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{ SUMMARY >

| Z=WHE D-02

The aims of this study are to establish stnadardized manufacturing
method for sigumjang (also known as deunggyeojang, gaetteokjang),
which is a traditional fermented food usually consumed in Gyongsand-do

Purpose& area of South Korea, and evaluate bioactivities of sigumjang. In order to
Contents conduct these purpose, the field research including sampling, awareness
survey, storage-stability method and bioactivity for sigumjang were
done. Based on these results, applied products using sigumjang and
marketing strategy for selling were developed.
O Research performance against goals
Academic Tech .
Goal Patent paper aIcnaige g;ﬁgg Eg:)lr(; Com_|nolog |Manp é;gg Prom (Sz% e
within merci| y |ower otion
the 249 | == | scI |wcst r?‘::‘csig ’I‘1¥an 1I1ré§cf(r) alizat |Certif| Train ll;lolti% exgib 113(1)83?1
; 29| = I Lertil I >X|
period = n sfer n ion 1carI:10 ng v ition ct)
2 2 2 2 1 2 1 2 2
Goal| 1 1 1 1 1 1
1% |Achi
veapevel 1 3 2 1 3 1
r men
t
Goal| 1 1 1 1 1 1 1 1 2
o™ [Achi
Results vea| eve
1 1 1 1# 2 3 1 2 2 5
r men
t
Sum 3 2 4 4 3 2 5 3 5
Achievem
ent 150 100 200 | * | 200 | 300 | 100 | 500 150 | 250
rate(%)

* Additional achievement: Technology about sigumjang production have been
transferred to Aalali Food (Inc) at June 2016.

O 45 items of sigumjang were collected through a field survey of 15
places and superior strains for were isolated from the collected

sigumjang




O Optimized scale-up process with standardized methods for producing
sigumjang was established

O 2% alcohol treatment for sigumjang appeared to effectively improve
the storage stability of sigumjang and is easy to apply for the final
products..

O The effects of sigumjang for anti-oxidant, anti—obesity, anti—cancer,
stomach protection from accute alcohol toxin, skin whiting were
1wvestigated. except for anti—cancer and skin whiting, sigumjang showed
significant effect for anti-oxidant, anti-obesity and stomach protection
from accute alcohol toxin.

O b5 items of applied product using the properties of sigumjang were
developed; Bulgogi-BBQ sauce, steak sauce, noodle sauce and marinated
pork loin.

O The marketing strategies, distribution network, sale system for

sigumjang products were developed or improved.

O New market for sigumjang was developed by establishing originally
stnadardized manufacturing method for sigumyjang.
O Local farmers’ income Increased by commercializing excellent local

traditional foods.

Expected . . . .
Contribution O Image as health foods of sigumjang was improved by evaluating the
bioactive effects
O Changes of recognition for Korean traditional fermented jang products
through the applied—product using the properties of sigumjang
Keywords Sigumjang | Fermentation | Standardization Traditional food Bioactivity
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M ALEE(%) A Aholl (%)
BL5 BYAG sRYE sFYuR WLE WUNE BAYE WRUNE
r'-?"- “ﬁ‘-..
AEEA - AE A FR A
O A 1097 FHE FAA v Bah A dogor s o=melme] @
Aol mg w1 Fevt BohEbAA, BREw e Tl FHAG RAsh 2 @
e 22 AFe &9 ot SUksta ok 2 10 Bt a3 3w, g 24w, H
F 15¥ 2 FEA o] FAE )

_13_




033 HHl 2ATBZ
20032 20062 20092 20124
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2 gol S5 100 mL
Z4Hacetic acid) 0.006, AF#AFH(malic acid) 0.0067, =2 4F(tartaric acid) 0.0075,

V : 0.1 N NaOH &l &3 A n]=(mL)

F : 0.1 N NaOH &9 <7}

AE(%) = (VxFxAxD/S) x 100
A 01 N NaOH €< 1mlLel

0.IN NaOH¢¥]




A A2 citric acid) 0.0064, &l Ak(lactic acid) 0.009, & ¥F4F(succinic acid) 0.0059
D : s Au)4
S AR (g)

EROLR X
Aubg R B AOACH whel +3¥ FFL 105C Jgazy, 2oy
W, 24 FFE Soxhlet, 3% FAL 550C AH FEPor sk

(1) =&

FETEFS 16T Frtddzmion S48 vg FFS ST FFHA A= 3
oS AW =& F dry ovenolA 7dZx 3T tiAAlolE QoA 30E7 WPty FAE =A
sto] aakel] mdglS uf ghs ekslth

F8(%) = [(B-C)/(B-A)1x100

A ZAFHAY FA(g)

B AZFHA e AR FA)

C:B7F Adx % g&o] HAS we FA()

(2) =g99d

e SheFS Macro-kjeldahl™ 22 Z733kith. FAbAol A& 1 g& A™Es] +H|sta
ZufA(K2S04 @ CuSO4 = 7 g : 08 g)& wall& FH Y1 34k 12 mLE Y&t &3l
Aol FEE @il 420 TollA 1AIZF A Zith 12413 & Azl 238 FEEs A9
74 %1(2200 kjeltec auto distillation. Foss Tecator, Huddinge, Sweden)oll <172 3&}o] A]<F
HES- F 0.1 N HCIE Eo7tiaA &840 & A -HoA ARE HCIY 4s 71E351S
2 A (%) = {[(A1& mL)xNxFx14.007]/A] &5 A (mL)}x100

N: ggdo w2 Fx(0.1)

F: Aaaido] 3k A 4 (5 46.25)

14.007 @ AL

(3) =A%

A e SoxhletH o2 SA3ATE 9% Ao AR 3 g& ¥ F EXHOZ T}
WA A A 7] ether 200 ng 2 T YA, FE27 2 FU1E dZ5d
water batholl 65 CZ FSAIZIth 1843 & & AH(AE AMeZ AW § F7]o B
ethergs 5715 o83 &d S At 719 5 /MR FZHo= F F 106 C

oA 2A7F Az 5 HAAClE A 30% WY F FAE Dt
ZAY(%) = [((W1-WO0)/S]1x100

Wo = 7] F7l(g)

W A F2E 5] FA(e)

S AAS AHFHg)
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4) =3&
A4 e AMES SA ST 8 =
550 TellAl 12A1%F 7}%56}04 S|stA Z et WA s el Al o] B RS el F T}
2 28 %7 oF 200 TE HAS o
&S AFESEA T
3]3(%) = [(Wy - Wo)/SIx100
Wo @ a&Fo] # 3]3k871¢ FA(g)
33 3¢ 3EkgT]ek 3o FA(g)
St AAY AHHZHg)

2} 3

A5H 7= 7H 7S HEHS o] 83to] M(color), Ht(taste), & 7H(texture), F(flavor), &3+
# 713 % (overall acceptability) 2 vhiro], wj$- UB(14), B (24), k7 YE(3H), B o]
t(44), G £56GH), =6H), T ETH)oE Frtetdn. #eHE AR uSH
i 30 S g oez HAEHAT

v, B4 A=

2 AgoA] Aozl A= SPSS TAIEA Z2adl(ver. 19)S o] &3t A EAHE
Mo g Hyy FFEHAXE T3 21, Duncan’s multiple range test® £¢1 7+o] fFolAS
Hl L 24 55 T}

_22_




N
_

>

= o] &3l A A E T} uq;q =
5 7h017] 6 W AlE (NDSL), @584
g, A%, BesA = HAAs F 10

= Astsith 19019 H Aol AFEAY A% SAF AWz
of #& A = /\]Z}Qi 1999L401]L ‘Xd% Alad S A‘ﬂ“‘* 7187 (F &t
5, 1999), ‘Al AF Al

=
E

o &

sl ha

(o FE
et
BN
S
>
alx
C,
An)
o
A%
>
bt}
=
kel
T
>
>
L
1m
ﬂll

>

ML o fd o ol °

o
%
i)
o o )

of

ipY

i o
Mr oo

ot ox H J

SR EX LIS

b
o
5=
o
-
)
X
o
N
-
j&
0{0 HU

W:iL %1999) 2000Lﬂ of = ‘A
A A7IARES WEP(EE3 5, 2000), ‘HEeA, BRyuF R Al e 1A
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s, 2000), ‘HEeAE Axg wFY FVAHE (S T, 2000) o] A7E ¥
2001 ‘Al TR W Fd W (FE et 5, 2001) 7} ATHAo Y o] F AlF
of Wieh A= FHE 2014d AA T AMEH, F=E 3 FuHAS E
olglst g 7152 547 o tig Ag7F Bawr] dA7kA] o] Fo] A=
% ##H st A8E FAE7] 918kl PubMed, ScienceDirect %01]/\1 ‘sigumjang,
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Table 1. Research studies of sigumjang.

1| A=A A% A AdzAtet el #g AT (#A, 1991

2 | dE A dFe R T (A¢t 2, 1999)
3| A AE Al wFe] FAS5HRA} (A7 5, 1999)
4 | Aed Az A 2 ke BAA Bt (H3F 5.,1999)
5| A% AlFF 2av|zE Aflatoxin 2 3eHA IR Wl (%3 %, 2000)
6| BesA, BReuls 2 Alede] g FrjE 24 Hlal (F$3F %, 2000)
7| Bl TAR Az vFe wav)|itel wE ZhE i W) (#AeE =, 2000)
8 | HEleAZ Az vF9 7|4 % (#%-3F %,2000)
9| A= LAzt wE 4 W) (#A¢F 5, 2001)
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Fig. 1. Sampling location.

Table 2. Sampling location of sigumjang(S), sigumjang meju(SM), sigumjang
meju powder(SMP).

Places S SM SMP Total
Daegu 2 - - 2
Pohang 1 1 1 3
Gyeongju 1 3 3 7
Seongju 3 2 - 5
Kyungsang Goryeong 4 2 1 6
~bukdo Cheongdo - - 1 1
Uiseong - - - -
Yeongcheon 2 3 3 8
Gunwi - - 3 3
Gyeongsan - - - -
Changnyeong 1 2 - 3
Kyungsang Hapcheon 1 1 - 2
—namdo Geochang - - - -
Sancheong 3 - - 3
Total 19 14 12
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S: sigumjang, SM: sigumjang meju, SMP: sigumjang meju powder.

Table 3. Sampling of sigumjang(S), sigumjang meju(SM), sigumjang meju
powder(SMP).

Group Location Group Location Group Location
S1 Pohang SM1 Seongju SMP1 Pohang
S2 Gyeongju SM2 Pohang SMP2 Gyeongju
S3 Seongju SM3 Gyeongju SMP3 Gyeongju
S4 Seongju SM4 Gyeongju SMP4 Gyeongju
SH Seongju SM5 Gyeongju SMP5 Goryeong
S6 Seongju SM6 Seongju SMP6 Cheongdo
S7 Goryeong SM7 Goryeong SMP7 Yeongcheon
S8 Goryeong SMS8 Goryeong SMP8 Yeongcheon
S9 Goryeong SM9 Yeongcheon SMP9 Yeongcheon
S10 Goryeong SM10 Yeongcheon SMP10 Gunwi
S11 Daegu SM11 Yeongcheon SMP11 Gunwi
S12 Yeongcheon SM12 Changnyeong SMP12 Gunwi
S13 Yeongcheon SM13 Changnyeong
S14 Changnyeong SM14 Hapcheon
S15 Hapcheon
S16 Daegu
S17 Sancheong
S18 Sancheong
S19 Sancheong

S: sigumjang, SM: sigumjang meju, SMP: sigumjang meju powder.

_26_




B
0

o

(2) BAEE AY A=

frel

B

il

|

)

AR AR

ks
pud

il

o

s
U
il

fvze)

X
)

E

Y
]

0

O3
)

=

™=

o] wol wvjs

g Z=ol H At

s

2 A4

pAZ R

c\;_]:

0 AF - ABAR

o] ®ol dAvjs

F

XO

alat

oA A

+

O
o

N
T

ofp

o] A&

=
=

gAML 2] 2

—~
file)

—_
=1
)

A

o
of

PAY o ojuly gro] alg) AFEE T

& Fotstol T3

¥

_27_



3

ALFo R

2o 247}

-
s

= grjEr] B

0 AF - AFA
2
o}

3

&) el

7

(2,

=
T
8

o]

—

B!

—_
o

—_
B
)

el

= A

uf] x}

:“ﬂ,

]

o

a3l

o
T

—

=
H

N

N

g A9 A3

ol o

o=

=

_28_



o &) = U

— <0
0 E_ﬁ J.M ﬁo
=T b H
®° Gy =
1| oy
JJ) 1 o))
0 T B
2 5
_XL . 1
m_wo HVF N %O
RS g
-0 o)
5 z, %
B < o 4
3 ol
oF ) <
— & o
No ?%
X
0 BN
TR N o
wrom { o
Ly By
0 n
X 1m = q
e ok il S
< K S
XN TN
27 . oo
A NS
oo T e 9
— X ﬁ:._ ,M __AA
ad oo

Al
Qo 1

g
3

0 4F - wAAR
0 HF - AFTES
=

O A= - =A%
17
kS

_?:_
So] 714

_29_




N o T N RO
~ KO TR OE TR
RN C
B <
RS
o A T o
0 T
o< W b
o M ORoh
_&Oﬂﬂﬂ.ﬂ&l
: T+ B
TR 5 o
deowam.m%
® .o X
dr%o_lﬂ
Ak El
e F
m R Uy B o
urlﬂ]er I
uLﬂWMnMﬂ_NM
)
X?E.#A,._ﬁro
= o
DOEOLE:AL
o T oo B

>
i
=X
D |
el
U

L ]
CEEg
P D ool o
L RN Gy
R X
Oa [=)
JE K B
X o oy )
<O thE A
%@Mﬁiﬂ
& o N P
_nﬂ7__ulﬂw‘q
i
oo m ¥ P
O B < o T W

_30_




(3) BAEE=E A ANFF AT EF

73

gl o]= AeA el

)=
Iy

= e

 PARE A9 A

of H
%6]— )

Fo =M Al

A A

- 33N

3

T

:AO

- FANE

il

2

©)

_31_



-
3
ﬂ,ﬁwi
— i
%Moﬁ wuﬂa_a
o5 o -
1%%& ﬂﬂw%wno%g
ﬂ:l ) %?ilz.%ﬁ%
5T oﬂ%qu 7
UEE : : 0 Lon
%@%7 ﬂr.%ﬂzﬂlﬂwﬂﬂ
zm@w @Mwm%%uﬂi
ﬂﬂﬂo ﬁr1zﬂéwﬁ .
iﬂﬁa% mu%ame‘n_%ﬂM_LwM
zTMHM Arlzwcﬂoﬂﬁmﬁmﬂv
-~ q.x EEO,D! :
Vnun@ﬁmﬂ m%ﬂrgﬁizﬂ;i
ﬁ%]P : nnAo.ux
B X oD Muﬂdlqﬂwo ;
Tyl £ o Lmla
Eutm;ame Eﬂﬂ,ﬂ%ﬁ%%
i B g 3 = M i ey
Nro@ X d;ﬂnud.,uﬂlﬁ,_o_abl
ﬁoﬂo:__, Lllﬁo&l dr.%&.
],ﬂoﬁl o ol 5 Quiﬂ;u
o o In ol o NE © 5 v am ;
i ol % 3 y N b :
%xﬂm o N %urzfi
A A;Hog%ﬂ “3
ﬂ_sﬂuuu &Eﬂu@ﬁ H B
,&u wM : > ‘ILO_L.H
E_ﬂEEﬂi zooa,xﬂqzox
éﬂqo_ %Jﬁ%@.%&%]
g = o zuH&ﬁ%AM
ﬁ%mz% auoh%uﬂmﬂaq.%
Aﬂoi&qol umeOUg %ﬂm
ﬂd%i&% moouumﬂioiu'
_._uAuthﬂ ﬁaﬂu%wwgiih
,| 5 : i K
< H T o X0 o)l -
LﬁE%JH < L;:ﬂq%
o = - = o 1o ol o il e
wamrafuug. ﬂo@ﬂoxwke_h
ATEMﬂﬁHo_E L.ob_._ JUﬂl]XO.DI,m./I
%Lﬁ% xiﬂMwLo;u W
.mwlLoxo i _._uxvf.ﬂ_uﬂﬂla
uauiédw NWAAﬂr_—oL_ ﬂon_e
x%L%%lHT
é%mAur
K ol

5]

°©

o AHA

=
™

Ao vepst

_32_




K

o

o o
Ao et

A w7]

)

A Algte] 7

<)
pul

J
H

~

sigumjang.

Fig. 2. Appearance of

(2) Al W

A
A
2}

-
L

w52 A 7|(Table 4)

Aled

Aoz YElg o,
16.7cm(SM2, SMb5)7+A] th

s

A7

=g
11lecm(SMR)F-E =LA

o

qoZ A

9

HA vERst T

d|

%

1
o

N

—~
fife)

_33_



i

Fig. 3. Appearance of sigumjang meju.

Table 4. Shape and size of sigumjang meju.

