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Effects of Lactobacillus brevis BJ20 Fermentation on the Antioxidant
and Antiinflammatory Activities of Sea Tangle Saccharina japonica and
oyster Crassostrea gigas

Young Mi Kang, Nam-Sik Woo and Yong Bae Seo*
Marine Bioprocess Co. LTD., Busan 619-912, Korea

Inordinate stress causes disorders of various systems in humans and activates defense mechanisms to maintain ho-
meostasis in the body. Sleep is a vital, highly organized process regulated by complex systems of neuronal net-
works and neurotransmitters. Sleep is an essential biological process whose underlying regulating involves numerous
anatomical structures and biochemical substances that can be compromised by stress and by the immune system.
Gamma-amino butyric acid (GABA) is the main inhibitory neurotransmitter of the central nervous system, and
activation of GABA, receptors is known to favor sleep. This study was conducted to evaluate the possible applica-
tion of Lactobacillus brevis BJ20 fermentation to improve the functional qualities of sea tangle Saccharina japonica
and oyster Crassostrea gigas. Antioxidant activity was determined by assaying levels of radical scavenging activity
against 1,1-diphenyl-2-picrylhydrazyl (DPPH) and superoxide. L. brevis BJ20 fermentation of sea tangle and oyster
enhanced both antioxidant and antiinflammatory activities. These results suggested that L. brevis BJ20 fermented sea
tangle and oyster could be used for alleviation of stress and to promote sleep.
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1994; Sherin et al., 1998).

o[ A7 AE AR QIFH AAA o]} F shtE UEh= 4
ol thgt 2|2 E et Lo & FEXRE AlYstaL 9
O}, o= theket FAREI AIA| A Agof Tg ofE H-E
= oF7] Al = Sl o] 23t o] f-2 wl= T AXl=ol A=
TH FAEE2E 4HA Qe obdli=4l(Adenosine), oA
g &% (acetyl choline), A|ZEH(serotonin, 5-hydroxytrypta-
mine), W&HE H(melatonin, N-acetyl-5-methoxy-tryptamine),
GABA 55 S4o® HH9 +ufE HEAlE 7idstaa)
Sk A5 S8 3 Folvh PRl HHE e
ojn] Fi}4l(pineal gland)ollA &8|%= At Uil A==
d2 ARG EARA 285k S4olt) WeteEd o] ¢
afo 2 HE o] Ak = Yof| ofsf Wk d a4 (NAT)
o] /o] AsfE|uz ¢h7|of il 7)ol W MEs Bl
ThHLee et al., 2001). NIZEY F3t AR AGELZA HtE
i} Zo] EYERS Y=o SHA A7) Wol Z3)E
Q1= E2lo|tk(Leventhal et al., 2003; Oh and Oh, 2003; Oh
and Oh, 2004). W2, A2 =T} fARE AF G EA R
A GABA= 2 270l A& g EdA AR g Al
QAN 71 5, GABA7} 17579 S5A13 Al Fpd 8.4
2 orejAwA] kst AT AYE7] ARk B F Shol
tH(Kang and Oh, 2007). GABAS] 7| 502 &= k| 2 2o =2
ZA5H= GABA-receptor’} 2|t ER A-8-51+= GABAS} 4
oto] oA ARG EED = A A-8-5H, GABA o] 57t
= XA Pt g AlESHS, T E Bakel Aot o
A EI7) QlS-0] A Sk (Mody et al., 1994; Abe et al.,
1995). Rt &2 &3 7 9oll= W22 7|54 ol L
Q1 oA, B Y AR E Y ovl= 1M S FEA
Zltkar &4 ¢lth(Kang and Oh, 2007).

