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Development of High Quality Capsule Meju
and Functional Fermented Soybean Products
Using Some Mixed Strains
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SUMMARY

we examined to develope the functional capsule type - traditional Meju(CM)
prepared with mixed fermenting strains to improve quality and to inhibit easily
contamination of wild molds(mycotoxin - producing fungi) originated from air and
soil in traditional Meju. CM was fermented in Korean red clay room(l step = 2
5T, RH 60%, 7 days) and in outdoor natural condition(2 step = 5~18C, RH 40~
70%, 30 days).

Development of Technology for Low Salt, Inhibition of Dark Browning and
Masking of Odor of Traditional Doenjang

1. Low Salt of Traditional Doenjang

Amino type nitrogen, reducing sugar, lightness(L) of Hunter color index in CM
doenjang(CMD) was higher than those of control doenjang. Change in color of
CMD was not shown at low salt concentration. Vible cell bacteria of CMD was
slowly increased at low salt as compared with control. Nitrite scavenging activity,
hydrogen donating acivity and fibrinolytic activities of CMD was accelerated and
antibacterial activity was effective in order of E. coli > Sta. aureus > Sal.
typhimurium. CMD prepared with Korean medicine herbs(Group II) could be a
good CMD in sensory score, functionality and low salt doenjang. Addition of 4%

alcohol distillary was desirable in storage stability of CMD.

2. Inhibition of Dark Browning of Traditional Doenjang

Addition of cooked soybean to raw CMD was effective to browing inhibition,
while chungkugjang and meju powder were not effective because of
browing—forming food components. The browing of CMD exposed with some
lights was delayed in order of incandescent light, fluorescent light, UV light and
sunlight. Removal of oxygen within packaging materials of CMD had a high

potential for the color improvement of doenjang during maturation and storage.

- viil -



3. Masking of Odor of Traditional Doenjang
Off flavor of traditional doenjang was decreased by the control of fermentation

period, meju size, ventilation of fermentation room and addition of maesil extract.

Selection of Fermenting Strain and Development of Technology for Mixed
Strain Addition in Capsule Meju(CM)

1. Selection of Fungi in Outer Layer of CM
Adequate molds in outer layer of CM was found to be the yellow Koji
Aspergillus oryzae, followed by  Rhizopus  japonicus and  mycelial

mushrooms(Flammulina velutipes)

2. Selection of Bacteria in Medium Layer of CM

Bacillus subtilis SJ-61, which had an potent chitinase activity, was isolated from
natue and identified by the morphological, cutural and biochemical properties and
then finally confirmed by GP-mocroplate identification. Optimal composition of
media for chitinase production were 2% colloidal chitin, 0.5% peptone and CaCl; -
2H-0 0.05%6, and initial pH 7.0, and then cultural condition were temperature 35C,
culture time 4 days and shaking speed 180 rpm.

3. Selection of High - Producing Bacteria of Antibacterial Substance

Bacillus subtilis HS-25, which was an high bacteriocin - producing bacterium,
was isolated from chungkugjang and identified by the identification procedure.
HS-25 bacteriocin showed a strong antibacterial activity against E. coli, Sta.
aureus, Sal. enteritidis, Pro. mirabilis and V. parahaemolyticus. Optimal cultural
conditions were culture temperature 30~40C ; pH 8.0 ; shaking speed, 180rpm ;
range of growth temperature, 20~50C ; pH range, pH4.5~10.5 and culture time,
24~36 hr. Basic medium were 1% soluble, 1% yeast extract, 0.5% peptone, 0.05%
MgCl; - 6H20O. Bacteriocin HS-25 for heat and pH shock was stable in the range
of 100C, 25 min ; pH 5.0~11.0.

Fermentation Condition and Standadization for Mass Production and
Biological Activities of CM

1. Effect of crushing degree of cooked soybean on fermentation of CM

,iX,



In growth of mold, cooked black soybean was more effective than cooked
yvellow soybean. Contents of total acidity, amino type nitrogen and reducing sugar

were increased by the increasing of crushing degree in cooked soybean

2. Effect of cooking temperature and time of soybean on fermentation of CM
Contents of total acidity, amino type nitrogen and reducing sugar were increased

by the increasing of cooking temperature and time of soybean in cooked soybean.

Hunter color value(L) was increased in proportion to cooking time and

temperature.

3) Effect of meju size of cooked soybean on fermentation of CM

Contents of total acidity, amino type nitrogen and reducing sugar were
increased by the decreasing of meju size. Hunter color value(L) was increased in
proportion to meju size. Major components of inner CMD was higher than that of

outer layer.
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A1 ABFF AGS, W 2 A lEe

1. 837 ALs 7s

o AYAR 2 B

= o

) 24348

MeF AXE 93 F= [Glycine max (L.) Merrill] 20013 7FSo
gk Hd FEES, TS <A 2 BA> AFATe wet gy s] oA EgEr
Aspergillus oryzae®t AF A= EEd wHZANES AAMSE 1ET Bacillus
subtilis HS-255 AFg3stdnt. AEQA AT Bacillus cereus KCCM-11204,
Staphylococcus aureus R-209, Micrococcus roseus JAM-1295, FEscherichia coli
ATCC-25922, Sal. typhimurium TV-110, Sal. enteritidis KCCM-1202, Pro. malabilis
KCTC-2433, V. parahaemolyticusE AF-&3tR o, vix]= LBullA|o] AEF4A #+5
o] ®iFHd 5009t 0.7% soft agar 7 mLE £33dle] =3 LBH AR S A&
o}

2) AgaF9 A=

o FxE 1241F B9 thg At Al AN -F-oF
) a2 & wFE AYstded, v dA A7+ 10x20%8 em(1600 mL) 9] =7
o s < TR AAs Wy S A43(EH) 2 dFs
vl sto] Ft(Aspergillus oryzae)S 0.3% F%(w/w)E L2A o] FA4= 1 cm
AR on, S5 dFE ATt g AEsHA Este] <Al 1 5 3A
>o| A A|F3 Bacillus subtilis SJ-61 A NS 05% FZ(w/w)EFstY] FAE 05
~ 08 cmZ ZH3Y PevFE AFSFI<ad 1-1>. 28 Y <A 1 g
SHA>NA AFTE wHELANE AetA st HAE Z”%ﬂoi g g -4
Bacillus subtilis HS-257tF w4 #AE 2% (w/w) & A7tstAch iz
A% dFE 4w AdYs v, 39z Z}?ﬂﬁié}"i AT sAl
THETEAFATLY] FEY BEHANAN 252 25T, §% 60%=2 vIFE 7d &

—

Z

ftlo

O S )



SPOFAE AR BulFl A TR TAse] ALgetglon], el
Ao AE ) FEe FAFEER TS BF AUe W AFAge) ¥, 7 L A 5
o o FL MAA gowA ABEY V1SS FANY AOE FEHHE 2F
o oFAlE el wh NAF B APA 2 ol <E 3-1-1>3 2o] 471§

Table 3-1-1. Composition of Korean medicine herbs for production of
traditional doenjng (I ~1IV)

Groups Korean medicine herbs
Cervrs nippon Temminck, Melandryum firmum Rohrb,
I Dioscorea batatas Decaisne, Cibotium barometz Z. Smith,

Polygonatum odoratum Drud, Glycyrrhiza uralensis Fisch

Lycium Chinense Miller, Cuscuta chinensis Lamark,
I Rubus coreanus Miquel, Torilis japonica Houtt,

Schizandra chinensis Baillon, Glycyrrhiza uralensis Fisch

Acanthopanax sessiliflorum Semen, Eunyale ferox Salisbury,
m Astragalus membranaceus Bunge, Glycyrrhiza uralensis Fisch,
Comus dficinalis Siebold et Zuccarini, Carthamus tinctorius Linne

Nelumbo nucifera Gaerther, Kalopanax pictum Nak,
\Y Epimedium koreanum Nakai, FEucommia ulmoides Oliver,

Polyporus umbellatus Fries, Glycyrrhiza uralensis Fisch

(1) el Az

“7h) W&l HS-258 ol &3 AdEd Ax" Fadth

(2) A FE29 A=

FEE 10709 47202 1}

Hr

zb o] kAl 900gE Hrbela 1207 o A
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Table 3-1-2. Formulation of water, medicine herb extract,

capsule meju

Meju
(Kg)

Salt solution
(%)

Total volume(#)
Extract( ¢ )

Water( #)

Group

7.5
7.5
75

19
19
19

4.0

5.0

2.5
1.0

6.5
8.0

fronl

(1) wiFel A=

Bacillus

oz

subtilis HS-251+5 X =49

= dskt

A

1

Gl
XO
BH

N

¥

#7stel

o

A7t

(2) ollg&

<

H7tsko] Azl

3) 43¢

o
)

A

7h) ol 3kst
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(1)

&

2o Aoty AX(105CT)H oz =48}
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A
i)

(2) pH ¥ =2t
pHE ¥4 10 goll 7/ 40 mE 7tste] wmhallstar o #ste] 50 M= A&

5k & pH meter® A&, FAEE oy 20 mE pH 830 & uwj7px] A&}
of 28%+= 0.IN NaOH®| F(ml)S = e ST
(3) =Wy 9 vk
Zo Ay Z2xH-2 ZFZF micro Kjeldahl® ¥ Soxhlet olHZ FEWHOoO =R
&) 3} S o

o
o
NSy
0
i
DO
3]
S
=
IS
fru
o2
ofo
ol
ol
N M
q
=)
2
o
o
—

nlS 38k

o g‘ =
Formol AA4Weo =2 A8l &d32 AL FA AL 0440}04 DNSH o =

g AMare 2 GAAEE 33 @AA17] & o33k FAle| chloroform-
methanol(2 : 1, v/v)EN 50 mE 7}35te] 33 F&E35l9] A& oW, 84 AL
FZ& A o] methanol-5F4(1 : 1, v/vV)E% Y 50 =S 7}3te] 5ColA F&3 o

S 420 nmolA THEE=E =

o,
ol
S
8
o

(6) AF7F
27be ®% 3 goll ethanol?}  ether 915 1 @ 22 412 &v 100 mLel
ga)8le], AAFS 2~3 W M7 F 0.1 N ethanolic KOH €92 ¢l& &4
o] & wi7kx] A At}

(7) W=
24 20gE M AMAFA(Chroma Meter CR-200)8] A tho] =24 w&
T, L, a, bats SAsAoH, olwf ALge ®mFE WA o] L, a b%}" 72+7} 89.2
0.921 % 0.78°] 21t}



(8) A w4k
HA& 3} Folch 9 (chloroform : methanol=2:1, v/v) 100 mS £33} 3
ot & AAFTAA HEste] 307F wRke e, NS FHAF FA F
/\] 711 5% sulfuric acid—-methanol 3 mlE 7}ste] H Zo ~E| 23} s}o] A Trether
o] GCE 4359

(9) Frelobn =4k
HA 5 goll SFFE H7ske 200 3143 o2 60TolA 30% Els
2 0.2 um membrane filter® Sep—pak Cis cartridge® o] #}3lo] olm| AR 7|2 &
Al st T

(10) 714k
B 5 goll TF4 50 ME H7beta vk e F A EE sl Ao A4A
N o] AR Z (045 gm membrane filter®t Sep-pak Cig cartridge] &2 =3A1z71 ot
4 HPLCE #4339t}

o

(11) Daidzein ¥ Genistein
nt 3 ©F 2 gol acetonitril 10 m¢, 0.IN HCl 2 mlE H7}ste] nwlksla
o]Z o33 S %53 ¥ membrane filter® o] ¥}3ste] HPLCE 2]t}

o

Q1
jutn)
N
fol
1
=
jutn)
i
=
=2
o
gin
o
P
[N}
N9
folr &L

T2 97189

(13) B+ % 24094
37178 ATt BT

, plate count agar®j®|] H¥ = =
TAo R e @ 10 goll FFF 100 ml

glato] Akt

Protease@4 =742 0.6% casein 7124 1 mLe &4 1 mL
35C, 30&7F w3271 thS, 04 M trichloro acetic acid 3 mLE 7}3&}
713 05 M NaCOs:¥ Folin phenolo.2 WAl 5 FRwE ZAste] vehfgich

M orlo de
—d

2 AAA

i



Protease 1 unite= %=
:d—

319 th a-amylase

7r WESAIZL wES-ed 1 mLo] HCIE 7}8fo] 11—8—% 24%1 1 1 , 0.005% iodine®} 0.05%
potassium iodines &gt HAH 10 mLE 7k % 660 nm°ﬂ"1 FHEE S

a-amylase 1 unit™ amylose-iodine complex®] blue color’} 10% #AEHE= EAHoR
394 t) Glucoamylased] FAZAHL 1% 84 AEd x&a42d 1 mLE 713
EIFUESAIZL & 0 &9 1 mLE # 3o 35-dinitrosalysilic acidell whE} Qb

A Fo] AT FE FAsA A Ao]2HE EANkgA AdE 3

&
k-3
S A=3 At Glucoamylased 1 unityE 187k 1 pM9 glucoseE A 3f
2

010 =l

r-(o
ol j& r_>.i

)

fr

B FE2E gk ofFAY AA S Gray 59 W FeR o,
TA2F9%5LE nn-diphenyl-f-picrylhydrazine(DPPH) 2| 3+9Al & o] &3lo] 516 mmell
S|

#7475 gol methanol ¥ hexane £ NS H7lste] 24X FE53 & 7494

FZAlA agar diffusion® o2 =43t B % paper disc(Z 7, 8mm)oll Al & -8 A
150 w® spotd tha &vlE 3] A7 FFulA ] el HEARAA 30~35
Toll A st HAdTe] AFANE JElW = clear zone®l A7(A 7%, mm)E
=43t A ).

(3) Ed&ales
ke ©HA 58 A dF Ao UAT FEI T JAEDS AN
o] 75l ARS8} T Fibrin plate= 0.1 g9] fibrinogen®} 50 mM Tris-buffer 15ml-&
E33te] 37T 7]l A flbrmog ng 43 &322 F petri disholl &+
thrombin 10 W& #H7}sle] WA & -$32 A Y. Fibrinolytic act1v1ty-4 3o guH
fibrin®l] A “gell Az HAAAR %Qﬂ% 2zt 10 02 loadingdr ¥ 37Co <A
A5

WS A1 A PJAdE clear zone2l FEAE(mm)e A7|E 438t YERN AT



U 4392 3 u

) HedFE o8& AHEF ML

A2 FA@B)NN A% Fwgozye R - 549 Bacillus subtilis
HS-257t57F A sk el @41 HS-25 (o]st HS-25)5 o] &3ate] Alxd e
S “Xﬂoﬂﬂm-” AL (AfEsr 21, 19, 17%)o] @3 A3 A= Ykt

7h AQd8d HS-259] o]3hsh4 A& 24
B. subtilis HS-257F7} A3+ HheE 2
[l

of eI E} Oﬂic—t— TS HES AES Al ZFolE e}
WA ekt WFE d5sts 27 94 Txo wetA "I de=rt A dFS
koo 219%, 19% % 17% G5 WFE G479 AEe] A EE=125~135

109~11.3 ¥ 82~89% 2= e pH, F4t: % 3
Aol #AGle]l BE APFA pH 6.2~73, FAEE 1.08~1.37(mL/g), &<
52.7~57.3%% YEIU 3L, pHA SIS} FAE AloldlA] fodS 28 7 gllth

ofu|d] AAE vzl vste] 3=r3t(A. oryzae) ¥ B. subtilis HS-25% ©| &
g AarT GFdA =4 JErE T dix2 = 480.2~597.3mg%, AEHT HgS
690.4~848.6mg%, ¥ WS e § B subtilis HS-255 A H7FsE A2
724.2~8434mg%E YElt. 32 TRy HerFE /\}&ﬂ F AP
Aok = vErET "8 A AwE }—ﬁ% HAES F ADFNANE 27
dIysTol A9 AgS wbx] ¢Fol Lt 31.86~-3248, agk< 5.13~596, bat< 15.1
5~16.925 YERIA T, dx=FdAM= I %:EE 21%, 19% % 17% =2 ZA sk u}
g2t 21% Aol a3t 9g2 7} 30.72, 6.15, 13.265 19% @5l &3
VAL 2887, 7.21 127755 19%A ol Ew3t T84 2583, 7.34, 12.354Edo] 4

FETL SRS Lgte] Wobd ©e Aol AL

o
! FEdES FHHST B 27
3

oN

b

ON

of

=

L a
279 A 27 dFEErt GSFE dukA o

FEANE 24x10° CFU/mlS JYERQAAT ERE H7Ae Z7p A4S vE
Aok 2 FHS HEIN F A FoME 2Tl vlste] dukAlTI FR 2
F7F ko e o] HS-25 HadS AH7} sl Ags 2o JAHE &3

= YERh AT



Table 3-1-3. Proximate composition of low salt doenjang prepared with
capsule type meju

Capsule meju Raw doenjang
Ttems Control (A. oryzaetHS-25") + HS-25
21%  19% 17% 21%  19%  17% 21% 19%  17%
Salt(%) 134 110 86 13.1 11.3 89 125 10.9 8.2
pH 6.7 6.5 6.8 6.2 6.4 6.2 6.7 7.2 7.1

TA(mL) 1.08 137 145 144 165 182 1.35 1.57 1.64

1(\4/(‘3)1““6 554 576 573 532 528 525 536 543 527

NH N ye00 5678 5973 6904 7602 8486 7242 7945 8434
(mg%)

RS(%) 091 074 048 1.2 1.6 14 1.1 1.3 1.5

Color 1. 3072 2987 2583 3248 3237 3198 3186 3234 3221
a 615 721 734 595 513 521 59 527 551
b 1326 1275 1235 1526 1515 1692 1652 1602 1579

"HS-25, Bacillus subtilis HS-25 ; TA, Total acidity(0.IN-NaOH mL / g doenjang)
RS, Reducing sugar

Table 3-1-4. Viable cell count of low salt doenjang prepared with
capsule type meju

Control Capsule meju Raw doenjang
Viable cell (A. 07‘)/2@6*1‘15*25*) + HS-25
21% 19% 17% 21%  19% 17% 21%  19%  17%
Bacteria
(x107CFU/mt) 1.9 95 24 1.2 4.7 6.8 0.6 35 4.2
Yeast
(x10°CFU/mt) 41 55 6.2 2.6 25 2.7 2.2 2.8 2.1

"HS-25 ; Bacillus subtilis HS-25

AevTs ol&3 Addde aagdAds S48t <3-1-5>° YerAt

24 9] Protease, glucoamylase & n-amylase@ AL HAEH|FZ o] &3 A F o

,11,



At zTgol msle] aadAdo] Egka, T AP FAME 27 A5 il wel
HAzRA & FAEA(Protease; 72.43~84.23, glucoamylase, 16.07~19.27, n
—amylase; 5.36~8.23 units/g)S YE W oY dEzFoAAE o T/l $SFE B

= AFTAAM Al TR BagAo] SUHEE AR S UrE‘rHJ?iD‘r.

Table 3-1-5. Protease and amylase activities of low salt doenjang
prepared with capsule type meju

Capsule meju Raw doenjang

Enzyme Control (A. oryzae+HS-25") + HS-25
(Units/g) 219% 19% 17%  21% 19% 17%  21% 19%  17%
Protease 12.39 35.69 52.48 64.56 6865 74.23 6b.36 7243 81.49

Glucoamylase  2.03 445 10.35 16.25 18.09 1847 16.07 19.27 18.65

n-Amylase 069 143 289 536 682 724 642 772 823

"HS-25 ; Bacillus subtilis HS-25

A o
RevFE o8 Addde] o 7Hx AYdde FAs] <& 3-1-6>
of Yeidth HevFE A 5 R I 7

2% 9% A@TE
]

64~76%, 61~70%9 =& FAS veEhA o, o
o

HewTE o8 AdAY FEE9 AEAAT AR g I S
<E 3-1-7>°] YeEAe. AEuFE AF3 F B4 AE 2FdAE HF G
o] Fxol ¥ 2 of ate] =& IS YeEd o, o

,12,



Table 3-1-6. Physilogical activities of low salt doenjang prepared with
capsule type meju

Capsule meju Raw doenjang

Control (A. oryzae+HS-25) + HS-25

Activities

21% 19% 17%  21% 19% 17%  21% 19% 17%

Nitrite scavenging
activity (%)
Hydrogen donating
acitivity (%)
Fibrinolytic activity

49 457 482 64 69 72 67 73 76

38 39 40 61 65 70 65 70 69

) 15 1.8 14 128 135 132 13.2 138 138
(diameter, mm)

Table 3-1-7. Antibacterial activity of low salt doenjang prepared with
capsule type meju

Antibacterial activity (mm)”

Bacteria Control Capsule meju Raw doenjang
(A. oryzae+HS-25) + HS-25

21%" 19% 17%  21% 19% 17%  21% 19% 17%

B. cereus 12 11 10 13 11 12 13 14 16
Sta. aureus 11 12 12 17 16 17 15 15 16
M. roseus - - - 12 11 14 12 14 13
E. coli 12 11 11 16 17 18 13 14 16
Sal. typhimurium 10 11 10 15 16 17 16 15 15
Sal. enteritidis 12 10 10 16 13 14 15 14 15
Pro. malabilis 11 10 9 16 15 16 13 15 13

V. parahaemolyticus 10 9 11 14 15 16 16 15 16

2 Concentration of salt solution, Methanol ext. 10mg / paper disk(8 mm)

,13,



2) LA E o] & AHdEF A=

ofAl FEES dWAES <& 3-1-8>3 2
Pt Zroll ¥ Aol 7t Qo F
T

2 P Qe ARAtel o)

Table 3-1-8. Quality properties of extract of Korean medicine herbs

Ttems Groups
I I m I\
pH 4.34 4.28 4.57 4.59
Total acidity(m() 11.96 16.91 10.64 7.01
Reducing sugar(%) 1.21 0.91 1.09 0.93
Crude protein(%) 0.29 0.58 0.67 0.41
Amino type nitrogen(%) 0.01 0.02 0.03 0.02
Hunter color index (L) 14.70 20.36 28.01 26.67
(a) 4.36 1.46 0.39 2.73
(b) 6.12 2.80 3.18 2.26
) gekR H7F | dvsA
(1) &
ARERE g okA] Al ~ANEY FEES 27 3 dAY F=(A580%,
B;38%, Ci12%)% uiro] g - 47 B3] s <28 3-1-1>3 2t}
AAAQA g+ gz @39 61.9%<F v 58.2%~61.9% H 9| ST,

,14,
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Fig. 3-1-1. Moisture content of low salt doenjang prepared with capsule
type meju and extract of Korean medicine herb as salt solution.
Concentration of extract : A, 80% ; B, 38% ; C, 12%.

