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Changes in Enzymatic Activities during Eoyukjang Fermentation

Soo-Nam Ham, Sang-Woo Kim, Jae Hwan Lee, and Pahn-Shick Chang*
Department of Food Science and Technology, Seoul National University of Technology

Abstract Eoyukjang is a traditional sauce-type of Korean food that is smilar to a soybean sauce made from fermented
soybeans, and it is produced from a fermented mixture of sea foods, meats, and meju (soybean paste). This study
examined periodical changes in the enzymatic activities of o-amylase, esterase, B-glucosidese, protesse, lipase, and
lipoxygenase within the culture broth and solids of eoyukjang during 1 year of fermentation. The eoyukjang solids had
234-532% higher protein content than the culture broth. The specific activities of a-amylase, esterase, B-glucosidase, and
protease increased in both the culture broth and solids. Particularly, in the culture broth, o-amylase, esterase, B-glucosidase,
and protease activities rapidly increased (3- to 8-fold) until 10 months of fermentation, and then drasticaly decreased.
However, the activities of lipase and lipoxygenase in both the culture broth and solids were less than 0.05 unit/mg of
protein, respectively, throughout fermentation; thus, their activity levels were low and changed little over the 12 months.
Overdl, while the solids had higher protein content than the culture broth, the broth had greater enzyme activity levels

during eoyukjang preparation.

Keywor ds: eoyukjang, traditional Korean food, enzyme activities
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Table 1. Recipefor the preparation of eoyukjang

Material Component Materid Component
Meu 3209 Crayfish 45¢g
Beef 1109 Abalone 59

Chicken 1259 Garlic 209

Pheasant 609 Green onion 209

Mullet 759 Ginger 209

Snapper 1159 Brine” 25L

Mussdl 359 Sat 8759

Salt concentration was 35%.

dlo] 2% a4 E(o-amylase, esterase, P-glucosidase, protesse,
lipase, lipoxygenase)e] &4 W3lE A5t

71 71: £4 84 43 9%t =238 thermo-regulator
= Shin Kwang Scientific Co.(Seoul, Koreg) A|&2, S4WHA
o Fdt 2L HS magnetlc multi dirreri= VELP Scientific
Co.(New York, NY, USA) Al&S, AlEdle] AP & AA1 &
2= YalAE= micro high speed centrifuge(micro 17-R plus,
Hanil Science Co., Seoul, Koreg)Z, 2+ A|8¢] &35 23S 9
4=  UV-vishle spectrophotometer(UV-2101PC,  Shimadzu,
Tokyo, Japan)s 727+ ARSI T

Al ¢ F3AIZ A3 AOT(aerosol OT, dioctylsulfosuccinate)
9} B-glucosidesee] 71 <l pnitrophenyl  B-D-glucopyranoside
(PNPG) ¥ lipoxygenase®] 71221 orlinolec acid(cis-12-octadeca
dienoic acid) 52 Sgma Aldrich Co.(S. Louis, MO, USA)ollA]
Fdsted ARSI oW, cupric acetate-pyridine 8912 Lowry2t
Tindey(8) 3 Shipe 5(9)°] W2 ol&sto] A&t 2 9]
o] Aeke B EPSH o9 ]Ok% AHE-EFATE

OiFZE AlZEe| FH| ¥ A&

oj§7e] AN EE YE £
ste] WELHEC] 252 Q1914
}\2471] /Kg)\-]E] ou/\]-g] ] = =
tE 27] B G A & Aol gEAE T IATE
S 10 g A 3k=, 100 mM sodium phosphate buffer(pH 7.0)
10 mLE H7iste] £°CollA 587 13500 rpme] 52 ARE
483} A7l 234 a2 7] (UltraTurrax T25, Janke & Kunkd,
Staufen, Germa1y)°ﬂ Hgstozn AAAE AU EA)s=
HAE AYsH FE AN AT o] delA Az
FErelS 8800xgE 30E7 YAE o}%iou% &ENE filter
paper Whatman No. 2(Whatman Internationd Ltd., Maidstone,
UK)E ol&st] 4ColM o3t 5 2 oA7lg A A FollM
FEI 2FL 0T ARSI