S 2 H Abol = (cm)
SM1 square 12.3
SM2 circle 16.7
SM3 circle-hole 16.5
SMA4 circle-hole 11.9
SMbH circle-hole 16.7
SM6 circle-hole 10.5
SM7 circle-hole 13.8
SMS circle-hole 11
SM9 circle-hole 17
SM10 circle 16.5
SM11 circle-hole 155
SM12 circle-hole 15
SM13 circle-hole 14.2
SM14 circle-hole 12

3 NEF UF B

A% % AgALd 9k AFF F 2Te #UFg Hste] 2AR A, S

Agetas dRE we FRAAA G REAL e A AFE WFE

g we mzd ANTt e dwge
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Fig. 4. Appearance of sigumjang meju powder.
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AZ 23 2 Zol7F YA g Ao ® e Yellowness A SMP5 AZ2 A2 5}
W OAEZE 2 Aol YERYA &ttt Al W 28 pHE AN ZA¥ 549 - 597
HAZ Yehd, AE A7 & zol7t gtk o3 A3E BY, Aa% vF Ax 7|3k
Folo= A gyl Wol dojux] e How BT olnlE AFH wWF Al F=
S R FUE st Aldtoluy HAbdto] FAE N Rl HA Ftoe Azt
H, o]z <Qlste] FALE whel o] pHZF 53] SHFe R YEH Tl Bt
Table 4. CIELAB, pH and acidity of sigumjang. S: sigumjang.
Group CIELAB pH Acidity(%)
L a b

S1 3570 £ 048 568 + 0.05 11.65 + 0.05 443 1.0

S2 3092 £ 053 442 + 0.06 882 = 005  4.67 0.8

S3 3013 £ 026 542 £ 0.02 844 + 003 576 0.8

S4 2584 + 055 430 £ 0.12 581 + 0.11 4.99 1.1

S5 29.70 £ 0.39 504 £ 0.05 785 + 009 599 0.8

S6 29.46 + 024 519 + 0.04 755 + 006 5.86 0.8

S7 2996 + 1.35 477 + 0.25 740 + 039 576 1.0

S8 3414 + 029 574 = 0.07 952 + 010  5.80 0.7

S9 27.00 £ 025  4.06 £ 0.03 571 + 007  5.66 0.9

S10 29.19 + 043 575 £ 0.13 842 + 013  4.74 1.1

S11 31.78 £ 079 347 + 0.07 532 + 003 456 16

S12 3577 £ 033 542 £ 0.10 1045 £ 022 448 1.0

S13 3145 + 0.15  6.16 £ 0.03 1042 + 0.01  4.37 0.8

S14 3117 + 0.16 450 * 0.03 8.76 + 0.01 4.62 1.0

S15 3568 £ 069 941 £ 0.06 1355 £ 012 547 0.6

S16 3259 £ 09 727 £+ 018 11.04 + 019 5.10 0.8

S17 2666 £ 040  7.24 = 0.05 815 + 0.05 547 1.0

S18 2846 = 059  7.09 = 0.10 819 + 0.10  5.46 0.8

S19 29.11 £ 086 664 £ 0.18 758 + 018 550 1.1

All data are mean = S.D. in triplicate determinations. (¥#**:p<0.001)

Table 5. CIELAB, pH and acidity of sigumjang meju.
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CIELAB

Group pH Acidity (%)
L a b
SM1 56.21 £ 0.90 7.06 £ 0.05 10.70 = 0.30 6.07 0.7
SM2 51.43 £ 0.90 6.99 £ 0.04 9.83 + 0.22 6.48 0.7
SM3 55.68 + 0.34 7.00 £ 0.10 10.64 + 0.32 5.53 0.8
SM4 53.61 £ 0.89 790 £ 0.15 1151 + 0.32 6.05 0.3
SM5 53.74 + 0.83 552 + 0.16 955 + 0.20 5.93 0.4
SM6 4964 + 1.34 6.88 + 0.10 948 + 0.34 5.74 1.5
SM7 51.70 £ 1.82 6.02 = 0.06 766 = 0.16 6.23 0.2
SM8 56.82 £ 0.60 6.78 £ 0.07 10.58 + 0.22 5.85 1.8
SM9 4446 + 0.86 6.65 + 0.24 7.36 + 0.48 5.71 05
SM10 4874 £ 1.02 6.44 + 0.19 8.65 = 0.80 552 2.1
SM11 49.82 + 0.67 6.89 + 0.04 9.21 + 0.19 5.86 2.1
SM12 53.22 + 1.07 590 + 0.07 947 + 0.34 6.12 0.8
SM13 54.19 + 0.77 598 + 0.10 959 + 0.21 5.82 1.7
SM14 57.02 £ 1.22 870 + 0.15 1151 + 0.35 5.64 2.0
All data are mean = S.D. in triplicate determinations. (¥#**:p<0.001)
Table 6. CIELAB, pH and acidity of sigumjang meju powder.
Group CIELAB pH Acidity (%)
L a b
SMP1 65.61 + 1.85 6.95 + 0.10 11.10 + 0.30 5.83 1.7
SMP2 69.16 £ 0.99 721 + 011 1155 £ 0.52 5.62 1.8
SMP3 61.09 + 0.71 765 + 0.11 12.13 + 0.11 5.72 2.8
SMP4 60.81 + 2.44 796 + 0.10 11.70 + 0.35 5.77 2.9
SMP5 4492 + 1.60 5.80 £ 047 708 + 1.14 5.85 2.9
SMP6 64.66 £ 0.98 8.44 £ 0.14 14.93 + 0.10 5.52 2.4
SMP7 62.82 £ 0.69 7.40 + 0.09 1257 + 0.15 5.49 2.4
SMPS8 56.66 + 1.62 755 + 0.10 1152 + 0.18 597 2.4
SMP9 62.36 £ 0.58 6.58 £ 0.14 11.61 + 0.16 5.97 1.2
SMP10 58.62 + 0.60 770 + 0.12 11.74 + 0.06 5.80 2.0
SMP11 57.37 £ 0.45 7.82 £ 0.07 11.80 + 0.21 5.68 2.0
SMP12 60.80 + 3.29 6.37 + 0.07 10.76 + 0.41 5.64 2.0

All data are mean = S.D. in triplicate determinations. (¥#**:p<0.001)

i 2R AEY JUAE B

_37_




o
TR

=
i
Nd
K
0

Nd

af
o
Nd

R
A

]

o
FS

S}
=

o] 7.57-12.00%¢]

=13
=

7ol 41.30-72.19%, A= ®F7F 7.75-19.30%, Al

J= Aoz Yeyt Alad T

o

s

23!

[e)
ah

7} A,

=]
=

R

o] 7}7]
2.30-9.42%, A= wWlFE7F 3.01-8.01%, A wWF Euro] 4.29-9.61%9

=
=

Foha Qe AT

Ton

ﬁo

OS2 e

A

R

ﬂ
fie)
;OU
B

e

H7E 0-12%, A= vl 2ol 6-14%9]

file)
;OU
2]

o
;ou

1

o] 31-47%¢]

&l

Table 7. Moisture and crude ash of sigumjang.

Crude ash(%)

Moisture(%)

2.30
2.84
4.70
3.71
3.62
3.79
6.66
4.14
3.60
4.29
461
2.48
4.00
9.42
8.94
0.92
5.29
4.40
5.36
4.74

72.19

Sl

70.90
63.97
54.57

S2

S3

S4

58.98

S5

99.71

S6

57.71

S7

54.91

S8

53.58
58.57

S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19

Average

57.09
60.12

60.82

53.33

51.62
41.30

58.48

57.89

58.93

58.14

Table 8. Moisture and crude protein of sigumjang meju.
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Moisture(%) Crude ash(%) Crude fat(%) Crude protein(%)

SM1 9.72 4.37 0 38
SM2 11.87 5.95 5 47
SM3 8.76 4.46 5 27
SM4 7.75 4.73 8 20
SMb 11.51 3.01 5 29
SM6 16.79 6.53 10 36
SM7 11.65 4.69 7 38
SMS8 9.66 8.01 10 56
SM9 17.03 7.48 9 35
SM10 19.30 4.19 12 35
SM11 11.20 6.15 8 40
SM12 16.06 3.75 5 33
SM13 14.39 4.65 6 24
SM14 14.76 5.23 8 40
Average 12.89 5.23 7.00 35.57

Table 9. Moisture and crude protein of sigumjang meju powder.

Moisture(2) Crude ash(%) Crude fat(%)  Crude protein(%)

SMP1 7.57 8.07 6 38
SMP2 792 8.02 7 31
SMP3 9.44 9.57 14 42
SMP4 8.50 9.61 7 38
SMP5 12.00 9.43 7 47
SMP6 11.33 8.02 12 36
SMP7 11.46 4.29 10 35
SMP8 10.55 .47 14 35
SMP9 8.45 3.86 14 38
SMP10 9.56 5.39 ) 36
SMP11 8.94 5.74 10 36
SMP12 9.37 5.94 10 36
Average 9.59 6.95 9.92 37.33
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Table 10. Sensory evaluation of sigumjang. S sigumjan

Sensory parameter

Group Color Taste Flavor sourness Overa?l.

acceptability
S1 339 + 1.09 317 + 120 412 + 150 3.39 + 1.29 322 + 1.06
S2 311 £+ 1.02 322 +140 335 + 1.17 317 + 147 322 +1.26
S3 283 +119 283 +162 382+ 095 294 + 1.26 278 + 1.31
S4 289 £ 108 278 + 140 335 + 1.27 294 + 147 261 + 1.20
S5 389 £ 1.37 239 + 142 288 + 141 3.22 £ 1.40 256 = 1.46
S6 383 £ 125 278 +135 371 + 092 328 £ 1.13 2.89 + 0.68
S7 378 £ 0.88 378 + 148 388 + 1.17 3.89 £ 1.64 350 £ 1.38
S8 417 £ 158 267 +161 312 + 145 2718 + 1.48 278 + 152
S9 233 £ 119 161 £ 078 183 + 1.22 2.22 + 1.00 1.78 + 1.06
S10 417 £ 120 394 + 126 418 £ 081 3.89 £ 1.18 4.06 £ 0.87
S11 306 £+ 1.00 239 + 114 341 + 1.18 3.00 + 2.11 272 + 1.32
S12 372 £ 145 322 +156 353 + 1.77 3.33 £ 1.78 3.17 £ 1.15
S13 378 + 135 350 + 150 341 + 150 317 £ 1.25 344 + 1.46
S14 294 + 100 28 + 123 335 + 137 2.89 + 1.32 3.06 £ 1.00
S15 539 + 114 261 + 114 365 + 1.27 3.00 + 1.28 328 + 1.02
S16 506 £+ 121 378 + 126 435 + 158 372 + 156 3.78 + 1.35
S17 406 £ 1.00 367 =124 383 £ 1.11 394 £ 147 4.06 £ 1.06
S18 472 £ 136 389 +164 361 £ 142 411 + 1.18 4.06 £ 151
S19 422 £ 111 361 + 142 394 + 114 4.06 + 1.35 3.83 + 1.34

F-value 7.819™ 3.759" 3.045™ 2.269" 4.334™

All data are mean = S.D. in triplicate determinations. (¢*%:p<0.001)

_43_




A2d A7 e H 7| AEZA

22U RS9 AlFA e QAT W V) EEE FALEY] 98le] AEZAIE AA Yo
AEZAA = AE7Fe] =S wol ZA Q) (Table 11). Al&ol thak ®Boh A &3k <l
A=E ZAEH7] Yate] thekst Al A AFA 58 o w HEZAE AdPstg o
AEZAF Ao 3t BAEALS g dista SAA A 925
Table 11. Al F7%ol] gk £n8[2LY JAXE H 7S5 otk AEXAX Y&
| IA= & 73% 24 |

R ER R

oAb AR Awe] HE AR AFgel dE 2nAEe AR 7ZEE

zAbstaL, oJe] AL FHse] AFHEY Age Fotsty] 9T 7% A8E 75

= 23 o] g5yt

gl FA oA AN ALEE W ¢jo] mAo g ALGE X o] ujpw

At FA T AHS YAl S9E] AW dgids] gl EY T

*
oo
i
2
Jmt
oX.

A4 D 2) 4
A 1) 20t 2) 30t 3) 40t 4) 50t} 5) 60t) o]
AFA
24
Mz BRE 1 gy 2) TV 3) A% 4) =& 5) A9 5) 7|8
Qe F o N Cr N B

Part 1. A% A= #d FEYYL
th2o] 7t dAFol s A=Z(V)ste] FA 7] wigiy ),

@

@ oty e

Ql-L AlE3S ¢ AXGE, o= A < glvka Azstdyt?

© & <4 9tk

@ olg% 52 4 AUt

® AFE & Aol U

Ql-2. Alu7dS ¢a AT, oW F=E T3 A HAEUN

O g @ TV ® 718t dEEFHHL, A% F)

@ w71d G 7, AH @ AJ @ 71EK )

Q1-3. Aleds A HAe W, =AaL Ak A4S SAlEU7E

O d

@ oty e

Ql-4. Aol FAR7E FAJAA, Azl LA HeA dar AYU7A?
Sar AT ZAsiFA 7] vk o

@ «li(

@ oty

Q1-5. A5 ofefet Zo] @] &l skt A= ofuA FEAYA?

D A= @ A&7 ® 1%

@ SN © e ® 71EK )

_44_




2 bl
Q2-1. AlF4E =4 RAGH, oud FrE S =AA HREU7R
@ HH A zx3A

© AL &3

@ ANE S35

CEFESER

® 71EK( )

Q2-2. AEAS Tufste] =4lvd, o F2E Fal FrlsiEyr
O AA g vl

@ A FEa A vl

® A3} FEeiA vl

@ 71EK( )

Part 2. A% 7|3 #d dEYY.
theo] ZF Aol dis) A A(V)ste] F=A17] vhEY

ok A=3e] Xl distel oG S AT

} P e @ %ol
O nisolt @ zrglct ® ofF B3l

Q4. Fst= AEEE Forshdun?
@D o}F FEol3t} (Q4-12). @ ZFol3it (Q4-12).

® ngol. @ FotshA th (Q4-25). ® o}F Folahd 2t (QU-22).
Q4-1. 7187 AFge Eoleharhy, o Foleti Uz
@ weloiA

@ 9 W7ol A
® AA gkobd

® A% E£& A oA
® 71K )
Q4-2. ASHAA ANais dojstaltid, o Aoyt
@ sro] §lofA
@ o] FA] eFolA
@ AlE3iA
@ B FA kol
® 71K )
Q5. AsHAIAE Aty A5 Al54-s SAA AQYU7ZR?
© W4
®@ F 2-33]
® 9 2-33
@ A 2-33
® 71EH )
Q6. AHAIA = AlFZES AT AV Aoy rt?
@ o
2 oty S
Q7. AsHAAE AEZES A9A EAE AS Folsiiur?
@ ol vEA @ ofAfol] "ojx @ i7]e] Hojx @ Alg AAE 1R G 7]EK
Q8. AN = AlaFol o' FEAE7E Eol3t AS Folstyd U7t
<H 7>
O v+ @ @ FEegol @ 73
® 1F ® I1E7H @ v& ® 71EK )

_45_




Part 3. 8% 2d 718 AEYY ),
tho-o] zF AR giE) AA(V)ste] FA7] vy ok

Q0. AAAAE NFo] =09 Gl Bo} AATel AFATIL AL HI7?
D o}F AFsHA Yk
@ AFHA e Aol
® 24 2"t
@ 2 3kst Holt}
o}F At
QO-1. AUt AT, 2 olE B
@ o] AeA
@ WA S oA
® A=A erobA
@ 77}l FobA
® 71K )
Q9-2. AFFE o3t Fe= AR Ao AAS FFsivtn AL Y7L?
QWY H @ zHolI £: @ AYS 22 DA 6 K

Part 4. 39 AT FFo #IF AEEYH.
thgo] 7 Aol s A=A(V)st] FA17] mpgy o

Q10. AN E o™ A7= == =AY

© 9%

@ %

@ 3%

@ NFF

® 71K )
Q1l. AMAME FFE Ariy AF =4U7?
@ vy

@ F 2-33]

® ¥ 2-33]

@ A 2-33]

® 71EK )

Fi BojgUt Auol /A saelTAA tesl ZAdH
B AFel 238 AuE AgssU

_46_




ZAHR L

1.

7. 2AEA

ol

g
o

N

A}

= =x

o AAE9} 75

of tigk AHlA}

djo
=
o
—
o
o
o
= | |B
puli~e m
g -
~~ | O
o | X —
TIE el
™ o | | Rr
= ||
k) OHQUEH
o RE | E | e
TR e | ]| B
|E N || W
| F || NN~
< | < |3 | < | <
NN NN

s

X
i

X el opr il

ai g

G 77F T 24

= Bas Ay 2Ah

# SAS 9.3& ©

Framework

mo

AA S=A 205

A =

dAk A

=]
RN

aA F 7HAZE T

5]

ki3

o, AFA, Al uheh TR

24l

(

3

p=H
=

A

o}
H

olo

AA $HAE

.
R

e, =4

S

~
HO

xr
R

)

]
—_—

A AA SR

p=d
=

AlS

_47_



%S94 54

o AW wWE SHREXE ‘AdxPIF 71.2%, FAPZF 288F ‘o &e] H|&o] ‘TUxPo] H|E&H
o =4 vty o <Fig. 11>3% 2t
<Fig. 11> A4¥ +4 (N=205)
LT} 28.8%

AF71.2%

o B
o |

o Ao wE EE= 200071 302%% 7HE wktoem ‘60th o]l o] 26.8%, “40tH’7F
20.5%, 304’7} 12.2%, ‘50’ 7} 10.2% o2 YERon <Fig. 12>9} #Zt}.