CI:Control  [: 1 [0 =m0 [:wv

(2) pH 5 F2t

shibobz] H7b "o pH ¥ FAIEE S43 A9E <a¥ 3-1-2>¢F <
a8 3-1-3>3 2o AT 949 pHE dxz7 939 pH 5503 H|=a AL oF
ko A Hrtste FEEY R v Es 9% F9 pHE ¢S A
S UEUAY. A EE gzt 2% 3.25%0 Hlate] dukekx Hrp fEe 3.07~
370% W= wlSze gS YEhlilar, pHRskel At =wko] nlstA = gt

715,
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Fig. 3-1-2. pH of low salt doenjang prepared with capsule type meju

and extract of Korean medicine herb as salt solution.
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Fig. 3-1-3. Total acidity of low salt doenjang prepared with capsule

type meju and extract of Korean medicine herb as salt solution.
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Nz D4 062%0 BEe AR =4 Jegt<ady
3-1-4>. AM# 2 ANEl(066%~1402%) AT 2 A TR TH058%~1.07%)

R mgrow, 7 Fol QolHE @b FER HN&o] BL4E BUY I
o ol A Bl

0 |

0.0 L I
CONT A B C A B C A B C

Fig. 3-1-4. Reducing sugar content of low salt doenjang prepared
with capsule type meju and extract of Korean medicine herb as salt
solution.

[J:Control  [: 1 [: 0 [=W MW

GIEREE

@R A7 B Fo 2uMd gL S3stel <a¥ 3-1-5>9 v}
Bigth BET 24e 125%F deiglon AdT Age B zuwd ge
Z}7} 135%, 12.2%, 14.6% 2 143%E5 Wetdie] AMS Aegh ymA oAM= of

ok HrF A =AY FEFe AT A= <39 3-1-6>% 2
otz @3] =AW 59% oo Al ~ANTe] AT 6%~7%E
rote] EzTrT A2 =4 e
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Fig. 3-1-5. Crude protein content of low salt doenjang prepared with

capsule type meju and extract of Korean medicine herb as salt solution.
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Fig. 3-1-6. Crude lipid content of low salt doenjang prepared with capsule

type meju and extract of Korean medicine herb as salt solution.
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(7) ol =dl A
B FAARE Uelle obvlxd a4 IS FA4stel <29 3-1-7>
of Uebideh dixzT @7ge obvled dAFES 639.8mg%el wlske] dhkokAl A
7b Ao BE Al el M 640mg% oS YERAI ™, AT 5 AT (640~
685mg%)e] B Rt AN A V(670~798mg%) o] Aol A 1 grake] Edr)

0.9

\//%

0.6

Amino type nitrogen (%

0.3 |

\/%4
A B C

0
CONT

Fig. 3-1-7. Amino type nitrogen content of low salt doenjang prepared with
capsule type meju and extract of Korean medicine herb as salt solution.

[J:Control  [: 1 [: 0 [=w  [@:w

<39 3-1-8>% @R A7k B4 Fo 2uEd YYEE 24 95
of 584 W A84 ANETA] FWEE AEF Adolth Fueld W7t Bge
YT B vt g4 AWEE 2 Aol7h glo] WEAAY, +84 AWE
 AAHOR o} F BA vehgom, derFERY At FE 25 F B
desth 58 A 1E 2 AEe] @wekd A7 B4e F84 aumdel
e
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Fig. 3-1-8. Brown pigment content of low salt doenjang prepared with

capsule type meju and extract of Korean medicine herb as salt solution.
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Table 3-1-9. Hunter color value of low salt doenjang prepared with
capsule type meju and extract of Korean medicine herb as salt

solution.

Groups L a b
Control 31.72 +6.16 17.29
A 26.49 +6.51 13.90
I B 27.24 +6.51 15.14
C 27.71 +5.97 15.23
A 24.32 +5.06 10.64
a B 25.95 +5.13 11.55
C 27.05 +5.20 13.18
A 29.78 +5.95 16.57
m B 30.45 +5.90 16.72
C 30.55 +6.03 16.90
A 30.25 +5.81 16.83
v B 30.34 +5.93 16.93
C 30.04 +5.97 17.08

shiboba] HoF B Fo AWA =4S HESY <a¥ 3-1-9>9] e
Atk Fao AHake]l A v S linoleic acid’F A A A HAFE] oF 50%, oleic acid
7} 26%E A8l th. 18] i palmitic acid, linolenic acid % stearic acide =% A
A A 249 15% olstE 24A| 8kt

(2) 2o w2t

debd A7h B3 Fo feEohvnatel FFL
3-1-10>% 2tk % frelobulwat e A1, ALL, AllT 2 ANEe 2%
ol A Z+7} 434.47 mg%, 585.58 mg%, 543.82 mg% = 621.60 mg% e tET
B4 44679 mg%3 HlaE] B w2 I FS AlstaE B EA ek

AN

Ag A

hul

fr
A
H
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Fig. 3-1-9. Fatty acid composition of low salt doenjang prepared with

capsule type meju and extract of Korean medicine herb as salt solution.

] 16:00 [I] 18: 00 18:01 []18:2w6 [] 18:3w3

I Tl ANVTe BFE 621.60 mg%E T BARY o 158y =4 eyt
oA =+ AAL glutamic acid’} AEH A &gko} A
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T 2 ANT FAAFAAME 722 13068, 119.28 ¥ 13562 mg%E LERH ST

dopAl A7k B Fa U4 24

N,

A A <FEO3-1-11>3%

e}

o 1 pul o=
#2714k phytic acidg vl Este] F 9%l AEH Aoy e Tl webA
a5 A = Aol= Adsl yElwth 1 Foll A phytic acid, lactic acid,

butyric acid®] 3$FzFo] Z+zF 609~744 mg%, 118~1059 mg%, 0~332 mg% o2 A A
F71AF FEFY 96~99%E AAET. T FUIAME RS AL BEA]l 2,336
mg%= 7HE =okom  AMlv 2 ANV BEY &2 27 1141 mg% %
1,333mg% = tZ&79 1,392 mg%et FAHSH #kS YER AT

(4) Daidzein 2 Genistein

shbeka] A7l ©9] isoflavone ¢S ZAFSH A e <9 3-1-10> ¥
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<a¥ 3-1-11>¥ 2ok =7 @349 daidzein %2 150.69 pg/g Q1dl Hlste] A

O7(14443 pg/g)S At A 1T, AT 2

ANVT @3 7}

-
7}

152.34 pg/g,

164.74 pg/g 2 17076 pg/go & tx7H vt =/ YERStH(Fig. 2-11). Genistein 3%
& gz GANA 20544 pg/gol AEHJAoY Al F~ANVTe kA H7E #

Aol N 77}

7k 298.02 pg/g, 296.87 ug/g, 301.39 ug/g 2 299.46 pg/gel AEHO EE
Aol A dzFre 22 ghs e A oh(Fig. 2-12).

Table 3-1-10. Free amino acid content of low salt doenjang prepared with

capsule meju and extract of Korean medicine herb as salt solution (mg%)

Amino acids CONT I-B o-B m-B IV-B
Threonine 26.03 18.70 33.45 29.91 34.65
Serine 29.82 25.13 45.70 39.62 47.92
Glutamic acid - 10.56 130.68 119.28 135.62
Proline 35.91 37.44 38.15 38.82 41.02
Glycine 22.57 20.07 23.10 18.67 24.71
Alanine 63.36 63.66 67.43 64.34 77.12
Valine 37.11 35.71 38.14 33.96 42.05
Cystine 2.07 291 1.26 1.49 3.41
Methionine 10.28 12.18 10.95 9.71 12.50
Isoleucine 33.48 30.84 30.02 21.27 32.26
Leucine 50.25 47.32 42.29 38.68 44.30
Tyrosine 18.82 17.10 11.52 16.57 8.59
Phenylalanine 32.76 31.29 26.94 24.89 28.15
Lysine 61.80 60.73 63.40 60.86 66.79
Histidine 20.21 19.01 20.58 18.19 20.84
Arginine 2.32 1.82 1.97 1.56 1.67
Total amino acid 444.47 432.65 583.61 542.26 619.93
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Table 3-1-11. Organic acid content of low salt doenjang prepared with
capsule type meju and extract of Korean medicine herb as salt solution.

(mg%)
Organic acids CONT I1-B I-B m-B V-B
Phytic acid 744 609 990 990 651
Oxalic acid 0 1 0 0 1
Citric acid 0 0 0 7 36
Tartaric acid 0 0 2 0 0
Malonic acid 6 12 14 10 10
Lactic acid 388 235 1059 118 296
Acetic acid 11 8 0 16 0
Pyroglutamic acid 5 3 4 0 7
Butyric acid 238 125 267 0 332
Total organic acid 1,154 868 2,069 1,141 1,001

180

140

Daidzein (ug/g)

120 |

100
CONT 1 I i} v

Fig. 3-1-10. Daidzein content of low salt doenjang prepared with capsule

type meju and extract of Korean medicine herb as salt solution.

,24,



305

300

Genistein (#8/g)

295 -

290

CONT I o m v
Fig. 3-1-11. Genistein content of low salt doenjang prepared with capsule
type meju and extract of Korean medicine herb as salt solution.
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Fig. 3-1-12. Viable cell bacteria of low salt doenjang prepared with capsule

type meju and extract of Korean medicine herb as salt solution.
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Fig. 3-1-13. Protease and amylase activity of low salt doenjang prepared

with capsule type meju and extract of Korean medicine herb as salt

solution.
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Fig. 3-1-14. Sensory evaluation of low salt doenjang prepared with capsule

type meju and extract of Korean medicine herb as salt solution.
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Fig. 3-1-15. Nitrite scavenging activity of low salt doenjang prepared with

capsule type meju and extract of Korean medicine herb as salt solution.
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Fig. 3-1-16. Hydrogen - donating activity of low salt doenjang prepared

with capsule type meju and extract of Korean medicine herb as salt

solution.
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Table 3-1-14. Antibacterial activity of low salt doenjang prepared with

capsule type meju and extract of Korean medicine herb as salt solution

Antibacterial activity (mm)”

Bacteria Tested strains Control I o I v
Bacillus cereus KCCM-11204 9.5 17 14 17 19

B. licheniformis NFRI-8003 12 14 13 15 15

G(rf;n Staphylococcus aureus R-209 11 12 12 13 14
Micrococcus roseus JAM-1295 13 13 15 15 17
Streptococcus mutans ATCC-27607 11 22 24 19 20
Escherichia coli ATCC-25922 12 14 15 18 19
Salmonella typhimurium TV-110 12 16 11 14 16

Sal. enteritidis KCCM-1202 12 15 14 15 16

G(rf‘;n Klebsiella pneumonige KCTC-2208 13 14 16 15 16
Proteus malabilis KCTC-2433 14 16 12 16 17

Vibrio parahaemolyticus 13 15 16 18 18
Pseudomonas aeruginosa TFO-38%9 13 13 12 14 14

" Size of clear zone on culture media against bacteria tested

4) ¢
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Fig. 3-1-17. Clear zone size of low salt doenjang prepared with capsule
type meju and extract of Korean medicine herb as salt solution.
A-7, E. coli ATCC-25922 ; A-12, V. parahaemolyticus ; A-16, St. nutans ATCC-27607.

Table 3-1-15. Fibrinolytic activity of low salt doenjang prepared with
capsule type meju and extract of Korean medicine herb as salt solution

Incubation time Fibrinolytic activity(mm)”

(hr) Control I il il I\
1 3.1 9.2 8.0 9.4 7.4
3 42 10.4 85 10.7 9.6
10 46 10.4 9.2 109 10.7

* Size of clear zone on fibrin plate
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Table 3-1-16. Quality properties of low salt doenjang prepared with capsule

type meju on concentration of salt and alcohol distillary

Concentation Total NH;-N NH;-N Reducing
Salt(%) AD(%)  nitrogen(%) (mg%) (mg%) sugar(%)
Control 0 1.72 439 76 5.3
0 1.75 532 89 5.8
8 1 1.69 510 76 6.1
2 1.73 497 78 5.7
0 1.84 587 95 52
6 1 1.76 564 98 51
2 1.85 548 86 56
0 1.75 631 106 6.1.
4 1 1.73 611 98 54
2 1.68 587 84 5.3

*Capsule meju - Doenjang (Asp. oryzae + B. subtilis S]-61 + HS-25)
AD, alcohol distillary
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Table 3-1-17. pH value of low salt doenjang prepared with capsule type

meju on concentration of salt and alcohol distillary

Concentration pH
Salt(%) AD(%) 0 30 60 90
Control” 0 6.31 543 5.36 5.18
0 6.12 521 5.16 4.79
3 1 6.26 5.27 5.24 513
2 6.19 5.39 5.32 517
0 6.25 5.15 5.03 4.31
6 1 6.17 5.24 5.18 5.03
2 6.28 5.26 5.20 511
0 6.37 4.96 4.93 4.78
4 1 6.04 5.37 5.17 4.88
2 6.23 5.42 5.19 5.06

*Capsule meju - Doenjang (Asp. oryzae + B. subtilis S]-61 + HS-25)
AD, alcohol distillary

Table 3-1-18. Total acdity of low salt doenjang prepared with capsule type

meju on concentration of salt and alcohol distillary

Concentration Total acdity (0.IN NaOH, mL / 10g)
Salt(%)  AD(%) 0 30 60 90
Control 0 3.13 10.45 14.43 15.57

0 8.34 11.65 15.39 16.76

8 1 8.29 11.23 15.11 16.54

2 8.28 11.10 14.98 16.21
0 8.23 12.64 16.66 16.81
6 1 8.31 12.51 15.48 16.76
2 8.23 12.40 15.33 16.42
0 8.34 14.76 18.94 19.21
4 1 8.27 14.23 17.65 18.03
2 8.29 14.03 16.97 17.55

“Capsule meju - Doenjang (Asp. oryzae + B. subtilis SJ-61 + HS-25)
AD, alcohol distillary
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Table 3-1-19. Viable cell bacteria of low salt doenjang prepared with

capsule type meju on concentration of and alcohol distillary
Concentration Viable cell count (Log CFU/g)
Salt(%)  AD(%) 0 30 60 90
Control 0 4.22 4.43 4.67 4.87
0 4.48 4.85 512 5.23
3 1 4.43 4.71 5.02 5.19
2 4.32 454 4.68 4.76
0 453 4.99 5.76 5.79
6 1 4.47 5.16 5.65 5.68
2 4.32 5.05 5.24 5.31
0 4.44 5.87 6.76 7.68
4 1 4.38 5.79 5.65 711
2 4.35 5.31 5.46 6.48
‘Capsule meju - Doenjang (Asp. oryzae + B. subtilis S]-61 + HS-25)
AD, alcohol distillary
Aedln 90U AGHEA 7 dret £ gl e A AdFe WaE <E
3-1-19>¢ YJerdth AA ez drrt vrom =4 =4 yEyoen FASE
7 S7FebE S dEbEth 4% AxEE Y 4 Fol o S7HF 2 YEhd R
2 Qlste] EAZE AT a2 dEet FA kel mE ARt ¥ee] WEE <
E 3-1-20>0°] YAtk d=rF gtow AR AAH] Vet volbdom,
st F7ketd a9 1 AgE= 2l NS w=7F Ao s vA
bl A2 8% 2 6% A=oAM Z+ 1% F F 2349 A9 B8 =
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Table 3-1-20. Sensory evaluation of low salt doenjang prepared with

capsule type meju on concentration of salt and alcohol distillary

Concentration Sensory score (5 point)
Salt(%) AD(%) Flavor Color Taste ea ticr);erqjilli ty

Control 0 4.5%0.2 4.3+0.3 4.1+0.1 4.3+0.3
0 3.6+0.4 4.2+0.2 4.4+0.2 4.3+0.2

8 1 3.5+0.2 4.3+0.2 4.2+0.3 4.2+0.3

2 3.8+0.3 4.1+0.4 3.9+0.4 3.9+0.3

0 3.8+0.2 4.4+0.1 4.3+0.2 3.8%0.2

6 1 3.6+0.4 4.2+0.3 4.2+0.3 3.6+0.3

2 3.8+0.2 4.5+0.2 3.4+0.2 3.4+0.2

0 3.4+0.3 4.3+0.4 3.2+0.3 3.6+0.2

4 1 3.1+0.2 4.1+0.2 3.1+0.4 3.3+0.5

2 2.9+0.2 4.2+0.3 2,7+0.2 3.1+0.3

1(Very poor) ; 2(Poor) ; 3(Moderate) ; 4(Good) ; 5(Very good)
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Table 3-1-16. Changes of Hunter color value in traditional doenjang
added with cooked soybean, capsule meju and chungkugjang at 5C
for 35 days

Cooked soybeam1 Capsule meju1 Chungkugjamg1
5% 10% 5% 10% 5% 10%

0 33.77 36.15 36.79 32.19 3155 3388 3361

10 35.64 36.41 37.71 34.57 3374 3549 37.64

Color Days  Control

L 25 33.92 35.49 36.20 33.67 3411 3560 35.83
35 33.88 35.22 35.44 33.38 3356 3321 34.66
0 4.65 4.45 4.25 5.19 5.33 471 490
10 473 4.58 4.55 5.36 5.44 4838 513
N 25 4.76 4.69 4.62 5.50 5.50 482 540
35 4.82 4.78 4.67 5.53 5.71 5.08 537
0 15.14 14.27 14.61 14.25 1236 1333 12.33
b 10 15.27 14.23 13.91 13.94 1423 1358 12.36

25 15.70 14.81 15.22 15.24 1514 1411 14.05
35 15.66 16.06 16.51 15.44 1455 1432 1363

SAF, dFE 2 A= Hobe e Asdde s A3 Ay
<E 3-1-18>3 2} A& AMhet S84 AL 25 ZUEE Aol vEluked,
A M Bop 84 A oA 7 = e, A2(57)Y AEH o]
AL Ay FEA Ah BF AL2(200)9 AEE4RY B A eyt

t}) A7k

FAZ, F 2 ATF Akl mE AP AR
3-1-19>sk 2tk A7k Agre] Astgel wel mE Frbshs
5 Ak 830 MY B A% dehilE, MFE AE 93 A
age gayol mate] we ghe Uehigor], Aedgel Aengnn o
o

LHERA AT

kel
T
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L.
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Table 3-1-17. Changes of Hunter color value in traditional doenjang
added with cooked soybean, capsule meju and chungkugjang at 20C for 35
days

Cooked soybean1 Capsule mej u' Chungkugjan(g,f1

Color Days  Control
5% 1096 5% 10%% 5% 1096

0 33.77 36.15 36.79 31.19 32.95 33.88 33.61
10 34.62 34.64 36.31 32.06 33.29 34.62 34.79

- 25 33.11 32.23 35.29 31.75 33.51 33.92 34.19
35 28.13 30.93 31.84 26.96 26.96 28.29 28.24
0 4.65 4.45 4.25 519 5.33 4.71 4.90
10 5.40 5.28 4.69 6.33 6.54 5.50 512
! 25 5.67 5.46 493 6.59 6.98 5.78 552
35 6.19 5.68 554 6.72 7.15 593 5.96
0 15.14 14.27 14.61 14.25 12.36 13.33 12.33
10 15.19 14.44 14.05 14.11 12.31 13.81 11.56
’ 25 15.50 14.70 14.27 14.43 13.49 12.58 12.03
35 15.97 15.19 14.02 15.80 14.69 1357 13.76
1dry basis
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Table 3-1-18. Changes of brown pigment in traditional doenjang added
with cooked soybean, capsule meju and chungkugjang at 5C and 20T for

35 days (OD at 420 nm/g)
Cooked Capsule o .