Agd el elste] Fu13 o1ge] Ax) ¥ wA) ARy
o] ZAlle FABAS AYHow BHAElE Fio EZRE o
S7e] 98 Aw % FHAEES 98 de o-anylase, esterase,
B-glucosidase, protease, lipase, lipoxygenase 52 A4sl9len, &
_1__7]><h;ﬂ_o =2 _',]6]— u}__g_on pH o er= Z}-Z]- 7_0_‘4, 35-40°C=E.
IBIAth(zE G4l Uish #HA pH 2 25 JudES A
st} Asaen 4 pH B 28 dsste E4E9US &
A=)

o-Amylase 84 &3 c-anylase £49 4 A5 9

o n 1
=N [

ﬂJ

st} 7149 soluble starch 10 g& Clark and Lubs buffer(pH
7.0) 100 mLo E4MAHOoH, 1 mLe] 2a4ANS E31sle] 35°C
oA FAaWES AT B4-7]1d vl 1 mLE FH sk
3 mLe] 35-dinitrosdicylic acid £ (10)0ll 7Fsle] 95°CollA 5
7 7HEAA 2-387F WZAZ oA, FRFRE A 97 25
mL7} EE2 243 T vortex mixer® 557F wHEAAH 550 nm
oﬂ}ﬂ ‘6‘_7,]—]:%_ _%_ -5—]_0:1 ;@;/\ %—/HO 7(']?‘/];‘?'_/\4 —E;].(}iq_

o-Amylase 1 unite 84 WS 18 HZF =43 pH 7.0, 35
°Cyoll A 7122l soluble starchZ%-8 ©AIZHmin)g 1 umol<]
glucosee]l B Fshs LTS AAtsles 4o R AT

Ederase 84 &A: p-Nitrophenyl butyrate(11)E 10 mL9]
acetonitriled] =<1 § 1 mLE #3137, 4 mL ethanolzk 95 mL2]
Clark and Lubs buffer(pH 7.0)3 7}ste] 718dgd o2 A&l
th12). =5 35°CE FAI3IHA] o] Wyoz Fujg 714
| 950 uLe} 2F 49 50 uLE: Eslel HREAFIEA 420
nmellA FFEE SHTFOZHN &4 S48 AFEM

Ederae 1 unite 84 -85 913 3 27sHpH 7.0, 35°C)
ollA 712l p-nitrophenyl butyratleZFE ©IAZHming 1 pmol
9] pnitrophenolS ABAksle EAgo = ATt

B-Glucosidase 84 24: 252 35°CE X34 sodium
phosphate buffer(100 mM, pH 7.0) 24 mLoll 71220 9 mM p-
nitrophenyl B-D-glucopyranoside 8- 0.3 mLe} Z2&49% 03 mL
£ E3sle] HESAIZIEA 400 nmellA] SEEE SHTOEH
B4 2AAS AR ETh

B-Glucosidase 1 unite &4 W32 913k 23 =AsKpH 7.0,
37°Cel SAAIZHminG 1 umole] p-nitrophenolS A2k &
2o 7 AHolsle] §ATAHEES AASBINTHII).

Protease 84 274: 7|2 89L 12 g9 casing} 5N NaOH
04 mLE =72 100 mLo ‘§‘;:] Sto] 90PCollA] 15%-7F 7135}
o] =9 3 WA g2 20 mM sodium phosphate buffer(pH
702 29 3|43t ARE-SISAT

Activator&-9-2 002 M EDTAS &#3l= 20 mM sodium
phosphate buffer(pH 7.0)°1 0.08 M NaCN<& H7}18lo] AR&-2| A0
“J‘—:a—oi AHE-EFAT

g4 1 mLol| activator®e) 04 mLE 75l 35°CE &

1% water bathellA] 1087+ d]Ex2]gk & 7148 5 mLé} vt
SAAT I Alzro] AZg & 10%(wiv) trichloroaoetic acid
(TCA) & 5 mLE #H7iste EA71AWNES FAAI71 L
8800xgell A 57k A4 EEldte] e FHanow, 45
el EAsk= 714 (casein) E3=S A7 - BA ] BAEA
Azl o]g-3t3dt.