<Fig. 12> A5 74 (N=205)

30.2

168

205

20CH 30CH 40CH 50LH 6OCH Of &t

_48_




AFA | e SHREIE ‘g /A E 0] 90.7%E 7FE Btow ‘AL /A7)7F 6.3%, ‘5
AH/E A/ 7 d 0] 2.0%, ‘FH'0] 1.0% o2 YErskon <Fig. 13>3 2t}
<Fig. 13> AFA4E T4 (N=205)
a0.7
6.3
20 1.0
/ze SAYE AL Me/z7)| =3
Ao WE PRI E Ao 31.7%E 7HE Egkowm ‘FRU 2599%, ‘71EF7F 14.6%,

‘Zred 9d’o] 11.7%, ‘B|AFA’0] 5.9%, ‘HAEAo] 54%, ‘nlY’o] 3.9%,
2 yEhyton <Fig. 14>¢9F 2}

LAy =

sd’o] 1.0% =2

<Fig. 14> AgH 4 (N=205)
217
259
14.6
117
54 5.8
39

|
Zsa 3w [EY BEY  F= se AR 7

_49_




<Table 12> &gx &

205 100.0
39 28.8
146 71.2
62 30.2
25 12.2
42 20.5
21 10.2
55) 26.8
186 90.7
4 2.0
13 6.3
2 1.0
2 1.0
8 3.9
24 11.7
11 5.4
53 25.9
65 31.7
12 59
30 14.6

_50_




gl o= A

-

1}
AN L

al

A d Aoz e

2t Aow ey

A3} 784%9] SEAT

Al o)

il
T

ol
<A

=
"

el
TR

NEFE

2

K

|

—_
fife)

2

o 51

At

=

min

%

Bo

oo
ﬂ

R

of Swkte] 33797} wol® ol

=]
4y

ki3

o2 e A

™

)

jfase]

2}

o}

o7 Azst Jonz YR FFrAFers Ay 7ol =

=
=)

79.1%9°] SHAE Hgol AL

J

S
&

o

Alggol 23t

S

K<l
o

st

el

!

sheleh. o

& A7)

S

249 74.1%7F g€

=5

o
o H

AL, A9l wA e AoE vehgon,

°©

A i

-

AFge A 2-38 43

Aade ATE SArrE 3l

1]

S

XOL

]!

o
N

o|
o

o

ofy

AR 475% SHA} A 1 AAZ

hete Ag
St MY wetm, wEAhE, 13, OF

T
=]
=

ko)
pal

=

=

Al o

-

T

]_

S

S EERE

1

0
pal

of
53%2 e Al ol RAlw

2ol

o

OO]:

5 0

s

o A Fol

=]
=1

=
=

7F BAlE 7]E ZA

3|
=

Z

A o

—_
=8 A

Al

b Aew v

7

el

i
E

il

_51_




- Aol AAstl Agtabel gk Aol 86.4%<] A TAAA A4S T AL 9l
WERR AL, T ool f 2 A F7] witelgts SHAE THE wokth E, Alw
ogolut A= L2 PR et

Xl
s
o
2

3. ARzAL A%

7 AR AR

NFF QA RS 2AS Ay ‘ol Q'7F 52.0%, ‘o’7F 48.0% = ‘o’ BTl ‘ol Qo] Svt
H]go] =4 velyko <Fig. 15>9F 7t}

<Fig. 16> Ala7% 1A o5 (N=202)

oFL|= 52.0%

_52_



<Table 13>2 A¥rd &}

AEe Gapnct ‘ozl 7 Al
o oy o] =
AFA =
stk

He AEA NN ATIS

1o
BeTE

e

<Table 13> A&%

A A 97 48.0 105 52.0 202 100.0
L= 29 49.2 30 50.9 59 100.0
A
o Z} 63 476 75 525 143 100.0
20TH 21 35.0 39 65.0 60 100.0
30HH 6 24.0 19 76.0 25 100.0
o5 40ty 11 26.8 30 73.2 41 100.0
50t 11 52.4 10 476 21 100.0
60T o] A 48 87.3 7 12.7 55 100.0
T/ E & 95 51.9 33 48.1 183 100.0
B/ A/ 7 2 50.0 2 50.0 4 100.0
AFA
A-&/7 7] 0 0.0 13 100.0 13 100.0
=4 0 0.0 2 100.0 2 100.0
] 2 100.0 0 0.0 100.0
Y 6 75.0 2 25.0 100.0
29 A 13 54.2 11 45.8 24 100.0
72 2 182 9 81.8 11 100.0
2
FE 37 712 15 28.9 52 100.0
s}y 21 33.3 42 66.7 63 100.0
PN 6 50.0 6 50.0 12 100.0
7] e} 10 33.3 20 66.7 30 100.0
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<Table 14>& A#HxH b33 2o}

o Ao AR G T AlFge B o] 8

=t
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¥0
o
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b
)
o
2

iy
rlo

A 36 37.9 46 484 13 13.7 95 | 1000

- At 7 24.1 16 55.2 6 20.7 29 | 1000
o] 2} 29 439 30 455 7 10.6 66 | 100.0

20T 0.0 15 | 790 4 21.1 19 | 1000

30t 0.0 83.3 1 16.7 6 100.0

o # 40TH 27.3 727 0 0.0 11 | 1000
50th 182 63.6 2 182 11 | 1000

60t ©] 4 31 64.6 11 22.9 6 125 | 48 | 100.0
/75 36 38.7 44 47.3 13 14.0 93 | 100.0

B/ &/ 7 0 0.0 2 100.0 0 0.0 2 100.0

AFA
N&/ A7 0 0.0 0 0.0 0 0.0 0 0.0
% 0 0.0 0 0.0 0 0.0 0 0.0

TEL 1 50.0 1 50.0 0 0.0 2 100.0

g 0 0.0 6 100.0 0 0.0 6 100.0

g < 0 0.0 12 92.3 1 77 13 100.0

e HAEH 1 50.0 0 0.0 1 50.0 2 100.0
FH 25 | 676 8 216 4 108 | 37 | 100.0

gt 0 0.0 15 | 790 4 21.1 19 | 1000

AL 333 3 50.0 1 16.7 6 100.0

71 €} 7 70.0 1 10.0 2 20.0 10 | 1000
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A A 4 41 3 3.1 16 165 | 52 536 17 175 5 5.2 97 | 1000
2} 1 35 1 35 11 379 8 276 6 20.7 2 6.9 29 | 1000
a4d
o] =} 3 44 2 29 5 74 44 | 647 11 162 3 44 68 | 1000
20 2 9.5 1 438 11 52.4 2 9.5 4 19.1 1 48 21 1000
30tH 0 0.0 1 16.7 0 0.0 0 0.0 5 83.3 0 0.0 6 1000
oA | 409 1 9.1 0 0.0 2 18.2 6 546 2 18.2 0 0.0 11| 1000
50th 1 9.1 0 0.0 2 182 6 546 2 182 0 0.0 11 1000
60tH o] 4 0 0.0 1 2.1 1 2.1 38 | 792 4 8.3 4 83 48 | 1000
/7 5 4 4.2 3 3.2 14 147 | 52 | 547 17 179 5 5.3 9% | 1000
Sl Al
/ 0 0.0 0 0.0 2 1000 0 0.0 0 0.0 0 0.0 2 1000
AFA | A
A&/7 7] 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00
=3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 00
FE4 0 0.0 0 0.0 0 0.0 1 50.0 1 50.0 0 0.0 2 1000
gl 2 333 0 0.0 2 333 0 0.0 2 333 0 0.0 6 1000
2} o 0 0.0 0 0.0 3 23.1 5 385 5 385 0 0.0 13 | 1000
A5 0 0.0 0 0.0 0 0.0 2 1000 0 0.0 0 0.0 2 1000
A4
FH 0 0.0 0 0.0 0 0.0 34 91.9 2 5.4 1 2.7 37 1000
kA 2 95 1 438 11 524 2 95 4 19.1 1 48 21 1000
3IALY 0 0.0 1 16.7 0 0.0 3 50.0 2 33.3 0 0.0 6 1000
7] e} 0 0.0 1 10.0 0 0.0 5 50.0 1 10.0 3 30.0 10 | 1000
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® d1-3
1-3. (A&ldA 0= &

S AR AEEe 9 H9E W, SAD Ave 448 3

R U7k
Aade A Hode W, =X A2 A7 ofRE AR A ‘d'7F T84%, oby 7t
21.7%= ‘ol Q7 ®W} ‘o’e] StHl&o] =A yEhst e <Fig. 18>3 Zt

<Fig. 18> Alad< 47 =S W, =412 A2 A7 o7 (N=97)
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<Table 16>& A#HxH b33 2o}

AEE EAEG QAT ASES G HAS W EAa Avs SEHEo] =2 A
O 2 U
ARG DO A Alwds dA HME w =AA Advs SHAlE0] 7 w2 R

e,

AFAL BA/EH/ATNA NS @A HAAS W =A T Ak $Hugel A
o Qo= vehgr

Ao FRAT AGY, ARA, AL, TN AFFS 2 HAS 9 =An
Avhe SHuEol 1Y 2 AR Ve

e

<Table 16> A F3&

A HARE w, =AaL AL Az o

A A 76 78.4 21 217 97 100.0
T} 22 75.9 7 24.1 29 100.0
Al
o <} 54 79.4 14 20.6 68 100.0
20 9 42.9 12 57.1 21 100.0
30tH 5 83.3 1 16.7 6 100.0
oA 40ty 10 90.9 1 9.1 11 100.0
50t 11 100.0 0 0.0 11 100.0
60t o] 4 41 85.4 7 14.6 48 100.0
/85 74 779 21 22.1 95 100.0
A A/ A 2 100.0 0 0.0 2 100.0
AFA
X&/77 0 0.0 0 0.0 0 0.0
=3 0 0.0 0 0.0 0 0.0
| 2 100.0 0 0.0 2 100.0
| 5 83.3 1 16.7 6 100.0
2+ A 13 100.0 0 0.0 13 100.0
EaRE 2 100.0 0 0.0 2 100.0
A A
FH 29 78.4 ] 21.6 37 100.0
&4 9 42.9 12 57.1 21 100.0
I PARC| 6 100.0 0 0.0 6 100.0
7] e} 10 100.0 0 0.0 10 100.0
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® ZAF1-4

1-4. (AE14 DL SE3 Adnh) AgFde FAR7F FoA], AlzWo] oD/ ¥+
A &3 AANY7L?
ANFgel FARIE FololA, AxHE I 9

= 2AME A3} ‘o' 7} 505%, ‘o)L
7} 495% = o} QR T} ‘of 9] &xhu]Lo] =4 e o

<Fig. 19>} 2T},

<Fig. 19> Ao FARZF F30A, Az &al = o7 (N=95)

CiL| 2 49.5%

o 50.5%
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<Table 17>& A#HxH 33 2o}
A2 xR ‘A7 Ao FARE Ot}

o T
ke
L

ol

o

[

A
o}
A
s
2(_1l

2 R

‘60t o] F ol AleFe] FARE A= &

A A 48 50.5 47 495 95 100.0
32} 11 379 18 62.1 29 100.0
A4
o Z} 37 56.1 29 439 66 100.0
20tH 4 19.1 17 81.0 21 100.0
30tH 0.0 100.0 6 100.0
oA 40tH 54.6 5 455 11 100.0
50t 4 36.4 63.6 11 100.0
60t o] 4 34 739 12 26.1 46 100.0
T/ E 5 48 51.6 45 48.4 93 100.0
B/ A/ A 0 0.0 2 100.0 2 100.0
AFA
A &/7 7] 0 0.0 0 0.0 0 0.0
=3 0 0.0 0 0.0 0 0.0
T 1 50.0 1 50.0 2 100.0
miC)| 2 33.3 4 66.7 6 100.0
A9 A 3 23.1 10 76.9 13 100.0
AEA 2 100.0 0.0 2 100.0
A
FH 27 77.1 22.9 35 100.0
S}HAY 4 19.1 17 81.0 21 100.0
3|2 33.3 4 66.7 6 100.0
7] e} 7 70.0 30.0 10 100.0
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<Table 18>

B2 20t A A

2 et
AFA

-
T

K
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=
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<Table 18> A4S &g

1000

1000
1000

1000

1000

1000

1000

1000

1000

1000

00

00

1000

1000

1000

1000

1000

1000

1000

1000

95

27
68

20

10

11

93

13

37

20

10

11

3.7
0.0

5.0

0.0

0.0

0.0

0.0

11

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

5.0

0.0

0.0

11

0.0
15

0.0

0.0

0.0

0.0

2.1

11

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.7

0.0

0.0

0.0

11

0.0
15

0.0

0.0

0.0

0.0

2.1

11

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

10.0

39.0

40.7
38.2

25.0

66.7

40.0

54.6

37.5

38.7

50.0

0.0

0.0

1000

50.0

46.2

50.0

37.8

25.0

83.3

20.0

37

11
26

18

36

14

5.3

11.1
2.9

0.0

0.0

10.0

9.1

6.3

5.4

0.0

0.0

0.0

0.0

0.0

0.0

50.0

2.7

0.0

0.0

30.0

52.6

444
55.9

70.0

33.3

50.0

364

52.1

52.7

50.0

0.0

0.0

0.0

50.0

53.9

0.0

56.8

70.0

16.7

40.0

50

12
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14
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o2 xAE Ay ‘ol Q7F 66.3%, ‘o’7F 337%E ‘dHr}h ‘ofy <’
A e o™ <Fig. 21>37 2t}

<Fig. 21> Aads =AM BA oF (N=196)

3 33.7%

CHL| 2 66.3%
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<Table 19>= AHEW v=3} 2t}

o AL ofaHT ‘IxP7F AlgES Ho] BA X ke SEHEo] =2 FoE UE
1}
AN .

o AL dHo] WSHE AFHAS Ho] BHA B ue SHH| L] Srolx= o]
E} o}

o AFAE FA/AAE I A&/A7), TN AFHES Hol BA X Frhs S
£o] 71 =& Ao g Yyt

o AL FANA AFHS Ho] BA X duE SEHEo] 7 =2 o2 YEy

A A 66 33.7 130 66.3 196 100.0
2} 15 25.9 43 74.1 58 100.0

A4
o 2} 51 37.0 87 63.0 138 100.0
20th 12.3 50 ]7.7 57 100.0
30MH 8.0 23 92.0 25 100.0
i 40tH 17.1 34 82.9 41 100.0
50tH 10 476 11 52.4 21 100.0
60T o] A 40 76.9 12 23.1 52 100.0
/78 &5 66 36.9 113 63.1 179 100.0
AL/ & A/ 7 0 0.0 3 100.0 3 100.0

AFA

&/ 7] 0 0.0 12 100.0 12 100.0
=3 0 0.0 100.0 2 100.0
54 2 100.0 0.0 100.0
2 1 125 7 875 8 100.0
23 10 417 14 58.3 24 100.0
7= 2 182 9 81.8 11 100.0

A
5 33 63.5 19 36.5 52 100.0
Ay 11.7 53 88.3 60 100.0
3 AL 33.3 8 66.7 12 100.0
7] €} 25.9 20 74.1 27 100.0
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® Hi2-1
2-1. (FE20AM O ST AR Aede =AM BAGE, oud 428 T8 =4

A =48 5U7E?

s =M BAUYE, =X | BRE A Fal7F 524% 2 MY B

om A0S B3V 333%, ‘AH AxNAH

2
> o
=]

%k S 9%, ‘# N8l A’7F 3.2%, ‘71€F7}F
32% o7 YElykon <Fig. 22>9 #t} V| 2= AT HIL Y S AlFHS 9
2 7o 2 YEL

<Fig. 22> A=

oN

e =M BATE, =4 d A= (N=63)

3.2 3.2
(R (R

M A TN AQES SH) A2 SH AT FOjEA 7|t
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<Table 20>< ¥ HW 33} 2t}

1=
- gEe ARG el WA S Fao AFS 5A nhtE Sguse B Ao

= UL
o A2 60t o] FellA HAHE T AlEFS =M BATHE SHH&C] M e A
© & ey

o AFAE WA EANA AAdHEs T AeEdes =M BAAvds SEvlee] M =2

Ao ey,

<Table 20> Ala4& =X HATUW, A4 @ A=

A A 5 79 33 52.4 21 333 2 3.2 2 3.2 63 100.0
%z} 1 7.1 4 286 8 57.1 0 0.0 1 7.1 14 100.0
Al
o] =} 4 82 29 59.2 13 265 2 4.1 1 2.0 49 100.0
20tH 0 0.0 1 16.7 4 66.7 0 0.0 1 16.7 6 100.0
30 0 0.0 0 0.0 2 100.0 0 0.0 0 0.0 2 100.0
oA | 409 0 0.0 4 57.1 3 429 0 0.0 0 0.0 7 100.0
50tH 1 10.0 2 20.0 6 60.0 1 10.0 0 0.0 10 | 100.0

60tH o] 4 4 105 2% 684 6 158 1 2.6 1 2.6 33 100.0

/7 5 5 79 33 524 21 333 2 32 2 3.2 63 100.0
A

A&/ 7] 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
54 0 0.0 1 50.0 1 50.0 0 0.0 0 0.0 2 | 1000
] 0 0.0 0 0.0 1 1000 | 0 0.0 0 0.0 1 100.0
2ol & 0 0.0 3 30.0 6 60.0 1 100 0 0.0 10 | 1000
» A 7= 1 50.0 1 50.0 0 0.0 0 0.0 0 0.0 2 | 1000
i S 3 9.4 23 719 4 125 1 3.1 1 3.1 32| 1000
I 0 0.0 1 16.7 4 66.7 0 0.0 1 167 6 | 1000
3| AL 1 25.0 1 25.0 2 50.0 0 0.0 0 0.0 4 100.0
7 €} 0 0.0 3 50.0 3 50.0 0 0.0 0 0.0 6 | 1000
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@® HE2-2
2-2. (20l M @& =8 AR AlEdE Trliste] =4Gd, oy
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o
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ot
et
of
:?L_‘,

F4e Fulste] ShvhE, Tl F2E =AG AR Y7} 667%2 b wekorn
R PR L 200%, e FEAA T L 67%, A3 FRAA T 6.7%

o= yuykow <Fig 23>7 2t JelzE A1, Ao QojA WMo Ams} 7}
¢ wokow, olejo] AW oA wol o et

<Fig. 23> A=<= Tvistol =4vd, 7 4= (N=15)
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<Table 21>& A¥EW th53 2o}

o AHEE A ET AT VR et =4

o AR 20t AA ZIEtE Frufste] =4TE SRSl 7MY =& A o® UEyt
o AFA= W/ AE A VIHE Fidte] AT SHHE] 2 Ao®E UER

<Table 21> Al=%4< Fujste] =404, Fust 4=

AA 3 20.0 1 6.7 1 6.7 10 66.7 15 100.0
e Ex 0 0.0 0 0.0 0 0.0 3 100.0 3 100.0
o] 2t 3 25.0 1 8.3 1 8.3 7 58.3 12 100.0
20t 0 0.0 0 0.0 0 0.0 2 100.0 2 100.0
30tH 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
A®" | 40tH 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
50tH 0 0.0 0 0.0 1 50.0 1 50.0 2 100.0
60t o] % 3 27.3 1 9.1 0 0.0 7 63.6 11 100.0
/7 5 3 20.0 1 6.7 1 6.7 10 66.7 15 100.0
/8
- /731 - 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
M /771 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
=3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
s 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
ad 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
el 0 0.0 0 0.0 1 100.0 0 0.0 1 100.0
pe &3 0 0.0 0 0.0 0 0.0 1 100.0 1 100.0
T 2 22.2 1 11.1 0 0.0 6 66.7 9 100.0
A 0 0.0 0 0.0 0 0.0 2 100.0 2 100.0
3+ 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
71 & 1 50.0 0 0.0 0 0.0 1 50.0 2 100.0
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<Table 22>5 Ay oLy 2},

. o ATk A7}
‘50t ol A
J= AR A A E ]

- ‘ﬁ%x—."d]*i Al

1_
o
® -

N

3
(]

rlo

E
%‘
=
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arL
o
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<Table 22> A&7 "ol tjgt H7}

Al T

A 2ol

p—
.
U
}\

A 9 143 | 27 | 429 | 21 | 333 6 95 63 | 100.0
e 3z} 4 28.6 4 28.6 4 28.6 2 143 | 14 | 100.0
o] 2} 5 102 | 23 | 469 | 17 | 347 4 8.2 49 | 100.0
20TH 0 0.0 0 0.0 4 66.7 2 33.3 6 | 100.0
30tH 1 50.0 0 0.0 1 50.0 0 0.0 2 | 1000
A= | 40t 2 28.6 2 28.6 2 28.6 1 143 7 | 1000
50tH 1 10.0 6 60.0 2 20.0 1 100 | 10 | 100.0
60t ol | 5 132 | 19 | 500 | 12 | 316 2 5.3 38 | 100.0
o /78 & 9 143 | 27 | 429 | 21 | 333 6 9.5 63 | 100.0
A&
/ 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
AFA | A
A&/ 7] 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
=4 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
5 2 11000 | 0 0.0 0 0.0 0 0.0 2 | 1000
g 0 0.0 0 0.0 1 ]1000 | 0 0.0 1 | 1000
2944 0 0.0 6 60.0 3 30.0 1 10.0 10 | 100.0
s AEA 1 50.0 1 50.0 0 0.0 0 0.0 2 | 1000
S 4 125 | 16 | 500 | 10 | 31.3 2 6.3 32 | 100.0
A 0 0.0 0 0.0 4 66.7 2 33.3 6 | 100.0
3|AH 0 0.0 2 50.0 1 25.0 1 25.0 4 | 1000
7] e} 2 33.3 2 33.3 2 33.3 0 0.0 6 | 100.0
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<Table 23>& A#HxH 33 2o}