Temp. Pigment Days Control soybean! meju1 gkug]angl
5% 1096 5%  10% 5% 1096
0 0.06 0.07 0.10 0.08 0.10 0.07 0.08
) 10 0.10 0.08 009 010 011 0.11 0.09

LBP*
25 0.09 0.10 009 010 0.14 0.11 0.13
35 0.11 0.11 010 014 013 0.12 0.16

5T

0 0.14 0.13 0.10 010 0.09 0.13 0.15
10 0.15 0.14 011 011 0.10 0.17 0.14

HBP’
25 0.15 0.16 012 013 012 0.17 0.16
35 0.17 0.17 014 016 0.17 0.18 0.17
0 0.06 0.07 0.10 0.08 0.10 0.07 0.08
10 0.10 0.09 010 0.09 012 0.10 0.11

LBP
25 0.12 0.09 0.11 013 0.15 0.10 0.13
35 0.16 0.14 017 014 0.20 0.12 0.17

20C

0 0.14 0.13 0.10 010 0.09 0.13 0.15
10 0.17 0.14 011 013 013 0.14 0.17

HBP

25 0.20 015 013 016 015 014 0.22
35 0.25 020 018 021 020 015 0.25

1dry basis ; 2Lipophilic brown pigment ; 3Hydrophﬂic brown pigment
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Table 3-1-19. Changes of acid value in traditional doenjang added with
cooked soybean, capsule meju and chungkugjang at 5C and 20C for 35
days

Cooked soybean1 Capsule meju1 Chungkugiangl
Temp. Days  Control

5% 10% 5% 10% 5% 10%
0 12.72 12.64 12.59 13.02 12.96 12.28 13.37
10 16.03 18.24 19.96 1552 2127 15.43 20.20

°r 25 26.05 30.66 32.98 24.18 26.88 24.56 2174
35 35.59 32.40 33.69 28.11 35.97 31.10 33.96
0 12.72 12.64 12.59 12.96 13.02 13.28 13.37
) 10 30.71 19.98 19.60 19.71 31.74 22.95 25.21
e 25 37.09 30.73 31.48 25.31 37.65 30.36 26.24
35 40.46 34.47 36.34 43.82 48.90 37.65 41.95

1dry basis

o) oful e 2 2
SAE, HF R H= HIbel nE
= <F 3—1—20>Jﬂr 2o} ol B A A= A

Fol ebutizd, WFE A7 BP0 1Y B @ EAEe A
O BAUET AETHO GE BE deaned, Aedgd dedgun o
&g el

wh g

FAL, T L AR Akl wE A5agel BAYE S v <
E 3-1-21>31 2ok §99L Aol APl met wF Foshe o] et
d, A7 7 Fole WFE AskE Dol Y B gre UEdda, Artgel 3
s gol A vehon, Ae(6T) Bge] 4e(200) ARt v g v

EFu AT
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Table 3-1-20. Changes of amino type nitrogen in traditional doenjang

added with cooked soybean, capsule meju and chungkugjang at 5C and 2

0C for 35 days (mg%)
Cooked soybean1 Capsule meju1 Chungkugjang1

Temp. Days  Control

5% 10% 0% 10% 5% 10%
0 1,134 789 912 1,667 1,796 1,296 1,542
10 1,119 812 925 1,680 1,833 1,330 1,556

o ¢ 25 1,211 336 933 1,730 1,840 1,374 1,610
35 1,271 878 1,082 1,817 1,937 1,390 1,741
0 1,134 789 912 1,667 1,79 1,296 1,542
0 10 1,218 334 945 1,672 1,867 1,389 1,589
25 1,298 853 1,013 1,713 1977 1,334 1,632
35 1,328 895 1,145 1,784 2146 1518 1,795

1dry basis

Table 3-1-21. Changes of reducing sugar in traditional doenjang added
with cooked soybean, capsule meju and chungkugjang at 5C and 20T for
35 days (%)

Cooked soybean' Capsule meju1 Chnglatgjcmg1
5% 10% 5% 10% 5% 10%

Temp. Days  Control

0 0.48 0.38 0.51 0.49 0.64 0.52 0.64

. 10 0.48 0.40 0.53 0.51 0.66 0.53 0.68

°C 25 0.49 0.42 0.56 0.54 0.67 0.56 0.70
35 0.51 0.44 0.60 0.57 0.69 0.57 0.72

0 0.48 0.38 0.51 0.49 0.64 0.52 0.64

. 10 0.49 0.46 0.61 0.55 0.72 0.58 0.69

e 25 0.51 0.50 0.63 0.59 0.78 0.60 0.72
35 0.54 0.56 0.66 0.64 0.79 0.63 0.75

]dry basis
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Table 3-1-22. Changes of pH in traditional doenjang added with cooked

soybean, capsule meju and chungkugjang at 5C and 20C for 35 days
Cooked soybean1 Capsule meju1 Chun(gfjugjang1

Temp. Days  Control

5% 10% 5% 10% 5% 10%
0 6.13 6.12 6.20 6.17 6.14 6.06 6.18
) 10 6.09 6.10 6.15 6.03 6.05 6.02 6.14
> ¢ 25 591 594 597 5.89 6.01 594 5.96
35 5.89 593 595 5.82 594 5.88 5.92
0 6.13 6.12 6.20 6.17 6.14 6.06 6.18
) 10 6.02 6.04 594 597 592 594 5.97
e 25 5.89 5.88 5.85 5.80 5.71 5.82 5.90
35 5.74 5.83 5.81 5.69 5.63 5.75 5.83

1dry basis

2) 4 TR WE AFRRY 2HolA L LEEA

7h A=
Fadel Fael me deage Ars BEAdT A4 L, a bits 54
=]

W= <E 3-1-23>3 2o Lk

3 2 )e WaAgre] Aol wheh ofiky 7
st AFIAL, agt(AAR)IS 08lg BEAO] ARl we 234 27189
. el Awel Aols mu, Lgtel A9, WAE, GAE, A9, Aol Hehay
BE, Awg7), Fo wow Uetom azgtel 49 1ob wE ATk bak(FAE)
o wEAge] Al weh oAl Wa gl
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Table 3-1-23. Changes of Hunter color value in traditional doenjang
prepared with capsule meju and stored at 20C for 35 days by some
lights

Days

Lights
0 0.25 1 2 5 10 15 25 35

L 3377 3322 3436 332 3239 3332 3105 3017 28.73
Fluorescent

light a 486 475 444 511 548 5.70 5.77 4.29 7.23

b 1574 1691 11.08 1516 1693 1325 1572 1754 1795

L 3377 3290 3578 3249 3179 3386 2994 3277 2873
Incandescen

t light a 486 475 444 511 548 5.70 577 428 723

b 1574 1494 1108 1516 1616 1325 1572 1083 17.95

L 3377 3651 3397 3275 3204 3394 3336 338 27.74

Ultraviolet =\ on 5e= 4o1 499 523 520 500 435 6.3
light
b 1574 1222 1576 1487 1688 1270 1323 1099 1476
L 3377 3462 3418 3301 3281 3521 3041 2833 2678
PVC 0 486 380 431 480 512 45 611 655 601
vessel
b 1574 1153 1316 1456 1614 1421 1473 1533 1461
L 3377 3633 3461 3309 3182 3441 3017 2807 2591
Sun Glass

. a 4.86 3.58 453 445 5145 514 5.65 6.47 6.44
light bottle

b 1574 1166 1352 1277 1642 11.71 1511 1693 16.06

L 3377 3551 3413 3296 3247 3387 3147 2793 2773

pPvC

. a 48 396 416 470 567 5.85 5.38 6.04 6.21
film

b 1574 1195 1357 1502 16.04 1364 1332 11.38 1332




Ao Fiel he AFAY) PALE 24 dvks <E 3-1-24>9 2
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Table 3-1-24. Changes of brown pigment in traditional doenjang prepared
with capsule meju and stored at 20C for 35 days by some lights
(OD, 420 nm/g)

Days

Lights
0 0.25 1 2 5 10 15 25 35

Fluorescent LBP' 006 009 010 003 012 014 011 012 012
light HBP® 0.14 005 013 007 013 016 015 016 0.12
fﬂchandesceﬂt LBP 006 007 007 008 012 011 011 012 0.3
1ght
HBP 014 014 015 016 016 017 014 015 016
Ultraviolet LBP 006 008 008 005 014 012 012 012 013
light HBP 014 014 016 008 009 011 018 014 016
pvc LBP 006 006 008 006 008 015 014 014 016
vessel gpp 014 014 014 014 015 018 019 022 023

Sun Glass LBP 006 007 007 009 010 011 011 012 014
light bottle ypp 014 013 014 015 015 017 020 02 025

pyc LBP 006 010 011 011 011 011 012 013 016
film  ypp 014 014 014 015 017 019 021 022 029

1Lipophilic brown pigment ; 2Hydrophilic brown pigment

Aot Ax= <® 3-1-25>9F 2t}
@ "go] e Bguy we
335 o2 tehc
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Table 3-1-25. Changes of acid value in traditional doenjang prepared with
capsule meju and stored at 20C for 35 days by some lights

Days
Lights
0 5 10 15 25 35
Fluorescent light 12.72 15.35 18.37 20.76 24.56 33.16
Incandescent light 12.72 13.08 18.97 18.76 25.96 36.15
Ultraviolet light 12.72 12.16 17.04 19.36 26.35 35.59
PVC vessel 12.72 17.67 22.49 23.46 29.91 39.71
l'Su}?t Glass bottle 12.72 18.98 22.60 25.82 30.16 40.40
1g
PVC film 12.72 15.10 20.24 28.21 34.37 36.81
2}) opm] mEf H A

A Fidd e AFHAL olujg] AAE SAHI A= <E 3-1-26>3

2tk ol BE Sheks %ol trhlie, adle] 449 fgel the Agn

g %o 442 dyeshiad.

uh) skl

B TR e d3EFe] FLIGE SATL A= <F 3-1-27>3

th $dGS BT Frbeke Aol yYEtwied, el A @] vE @R

e g dehiRon, 494, MGS, 35 =0 vehgh,

v} pH

Bilel FRel wE AFHge pHE 248 Av: <E 3-1-28>3 2t

pHE B% gishs Z%o] tehdid, dd A48 4o b fgud we

XS YERUISlaL, sidle] At 871 #de] pHE Bl S238kSth
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Table 3-1-26. Changes of amino type nitrogen in traditional doenjang
prepared with capsule meju and stored at 20C for 35 days by some

lights (mg%)
. Days
Lights
0 5 10 15 25 35
Fluorescent light 1,134 1,313 1,477 1,505 1,521 1,597
Incandescent light 1,134 1,354 1,540 1,578 1,586 1,666
Ultraviolet light 1,134 1,463 1,792 1,823 1,846 1,938

PVC vessel 1,134 1,601 2,058 2,097 2,020 2,226
Sun light Glass bottle 1,134 1,158 1,169 1,193 2,004 2,264
PVC film 1,134 1,165 1,176 1,205 1,811 2,272

Table 3-1-27. Changes of reducing sugar in traditional doenjang prepared

with capsule meju and stored at 20C for 35 days by some lights (%)
. Days
Lights
0 5 10 15 25 35
Fluorescent light 0.48 0.48 0.50 0.51 0.58 0.60
Incandescent light 0.48 0.49 0.52 0.54 0.54 0.66
Ultraviolet light 0.48 0.50 0.53 0.55 0.55 0.67
PVC vessel 0.48 0.52 0.58 0.62 0.73 0.74
Sun light Glass bottle 0.48 0.53 0.55 0.60 0.64 0.76
PVC film 0.48 0.52 0.56 0.57 0.59 0.83

Table 3-1-28. Changes of pH value in traditional doenjang prepared with
capsule meju and stored at 20C for 35 days by some lights

. Days
Lights

0 5 10 15 25 35
Fluorescent light 6.13 5.89 5.81 5.72 5.77 5.84
Incandescent light 6.13 5.96 5.88 5.79 5.80 581
Ultraviolet light 6.13 6.04 5.95 5.86 5.84 5.63
PVC vessel 6.13 5.93 5.85 5.76 5.79 5.60
Sun light Glass bottle  6.13 6.09 6.00 591 5.86 5.59
PVC film 6.13 5.98 5.90 5.81 5.81 561
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Table 3-1-29. Changes of Hunter color value in traditional doenjang
prepared with capsule meju and stored at 5C for 35 days by some

vessel
PVC vessel PVC film

Color Days Vessel ??PS)S TP NTP TP NTP
S NS S NS
0 33.77 3377 3377 3377 3377 3377 3377 3377
10 3712 3511 368 3564  37.07 3638 3721 3715
- 25 3442 3286 30534 3392 3412 3447 3461 3571
35 3354 3369 3389 33838 3396 3290 3511 33.44
0 4.85 4.85 4.85 4.65 4.85 48 48 4.8
10 494 4.81 5.39 4.73 417 488 439 444
! 25 4.40 4.34 4.45 4.76 4.16 3.8 433 436
35 4.73 5.08 513 4.82 4.00 467 421 533
0 1574 1574 1574 1514 1574 1574 1574 1574
. 10 1452 1323 1464 1527 1169 1386 13.04 12.72

25 1558 1591 1474 1570 1465 1454 1416 1512
35 1649 1662 1718 1566 1416 1454 1518 16.88

TP, colorless and transparent ; NTP, opaque ; S, sealed ; NS, not sealed.
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Table 3-1-30. Changes of Hunter color value in traditional doenjang
prepared with capsule meju and stored at 20'C for 35 days by some vessel

Glass PVC vessel PVC film
Color Days Vessel (TP) TP NTP TP NTP
S NS S NS
0 33.77 33.77 3377 33777 33.77 3377 33777 3377
10 33.85 34.67 3380 34.62 34.68 3419 3363 34.39
- 25 29.71 31.24 3266 3311 3151 3368 3251  30.08
35 27.89 28.68  29.03 2813 2986  30.00 31.33  30.77
0 4.86 4.86 4.86 4.65 4.86 4.86 4.86 4.86
10 5.54 5.06 5.02 5.40 5.29 4.55 5.46 5.34
! 25 5.89 5.46 4.67 5.67 4.49 417 4.59 5.37
35 552 6.07 5.96 6.19 5.55 5.50 6.51 6.36
0 15.74 15.74 15774 1514 1574 1574 1574 1574
10 13.38 11.72 1395 1519 1322 1184 1449 1435
P 25 16.24 12,79 11.82 1550 1051 1093 1153 1362
35 16.57 16.61 1702 1597 1204 1361 1832 1526
TP, colorless and transparent ; NTP, opaque ; S, sealed ; NS, not sealed.
W) B
|71 E Aad Ak wE AsdEde Z2AEE SAHT Ade <F
3-1-31>, <F 3-1-32>¢ #u. AEA AMist 84 HMia BF Frhshe APl
debsd,  A84 M nd £84 Ak Bl ok 2 uehgth ol
Lee(24)9] &M M o] Aol 84 MAie] AWUadny A% x7]d &
7betal, AR A B2 gom ghvtetAl Frigttke Ader dAEsiTh 2 A,
DH7b H= PVCEE A%dd @& 7 o2 #@2 yehdislen, d2d%e] o
FAguTh 94wk
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Table 3-1-31. Changes of brown pigment in traditional doenjang prepared
with capsule meju and stored at 5C for 35 days by some vessel
(OD 420 nm/g)

PVC vessel PVC film
Glass
Color Days Vessel TP NTP
(TP) TP NTP
S NS S NS
0 - 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Bp! 10 - 0.11 0.09 0.10 0.14 0.08 0.07 0.08
25 - 0.12 0.27 0.08 0.20 0.12 0.21 0.13
35 - 0.13 0.17 0.11 0.11 0.08 0.11 0.10
0 - 0.14 0.14 0.14 0.14 0.14 0.14 0.14
. 10 - 0.16 0.13 0.15 0.11 0.09 0.10 0.11
HBP
25 - 0.14 0.19 0.11 0.11 0.17 0.26 0.18
35 - 0.09 0.17 0.12 0.06 0.11 0.05 0.10

1Lipophilic brown pigment), 2Hydrophilic brown pigment)

Table 3-1-32. Changes of brown pigment in traditional doenjang prepared
with capsule meju and stored at 20C for 35 days by some vessel
(OD 420 nm/g)

PVC vessel PVC film
Glass

Color Days  Vessel TP NTP

(TP) TP  NTP
S NS S NS

0 0.06 0.06 0.06 0.06 0.06 0.06  0.06 0.06
10 0.32 0.12 0.68 0.10 0.15 0.10  0.10 0.10

LBP
25 0.15 014 012 013 013 011 012 014
35 0.09 010 025 021 011 015 012 013
0 0.14 014 014 014 014 014 014 0.14
f 10 0.16 019 011 017 013 013 012 017
HBP

25 0.13 0.21 0.18 0.13 0.35 036  0.14 0.19
35 0.14 0.14 0.29 0.25 0.21 025 019 0.24

"Lipophilic brown pigment), “Hydrophilic brown pigment)
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Table 3-1-33. Changes
with capsule meju and

of acid wvalue in traditional doenjang prepared
stored at 5C and 20C for 35 days by some

vessel
PVC vessel PVC film
Temp. Days  Vessel ((3};1;)5 P NTP TP NTP
S NS S NS
0 - 1272 1272 1272 1272 1272 1272 1272
. 10 - 1835 3046 3071 1235 1425 1644 2091
°C 25 - 2544 3956 3709 2291 2736 2344 2684
35 - 3372 43.00 4045 3042 3410 2942 3541
0 1272 12792 1272 1272 1272 1272 1272 1272
. 10 2115 2348 2308 16.03 1740 1900 1540 21.40
e 25 2542 2820 2986 2605 3466 3335 2587 33.16
35 36.34 3952 4084 4046 4850 51.12 3372 4513
Zh) oprl e H A
|75 7E Aadd AR wE dedEd obvxedy AAag 4T Ay
v <% 3-1-34>¢F 2t} S7bste= A Eol
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Table 3-1-34.

prepared with

Changes of amino type nitrogen in traditional doenjang

capsule meju and stored at 5C and 20T for 35 days by

some vessel (mg%)
PVC vessel PVC film
Temp. Days Vessel Glass TP NTP
(TP) TP  NTP
S NS S NS
0 - 1134 1,134 1,134 1,134 1,138 1,137 1,135
10 - 1,423 1,541 1,119 1,230 1,537 1584 1,652
5C
25 - 1464 1590 1,211 1,269 1583 1,633 1,703
35 - 1,542 1,678 1,271 1,326 1,664 1,714 1,794
0 1,134 1,134 1,134 1,134 1,134 1,134 1,134 1,134
10 1232 1715 2127 1,218 1,773 2046 1640 1,838
20C
25 1270 1,774 2373 1,298 1,821 2115 1696 1,899
35 1,338 1,857 2464 1,328 1,928 2213 1,777 1,986
uh) A9
7R A JAro g AFEAe] YIS A% AAdE <E
3-1-35>¢} Zt}. A Fe Agte] AHysho] wel 2% Fr71sheE Aol YERRE =T,
Fysta dHE A &2 PVC & AAgs A ghel 7M =%, EFY3
3 EHE PVC 5o At fgo] 7 v s veEhgded, A=(56T) ¥4
o] A2(20C) ¥4 By ¥ S YehgAn
\h) pH
S7FFE AT AR mE AFHEAS pHE SAS Zyg= <F
3-1-36>3} o} pH2 Alzto] At wel 25 Ase o] Yeiged, F
W3l UHE A &S PVC 5o AAs "Axe] Fro] 7FF ¥k, EFHsia
dE PVC & A% "o 7 =2 #& veldsler, A(6T) 3ol
A2(20C) ¥4 Bt =2 s Yediddt
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Table 3-1-35. Changes of reducing sugar in traditional doenjang prepared
with capsule meju and stored at 5C and 20C for 35 days by some vessel
(%)

PVC vessel PVC film
Temp. Days Vessel Glass TP NTP
(TP) TP  NTP

S NS S NS
0 - 0.48 048 048 0.48 048 048 048
) 10 - 0.43 050 048 0.46 0.50 043 049
> ¢ 25 - 0.45 051 049 0.47 0.52 045 049
35 - 0.48 052 051 0.49 0.56 048 052
0 0.48 0.48 048 048 0.48 048 048 048
20T 10 0.51 0.46 050 049 0.48 0.55 037 051

