3353193 2] Vol. 29, No. 4, Dec. 1986
J. Korean Agricultursl Chemical Society

BE AR 7 U

9

.

CELL B
2

SR04 RSt MES HHE

# A KR-*¢ 8 -8 x @&
k!

HET FELNG 4 EATGA, *
(19864 42

~
29 &

The Characteristics of Bacteria Isolated from Ordinary
Korean Soy Sauce and Soybean Paste
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Department of Food Science and Technology and *Department of Applied Microbiology, College

of Agriculture and Animal Science, Yeungnam University, Taegu, Korea

Abstract

The bacteria were isolated from ordinary Korean soy sauce and soybean paste. After

isolation, we investigated the bacteria which produces the characterstic flavor of ordinary

Korean soy sauce and soybean paste, nothing the aroma, presence of amino acids, and

free sugars. The results were obtained as follows.

The bacteria isolated from ordinary Korean soy sauce and soybean paste were various

Bacillus species. The isolated bacteria produced characteristic ordors: “Meju” ordor, the

characteristic saline odor of ordinary Korean soy sauce or ordinary Korean soybean

paste ordor, and enzymes: protease and amylase. The good characteristic saline odor of

ordinary Korean soy sauce was produced by Bacillus licheniformis(SSB3). The good

odor of ordinary Korean soybean paste was produced by Bacillus polémyxa (SSB4),
Bacillus species(SPB1), Bacillus brevis(SPC2), and Bacillus licheniformis (SPC2-1).
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W Fs} 2FE A4SE A FT0 L B. subtilis,
B. licheniformis, B. pumilus, B. citreus, Micro-
coccus caseolyticus, Sarcina maxima, Pediococcus
acidi lactici R Staphylococcus aureus o)z, At
AT

Aspergillus oryzae, Aspergillus niger,

Penicillium kaupscinskii, Mucor abundans E.o]H
#%2% Rhodotorula flava, Torulopsis versatalis,
Torulopsis dattila, Saccharomyces rouxii, Saccha-
romyces acidifaciens Fo] ZzHe] gk 5w
& AR wE Fo Adse TE FdA €3
Bacillus sp.7v 9% %712 A4z, Torulopsis
sprt QF 23S J4FE mads Yok =
5199 717 Fo| A &8ty Bacillus sp.7t A4
g %] 7} gas chromatograms} 7] #%5H AL
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Table 1. Composition of the medium used for
the isolation of bacteria

Beef extract 0.1(%)
Peptone Lo
Glucose 1.0
NaCl 2.0
Agar 2.0

pH was adjusted in 7. 0.

& zedoznd $3950m
k7] A A u] 2] &) soybean extracti Fig, 13} o]
ZA 3 ok

Protease?] 913 Uehara £2v2] 14 (Fig. 2)

] whet &2A3l9®, amylase o] o 3}3 (dextrini-

zing power) 3 }3# (saccharifying power) &

Table 2. Medium composition for flavor pro-

ducing

Glucose 1.0(%)
Polypepton 0.5
Yeast extract 0.5
KH,PO, 0.1
MgSO, 0.01
NaCl 2.0
Soybean extract 10.0

pH was adjusted in 7.0

Soybean 100g

Smashing
+—added d.w. 400ml
Boiling (24hr)

Filteration
/! AN

e N
Filtrate Residue

Soybean extract  Discard

Fig. 1. Preparation of the soybean extract.

Fuwa?8) w4 (Fig. 3, Fig. 4)o] 33t

3) ¥l ssAA

BT A4 U FYANAA T
A &3] 35°Col4] 5, 8, 10, 12, 169 4 20471
Z+Z: 9 3 ¥, head spaced] FU1E AFTQ
2 KSA-7002%20] uwhe} F#H A7
FAFAAE ARk

panel 631 o 2

0. 6% Casein solution 1ml+ Enzyme solution 0. 2m!

l

Mixing
|

Water bath (40°C, 15 min.)
added 1m! of ppt agent

Standing (30 min)
Centrifuging
N
Supernatant Residue
1
0.D. (275nm) Discard

Fig. 2. Measurement of protease activity.
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Enzyme solution 0.3m! + 0.5M Acetate buffer 1.0m! (pH 7.3)
| |

Mixing
1
Filling up 2.5m/; with d.w.