- AEe ARG GV RS Eoldths ¢

. AYe 600 olelA NFFE B

WP/ BRAA AT

3

)

=
b

o

3
2
. A
1;}:

<Table 23> A|adS Folsle= A%

£

<

AR AT A A A

A A 11.3 21 339 21 339 11 17.7 2 3.2 62 | 100.0
2} 286 4 286 2 14.3 4 28.6 0 0.0 14 | 1000
4
o] =} 6.3 17 354 19 39.6 7 146 2 42 43 | 1000
20tH 0.0 0 0.0 2 333 4 66.7 0 0.0 6 100.0
30 50.0 0 0.0 0 0.0 1 50.0 0 0.0 2 100.0
A4 | 409 28.6 0 0.0 4 57.1 1 14.3 0 0.0 7 100.0
50tH 10.0 4 40.0 4 40.0 1 10.0 0 0.0 10 | 100.0
60th o] A 8.1 17 46.0 11 29.7 4 10.8 2 5.4 37 | 1000
o) /75 11.3 21 339 21 339 11 17.7 2 3.2 62 | 100.0
FAab/& Ak
/ 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
AFA | A
X &/7 7] 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
=4 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Z29 100.0 0 0.0 0 0.0 0 0.0 0 0.0 2 100.0
Y 0.0 0 0.0 1 100.0 0 0.0 0 0.0 1 100.0
ZFed & 0.0 2 20.0 7 70.0 1 10.0 0 0.0 10 | 100.0
AEZ 50.0 1 50.0 0 0.0 0 0.0 0 0.0 2 100.0
A4
FR 65 15 484 8 25.8 4 12.9 2 6.5 31 100.0
s} AY 0.0 0 0.0 2 333 4 66.7 0 0.0 6 100.0
3| AL 0.0 2 50.0 0 0.0 2 50.0 0 0.0 4 100.0
71 ek 333 1 16.7 3 50.0 0 0.0 0 0.0 6 100.0
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@ d4-1
L (AR4NA D3 @ $HF AR AN AFFE FohsHATHY, o) FolahA

WJ}?
ANads Folshiti, Folste o|fE AN A3 ‘At & HE A ZolA7t 37.0%
2 7bd ggton ‘urglo] A7l 33.3%, ‘ol Azto]l uATE 259%, ‘A S A ZolAv)

o
37% w202 YEutom <Fig. 26>3 #t}
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<Table 24>& A KW v} A}

o AL ‘GATRT AXPTE AFHFS Folste ol R &gt Z Y= A 2o SHH|
&o] 2 AoE Yey

o AEL 60U o] elA AlEEs Folsks ol E AU A HeE A Aus SHH|E
2 AoE YERT

o AFA = UF/AE NN AFEES Folste olFE 2t F HE A B SHHE
M =e Ao ety

|

o A2 WA AL AM AFEE Folste olfE A3 & He A 2o &
gnl o] 714 =& Aoz e

<Table 24> A FH&S Foldpiltpd, Foldl= o]

A 9 33.3 7 25.9 10 37.0 1 3.7 27 100.0
o oA 2 25.0 3 37.5 2 25.0 1 12,5 8 100.0
o] 2} 7 36.8 4 21.1 8 42.1 0 0.0 19 100.0
20ty 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
30tH 1 100.0 0 0.0 0 0.0 0 0.0 1 100.0
A®" | 40tH 0 0.0 1 50.0 0 0.0 1 50.0 2 100.0
50t 2 40.0 2 40.0 1 20.0 0 0.0 5) 100.0
60t ©] % 6 31.6 4 211 9 474 0 0.0 19 100.0
/85 9 33.3 7 25.9 10 37.0 1 3.7 27 100.0
B2/
- /73 . 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
M2/ 7 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
= 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Chuan! 1 50.0 0 0.0 0 0.0 1 50.0 2 100.0
Y 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
el 1 50.0 1 50.0 0 0.0 0 0.0 2 100.0
e A2 0 0.0 1 50.0 1 50.0 0 0.0 2 100.0
SE 6 37.5 3 18.8 7 43.8 0 0.0 16 100.0
A 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
3| Ak 1 50.0 0 0.0 1 50.0 0 0.0 2 100.0
71 & 0 0.0 2 66.7 1 33.3 0 0.0 3 100.0
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<Table 25>% AHEW v3} 2t}

o A ARG A7 A|FEE dolshe o] E AFdthe SEHEe] =& o
= UL

o AHE 30’9t 40, B0 AlEEE Holdte olf R AlFeittE SHEH&ol 7HE
2 Ao ® ey

o AFAE YH/ABEAN AFEFSE Bolste olfE AFdthe SHH|&C] M w2
Ao & e

o AYE HFF'H FHALANA AlFFE Hdofste olfr R AlFItE Eul&e] HE
=2 Zo g eyt

A A 2 18.2 3 273 6 54.6 11 100.0
Iz} 2 50.0 0 0.0 2 50.0 4 100.0
Al
o] 2} 0 0.0 3 42.9 4 57.1 7 100.0
20th 2 50.0 0 0.0 2 50.0 4 100.0
30tH 0 0.0 0 0.0 1 100.0 1 100.0
S 400y 0 0.0 0 0.0 1 100.0 1 100.0
500 0 0.0 0 0.0 1 100.0 1 100.0
60t o] A 0 0.0 3 75.0 1 25.0 4 100.0
NT/E 5 2 182 3 27.3 6 54.6 11 100.0
B/ e/ A 0 0.0 0 0.0 0 0.0 0 0.0
7 5A
X &/7 7 0 0.0 0 0.0 0 0.0 0 0.0
=3 0 0.0 0 0.0 0 0.0 0 0.0
T 0 0.0 0 0.0 0 0.0 0 0.0
ag 0 0.0 0 0.0 0 0.0 0 0.0
A4 4 0 0.0 0 0.0 1 100.0 1 100.0
A=A 0 0.0 0 0.0 0 0.0 0 0.0
A4
F5 0 0.0 3 75.0 1 25.0 4 100.0
A 2 50.0 0 0.0 2 50.0 4 100.0
kI DA 0 0.0 0 0.0 2 100.0 2 100.0
7] e 0 0.0 0 0.0 0 0.0 0 0.0
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5. (AE204 DT $HF A AL Akt 4% AFEE =AD AR

AN HE 352 2Ae 237 Ve 7F 472%2 78 2grorn ‘o 2-33]'7F 39.6%, ‘4
2-33]'7} 9.4%, ‘F 2-33]'7F 3.8% o2 YElgon <Fig. 28>¥ #th 7|ElREE 3 9
AR AU o A4 Hoprl H o= HA &2 49 5ol YERRTH

<Fig. 28> A< H+ Sl (N=53)
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<Table 26>& A#HxH 33 2o}
o e IxHRT AR AlFES

stk

. AFe 60H oA AFAe e A5 e g

eht .

« AFAE AR A

st

<Table 26> A|ZA< W= 3

2 A 2 3.8 5 9.4 21 | 396 | 25 | 472 | 53 | 1000
. w2t 0 0.0 1 71 8 57.1 5 357 | 14 | 1000
o] 2} 2 5.1 4 103 | 13 | 333 | 20 | 513 | 39 | 100.0
20t 0 0.0 0 0.0 3 50.0 3 50.0 6 | 100.0
30tH 0 0.0 1 50.0 0 0.0 1 50.0 2 | 1000
A= | 40th 0 0.0 1 16.7 5 83.3 0 0.0 6 | 100.0
50tH 0 0.0 0 0.0 8 80.0 2 200 | 10 | 100.0
60t o1 | 2 6.9 3 10.3 5 172 | 19 | 655 | 29 | 100.0
/7 5 2 3.8 5 9.4 21 | 396 | 25 | 472 | 53 | 1000
H AL/ 241
/ 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
AFA | A
&/ 7] 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
=% 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
TFd 0 0.0 1 50.0 1 50.0 0 0.0 2 | 1000
i) 0 0.0 0 0.0 1 11000 | © 0.0 1 | 1000
el 0 0.0 0 0.0 9 90.0 1 10.0 10 | 100.0
B AEA 0 0.0 0 0.0 1 50.0 1 50.0 2 | 1000
4 S 2 8.7 2 8.7 4 174 | 15 | 652 | 23 | 100.0
A 0 0.0 0 0.0 3 50.0 3 50.0 6 | 100.0
3|A 0 0.0 1 33.3 1 333 1 33.3 3 | 1000
7] e} 0 0.0 1 16.7 1 16.7 4 66.7 6 | 100.0
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22014 D SHF AR AAAE AFEE AT A7k Qo

A st oJAME ZAFSE A3 o'7F 74.1%, ‘oY 07t 259% = ‘oY K.t} ‘o9
=7 vEsken <Fig. 29> 2t

<Fig. 20> Al=ade AT o1t (N=54)

CfL| 2 259%

H 74.1%
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<Table 27>% AHEW v3} 2o}

 EE ARG R RS

Ebyt ot

e OjTl O

1T O

LHERSE T

« AFAE AR A

= e,

’ K
- AL FTAT W,

Aoz eyt

<Table 27> A &FA&A&

AR AN AFEE ARG A Ak S

Ao o)

AT AL ek SHlgo] Ee

Al e o) Ak7}

Agol BWLFE AFTHFS AT AA} glvks S

&o] Brobx]

I gElgel by

A 40 74.1 14 25.9 54 100.0
=2 10 71.4 4 28.6 14 100.0
44
o] 2} 30 75.0 10 25.0 40 100.0
20th 0 0.0 5 100.0 5 100.0
30t 50.0 1 50.0 100.0
o 40ty 100.0 0 0.0 6 100.0
500 90.0 1 10.0 10 100.0
60t o] A 24 77.4 7 226 31 100.0
NT/E 5 40 74.1 14 25.9 54 100.0
B/ /7 0 0.0 0 0.0 0 0.0
AFA
X &/7 7] 0 0.0 0 0.0 0 0.0
=3 0 0.0 0 0.0 0 0.0
a5 2 100.0 0 0.0 2 100.0
] 1 100.0 0 0.0 1 100.0
A4 4 9 90.0 1 10.0 10 100.0
A=A 2 100.0 0 0.0 2 100.0
A4
F5 19 79.2 5 20.8 24 100.0
5} Ay 0 0.0 5 100.0 100.0
kI DA 66.7 1 333 100.0
7] e 5 714 2 28.6 7 100.0
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7. (AE2IH DS SR AR AAAE AFFE oA =AE AL Fobakiy

ANFAS SAE S 23 Ay AFH RS 227 475% 2 7PY Bgron ‘of
Aol Aoy A7} 27.1%, ‘Wroll W A7} 15.3%, ‘ar7]ol Ho A7t 6.8%, ‘7IEF 7t 3.4% o=
vEelyk o <Fig. 30>

ftlo
Iy
>
rlr

)
i)

<Fig. 30> Al=% (N=59)

475
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2h0f| HjH A CERAfOIl BoiM 70 HOojM  AISE AAHE 7| Et
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<Table 28>% AHEW vh=3} 2t}

AEe dA R AL AEg AAE 2w Pt SEuge] £ Ao Uy
sk

AFe 6ot ol FelH AFF AAE U WEre Suugo] g e oz 1}
et

AFAE /AR AFd AAE 22 dede guugc 4 e Aow
UERsh

P2 FHOAM A AAE AR Hevds SHAlEC] MY =2 AoR UEwR

7\11&

<table 28> Ala&& =AlE WY

A 9 153 16 271 4 6.8 28 475 2 3.4 59 100.0

S =} 6 42.9 4 286 1 7.1 3 214 0 0.0 14 100.0
o o] x} 3 6.7 12 26.7 3 6.7 25 55.6 2 4.4 45 100.0
20t 2 40.0 1 20.0 1 20.0 1 20.0 0 0.0 5 100.0

304 1 100.0 0 0.0 0 0.0 0 0.0 0 0.0 1 100.0

i 40dH 2 286 4 57.1 1 14.3 0 0.0 0 0.0 7 100.0
50 0 0.0 8 80.0 0 0.0 1 10.0 1 10.0 10 100.0

60t ©] /¢ 4 11.1 3 8.3 2 5.6 26 722 1 2.8 36 100.0

/7 5 9 15.3 16 27.1 4 6.8 28 475 2 3.4 59 100.0
A

28/7 7] 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

=3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

54 2 | 1000 | 0 0.0 0 0.0 0 0.0 0 0.0 2| 1000
)| 0 0.0 1 1000 | 0 0.0 0 0.0 0 0.0 1 100.0
2o 9 0 0.0 8 80.0 1 10.0 0 0.0 1 100 | 10 | 1000
A=A 0 0.0 1 50.0 0 0.0 1 50.0 0 0.0 2 100.0

A9 .

FB 2 6.9 3 10.3 2 6.9 21 | 724 1 35 29 | 1000
kA 2 40.0 1 20.0 1 20.0 1 20.0 0 0.0 5 100.0
3| ALl 0 0.0 2 66.7 0 0.0 1 333 0 0.0 3 100.0
71 e} 3 429 0 0.0 0 0.0 4 57.1 0 0.0 7 | 1000
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8 (X201 DL SHF Agw) AshANE AFdel o AR Solk AL ol
L7

ANgFHo o7t BAgE A Ay ‘Fdeol'rt 393% % 7H @tow ‘mEyEUL
28.6%, ‘37 21.4%, ‘¥ 7 19.6%, ‘F-7d’o] 14.3%, ‘F-'7F 10.7%, ‘vFE'o] 10.7%, ‘71EF 7}
71% o2 Ve on <Fig. 31>3 <Table 29>3 Zt} 7|g 2 71A7F 7b4 2okon

FARE 94 @3 HEne $RE e,

f|rt

<Fig. 31> Al24d Sol7le HAlm (RS (N=56)

286

o= £  2gyo 23 DxE IZTIE Obs 7)€}
<Table 29> A= E97l= FAR (T5SH) (N=56)
- wE T HE

o) 11 19.6

1=t 6 10.7

Tk ol 22 39.3

=B 8 14.3

1FE 12 21.4

IF7E 16 28.6

IRy 6 10.7

7] e} 4 7.1
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o Al AlA s

9. AsHAM = Aol of=Qle] istel gtop AlAIStel A ehatrtal Azhstay7?

Aggel slmele] gute] o AAse] AF %5 2AG Ast AFstrh(elF At
v Zge elthye] Hlgo] 59.3%9) whRlel ‘A3 shA rhelF AFHA ek + A A
X Wolthye] v &S 136%% ek on] <Fig. 32>

<Fig. 32> Aol AlA Skl 4e o5 (N=140)

343
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<Table 30>& AHxH 33 2o}

e oA FATE gl 9T

it

o) u}

of sto} AASte] Agsith= S HA|

o

o] 7}

&

o gro} A7

ol =& Jo® Uew

o AR 40Ol A Al Aol fl=rqle] |ivtol Stol AA|Stel] A esitiE & HH|
= AoE YELTH

o AFAE TR AE/BI), TN ATl = vt
stell Agettt= SHAlE] 7MY =2 A o® UBut
2
]

<Table 30> AlT7ol AA S}l 2 of ¥

o}
H

- A 7 5.0 12 86 38 | 271 | 3 | 250 | 48 | 343 | 140 | 1000
. oz} 0 0.0 4 89 11| 244 | 11 | 244 | 19 | 422 | 45 | 1000
o o] 2} 7 74 8 84 27 | 284 | 24 | 253 | 29 | 305 | 9 | 1000
20th 0 0.0 5 27 | 13 | 591 4 18.2 0 0.0 22| 1000
30t 0 0.0 0 0.0 4 16.7 8 333 | 12 | 500 | 24 | 1000
A% | 40th 2 5.7 0 0.0 2 5.7 7 200 | 24 | 686 | 35 | 1000
50th 0 0.0 0 0.0 3 15.0 7 360 | 10 | 500 | 20 | 1000
60t ©14F | 5 12.8 7 180 | 16 | 410 9 23.1 2 5.1 39 | 1000
/75 7 5.6 12 96 38 304 | 31 24.8 37 296 | 125 | 100.0

H AL/ &4t
/ 0 0.0 0 0.0 0 0.0 0 0.0 1 1000 | 1 | 1000

AFA | A
A&/7 7] 0 0.0 0 0.0 0 0.0 3 25.0 9 750 | 12| 1000
4 0 0.0 0 0.0 0 0.0 1 50.0 1 50.0 2 100.0
374 0 0.0 0 0.0 0 0.0 0 0.0 2 11000 | 2 | 1000
xZY 0 0.0 0 0.0 0 0.0 1 14.3 6 8.7 7 | 1000
2} A 0 0.0 0 0.0 3 125 7 292 | 14 | 583 | 24 | 1000
A=A 0 0.0 0 0.0 1 10.0 5 50.0 4 40.0 10 | 100.0
A4

T 6 16.2 6 162 | 12 | 324 9 24.3 4 108 | 37 | 1000
A 0 0.0 5 200 | 14 | 560 5 20.0 1 40 25 | 1000
3)AHd 0 0.0 0 0.0 4 36.4 2 18.2 5 455 | 11 | 1000
7] e 1 42 1 42 4 16.7 6 250 | 12 | 500 | 24 | 100.0
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@ X]U
9-1. (@5901“1 @3 ®S $HE AP AFshhan Y2ASATGE, 1 ol g FAYY
7k?