Protease 1 unit= &4 W8-S 93k #H xdstelA 714
cesein T ERE SRAZKminG 1 umol«] tyrosine?ll “3-3-3}
= Y oAbs Adshe B4 THoR AT (14).

Lipase 84 54: 71421 dlive oil> 10%(WwN)°] ==, f3}
ARl AOTS] F%= 50 mMo| Al 20 mL isooctanel] 712} &
AR 5, o] Ao :5_1&%0“ 018 mLZ 43 vortex mixer®
507 A3 WAA Ao 1-2 nmelHA] Frgh ou| A
(reversed micelles) E4 WHEHE ZA|ste] 3BCE LA A

AsPAA A-71ANES ARSIt BNk Al § dF wk
LA 7 Fe 8 g4 ¥ 04 mLE FT ., 5%(wiv) cupric
acetate-pyridine 30“(pH 6.1) 1.0 mL ¥ benzene 46 mLE #H7}
3l wWHkAF 3 8800><g°ﬂ’\1 3 A4 EEE AEds F
ate] 715 nmellA S3EE S35kl

Lipase 1 units &4 9h8-S H HH =

AslollA 71791 olive
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Oll2HE @9AZHming 1umole] 2 A:Holeic acidys 7t
FE3lele $YOR Hojste FABHTE ALEIATHL5).

Lipoxygenase &4 &4: g4uks9] 7149l o-lindeic add
(0.05%(Wh))2t 5314191 AOT(50 mM)Z isooctane] 834171 &,
o] &9 3991 mLo|l &4 036 mMLE HIL vortex mixer®
5027F WA Tk QuldA g4 vkS ZAE 2%
£ 3BCE YA ARIsl] E4u3S AlFeded 4F A
b ZrAo2 4 wked 5 mLE FH3I F, 5%(wiv) cupric
acetate-pyridine £ (pH 6.1) ¥ ehanols 22 1 mLE F7lsk
WRIAA, 8800xgellA 5zF 4l el s FHste] 715
nmell A e EB=E =4k

Lipoxygenase 1 unite &4 W32 $13 ¥ zAstlA o
AAZHming 1umole] o-lindleic acidZE 413} - &34 =
AEATE TEHOE Hosle EATHTEE ARt

EHHE ME
Bradford(18) #Hell wel bovine saum dbuming dEchaE
2 AREste] Algdie] v gheg g - BT

SAHIXE|

2 AFoA AAE AEES WS 23] S A=) o
o4} EFHEAR FHAtste] AA s
A7 o o
OIS& YUE & c-amylase M Hs}

ol Taxyd o canylae A WHElE LA 7IZHO, 2
4, 6, 8, 10, 127i¥)oll what A(FH g AA @ IR A5 H]EY
= (gecific activity)S &1t oH, 2 AxE Fig. 101 YeRAL
ot orAmylase®] 4 42 Ha plLdodA SErA Z3ht
A FEE Jd Skl 2E $ 101€Adl dAASE 0788
unitymg protein, IAAE= 0147 unimg protein® 2 H kS
e & 7HAsigich wE & oA e Alolde B-
glucosidase®] 73-9-9F fFAFSIAl o]57e] QAN ETF IAANEE

ot} 2.3 oo &4 WEAEE UeeH, 101

0.8 [

o
o
T

Specific activity of a-amylase
(unit/mg protein)
o o
N -~

2 4 6 8 10 12
Fermentation time (month)

0.00
0

Fig. 1. Changes in the specific activity of a-amylase during
eoyukjang fermentation. @, from culture broth; O, in crude
enzyme from precipitate

