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Abstract To develop a multi-functional ingredient, the bioconversion of katsuobushi
protein was optimized using Bacillus subtilis HA and Lactobacillus plantarum
KS2020. The Dendropanax morbiferus extract (DME) culture with protease activity
(102 unit/mL) was prepared by B. subtilis with 2% glucose and 1% skim milk through
one day of alkaline fermentation. Katsuobushi protein was effectively hydrolyzed
by the DME culture at 60T for 3 hours, resulting in a tyrosine content of 156.85
mg%. Subsequently, a second lactic acid fermentation was carried out with 10%
monosodium glutamate (MSG) using L. p/antarum KS2020 to produce higher levels
of GABA. Following co-cultivation for three days, DME exhibited a pH of 8.3 (0%
acidity). After seven days, the viable cell count of . plantarum increased to 9.33
CFU/mL, but viable Bacillus cells were not detected. Taken together, a multi-
functional ingredient with enriched GABA, peptides, probiotics, and umami flavor
was developed through lactic acid fermentation using hydrolyzed katsuobushi
protein. These results indicate that karsuobushi protein could be used as a
byproduct to produce a palatable protein hydrolysate using alkaline-fermented
DME culture as a proteolytic enzyme source.

Keywords katsuobushi, Dendropanax morbiferus, Lactobacillus plantarum, Bacillus

subtilis, y-aminobutyric acid
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=2 AMgEo] gt AR F4E2 sesquiterpene
olH, gt(Lee 5, 2015), A& (Lee T, 2015), &
L3HLee &5, 2015), FUEH(Rhee &5, 2000), T
(An, 2014) 59 837} HaEglon WIZHRE O AR
2 B2E(RREE) 5o LEAAME FokE 4= qltt
(Kim, 2015). @4 YR F59L sPE 2 HA A
oF 5ol 71578 A= A7FeA, gt} Fu|7F FSkA] oot
=&, 9R4E 59 aA4E 851 St

23K Bacillus subtilisfe F2 5 WaAlEo] Tofs}
A% 98 vBEE WE, A4E AXT 1 o8
(Kwon &, 2004), @d8sas, W7|s 235t 9 IS}
183} 59 7|5/ et A7t o] M= 9t Heo
5, 1998; Kim 5, 1996). T3}, 1242 AR G4AS
Aikehs tirAQ1 npdEelH, Al 92 AYibw Thld &
Sfaae g FgAdE 7ML QUL W pH oM E a4
3 wof 4o g da] ARE AL QtKYoon 5, 2000).
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al
plantarume FAIE, S5 9 X T2 45" H4 5

oA YAE = ZARFo|H(De Vries 5, 2006), 39 A&
st A #F9 JhA, gEE7] 9 HYA 2d 59 /gt
2+2-S A 55= probiotics® ARE-EHTHSanders and In't

Veld, 1999). £3| [. plantarum 7154 E4 r-

aminobutyric acid(GABA)E AAkel= EAE 2E1 Qltt
(Hasséssian <, 1991). F GABA AJA50] Hojdt RAk
AlEA

& o|-85t0] GABAE 1= AJAISH 7154
A= Egotd= A7 AP Ueklim 5, 2022).
GABAE AAAY AAEAEA e golet A&, 55
o] ¥y Hpo] EA5H= HiTEd opw]|Ake] dFolH
(Diana 5, 2014), Toldn], Wo} Fof A ghiEfo] Utk
(Chang 5, 1992). W]4&0] o3 115% GABA A4ko]
75k, Al W &4 glutamic acid decarboxylase
(GAD)Y] 2rg-o.2 218 7]Z9l glutamic acid’} GABAZ
Z2EthFonda, 1985). < GABA: = @7/ 7H4, AE
g sia, 7198 F2, AYAHEE, =25 &3}, A
A, EW 5ol 237t Qle Ao & A tkKang™
Oh, 2007). w2t 1183}t Aol 71454, 9 7HA 59
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HH0 = nAEo] it GABAS g ohafgt 74734
9] 7igo] €83t AFo|r