25 0.52 0.48 052 051 0.49 066 039 058
35 0.53 0.51 055 054 0.50 072 041 065

Table 3-1-36. Changes of pH value in traditional doenjang prepared with
capsule meju and stored at 5C and 20C for 35 days by some vessel

PVC vessel PVC film
Glass
Temp. Days  Vessel TP NTP
(TP) TP NTP
S NS S NS
0 - 6.13 6.13 6.13 6.13 6.13 6.13 6.13
. 10 - 5.95 5.90 6.09 5.96 5.82 6.07 6.06
25 - 5.78 573 591 5.89 5.81 5.87 5.85
35 - 5.74 5.70 5.89 581 5.79 5.83 581
0 6.13 6.13 6.13 6.13 6.13 6.13 6.13 6.13
0T 10 5.99 5.90 6.14 6.02 5.99 5.88 6.05 6.02

25 5.82 5.73 575 589 5.82 5.70 5.86 5.84
35 5.81 5.73 5.66 5.74 5.69 5.61 5.81 5.65
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Table 3-1-37. Changes of Hunter color value in traditional doenjang
added with sodium pyrophosphate, ascorbic acid and oxalic acid at 20C
for 35 days

Sodium

Color Days Control pyrophosphate
01% 05% 10% 01% 05% 01% 05% 1.0%

0 3377 3089 3257 3576 3195 3202 3475 3819 3878
10 3462 2989 3018 3077 2792 2734 3272 3926 36.39

Ascorbic acid Oxalic acid

- 25 3311 2769 2939 2801 1991 2065 31.03 3837 36.92
35 2813 2725 2829 2925 2012 1811 3127 3486 32.89

0 465 612 556 436 621 58 571 418 397

10 540 613 651 59 548 612 586 377 414

! 25 567 692 78 764 663 795 608 332 318
35 619 683 689 771 568 813 568 420 433

0 1514 1591 1599 13.87 1738 1565 1574 2065 2042

b 10 1519 1434 1726 1516 1193 983 1776 1680 17.88

25 1550 1644 1842 1555 12.09 11.34 1833 1509 11.99
35 1597 1553 1343 1621 701 1162 1786 1811 16.63

2}) ofm B H 4
fr71ak # 7kl
3-1-40>3 2tk Agre] = =
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Table 3-1-38. Changes of brown pigment in traditional doenjang added
with sodium pyrophosphate, ascorbic acid and oxalic acid at 20C for 35
days (OD 420 nm/g)

Sodium . . . .
Ascorbic acid Oxalic acid

Pigment  Days Control __Pyrophosphate

01% 05% 1.0% 0.1% 0.5% 0.1% 0.5% 1.0%

0 006 009 010 011 018 015 012 019 011

. 10 010 014 019 011 020 026 014 012 0.07
LBP

25 01z 017 011 018 039 199 012 016 0.19

35 016 025 020 021 017 196 015 016 0.18

0 014 018 012 012 021 025 019 017 0.12

) 10 017 027 021 023 039 054 022 019 0.17
HBP

25 020 025 023 023 053 146 019 016 0.15
35 025 020 021 021 098 162 018 019 0.22

"Lipophilic brown pigment, 2Hydlrophilic brown pigment

Table 3-1-39. Changes of acid value in traditional doenjang added with
sodium pyrophosphate, ascorbic acid and oxalic acid at 20C for 35 days

Sodium pyrophosphate Ascorbic acid Oxalic acid
Days Control

01% 05% 1.0% 01% 05% 01% 0/5% 1.0%

0 12.72 1216 12.01 1205 1210 1243 1205 1215 11.84
10 30.71 2216 2042 1891 2523 3586 1758 2596 2541
25 37.09 3261 3663 3261 3158 3852 30.74 3946 29.38
35 40.46 39.08 39.10 3708 4263 4694 36.27 3435 31.23
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Table 3-1-40. Changes of amino type nitrogen in traditional doenjang
added with sodium pyrophosphate, ascorbic acid and oxalic acid at 20TC

for 35 days (mg%)
Sodium
Days  Control pyrophosphate
01% 05% 1.0% 01% 05% 01% 05% 1.0%

0 1,134 845 741 553 986 1,011 641 553 435

Ascorbic acid Oxalic acid

10 1,119 896 760 569 1,026 2,006 665 569 450
25 1,211 912 7185 572 1523 2181 695 572 464

35 1,271 988 800 569 1,826 2,190 623 569 437

Table 3-1-41. Changes of reducing sugar in traditional doenjang added
with sodium pyrophosphate, ascorbic acid and oxalic acid at 20C for 35
days (%)
Sodium
Days Control pyrophosphate
01% 05% 1.0% 01% 05% 01% 05% 1.0%

Ascorbic acid Oxalic acid

0 048 039 033 032 048 0.57 0.98 0.96 0.91

10 049 041 034 032 046 1.59 0.79 1.37 1.04

25 051 043 036 034 048 1.67 0.83 1.44 1.09

35 054 045 038 036 051 1.77 0.88 1.52 1.16

Wb pH
7 A7t e dE e pHE 43I Zdates <F 3-1-42>9F )

= Ao, oxalic acide H7Fst B2 F ko] FU)
skoll whel pH7F Yolx= Aol H]38le] sodium pyrophosphate, ascorbic acid< %7}
go| F7td+E pH7F S7Fsk
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Table 3-1-42. Changes of pH value in traditional doenjang added with
sodium pyrophosphate, ascorbic acid and oxalic acid at 20C for 35 days

Sodium pyrophosphate  Ascorbic acid Oxalic acid

Days Control
01% 05% 1.0% 0.1% 0.5% 01% 05% 1.0%

0 613 569 574 581 09.92 0.82 5.64 4.74 3.70
10 6.02 520 521 546 5.81 5.65 5.37 3.02 2.28
25 589 542 543 568 5.99 5.55 5.33 2.93 2.23
35 574 573 572 599 5.71 5.74 4.75 3.14 2.39

3. A8 HAAY 7=

7L AdAE 2 Y

D AAAE
AdevlFs Al 33 A 18 <FavFE5 o] &3 Adsta g Axzg>ol
Fakglon, WA AzsE Aed 164 A4 ARz anage Foho
slad Zash ol wa, ehs, e Abgstth AR ol ArE MR
wouA e A ol @AY e FEF wEHAL 7 FRW(2~6%,
w/w)E ARl & EFeto] &7l HolA AoolA 671E(4¥E ~109)ES ¥
= A A ok
2) AevF AxE g dad =1
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Table 3-1-43. Sensory evaluation of of Doenjang from capsule meju

prepared with fermenting strains during fermentation period

Sensory evaluation (5 point)

Fermentation
(days) Control AO RO FV
3 2.6+0.4 - - -
4 3.70.2 3.2104 - -
6 4.1+0.3 4.4%0.2 3.4£0.2 2.7+0.2
10 4.3+0.3 4.1+0.3 3.7+0.4
15 4.5+0.2 4.7+0.2
30 4.5%0.3

AO, Aspergillus oryzae ; RO, Rhizopus oligosporus ; FV, Flammulina velutipes

2) WIFA7)d e HA A3

Waat, Faet %O Ao AE o] gste feEvs oFHE AYske] HF
A7de TaAA dedded Wi oldH e AT Ades <39
3-1-44>¢} Zvh iz 7130l WdARE wF Al 2 &l AT
a2y MEEROY F=1(A0) B oM Al FAMAI(FV)E ol &3 Hev+
B2 vF Aol S7bgel wel Y13 o] "ojx = A¥FS dERAT H
TARA &} Wagto]l TSN SRt frE|shAl WUbEloH, o=
A g FAA Y] ST wE ol T
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Table 3-1-44. Sensory evaluation of of Doenjang from capsule meju

prepared with fermenting strains according to meju size

Meju size Sensory evaluation (5 point)
(mL) Control AO RO FV
1800 3.6+0.6 41+04 4.4+0.3 4.6+0.6
2200 3.4+0.5 3.8£0.5 4.1+04 4.5+0.4
2600 3.70.8 3.2+0.3 3.6+0.3 3.6+0.5

RO, Rhizopus oligosporus ; AP, Aspergillus oryzae ; FV, Flammulina velutipes

O STE2A g% I Az

ME o gEY wndel 4A BF f5e wE W, FRT 2
Bolwsle ol gate]l Axw AavFe AERgel v o 4HE EAF A
© <3y 3-1-45>9) )k AawFe A9, dAZ FEAFE F/HA7E of
HA WAL 24 AAEE Age deud. ST BE 4304 BB
S gle] WF EFAL AAAYE WeT Aoz wBudy

Table 3-1-45. Sensory evaluation of of Doenjang from capsule meju

prepared with fermenting strains according to ventilation

Ventilation Sensory evaluation (5 point)
(times) Control AO RO FV
2 3.310.4 3.1+0.5 3.5+0.4 3.6+0.5
4 3.6£0.6 4.1+0.3 4.3+0.3 4.2+0.2
8 3803 4304 4602 46204

RO, Rhizopus oligosporus ; AP, Aspergillus oryzae ; FV, Flammulina velutipes

Ventilation period = 10 min / each time ; meju size 2,200 mL
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& HEAY AR FFE HM AT EAGS
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AFEF AAL AAE U] Askel AFHYI %e] za} o] F
of A & Yx 167479 HAFE wEEZ Arldel FHHL A7 ARE <®
3-1-46>3 ¢k 1 F) vwH FAsk Qe WA, s, FAHE FEER AoIE

A3 AFAF e fAHEA o FAES AU

Table 3-1-46. Sensory evaluation of Doenjang prepared with fermenting
strains and food stuffs

Food stuff Sensory score (5 point)

(w/w, %) Control AO RO FV
None 3.4%0.3 3.5%0.2 3.9+0.3 43104
2 3.5%0.2 4.1+0.3 4.0+0.4 45+0.2
Maesil 4 3.9+04 4.3+0.5 4.4+0.3 4704
6 3.310.3 3.9+0.3 4.1+£0.5 4.4+0.2
2 3.4%0.6 3.6+0.2 4.0+0.7 4.4+0.4
Garlic 4 3.6£0.5 42+0.4 4.3+0.2 45+0.3
6 3.310.3 4.0£0.5 41+0.3 4.0£0.5
2 3.5+0.3 3.9+0.4 3.6+0.3 4.3+0.3
Onion 4 3.5104 4.1+0.3 3.8+0.2 4.4+04
6 3.310.2 4.0+0.2 4.0+0.3 3.9+0.3

RO, Rhizopus oligosporus ; AP, Aspergillus oryzae ; FV, Flammulina velutipes
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1) SATEF

W FH HagE % FFo] AAESE % dFFEF Asp. oryzae ATCC
141569} Rhizopus japonicus KOFRI 1129, Rhizopus oligosporus KCCM 351095 A}
3o, wAL =glg(Pleurotus ostreatus KCTC 6730), <A (Garnoderma
lucidum KOFRI 1023), *3(Phellinus linteus KCTC 6719), 3 o]lv] Al (Flammulina
velutipes KCTC 6367)s St5 @3], AHIFTTATY 2 ST H A FAFLE
FE kol *P@LO}“J—, v s 9 Sy dFAN vAES A el
g ate] AE-EFAA T84 AEE S HAdAd AT AlFFANA AHES B
A rAdEs ”E‘JOPO% AL-&-3FSl Tt

-

2) AR&ulA|

F3o] @ WA HFEL potato dextrose agar (PDA ; Difco)Hl =], ¥l %S £
gt A s A (e, 20009 FEhHE skl ARES AT Al EE 10%
FBSE %3 a-DMEMS AH&3l9la, dAEsZA4L fibrinth A 2, v 4 =9
25 Y= 2% skim milk7} -2 LB 3l %] (SM e A1) 2} 2% soluble starch
7 3 E LBRE I AN (CMEI A E AbEetion S2jad dFA4 nAdEe] s
A8 M = 1% colloidal chiting 73k LB A & Al&3ach B2 v A &2 A3}
EA 5L starch 1%, yeast extract 1%, peptone 0.5%, MgCl, - 6H.O 0.05%¢] A &
o=z FA"E HAAWMASYANE FAbete]  AREEFSlaL, chitinaseE A FAH S 1%
colloidal chitin, 0.1%6 yeast extract, 0.05%6 sodium citrate, 0.01%6 MgSOQOy - TH20,
0.19%6 (NH4):SO4, KHoPOs 2.2 T4 ¥ w2 & AF&-3F3A T

4 nAES widstaA dAAeT AFH I A RS 8,000xgel A 10 &<t
diZeste] & FHAE zaRoR A}%é}gi
g4 2 o- amylase2d SAWHS AT

colloidal chitin® 0.1M phosphate buffer(pH 7.0)ol &3]3t 7]d-&Ho| ZFALH 1ml

™ roteaseﬂ"é, glucoamylase
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Fig. 3-2-3. Changes in protease activity of culture broth from A. oryzae
(A), R. japonicus(O) and R. oligosporus(@).

<29 3-2-4>% glucoamylase®] 4284 S HESY Yeld o2 R japonicus,
R. oligosporus 2 A. oryzaed &£20 2 FAiagAol =4 Yeh HiE 96A| kAo 2
Z} 41 units/mL, 35 units/mL, 16 units/mLEY eI th n-amylase:= A. oryzae, R.

oligosporus
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—A—A.orvzae
—S—R. japonicus
50 —@—AR.o0llgospores

glucoamylase activity (units/me)

cultivation time (hr)

Fig. 3-2-4. Changes in glucoamylase activity of culture broth from A.
oryzae(A), R. japonicus(O) and R. oligosporus(@).

256

—A—A.oryzae
—©—A. japonicus
—@—A.0lgospores

a—amylase activity (units/mf)

0 24 48 72 96 120

cultivation time (hr)

Fig. 3-2-5. Changes in a-amylase activity of culture broth from A. oryzae
(A), R. japonicus(0O) and R. oligosporus(@).

2 R japonicus’t i< 72A Aol Z+Z} 21 units/mL, 7.5 units/mL, 5 units/mLZ
Hetdo] A oryzaed BAEAlo] ©hE Rhizopus sp. &=33ole 428X HET 3~4u)

=1

=4 Jebdt<a g 3-2-5>. 53] A oryzae a-amylased A ¥ wj ok 4847+

R
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2) tiF wiAI 7} Fgol o] A w A=

7 MM AE FHFE AT 9 vFe A9 2EE Psta o Ay
Hog g FFE AstE FodME vFE AF F 30~-35C9 dALZA &
2 AAsm k. 287 o] X Wale] wE o] ASAHES B
et FArgk diFg BT os 7 gl XxAE HIFTs A A AAXANA F
A s B <Y 3-2-6>% 7k F%ol EAE HEFF FFo] ok (12
AZ) A BEAN(ALRE) Ao, <Y 3-2-7>% 7} FFolo] IS HE
ol & Egsle]l AaEE oS 20T incubatoroll Al 48A17F WE AL T ofe]ol A
Fug s AANHEE) Ao|th F AneA Biupe} o] ASHE of9] oA
wEg s Pt Aee & & 04zt HEE dstole 3TFY FFo] BT
wAke] Faje] of = <2 3-2-6>.

Fig. 3-2-6. Growth of molds at room temperature (outdoor ; mean 10+
47T) for 20 days on cooked soybean for production of capsule meju.

a, A. oryzae ; b, R. japonicus ; c, R. oligosporus.
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Fig. 3-2-7. Growth of molds at 30T (indoor) for 5 days on cooked
soybean for production of capsule meju.

a, A. orvzae ; b, R. japonicus ; c, R. oligosporus.

2. MF 937 BEE AT WA FAA 47

7} ABAR 2 Y

1) FAFFY AFENAE A 34 A 2de] <1 WF ER B 99
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250me e AztEelado Fi
9%(V/W)e] =7t HEE FH7}tsto]
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Fol00mesh BAT BLE 39, 5%, 7% 2
2T 98, AATH AANBLA FY
It

3) WA A A vl A pHD &
g7 5%E Sl d8AA iAE AxdS e pHE dEF= 5%
o oE AlPTE dE&2T A pHE T4 22 0.IN HCIZ 0.IN NaOHE A}-&-3}
of o7 pH WA= 24 by WA AqAmME A9 7dese SARIY FLsH
AES AT

H AT AE
AEE FRBY AE PR Fael A AL g ARIAL] JEPel
Weh AESRT, BETE F2A AAE FAxAow A Asaart

5 HAIE FAGA &3 574
Monolayer® #tgt AW AT A=Y ZRE FFHS <z
H<t AEZF(A549)E 0.25% Trypsin-EDTAE& o2 Helsto] ©d Mxr=z vb
HAFMNEFE7 5x10%ells/m H =2 3]45to] 48well plated] ZF well B 45040
seeding3F TS, 37T, 5% CO; incubatorol Al 24A17F A wjddFgich o] 7o) v Al
AHAE B0 s 2 H7bekal 48417 w g & AlEFA FXEE SRBYHA 9
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1) SAUF A=A o] HA FE3F
SAg g5 AR AREste] WA dAMAE DANME F oo Hrkske A
TS HESY <F 3-2-1>9 YEddth =g A dAE S-S A
EehEo] 25%~30% WFolA FAstA N, R FI35%, 40% E 45% = =o}
FE A AFEEE dASHA Do H
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Table 3-2-1. Effect of moisture content of soaked soybean on growth of

Flammulina velutipes

Moisture content 25% 3095 35% 40% 45%

Mycelial growth
78 80 62 50 38

(mm)

2) TANST A A o] FAAI T
Al o] e 25%(V/W) SfAl71aL SAAIZRS 121Col A 30, 60+,
9%, 120502 o] 39S w ZAA 7o)l WA FAF AFo] nH = e HES
o] <¥ 3-2-2>0] YERATE 308, 605, 90%, 1205 Z A8 b
82 mm, 81 mm % 75 mm9 A} S2]5Fe] B oS A
AAI7FS 608 ~90E 35 Aol Ay}, ojate Azz B
& A w gl = FEoll 25%~30%9 TS A7, SAARES 607 WSkl

7.

Table 3-2-2. Effect of cooking time of soaked soybean on

growth of Flammulina velutipes

Cooking time 30 min 60 min 90 min 120 min

Mycerial growth
73 82 81 75

(mm)

) SAUTFE ol &7 WAl A

WA &2 Abgshe] =Ehe], g, ol B AW AE st
Fe we ASHEE BEst <F 3-2-3> % <IE 3-2-8> vERATh A
2 ARt 3 7&%%’— iAol A 2 Aol AFRRE BE BAle] A5 THeekiA
vk WAl QS Ee AREE wiA Y] FRET WA FFd we & AolE vEY
Ak, &, WiF R AAZTMA Apolell= MAAFAES Apol7h yEhA] R kA|RE
22 iAol Ehe] g ol Ale] AEo]l A R WA ASEG waEA
EFyk o
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Table 3-2-3. Mpycelial growth of Pleurotus ostreatus(PO),
Garnoderma lucidum(GL), Phellinus linteus(PL) and Flammulina

velutipes(FV) on cooked soybean and black soybean

Media PO GL FV PL
Soybean iy ++ +++ ++
Black soybean e+ o+ et et

1)1\/[ycelial growth rate = +, Slow ; ++ Moderate ; +++, Fast

Fig. 3-2-8. Mycelial growth of Pleurotus ostreatus, Garnoderma lucidum,

Phellinus linteus and Flammulina velutipes on cooked soybean and black

soybean.

