-b binding

protein (LHCII type I CAB), precursor [Glycine max]
VNGNLVSPAHVLANAE 3 1293.0221 601-646 gi | 356570978
VVEIITYNALSSKSAFQRHK Uncharacterized protein LOC100814134 [Glycine max]
VFDGELQEGR 2 575.2829 382-391 gi| 15988119

Chain C, Crystal Structure Of Soybean Proglycinin Alablb

Homotrimer [Glycine max]

"Fermented soybean hydrolysate was treated with pepsin, trypsin, and a-chymotrypsin. Pepsin was used at a ratio of 1:100 (w/w) (enzyme:substrate), and pepsin

hydrolysis was proceeded at pH 2.0 for 5 h. Trypsin and a-chymotrypsin were each used at a ratio of 1:200 (w/w) (enzyme:substrate). Trypsin and a-chymotrypsin

were added into previous pepsin hydrolysate, and hydrolysis was proceeded at pH 7.5-8.0 for 5 h.

dependent manner [11]. Therefore, the fermented soybean
samples manufactured in this study are expected to regulate
blood pressure based on the enriched GABA content and

the increased ACE inhibitory activity.

Acknowledgments

This work was supported by the Next Generation
BioGreen 21 Program (No. PJ0112302015), Rural Development

Administration Republic of Korea.

References

1. Balti R, Nedjar-Arroume N, Bougatef A, Guillochon D,

Nasri M. 2010. Three novel angiotensin I-converting enzyme
(ACE) inhibitory peptides from cuttlefish (Sepia officinalis)
using digestive proteases. Food Res. Int. 43: 1136-1143.

CR, Tuohy KM, Jauregi P. 2011.
Production of angiotensin-I-converting enzyme (ACE) inhibitory

2. Gonalea-Gonzalea

activity in milk fermented with probiotic strains: effects of
calcium, pH and peptides on the ACE-inhibitory activity.
Int. Dairy |. 21: 615-622.

3. Hayakaw K, Kimura M, Kasaha K, Matsumoto K, Sansawa
H, Yamori Y. 2004. Effect of a y-aminobutyric acid-enriched
dairy product on the blood pressure of spontaneously

10.

hypertensive and normotensive Wistar-Kyoto rats. Br. J.
Nutr. 92: 411-417.

. Inoue K, Shirai T, Ochiai H, Kasao M, Hayakawa K, Kimura M,

Sansawa H. 2003. Blood-pressure-lowering effect of a novel
fermented milk containing y-aminobutyric acid (GABA) in
mild hypertensives. Eur. ]. Clin. Nutr. 57: 490-495.

. Jo §], Hong CO, Yang SY, Choi KK, Kim HK, Yang H, Lee

KW. 2011. Changes in contents of y-aminobutyric acid
(GABA) and isoflavones in traditional Korean doenjang by
ripening periods. ]. Korean Soc. Food Sci. Nutr. 40: 557-564.

. Kim JA, Park MS, Kang SA, Ji GE. 2014. Production of y-

aminobutyric acid during fermentation of Gastrodia elata Bl.
by co-culture of Lactobacillus brevis GABA 100 with
Bifidobacterium bifidum BGN4. Food Sci. Biotechnol. 23: 459-466.

. Kim JY, Lee MY, Ji GE, Lee YS, Hwang KT. 2009.

Production of y-aminobutyric acid in black raspberry juice
during fermentation by Lactobacillus brevis GABA100. Int. |.
Food Microbiol. 130: 12-16.

. Kim NY, Ji GE. 2014. Characterization of soybean fermented

by aflatoxin non-producing Aspergillus oryzae and v-
aminobutyric acid producing Lactobacillus brevis. ]. Korean
Soc. Appl. Biol. Chem. 57: 703-708.

. Kim NY, Lee JH, Lee IH, Ji GE. 2014. An evaluation of

aflatoxin and cyclopiazonic acid production in Aspergillus
oryzae. ]. Food Prot. 77: 1010-1016.
Liu CF, Tung YT, Wu CL, Lee BH, Hsu WH, Pan TM. 2011.

August 2015 | Vol. 25 | No. 8



1320

11.

12.

13.

Jang etal.

Antihypertensive effects of Lactobacillus-fermented milk
orally administered to spontaneously hypertensive rats. J.
Agric. Food Chem. 59: 4537-4543.

Monsanto Technology Lic. 2003. Oil body associated protein
compositions and methods of use thereof for reducing the
risk of cardiovascular disease. US 10/511,669, April 17, 2003.
Mouritsen OG, Williams L, Bjerregaard R, Duelund L. 2012.
Seaweeds for umami flavour in the New Nordic Cuisine.
Flavour 1: 4.

Shin ZI, Yu R, Park SA, Chung DK, Ahn CW, Nam HS, et
al. 2001. His-His-Leu, an angiotensin I converting enzyme

J. Microbiol. Biotechnol.

14.

15.

inhibitory peptide derived from Korean soybean paste,
exerts antihypertensive activity in vivo. ]. Agric. Food Chem.
49: 3004-3009.

Tsai JS, Lin YS, Pan BS, Chen TJ. 2006. Antihypertensive
peptides and aminobutyric acid from prozyme 6 facilitated
lactic acid bacteria fermentation of soymilk. Process Biochem.
41: 1282-1288

Weber KT, Brilla CG. 1991. Pathological hypertrophy and
cardiac interstitium fibrosis and renin-angiotensin-aldosterone
system. Circulation 83: 6.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