7V QB A (katsuobushiy= 7Y}l Katsuwonus pelamis)
E AL AT T Y/A GE9 7HFAIEeY, YRED
A v Aele] AEE Seols Fel2 9 Fot 44
AFSHAY, et SR1e TS e ot 2edeE
okl Qlo] S thfet 289 ol &HriKawaguchi,
2005). 1203419 W FHES B JGOIN A5
= HEZ AR ETE 5EY B Al E E85
I Ql= Aotk 2 AE7AE A% 7HsS A= SIgt
HoFo 2 ESG(environmental, social, governance) 7
P SlA SFRA A AFAYA G AEFFANES] LS
ol ciet Bt F7HEIT 2ok, e HAE 40

F0) 483} THE GNAL T YolA] o] o8

el
mono sodium L-glutamate(MSG)ZHE 7154 &2
GABA AJAte] 2 4gls o 2x, FAUR F559
7k QBA| A 7RBSER] peptide®t 15T GABA,
probiotic7} A%t E3 7|54 TR AAE st

Kiszs

u]
i

21 M

2 Ao AFEE THAQEAl G5 & o dojR
FAEL @5tetA]E(Gyeongbuk, Korea)ollAl Al5wrot
o -20CoNA ¥ HastaA ARSI, g UR
ANEN FAUR FEE(Dendropanax morbiterus
extract, DME)}2 £7M|(Jecheon, Korea)olA 5}
ARESIQITE M5t Wael Ait Ia A AFEEE H7t
St MSGE} glucose, yeast extracte= Z+Z} CJ Cheiljedang

(Seoul, Korea), Samyang Genex Corporation(Incheon,
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Korea), ®%8(Ansan, Korea) A& FYoto] AR5t
t}h. Peptide A/3S ol AR&StH Flavourzyme} skim milk
Hako 747 Nnovozymes(Denmark, Europe)d} A12-$-5
(Seoul Milk, Seoul, Korea) A& FUsto] AML5H9ICH
MRS brothi= Difco™(USAAS] AE-E FHi5te] ARES

Aot

2.2. AtERZT ¥ starter HZ

B. subtilis HA(KCCM 10775P) w5+ AgHista 4%
7hest} AFAANYE AAHolA AL H=FoERE
214 B5o] AR&5FATE MRS agar plateolA] 42T, 24
AZF ¥i¥st B, subtilis HA +55 5% skim milko] gt
wiFo] &gt F, F=u|FI(SI-900R, JeioTech. Co.,
Ltd., Daejeon, Korea)ollA 42T, 24A17F B9t 160 rpm
o7 Yt & starter2 ARSSFATH

L. plantarum KS2020(KCCM 12782P) #5= 744
oA E2E GABA B4%50] 53t 4524, AgHista
AlE7Fs e} A AT AL A Eefsto] ARSI
MRS agar plateoﬂ/ﬂ 30T, 48A17F vl
KS2020 55 MRS brothol g ¥igo] &3t F, -2l
%F7](IS-971R, JeioTech. Kimpo, Korea)ollA 30T, 24
AIZE B9t BAEFSE & starter2 ARHESFAT

¥t . plantarum

3 ot Bl MO EA| BAMEO EHNE Zof
g B S 2 gk YRES XS] 6]
B 228 25%(v/v)E autoclaveoA 121C, 15
B2 1457189 IS AR T glucose 2%(w/v), skim
milk 1%(w/v) = MSG 1.5%% F7t2 g+t B
subtilis HA starters 5%(v/v) AZsl9] 42T, 160 rpmS.
E 15AIRF B¢ 2714 2404 Ageidstitt. BHd
2o Yol FEUF FE2EY 12+ ER =) B9
7FAQBA] BARE 10%(w/v)E 7Fste] 60T, 120 rpm
oz 3/\]7]- Eo]- :g/\lﬂ—sﬂj\];ﬂ 01:15] I:HZ.'_,'LOE /g-gxq q

4 Flavourzyme< 75l 714 oH] 0.75% 7Fstod
AR&-SESITE
2.4, Zi7 =EEe

=g
GABA 34HE 919t 2kt Wi e 7227 A) e 7}
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FRoE MSG 10%(w/v), glucose 3%(w/v), yeast
extract 0.5%w/v)S A713t & L. plantarum KS2020
starter 1%(v/v)E FZsto] F2uY7]1(1S-971R, JeioTech,
Kimpo, Korea)olAl 30T, 793+ AA|ujgst & HaEo]
o|3}std EAE EA5I