A, Pleurotus ostreatus ; B, Flammulina velutipes ; C, Phellinus linteus , a,

soybean ; b, black soybean.
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<3¥ 3-2-8-A> ¥ <aY 3-2-8-B>& 7Y Tk w3 el 2L ol
Mol Asbolx, <Y 3-2-8-C>& 209 Fk wjFa gl Aztolch 43 2
FAHA L 257 o] AES Hjdsto] E wFARA| Q] A Fo] ofF m kst o) HWo] W »

g A AE vjFshd wAR ALES F 2ol A MATAR
R

4) WAL A o] HH VdE=
HAS A S & o Arbsks diF 2 AT HA Vds=E AR fst
©] 500 mLe] AZtZ ek 100 mLe] S/5E ¥ 24 S85 3%, 5%, 7% R 9%
TER FTbstal oAl Wi AE <F 3-2-4>¢ YEhATh
/‘F‘-’La 2= wf Aol A WAL TEARA = pelletE F/d8HHA 2 skl o, 5~9% 714
Lol A= AL Hlsg AxwA FAE e 1 FolA 7% VdERedA Hx
%zﬂ FAZE FZE =A dEbsk v ey 7% o] ] 71wl A= 121°Cel A b e
o dEdo] Zab HuA HAdo] wobA wMiATE Flo] 2= o] doju AgEetaa
of Aol v A&l 2o w =Tl e dd vk AL, 9% 7E s =M=
wj#1 o] 22 Ao lete] ge] sl 1% 7] wiitel o] o] AF oAM= 5%
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Table 3-2-4. Effect of grain concentration on growth of liquid-
cultured Flammulina velutipes

Concentration Dry cell weight
(%) (g/L)
3 1.27
3.13
3.51
3.38
1.31
3.02
3.64
3.25

Media

Soybean

Black soybean

O© N 01 W|WwW 3 O

5) WAl AR A e x7] pHA
Wl e] 27] pH7b Welmalel A%l mA: dge Arel7] slste] ool
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ETS 5% FE2 HUlsta AAmA e pHE 4.7, 52, 5.7, 62 2 672 A% v
25°Co A ol MAL WFs AE <E 3-2-5>0] LehRch ETE gRe] ¥
e ZR4ol @ealle Wel pHE AE e ATHpH 52). HolA wi wieh 2ol A
Hol AL

b pHel W el A= pH7F WAle] Aol A s vAA Rsle] BT
3.0 g/Lol’de] AxdAlE G oY 1 FolA pH 5.2~6.27F AU Ao = EL
raeg

i

Table 3-2-5. Effect of initial pH on growth of liquid-cultured Flammulina

velutipes on soybean medium

Initial pH Final pH Dry cell weight
(medium) (after cultivation) (g/L)

4.7 4.2 3.02

52 4.7 3.27

5.7 5.2 3.38

6.2 5.7 3.30

6.7 58 3.01

7] wiEe] oo AAugolE 7] pHE ZAA @i Attt =Ehe
wAle] A= Al wFetle W of=Ete]= pH 550014 Aol g 24
staov, dd=ee 9 oFve T2 pH 6594 7HE A ARe] Sdskd e

el

o, WAL 27 pHel AW We Ao wnadth e AWM A Bol

MAS MFAAS o WA pHel mE TAYY Lol B A4 £F A A
DH 52~6.0% g0l 4 #AL o] T0~74 mmz FEaRlen], Bdx 5 A& Ao
2 nnd §gst A
6) W3l TAWMY FEES Y

<E 3-2-6>2 =Eh, 94, 43 L BIWAL HF R AT A 1A
MR ¥ 2 FEEol oA APAMEF(ASS] Al AL JBe AWHoR
wastel tebd Astolth, elelmAe] BF % AATHA FEES 2 AYA
2o AFAAE FERAAT A, Bol W FFMA FEES 0 AKIAE
SERRSIE olsh 2e At MAS WF R AZTRANA MFF F FESE
24 % gvle) 25 MAAL 24 R KB Aol mE Anz A
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Table 3-2-6. Inhibitory activity of extract of semi-solid culture from

Pleurotus ostreatus(PO), Garnoderma lucidum(GL), Phellinus

linteus(PL) and Flammulina velutipes(FV) on cooked soybean against

human lung cancer cell(A549)
Media Control PO GL FV PL
Soybean - R + ot +
Black
+++ + - -

soybean
Inhibition of cancer cell = +, below 10% ; ++, 10~30% ; +++, over 30%

7) HA mAG FEE] @&
<E 3-2-7>3 <39 3-2-9>+= et Al, GA], o] & Ho|HA FZ
o AL TS HES Aoty WA FH{ol wel Fibrint) Aol A Frggho] L}E}
A7 D A7)E 4EE o)z e MR JAMA FEES JES F =EHE
o] 571l =] o] A

Wako] LhER7] Al FRehe] 3417 o] Fof =
2 mygio] v,

Table 3-2-7. Fibrinolytic activity of extract of semi-solid culture from
Pleurotus ostreatus(PO), Garnoderma lucidum(GL), Phellinus

linteus(PL) and Flammulina velutipes(FV) on cooked soybean
Media Control PO GL FV PL
Soybean - Dty - ++ +
Black
- + + ++ -
soybean

YSize of clear zone = +, 1~10mm ; ++, 10~15mm ; +++, over 15mm

gkl fiAY vekskAl vEbsiT o

ey @A B S AlY] FEEAAE FHE
Z7E WAS WYgsA 2e FEAAE 2 SR FE3HY AFEEST o4
ABRE WMATAA WG FEEY LA TE HA dFol webs Aolrt YRt
AbgshE wj X FF wEtHE 2 @A Be ZolE yEh Sl
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Fig. 3-2-9. Fibrinolytic activity of extract of semi-solid culture from Pleurotus
ostreatus, Garnoderma lucidum, Phellinus linteus and Flammulina velutipes
on cooked soybean.

a, Pleurotus ostreatus ; b, Garnoderma l[ucidum ; c, Flammulina velutipes ; d,

Phellinus linteus ; e, control.

Table 3-2-8. Fibrinolytic activity of mycelia and culture broth of Pleurotus
ostreatus(PO), Garnoderma Ilucidum(GL), Phellinus Ilinteus(PL) and

Flammulina velutipes(FV) (diameter, mm)
Mushroom
) PO GL PL FV
Media
MY! 47 34 3.2 12.1
Soybean ‘
CB’ - 35 2.7 9.3
Black MY 4.2 4.2 43 11.9
soybean  cp - 37 2.8 86

1MY, mycelia of mushrooms ; 2CB, Supernatant of culture broth

WA A e & AP T (pelle)d BANI] W] FAA ] A APl L
A = Aoz rold Ade Wtk <E



ot oAl A9 iAol A B JAE(GHA)S st FEI AsoA g
Agafsol oA vetu o, “geWAle Fee dAE EA Al solARE oF
el gl sol HEtg oy A FolA e e o] yYERYA sttt
8) WA TALA whFo o] aht g
<E 3-2-9>% =g, A, FolAl B AW AL FALA wjFd o]
HAA AT Ao vXe FaES HAES Ayo|tt dF 2 HAZTu A A u)
FE WA wjordo] ytE e FMEI LAY o] tiste] FEH SR oFte] At EA
< YEA AL, E colidl WsiA = diFol A mikst g 2 ol Alnt AT A
Hj ket FAM A Y] FEFol o] okztel &S YEhATE ool WA o
of fair= BE FEEEC] A8 Frans YEhNA Xkt
<E 3-2-10>2 dA wigs A dAFEFE] FdS vEbd A3, $F
ikt 7o WAdAd WA=l st vk, G 2 ASWAY T
HAFEES A8 FoEAdS YeEhA %L, WolwAle] A FZ = (pellet) ol A
wto] S, aureus, Lac. plantarum, E. coliol tste] <kzke] #FAlS yeliic s A

AE AHgd dxTe A8 FEegel gtk ol g Anz ¥ HP AR

Table 3-2-9. Antibacterial activity of culture broth of mycerial Pleurotus
ostreatus, Garnoderma lucidum, Flammulina velutipes, Phellinus linteus

(diameter of clear zone : mm)

Tested bacteria ‘

Medium Mushrooms
A-3 A-7 A-8 A-12 A-20 A-23 A-27

Pleurotus ostreatus - - - + - - -
Defatted Garnoderma Ilucidum - - - + - - ¥
soybean Flammulina velutipes - - - + - - n
Phellinus linteus - - - + - - _
Pleurotus ostreatus - - - + - - -
Black Garnoderma lucidum - - - + - _ "
soybean Flammulina velutipes - - - + - - -
Phellinus linteus - - - + - - -

A-3, B. cereus KCCM-11204 ; A-7, P. aeruginosa ATCC-15442 ; A-8, E. coli
ATCC-25922 ; A-12, S. aureus ; A-20, Kl pneumoniae KCTC-2208 ; A-23,
Lac. plantarum ; A-27, E. coli KCCM-12177.
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Table 3-2-10. Antibacterial activity of extract of mycelial Flammulina

velutipes (diameter of clear zone : mm)
Strains
A-3 A-7 A-8 A-12 A-20 A-23 A-27
Media
Defatted - - - 146 - 132 110
soybean
Black - - 13.1 14.3 105
soybean

A-3, Bacillus cereus KCCM-11204 ; A-7, Pseudomonas aeruginosa ATCC-15442 ;
A-8,  Escherichia coli ATCC-25922 ;, A-12, Staphylococcus aureus ; A-20:Klebsiella
pneumoniae

KCTC-2208 ; A-23, Lactobacillus plantarum ; A-27, Escherichia coli
KCCM-12177.
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2) Colloidal chitin#l| =

Colloidal chitin®] A%+ chitin(Sigma) 15g-& HCI®I Y 150mlel #7}sle] 4

Coll A wHkstHA 24A17F W13 & 7}olA| ¢ whatmann paper No. 22 o] ¥}3}o]

ol g A AU o] ofFgdo] 4T S/ 2.0 LE H7H F 4TelA 1243 W
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A3kl colloidal chitin® $4135 AANZ F FEAS v A4S W
500140 & W74 At o]% 5 N KOHE ol g3kel pH 702 °]
colloidal chiting &gk th& 121ColA 152 Eifste] 4T HAsHAA v =9
M % maBHO AR Agasit.

Fig. 3-2-10. Growth of Pleurotus ostreatus, Garnoderma Iucidum and
Flammulina velutipes on cooked soybean.

a ; Pleurotus ostreatus , b ; Garnoderma lucidum, c ; Flammulina velutipes

3) Aol FeEietd 54
LA} Al@ o] LB broth 10me<s &F3te] =g miAo] 24 &8 "A=S 3
Z38Fo] 35T, 50rpme 2 g wjekdt b 29 phosphotungstate negative® <3 A s}
o F3dxd v 4 (TEM, JEOL 100S, Japan) o2 1 HE|E 23T

) Aol eets 54

=
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A elgels 100mle] E owiF iAol 194 HEst 2443
i R = 660nm°ﬂ N BRrs = AN GREY] dEE 156~55TH S, HiA
o] HApHe HELE pH35~1059 W9, HAXNEEES] HEE 80~230rpme] ¥ ¢
o A st ATt

5) Alttel Astst 54
B8 7S LB broth MlA oA =73 EA3AA saline 10mlS T3+ A g3
of HEstel A% thg API 50ch kitell 200404 loadingste] 35C+2Col| Al 24~
48hr Wi & A¥E B st FA AT

1) Chitinase A4vt2] &

E AFAE] AT MEstd 53 29 WEd vFe AT 944
A EAME HET oY 7pH dHS BAsy] dete vFE YT o vFo <
el St wgol ¥ MAlE HEste dPsty] wel el JEFS 5%
o] T wAAIZE HY At vlF iR IAFE A ATAE] G FEAF
o FA %<& st B FrE Fojgrt 18] wie] gl 9 vl dAAVE HF
QoA Hd st wWlFHFEE FAFste RS AAletar, E3F chitin EAbE<]
N1 Vs S FF BaEAFd FAT EXHoR HEHFAFOTNH
chitinase 11 #H] AldS Zelste] wlFo wg ool &staat st AMATF T
AZZEE 12 EFEE e 809 Hol W et A BEste] By T MAEES
S 1% colloidal chitin 3 LBE A (LBC)ol o] dte] A&EH=r7t W 4
Tl Fyslo] A=A Yehd FRUE 23 EEsle] < 3-2-11> 2 <a¥
3-2-11>° verdel. #2d mAE FoA SJ-06, S]-61 2 SA-72 9 ¥t

Fi BEUY 43EE mED Fude] 3 vedo FR0YRE U
A HS-2, HS-14 % HS-25@ % 2249l 790 A $382 vpehiA gskeh
ool AR Peld AR oA SJ61% Ay MARE A4 olshe] 4
g Ptk
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Table 3-2-11. Comparison of cell growth and enzyme activities of the
isolated bacterial strains by agar diffusion method

Isolated strains Growth Clear zone(mm)
SJ-06 ++ 52
SJ-14 +++ 45
SJ-32 ++ 1.8
SJ-43 4+ 45
SJ-45 +4+ 1.5
SJ-54 ++ 14
SJ-61 4+ 75
HS-02 ++ 3.0
HS-14 +4+ 3.7

HS-25 + 2.3
HS-32 + 3.2
SA-48 4+ 3.6
SA-52 4+ 2.0
SA-55 + 3.4
SA-68 4t 1.8
SA-T72 4+ 45

Fig. 3-2-11. Colony shape and celear zone size of various isolated

microbes on LBC agar plate.
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3
A= FollA colloidal chitin® 71 &S 33 F3du#] oA vl
231 clear zone9 i7]7]- AA v vAES Adste] HF9
ot E el Aty T WA e dE o] WA s FEFFo o] X nf ¥
S Fgsle] <a¥ 3-2-12>0 YyERAT. PDAH FuiA] 9o corker borer NO.5
(A7 7 mm)E olgsto] APEHS ESFHE JET vhF 30TolA wigste] A=
ARGt e]l AR B A o] UAEE HEAS w(colony A 1 9F 3 cm) ARt
TAF BOERE 1 cm A% "ozl Aol z v‘i‘ﬂﬁ—?% Sl do R HEFS AP

|
9] #AMA A A A A E(inhibition zone)

Fig. 3-2-12. Effect of the isolated strain on mycelial growth of Aspergillus

oryzae(A.O.) and Penicillium sp.(Pen.).

ga<ay 3-2-129) A>l disiAE SJ-14, SJ-43 2 SJ-619] wE|ato] AR
% Ho] oo, FEFFoIKIH 3-2-12¢ B> tistol= SJ-43 H
of A AAHol T Ao YEyt olHd Az fHev
wF o] FA Ko chitinaseZAl o] &L SJ-430|4 SJ-61 87 o]
F9 9o HEFS sgapgtoly AdA edE AT ES WHAF
K3

oE AL AT £ 9% AoE FEHA

>,
4
!l
o|\
>,
2
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ol o] Axtz Ee3 vAE FolA chitinaseZ Al o] oA ALl AN <
Agol g SJ-6leds AT nAERE dAGste] olste] AFES Pt
=3
3) g HAES] 4
A% By AAI SJ-617Fe F HF3AH 52 ATB systemoll 213 API kit
test2 I AHRZS <F 3-2-12> VAT 1 A=A Glycerol,
L-arabinose, ribose,
Table 3-2-12. Characteristics of the isolated bacterium SJ-61
Substrate Read Substrate Read
Control - Inocitol +
Glycerol + Mannitol +
Erythritol - Sorbitol +
D-Arabionse - a-Methyl-D-Mannoside -
L-Arabinose + a-Methyl-D-Glucoside +
Ribose + N-Acetyl-Glucosamide -
D-xylose + Amygdalin +
L-xylose - Arbutin +
Adonitol - Esculin +
B-methyl-D-xyloside - Salicin +
Galactose - Celobiose +
Glucose + Maltose +
Fructose + Lactose +
Mannose + Sucrose +
Sorbose - Trehalose +
Rhamnose - Inulin -
Dulcitol - Melezitose -
D-xylose, inocitol, mannitol % sorbitol %o Walole= PSS YERHJA O
erythritol, D-arabinose, L-xylose, thamnose % dulcitole]l st 422 e
Yok <E 3-2-13>2 £ SJ-61vTo FH H Asisty EAS AES A7
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N
=2

Hl SJ-61 gram® A A3 Fdo= YEtal, A7) of 20 x 1.5 me] ht e

& dom, WAEAE FAsAh
gelatin, casein % starch® £35S 714 W oxidase, catalase % urease¥®t
£ & kAol al, Voges-Prostauer test® %A o7 UEFY O indol A STS
ot} o)A Aur EIFF SJ-61S ATB systemol] ¢33+ API test @ Bergey's
Mannual of Systematic Bacteriology©l 2dte] 53 3s A3 Bacillus subtilis®} o}
T A #F 2 T A Bacillus subtilis S]-612 4 A o2 9ol

Table 3-2-13. Characteristics of physiological and biochemical strain

SJ-61

Gram stain + Gelatin +
Cell type Rod Casein +
Size(um) long 2.0 Starch 4

wide L5 Oxidase reaction +
Motility + Catalase reaction +
Colony color Ivory Urease reaction +
Fluorescence - Voges—-Prostauer test +
Flagellum + Citrate utilization +
Spore formation + Indol production -

4) Mgzl FF

7F) i FAIZE] gk

vl kA ko] Bacillus subtilis SJ-61 2] A% % chitinase2] &AJo] vl
FES HESH] st &4 LS AAw A Bacillus subtilis SJ-61 w52
E 2% AF3star 35T, 180rpm o2 vl Fat A wjekele] B9l Ao &4
sto] < ¥ 3-2-13>¢ YeEpiSleh wFA gbo] A o] wep o] AFE
Ao w Frbetthrt A A8 A4S O, chitinase®] #/44-S WiYF 1
7bek7] Al EFeke] wiF 4L Ao 3.2units/mle] FA S UERNATHIT A
A& et AT

wo = r
=
O
2
o

—_
e
>

Q]
=

fr ol

R )
i‘t‘
N
N
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Enzyme activity{unitml) :
X
=
Cell growth{U'OD., 660nm) ; @

] ..--"'_-_ .I-- L 1 1 L ]
L[] 2 4 i

Cultivation time{days)

Fig. 3-2-13. Effect of cultivation time on cell growth and chitinase
production from Bacillus subtilis SJ-61.

) wix]e] %7] pHY &

Wjxje]l %7] pHE ZAAS7] st a4 AE AAMA A Bacillus
subtilis SJ-61°] HAwjFNE 2% HEFst iAo pHANE pH 4~127bA ®SHA] 7]
A 35T, 180rpme = 49 &F M &g th5 wdde] gre a4 ddS A3
of <I¥ 3-2-14>0 YeriAeh #AS T2 wiA o] pH7E S7HEe] wep A9
XA o7 Frhste] pH 7~89 T/45-ZolA 71 AT A S2°1(0OD : 4.8) |
FolHh 4o FA4% pH 5ol8tdAE 543 "oy o pH 5014l Ae 443
7871 AlFFsle] TRl A 7Y 22 35 units/mle] A4S YERNAEZE pH
8ol ol = FA8A "WojA pH 9ol A 2.9 units/ml, pH 10914 0.8 units/mle] &4
S yeigde}. ol el A3 R Bacillus subtilis SJ-619] wi#A¢] %27] pHE AR
°] pH 7%= ZA st
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th

0

Cell growth(UOD,, 660mm) : @

Enzyme activity{(unitml) :
I

4 -] & 7 ] 9 1l 11 12

Medinm pH

Fig. 3-2-14. Effect of initial pH of medium on cell growth and chitinase
production from Bacillus subtilis SJ-61.

th) wjF2wo] ok
Bacillus subtilis SJ-619] W HA LS HESY] Yool a4 ABAHE oA

AwiA o] pHE pH 72 243 & dste] v Fug
o WME 15~50TCTE WA 7IHA 49 &t S ohs i
2o 48 FAEe <29 3-2-15>0] HERHAT TAe] T4 30~40°
oA 7HE & st °]—r°1 Jou 20T o]she] v &
MR dAASA ¥ OD#E UENRIT Chitinased AL w$&%=7F 35C7}H
Al E7bgtell whet 17}0}7] AlZFsto] wi ek 35Tl A 7Hd =& 35 units/mlE UrEM]
Ao} 40Col gl FAsHA HolA vt 45TCAA = 1.2 units/ml & FES
th o]l A2 Bacillus subtilis S]-612] WYX 42 35C=2 AA AT
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Enzyme activity(unitmly ; O

Cell growthi(LTOD., 660nm] : @

u i i 1 1

15 20 25 30 35 40 45 =0
Optimer temperature( C)

Fig. 3-2-15. Effect of cultivation temperature on cell growth and chitinase

production from Bacillus subtilis SJ-61.