AA S Agtaitin AT, 1 ol f 8 2AS A A AT 561%2
wokon Hx) eholA'7h 2329, ‘gol o147k 98%, “WAITE AeA kol 98%, 7]
B 12% ¢o= Ueston <Fig 33>7 2t vBRE 9@y £X gold, @% 5§
o grolehA Sl gulo] Vet

off

<Fig. 33> A Astel A getrtar Azyst2lthd, 1 o] (N=82)
56.1
232
98 9.8
H =
CHO| QIO M HA7E B FHE| S0k ZZ0of| Z0tM 71 Ef
ok
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<Table 31>& A#Hxd 33 2o}

o AL ‘ARG FA7E A F7] ujitol] AlAstel H@Fettte SHEMEC] =2
S & UETh

o AR A0 oll A Aol F7] wiEel AASte] Agsitte SHBlEC] MY =2 A
2 YERH

o AFAE FA/EAN/AAE A A%l F7] wol AAISel Agtsithe SEHEo] 7t
e Ao YEylth

<Table 31> A A 3}ol] 23t

shtha Azkaalthi, 1 of

o
T

A 8 9.8 8 9.8 19 23.2 46 56.1 1 1.2 82 | 100.0
2} 3 10.0 3 10.0 4 133 | 20 | 667 0 0.0 30 | 100.0
e
o] 2} 5 96 5 96 15 | 289 | 26 | 500 1 19 52 | 100.0
20Th 1 25.0 2 50.0 0 0.0 1 25.0 0 0.0 4 100.0
30Th 1 5.0 0 0.0 8 40.0 11 55.0 0 0.0 20 | 100.0
A= | 40t 1 3.2 4 129 5 16.1 21 67.7 0 0.0 31 | 1000
50Th 2 11.8 2 11.8 5 29.4 8 471 0 00 17 | 100.0
60t ©]’d 3 30.0 0 0.0 1 10.0 5 50.0 1 10.0 10 | 100.0
o /7= 8 11.9 8 1.9 | 15 | 224 | 35 | 522 1 15 67 | 100.0
L RAVA Ay
/ 0 0.0 0 0.0 0 0.0 1 1000 | 0 0.0 1 100.0
AFA | A
A&/ 7] 0 0.0 0 0.0 3 25.0 9 75.0 0 0.0 12 | 100.0
=4 0 0.0 0 0.0 1 50.0 1 50.0 0 0.0 2 100.0
Rl 1 50.0 0 0.0 0 0.0 1 50.0 0 0.0 2 100.0
oY 0 0.0 0 0.0 3 429 4 57.1 0 0.0 7 100.0
29 4 1 48 3 14.3 7 333 10 | 476 0 0.0 21 | 100.0
B A== 0 0.0 1 11.1 2 22.2 6 66.7 0 0.0 9 100.0
4 F 2 16.7 0 0.0 2 16.7 8 66.7 0 0.0 12| 100.0
A 1 167 2 333 0 0.0 3 50.0 0 00 6 | 1000
3| AL 2 286 0 0.0 0 0.0 5 714 0 00 7 100.0
7] €} 1 56 2 111 5 278 9 50.0 1 56 18 | 100.0
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A A skl A3tettta AztetAl v, Algde] JEE AN A R FEE 482%= T
Zowtom ‘AY = AXTF 346%, ‘AEHOIA AXTF 12.4%, ‘££’7} 49% o2 EbE
°m <Fig. 34>¢} 2t}

<Fig. 34> A A gtell A sttt Azbsiilvid, Alade] ge  (N=81)
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<Table 32>& A#Hxd vty 2o}
o AL ARG Ix7E A JHE Axzst= Aol AAS AH3teithE Sy &0

il
Hi

2 Aol BEFE A Uz A xs= Aol AAg Agsits §HH] &
HAH A ZE A R FE R Azt Aol AAE A3ttt SEHlE
o] 71 E=& Ao g ey

AA’NA B de 2 AxsteE Hol AAS A3gsiteE $HEH] &

i
rlo

ag gy | =002 | age s s A7)
22 s

WE | we | e | ug | W | we | ae | e | 9 | me
A A 39 48.2 10 12.4 28 34.6 4 49 81 100.0
e b 17 56.7 2 6.7 10 33.3 1 3.3 30 100.0
o] 2} 22 431 8 15.7 18 35.3 3 59 b1 100.0
20t 1 25.0 3 75.0 0 0.0 0 0.0 4 100.0
304 9 45.0 3 15.0 6 30.0 2 10.0 20 100.0
o 40tH 13 41.9 2 6.5 15 484 1 3.2 31 100.0
50tH 10 58.8 0 0.0 6 35.3 1 59 17 100.0
60t o] 6 66.7 2 22.2 1 11.1 0 0.0 9 100.0
/75 33 50.0 9 13.6 21 31.8 3 46 66 100.0

R
/ 1 100.0 0 0.0 0 0.0 0 0.0 1 100.0

AFA | A

/73 7] 4 33.3 1 8.3 7 58.3 0 0.0 12 100.0
=4 1 50.0 0 0.0 0 0.0 1 50.0 2 100.0
TH4 1 50.0 0 0.0 1 50.0 0 0.0 2 100.0
BT 3 42.9 1 14.3 3 429 0 0.0 7 100.0
A4 A 14 66.7 0 0.0 7 33.3 0 0.0 21 100.0
4 52 3 33.3 1 11.1 4 44 4 1 11.1 9 100.0
T 6 54.6 3 27.3 2 18.2 0 0.0 11 100.0
s} A 3 50.0 3 50.0 0 0.0 0 0.0 6 100.0
3| AL 2 28.6 1 14.3 3 42.9 1 14.3 7 100.0
71 ek 7 38.9 1 5.6 8 444 2 11.1 18 100.0
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4 B% AT BT

® A7
10. ?46}771]7\1% oWl FFE FE =4Y7?
TR EAE AFE Z2AS A3 ‘"JA0] 86.7% % 7HY wokomw ‘a1 o] 51.7%, ‘AHE o]
38.9%, ‘AlFA'0] 28% o= YEltor <Fig. 35>9 <Table 33> #t}.
<Fig. 35> & =AE A/ (T58%) (N=180)
517
389
2B
i3 243 Ik NEE
<Table 33> FZ EAE=

(T5sH) (N=180)
2% 156 86.7
1+ 70 38.9
a3 93 51.7
Al5% 5 2.8

¥

=1
&
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® Z&11
1L FAsPAAE 5 doht A5 =407

i

FRE WE A5FE 2AE AP WD) 461%2 /Hg wgom ‘F 2-33'7F 455%, ‘4
2-38'7} 6.7%, V1BV 7F 1.1%, ‘¢ 2-33'7} 06% o2 theEbkom <Fig. 36>9 2},

<Fig. 36> F7& YU+ 3+ (N=178)
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<Table 34>& AHHH vy 2o}

o e oA RT AT ARE WY etk gHuge] ¥e slow tehgr

. Age B0l 4RE Y Wi gun g g e Ao e

e AFAL AL/ANNA ZFHE D Wi sun ] g ¥ Aoz ey

. Age Aol FRE Y Witk Syuge] A ¥ Ao® et

<Table 34> #HE ¥t 35
32 46.1 81 455 12 6.7 1 0.6 2 1.1 178 | 100.0
24 47.1 25 49.0 2 3.9 0 0.0 0 0.0 51 100.0
58 45.7 56 44.1 10 79 1 0.8 2 1.6 127 | 100.0
7 15.6 32 71.1 5 11.1 0 0.0 1 2.2 45 | 100.0
10 40.0 14 56.0 1 4.0 0 0.0 0 0.0 25 1 100.0
23 56.1 18 439 0 0.0 0 0.0 0 0.0 41 100.0
16 80.0 3 15.0 1 5.0 0 0.0 0 0.0 20 | 100.0
26 55.3 14 29.8 5 10.6 1 2.1 1 2.1 47 | 100.0
70 43.8 76 475 11 6.9 1 0.6 2 1.3 160 | 100.0
1 25.0 3 75.0 0 0.0 0 0.0 0 0.0 4 100.0
10 83.3 1 8.3 1 8.3 0 0.0 0 0.0 12 | 100.0
1 50.0 1 50.0 0 0.0 0 0.0 0 0.0 2 100.0
1 50.0 1 50.0 0 0.0 0 0.0 0 0.0 2 100.0
3 375 5 62.5 0 0.0 0 0.0 0 0.0 8 100.0
19 79.2 5 20.8 0 0.0 0 0.0 0 0.0 24 1 100.0
4 36.4 5 455 2 18.2 0 0.0 0 0.0 11 100.0
26 56.5 15 32.6 4 8.7 0 0.0 1 2.2 46 | 100.0
7 14.6 35 729 5 10.4 0 0.0 1 2.1 48 | 100.0
6 54.6 5 455 0 0.0 0 0.0 0 0.0 11 | 100.0
16 57.1 10 35.7 1 3.6 1 3.6 0 0.0 28 | 100.0
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o NE

s ZA43Ath AsE 109 A sta dAdE
e 247 vkl F48 petri film(3M, St. Paul, MN,
4 petri film(3M, St. Paul, MN, USA)S ©]&3}o] 32 TolA
A8A1ZF vl F e colonyE AFetAth. R4S Lactobacilli-MRS agarel 1mL*
pour plate method® #Z3}o] 35 ColA 24A7r%et vk & A3t}

=
R
= =
=

(2) Protein, cellulose ¥ starch #3% screening

Al5E Hird2 348l3 NA(nutrient agar, GIBCO, USA) #j#]e 100 pL* spread™ o=
HE3te] 35 T incubatoroll A 24A17F wjsldtt A2 2 colonyd w2 10 % skim
milk, 1 % CMC, 1 % starchE 77} &3 NA HiA] | tooth pick® o2 HE3ste] 35 C

incubatorol A] ¥l %3 & clear zone A7 S ZA3lo] Z47te] RS =AHEA
U, #5799 54284

(1) Protease &4

50 mM glycine-NaOH buffer(pH 9.0)°] casein(Sigma Aldrich Co.)& =9 1 %(w/v)
casein& 9 500 pLol Z&4 200uLE H7Fske] 40 CeollA 10w3F ¥vESA] 2

£ %138 10 % trichloroacetic acid 500uLE Z7Fstith #all= =] &2 TSl dS A A7
f3te] 15000 rpmol A 1037 YA F2] AL
Folin & Ciocalteu & ©]&3to] protease &
Na2C0O3 25 ml¥ 53] 42 'S Folin & Ciocalteu’'s Phenol Reagent 2 N(Sigma
Aldrich Co.)& 20 %= 38|23k &S 500 pul ¥ 40 °ColA 1073 ¥H-gAlA 660 nmel A
Z2A% FALE U/mlE AHE89 . Standard curve® 0-100 pg/mle] tyrosine £ 4O =
A3F AL, protease A 1 unit WA 18#5<H 1 pg tyrosined AASE 49 &
= Aolstd

¢

oo
= [} = (¢} .
de A8k ¥H8E 500uLE 500mM

o 4
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(2) Cellulase &4

Cellulase &A=+ DNS 393 AHHo g =AYt = 1.0 % CMC 500 pL, 200 mM
sodium phosphaste buffer(pH 7.0) 250 pL= 2.0 mL tubedl] ¥ & Za 4 250 plLs #
7bskel 50 Coll A 15%3F A7l & CMCZ5FH #2% glucose &S DNS 9 A
gHog SAET 248 % 1 Unit)= ¢ =d3kelA 1823t 1 pugel glucosed 7%
Sote AP S AelE a4 Yoz A

{t

(3) Amylase &4
Amylase &4 == DNS 399 AHdFyo=z =43}
o 2849 100uLE H7}sted 37ColA 1087 Hi
5&3F #5 EoA 7FEsAd. 7t Fg =

Ath 1.0 % soluble starch &< 100 pL

171 %, DNSA|°F 200 uL& 3 7}sto]

I SHSTE 400 pL #E7Fske] 546

2 glucoseE A&t 24844 % 1U@unit)S 1
[e)

njx o] #F= ()€ A E(SolGent Co., Daejeon, Korea)oll 2]

A3 W FolA B3 F59 protein, cellulose & starch 3

S
4 ¥ 1Xx screening

ANad Az ZE3HE Skl 1A GolA SR AlaH©S), Alad w5 (6M), A=73 =5
FE(SMP) M Zo|A protein, cellulose, starch #&7} -3 A &S FE stz ).
W] protease @A screening®! 79, nutrient agar Wi Ao Z} MEZFES 34 5}e] 32TCNA
24X ZE SAA7) 2, wigE MAES dEEe e FHY vAdE F M “LO] E3xE
colonys T4 2% skim milk agar ¥l tooth pick™ &= HEate] wFs & = F9
of T3l XFS FHAsIY vluskdth. tha, Cellulase &4 screening?! 4%, 99
protease W ol £3}e] Alggstd o AElu) X &2 += nutrient ¥ A o] CMC(carboxyl methyl
cellulose) 1% #H7IgH viA& Az oH, o9 EE HAHL A3 A A=At 7hA]
27 screening?! 4% <Al protease 24 AW FdsA WPt o

L, AEu X 2 = nutrient WA o] starch 1%E H7Fsk WX & A Z5H oW, HF amylase
A

01

90 2 amylase

B4 AL WA 8oEgAE Exeko] AR, o FANA G1 T
97 R A8 e ZAske] vwsialet

A FZ(S)9] protease, cellulase, amylase &4 screenings 3171913l tooth pick Z3 n| A
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rlo

o o

T2 olE9 A} Fig. 37-399F At Al HETHE 40T F protease &
T S-3, S-21, S-23, S-34, S-35, S-36, S-40°]} o1 cellulase o] F-
S-30, S-8, S-25, S-40°] Wi Ao|%lal, amylase &4 S-3, S-17, S-23,
=33, S-37, S-400] 7} Aol F2 FAow yehygrh B Al HE: H UFEE
7b Aol v AoE yEigoen, O 5 2E mAEY &Ao] FA dEw o
| 24 FAo] BF T2 Aoms S*S S-40 #F7F T2 Ao ®E eyt

Al L(SM)-J protease, cellulase, amylase &4 screening< 0}7]H 3 tooth pick H &3 v
AES F S5IHFE o5 ZA¥ Fig. 40-42¢ #Zyth A do H=9 5175 5 protease
gdo] 3% T SM-8 SM-9, SM-14, SM-26, SM-39, SM*4O o] kA,
cellulase &4 o] 3 5= SM-7, SM-19, SM-26, SM-29, SM-37, SM-41, SM-42 &
o] Aol amylase &2 SM-1, SM-2, SM-3, SM-6, SM-26, SM-28, SM-30,
SM-31, SM-38, SM-40, SM-41 s°] &4 £ A°Z YEy

Al F 2 (SMP)9] protease, cellulase, amylase &4 screening= 3}7] 93] tooth pick %3+
=L & 32:*—7*3 o] 59| Ay Fig. 43-45¢F 2tk A el JFH 32¢8F F protease
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Fig. 37. Protease activity of sigumjang. S: sigumjang.

Fig. 39. Amylase activity of sigumjang. S: sigumjang.
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1vity of sigumjang meju. SM: sigumjang meju.

Fig. 42. Amylase activity of sigumjang meju. SM: sigumjang meju.
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Fig. 43. Protease activity of sigumjang meju powder.
SMP: sigumjang meju powder.

F1g 44. Cellulas

iR L
e activ

Fig. 45. Amylase activity of sigumjang meju powder.
SMP: sigumjang meju powder.
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Fig. 46. Protease activity of sigumjang(S), sigumjang meju(SM), sigumjang meju
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Fig. 47. Cellulase activity of sigumjang(S), sigumjang meju(SM), sigumjang meju
powder(SMP). All data are mean = S.D. in triplicate determinations. F-value =
8318.640™ " (x**:p<0.001)
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Fig. 48. Amylase activity of sigumjang(S), sigumjang meju(SM), sigumjang meju
powder(SMP). All data are mean = S.D. in triplicate determinations. F-value =
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Table 35. Sensory evaluation of sigumjang

Taste Flavor Sourness Overall

Color

4.00£1.12 3.60£1.19 3.60£1.27 3.30£1.45 3.40£1.31

Control

3.60+0.99 3.90+1.37 3.95+1.57 3.85+1.35 3.75+1.55

S-23

3.85£1.50 3.75+1.25 3.60+1.43 3.65+1.23

3.60+0.99

SM-26

3.90£1.21 3.75£1.37 3.65£1.60 3.80£1.06

4.60+1.50

SM-40

3.15+1.42 3.20+1.67 2.70+1.22 2.95+2.09 2.90+1.55

A.Oryzae
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Isolated strain Barley bran

: activabon
Sterilization
(121°c, 20min)
Centrifuge
{4000rpm, 20min)
| Cooling |
Pellet + Distilled water |

| Kneading |_____§ Barley bran: Dizﬁllleti ‘i:v;tggi Isolated strain ;
| Molding |
| Fermentaition |

| Sigumjang meju |

Fig. 49. Manufacturing process of sigumjang meju.

Control 5-23 SM-26 SM-40 Aspergillus oryzae

Control 523 SM-26 SM-40 Aspergillus oryzae

Fig. 50. appearance of sigumyjang.

- 103 -




=

=

9d& wpgro & 3dlo] EzTaxon Server 213 F3ke] 97% o]
SFATE S-23, SM-26, SM-40¢ 16S rDNA A¥E2 ®EF
Bacillus amyloliquefaciens subsp. plantarum strain FZB429} 99.86% ¢} <L X3+ ZH o= 1}
Elyktt NCBIS BankZHH 72 57559 16S rDNA 49 2 accession numberE o]
Table 36-38 °ll 37 veb AT o] A& ver o= ClustalX 2.0.129F Bioedit 7.0.5.25 A}
4-3}o] multiple alignmentE 433+ & MEGA 5.03& ©]-83}9] neighbor-joining method =
FAEE HAeHal(Fig. 52, 54, 56) 2 Ay B AFdA g mA=ELS Bacillus
amyloliquefaciens® Z3th= AE & 5 T Add ARES EEE vAE S-23,
SM-26, SM-40< 16S rDNA A<¥E EAS JFoo A& AARZHE  Bacillus

amyloliquefaciens® 34 4 AU}

GGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGAT
GGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCT
GCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTT
GAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACC
CGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAG
CCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTA
CGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACG
CCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAAC
AAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGC
TAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATT
ATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGG
CTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAG
TGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGG
CGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCG
AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTT
AGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGG
AGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT
GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGT
GCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCG
GTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACC
TGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTT
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AA

AAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGC
GTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCC
CGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCG
GTGAGGTAACCTTTATGGAGCCAGCCGCCGAAGGTGGGACAGATGATTGGGGTG

Fig. 51. 16S rDNA sequences of S-23.

Table 36. Similarity analysis of S-23 the isolated strain compared with the

related taxa.