[

2.5 Y7+ 5T

Aetg+= AR 1 mlofl B24d4 9 mLE 78 108
542 o 83le] 10°12 3]4 " A MRS agar plated]
20 pL =S 5, B, subtilis HA= 42C 2] 28719
A 24A|7F vQ¥ste] X519, L. plantarum KS2020
30C 9] F=2uY7IolA 48417 Bjgste] SFsHoieh A+
2= log CFU(colony forming unit)/mL= WERH AT

©

2.6. pH ¥ HE He 5

pHE pH meter(Digtal pH meter 420A+, Thermo
Orion Beverly, MA, USA)Z S73I3tt 2 Al &= A
2 1 mLo] 5= 9 mLE F7Isto] 0.1 N NaOHE ©]&
oto] pH 8.371A] 2A3t AH|ZFS lactic acid =%, v/v)
o7 ghtstgit.

2.7. BE Jf+2540) ItE peptide EE F&

AR 2E280] 124 YgE9) peptide A A2
Z79517] I5te] Folin-phenol Al o]&sto] YRz &
SRS 2ot i Mungal¥}t Surendra,
2004). 343t A& 0.7 mLoll 0.44 M trichloroacetic
acid(TCA) &9 0.7 mLE 7Iste] 37C 252004 30
E7F ¥8 3 15,000 rpmollA] 10827 Y4 Eejoto] A
=2 AR gE ASH 1 mLefl 0.55 M NaxCO;s
2.5 mL2} 38 8]4% phenol reagent 0.5 mLE ¢4 0
2 21 S F 37C F25R0A 3087 BEAX &
E4%E spectrophotometer(Amersham Biosciences,
Amersham, UK)Z 660 nmo|A &43}3ct.

Aot tyrosine 3

2.8. Protease activity &

FAUR +389| T2y FaE DY Lojas @
A& 245}17] 938l Folin-phenol A|2F& 0]85}9] casein
714 9] B3l AHECQl tyrosine TS Aol )45t
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A& 0.35 mLoll 0.6% casein 0.35 mLE 75kl 37C
FE5FoA 1087F BHEAIKITE 11 % 0.44 M TCA &9
0.7 mLE #7¥stod 37C9) 30&7F ¥& &, 15,000 rpm
oA 1087 |4 £25te 348 45N 1 mLel 0.55
M Na,CO3 2.5 mLe} 38 3]4% phenol reagent 0.5
mLE $AH0E Wil B9kt § 37T P54 30&
7F HRAIZl & 3355 spectrophotometer(Amersham
Biosciences, Amersham, UK)Z 660 nmolA 43}t
84 A4 1 unit2 7149l casein®ZHE £ 1 pgo
tyrosines A/JA171= H Ba3H §40] Fo = Holx|qirt.

2.9. GABA g% 5%

MSG % GABAY] $HF< silica gel TLC plate(10x 20
cm)E ARESE thin layer chromatography(TLC)Z A4
BA8 519tk A7 |1 n-butyl alcohol : acetic acid
glacial : distilled water& 242+ 3 : 1 @ 1(v/v)2 &5}
A chamber(30x 25 x 10)0] Y2 & 4A17F J= 420
A 2T daEY} standard 892 TLC plate 5F%t
15 mm A 2 pLA HAT F Axste] AAE AFH
A7} F TLC platex= 100T #AFAZX7|oA AxSH &
0.2% ninhydrin &4 AJ2F &S Hal 100CA 52 3
T ZAAA MSGEF GABAS] spotS RIS

HFg 59| FEotu] At glutamic acid®t GABA A&
AE st BaE 1 g2 Foto] oA & o1t &
FEASE Yol 10 pLE F5to] borate buffer 70 xLet
ACCQ-Fluor Reagent(Waters Co., Ltd.,, New York,
NY, USA) 20 pLE gol 1022 2 S35t & 187 WXota
55C ovenol|Al 1087t 71E 3 whdsto] HPLC(Waters
2475)% AHg3te] 39T ACCQ - Taq™(3.9x150
mm) column} Fluorescense AZ7](250 nm)E ©]&3
1, mobile phase(A, Waters AccQ Taq Eluent A; B,
acetonitrile; C, tertiary distilled waten)E& $<% 1.0
mL/min®] £E& ZHFUY. EFEES SHF =9
7 GAEE g Asto] 23 EE AAAS ol-8oto] T
= AArsHI