W& %57} Bacillus subtilis SJ-612] A5 2 chitinase4kol] v X += 3

%
& AE3Y <E 3-2-14>0] el wiHe] 27] pHE WA E Alzste] =
AetA e pH 7002 a1 35T vig2%olA g £%=5 100, 140, 180, 260
rpm O 2 WSAI 7| A v ket A3 A" £57F 100 rpmell A 180 rpmZ7HA 5 7He)
of meb mAES] F2 9 ghe] Aol ofgh Frhstdth ol e AR Bacillus
subtilis SJ-619] W &S 93t 2 & 180 rpmo. = ZA At}

4

- -
o
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Table 3-2-14. Effect of shaking speed on cell growth and chitinase
production from Bacillus subtilis SJ-61

Cell growth

Shaking speed(rpm) (0D, 660nm) Relative activity(%)
100 3.27 56
140 4.53 82
180 4.75 100
220 4.68 105
260 4.85 105

DINERIES:

O @49 9F
e de F5F7F Bacillus subtilis S]-612] chitinased Aol mX|&= o3&
AT 7] flgte] aaAE iAol A4F dads 1%% H7ERE 35Tl
180rpme. 2 49 o Agu|d3d oS chitinase?] AWML A3l <E

3-2-15>¢] YetATh AFA 7IHE AES oy T/ BAU FolA colloidal
chiting A& g @4dS AFES Aol s A9l 85 3 chitinase®] B4
o] o}F m|ekeltt. o] AF}=E chitinaser= & BAaHol osiA Fr¥= Fo] of
Yz} colloidal chitindll <314 ¥+ 24U & 5 AT 283 colloidal
chitin®] #7}sX7} chitinase?] Aitel v A= F&FS HESZ] f8te] H7bsh=
colloidal chitin® %% 0~35%7kA WStA7|HA v =

of YeFSAcE wiAlel colloidal chitin®] #7}sX=7} S7Fste] uwhe} chitinase?] &4
R A BHE AY AAHoR Frtete] 2% FH7F A@TAAAM A 4L
7.0units/ml, A °] OD¥& 5435 WEtWl o 1 ol e HrtwskoAe aahe &
A 9 0D 2% Aasdu. ol el A3E 1eldte] Bacillus subtilis SJ-612] v A]
o 7}sk= colloidal chitin®] H7Ms k= 2% 2 A4 o).
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Table 3-2-15. Effect of carbon source on cell growth and chitinase
production from Bacillus subtilis SJ-61

Cell growth

Carbon sources Relative activity(%)

(OD, 660nm)
Colloidal chitin 5.02 100
Sodium citrate 2.43 10.8
Lactose 3.05 43.2
N-acetylglucosamine 3.91 68.4
Cellulose 2.84 38.6
Chitin 3.26 41.7
Chitosan 2.56 174
Sucrose 3.63 26.5
Glucose 3.97 11.5
Soluble starch 3.85 159
f 0

Enzym e activitr(unit/ml) :
Coll growth{UO0, Golnm ) ; @

L .5 1.0 1.5 2.0 1.5 3.0 L5

Concentration of colloidal chiting™®a)

Fig. 3-2-16. Effect of concentration of colloidal chitin on cell growth and
chitinase production from Bacillus subtilis SJ-61.
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@ AAiYe o3
AR =77} Bacillus subtilis SJ-619] A4 2 chitinase & A4t 1
[e)

Ar gRe Amste] <E 3-2-16>¢ YEudth &2448 A6l colloidal
chiting 2.0% #H7istil o2 F/79 dads 727 01%% H7F 5 35TelA 180
pme. 2 Wde thg WFelel BE W chitinased) AUBAL SR Bado

FALYe 3 ol g3

=

2 A yeast extract, beef extract, peptone % tryptone % 2
gdom &AL peptone, tryptone, yeast extract 59 o= =A et
b NH,Cl % NaNOz¢F 22 77124898 2 o] &3tA Xatglon aAhdde v
& Aog eyttt o)A A E Bacillus subtilis S]-612] B4 2 chitinase &4

AARS 93 A AQP O ZA peptoneS AAEY

H

Table 3-2-16. Effect of nitrogen source on cell growth and chitinase
production from Bacillus subtilis SJ-61

Cell growth

Nitrogen sources Relative activity(%)
(OD, 660nm)
Yeast extract 542 100
Beef extract 548 82
Peptone 552 168
Ttryptone 5.45 145
Urea 5.04 97
NH4Cl 4.66 72
NaNOs 4.47 56
Malt extract 5.01 93
Asparagine 4.85 86

B3 Bacillus subtilis SJ-61°] 714 2 o] &38t= A2 A% peptone H7F5 =9
dFE AEse] <T¥ 3-2-17>°] YEIH. Peptone®l H7bsx=E 0~0.8%714]
og] TRWSE 747 Hbstn dAY FF AEWHIA wdsA wgd A
peptone?] 7t wE7F SUMESE Ehe] @42 oAb SRS o wAle] Sk
7] F7kekA skeh. ol o] AR peptoned] HIbERE &40 FAo M =
& 05%= AAsArh
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Fig. 3-2-17. Effect of peptone concentraion on cell growth and chitinase
production from Bacillus subtilis SJ-61.

3

F719 0] 83 Bacillus subtilis SJ-619] A& 2L G Ao] mX= o3k
= HdEst] <& 3-2-17>°] YEridT. 24 wAed g2 2.0%9
colloidal chitin, A4 05%9] peptones #H7Fstal ZHE F7149S 0.05%% #
7kake] 35ColA 180 rpme = wjgstlen wx = ELALA AAE AL
vk, 2 A3 CaCly, NaCl 3 FeSOs - TH:O+= Bacillus subtilis SJ-612] A%

g g AR oF7re] g EES w i oy CoCls - 6H20, ZnCl,, HeCl, ¥ AgNO33}
e T35 9L Bacillus subtilis SJ-619 A& 2 GaArd 23]y A ste
Aoz Y} HA F719e CaCle - 2H0 0.05% % A7 s}t
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Table 3-2-17. Effect of inorganic source on cell growth and chitinase
production from Bacillus subtilis SJ-61
Cell growth

Inorganic source Relative activity(%)

(OD, 660nm)
CoCls - 6H20 513 48
ZnCly 472 36
HgCly 4.68 34
ZnS0Oy - TH0 4.96 42
CaCly - 2H20 5.86 104
FeSO, - TH20 5.85 103
NaCl 5.83 102
AgNO3 4.98 46
Control 5.82 100

4. FT=Z2 ¥ AL AT AA

7h A3AE 2 Y

& gl HY> R <3
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BT Y A Al > Fdh

2) FgA

I 7ol watth, MALAN S A= AREARAIE 2
Apapbel] o EAZl ) A sk A2 AFAS membrane filter® o] #ake] A}
O}M#Uﬂ O—H Joi g A= S PR Fo] A=z %(-?Fxﬂ)"]— A} ol (v ko) o &
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= jEs
Aol o obgAL 7t %aﬁf,ig g 45 NS membrane filter® &
= FgEs S48, pH ¢
A

43 o A2olA 2hr WA

H A 6H E o] ZF(minimum inhibitory dose ; MID) &4 & Z} EgdF= Hj
&Fato] o gk o] A5 paper discol 0~1407HA] 7t w2 FHIAZ vy HAA
5 T35t vE FRlsiE FaAmA ol glo] 35TolA] TAIZE wigete] g
4s YEidE FE5E5 MIDE ZA s

5 &g e ATEE
BT FE 202 A} 3 wgFAS 10000rpmo Al 303 AR H
Ao Ao Hexane, CHCl; EtOAc ¥ BuOHE 7}35te] AlEE3 S AA35
ST},
U, Ag4ds
D e e AR #Re Be 2 A4
7 A= B
A5 LEAE A 7]%—% 7&32}3}1’ HEE HAAY 53 FFE
T HHoz dUAE=E FE oF F9o ¥FE 12 AHsle skim milk

A
7} g% SM, soluble starch’} 3% AM 2 carboxy methyl cellulose(CMC)7}
el CME B A Aol A s Aol clear zone®] =77} Al FEletw S
7F mE 1072 23 B35t <F 3-2-18> ¥ <29 3-2-18>9] YEMHATH
TES AEE7F w2y FIg gd F2YE J4sI o SM,
AM 2 CMujA] gl YEels= clear zone?] =7 5o Wl B 2ol5 H
Gk, SMHEIR] ol = HS-02, HS-14, 2 HS-25 AMHIR] AolAd = HS-02,
HS-03, HS-14, HS-25 % HS-32, CM#iA] ol A= HS-02, HS-04, HS-25 %
HS-32 i+ FolA vlu3 clear zone®l A3 FElstA YEIST<E 3-2-18>.
<y 3-2-18>& ol EEuF FTolA HS-25¢FE 3F7Y HAwmA
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= S SAS g vud 3FFY a4 F
Aol =4 YEld 6975 33 Bt <F 3-2-20>°] YEF AT, Proteases}
amylase &428A4 2 HS-14 2 HS-257F7F =& A4S Hgow cellulase &

Table 3-2-18. Comparison of cell growth and enzyme activities of the

isolated bacterial strains by agar diffusion method

Clear zone (mm)”

Isolated strains Growth rate”

sm? AM? cM”
HS-01 ++ 103 169 7.1
HS-02 - 193 18.1 8.3
HS-03 +++ 16.2 180 5.2
HS-04 ++ 147 149 85
HS-14 - 184 189 6.4
HS-17 ++ 123 123 45
HS-19 +++ 169 153 55
HS-25 - 184 235 9.6
HS-32 ++ 145 180 85
HS-46 ++ 117 127 76

U Growth rate : + slow, + + medium, + + + fast
? Size of clear zone on SM” containing skim milk for protease, AM” containing soluble
starch for amylase and CM® media containing carboxy methyl cellulose for cellulase

activity. Composition of each media is well described in the Materials and Methods.

,89,



Fig. 3-2-18. Cell growth and enzyme activities of the isolated bacterium
HS-25 on SM for protease(A), CM for cellulase(B) and AM agar plates for
amylase(C) by agar diffusion method.

Table 3-2-20. Comparison of protease, amylase and cellulase activities of
culture broth obtained from the isolated bacteria

Enzyme activities (Units/ml)

Isolated strains

Protease Amylase Cellulase
HS-02 50.53 711 3.34
HS-03 31.88 6.0 1.07
HS-04 34.94 4.80 0.98
HS-14 55.53 8.65 2.92
HS-19 46.00 6.60 0.86
HS-25 66.70 7.80 2.78
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) AEFE g e A
AddF FEAEFS sy YalE AEaE nAEe] 4SS AT
T AE Pl T8 24 A7yl 33 2 vAEY FHEYES HES
<E 3-2-21>°] et 3x EEg nAEES AERE A= gty
H A =o PSS zta glglon), 1 FoAE HS-25 HS-14 2 HS-02 &
gt £o FAo] A eyttt

Table 3-2-21. Antibacterial activity of the culture broth of bacteria isolated

from traditional Doenjang against food poisoning and pathogenic bacteria

Antibacterial activity (mm, size of clear zone)"

HS-02” HS-03 HS-04 HS-14 HS-19 HS-25

Tested strains

A-027 9.25 8.00 8.00 10.65 8.25 12.65
A-03 8.35 8.00 8.25 9.65 8.25 12.45
A-05 8.05 8.45 8.00 8.45 8.00 8.00
A-07 8.20 8.45 8.45 9.45 8.45 10.37
A-08 12.80 13.45 11.45 13.75 8.25 13.45
A-12 9.85 8.65 8.25 12.45 8.50 12.45
A-14 10.80 10.75 10.50 12.25 8.50 12.56
A-17 8.05 8.05 8.25 8.45 8.00 9.45
A-18 9.65 8.65 8.25 875 8.25 10.45
A-23 8.05 8.05 8.45 8.25 8.00 8.25
A-25 12.50 9.65 10.15 12.65 8.20 12.65
A-26 10.50 10.75 10.55 12.45 8.30 12.55

1)Inhibitory effect of the culture broth of isolated bacterial strains against tested
strains by agar diffusion method. “Bacteria isolated from traditional Doenjang.
YTested strains = A-2, B. subtilis ; A-3, B. cereus KCCM-11204 ; A-5, Str.
mutans ATCC-27607 ; A-7, Pseu. aeruginosa ATCC-15442 ; A-8, E. coli
ATCC-25922 A-12, Sta. aureus KCTC-1927 ; A-14, Sal. enteritidis
KCCM-1202 ; A-17, Sal typhiumurium KCTC-2208 ; A-18, Kle. pneumoniae
KCCM-11319 ; A-23, L. plantarum ; A-25, Pro. mirabilis KCTC-2433 ; A-26, V.
parahaemolyticus

HS-02 &=+ E. coli, Sal. enteritidis 2 Pro. mirabilisd %< Id734S e
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Wom HS-14 ¥ HS-25 #3875+ E. coli, Sta. aureus, Sal. enteritidis, Pro.
mirabilis 2 V. parahaemolyticusE B 53 ZE A ERF3 nAE tste] v
A =2 FEEAdS A AT o] AE vtEg o R & ATl s SMu
2, AMElA] 2 CM3E #Ha 2] ol A clear zone®| Z7]|7} Al Fgistm o Al uj %] of] A

Faddol M wa, FajvdEel e FdAo] 3 HS-2BdFE HFE
A

HF Bg AAY HS-25 wF9 5A4L dte] vAE] Fegs L Aygst
A EQS AES A7E <29 3-2-19> 2 <IT 3-2-22>¢] ey Eg st
HS-25 &t A& ARE 71xa o Axd i thge] dAES A

1
HATHFig. 3-2). 283 WAXAE FAstH AxEe] A7]= 05~
0.8 x 3~5 mmolRom PG Aoz yelych sty EAS HES Ay
catalase®} oxidase YA ©]F oW esculing 7IFE3MIATU<E 3-2-22>.

e x ]

A

Fig. 3-2-19. Transmission electron micrography of the strain HS-25

from 18 hrs on LB broth medium. Scale bar was 1 um.
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Table 3-2-22. Morphological and biochemical characteristics of the

bacterium HS-25 isolated from traditional Doenjang

Characteristics Reaction Characteristics Reaction
Morphyology shape Rod N-Acetyl-glucosamine -
Gram stain + Amygdalin -
Cell dimension(gm) 05~0.8x3~5 Oxidase —
Catalase + Esculin +
Spore + Salicin +
Flagellum + Cellobiose +
Control — Maltose +
Glycerol + Lactose —
Erythritol — Melibiose +
D-Arabinose — Sucrose +
L-Arabinose + Trehalose +
Ribose + Inulin +
D-Xylose + Melezitose —
L-Xylose — Raffinose +
Adonitol — Starch +
[f-Methyl-D-xyloside — Glycogen +
Galactose — Xylitol —
Glucose + Gentiobiose -
Fructose + D-Turanose -
Mannose + D-Lyxose —
Sorbose — D-Tagatose —
Rhamnose — D-Fucose -
Dulcitol — L-Fucose -
Inositol + D-Arabitol —
Mannitol + L-Arabitol -
Sorbitol + Gluconate —

=+, Positive reaction ;
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ol4e] AyE EUR Bergey 's Manual of Systematic Bacteriology 2 Bergey ' s
Manual of Determinative Bacteriology®ll =3l 4% 23} Bacillus% Hoz2 F4
Hom, <E¥ 3-2-22>¢ API kit(API, France)Z AF&3 o waaddel Auys
ATB indentification programell ¢ =3ate] &A1g A3 2+ HS-25 5+ 98%
A% Bacillus subtilis®t A3 Ao 2 AHEQAT o] Az B AFoa =
T B2 443 &AW ES Bacillus subtilis HS-252 78§ 3} th.

Y

3) HHEE Al AkE 9% HA =3

CEEREES!
2% A e e AR A% W AR A Qo F
4g

Zg37] wjEo 23 Bacillus subtilis HS-25¢] & A wj x| =

A 15%S 242 1% (w/v)E #H7kste] vt A3es <F
3-2-23>3 vk AAHoR v@AYS HIUFS A9 dAadE HUbehA &S
izl wlste] o] ASo] Al o), sorbitol, mannitol, xylose %
maltose 52 T TFY AFol FIFE MAA @ AR YEHET @AhYdoR
/1= soluble starch, cellobiose % raffinose 59 #7F «£o2 & AF3H oM,
ol 15&F9 ®©ad HIb W& FHEA 2 soluble starch, cellobiose 2
raffinose 5= H7tgk A/ @l A Fain A&l diste] wig =& FdLdHS o
bt o9 AFER Bacillus  subtilis HS-253t 9] datatd& iteo] A3
4 #A e Aoz ATFHJTE EI Raffinoses  H7FgE A§ ol A
Bacillus subtilis HS-25 #59 A5o] sttt A2 diF Fol v L do=

FA 8= raffinosed 3 4= A= galactosidase ¥ invertease2| #H|ZHo] §-

+8 Aow gt

ut

@ ®Hadd T 9

Bacillus subtilis HS-257t 2] A&o] 718 st & g S
WE soluble starch, cellobiose, raffinose?] 3FF Z+ e4ade] tist H7} s =&
E3te] <ag 3-2-20> % <FE 3-2-24>0] uYERRSTE Soluble starch,
cellobiose ¥ raffinose®] H7bs%7t 1%7HA S7Fgel whet o] A& G435
SR oY 1 o] e FRoA = kel Al ghadte A4S YERIT< R
3-2-21>.
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Table 3-2-23. Effect of various carbon sources on antibacterial activity of
culture broth of the isolated Bacillus sp. HS-25

Antibacterial activity(mm)"

Carbon sources Cell growth

A-87 A-12 A-25
Control 0.467 9.05 10.00 9.50
Glucose 0.716 11.85 10.34 10.05
Sorbitol 0.481 10.50 10.10 10.86
Mannitol 0.435 10.32 9.65 9.27
Soluble starch 1.350 15.50 14.52 14.70
Xylose 0.469 10.23 9.75 10.15
Maltose 0.576 11.46 11.64 10.85
Lactose 0.552 9.45 10.00 10.35
Fructose 0.738 10.85 10.25 11.05
Arabinose 1.138 13.75 13.05 13.45
Cellobiose 1.330 15.30 14.50 14.10
Raffinose 1.254 14.50 15.90 14.50
Rhamnose 1.078 13.55 13.95 13.85
Mannose 0.742 11.75 11.35 11.70
Sucrose 0.830 11.25 11.00 9.65
Galactose 0.974 10.00 11.80 11.20

USize of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method. ITested strains = A-S,
E. coli ATCC-25922 ; A-12, Sta. aureus KCTC-1927 ; A-25 ; Pro. mirabilis
KCTC-2433.
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E. coli, Sta. aureus 2 Pro. mirabiliso| W3t ST 7] A5 vpA7pA 2 gjx
Tol vkl 3FF ©@AYE 1% FE/A WG we A A Srtskd o 1
ool H7F seAe= Ao Wsiyl Y Histe A4S HEHKRE
3-2-24>. &4 #HUF v HEZE 3 soluble starch, cellobiose 2 raffinose
<ol A soluble starch H7F A&7} & Al Ttol]l Hlste] dat&d & Hs=aHA
e o o] ASo] ofF gk Ao R e

1.8

Cell growth (O.D at 660nm)

Con 0.5 1 1.5 2 25 3

Concentration of carbon sources (%)

Fig. 3-2-20. Effect of concentration of carbon sources on the growth of
the isolated Bacillus subtilis HS-25.
@®- @, Soluble starch ; 0O-0, Cellobiose ; A-A, Raffinose
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Table 3-2-24. Effect of concentrations carbon sources on antibacterial

activity of culture broth of the isolated Bacillus subtilis HS-25

Antibacterial activity(mm)"

Carbon sources Concentration ‘
A-8§ A-12 A-25
Control — 9.05 10.00 9.50
0.5 11.50 10.90 10.50
1.0 15.60 14.70 14.90
15 15.50 14.70 14.70
Soluble starch
2.0 15.50 14.50 15.00
25 14.50 14.00 14.70
3.0 13.50 12.00 15.00
0.5 11.20 10.50 10.00
1.0 15.30 14.00 14.50
15 15.50 14.50 14.00
Cellobiose
2.0 15.00 14.00 14.00
25 12.00 13.00 11.50
3.0 11.50 11.00 10.00
0.5 10.50 11.50 10.50
1.0 14.50 15.50 14.50
15 15.00 15.50 15.00
Raffinose
2.0 15.00 15.00 14.00
25 13.50 12.00 11.50
3.0 11.00 10.50 10.00

USize of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method. Tested strains = A-S,
E. coli ATCC-25922 ; A-12, Sta. aureus KCTC-1927 ; A-25, Pro. mirabilis
KCTC-2433.
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Table 3-2-25. Effect of various nitrogen sources on antibacterial activity of

culture broth of the isolated Bacillus subtilis HS-25

Antibacterial activity(mm)"

Nitrogen sources Cell growth
A-8” A-12 A-25
Control 1.312 14.90 14.00 14.50
NH4CI 1.558 14.90 15.45 15.50
(NH4)2504 1.434 14.45 14.00 14.85
NHNO; 1.431 14.05 14.55 14.75
NaNO; 1.539 15.55 15.00 15.50
(NH4)2C204 1.474 14.95 14.40 14.70
Malt extract 1.587 16.10 15.20 15.50
Yeast extract 1.807 16.90 16.50 16.90
Asparagine 1.623 15.85 15.00 15.55
Peptone 1.816 16.70 15.20 16.50

USize of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method. ITested strains = A-S,
E. coli ATCC-25922 ; A-12, Sta. aureus KCTC-1927 ; A-25, Pro. mirabilis
KCTC-2433.
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Bacillus subtilis HS-257F7F 714 & o] &3l AU 2 yeast extract
9} peptones AASIA oE AR HA M7} %E% ZALEhe] ol ASE <
Iy 3-2-21>°, AL <FE 3-2-26>°] JERHSIT Yeast extract %
peptones ©E O 2 HUleleE A HU 2FF AES E3tste s AY S
oAl ol AFo] 7Y GG <FE 3-2-26>2 7t AR Hibwke mE

7)
S EAS e Ao Z yeast extract®} peptones © =
J =

o
B} % xovt_'_‘_% 2+ 7y 05%2 &3 AL Al Fo A 7 A % e s s

[} = 0=

2 H7EeE A

WAtk 3 yeast extractd] A= %7}%15% F7tetoA = et dd e wErt
Ao dojupA] kot DeDtOne«l = 05% o]’de 7@7]'0-—0“}‘1 = A 3H
FagAe]l dolAle s #FL F M%EP. o]}e] A= Bacillus subtilis
HS-25 # 55 dj4d o dAYdo 7 yeast extract®t peptones 2HzF 05%

® Egstel Yrbshsinh

25

Cell growth (O.D at 660nm )

Con 0.25 0.5 0.75 1 1.5

Concentration of nitrogen sources (%)

Fig. 3-2-21. Effect of concentration of nitrogen sources on the growth of

the isolated Bacillus subtilis HS-25.
@-@®, Ycast extract ; O-O, Peptone ; A-A, Yeast extract+Peptone (1:1)
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Fig. 3-2-26. Effect of concentrations nitrogen sources on antibacterial

activity of culture broth of the isolated Bacillus subtilis HS-25

_ . Antibacterial activity(mm)"
Nitrogen sources Concentration

A-8Y A-12 A-25

Con. 14.50 14.00 14.50

0.25 16.00 15.50 16.00

Yeast extract 0.5 16.50 16.00 16.20
1.0 16.90 15.35 15.90

15 16.90 15.35 15.90

0.25 16.00 15.00 15.50

Peptone 0.5 16.00 15.50 16.20
1.0 12.50 10.50 11.00

15 11.90 9.90 9.00

0.25 15.50 15.50 16.00

Yeast extract 0.5 16.50 15.50 16.50
Peptc—;le(l : 1) 1.0 17.50 16.70 17.00
15 17.50 17.00 17.00

USize of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method. ITested strains = A-8,
E. coli ATCC-25922 ; A-12, Sta. aureus KCTC-1927 ; A-25, Pro. mirabilis
KCTC-2433.