=& GABAS] A4-E4¢ 25 K(glutamic acid)S o
(4.8%/dry base; w/w)e-i-5laL, = 2] 4 o & fHiksteg, 7t
7% 7 W A asEdEN HilE o] HA o
ARl Bf-R(taurine)e tFe(4.2% / dry base; w/w 71) ot
skal Qlok. 184l thAuk= GABAY] AG-=21Q0 2584t
(glutamic acid)2 115 %(5% / dry base 7]5)&-F51aL, = U
Ao g HEMWA asEdEHN HikolL 754 sz tf
el T3 oek(fucoidan, T3E)S THet oY Aol EEE
& ZHolrh
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2ok S & ZAogh= Aol FH5sto] AEH AR Qg 7]
Zstel =Hf e S0 et 715/l tiall AFEe A
= A Wb 2550l 3 GABAE AEH AR <Igh
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ChAIUR= 20129 109 0] ARG A] 22 M7 G ol 23
W Qlol| A Edske] ARE-SEAAL, =2 2012 11hof A=
S F& Fste] AMgsISITt. Lactobacillus brevis BJ20
2 Marinebioprocess Co., Ltd (Busan, Korea)of|A] 2] 574
3 AL At

OR-Q-A A1 A| 3 (RAW 264.7)+= ATCC (No. TIb-71, USA)
of|A] F-oF ¥kl Penicilline/Streptomycine, fetal bovine se-
rum ¥ DMEM-2 Invitrogen (GIBCOBRL, USA)o| A <]
stglom 7k Algdo Qg 3-(4,5-dimethylthiozol-2-ly)-2,5-
diphebyltetrazolium bromide, Lipopolysaccharide (LPS),
sulfanilamide, N-(1-naphthyl)-ethylene-diamine dihydrochlo-
ride, H,PO,+= Sigma-Aldrich Co. (St. Louis, USA)of| A 414
ako] AL 319t} 71} T2 WE A|oke analytical gradeS A}
gatsich

= A CHADF FEHO| M=

TAJu} 2252 ¢4, B4, Bde3S A Hds 3712
2 of7]9]| 16819] E(w/v)S F7}skaL, 80°C oA 30
S5 th3 20 mesh o= A A| 25131t}
FZEO A8 7B f 4 (Alcalase) 2 40°C, 1A]7k
2282303 0] % 60°C, 147 53 s AZ A7l o] %

= TAJu} 2E B dk(fermented sea tangle and oyster pow-
der, FSO)& thAJu} 2200 45% (Wiv), = 224 45% (W/V),
yeast extracts 4 % (w/v), glucose 4% (w/v)E 212} =5},
it (121 C oA 308) 2 5(2% L. brevis BI20) H5S A
AR B A (37°C Ol A 24417 R A E (121 CollA 30+)
staL Hzsto] Alzskgiey AlRd wa U o]8-sto] 4t
oY FAS B4 B7HE ARE ARSI

S|
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gk 27 2/ Nanjo et al. (1996)2] el whet 274615
Al& 30 pLof 60 uM DPPH (1,1-diphenyl-2-picrylhydrazyl)
£l 30 MLE &35t 3 kg9l 100 uL quartz capillary tube
o] %74 28 3 electron spin resonance (ESR) spectrometer
(JES-FA, JEOL Ltd, Tokyo, Japan)= SA3}%t}h Adz4A
2 magnetic field, 336.5+5 mT; power, 5 mW; modulation
frequency, 9.41 GHz; amplitude, 1 x 1,000; sweep time, 30 s;
temperature, 298 K. ©]¢t}. DPPH radical 2~45-2 Het H,
o] AFtl| %19l radical signal peak 0]2] 2fo]of 2]5}o] 74]*}0]'
et

Radical scavenging activity (%) = (1 - H/H) % 100
Superoxide dismutase (SOD) activity

FSOY] superoxide radical-> Zhao et al. (2006)°f @} A| &
10 puLof] 0.3 mM riboflavin 10 uL, 1.6 mM EDTA 10 uL, 800
mM DMPO 10 uLE #7} 3t & 365 nme] UV lampoﬂ/\‘] 1
£ 5ot AT W5 quartz capillary tubeof| 71 &
ESR spectrometers ©]-835}0] £4351¢ 0 AdxAL o
23} 2t} =, magnetic field, 336.5+5 mT; power, 10 mW;
modulation frequency, 9.41 GHz; amplitude, 1 X 1,000; sweep
time, 30 s; temperature, 298 K. superoxide radical £~7]5-2H
o} H ] At 212l radical signal peakE ©]-8-5}= =2]¢] &Jaf
Aitstdet.