K% = (S x V x D x 100) / (W x 1,000 x 1,000

https://www.ekosfop.or.kr

ofu} St A AL S (ug/mL), Vi ABEAL
(mD), D 844, 193 Wi A% FAHEel,

2.10. A2/

AP A= B3 E2EHAmean+SD)E HEFH Y
on, BA A= SPSS Statistics 27(Statistical Analysis
System, SAS Institute Inc., Cary, NC, USA)Z ©|-&5}]
one-way ANOVA £4& AA3 & Duncan’'s multiple
range test®Z A4S p0.05 FFoA ASSIAH.

3. 21t o 1%

3.1. FELIZ F5E89 0/355 24

FAUR 2252 F2 FHo2 o] g2ukE Ay
o, PR TS 7.26%+0.15%°] 1 pHE= 5.68+0.01,
At 0.01£0.01%°1¢. 714 32 K 2.38 mgk,
P 0.44 mg%, Mg 0.25 mg%, Na 0.25 mg%, Fe 0.22
mg% =02 K9 ggo] 7 W2 Zo8 HiEglon
(Choi, 2017), Kim(1997)° ©=2% 25| 7714 o
F % K g0l 457.60 mg%=2 7H =il H skt
FAUE &8 £X5k= K, P, Mg, Na, Fe, Ca, Mn
T O F1E S0l Ha R S0 E2& £ AL

2 Atz Eoh

32 FEWZ £5E E7 BI5E9 CHYE
Y

FAYE 2580 skim milk = MSGE A7Isle] 1
Z HEE 154 B S & ol Eejas S4S
ZSAot3tHTable 1). 2 F&E0| gAQ0R X 2%
kS A7 ALl B subtilis HA a0 thild Bajg
A AL w2 1,65 unit/mLES UERTh greay
O = skim milk 1%} A7-&E4 MSG 1.5%F 2F F71H4
o2 it A9 1xd HREES H1E w2 30.31
unit/mL9] ©¥d Esjas SS Hoith wHo] 3
250 BAYS AYsT skim milk¥He 1% 3202
7kt DME #iA|(Table 1(C))°lA ILz4 T& 15417k
102.22 unit/mLE 7} =& oz Bajgs &4 Uet
WAt B subtilis HAE o185t 42TA 19 &< 14|

ofE 4

mhh

FAT

o
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Table 1. Change in protease activity of alkaline fermented Dendropanax morbiferus extract (DME) with glucose, monosodium

glutamate (MSG), and skim milk

Samples Protease activity (unit/mL) Viable bacterial count (log CFU/mL)
Fermentation time (hours) Fermentation time (hours)
0 15 0 15
A" 1.06£0.137 21.78t1.07 - -
B? 1.68£0.20 30.31+1.25 6.35+0.07 8.97£0.02
c¥ 1.55£0.27 102.22+2.84 6.35+0.07 8.83£0.18
D¥ 0.61+0.05 1.65£0.82 6.35+0.07 7.09+0.13

VA, distilled water + Flavourzyme.

)
)B, DME + skim milk + MSG + B. subtilis HA.
9C, DME + skim milk + B subtilis HA.

D, DME + B. subtilis HA.

Walues are meantSD (n=3).

N

o &

3
120 unit/gPI o™, ol= M Z<Fo] 93t A et v
o o A FHAUR FE2E9 TR0 FARE dHE
2o 42 U ItHKimt Lee, 2009).
B3t A 2 YEES AHrE SHT A% &
U 520 2T A71eE Aol 1z BTt
o] orom 271402 skim milk, MSGE % S
oA 10° CFU/mL HEZ &2 AF,E Bt o= 33
U FE2E04 1279 852 A g o] o
Y20l RS, FAAECl FE5TH A A &g of| A
AU E skim milk H7}7F Azt ofgt T )
Ba9 YAk Eol= ZoE woEnh 1xo] osiA

AZ 9z S Gl Boas BHE AT Aa
o

A

He| BN 2T Feof| FF= H2
liquor, yeast extract 5-°] E3t&o|lon HFA|ZF 24
A7 BEofA 7Y 2 E4 S-S YRt B15HS]
HSepahy?} Jabalameli, 2011).