AN E7F TANE TAEAL] T ol B& 458 Yehich
o-Amylase= Aoy FE34 59 o-l4-glucoside A

FARNZ 7islsln] sebdEel] Agete] A& AeE 7
2A7IBR dslgielue s, @E Al o-amylaseel]l 9%
oz lsto] RN AAt FRE TrEaliste] &
o ek Aol 714t Mok S(192 AdEd 4 71 F
a-amylase B/d0] sl AdEgo] AFEFRT a4
ol B EaS HAEGoH, Lee 5202 L& ©HA %
7] 30U7-e o-amylase B0 F7kslthrh 2 o Fdle 31
thal Bsiginh olgk g, & AFelME ol wE
4 T aamylaee] &) W F 10HL7AE SIS
B 2 olfolle fhshs Ade BAth

P

.l
[ex]
=1

o
pa

ORE WS Z esterase M

o) %

}
Iy Fo ederase 4 W3, & HE717HO, 2 4, 6,
Yl wet 23 A4 2 TAANEY] ederase T2

[E
ton

©
5
g
-
o

MBS 245l Fg 29 AAE AUTH AANE ederaes]
vgge g Az ¥ gL E g des st o
T2 FA% FeS JeREA 107026l 2432 uniimg protein

o7 AU dAoH 1 olFolE FA3| Fhhdhs WIS B
Ack. ZAAES] A AR B JeRlET], 2E 10
NES ZAePHA 0626 unimg proten® 2 Hoizks: Ueld =

e ¥ g7 oS A 2 IAAE Fl ederae
o] H|gA o] M= AR g YERIARE g o] Het &
£ dAANE7} 258 FFEOE ES e Yehidth F,
7 egterase’s WE SNY o|FHE H|EAo] FTolA 7] Al
1€l HojMe HE vjgd ol EASH= esteraed]
o] Hazo| =g A=, ol#e A3
AA, 54 GarAEe] wixe FAGES 8t A
3 eterasedl] 93t AolAY, EAZE nAlEo WEY F
A G EAlSE AES F5- 01838t A esterase SV
o 93k Ao 7dshe AoRE oZHH FF ol HI F
MRS sl 1 UdS T "ot e Aew wa

rorr T ook @ 4o
e @ Ho

25}

- N
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T T

(unit/mg protein)
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Specific activity of esterase

e
2]
T
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Fermentation time (month)

Fig. 2. Changes in the specific activity of esterase during

eoyukjang fermentation. @, from culture broth; O, in crude
enzyme from precipitate
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Fig. 3. Changes in the specific activity of f-glucosidase during
eoyukjang fermentation. @, from culture broth; O, in crude
enzyme from precipitate

0IS& L& & p-glucosidasee| &Y Hs}

o157 daHHe| B-glucosidase &4 W3t = o5 LF A
#0246 8 10 1271 Jol 732t XHEP A =t
A 2

H

gk °—Hiﬂ/\]§% 2.216 un |t/mg protem _:Jﬂ ] E+ 0312 unit/mg
U

95 W isoflavone% estrogen 84 &, Wel Wo] FEE|o]
Ue FEAl etk zsl=o] ek o] S=EQ edrogenst
Abste] H7A7] o]F oA FTEES dWE F Ae o=
B et (21), o] wigelut wig 9]l isoflavones &
o] g3t o B-glucosidases ©]# 3 isoflavones AWE
%?3}71 A el nul Al (aglycone) FENE HFA 7= o
&g k= JAaolth Yoondt Kim(22e Z, HIFE, Fauel B-
glucosdase axr 4S8 2HsNeH, Yayg 3(23)2 A= gk
& £ B-glucosidese &4 W3lol| w2 AH 49| isoflavone &
g HstE AHsi olgdt AHES £ =AM 4ol -
glucosidase?] HIEA =] HlF] =2 $7(1.2-1.38)0lE=H], ©]
= FUE A& T Zeo]) Wil FrE Artaid
T 2 ApololA 7IR1E AR o SHT
z %‘E protease &4 s}