Radical scavenging activity (%) = (1 - H/H) < 100
MIZHH S

k-2 A A 3ZE pencillin (100 units/mL)/ streptomycin
(100 pg/mL) solution?} 10% fetal bovine serumo] 2£3HE
DMEM 2| & ARg-5Lo] 5% CO,, 37T incubator (Forma se-
ries II, Thermo, USA)of| 4] vl QFao] ARE-31TY.

MTT assay

24 well plateof] TR T A Z3 5 X 10 7] & 553101, 44
7k FHo A2-e oA 2 WA|FE & G 5=(2.5, 5.0, 10.0, mg/
mL)2] A|&E 2447 5ot 22|53t} 3-(4,5-dimethylthio-
zol-2-ly)-2,5-diphebyltetrazolium bromide (0.1 mg/mL)E Z+
wello]] #] 2]5}e] 4A]7F =0t vl ofst & & A = insoluble forma-
zanS DMSO9]| 0|11 ELISA reader (Wallac 1420, BMS,
USA)E 53] 540 nmol|A] S35 =74 3Fich

Viability (%) = (R-6--9] 3=/t =] F8%=) x 100
Cell base NO assay

24 well plateo]] TR T A EZ3 5 X 10 7] & B30, 44
ZE o] 2L B A 2 WA A FE (2.5, 5.0, 10.0, mg/
mL)2| A| 25 1AIZF 59t A A 2|5t ok LPSE 1 ug/mLE 16
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H’H\I i
35 < <

[ Before fermentation, Glutamate (g) 8
30 - | [ After fermentation, Glutamate (g)
[ Avter fermentation, GABA (g) /]1 17
—— Before fermentation, Glutamate (%)
—=&— After fermentation, Glutamate (%)

—A— After fermentation, GABA (%) /

Il
i\

: W

1:9 2:8 3:7 4:5 55 6:4 7:3 8:2 9:1
Content ratio of oysters and sea tangle

N
o
T

[N]
o
T

Dry weight (g/g)
&
T

GABA content (%)

-
o

Fig. 1. Gamma-amino butyric acid (GABA) content and residual
glutamate in accordance with the composition ratio sea tangle
Saccharina japonica and oyster Crassostrea gigas.

ARt &2t A2 SHRE: o oA Al 4452 100 uLE 96
wello] E-35}a2, Griess £(1% sulfanilamide/0.1% N-(1-
naphthyl)-ethylenediamine dihydrochloride/2.5% H,PO,) 100
uLE #7138t oh5 S84 9k 3 ELISA reader (Wallac 1420,

BMS, USA)E 53] 540 nmol 4| S22 Z4el5i.
Inhibition (%) = 1-[(FF-3-9] 4w H A F o] E501)/u)
Z70] HFE] X 100
Zo Y o

= CHADE $S2E(FSO)Ql Mz
2EH 2o o5k 714 95le} 41 Z7lof Aulr} 9l FSO

Table 1. Change in GABA and glutamate concentration in fer-
mented sea tangle Saccharina japonica and oyster Crassostrea gi-
gaswith Lactobacillus brevis BJ20

_ Before After After
Oéiter fermentation fermentation  fermentation
tangle Glutamate Glutamate Glutamate Glutamate GABA GABA

(9) (%) (9) (%) (@) (%)
19 1022 93 3.88 35 380 34
28 1071 941 4.01 34 402 34
37 1166 92 4.32 34 440 35
46 1263 91 4.27 31 501 36
55 1389 9.0 4.39 29 570 37
6:4 1591 9.0 6.33 36 575 33
73 19.000 9.0 9.64 46 561 27
82 2420 90 1620 6.0 480 1.8
91 3574 90 2700 69 524 13
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Fig. 2. Effect of Lactobacillus brevis BJ20 fermentation on DPPH
radical scavenging activity of fermented sea tangle Saccharina