® F7199 Y3

Bacillus subtilis HS-25 w#5¢] A5 % Fd@ddo] wx= 77199 43
S HES] #1319 soluble starch 1% 9} yeast extract ¥ peptones 27+ 0.5%
TER VIS F 13FFY A% FUIdS 44 005% FEE HTbete] witAll
Ads <F 3-2-27>° YEAT. HdwbHoew yr]9del HI7l= Bacillus
subtilis HS-25 ©5¢ A5 2 @ Addd & d&F2 v xA %o MgCl
2+ 6H:05 BT R 7719 HIF A@ oA oFF Aol Fualon,
sful B Eel gk Fddde e AP tel vlste] otk =A dERwth vk
HgCl,, CoCl; - 6H20, ZnSOy4 - 7THO ¥ ZnCl 59 H7 <
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AA IR o, FAHAE ot ST AL YEX &St} o]/ide] A
2 Bacillus subtilis HS-25 w9 g 2 & S71E 918k vix]o] H7}
3= F7192 0.05% 2] MgCls - 6H0% A A 53t}

Table 3-2-27. Effect of various inorganic salts on the growth of the
isolated Bacillus subtilis HS-25

Antibacterial activity(mm)"

Nitrogen sources Cell growth ‘

A-8” A-12 A-25
Control 2.051 17.50 16.70 17.00
CuS04-5H0 1.197 10.50 9.50 9.85
KH2PO,4 2.058 17.50 17.00 17.20
CaCly-2H20 2.103 17.50 17.00 17.50
MgCl,-6H20 2.544 19.50 18.00 19.00
HgCly 0.134 - - -
FeS04-TH0 1.701 18.00 17.00 17.50
MgSO4-7TH0 2.137 19.00 18.00 17.50
NaCl 2.085 18.50 18.00 18.50
CoCla-6H20 0.147 - - -
ZnS04-TH20 0.169 - - -
MnClz-4H,0 2.102 18.00 18.50 17.50
KyHPOy 2.087 18.00 18.00 17.50
ZnCly 0.278 - - -

USize of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method. Tested strains = A-S,
E. coli ATCC-25922 ; A-12, Sta. aureus KCTC-1927 ; A-25, Pro. mirabilis
KCTC-2433
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59 WAL %7} Bacillus subtilis HS-252] A4S 2 ulbe]g] @ Al 2] AALd]
nX e S AESY <T¥ 3-2-22> YERRIT wWgeEE 15T ~55T 9
M2 WA 7|HA 24417 180 rpme 2 FE wjs Ay ngEo KL 25
C 45C ol el vk ol A Kol A3 Adstl et 25T ~45T 71
o] =xwRlfeA= AFol FASAT. FH DS Pro. mirabilis©l| o s}
20C~45TC9 MFeEoA A tiest &S Hetdigion, 50T mdFEolA=

85%°] &S FASA AL, 15T mMF2EN A= oF 60%, 55C<] i
FELoA = oF 66% &S YERNSIY. E. coli, Sta. aureus, Sal enteritidis
2 Kle. pneumoniae®] 570 thet A% FAFSE A4S YERNI T (A o)A
Al) ool AE Bacillus subtilis HS-25 #59] A& v A o9&
wo} uhg g e Ale] Aake mge e athx] JFS 10
Hats 4 vt weEtA Bacillus subtilis HS-25 @59 wlY22t A5 23S

%

o] 35T ~40C= ZAA3s4

o
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o
o
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H]—x] ok = A
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@ wix9] %7] pH 4%
Bacillus subtilis HS-25 2] A& 2 uhe 2] A Aate] w1 27] pH
o] GF& FAbste] <@ 3-2-23>0 YERUATE wiAe] %7] pHE pH 35~
105892 24d3le] 35T HA wjdemolA kst Axt %7] pH 35004 457
= ASol FAsA F7Mstd o, pH 459574 = ofF A3 A5
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Cell growth (O.D at 660nnm)
Antibacterial activity (%,

0.5 - 4 20

15 20 25 30 35 40 45 50 55

Temperature (‘C)

Fig. 3-2-22. Effect of temperature on the growth(@) and antibacterial
activity(O) of the isolated Bacillus subtilis HS-25.

Pro. miragbilis®l 3 &AL x|l 27] pHEZ pH 45004 wj%s9S A= oF
10%%Fo] YEpl ot pH 5504 mi st s w= 60%, pH 6.59014 wjdstals v+
80% B=e &S yetlo] wix e 27| pH7F Al A4 So=2 Wsghel uf
g gaEAdS A AHAHoR FIEATh E coli, Sta. aureus, Sal. enteritidis %
Kle. pneumoniae®] 57 gt Ax= FAeE dadS JeEMNAJAT.(AF 1A A])
o]el A3 Z Bacillus subtilis HS-25 w72 A8 ofabgd ~FdZdedoA 4=
sta, AL SR T ~LgZE o] HA A =A JEerwth wEkA o]

shol AgelAE e A%} FRBYL BA melstel MAE Ax @ o pHE =
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25 100

Cell growth (0.D at 660nm)
Antibacterial activity (%)

3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5

pH

Fig. 3-2-23. Effect of pH on the growth(@) and antibacterial activity(O) of
the isolated Bacillus subtilis HS-25.
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FEFS WA A KIS & Ak mEA Bacillus subtilis HS-257 5 w43
W AY Sre FAF 2L el e 4ahe mestel 180 pmA =t 19
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Fig. 3-2-24. Effect of shaking speed on the growth(@) and antibacterial
activity(O) of the isolated Bacillus subtilis HS-25.
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84 hraje] Alsel A el

a8y E ocoli 2P

°F 30%°] &t
Bacillus subtilis HS-25
AN BEPA S

A7t A9

“

L

S

Table 3-2-28. Medium composition and cultural conditions of the isolated

Bacillus subtilis HS-25 of antibacterial substance

Soluble starch 1%

Yeast extract 0.5%
Medium composition

Peptone 05%

MgCls - 6H20 0.05%

pH range of growth pH 45~95

Optimum pH pH 75
Cultural conditions Temp. range of growth 25~45TC

Optimum temperature 35T

Shaking speed 180 rpm
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Cell growth (A660nm)

0 3 6 9 12 15 18 21 24 27

Cultivation time (hr)

Fig. 3-2-25. Growth curve of the isolated Bacillus subtilis HS-25 on SY

broth medium for 27 hrs.

r:@

Fig. 3-2-26. Antibacterial activity of the culture broth of the isolated
Bacillus subtilis HS-25 cultured for 96 hrs against food poisoning and
pathogenic bacteria.

A, E coli ATCC-25922 ; B, Sta. aureus KCTC-1927 ; C, Sal enteritidis
KCCM-1202 ; D, Kle. pneumoniae KCCM-11319 ; E, Pro. mirabilis KCTC-2433 ;
F, V. parahaemolyticus. a, 12hr ; b, 24hr ; ¢, 36hr ; d, 48hr ; e, 60hr ; f, 72hr ; g,
84hr ; h, 96hr.
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acillus subtilis HS-25 #F°] &5 o|v| &g o]
= nAERE d4¥A Q= B, natto, B. subtilis, B. licheniformis % B.
megaterium SMY 212 5 Fdste] FLdxdoA AAt 3 & A EY 3
o] Ado AANS membrane filterz I3 v} IHFIAL vl HAEFS <E
3-2-29>°] YERNAY. E. colie HFET 6579 FalvAEAd st Bacillus
subtilis HS-257F+ ol =& Ia&-4ES Yeldey B. subtilis 2 B.
licheniformis 79 & WA %skew B, natto$t B. megaterium
SMY 212 vt5+= ofzte] vt ddS detlidinh ofef e Zie FdvdeEs
HiFets 24, WA R 2 ddE4s Uehle i rA=Y SRl & o]
Log AZAAY E3] AARAF AFAS Ax & W B megaterium SMY 2128 H=
3fo]  whtE A=Al FEEL Streptococcus  mutans, B.  licheniformis,
Brevibaeterium linens 2 Pro. vulgaris®l] ™3ale] =& A S el Ao=w

Bagh g wjFd 2pA 7 GEbllE st g@do] oFghe] Aozt it

Table 3-2-29. Comparison of antibacterial activities of antibacterial
substance producing bacteria

Antibacterial activity(mm)"

Antibacreria
A-87  A-12  A-14  A-18 A5 A-26
Bacillus sp. HS-25 21 18 19 18 20 17
B. natto 14 11 13 12 10 12
B. subtilis 10 9 9 9 9 9
B. licheniformis 12 10 10 9 10 10
B. megaterium SMY?212 13 12 12 11 9 13

USize of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method.?’ Tested strains = A-8, E.
coli ATCC-25922 ; A-12, Sta. aureus KCTC-1927 ; A-14, Sal enteritidis
KCCM-1202 ; A-18 Kle. pneumoniae KCCM-11319 ; A-25, Pro. mirabilis
KCTC-2433 ; A-26, V. parahaemolyticus
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Bacillus subtilis HS-25 w57} Aibste drd gl eale] & b AdS ZAF
a7l 918t TAIE AAT W G NS 100TA A 5 ~25% st A e &
AESE IS SH4ste] <ag 3-2-27>° JERRAY 58 2 108 Bt
dA-Elgh a & bAIET = dAEEA &2 (D] FHdAd ) vluste] x
T "oixA ge 5 I AstRFk. 28 100CaAA 258 &<k 4

Aestod e BE Al@ oA e
Pro. mirabilis®] 3 wA=9 7 2}

a9 3-2-27-A % E9 e). ol¢ & A= Pediococcus pentosaceus FB61°]
AAFeE pediocin A9l -2 100CAA 1083 &€ AHZstH w2 5% Fro] it
Aol FAEATE Aot vwd w FEs] d kAol =2 AR dAvy

041;]._

5

Fig. 3-2-27. Heat stability of the supernatant of culture broth obtained from
the isolated Bacillus subtilis HS-25.

The supernatant was heated at 100C for 0 min(f), 5 min(a), 10 min(b), 15 min(c),
20 min(d) and 25 min(e). A, E. coli ATCC-25922 ; B, Sta. aureus KCTC-1927 ;
C, Sal. enteritidis KCCM-1202 ; D, Kle. pneumoniae KCCM-11319 ; E, Pro.
mirabilis KCTC-2433 ; F, V. parahaemolyticus.

- 109 -



) pH ¢H4 4

Bacillus subtilis HS-25°] AJ4bel= vteg] 2419 pH FEA S
<z¥ 3-2-28>° YERSATE HA wigzzdol A wiFet wf kg
of A& AN pHE pH 45~12.07h4 XA ske] 4Tl A 247F WA ¥ pH
2 3N ZFEs e FuFAHS pHE ZAHSA 22 R T(pH 742)9] &t

LT RS e

N
>
_O|L
2

O

o o
EaRlEs

rio,
o>
S
)
S

o

o,
=)

Fig. 3-2-28. pH stability of the supernatant of culture broth obtained from
the isolated Bacillus subtilis HS-25.

A, E coli ATCC-25922 ; B, Sta. aureus KCTC-1927 ; C, Sal enteritidis
KCCM-1202 ; D, Kle. pneumoniae KCCM-11319 ; E, Pro. mirabilis KCTC-2433 ;
F, V. parahaemolyticus. The supernatant was heated for 2 hrs at pH 4.5(a), 5.0(b),
7.42(c), 10.5(d), 11.0(e), 11.5(f) and 12.0(g), and then was adjusted to pH 7.42.

I A3 Bacillus subtilis HS-25 T 57F At HEH 2|22 ZE fFalv A&

skl pH 45 % 509 2 FelAM= Ao F7 S dehliA &AW, pH

74211574719 &2 WMol v HgsiA FaddE FAsksieh o3
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Az B Ao B3 Bacillus subtilis HS-25 #F7} AAes gaEde Ay x

Anve 429y 2004 HE AT Aoz SlEdin.

) HaAs s e
Bacillus subtilis HS-25 59| Fuv| o] Fafn| & KAl vA= A4
Al s =(MIC)E HESIY] Table 3-12¢] Hepfiddeh <& 3-2-30>¢4 H+= nieoh
2ol mAfA A HrAd FEEE E. coli7t 5 mg/mlZ 7 9A YERE oW, Pro.
mirabiliss 75 mg/ml, Sta. aureus, Sal. enteritidis, Kle. pneumoniae 2 V.
parahaemolyticus oA += 15 mg/mlE YERNS Y. wh&bA Bacillus subtilis HS-25
FFE7 AASE EE oS Be FEEE fangR 45S AR F s

o] WA HFREAZAL o] § Jhedol w2 Aow AE X,

Table 3-2-30. Minimum inhibition concentration(MIC) of antibacterial
substances obtained from the isolated Bacillus subtilis HS-25 against food
poisoning and pathogenic bacteria

Straing Treated concentration (mg/ml) OMIC

Com. 5 10 20 40 60 80 (mg/m)
E. coli ATCC-25922 + - - - — — — 5
Sta. aureus KCTC-1927 + + * — — — - 15
Sal. enteritidis KCCM-1202 + + + - - — - 15
Kle. pneurmoniae KCCM-11319 + + + — — — — 15
Pro. mirabilis KCTC-2433 + + - — - - - 75
V. parahaemolyticus + + + — — — — 15

+ ; Growth, # ; Uncertain in growth, — ; No growth

2h) nAEe P Wt
Bacillus subtilis HS-25 57} A4kgk vre|g] 2o fafn| =9 e st
o WX A8 HEX Bacillus subtilis HS-252] vjdg&Hs AR
membrane filter® o] 33k of A5 ARgste] ot =, vl wigate]l &
Els

A&l zt wjkN I} Bacillus subtilis HS-25¢] wjF ol 1 : 182 &
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Fig. 3-2-29. Morphological change in E. coli ATCC-25922(A), Sal.
enteritidis KCCM-1202(B) and Pro. mirabilis KCTC-2433(C) treated with the

supernatant of culture broth obtained from the isolated Bacillus subtilis

HS-25 by SEM.

I, Control ; II, Strains treated with supernatant.
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Bacillus subtilis HS-25 w57} ks vre gl @ Alo] welidy E414 & g
A37] $18ked Bacillus subtilis HS-252] ¥ %89S membrane filter2 o] 23k o}
Al #3591 protease, pancreatin, pepsin 2 papaine 2} 200 units/ml® #H7}ste] 2A1%F &
ot AEe & [¥EIe FH LS HES ABeE <F 3-2-31>F 2o g2 4 8
g & NE FF Hrbstel AbgatSith EAaAEE A F
ZTAAME W =2 7S4S YERN AT protease, pancreatin, pepsins *]
g ARAT A E EE FarAEd diste] d3 o] yEhbA gtk 1
2lth papaing A3 AlFETE HE IS wA Fa iz 4N IS FF
44 Yety At
ol 818+ A= Bacillus subtilis HS-25057F AAsE dhe g 9.4

) ¥ %] ATt protease, pancreatin = pepsin® FAol 23] A

papaindl 93N &

of Fraln A& dlste] Fwdde]l A YElgA g o dAdETh uEbA
Bacillus subtilis HS-25 w7} A4se g 4L g A JF &2 F=
3 g qlor AFHEAZA AFEE HFE AAYAA A3 EI o] FaHET A

o FEh

Table 3-2-31. Effect of various enzyme on the inhibitory of bacteriocin
produced by Bacillus sp. HS-25

Antibacterial activity(mm)"

Enzymes -
A-8Y A-12 A-14 A-18 A-25 A-26
Control 21.50 19.00 18.50 18.50 19.50 17.00
Protease 8.00 8.00 8.00 8.00 8.00 8.00
Pancreatin 8.00 8.00 8.00 8.00 8.00 8.00
Pepsin 8.00 8.00 8.00 8.00 8.00 8.00
Papasin 21.50 19.00 18.50 18.50 19.50 17.00

USize of clear zone and inhibitory effect of culture broth of the isolated
bacterial strains against tested strains by agar diffusion method.”’ Tested strains
= A-8, E. coli ATCC-25922 ; A-12, Sta. aureus KCTC-1927 ; A-14, Sal
enteritidis KCCM-1202 ; A-18, Kle. pneumoniae KCCM-11319 ; A-25, Pro.
mirabilis KCTC-2433 ; A-26, V. parahaemolyticus
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uh) wheleloqle] el 2 A

7)
w2l & Bacillus subtilis HS-25 w7} Aikste wrelg] @Ale] #e - FAl=

7 SEEIXE, dHoMHOlE,

FE2 8 B 2¥s T dHEHS SAste] <T¥E 3-2-30> dEAS. E
coli, Sal. enteritidis, Kle. pneumoniae 2 Pro. mirabilis®] ajvu] &l )3t &
Ae FEREIXE, odopAEolE 9 RS Fo F8EoA FElshA veyion, 3

<o el e 2ol A3 dEhuA eskth

>
o
iClal

Table 3-2-30. Antibacterial activity of Hexane, CHCls, EtOAc, BuOH and
water fractions obtained from the culture broth of the isolated Bacillus
subtilis HS-25.

A, E. coli ATCC-25922 ; B, Sal. enteritidis KCCM-1202 ; C, Kle. pneumoniae
KCCM-11319 ; D, Pro. mirabilis KCTC-2433. a, Hexane fraction ; b, CHCls

fraction ; ¢, EtOAc fraction ; d, BuOH fraction ; e, Water fraction.
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2 ° e ) .41
4 goelwt g5 o] o ofe Fie gl = YRAL 23
g 5 A9tk 2 4ERe] KAV AR e FHBHL gy FREEE, o
YobAHolE 2 FEhe BB 588 BEE Fo] of 98%S X el olshe A
de Pee PR GRS At Fol - AAE Yl

gt o] M A Fere BEEEZREH v A B AASH] 9
3l Here B35 9400 mg silica gel column chromatography (@7 x 19 cm, 70~
230 mesh, ASTM)E 3slo] A& 50709 subfractions TLC plate® FAF 2| €
Q4lE =lstel HF 2079 AdFE BEES Atk Aol AFe Eg=d
3k FrEAS =Hste] <aYP 3-2-31>0 YERlAT FolH B upel 3ol
Al6 B AL7T+ALI8 T8 EA 7MY & S YU, T3k Aozl v g

Q1o = P ik

Table 3-2-31. Antibacterial activity of each fractions separated from BuOH
fraction by silica gel column chromatography

Antibacterial activity(mm)”

Fractions . Sta. aureus Pro. mirabilis
E. coli ATCC-25922 KCTC-1927 KCTC-2433
Al — — —
A2+3 8.65 8.25 8.05
A4+5 — - -
A6 15.35 12.55 14.35
AT+8 11.05 10.75 11.75
A9+10 11.55 10.95 11.75
All~14 13.95 13.55 15.05
Al5 13.45 12.25 13.35
Al6 14.65 13.35 14.95
Al17+18 16.85 15.75 17.35

YSize of clear zone and inhibitory effect of culture broth of the isolated bacterial
strains against tested strains by agar diffusion method.
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® Sephadex gel column chromatographyoll &3+ &A &2 o] £y
o] 7 =o How 9" ATFS Al7T+HAI8 BEI¥ES Tol z¢t
TE F o] vHHE EAFd we 2 E Fst7] 918kl Sephadex column
chromatography (@3 x 31 cm, Sephadex'™ LH-20)2 &3l 9L 50719 subfraction
S TLC plate(CHCl; : MeOH = 4 @ D& A F#EHS gRlste] HF 5719 E1L
Fo &S AJTHEL~ES). dojxl E1g9 EgEo 3 JrdAHds =AH3 24

7 El #£8E5A 7MY =2 @48 YeEddu<ad 3-2-31>.

Fig. 3-2-31. Antibacterial activity of A17+18 fraction separated by silica gel
column chromatography.