Water bath (37°C, 10 min.)
added 0.2% amylose solution 2. 5m/

Water bath (37°C, 30 min.)
added IN AcOH 5ml
Shaking
Dilution
added & g% 11{21 solution 5ml
Mixing
!
Filling up 250m!; with d.w.
0O.D. (700nm)

Fig. 3. Measurement of amylase activity. (Dextrinizing power).

Enzyme solution 0. 3ml 0.5M Acetate buffer 0,5m! (pH 7.2)
!

!
Filling up 1.5m/; with d.w.

Water bath (37°C, 10 min.)
added 0. 2% amylose solution 1. 5m!
Water bath (37°C, 30 min.)
added Somogyi reagent 3ml
Water bath (boiling, 30 min.)
Cooling
added Nelson’s reagent 3ml
Agitation

!
Standing (20 min.)
Filling up 100ml; with d.w.
0.D. (500nm)

Fig. 4. Measurement of amylase acitivity. (Saccharifying power).
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g4 2 AHdd EJ & 2AF AL Table 3
s} 7zt

SSA,;, SSA. SSA; SSA,, SSAs, SSAe SSBi,
SSB;, SPB,, SPBs, SPC,, SPC.., @ SP,C:
gram $Aolz, 714 ZhTFolw catalse testo]

A <A olx, spored A s2 2 Bacillus species
olgt}. SSBiE gram S4olv 7HFolz, SPC,
= gram variablecln] zlFolg At catalase test
7} kA olu] spore® B A5l Bacillus species]
£ 9AsAst. A TE F SSA, SSBis
SPC,.;-& Starch ¢} 3%} nitrite ¥k-go] k4 o]
%5, hippurate ¥H-&-& -S40l g2 0.02% azide
o] ARstA ¢kgket. olE Bergey's manual® 4
8| B. licheniformis® A3} dx3Qs SSA,
9} SSAst starch 9 3}%5-3} nitrite ¥h-g-0] &4 o]
=, hippurate §}-§-& FAelw s EJ= B.



e 1A 3 AAdA SET MEe B — 425 —

Table 3. The characteristics of isolates

Strains
Characteristics 55 SSA SSA SSA SSA SSA SSB SSB SSB SPB SPB SPC SPC SPC SEC
1 2 3 4 5 6 1 3 4 1 4 1 2 21 3
Form rod rod rod rod rod rod rod rod rod rod rod rod rod rod rod
s Motility + 0+ 4+ 4+ o+ 4+ o+ 4+ o+ o+ + o+ o+ + o+
‘®  Gram strain + o+ o+ + o+ A+ 4+ = 4+ o+ o+ OV o+ o+
% SF + 4+ + + + 4+ 4+ 4+ F o+ o+ o+ o+ 4+ 4+
5 Growthin2% NaCl + + + + + + + + + + + + + + +
= 5% # + + 4+ + 4+ + 4+ o+ - + 4+ o+ = + o+
= % + + + + 4+ + 4+ o+ + - o+ + + =+ F
3 0% » + + + + + + + - 4 - + - = d
::)7 0°C - = - = - = - - - = - - =+
3°C - - - - - - - d 4+ - - d + - -
0.02% Azide - - = = - - - = _ - - - _
— SD + +F + + o+ o+ o+ o+ o+ o+ 4+ o+ A+ o+ o+
— SH + - + - + - + 4+ o+ o+ o+ = = 4 4+
CcH + + + + O+ o+ 4+ o+ o+ o+ o+ o+ o+ +
NP + - 4+ - + - 4 4+ 4+ o+ + = a + +
P - - - - - - = = - -
Catalase + + + + + + 4+ + + + + + 4 + +
— Gas from glucose - -~ d - - - - o+ —- - = =
-, Gas from mannitol — — —  — — —~ — —~ 4+ - - - o~ - =
S Acid from glicose + + + + + + + 4+ 4+ + + + d + +
E‘ Acid from mannitol + + + + + + + + o+ o+ A+ o+ - 4+ o+
~ RBY - - = - = = — — - -
" Cu + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+
. PT - d d - d d + - - - + = - - -
Ve T S S S e
| HH - 4+ - 4 - - - - - - 4 - - -
- Urease - - = - - = - - = - == - =