UE o5 W proteese 4 WSHE E43kE, TE717HO,
, 4, 6, 8, 10 1271 €)el whek QAT AA % IARXE=RE
184 =5 Z43ted Fg. 4o YeEAT). Protesse €4 H|EA

2
o

o N

o] ¥stFT °”\1 Ae aAE9 Ao FdsiE, of%
XJ bE A2 & g7 e 0.050.19 unitmg protein ¥ ]l A

n)3A S71sltrt 10l ARAIFE 0.741 unifmg protein,
AXNEE 0242 unifmg protein® 2 Hhzke Velon

H_

olF FA38] Fage RISkt
ARl el ure =z thillHo] Baulo] ANH opu|wat
o g RE frefstH, opreAt FolME 53] glutamate®] Tl

HlEsle] T4 wol F7kshe AoE Busle] Atk &, A

08

4
=
T

Specific activity of protease
(unit/mg protein)
o o
N >

g, " "
0 2 4 6 8 10 12

Fermentation time (month)

Fig. 4. Changes in the specific activity of protease during
eoyukjang fermentation. @, from culture broth; O, in crude
enzyme from precipitate

Az FU8 F sl wuido] wAs Rajs)
proteasee]l o3l 7R Eo] ofw| =it AFE WS
2 Bk A, Al F5E7 22 FEE HPﬂE‘r. R
:rL91 Azl A] Bof7l protease] BI1E/de] 0.8 unit/mg protein
02 T AL o]y3 Pglof| 71 E Aew o =H,
;q—‘lT &4 F 228 Ui d3e F= 29, 132
2 ol AF 5101 AUTE Mok (192 AQD EF =4 7|7
w2 protease, o 2 B-amylase?] EATA WHEE B - B33}
Rom, Kim (24 24 Ax 34 F fibinased] 24 ¥3}
= T—F‘ﬁﬂc’ju} ESH Oh (252 FrFYo] £uS H7kst A
A A <4 Fo| amylase, protesse 439 W3lo) st
E.LO}MQD%, Kim 52602 7t A e BE F
protease E/d<] WIS 3T odelA] oln] BAE protesse

So B AT AP BT Bl MBYES] FEH A

e
FO{I

—h r}l oy r&

i
_O|_‘
rR

S gelsksled, o5 EA W8 & A7 A3E vage
24 o579 protesse 0] =2 FEUYS AT F Ae

0.8
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(7]

©
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CE
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S E

OE oaf

E5

o2
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Q.

(2]
0.2
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Fermentation time (month)
Fig. 5. Changesin the specific activity of lipase during eoyukjang
fermentation. @, from culture broth; O, in crude enzyme from
precipitate
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Fig. 6. Changes in the specific activity of lipoxygenase during
eoyukjang fermentation. @, from culture broth; O, in crude
enzyme from precipitate

A 7Psgel E%E AT

™, 2

e

gag & 9

tlo
tlo

OISHE w& F lipase &4 3|

Lipasa(triacylglycerol acylhydrolase, EC 3.1.1.3) H& ==
5 001 unitmg protein ©]3}2A G4 FA=r} vigkon, 1
o] whg - 47|17 Bt F3pAst vnlEidnt. ole st Adte
AR, & o] AAE & T ALYEY st =4 &
o wgmAEo] lipaes AAtsly] A FE3 %@1 =714
(inducer) T <ol TS ZatRom(ZE AR HEelA
A2 A Z2EE lipeses =24 (indudble enzyme E—: adeptable
ezyme)}l 210 HIEY 9lg), EXEE wast A= HA
lipase ¥ egterase®] &l Jste] ARE £9] triacylglycerolo]
diacylglycerol FE= monoacylglycerol @ free fatty ad= 7HEs)
=7] W&o lipeeE = - A F e F=71E FH &
=rb warsket, olde] Z7HA] el st A=t AA
Ao g Foma] ZA)o warizte] Adl wil 7rAask Ao
2 AzhErt Joo §(27) Aspergillus 2] F301E ©]83
g Al lipase SAEIE A A 208 FHule] €4S
T FA Aagithe Havt 9low, ol2fdt ks B AT
A19] lipase @A Wslel TUg F3S BAS FRIT F Ut