A, E coli ATCC-25922 ; B, Sta aureus KCTC-1927 ; C, Sal enteritidis
KCCM-1202 ; D, Kle. pneumoniae KCCM-11319 ; E, Pro. mirabilis KCTC-2433 ;
F, V. parahaemolyticus. E1, E2, E3, E4 and E5 fractions were separated from Al7
+ A18 fraction of A group by Sephadex column chromatography.

Sephadex column chromatography& 3t dat/do]l &ld E1w9 El #8&ES 3]+
sto] g FE T o] TS ddEAR F5EEE7] 989 MPLC(pump 540,

= <39 3-2-32>3 2tk MPLCS AAlste] o

c
<
N
S
=
<
Q
=
job)
N
@
=]
(@)
2
i
nx
>
rot
b
i)
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= 1078¢] #¥ES TLC plate (CHCl3 : MeOH = 2 @ D=

[e)
o
T o/l 8= F F#e F3 B8 &AM 71 A3 & ddo] FeH 3.

<Fig. 3-2-32> Antibacterial activity of E1 fraction separated by Sephadex
column chromatography.

A, E coli ATCC-25922 ; B, Sal enteritidis KCCM-1202 ; C, Pro. mirabilis
KCTC-2433. F1, F2, F3, and F4 fractions were separated from E1 fraction
of E group by MPLC column chromatography.

® Recyclic HPLCH| 28t S &4 &g
MPLCE A Aate] iAol &elH F3 2 ES Rof 7% w33l o] 53
AS A ddEHAR FFE 371 98le] recyclic HPLC(LC 908, Japan
Analytical Industry Co., LTD)E 33t} of7]dA Ao 10719 G1s BI&ES
TLC plate (CHCl; : MeOH = 3 : NE FAIE 2 S 3 g6ty HE 5719 G1EFEIES
Aol FH&AS paper discHol Fdtol AN A2 <Y 3-2-33> 2 <Y
3-2-34>9} 7t} Recyclic HPLCE A A|3le] A& 579 R E2 %ﬂ“]*ﬂﬁ =
7V Zde @48 Hole E coli, Pro. mirabilis & w8 38 &
2o G3 9 G4 BIENA 4 =o giaa S el

[o

rO
r%
_E
)
I
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Fig. 3-2-33. Antibacterial activity of F3 fraction separated by MPLC
chromatography.
A, E. coli ATCC-25922 ; B, Pro. mirabilis KCTC-2433. GI1, G2, G3, G4 and G5

fractions were separated from F3 fraction of F group by recyclic HPLC.

T ) ¥ —
Retention time (min)

Fig. 3-2-34. Thin layer chromatogram(A) and recyclic HPLC
spectrogram(B) of the F3 fraction separated from culture supernatant of the
isolated Bacillus subtilis HS-25 by recyclic HPLC. A : Developing
solvent (CHCI/EtOH = 3 : 1)

B : Eluent solvent (CHCI/EtOH = 9 : 1), Flow rate (2.5/min), wavelength (250
nm).
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7h A¥AE 2 8y

D Apgatel A g owjkzzd

Al 3 Al 2d <1 vlF oSH BEES AT wFe] AA>A E k.

A3} 7]

Bacillus subtilis HS-25, %{P%Oﬂ% chitinase&Al o] 43¢ Bacillus subtilis S]-61

g gEsty, WEe] ool 3ol L MY TAANE AAuFstel AWaA v}
A% 2% Bol 27 Eqatol MEA T ARAAG AR A W]
FAZ W BASA BEAA BEWF PEU FFol L MATA WY
s SUoz #ASFY T, g dEst A2 vFE 25 FoE dusty Ui
aAE 2 vgEe] WANEE §U40R BT
Meju molding 1st coating 2nd coating
(inner) (medium) (out)
Out layer
Medium layer Medium layer
Inner layer Inner layer Inner layer
Medium layer Medium layer
Out layer

Fig. 3-2-1. Cross section of capsule type meju after coating process(lst
step).
Inner layer, cooked soybean(coarse paticle) ; Medium layer , cooked soybean(fine
partical) + bacteria ; Outer layer, cooked soybean(fine partical) + mold or

mushroom.
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2nd coating

(out)

3rd coating

(medium)

4th coating
(out)

Out layer

Out layer |

Medium layer

Medium layer

Inner layer

Inner layer

Medium layer

Medium layer

Qut layer

Qut layer

Out layer
Medium layer

Inner layer

Medium layer
Out layer

Fig. 3-2-2. Cross section of capsule type meju after coating process(2nd

step).

Ak Foll EFT A9
ofyet FAtato] EaE Fol
ALA 7 A skl uhe) pelletE A 3te] pellets FiF
AT LH 7] wiiel H#gol @ WMAS A
vhel o] wkauE BEE cm)E A A ) A ol
v F 244 kb 307 &

2
A%g

ol

N

ol

9]
L
oF A2 o] A
<ag 3-2-35>°] et 23

jai]
=

al

- 120 -



Folzt o] o}F AT WAL AL & Qo] oleke] AP FEA Aol uj
& ol % WA FAAE Aol AevE AzAoR AgHgn

Fig. 3-2-35. Liquid cultivation of removal of pellet fom Flammulina velutipes

A, 2 days after cultivation ; B, 4 days for cultivation

AR Qs WS o]gste] fAEMFE Axs] A% MEEE <I¥
3-2-36>° eI Sxete] S sk Fol| g it u| A E2 Bacillus subtilis
HS-258 &§sle] &8s 597 B WF2 F730] chitinased A P A E
! Bacillus subtilis SJ-61155 AWatA & o g7 FZA7]3 w59 9

il

e Fgol F& WA FAANE ARt AEWFE ALFES Horal

ol
rr
B

o

- 121 -



= [e) o o = - 2

A3 F-+ Al (chitinase 47T) 9 = g =
= =4 = a4 ==

B =0000= ?‘r
RaC = = = =
(A=) s R oo, W3
F Z A= = =
A3 F-+ Al (chitinase 4 TT) 9 = g =

AEEE F + #go] 2 Hidl

Fig. 3-2-36. Cross section of meju molding system for production of
capsule type meju.

<a{ 3-2-37> 4% <2g 3-2-38>% 99 Md=el wEl fEvFE Azt
2k 22z HEAZ e et 1 i EE yekd Aotk %

o8 Axg txT vFe= vFo RI AU dAx=w o] ZebA
g Zed 5 Abelel of2] FRO wAEo] AAsta e AE AAT<KIE
3-2-37> ¥ <Y 3-2-38 A>. HEvFo QY= F@oly HAS

A g3 FAR 9 T35 Z42E Bacillus  subtilis HS-252] &3t A E 9 Bacillus
subtilis SJ-612] chitinasedd "AEE LA vF= AT RIdFem As
o WF7F vUF AL AS gy daxrlde e A E A7 vF] o
A iR TEuerx gty 3-2-37> 2 <29 3-2-38 B>). 181 H
T YHolE Moas 2GS 7R & Hol A oryzaerS 1433 Pev T
Feto 2 Byl & Hagd vFE BHAoy vFE ddste] yiE #ES A9
HFo] W R7EA] Fgol o] dAAI 7 HFste] SAskAL e 13 A
(K29 3-2-37> ¥ <29 3-2-38 C>). =3 s

Aee 30T dE Ao dEaAd uf= Ao dAATE & SR A
22k kg Aol WFe] wwo] Azl uwet Ao APEEHTH<KIY 3

<2y 3-2-37 D> ¥ <a¥ 3-2-38 E>t= AeuF FAF % FHFo 4
Bacillus  subtilis HS-259 &wv|AAE 9 Bacillus subtilis S]-619] chitinase?}”d
MAES 113 Ea o= A oryzaes 1A 3LEe] A ZFT wWlFo ALK H HF
o Zep vl ofe}f wlF o] 1g38tet A oryzae® HYAAGE flo] HF U
A= Bacillus subtilis HS-257}, F3v5 oA+ Bacillus subtilis SJ-617F & 23}
I 9SS #EE 4 I <a¥ 3-2-37 E> % <39 3-2-38 F>= oAl
< HevlFY oFeol mAsteta WF R FIEFol Bacillus  subtilis HS-25 %
Bacillus subtilis S]-615 3174 3tst A3 d oo 1mAslst wAlel ASo] it n
Z1gro] #zkE gl
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Fig. 3-2-38. Capsule type meju(CM) prepared with variuos fermenting
microbs.

A, traditional meju ; B, CM prepared with Bacillus subtilis HS-25 and Bacillus
subtilis SJ-61 in inner layer ; C, CM prepared with A. oryzae in out layer; D,
B+C ; E, CM prepared with Flammulina velutipes + B.

Fig. 3-2-39. Cross section of CM meju prepared with fermenting microbes.
A, traditional meju ; B, CM prepared with Bacillus subtilis HS-25 and Bacillus
subtilis SJ-61 in inner layer ; C, CM prepared with A. oryzae in out layer; D,

B+C ; E, CM prepared with Flammulina velutipes + B.
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dHE AT EA="E, 9T Koiol TRl wel vud Aies <&
3-3-1>3 2o =gFs o &% fAevFrEd HATE o83t AEvFIE 5ol
A=t 2%ad, ol A4 Fol | el &4 ol

ste]  Aspergillus oryzae 7} |%3HAl =%ow Rhizopus oligosporus, F.
velutipes <22 Yeiwth A Fe zZgtdd doja= Koji 2A Aspergillus
oryzaes ©|&3 AEvFIL 7 AA Ao, dxzUF 7Hg Eol ZdEkxoh

Table 3-3-1. Effect of crushing degree of cooked soybean on the growth
of molds and distribution of cracking degree in outer layer of capsule

meju
Crushing degree(CD) Cracking degree
Soybean  Molds
CD75 CD85 CD95 CD75 CD85 CD95

Control + + I N __
A. oryzae ++ i+t ot -

Yellow ]
R. oligosporus + o 4 - _
F. velutipes + + 4 __ _ _
Control + . 4 S N __
A. oryzae +++ ++++ ++++

Black ]

R. oligosporus ++ o+ FH++ __ _ _
F. velutipes + ++ 4t - _

—(none), +(20), ++(40), +++(60), ++++(80%) : Mycelial growth on surface of meju

) FAt=
New 7o FAEE TAT ] EAEH, Kojiel T/l wet vjust 2z
= <E 3-3-2>3¥ 2o HerFY T FHET oW =eTE FALRT =
Al veba, JAFol w=wFEu ot =4 detwon) Kojidl dFoEs
Aspergillus oryzae?t 7F¢ =4 YElST o= F8& 28 F3olo S umE A
.E_O
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Table 3-3-2. Effect of crushing degree of cooked soybean on total acidity

in outer layer of capsule meju (%)
Crushing degree(CD)
Soybean Molds
CD75 CD85 CD95
Control 0.88 0.92 0.99
Yel A. oryzae 1.35 1.42 1.52
crow R. oligosporus 1.19 1.25 1.33
F. velutipes 1.25 1.34 1.48
Control 0.99 1.03 1.11
A. oryzae 1.51 1.59 1.70
Black i
R. oligosporus 1.33 1.40 1.49
F. velutipes 1.37 1.47 1.75

o) o] v e

SAEY EAAHEY kojie] wEE, T TFHol wWE o F o] g
o] Wl <F 3-3-3>3 Zu) opuE] Ha g v Fuwde] g ss
Uetg = AR2EA TATe A= AW F55 =4 JdEwem, A oryzae
kojioll HAAFE ol & HerF7t vhE PAEvFEo dE53HA =8kt

2h) U

SAEY EAAHEY} kojie] wFE, T TR wE AT e W
Shi= <X 3-3-4>¢F Zrh #olA YERd viel o] AddmzAoznl AlxE v
Fo FYdFe gyl Fe Holul A oryzaes olE3dte] A xd PAEvFE Eof
Ak BRE oyt 90 EHErt AW S5 AT G =%oem, HAFo =
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Table 3-3-3. Effect of crushing degree of cooked soybean on amino type

nitrogen in outer layer of capsule meju (mg%)
Crushing degree(CD)
Soybean Molds
CD75 CD&5 CD9%
Control 2417 254.3 265.1
A. oryzae 284.2 393.2 306.7
Yellow
R. oligosporus 261.9 270.1 281.9
F. velutipes 274.3 283.2 2944
Control 2852 2944 208.0
A. oryzae 351.8 363.4 2704
Black
R. oligosporus 304.3 314.2 229.2
320.4 338.3 250.4

F. velutipes

Table 3-3-4. Effect of crushing degree of cooked soybean on reducing

sugar in outer layer of capsule meju (%)
Crushing degree(CD)
Soybean Molds
CD75 CD&5 CD95
Control 2.10 2.21 2.36
A. oryzae 3.56 3.73 4.00
Yellow
R. oligosporus 3.13 3.29 352
F. velutipes 2.84 2.97 3.22
Control 2.39 2.44 2.58
A. oryzae 4.34 4.56 4.88
Black ,
R. oligosporus 3.82 4.01 4.29
F. velutipes 3.02 3.27 3.69
ap) A
TAEY] EAAER} kojio] TEH, T TR wE Mo ke ¥t
© <& 3-3-5>¢F #Zr} FollA vERE uie} o] HAFT AEvF =dF Haew
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kol skl ol AAF ol AWA
ARo] Hu wrgito] o TALA o] A zbo]l N JIFs F
AZAk, 283, koji Y EF wEaME A orvzae 7F MY 9o
oligosporus, F. velutipes 01t AMZ(agh)2 L #d o2 ZAFT A

ol A. oryzae’} 7V Sttt

Table 3-3-5. Effect of crushing degree of cooked soybean on Hunter

color index in outer layer of capsule meju
Crushing degree(CD)

Color  Soybean Fungi

CD75 CD85 CD9%
Control 55.64 59.43 64.14
A. oryzae 58.43 61.59 66.56

Yellow ;
R. oligosporus 50.13 53.37 55.41
F. velutipes 52.32 53.54 54.23
L Control 48.34 4841 49.67
. A oryzae 50.81 51.36 51.68

Black ]
R. oligosporus 46.25 47.62 48.07
F. velutipes 47.43 48.27 49.46
Control 454 441 4.26
A. oryzae 3.98 3.73 3.54

Yellow ]
R. oligosporus 4.27 412 4.06
F. velutipes 3.87 3.76 3.58
® Control 453 442 429
A. oryzae 3.64 3.42 3.36

Black ;
R. oligosporus 4.28 3.85 3.69
F. velutipes 4.65 4.40 4.28
Control 22.60 23.05 23.51
A. oryzae 21.82 22.26 22.70

Yellow ]
R. oligosporus 21.17 21.59 22.02
b F. velutipes 21.32 2154 21.67
Control 20.79 21.32 21.79
A. oryzae 20.07 20.48 20.89

Black ;
R. oligosporus 19.34 19.97 20.32
F. velutipes 20.13 20.39 21.26

! Black soybean (Heuktae) : after removal of seed coat
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2) BevF NI o33 H& U

b A, obrleEjdi W BT

WSollA SAFe EAEE e dubd e dHs A A9e
<E 3-3-6>¥ #2dH, AT EAHE mE FAE olv|x:ejE A AT B
T ZA Aole gl eH, koji o FF wElA+= B megaterzum SMY-212 7} ¢

ZTY Bacillus sp. HS-25 © H]3gle] =& #H
wEE e wHlste] gge Fou megaterium SMY-212 Xt}
ProteaseZ A EnH|sle] BE =] A HQ ol el dAS B E3 2% F9F 2
T 9 Uehd Ao w7 Alg ¥

%ol

Table 3-3-6. Effect of crushing degree of cooked soybean on acidity,
amino type nitrogen and reducing sugar in inner layer of capsule meju
Crushing degree(CD)

Items Molds
CD75 CD&5 CD95
Control 1.4 1.61 1.73
Acidity
%) Bacillus subtilis HS-25 1.15 1.18 1.33
(o]
B. megaterium SMY-212 1.46 1.48 1.55
Control 288.94 303.39 324.63
NH>-N
Bacillus subtilis HS-25 318.27 334.18 357.58
(mg%)
B. megaterium SMY-212 361.67 379.75 406.34
Control 2.00 2.20 2.49
Reducing
Bacillus subtilis HS-25 3.96 3.05 3.11
sugar(%)
B. megaterium SMY-212 3.97 411 4.20
W A
= A9 A <E

AFe B
3-3-7>3 2tk L (3E
urh A ekon, agt
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Table 3-3-7. Effect of crushing degree of cooked soybean on Hunter

color index in inner layer of capsule meju

Crushing degree(CD)

Molds

Color

CD95
53.58
60.43
50.41

CD&5
52.46

59.21

CD75
51.34

54.37

Control

Bacillus subtilis HS-25

L

49.54

49.90

B. megaterium SMY-212

Control

412
3.51
3.48
20.75
17.59

4.32
3.62
3.65
20.32

4.47
3.70
3.89
19.51

Bacillus subtilis HS-25

a

B. megaterium SMY-212

Control

17.43
18.43

17.28
18.31

Bacillus subtilis HS-25

b

18.40

B. megaterium SMY-212
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3-3-9>9} 2k FAEE WEH ojmwrdh BAY 5L FAINE FA
ARl okt Aol YEnQen], o|Fe] Aol HE

Jeptth aelm, Ame] Like

bake = vhebyt

Table 3-3-8. Effect of cooking temperature and time of soaked soybean
on acidity, amino type nitrogen, reducing sugar and Hunter color index

in outer layer of capsule meju prepared with Aspergillus oryzae

Items Soybean 100C-2hr 100C-4hr 100C-6hr 121°C-0.5hr 121°C-1lhr

Acidity  Yellow 132 1.49 153 1.66 157
(%0) Black 150 1.72 177 178 159
NH-N  Yellow 3450 370.1 387.0 360.6 354.6
(mg%)  Black  347.9 3734 390.8 379.8 368.4
Reducing ~ Yellow  2.10 2.31 3.11 2.09 2.13
sugar(%)  Black 223 2.38 2.43 2.14 2.8
| Yellow 5401 53.87 5353 54.74 53.08

Black  46.81 45.32 4317 4757 42.92

cor, Yelow 383 3.76 3.65 3.61 358
Black 336 3.30 3.20 3.17 3.14

Yellow  21.73 19.82 19.68 19.76 17.76

P Bk 1723 1697 1559 17.03 14.87

- 131 -



Table 3-3-9. Effect of cooking temperature and time of soaked soybean
on acidity, amino type nitrogen, reducing sugar and Hunter color index
in inner layer of capsule meju prepared with Bacillus subtilis HS-25

Ttems 100C—2hr  100C—4hr  100C-6hr 121C-05hr 121°C-1hr
A‘(’fyii)ty 117 149 152 147 1.24
NH; N(mg%) 31889 356.63 367.32 34765 324.27
Reducing sugar(%) 2.48 2.74 2.68 2.57 2.16
L 56.71 54.41 49.37 50.31 47.48
Color a 3.19 3.14 3.04 3.01 298
b 24.77 25.79 95.43 25.73 95.74
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Table 3-3-10. Effect of meju size on total acidity, amino type nitrogen,
reducing sugar and Hunter color index in outer layer of capsule meju
prepared with Aspergillus oryzae
Items Soybean 1,800 2,200 2,600
Acidity Yellow 1.75 1.64 1.42
() Black 1.86 175 152
NH,-N Yellow 354.7 326.3 305.3
(mg%) Black 387.8 346.1 3287
Reducing Yellow 2.37 2.12 1.96
sugar(%) Black 2.52 2.46 2.37
L Yellow 55.28 57.50 59.73
Black 45.54 47.86 49.34
Yellow 3.23 3.56 3.67
Color a
Black 2.43 2.54 2.68
b Yellow 18.47 18.95 19.34
Black 16.21 15.32 14.41
Table 3-3-11. Effect of meju size on total acidity, amino type nitrogen,
reducing sugar and Hunter color index in inner layer of capsule meju
prepared with Bacillus subtilis HS-25
Items 1,800 2,200 2,600
Acidity
(%) 1.84 1.72 1.58
NH2-N(mg2%) 44713 410.38 398.45
Reducing sugar(%) 2.38 2.21 2.04
L 58.93 60.31 61.42
Color a 3.43 3.12 297
b 21.65 22.39 23.56
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