Note: SF: Spore Formation, SD: Sabour and Dextrose agar, SH: Starch Hydrolysis,
CH: Casein Hydrolysis, NP: Nitrate Production, IP: Indol Production, EY: Egg Yolk reaction,
CU: Citrate Utilization, PT: Phenylalanine Test,
VP: Voges-Proskaure test, VP*: Production of alkaline reaction in V-P broth
+: Positive for 90~100% of strains, —: Negative for 90~100% of strains,
V: Character inconstant in one strain, d: Reactions differ, positive for 11~89% of strains

pumilusS} QX3 =, SSB,7 SPB,¥ starch & gasE A AFA] o} B. brevisd] A X519
g4 nitrite gk-§-o] FA ol =z, 10% NaCl 5 th. SSAs SPB; 2 SPCex= ¥l 2 wiakdtdy &
A AE Aetx] ggrod =2 99 Y=g =3 el Bergey's manual'® 49| B. licheniformis<}
o] B. subtilis¢} 94X 314k SSBy,E= starch o] 3 2] 3912}, SSAsE glucoser} BH-= uj =] of A
%ol dgos 3°Coll A ASgetgd e}, 5% NaCl gas7} &% A A= 9z, phenylalanine teste] 4
TR A A e AEEA gol B polymyxad] 5 G gAo] vrebte = SPBiF SPCa 10% NaCl
A3 4A 55 SPC starch & 3lge] &4e) T AN Jge) vl A" Fol B.
2, 5% NaCl &5 x| o] A $34x) ko), 3°C  licheniformiss} & Aolch SSA8} SPCie
AqAE Kty on glucosest FTHE WX o A phenylalanine teste] A &4 & vel i, SPC,
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2 3°Col A vt& 4 A% Aol B. pumilusst 2%
o 28z SSAs: FAwrA ez B. subtilisst 4
gk, 10% NaCl ¢ wWlxdA 4La9z,
phenylalanine testo] A <3l kA& viehyl Aol
B. subtilis¢} o+& Ao]zl,

2. S297}

HEa] FEo] 443 proteases] &7} Table 44}
7t} proteased] 44 ¥ & EE L FEC H&
Hol & Vgt ELA4 WA 2L B
Au Ty oz dr1E =YL W B natlo
IAMe] Q4% protease: 64,900 unite]zZ, B.
subtilis 6,1600] A 4 & protease: 2, 400unit® }
eyteh. 2E R FEE B naffo [AMe] 44T
protease 2o+ o 717} wokek. B. subtilisq] SPB,
o) 73S B. subtilis 6,1602.v} A4 proteases] 4
A7+ A vebkst. Bl polymyxadl SSBSt Ba-
cillus sp.el SPC,9] A A protease:
6,1609) B4 proteaseR v} G747k ¥otert, A
vsd witE: Ytz 2 99 2EFEL B
subtilis -6,1609] 7 9~ t} proteased §r}7} R#Sk
o z#v 2879 44 protease?] §rist F
A$etE o o 2594 7tA] 43at proteases] ¥A
o] A&l AA AN A D] FHstE

Table 4. Activity of protease in the culture

broth
Fermentation Periods
Strains
5 10 15 25

SSA1L 276 152 764 828
SSA2 828 1,040 1,284 1,208
SSA3 208 633 835 616
SSA4 596 1,132 744 828
SSA5 560 728 1,076 1,652
SSA6 856 984 1,508 1,420
SSB1 720 308 1,212 1,368
SSB3 576 544 356 172
SSB4 36 548 608 1,968
SPB1 64 120 356 776
SPB4 1,892 2,420 3,288 2,152
SPC1 1,872 1,052 1,174 1,668
SPC2 1,152 812 568 536
SPC2-1 311 1,064 852 760
SPC3 608 668 1,592 1,128

olul = ok FEE FAE F T A=EFH AR
Heh

amylase?] 97} Table 58 7o) 2E £ T
Eo| amylase® JATAT. AN 273 2 27
2 glucosed] HTF ¥P*H.g 27 1.4mg/mi R
Lomg/gel A< =AF o EIAT] 44%
amylased) 283 24 B 2F T IR
glicoses A4 E ¢ A= F¥E ¥ sl
2 22k 28y 2 FE F B polnmyxas]
SSB,, Bacillus sp.q) SPB:1 9@ B. subtilisq) SPBs4
st 448 amylased] FHe wad ¥3, B
pumilusql SSA:9} Bacillus sp.ql SPCs7t A4
amylases) 33 ggch. P FE A4

Table 5. Dextrinizing power and saccharifying
power of amylase in the culture broth