Japonica and oyster Crassostrea gigas (FSO). i, BHA (butylated
hydroxyanisole); &, FSO.

o A£E 114 23} thilnt 2EEE A4 TR B ES
Ak W A 2o GABA AV H T 245193, 1
1= Fig. 13} Table 19} LehHgich 23 chAlnt 320
4 22 19 vl o 4 0:1 Hl 87 4] ] A el 2
Aor| 1 A3 23t chalnke] gl 5:59) vl &olA] W 2
SRS 2.9%0] ™) GABA AAIEL 3.7% 2 8l lo] 27
chaleh S&ohe] 24 gl 112 ekl

= CHAOF HEE(FSO)Q Sitst 2y 24

ol

> ool w2

FAA 07 ARE AL Qli= FAFSHAI?] BHA (butylated hy-
droxyanisole)?} FSO-& t)4t 2. = ESR spectrometers ©|-8-5}
o] DPPH radical scavenging activity S A%+ A v}= Fig. 22}
2t} Positive control Q1 BHA (butylated hydroxyanisole)2] 73
© 50 ug/mLe} 100 ug/mLe] EE0) A 2} 48.7%, 86.5%2)
S U LA, FSO9| Zf-oll= 217} 89.7%, 91%= St
olE it Ag-3lE dhikslA| o] BHALF FSO2] DPPH radical
AA% 8| A] AL x4 FSO2] DPPH radical 4~750]
YGo] Hold 2 o2 B = u FSOYte] 50| w2 DPPH
radical 227]%-9] H] 1L A] 50 ug/mLe} 100 pg/mLe] &= A}o]
of T2 A7%5-& 2 M7t lolnt whabA, FSO+= 50 ug/mL
%ol 4] DPPH radical 27%5°] 7}4 $4231 Ao 2 Htty]
o, 4455 BHA 2t 27)%50] o} 9-eleha ghehsic,
olg|gt A=, n| A Eof ot A = 4SS 7= A
o2 4Rl vz slekEol S716h] WlZ(Song etal., 2011)%]
Ao 2 TetEt) o] = thA|np 250 A O 2 S Eomet al.
(2010)¢] 1%} Bae and Kim (2010)2] &A-tol| 4] Akt &
o], & A of 93] DPPH radical 24 2/do] Z7keltt=
At Aol 22 Z3kS e AL Qi
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Fig. 3. Effect of Lactobacillus brevis BJ20 fermentation on super-
oxide radical scavenging activity of fermented sea tangle Saccha-
rina japonica and oyster Crassostrea gigas (FSO). i:;, BHA (butyl-
ated hydroxyanisole); &, FSO.
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125 B ARA

1o W5 W HA T = ouw

JElc
S Ak} el 2] 5-0] ARA| ALEAF A HEg-sto] A| 32 o] 4
A= &4 Soll shubelth =3 /g Akaof A& o] Rk
Sk AR 2| H o] A/ o] Al2H ofE ofF7] Al7|H AL
59 115 sEolAE o Ala2ute] 27} uh | X
o] A o] £AFEITEA A A Ql) (Masaki et al., 1995). o]2]
St AgAtaco] gt o a3k £4517] A FSOL] 24
b AA 52 S48FA AL, 71 Avh= Fig. 3ol et Sl &
A4 A A5 positive control] BHA2] 74-¢- 50 pug/mLe}
100 pg/mLe] 5= A 2+ 56.4%, 83.5%°] %1 aL, FSO2] 7
27171 80.2%, 93.4%= Q1= %t BHA 2 FSOQ] &34k
A A5 v A FSO7} superoxide radical 47]50] S ol
Ao 2 FAEm FSOVH] Feof w2 SDO B/d2 &%= A}o]
of W2 W35k} §1%lct. wekA SOD radical scavenging &3}
= DPPH radical 42757} Z-0] FSO 50 ug/mLojl A 714 =&
S 7= Ao & dtE