3.3 ZELIZ F£29 IE7 BEES 0/88F /I4284/
EHE 2o

FAYF FEE20] skim milk7F 1% H7Fe HiA(Table
1(O)ollA dojzl x4t HiFES o]&oto] FA|FAES
A7fel SdS Eofist A, 7H44Q1 peptide Y &
JO 24 tyrosine TFo] 72.94 mg%ollA 156.85 mg%
2 28 o] F7FetAtHFig. 1). 0] FAUFE FEE9

150

200

r A" B o-¢¥<-D*
175

150 -
125

100
7 /

50

Tyrosine content (mg%)

25 -

i
|

Proteolysis time (hours)

Fig. 1. Change in tyrosine content in Dendropanax morbiferus
extract (DME) hydrolyzed with different protease source.
Values are meanzSD (n=3). DA, distilled water + flavourzyme.
2B, DME + skim milk + MSG + B, subtilis HA. °C, DME + skim
milk + B subtilis HA. D, DME + B. subtilis HA.

skim milk7} 3 127 WFENA 7] tyrosine
ol =A e o 24 iAo 3hf-E skim milk THEo]
Vg daEe] il Eojas] 52 SH0R IR o
WEo] 7hpRofEe ACE WHE

2702 AA4 849l Flavourzymes ARESH 27
(Fig. LAY x4t HiF Aol FAYFE FE=00 skim
milk®t MSGE 7t 24 (Fig. 1(B)), FHAUF FEE]
N F7ReE 274(Fig. 1(D)3 BlaLste] AT &
E9] skim milkTt d71et 2AFig. 1(0)°] x4 &
15A17to] el Boff &4do] 7H) w2 A2 YERTh

9792 o83 TaFT Rirwe] EPAES FAA 99

et

o

f
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Tl go] 7lpRafE o] 2F A Ee
38 mg%S B 159} ols 84 T
3 5 g 5ol 2sfiA % 5
e thKim 5, 2018).

o] AN ERE AU i Eejais AH8
o} SHAUR 2EE9) skim milkE A7)k 1242

A1 =] Tl Eof AAYUCE AMEE o T
Qo] 744 Q RA] BARZ S| A S ThpRSAE
AOE e

tyrosine $F&o]
Ao g 2
2 Ueidi= Ao

2 tyrosine &

fru
)
_g,o
5
T
paus
o

id
1

[

iy

A

34. JMQEA EHE T+ EE9 Hitw Basl

GABA J4h& 9JoiA FAUR 589 1244 HH TE

oA ZEEsiAR] 7PAQRA] T o] i RoES o]
sto] it HRE ZPS & Ao HSE é‘@d?&‘:}
(Fig. 2). L. plantarum KS2020& o]-&3) dikt HaE
SR A3} 2t A7t 02 Aoll 7.65 log CFU/mL
oA ¥a 1Y X 9.84 log CFU/mLE IA| 371511
0% AZ ZASHHA 8 7Y Aol 9.33 log CFU/mL
2 2232 YEslH

g0 FAUR 2229 12 YEE(Fg. 2(0)= °]
&oto] 7hAQRA| ThlAS 60T e 2%04 12} 7F=E-d]
A7l IPgolA HaEOA I Zete] Bt A HAE
WA, Axbkg 0Y Zof] A9k A+t 5.98 log CFU/mL

E B. subtilis HA: —o—HA
5 12t L. plantarum KS2020: -o-.KS
('
gr 10 a a b c
k) B O e b
= d
s 81 o
o
© a
8 °F
T
o
© 4l
©
o
L
5 2
8 b b b .
s
0 ‘ ‘ ‘
0 1 3 5 7

Fermentation time (days)