No Strain Aﬁ&;‘:ﬁgn Similagity (6 differenesn/tcompared
1 Bacillus amyloliquefaciens subsp. plantarum FZB42T CP000560 99.86 2/1481
2 Bacillus subtilis subsp. Subtilis NCIB 3610" ABQL01000001 99.66 5/1481
3 Bacillus amyloliquefaciens subsp. Amyloliquefaciens DSM 7T FN597644 99.66 5/1481
4 Bacillus methylotrophicus CBMB205" EU194897 99.58 6/1441
5 Bacillus tequilensis KCTC 13622" AYTO001000043 99.46 8/1481
6 Bacillus subtilis subsp. inaquosorum KCTC 13429" AMXNO01000021 99.46 8/1481
7 Brevibacterium halotolerans DSM 8302 AM747812 99.46 8/1481
8 Bacillus atrophaeus JCM 9070" AB021181 99.46 8/1474
9 Bacillus vallismortis DV1-F-3" JH600273 99.39 9/1481
10 Bacillus mojavensis RO*H*lT JH600280 99.39 9/1481
11 Bacillus subtilis subsp. spizizenii NRRL B-23049" CP002905 99.32 10/1481
12 Bacillus lichenitormis ATCC 14580T AE017333 98.18 27/1480
13 Bacillus sonorensis NBRC 101234T AY'TN01000016 97.97 30/1480
14 Bacillus aerius 24K" AJ831843 97.97 30/1478
15 Bacillus stratosphericus 41KF2a" AJ831841 97.43 38/1480
16 Bacillus altitudinis 41KF2b" ASJC01000029 97.43 38/1480
17 Bacillus aerophilus 28K AJ831844 97.43 38/1480
18 Bacillus xiamenensis HYC*lOT AMSHO01000114 97.36 39/1480
19 Bacillus invictus Bi.FFUP1" JX183147 97.24 39/1415
20 Bacillus safensis FO-36b" ASJD01000027 97.23 41/1480
21 Bacillus pumilus ATCC 7061" ABRX01000007 97.16 42/1480
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86— Brevibacieriim halotolerans DM 82007

16 Bacillus mojavensis RO-H-17

23 |l Bacillus subfilis subsp. tnaguosoren KCTC 134297

Bacillus tequifensis KCTC 136227

Bacillus subtilis subsp. spizizenii WRRL B-230497

Bacillus vallismortis DV1-F-3

Baciffus subfilis subsp. Subtilis NCIB 36107

Bacillus anyloliquefuciens subsp. Amyloliguefaciens DSN T
Bacillus methylotrophicns CBMB203Y

Bacillus amyloliguefaciens subsp. plontarum FZB42T

Bacillus sonorensis NBRC 1012347

100 E Bacillus subtilis subsp. spizizenii NERL B-23049°
74 Bacitlis aerins 24K7

Bacillus atrophaens JOW 9070
69— Baciilus safensis FO-360"
Ell Bacillus safensis FO-36hT
Bacillus imvictus BLEFUP1”

s B
100 Bacillus aeropfalus 28K

Bacillus stratosphericus 41 KF2a"
97| Bacillus altitudings 41EF2b"

Bacillus xiamenensis HY C-107

0.005

Fig. 52. Neighbor-joining phylogenetic tree deduced from the 16S rDNA sequences

showing the position of S-23 and other related taxa.
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GCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATG
GGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTG
CCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTG
AACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCC
GCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGC
CGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAC
GGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGC
CGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACA
AGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCT
AACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTA
TTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGC
TCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGT
GGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGC
GAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGA
ACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTA
GGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGA
GTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTG
GAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATC
CTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTG
CATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG
CAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGG
TGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCT
GGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTA
AGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCG
TGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCC
GGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGG
TGAGGTAACCTTTATGGAGCCAGCCGCCGAAGTGGGACAGATGATTGGGGTGA

Fig. 53. 16S rDNA sequences of SM-26.
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Table 37. Similarity analysis of SM-26 the isolated strain compared with the
related taxa.

No Strain Ar(]:l(jrensks)ieorn Similarity(%) differenesr}tcompared
1 Bacillus amyloliquefaciens subsp. plantarum FzB42' CP000560 99.86 2/1478
2 Bacillus subtilis subsp. subtilis NCIB 3610" ABQL01000001 99.66 5/1478
3 Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7' FN597644 99.66 5/1478
4 Bacillus methylotrophicus CBM B205" EU194897 99.65 5/1441
5 Bacillus tequilensis KCTC 13622 AYTOO01000043 99.46 8/1478
6 Bacillus subtilis subsp. inaquosorum KCTC 13429 AMXNO01000021 99.46 8/1478
7 Brevibacterium halotolerans DSM 8802 AM747812 99.46 8/1478
8 Bacillus atrophaeus JCM 9070" AB021181 99.46 8/1472
9 Bacillus vallismortis DV1-F-3 JH600273 99.39 9/1478
10 Bacillus mojavensis RO-H-1" JH600280 99.39 9/1478
11 Bacillus subtilis subsp. spizizenii NRRL B-23049" CP002905 99.32 10/1478
12 Bacillus licheniformis ATCC 14580 AE017333 98.17 27/1477
13 Bacillus sonorensis NBRC 101234" AYTNO1000016 97.97 30/1477
14 Bacillus aerius 24K' AJ831843 97.97 30/1475
15 Bacillus stratosphericus 41 KF2a' AJ831841 97.43 38/1477
16 Bacillus altitudinis 41KF2b" ASJC01000029 97.43 38/1477
17 Bacillus aerophilus 28K’ AJ831844 97.43 38/1477
18 Bacillus xiamenensis HYC-10" AMSHO01000114 97.36 39/1477
19 Bacillus invictus BiFFUP1" JX183147 97.24 39/1415
20 Bacillus safensis FO-36b" ASJD01000027 97.22 41/1477
21 Bacillus pumilus ATCC 7061" ABRX01000007 97.16 42/1477
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Brevibacterium halotolerans DENM 88027

Bacillus mojevensis RO-H-17
27 |~ Bacilfus subfilis subsp. inagquoserim KOTO 134297
Baciifus tequitensis KOTC 136227

Bacillus subtilis subsp. spizizensi NERL B-230497
;- Bacillys vallismortis DV1-F-37

Bacillus subtilis subsp. subtilis NCIB 36107

Bacillus amyvloliquefaciens subsp. amyloliquefaciens DM 77

2 Bacillus methyvlotrophicus CBMBZ03T

— a4 |SM-26
&7 Bacillus amyloliquefaciens subsp. plantarum EZB42T
—— Bacillus sonorensis NBRC 1012347

100 EB:?C:&'!MS hichenifornms ATOC 145807
73 Bacillus aerius 2487

g6 = Bacillus safensis FO-36b"

—— Facillus atrophaeus JCM 90707

85 Bacillus pumilus ATCC 70617
Bacillus invicius BLIFFUPLT

Bacillus aerophilus 28K7
Bacillus stratosphericus 41RF2aT

88 | Bacillus altitudinis 41 KF2b7

Baciltus aerophilus 288"

0.005

Fig. 54. Neighbor-joining phylogenetic tree deduced from the 16S rDNA sequences
showing the position of SM-26 and other related taxa.
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GGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGAT
GGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCT
GCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTT
GAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACC
CGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAG
CCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTA
CGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACG
CCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAAC
AAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGC
TAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATT
ATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGG
CTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAG
TGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGG
CGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCG
AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTT
AGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGG
AGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGT
GGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACAT
CCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGT
GCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCG
GTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACC
TGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTT
AAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGC
GTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCC
CGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCG
GTGAGGTAACCTTTATGGAGCCAGCCGCCGAAAGGTGGGACAGATGATTGGGG

Fig. 55 16S rDNA sequences of SM-40.
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Table 38. Similarity analysis of SM-40 the isolated strain compared with the
related taxa.

No Strain Ar(]:l(jrensks)ieorn Similarity(%) differenesr}tcompared
1 Bacillus amyloliquefaciens subsp. plantarum FzB42' CP000560 99.86 2/1477
2 Bacillus subtilis subsp. subtilis NCIB 3610" ABQL01000001 99.66 5/1477
3 Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7' FN597644 99.66 5/1477
4 Bacillus methylotrophicus CBM B205" EU194897 99.58 6/1441
5 Bacillus tequilensis KCTC 13622 AYTOO01000043 99.46 8/1477
6 Bacillus subtilis subsp. inaquosorum KCTC 13429 AMXNO01000021 99.46 8/1477
7 Brevibacterium  halotolerans DSM 8802" AM747812 99.46 8/1477
8 Bacillus atrophaeus JCM 9070" AB021181 99.46 8/1470
9 Bacillus mojavensis RO-H-1" JH600280 99.39 9/1477
10 Bacillus vallismortis DV1-F-3" JH600273 99.39 9/1477
11 Bacillus subtilis subsp. spizizenii NRRL B-23049" CP002905 99.32 10/1477
12 Bacillus licheniformis ATCC 14580 AE017333 98.17 27/1476
13 Bacillus sonorensis NBRC 101234 AYTNO1000016 97.97 30/1476
14 Bacillus aerius 24K' AJ831843 97.96 30/1474
15 Bacillus stratosphericus 41 KF2a' AJ831841 97.43 38/1477
16 Bacillus aerophilus 28K’ AJ831844 97.43 38/1477
17 Bacillus altitudinis 41KF2b" ASJC01000029 97.43 38/1476
18 Bacillus xiamenensis HYC-10" AMSHO01000114 97.36 39/1476
19 Bacillus invictus BiFFUP1" JX183147 97.24 39/1415
20 Bacillus safensis FO-36b" ASJD01000027 97.22 41/1476
21 Bacillus pumilus ATCC 7061" ABRX01000007 97.15 42/1476
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Brevibacterium halotolerans DEM 88027

Bacillus mojavensis RO-H-17

Bagcillus subtilis subsp. inaguosopum KCTC 134297
Bacillus tequilensis KOTC 136227

Bacillus subrilis subsp. spizizenii NRRL B-2304907
Bacillus vallismortis DVI-F-37

Bacillus subtifis subsp. subtilis NCIB 36107

——— Racillus anvioliquefaciens subsp, amyloliquefaciens DEM 77
Bacilius metfylotrophicus CBMB205T

a8

— a4 ISM-di'.i
87 Bacillus amyloliguefaciens subsp. plantarum FEB42"

Bacillus sonorensis NBRC 1012347
100 [ Bacillus Hchentforms ATCC 145807
73 Bacillus aerits 24K

73 r— Bacillus saféensis FO-3607
80 Bacillus pumilus ATCC 70617
Bacillus invictus BLFFUPTY

Bacillus atrophaeus ICW 90708

100 Bacilius aerophilus 28K

Bacillus stratosphericus 41 KF2a"

56| Bacittus altitudinis 41 KF2bT

T Bacillus xiomenensis HYC-107

0.005

Fig. 56. Neighbor-joining phylogenetic tree deduced from the 16S rDNA sequences
showing the position of SM-40 and other related taxa.
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Fig. 57. Changes of Bacillus amyloliquefaciens at different culture.
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o =8 AAE FormolH(24) o2 ZA3s gttt = A& 2 g& HlAd Hstx FH5 100
mLE 7Fstal 1AI7F §9F agkale] Fi3] &ae oh 0.1 N NaOH §9o 2 AHA4ste] pH
847 st} of7]o FA formalin 20 mLE 7}eta thA] 0.1 N NaOH &4 2 pH 847}
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Fig. 58. Changes in total bacteria at 20C, 25C and 30C. A-:20T, -@-:25TC, -H
-:30TC.
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Q) ANFF TE 2o e A W3
Aades iz dashes 59 24w £5 AR A3kFig. 59), HE %7] 2.0x10*
CFU/gel #abto] debsto 2 W7t gldeh HE 24X RE Bk

0 A=80 A-5- 60A1 kA o 2.4x10° CFU/g, 25T+ 964
HA ]

rAel 2.0x10° CFU/g, 20T+ 120A1 240 1.5%10° CFU/g o2 X7} YEby:
Habitel 71 HAUAE YERE o] F 30T A5 waste ¢ HAHoz it A
oo}, 25T H 20T A5 & 57 flo] 44 5o AR FAHE Aoz YE
Utk SAEE 393 427 F ZateE 3Ed A3 Har 59x107 CFU/mLol A thal
Bagk vup ded], B AP mAE Fo vE] FEs] W FEolddh ol et Aolst A
A A wE 25 og Aok - FAW AR AdHAT B AAEE A
Aol Al Ful=a Y= AlFF WF 12Fdd g a5 E 4% Ay, F A= A
ZH Aoy Y] A= HEHA gokrhal Bargk v
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Fig. 59. Changes in lactic acid bacteria at 20T, 25T and 30C. A-:20TC, -@—:2
5C, -H-:30TC.
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= 1= Akt gol 7k w4
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Fig. 60. Changes in pH at 20C, 25C and 30C. A—:20TC, -@-:25C, -l-:30TC.

- 118 -




!

o o

& ZAFsE A3 (Fig. 61), 7] A58 4h

36A13F o FHE AETL ob]

S TIRE AR A3 ok AR o &
A

dxbyt o] Aol ddsfAal 4 Aol Frkstel pHZF stopxar ofof] ujef

/\] A3

=

b
M

N
—_

>
k1

4.0
354
] N
3.0 .’_,./i s
] ' ° *~ 3
2.5 ~
m /*
S v o A
< 204
g | / / *
& 154 L A
'u—-élZg/ T
1.0
05-
00,

T T T T T T T T T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 9% 108 120 132 144
Fermentation time(hr)

Fig. 61. Changes in acidity at 20C, 25C and 30C. &A-:20C, -@-:25C, -l-:30TC.
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6) AEF 8 259 wWE oln el @4 W3}
S g BgdteE Fot ol gl d Ao WS AL A (Fig. 62), 7] Alg%

o] ofu| ] A FHL 72 mguon wErt WP wel 1 o] A Zrhek ok
2 =

= =
Aol opulwElds FHEe WE L8t BSFE 1§l

c7tsk= Aoz et

_ oA
120 %
100—-

Amino-type nitrogen(mg%)
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Fermentation time(hr)

Fig. 62. Changes in amino-type nitrogen at 20C, 25C and 30TC. &A-:20TC, -@-:2
5C, -l-:30C.
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2. A% AFA A (scale—up) A

- HEsASE AT F =9 11 HER 7
o

. sA4E A FE 24 st Aled dSs, B RS 25111005 BlER
Hi, 238e AF 9E7t 07 HER s AeelA 3U7 wr AR
wel T
- =} =
e [ el |
Hal=e |
(4000rpm, 20min) | | =2H121C, 20min) |
|
| 7 —
| U3 ool HEIEA AR 101:0.03
| 49 |
= |1 = I socodzungUAFE |
| }‘]“%TTHEPR o suel M SR E Bd g5 COYE |
LS
| A3F Az | ASEHT e B4R 2T -1:1:1: 0.03 ]

LA T oAEe] AREEAS W3Pste] pHZF 501, AHE2.5, 714 acetic acid, lactic acid
Zt 900mg/100g, 30mg/100g °1d ¢ ul HFAFoZ AAste #|F3)g.
Fig. 63. g ZFAANE 9 A3 T € A5 AXx FH=E
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EES THOE Azd AFTFY A&54

- %73 dAHoRE Ax" AFHe pH, A%, 89, 714, FElohr =ik table ¥ 2
o HE AELS pH 501, HE 42 AL 37 AL 855 yEkdth 9L 976 g/100g
o] fructose 0.4 g/100g, glucose 7.85 g/100g, sucrose 0.29 g/100g, maltose 1.15 g/100g, 1
actose 0.08 g/100g< SHialar Uth. F714F acetic acid 932.88 mg/100g, lactic acid 30.87
mg/100g = $Hrota Jom, gwuir e @uts el fElopr it 3 w3 =8 A
S8 e

w

Table 39. pH and CIELAB of sigumjang.

Color
pH
L a(redness) b(vellowness)
5.01 42.05+0.34 3.720.55 8.51x0.57
Table 40. Free sugar of sigumjang.
g/100g
Z=Cch Fructose Glucose Sucrose Maltose Lactose
976 0.40 7.85 0.29 1.15 0.08
Table 41. Organic acid of sigumjang.
mg/100g
Acetic acid Lactic acid
32.88 30.87
Table 42. Free amino acid of sigumjang.
pg/uL
Asp Glu Gly Ala Ser Thr
1235 6224 820 1346 1198 975
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Table 43. Determination of shelf-life in sigumjang steak sauce.
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Table 44. Determination of shelf-life in sigumjang jjeuyu.
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A5A ANa% F2E9 Mg &4 screening

1 A28 289 2984 37 ¥H

7F. B-glucan &% 57

B-glucan =2 B-D-glucan enzymatic assay kit (Megazyme International Ireland Ltd.,
Wicklow, Ireland)& AF-&3to] =733t

Y. ZEdE 3F SA

% Z9 ¥ = = (Total polyphenol contents)i= Folin-Denis W wal =Ast}. 1
mg/mLE %55 ZA3% A5 0.2 mLel IN Folin-Ciocalteu’s Regent(Sigma, USA) 1 mL
S 92 5 Ao 3 WESAIFTE RS o] 10% NaxCO50.8mLe 2o A-2ofA 1A
A F, 765 nmoll A FEEE SAGAT. T E9HEY FES gallic acid(Sigma,
USA)E ©] &3 E+-3Ho =5 AEstdth

t}. DPPH radical 2A% A

DPPH radical 4275 Blois Hel wel SA3AY. v ¥=2 A% A8 01 mLel 0.15

mM DPPH €9 0.1 mLE 7}8le] A-2oA 30&7F w+3-A17] 518 nmollA &3 =E ZAH3)
% th DPPH radical 47152 Al53 7k 9 A8 379 Afol& W& = el

DPPH radical scavenging activity (%)
=1 - Ns H7HY §F3% / AsEFH7e F345)] x 100

g AT FEEY & Axd A 54 F7t

FEEY AMEo 3 ZA Hrbe= MTT assay® AA At vl 3T3-1L1 cellE 96-we
1l platee] Z+ well & 1><104-°4 cellse 100 plLA #F3}e] 37T, 5% COsincubatoroll Al 24 Al
b &t ekt o3 s HE ARE 54 % DMEM 150 uL& v & wgsiaitt. 24
2} > 25 mg/mLA MTT (3-(4,5-dimethylthizol-2-y1)-2,5-diphenyltetrazolum-bro
mide) %‘31% ZF welloll 15 uL® A 3te] 37T, 5% COsincubatorol Al 4 A| 7+ F¢F wjj ok
t}3, DMSO 100 pL& #H7}sle] A ¥ formazan 28-S &34 570/620 nmol A &%

S SASAY Ax 542 dxz2atel digh MEs =2 vuske]

>
)
jus)
=
O

ul, A F5E 9 B16F10 melanoma cell® tyrosinase &4 o] v X & 3

E] 2 Al yolA] &A] (tyrsinase activity)< Z=3HL-DOPA)S} E]l & A ypo}A] (tyrosinase)?] Wk
ol o3 A== =1 F(dopachrome)®] Fs M A AEFsto] A5 H7be]l mE HE
AltpolAle] &4 WatE AU 7Sl ¢zl el weh Als ®H ded A4 X
=49l a-MSHe} A 72417+ FQE]H B16F10 A3 lysate o, L-DOPAE 3X3&sk 7]4
(2% NN-dimethylformamide in 100 mM sodium phosphate (pH 7.1), 5 mM L-DOPA in
100 mM sodium phosphate (pH 7.1), 20 mM MBTH in H20)& 7}38ted, 30 £7+ 37°C A
HES- 2171 3 505 nmoll A FF =S =AH s}
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2. AN FEE AYEH 37 24

7}. B-glucan & A

Aad FE229 B-glucan FFS A A9, 755 JTA &2 A+8 F=E(CON)
L 0345 g/100ge] StFEo] AP F 3 dF2 A F3 7

SM-26, SM-40¢] Z}7z} 3532, 2202, 3.315 g/100ge] graFe] HAEAG. HPH o+
(Aspergillus oryzae)= HEAZ ANad F5ES 45 0426 g/100ge.=2 &
T o] AE AoR Yyt Algde HYSAR Axye FRE HETA

of ot el = Ae® @e Ak Badr gk 53] B-glucand PN, Fd
s TdE 7lsAdel dig A7 demE AFFY F8 Vs EHoE AlsH

’

Table 45. B-glucan contents of sigumjang extracts.