ot

rL

f
rﬂ
59

T
ki

=

r

f
e

OISE Y& = lipoxygenase £ 3}

g o84 Ul lipoxygenasee] HIEAEE g 27|RE )
Yzcto] A FE D TAAFNA, 0040 unit/mg protein
0.016 unitfmg protein® & ZFz} UeRgor 1 o]fZ= 1% 0.05
unit/mg protein ©]3l2A &4e] FAHE} vl v, 1de] v
B - 4717 B9t vvsHl aske A4S JERiITH

Lipoxygenase(linoleate:  oxidoreductase, EC 1.13.11.12)+= non-
heme iron& 711 dioxygenase2A4] ciscis-14-pentadiene sysem=
7 EXSAHAb| AA BAE “&v/‘]ﬁ A ke AEskAT]
), ol8 g sysemel]l oJ3) AAFE slES A B HEAH
HkSof] oJs] 22152 = dcohol, ddehyde, kaone 3 22 =42
2 A% o]F(off-flavo)E A/d3sHAl At tiFel o
# lipoxygenaseol]l 2l thE]Ee] o1F 7}t BAsle] AA FA)
AlE]o] $hr}(28,29). o213t lipoxygenasee] B4 Fo] wa W

Al e Bl B WSt 255

Table 2. Protein content changesin eoyukjang during fermentation

L Protein content (mg/mL)
Fermentation time (month) —

Culture broth Precipitate
0 1.481+0.13 3.507+0.28
2 1.47440.14 3.526+0.36
4 1.4661+0.13 3.430+0.32
6 0.550+0.06 2,097+0.19
8 0.483+0.04 1.392+0.12
10 0.216+0.02 1.149+0.10
12 0.426+0.03 1.175+0.09

A A A hdte A0 Lee To| oln ®BIslH . (30),
£ A7) Ay gUS FFe Btk wEhA, £ Aol o8]
AzxH 27 o573 Aolx lipoxygenase W0l 23 0|3
A AL gle AoE s

<

OiSE LEJIZt & THE Y Hs
LR wE oS TaE o] g MskE Table 200 1t
Epligled, o578 AA 5 AN E EFe gE - S
| 2oj@4E thld dtaro] AA 7Aoo, AR EY Q)
&

=
chalzg ek ol A g9 2ol 7+

Ch=N

[*]
ui

= g 717 Fol 9= protessed] ©J3) polymer FEje] T
m'hdo] oligopeptide ©]3t¢] =712 7lEslEE A 71208 A
o7 o3t}

o oF

=L |

Aol AF A ABH AF F, EAQ AFEZA W
7t AE) SFEE FRSF RS Ao Az ol%
x]—(%tﬂ—z-_)q_J t:ﬂ—\:H) P_T_}\] ] ]’ 21:1— 7]'7512_% a]—_g_y]y].o]
2} o-amylase, esterase, P-glucosidase, lipase, lipoxygenase 9
protesse®] B4 42t FAste] AAA ®HskE BEsI of
$%& A2t TANEE thro] olelN LAY BaEe) @
3< 543 Ak, lipase @ lipoxygenase®] H|EA == B 005
unitfmg protein ©Jst=A F4 FYETF 2 —?%01912‘11, 14
Be) WA - 4712 F WA SHske wvlsiaic W,
o-amylase, esterase, B-glucosidase 3 protease’= vréﬂﬂoﬂ w2}
Fhel @) Frleke A AT F AL, 531 10194
S Bae] vjEye] 43 S
W Hasks AE QOL%‘ T Aotk dnbdo s AIAE
iz gheke ARA| R =R T HAA| 5] H|FA]o] I

EE
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