Fig. 2. Change in viable bacterial count of katsuobushi protein
hydrolyzate fermented by L. plantarum KS2020. Lactic acid
fermentation was performed with alkaline fermented DME with
glucose and skim milk (Fig. 1(C)). Values are meantSD (n=3).
Different letters indicate significant difference by Duncan’s
multiple range test (p€0.05) (the highest value in the sample
was expressed as a).
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log CFU/mL HZ==2 lnﬂl FAEE

22} Aat IE 717 59 E8E0| pH 2 AL E &3
St thFig. 3). A4kt HREEC] pHe 0¥
IR 1Y Aol 5.772 AASHE ER 39 Al 8.3
A S7KE F 79 Z7HA pH 9.02& A5t ’&Et
0 Zto]l 0.19%°l4 R 1¥of| ikt Ha7t 2P A
g RIIAC R QIS A 1.92%E F71et & HF 3Y
2ol pH 8.30.8 dze}ido] Ho] Z&Esh= R714to] gl

O F UE

KangZ} Oh(2007)°] @2 ZAkto] o3t HaE Fof
A e/ GoRRE BgE Ao R Qs HjeFde] pH=
o1 At = SV T1Eu ZAktol] 9Jjt GABA A
go] == Aol 7140 MSGE F7Fste] ikt
HjFAl7|H FA W glutamate decarboxylase©] 2]3]A]
SHERASHEH Al GABAZE A/ Enh. BAlo Al Hiof &
A5t protono] AxH|E|o] HjFHo|| EASH= proton©]
At LimY} Lee, 2014; Ningzi®t Long, 2020). w=f
A ZAktol ofet R Il A GABA Ago] FHEEHA]
HiQFA o] Aw7t ZHaste ACRE wWrEnh ol Akt
HiFE] =& AT R Qlsto] WA AAE ARgo] AetE=
A= MAT & Sloka weE

CpH
-~Acidi
10 ty 4
a
b
8| 1o g
T -
o T
L ] 0
6 2 <
4t 1
c c
2 0 o 0
5 7

Fermentation time (days)

Fig. 3. Changes in pH and acidity of katsuobushi protein
hydrozate fermented by L. plantarum KS2020. Lactic acid
fermentation was performed with alkaline fermented DME with
glucose and skim milk (Fig. 1(C)). Values are meantSD (n=3).
Different letters indicate significant difference by Duncan’s
multiple range test (p€0.05) (the highest value in the sample
was expressed as a).
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2] S TR
GABA &

Z 2 GABA 44 Bisf
St WE A| MSG

2ol 20 2kt A& glutamic acid,
HPLCE ol 245ttt 23 23 a A
%o

AAEl GABAS] 3HFE 3,139.58 mg/100 gC.& YEF
o] skF2 83.44 mg/100

FoH(Fig.

3.5 TLC 242 53t MSG £
AtQl 7. plantarumE o1&

ZHE GABA TLCE &9 A== ot
4). GABAA B2 19 ARH A= on da 390

B MSG7F 2AEWHA GABAR AgEglon Ur

et} whebA] 7R Q KA] Thal

2 E54 1%5%2 10% MSG

MSG7}

o2

ol 3
A 1T

A]—F._HH

=

MSG7} AEdhe Ao=
wollEe] At Ea
o] 7]*—6}9&4 & daedde
};g— = }\/\Eo" 147]-0].1— wags
20 % wotEh

o ZESH= glutamic acid?)

2 g5 ]th. Kwond Lee(2018)°] WEH MSG 3.5%7}
A71e =7F 2599 GABA AAMNA 1.43%2] GABAS
AArek = Qlokal B 18t 0w, Choe®t Lee(2019)0] w2

& A] 1.78%9] GABAS X413} 4= Qlcky B usloiet. wet

it =2
oz =% groz muiEc)

229

A 7P QEA| Tl Zpae i
ZAkt e S B84 AAHE GABAE 3,139.58 mg/100

gl

o MSG 3% 87 % 597k RAHS Ta

HofEo] MSG 10%E d7F &

=4)

2
e

A 7IE
2 HE GABA 3
011:1 ;(]-Zo].x]u]— ulg-
A2 ARSSH o gk wul Pl 2ol €
AAE] RAFS ol83 GABA oA Bakzo] &
79k s 20] whebal GABA AAtel Zpol7h Kol o
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