2/100g
CON S-23 SM-26 SM-40 SAO
B-glucan  0.345 3.532 2202 3315 0.426

Y. 2sE 3 4
rEe dFR Axd AsF FERY EYdE FEs 2Ae 2d, 498 4T
g FEE0 Y B EYdEes FHet de A

(Aspergillus oryzae)= La Az A&
o2 yeiuton, #E3 TR AxT Algd FEEQA S-23, SM-26, SM-40 2 TFE

JEotA F2 Ala5d FE=E(CON)ll v3] & Zol7}F gl A= YErs:

70 1

40

Polyphenol contents (GAE pg/mL)

CON S5-23 SM-26 SM-40 SAO
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Fig. 65. Polyphenol contents of sigumjang extracts.

). DPPH radical 24% &4

HEg dFE Axd A FEES s @S B4 An, Fd9H oF
(Aspergillus oryzae)= T a2 Alad FEE0] 7MY =2 ditst @48 71X = Ao=
velgorn, g T2 Ax3 A5 FEEQA S-23, SM-26, SM-40 2 #TE HE S
A &g Alad FEECON) vls) & Aol7t e Ao® e

100

80 +

70 1

60 -

50

20 -

10

DPPH radieal scavenging activity (%)

10| 5 |25|10| 5 |25|10| 5 |25|10| 5 [25|10]| 5 |25
$23(mg/mL) |SM 26(mg/mL)|SM-40(mg/mL)| SAO(mg/mL)

CON(mg/mL)

Fig. 66. DPPH radical scavenging activity of sigumjang extracts.

% AEF 22EY G AT UE 54 B
FE ol AxF ANFY FEEY FITAHE Lolny] s, #FE

Alg% FE5E(SEL), 2812 Bacillus amyloliqueficiensE 7 53o] Al
A} o ol

st Al 5 FEE(SE2), 494 52 Aspergillus oryzaesS FE3ste] A Z3 /\]u% ==
E(SE3)E W LAEMT-29), FFAMAE(Hepa 1clc?), 3 F <A E(B16F10)9 ﬂﬂé‘}oﬂ }
o)

i
A 4 oAl ARE AAAUG. 0 A, AFY FEEE DIPARMT ), BeA
: oasok—g— Fe oz vedd 778 4

Z3lx e A N Bacillus amyloliquefacienss 3}

o =
Az AFH FEEOE2)I FAA d59 Aspergillus oryzaes FEsEo] A X3 Al5%
FEE(SE3)°] & M A& ¢ & dFS = o= ey
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120

Cell viability ( % of control)

CON SE1(pg/mL) SE2(ng/mL) SE3(ng/mL)

Fig. 67. Effect of sigumjang extract on cell viability.(HT-29)

120

Cell viability ( % of control)

CON SE1(pg/mL) SE2(ng/mL) SE3(pg/mL)

Fig. 68. Effect of sigumjang extract on cell viability.(Hepa 1lclc7)

120

100 -

80 4

Cell viability ( % of control)

CON SE1(pg/mL) SE2(ng/mL) SE3(ng/mL)

Fig. 69. Effect of sigumjang extract on cell viability.(B16F10)
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Z 5 9] B16F10 melanoma cell® tyrosinase &4 m X+ I F

TE5 ol&ste] Axg NG FE= vHEZES dolry] 9o, dF
|54 FZE5(SE1), 2852 Bacillus amyloliquefaciensS 73 %E3te] A
FEE(SE2), HdA w79 Aspergillus oryzaeS FE3sFe] A Zxd AFH F&
B16F10 melanoma cell o] 23}l tyrosinase @A A=S el 1
HESHA F2 A% F==(SED), w852 Bacillus amyloliqueficienss
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Fig. 70. Effect of sigumjang extract on tyrosinase activity.
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A6d AFY FEE Fuw 2R Bt

Preadipocyte Adipocyte

FAS, ACC, FABP4, Perilipin

/ l Adipogenesis gene
7 —_— -1
C/EBPJ \ PPAR-y Adiponectin, GLUT4,

C/EBPa

Fig. 71. Effect of sigumjang extracts on 3T3-L1 differentiation.

1. Ale%d 289 3 23 971 B9

7} NBRE 22 U T in vitro AT B W

(1) 3T3-L1 AAFAES] g 2 AHES Fr =

3T3-L1 AX "E7F 1x10°cells/ml 91 suspension& NS wEo] 6 well plated] 1ml 2
plating3dlte] wjeFatt}, 2-3Yo] FHA 5% FBS7F 38 A2 DMEM Hjfef oz uly
F. 3749 5 AX7} confluent7} ®© F o]E who] E3uX(DMEM vl <&Hol 5Sug/mle]
insulin, 0.25 uM Dexamethazon, 0.5 mM IBMX7} H7l¥ wjA]))E A 2|ste] B35 A ZHA]
713 o]& % feeding medium(DMEM wjFelof 5 ug/mlel insulin®t ¥3$HH #jx]) S 2 )X
2 Zol = F 299 3H A AL feeding mediuml & ZolFH A XS E3pA 71tk E3}

WA A g 5 100 HH 90%0] o] AWAER E3hetA
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Differentiated

2 (-4) days 3 days 2 days 2 days 2 days

Plating = MDI medi Insulin medi Insulin medi Growth medi Growth ”
‘{’fx“l’cf‘;ﬂl&{f:{l; | DMEM(HG)+0%FBS | DMEM(HGH0%FBES | DMEM(HGH0%FES | DMEM(HG)10%FBS | DMEM(HG)0%FBS
l Insulin (10 pg/mL) ¢ Insulin (10 yg/mL) ¢ Insulin (10 pgml)

BDEhtazcme flO uhy Pioglitazons (10 pM}) Pw_htazm.. (10 uhg)
Dexa.meLh.asDne (1 uhi) i I
v v v v v
Treatment Irearment Treatment Irearment Treatment
with sample with sample with sample with sample with sample
PCR ORO staining
WB PCR
WEB
Early stage

Late stage
(2) AEXEAH &4
MTT assayt Aold& MAEY vEIZ=Z ol 94484 (dehydrogenases) ] 28l 2] s}
o] w=ghAle]l 4284 7]A el MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
~tetrazolium bromide, Thiazolyl Blue Tetrazolium Bromide)E ®.g}4 H]+84 9] formazan
AR o ® AN T = mEZEYold TS B4 FEWHoRE FAseE Aotk wj kgt
3T3-L1 cellZ 96-well plated] 7+ well & 1x10"9] cellsS 100 uLA ®F3}o] 37°C, 5% CO:
incubatoroll A 24417+ ¢t wWl%3 vg, 7t v M2 AJ8E §43 DMEM 150 pL& Hj
A& w33}, 244 7F v 3 25 mg/mLe MTTI[3-(4,5-dimethylthizol-2-y1)-2,5-diphen
yltetrazolum-bromide] €4S 2+ welloll 15 ulL® A ste] 37C, 5% CO. incubatorel A 4
A7 ok vkt oS, DMSO 100 uyLE #7Fste] BAH formazan A4S 83047 570/6
20 nmol A FF=E SAHT

(3) Oil Red O €94 ¥ Xtz FA

3T3-L1<& wjekst mjx & A A 3}3 ice cold PBSE A A3 10% formalin® = 220 A] 1A
b B9t AT, 60% isopropanolZ A H 3t ¢kdE] A=A ZIth 0.2% Oil Red O(in
isopropanol) @AAl k= 3023 AT SRR AlH e 100% isopropanols 3 7Fako]

oil dropletsE ¢ & 500nmolA] FFE=E =HH3c}.

(4) RT-PCR
C/EBPB, SREBP-1c, C/EBPa, Adiponectin, PPAR-y, GLUT4, FAS, ACC, FABP4,
Perilipin & A3t R 4 #d A= mRNA HAAEE Frtste] 759 vt
g9E HAFsht 2315 3T3-L1 cello] Trizol reagentS 2 ml ¥ 3l pipettingS 53] A A
sto] gaA7l g A ALS AASI, RNAS 5547 thg total RNAS F33t) Total
RNA¥ DEPC-waterE 7}3&}o] %Zﬂ/\] 713, 260nmol Al % =4 3 50 pg/ulE 3 A 5]
~70Cel| H#etHAl cDNA Aol o] &drh. =% total RNAY 10 mM dNTP mixture,
oligo dTE 4% i, Thermocycler 65 Tol4 5&3F ¥-3-A1 71t} o 7]9] 10xRT buffer, 20 mM
MgCl12, 0.IMDTT, RNaseout®] #7}¥ reaction mixtureS 3 7}ale] 42T oA 287F HHS-A|
7] a1, superscript MZS A 7}sFe] 42Co A 508, 70ColA 1587 ¥F3-Al# cDNAZS g4k
t}. o17]o] RNase HZ superscript e} THF o2 H7lsle] dolads= RNAS A A3k} &
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A¥ cDNAT 15 wA 53k -20Co R #stAaA PCRAET AFESth PCR HH8-S 9
Sk reaction mixturei= MQ-water, 15 mM MgCI2E& X3$3st= 10XPCR buffer,
sense-primer, antisense-primer, 2.5 mM dNTP mixture, Taq polymeraseES 7 7}ste] A%
Stth, cDNAO] reaction mixture® % 7Fste] &3+3t & Thermocycler & ©]&3le] FZ3ht),
PCR productsi= agarose gel oAl 79533, GelDoc-It imaging system®} image
A gkt

l
i

acquisition & analysis softwareZ ©| &3 H]

(5) Western blot

C/EBPB, SREBP-1c, C/EBPa, Adiponectin, PPAR-y, GLUT4, FAS, ACC, FABP4,
Perilipin & A3t 9@ %24 #A AAE9 protein HHFEE Hrlsl 59 gugk
EHE AFdrh 38 3T3-L1 celld] WS Al A8t PBSE A& gk %, RIPA buffer
5 150uL #7Fslal scrappingste] @ 30w 3F W gt} 4T, 14000rpmoll A1 203 4]
walsle] de A5 NS BCA (bicinchoninic acid) protein assay@® ¥ d A #Fslo], 0.3pg/
plel  w@wESs 10% SDS-PAGE(sodium  dodecyl — sulfate-polyacrylamide — gel
electrophoresis)oll Al A7|9E3ste] E3td. FEgd @z e PVDF(polyvinylidene
difluoride) membrane®l trasferdt th 1A]7F &< blocking(5% skim milk in 1xTBST) g
th. Primary antibobyE % 7Fsted 4CelA over nightd ts 1xTBST® 15%%F 33
washing3lil secondary antibobyE 3 7Fsto] A 2o A 2A]7F #H§-A171 & 1xTBSTZ 15%
7t 33] washingdte] =S5 3ol 2 A st}

=

U Alg3d WF L A FE2EY 38T in ivo EF HIT B

(1) AFEE 2 Ao

oA AEE AREES SAATVIZE sdg 457" C57BL/6JAl Z (Charles River
Laboratories, Tokyo, Japan) 2.2, 157d &<F &4 5171 & HdA|Fo] FASIES
¥ ¥ (randomized block design)ell ©]&] ettt A3 &= steel cages o] &3t Zb Ao~
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(4) Oil Red O €4

Z2S 8-10mm FAZ cuttingdte] slide glassol #9°]3 formalin® = IAGAZIth o]E 52
= =94 1083t washingdt $, 60% isopropanol®] washingdlal oil red 15%
AM3ITE 60% isopropanole] washing 3lil haematoxylin®.® S M3 3 ZF[HER

washingdlal mount &} dwn]7 oz #zsit)
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Fig.72. Cell viability was examined in 3T3-L1 preadipocytes incubated with SEs
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(1 mg/ml) for 24 h in growth medium in the absence of MDI and analyzed by
MTT assay. Blank means not treated. Control means reagent control. SE1 means
extract of naturally fermented sigumjang. SE2 means extract of sigumjang
fermented with B. amyloliquefaciens MFST. n.s. means not significant

(2) AgFd FEE9 3T3-L1 AXE AWEFH vxe= 9F

FE5 HESA FE AFH FEE(SELD), 82 Bacillus amyloliqueficiensS 7€ 3}
oq et A AR ESEDe] ST3LL AL AwEAd WAL 2B A £AE 2
7 Img/mL XA FolHoz AEAS AA = o2 YERT
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Fig.73. Effect of SEs on adipocyte differentiation and lipid accumulation. (A)
Two-day post-confluent 3T3-L1 preadipocytes were differentiated with hormonal
inducers (IBMX, dexamethasone, and insulin) in the absence or presence of SEs.
After 3 days, all groups were replaced with growth medium with insulin for 4
days and then growth medium. After 2 weeks of differentiation, lipid accumulation
was detected by Oil-Red O staining. Representative photomicrographs (x400) are
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shown for each treatment group. (B) Quantitative analysis of adipocyte
differentiation, assessed by spectrophotometric measurement of Oil-Red O-stained
adipocytes. Values are expressed as mean*SD. Means with different superscripts
indicate significant differences (*p<0.05, #*#*p<0.01) compared to differentiated
blank cells.

(3) NEHF FEE9 3T3-L1 A X adipogenesis @ mRNA 23| v x& 9
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Fig.74. Effect of SEs on mRNA expression of genes related to adipogenesis
during differentiation of 3T3-L1 preadipocytes into adipocytes. Two-day
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post-confluent 3T3-L1 preadipocytes were differentiated in the absence or
presence of sigumjang extracts. Panel I is the early stage of differentiation (day
3). Panel II is the late stage of differentiation (2 weeks) (A) Representative
agarose gel electrophoretic patterns of PCR products are shown. (B) mRNA
expression of genes related to lipogenesis in 3T3-L1 cells was semi-quantified by
RT-PCR. Densitometric signal ratios of molecules to internal control
(glyceraldehydes-3-phosphatedehydrogenase [GAPDH]) were analyzed. Values are
expressed as mean*SD. Means with different superscripts indicate significant
differences (P<0.05) compared to differentiated blank cells.

(4) AFF 559 3T3-L1 Al ¥ lipogenesis #d mRNA 2dd mX & G3F
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Fig.75. Effect of SEs on mRNA expression of genes related to lipogenesis during
differentiation of 3T3-L1 preadipocytes into adipocytes. Two-day post-confluent
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3T3-L1 preadipocytes were differentiated in the absence or presence of sigumjang
extracts. Panel I is the early stage of differentiation (day 3). Panel II is the late
stage of differentiation (2 weeks). (A) Representative agarose gel electrophoretic
patterns of PCR products are shown. (B) mRNA expression of genes related to
adipogenesis in 3T3-L1 cells was semi-quantified by RT-PCR. Densitometric
signal ratios of molecules to internal control
(glyceraldehydes-3-phosphatedehydrogenase [GAPDH]) were analyzed. Values are
expressed as mean*SD. Means with different superscripts indicate significant
differences (P<0.05) compared to differentiated blank cells.
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Fig. 76. Effect of SEs on protein expression of genes related to adipogenesis
during differentiation of 3T3-L1 preadipocytes into adipocytes. Two-day
post—confluent 3T3-L1 preadipocytes were differentiated in the absence or
presence of SEs. Panel I is the early stage of differentiation (day 3). Panel II is
the late stage of differentiation (2 weeks). (A) Representative patterns of Western
blotting are shown. (B) Quantification of protein levels of genes related to
adipogenesis in 3T3-L1 cells are shown. Densitometric signal ratios of molecules
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to internal control PB-actin were analyzed. Values are expressed as meanzSD.
Means with different superscripts indicate significant differences (P<0.05)
compared to differentiated blank cells.
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Fig. 77. Effect of SEs on protein expression of genes related to lipogenesis during
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differentiation of 3T3-L1 preadipocytes into adipocytes. Two-day post-confluent
3T3-L1 preadipocytes were differentiated in the absence or presence of SEs.
Panel I is the early stage of differentiation (day 3). Panel II is the late stage of
differentiation (2 weeks). (A) Representative patterns of Western blotting are
shown. (B) Quantification of protein levels of genes related to lipogenesis in
3T3-L1 cells are shown. Densitometric signal ratios of molecules to internal
control B-actin were analyzed. Values are expressed as meantSD. Means with
different superscripts indicate significant differences (P<0.05) compared to
differentiated blank cells.
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Fig.78. Changes in body weight of mouse.
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Fig.79. Oil Red O staining of liver
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Fig.80. Oil Red O staining of kidney
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Fig.81. mRNA expression of liver
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Fig.82. Protein expression of liver

G) AlEF WF R A FE2EY ZAYH| vt EH AR mA= F

axAelel Algd B AR vE FEes 2Ol s ¢

&, HDL =d=HE, LDL Zd=HE

HDL =@l E, LDL =dl&HEe 35 Aad Fees At 254 1 gol
s Ao YEtal, Aled & °f

102 et T4

A

2 FENE 2 agelA BE @
Aol aFol e gastt Ao Yuown ARgnt A WE 2EEA 1
ol o gads Ao ey

- 145 -

!