Xanthine oxidase= 9 A719] thAk-Aof Qlof A ¢ &
23t 742 A hypoxanthineS xanthine ©. 2 AFs} A|7] 31 Lo}
7} xanthine& uric acid2 Z|& AFSIAZIT), o] 3 9] vt
& g Foll Aol f-aliet HAakslAE Aok dakslka
2= I thA] superoxide radical i} -2 EAJAR: £0 2 HS]
517] wiZoll xanthine oxidase®] As /> ket S S &
g8t & thE A|3£0]7] = Shth. GABA A/ FSO9| 3Hitels
< xanthine oxidase inhibitory assay 2 7 =3t A¥}= Fig. 49+
Zrt}. Xanthine oxidase inhibitory assay = 4AFH 1 A1} FA1sE
52 GABA A FSO7} 88.1%, ThA OF 2590-2-89% (Lee et
al., 2010)0]w, 44 FratstA| = gho] o]-§=1L Q= 2t

= vl BAARAE BYge] A4
o=

o o |r
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Fig. 4. Effect of Lactobacillus brevis BJ20 fermentation on xan-
thine oxidase inhibitory assay of fermented sea tangle Saccharina
Jjaponica and oyster Crassostrea gigas (FSO)
hydroxyanisole); &, FSO.

Q1 BHA 9] 71.3%09] H|5}o] oF 17%7} +=0}, xanthine oxidase
inhibitory”} o}5¢ 9-=3}t}al HThE T},

Nitric oxides= A|Ujo|A] 523t signal molecules= &2 A]
o Uub o = 9] R.0] ¢F vhg-of ot WS- Fof in-
ducible nitric oxide synthase (iNOS)2] W& o] o]3}o] YA =
o}, 5k 2o nitric oxide?} AR A] BEE A7) 2
o2 9#A gloen superoxide radical?} HH3-5lo] B2 LA
o] 7%t peroxynitrite = A/ = o] AW 2£2]& EdA71= A
o2 A4 A Qlek FSO2 A5 nitric oxide scavenging
assay= HE] AW Fig. 591 £t GABA A/ FSO¢| &

100
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B rso
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c
kel
h=4
2
< -
= 40
20 |
0 1
50 pg/mL 100 pg/mL

Concentration (ug/mL)

Fig. 5. Effect of Lactobacillus brevis BJ20 fermentation on ni-
tric oxide scavenging assay of fermented sea tangle Saccharina
Japonica and oyster Crassostrea gigas (FSO)
hydroxyanisole); &, FSO.
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AF315-S nitric oxide scavenging assay = A1 - 7w} 3pAKS}
Lo R GAE H 7 ChA|ub-E BEE 2] 36.1%2 A

s+ GABA
A A FALSIA 2 wol o] 851 9l 272 BHAY] 63.9%

H

of HIte] wrol, nitric oxide 427152 71 FAFEHA o H]s}o]

vy dohE )
NEz=N 3 AHE 2l

FSO&| A5/ ofl thaff 2Alst7] 916Fe] MTT assay A| 345}
a1, olof tfgt A= Fig. 6A ] YEFY It Positive control
o1 kojic acid®] 7 12.5 ug/mL, 25 ug/mL, 50 ug/mL} 100
ng/mLojA] Al £ AEES 7) sl whE oF 102.3%= e}
wom, FSO9| -2 AliE EE&A Qo] kojic acidet &
Apo) & HolA| Gholth FSO sfeof| mhE Al 2 AEE-212.5
ug/mLY o 115.4%, 25 ug/mL2] 7% 105.1%, 50 ug/mL2]
749 105% 2 100 ug/mL2] 7% 104.2%% 5o A glo]
A Y7gt Al E BEES BT FSO9| nhe-2 tf 24229
tisto] A|az=/do] gl Ao ' Uehdon 25]2 Ao 5
A& FX18}3
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Fig. 6. Cell cytotoxity and inhibition of cell base NO level by fer-
mented sea tangle Saccharina japonica and oyster Crassostrea gi-
gas (FSO). A, cell cytotoxity; B, inhibition of cell base NO level.
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