B. subtilis

Fermentation Periods

Strains

5 10 15 25
SSAL Sfwe 00 299 49 ou0
ssaz 2 %N 3R Ga
ssas 2 T 3% O3B M
ssa DP a3 8% &3 TS
SSAS 8P oGy 540 361 193
SSAS & T0h sae 4e1 sor
SSBI &b $0; 45 318 38
SSB3 SF o9 e n1 om
SSB §5  Tor 99 57 o8
SPBI §F  odr 415 585 603
SPB4 &7 358 33 oa o9
SPCL S 337 408 Lo i
SPC2 &% %3 38 a8 509
SPC2-1 9% Si6 9B 3% a7
SPC3 9 Ty 38 53 I

*: Dextirinizing power
#%; Saccharifying power
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amylased] 3513 L Pl FFd whel Ho[s}h By
t}. Bacillus sp.q] SPB3} B. subtilisel SPB,~7}+
A amylases] @ ﬂa—a\% 2 E 7o vl

=93, Bacillus sp.{l SSA; 3@ SPCist+ B. poly-
myxall SSB} A A amylase4 ol gtgd o o2

gt Egeh

#o] 74 3l

3 B. polymyxzadl SSBot AAE e A4
S HA A A e =" Bacillus sp.ql SPBs7t A
3t B = o FS ek B licheniformis
o SSCyt 44T WAE AAA 2FF Ha
Z2 & gbxpgkol ol sz, Bacillus sp.¢l SSAj;, SSA,
9 SSAG) 44T Bt A 2
old.ew] B. licheniformis3l A3 B. pumilus
9l SSA:9} SSAsE <3 7 ,} g 7zt A48t
vt B. polymyxac]l SSB., Bacillus SP.]) SPB,,

fo

y.% Axe

B. previsql SPC; %@ B. lichemiformisql SPC,.; &
A A A v TE DB P45y
3, B. Subtilisql SSB:3} Bacillus SP.g} SPC,&=
e 23ES Y4tk B subtilisq]l SPB.:

okat HATge G T. 7 2 "G B
@ =l Bacillus sp. 5 & Z+7h o) F8, 7 224 (3
AN Ao EESE ) € 23FEE

& ook

&
E-3|, B. licheniformisql SS
o dd F& % AFTE, B
polymyxaql SSB., Bacillus sp.¢l SPB,, B. brevis
ol SPC; 2 B. licheniformisql SPC,_,-& A4
QAL v FEL AEE A A
xat B F 5L proteases} amylase® A G4FE
3 & Ay A d H3Y cst #
Al & gedzt Ange

=
AetE Aol o,
23

= A9 3

2 AR Fol ANE ATl T3 AR
1A% 24 F5F Pl F A v obvle
AL # JEAE €7 A4

Table 6. The aroma of flavors produced by isolates

Fermentation periods

Strains

: 5 8 10 12 15 25
SSA1 SM SM SM SM SM SS, W
SSA2 SM SM SM, F SM SM, S SS, W
SSA3 S SM SM SS SS, W SS, W
SSA4 S SS SS, W SS, W SS, W SM, S
SSA5 SM SM SM, S SM SS SS, W
SSA6 SM,F SM, S SM, P SM SM SS, W
SSB1 SM, F SM, S SS, W SP SP,W SP, W
SSB3 SM, W SM SS,W,N SS, W SS, W Ss, S
SSB4 S, F SP,N SP,N SP,N SP, T SP
SPB1 SS, W SP, W SP,W SP, S sp Sp
SPB4 SM, F SM, W SP, W SM, W SM SM, S
SPC1 SM, P SM, S SM, F SM SM Sp
SPC2 SM SM, S, F SP, W SP,W SP, W SP,N
SPC2-1 SM SM SP, W SP,W SP,W,P SP,N
SPC3 SM, W SM SM, S SM, S SM SM, S

Note: S: Soybean, SM: Soybean Malt, SS: Soy Sauce, SP: Soybean Paste, F: Fermention,
W: Week, S: Strong, N: Nice, P: Poor, T: Tart.
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474 A F%, 5 Ad4 373 S5 ¥ 7
23% 2 d49¢ Y4stx, proteasest amylase
£ AAsnz ¥F A44 143 4 d39 %H
g7 A4 2A A48t Azde B4, B
licheniformisQl SSB:x= & = 73%s, B
polymnxaQl SSB,, Bacillus sp.¢l SPBi, B. brevis
ol SPC: @ B. lichemiformisql SPCa_1 & F3
HAAeFS 247 AAslel s, proteasest amylase®
A3eE A4 8A.
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