rr

N

Ay

—

ok




250 _ 200
2 =
S 200 1 E 160
of
& )
i N =)
E 150 = 120 4
3 o
PR I
= 100 4 - | 80 -
S =
50 a0
0 + T T T 0
Normal Control SWE SMWE mmaj Contr ol SWE S]\IWE
_ 50 140
2
& 120 +
E E
2 5 100
=) i o
= A S
3 2
4 ) 4
é 20 =
= 40 4
10 ~
i oy
0 - T T T 0 - T T T
Normal Control SWE SMWE Normal Control SWE SMWE

Fig.83. Total cholesterol, HDL-cholesterol, LDL-cholesterol and triglyceride contents
of serume

- 146 -




2
~J

N
>

v
_|>i
=
-y
3L
i
i
lo
i
<Y
tlo
o,
rx
0%
I
lof
pop
i)
o,
N

1. A HF F&2E9 4324 /7 25 53(in vivo)

7 A8F WFE FE2EY ¢34 /3 B3 in vivo &3 H7F 9

S

(1) Animal model® MZ %4
T4

oA AFE3E A= 659 £ ICR mouse® L dEnIo] QoA Fujsiion AF |
TA 2%(22+2°C)¢}F cage, AtEe Az HASAAT Y2 IFS UF*LI“(H A A}
L83, ¥ 2 Normal, &¢3Z&% 323k Control, SWE, SMWE & &3 & Fo 14
Al A Tt OFdmE F 40502 g NormalJJr Control:LE—S— A Z
A AZI U G B A T dFE Fol 1A% F Ady 248 HE5
nom, Ay 12A%F AFEH 24X A8 F== 500 mg/kg ol

(2) 91 8 9 (Gross gastric damage index)

9 Aol E4 ARE dotry] e =S A 9 =4S HE=5to] PBSel| AlH
stal 9 WH-o =9 95 SASAT &4 49 ovA JE AREste] A Setal it
e L zE e AT

3 8% ¢3& 7
Heart puncture® do4E AF3te] HS H3 T Quantitative Ethanol assay kit
(Roche)& ol&3ste] % dias s:5 49t &3 60uLel 4x& whg &3
ImLE 7}3k %, 3%-5 spectrophotometerE AF&3Fe] 340nmolA FH=(ADE
Alel ADH suspension 17ul ¥ 3 A2oA 10% % 340nmolA JTH=
(A2-Al)-Blank(A2-Al1)Z AF=3FA T}
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(4) ALDH (aldehyde dehydrogenase) &4

ALDH &2 acetaldehydedl Al acetateE AAd3t= @42 NADOA NADHE AAst=
HAgE o] &3ttt (Koivula and Koivusalo, 1975). SF5 840y, 1M Tris-HCl buffer (pH
80) 120pn, 20 mM NAD+ 40p, 0.1 M acetaldehyde 40 p, 3.0 M KCl 40p, 033 M
2-mercaptoethanol 40y, A& 40p & =33k & 25T A10%3F wHs-A]7]22 ALDH (1
unit/ml) 40p & H7}3k - Hbggolo] 40p o] HEE FAH3}o] cuvetted] Wil 25T A 5
B2 oH] wjekst 3 587 340 nmoll A FFEe WslE =Asth olu HExTE A8
il SHTE AFESATE ALDH S4 A4 & b5 22 A& Agst

Zt =7 9] mRNA Hal?:ﬂ; EHAE T X &4 A RE A% HTF
AAE<! IL-183 ADHO mRNA &7
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A ato] 70Tl ®WastaA cDNA Fgol o &3 FZF% total RNACl 10 mM dNTP
mixture, oligo dTE %L, Thermocycler 65 TolAl 5&7F wk&-A]7ith of7]o] 10xRT
buffer, 20 mM MgCI2, 0.IMDTT, RNaseout®] % 7}¥ reaction mixtureE 7 7}ste] 42T
A 243 HESA 7] 3L, superscript IS #7Fske] 42Col A 504, 70CAA 1583 HH-8-A1A
cDNAE 343t} RNase HE superscript M9} S #Fo 2 H7Fste] wolgd: RNAEZE A A
a3l FAE cDNAE 15 w E53te] 20T Rastdr PCRAEF] AMS-gct. PCR W
#3t reaction mixture= MQ-water, 15 mM MgCI2E *x3}5t= 10XPCR buffer,
sense—primer, antisense—primer, 2.5 mM dNTP mixture Taq polymeraseE % 7}ste] A%
6“3} cDNA| reaction mixtureE #H7}slo] £33t & Thermocycler & ©]-&3Fo] FZ A7)

31 PCR productst agarose gel g4 779533, GelDoc-It imaging system®} image
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(6) H & E staining (hematoxylin and eosin stainging)
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(7) ELISA

gL -80°C o AAste] A&3FAth. TNF-a level> Multi-Analyte ELISArrayTM Kit
(SABiosciences, Frederick, MD)S %3] ELISAZ =#3&t3dtt. 7HeF8t A, mouse TNF-a7}
ARE mpolaR FHolEd AME YRS Fo] ALoA 243t v & washingdtal
314 gk mouse TNF- a antibody 100 pL& o] A-ZelA 1A%k vj&stal washing sl T
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e}
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Fig. 84. Gross appearance of the gastric damage area in mice. Effect of SME on
Ethanol induced histological image of stomach in each group was shown. (A)
Non-treated group. (B) SME treated group. (C) Ethanol lhour treated group.
Severe hemorrhagic injury was seen gastric mucosa. (D) 1 hour treated with
SME before ethanol administration. Gastric damage area reduced. (E) 1 week
pretreated with SME before ethanol administration. (F) Ethanol 4hours treated
group. (G) (H) 1lhour, lweek SME pretreat group before 4hours ethanol
administrations. (I) Histological damage index was quantified by image J (x10).
SME: sigumjang meju extract
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Fig.85. Effect of SME on Ethanol induced histological image of stomach in each

group was shown (x10). SME: sigumjang meju extract.
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Fig.86. Effects

of SME administration on serum ethanol concentrations

in

ethanol-treated mice. Mice were administered SME (500 mg/kg) for 1 hours and 1

week prior to oral administration of 100%

ethanol. At 1,4 hours after ethanol

administration, blood ethanol were measured. Data are mean_SEM values from

five mice per group. Data were expressed as the means+tSD (n=5).
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Fig.87. Effects of SME administration on hepatic alcohol dehydrogenase (ADH)
activity in ethanol-treated mice. Mice were administered SME (500 mg/kg) for 1
hours and 1 week prior to oral administration of 100% ethanol. At 1,4 hours after
ethanol administration, Serum ADH were measured. Data are mean_SEM values
from five mice per group. Data were expressed as the meanstSD (n=5). SME:
sigumjang meju extract.

- 152 -




d ol A

o

A

&
=

SATH.

Skl

5t

I

A

=

=

1

L.

I TNF-a ELISA

1<

H5#H mRNA @ =X
dotr 7] 9

=

=

&l

[

HE-g-A]

G) A=

Abeohal
4hrs

(B) RT-PCR of
necrosis factor-a;

Aleohasl Thr

B T AW B R ] _
BN T o M- =4
SO TR NI N
BT TN g + g
o —~ : ” z
R G L -
Efﬁﬁ%ﬂo_E%Aﬂ =k
R T T (B
IR RO ___E
R H o M_.ﬁ m ,.m.L o E
— * 1
e ;OL N Ot it
o 2 < N 63 ;
YT L I —
TN i sy PR ~ X " =
ctoPoapeds o — m—
o) dl 1_.:._ e 7] =7 i
EE%ET%uom%wﬁ .
- B o 5° -
T r P~ |
X oy .&l MJ - 17_A| @W ol fof ——
Bho TR L
T o ol o ofF o= i i (%) [041u02 Jo oney
2SS _____ [HF
oy M = " it|3
OE . — ‘mer 0 ﬂ,ﬂ Jﬂ_ H%u = "
CERT No .0 gy ~ ; a_ z
” . oﬁa Bn 1oH N B c
Lol B oW oy N 3|s
DA LEPT LA R
IR B ’
0 T T )]
Pe By -
o BT o g W i 5
VI S s s 2883 5 os :
—_ | o) T fn S _rE [ (1010 85 ) m- AN I HE
TP REE < :
pRE T o
< 0 X Gy
(s I - S e .
o R AR z
0 N fall Z
s & % b Ne %x - °
AR I W X Z
e e
T ew T w0 5 f
TR ~a N o -] - g
o ™o SN R AR T

immunosorbent.
TNF-a tumor

xxx p < 0,001, ** p < 0.01, * p < 0.05 versus control
- 153 -

sigumjang meju extract;

SME:

Fig.88. Effects of SME on ethanol-induced inflammatory mediators. (A) TNF-a
IL-10:interleukin 10.

inflammatory related gene TNF-a, IL-10 expression in the liver tissue treated
with SME (500 mg/kg) and ethanol at 1, 4 hours. (C) Relative control Values are

level was determined using enzyme-linked
presented as means+SD.

group.
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Fig. 89. Effects of SME on ethanol-induced inflammatory mediators. (A) RT-PCR
of inflammatory related gene ADH, IL-1B expression in the liver tissue. (B)
mRNA expression was semi-quantified by RT-PCR.
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Fig. 91. Appearance of marinated pork loin with sigumjang. 0 day means
nonmarinated normal pork loin. 1 day~14 day mean marinated pork loin with
sigumjang during the days at 4C.
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Table 46. Changes in surface meat color (L*-, a*-, and b*-values) of marinated
pork loin with sigumjang during storage at 4TC.

Color
Storage days
L{lightness) afredness) b{vellowness)

0 46.09+1.39" 15.51£047° 4.3810.40°

1 31.52+0.82% 12.2140.56" 9.87+0.31"

7 30.8212.57° 957077 825+041"

14 33.541£1.03° 9.3840.33° 8.02£0.55"
All values are mean+standard deviation of three replicates.
ar dMeansinthesamecolumnwithdifferentcapitallettersaresignificantlydifferent( P <

0.05). different (P<0.05).

(2) A= =4 AASH(ZDAESY pH, otV =& 4, MFI, VBN W3}
ANFgoz 4% @A a7]9 pH, otvl=eld 4, MFI, VBN ®3lE =43 A3} pHe} o}
Ml dae S0 wel Srksks Ao® UEwal, MFIE sAd wel $A7F 7 A4ske
Aoz yebytth VBN 44 A6 wE Wt gls 3lox A I

Table 47. Changes in pH, amino type nitrogen, MFI, and VBN of marinated pork
loin with sigumjang during storage at 4TC.

Storage days pH Amino nitrogen (mg%o) MFI value VBN (mg2%o)
0 5.31 280.28 47.33 5.6
1 5.38 371.37 36.20 5.6
7 5.41 378.38 35.40 5.6
14 5.48 462.46 34.73 3.6
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(3) AlIFF 549 & HAASA(ZMAEFS cooking lose, texture ¥ 3}
ANegao 7 =A% A7) cooking lose, texture W3S =43 Ay} A|l54S A7 s1A
eFe 2ol vl AledS HEd 1F°] cooking lose’t A2 Aoz YElATH Alad 54

Jo] we} cooking lose= Hap F7lel= Ao R ZAE QT

Table 48. Changes in cooking lose and texture of marinated pork loin with

sigumjang during storage at 4TC.

Texture (Dyne/cm®)

Storage days Cooking lose (%)
Strength Hardness
0 26.12 71044 192530
1 2043 88914 221178
7 2287 144703 330371
14 25.22 122038 246542
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Fig. 92. Changes in amino acids of marinated pork loin with sigumjang during
storage at 4°C. Vertical bars indicate standard deviations. Means with different
superscripts are significantly different (p<0.05).

- 160 -




)
{i
o
N
rL
=2
)
>
H
o3t
=
}—A
N
e
o~
Ay ¢
o,
>
~Y
i it
X
=
)
1o
&l

Table 49. Sensory evaluation of marinated pork loin with sigumjang during

storage at 4TC.

Storage days

Items
1 7 14

Color 4.85+0.80 4.92+0.76 4.77+0.93
Flavor 4.69+0.85 462+1.12 4.85+0.99
Taste 4.77+£1.09 4.62+1.04 5.08+£1.04
Texture 4.38+1.04 4.69+0.85 4.85+1.14
Tendemess 431+1.03 4.77+0.73 4.69+1.03
Juiciness 4.46+1.27 431+0.85 4.54+1.13
Overall acceptability 4.77£1.01 4.54+0.97 4.85+1.07

All values are meantstandard deviation of three replicates.
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Table 51. Sensory evaluation of bulgogi sauce with sigumjang.

1 2 3 4
Color 3.42+1.10 4.27+104 4.38+0.70 5.08+1.16
Taste 3.42+1.03 4.08+1.16 458+0.95 4.65+1.35
Flavorr 3.50+1.07 3.81£1.17 458+1.14 4.23+1.07
Texture 3.19£1.30 4.00+1.36 4.46+1.17 4.35+1.52
Overall acceptability 3.23+1.14 4.04+1.11 4.54+0.99 4.69+1.52
AR /2
7k Al
O A= Ala% w5 800g, 20% A~=%&E 3L
O WH : AFe] &xmgt &7l AlaF WFE 800g B, 20% = AxF LAwE LE A
9l & HojEeh AMEd oA 2-3F3F HaAzl § Ee B
L Ale T 224t
O A= Aad g 23, & 33, 4% 13, 3 4, &3 14, B4 1tsp, €A 134, 7t
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Current State and Physicochemical Characteristics of Sigumjang in Gyeongsang-do

Sigumjang made with barley bran is a traditional fermented
food in Gyungsang-do area. Appearance, tastes and flavors of
Sigumjang differs from doenjang (traditional fermented soybean
paste). Manufacturing method of Sigumjang is not standardized
so far because it is made so differently by region. The aim of
this research is to suggest the basic information for
standardization of Sigumjang through investigating
characteristics of Sigumjang. 19 kinds of Sigumjang and 14
kins of Sigumjang Meju (S-Meju), which is a doughnut of
dried fermented barley bran and serves as the basis of
Sigumjang, is collected from Daegu and Gyungsang-do area.
S-Meju is made differently by region from baking directly the
dough of barley bran or after steaming the dough. Additional
ingredients for Sigumjang are various by region and east side
of Gyongsang—do showed a tendency to add various additional
ingredients to Sigumjang. Physicochemical properties of
Sigumjang and S-Meju were investigated. pH, acidity, moisture
and crude ash contents of Sigumjang were 4.37-5.99, 0.6-1.6,
41.30-72.19% and 2.30-9.429 respectively. pH, acidity, moisture,
crude ash, crude fat and crude protein, contents of S-Meju
were 5.52- 6.48, 0.2-2.1%, 7.75-19.30%, 3.01-8.01%, 0-12% and
20-56% respectively.
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Isolation of Strains of Microorganism with High Enzymatic Activity from Sigumjang
Which Is a Traditional Fermented Food in Gyungsang-do Area.

Sigumjang made with barley bran is traditional fermented food
in Gyungsang-do area. Appearance, tastes and flavors of
sigumjang differs from traditional fermented soybean paste.

Sigumjang is characterized by shorter fermentation time, lower
salt contents and lower order compared to doenjang.

Manufacturing method of sigumjang is not standardized so far
because it i1s made so differently by region. The aim of this
research is to suggest the basic information for standardization III“"“““
of sigumjang through investigating strains of microorganism

with high enzymatic activity from sigumjang. We investigated
the enzymatic acitivity of 19 kinds of sigumjang collected from
Daegu and Gyungsang-do area including Pohang, Gyeongju,
Seongju, Goryeong, Cheongdo, Uiseong, Yeongcheon, Gunwi,
Gyeongsan, Changnyeong, Hapcheon, Geochang and Sancheong.
15 strains showed high hydrolysis activity of cellulose, starch,
protein after measuring 40 strains collected from the 19 kinds
of sigumjang. Finally one strain of S-23 was selected through

checking enzymatic activity of cellulase, amylase and protease.
S-23 was identified as Bacillus amyloliquefaciens subsp. based
on its 16S rRNA sequence analysis.

Isolation of strains of microorganism with high enzymatic activity from Sigumjang
Meju

Sigumjang Meju is a doughnut of dried fermented barley bran
and serves as the basis of Sigumjang. Sigumjang is traditional
fermented food in Gyungsang-do area. Appearance, tastes and
flavors of Sigumjang differs from Doenjang (traditional
fermented soybean paste). Sigumjang is characterized by
shorter fermentation time, lower salt contents and lower order
compared to Doenjang. Manufacturing method of Sigumjang is
not standardized so far because it is made so differently by
region. The aim of this research is to suggest the basic
information  for  standardization of Sigumjang  through
investigating strains of microorganism with high enzymatic
activity from Sigumjang Meju. We investigated the enzymatic
acitivity of 14 kinds of Sigumjang Meju collected from Daegu
and Gyungsang-do area. 13 strains showed high hydrolysis
activity of cellulose, starch, protein after measuring 51 strains
collected from the 26 kinds of Sigumjang. Finally two strains
of SM-26 and SM-40 were selected through checking
enzymatic activity of cellulase, amylase and protease. Both of
SM-26 and SM-40 were identified as Bacillus
amyloliquefaciens subsp. based on its 16S rRNA sequence
analysis.
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during 3T3-L1 differentiation

Inhibitory effects of sigumjang water—soluble extract on adipogenesis and lipogenesis

Sigumjang made from barley bran is a traditional fermented
food found only in the Gyungsang—-do area of South Korea.
There have been no studies on the anti-obesity effect of
sigumjang despite its diverse Dbioactivities. This study
investigated the anti-obesity activities of  sigumjang
water-soluble extract (SE1 and SE2) during 3T3-L1
differentiation into adipocytes by measuring intracellular
expression of adipogenic markersand lipogenic markers.
Treatment of 3T3-L1 preadipocytes with 1 mg/mL of SEs for
3 days inhibited differentiation of 3T3-L1 cells, and the lipid
content of 3T3-L1 cells treated with SEs for 2 weeks was
significantly reduced as compared to differentiated control cells.
SEs inhibited adipocyte differentiation by suppressing C/EBPJ
and SREBP-1C expression in the early stage of differentiation,
followed by C/EBPa, PPARy, and adiponectin. These changes
in adipogenic markers induced inhibition of lipogenesis via
down-regulation of mainly FAS, ACC, and perilipin. In
addition, our study showed that the SE2 group, which was
treated with sigumjang extract fermented with isolated Bacillus
amyloliquefaciens MFEST, showed more significant inhibitory of
adipogenesis and lipogenesis in both early and late stages of
differentiation.
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