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Abstract

Among the microorganisms of twenties species isolated from the compost and soil, an alkali tolerant
Bacillus sp. was chosen as a strain of tofu-residue solubilization. The alkali tolerant Bacillus sp. showed
the high values of soluble solid matter and protein yield in the mineral salts media containing no carbon
and nitrogen source. The optimal composition of the mineral salts medium was determined by 3-D
response surface methodology and were obtained at 1.33% of MgSO,-7H,0, 1.66% of KCl and 2.19%
of KH,PO, : K,HPO, (1:1) in the medium for maximum soluble solid matter and 1.08% of MgSO, -
7H,0, 0.48% of KCI and 1.58% of KH,PO, : K,HPO, (1:1) in the medium for maximum protein yield.
Under these conditions, the maximum values of the soluble solid matter and protein yield were 53.79

g/. and 87.12%, respectively.
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7R3l o] e EAIFe] AHHI Itk E B’
& Aol & X9 7183 AFE Aspergillus
Y Fusarium 5 F8o] #2e] 4G o83t v
XA gy 9%, BYEJ o (Godfrey et al., 1983;
Chung et al, 1990; Sharma et al., 1983; Hara et
al, 1982; Lee, 1984; Kawahara, 1994), o}3 %= 7}
23} £FL o 0§ Yol

welr E&H 0T v o|gshy EA-E W3t
AA o 58 FA7)7] Fsixe B ¢
H|xe] Ba] @5 @A 9 ol gt 783t =7
9] #go] Ha3ir}.

E Afdae oo #FoEHE HAY 7HE-
37t St B 58 Esiuu & o] #F
& ol83ld v JHgskE % wiRRd 2 F
H3ls AEIHOH, o|2REH HA HNEE &
= AEE % A 589 7z ARE v
33z}l 3R

M W Yy

W=

E Ao AMLE BA = TR AAF = BAEE
dojAE MAZ, 8N H % FHoayH 7
AeHom, 10 mesh AE FHAA WEAA(-72°C)
sHx Ao ARE-sgTh

=olfFe| B

BE FA@C) #F 20495E HFeE F/HT
ol 3% (wiv) BIAIS} 2% (wh) agarE A7HE F,
2N NaOHE pH 7 ¥ 1022 ZHs}] HF(121°C,
15%)3H ). Petri dishol]l Fof Wzl & wigo]
2 FEIL 30°CellA 5U7E vkt colony B8
o] £& #F& 1& AU 12 FANE 4F
Z Ao g pHE 7~-128 ZA3std I =k
st WA 7H8-Eke-E A8 23 HAEA
3, 7Hgskgol & #58 AR

HH e

AFA dR)olA RESIEE FE 30°ColA 124
7+ vkt on, o] #AE WA 100 mLE FH-g
500mL A7t flaskel] WEFol2 13] HESIL 30°C
oA 48217+ M wigsld T wigdo g AMS
kAt B ujke ZFol 3% (wiv) BIXIE H7)
3 =) 50mLE 837 250 mL 2 flaskel 2

v FA-E 5% (viv) FET T 30°CoA 100 pmS
2 597 2% sjgFstart.

JleM DS W CE +8 54

H|Z] 7HeAd THEFO HFL vjgAe dHE
210,000 pm, 158)3 ¥, v|g] IJFe 73 &7]
o "o} 70°ColA 12417 A= F, desiccatorol Al
o] & w7px] MR FHEA AZXFTHE 3NN
o}, 7FeA ¥ E 3 (soluble solid matter)zt T
F&(protein yieldy> THo] 4 1) 2 (2o 93l
71z} AL

Soluble solid matter (g/L)= A x (1000/S) )

A714 AE W5 AZFHEOIL, St 4T
oh9) 73 FmLyoloh.

Protein yield (%) =[W,XP /W xP)]x100  (2)

o714 pE 989 7] 9F FE(%)PIL, P,
o AR A5 SHd FFE%R), We A3
St 7hpESlES S, W daEE] e
F&@eltt

HlA 9 7}23H(%) 33

H)z)e] 7hg3he YR & AeAE AAsA
ZAE RS FHale] 70°ClM 1247 AxE o
HiFAIZE Aol WE HXe] BA BAE A3}
I 92 A (3 AHEEY AEEiRT.

D,-D,

Solubilization (%) = )
0

x 100 3)

9714 DE 271 A= FF(@°liL, D A7
#F2o] AXFFH(golrh

vz 783} iz 24 J%% HE o A3

iRz e J¥¥ HAE: vz FHP 3%
(wiv)e] ¥MIRE F7istal 12100, 1587 Had
% 2N NaOHE pHE 1022 23l 7|2ujx|2
ARESEAL, B ©Aad, A9 9 BU9Re 37 9
FE AR AEIGL. &, gAY T U
Eul Aol glucose, fructose, maltose, starch, sucrose
€ 1% (wv)¥ =2 F7isld dad Fo 2N
NaOHZ pHE 1022 239t Fadd 5%
vivyE FFSEAL 30°ColA 55Uz AR 7 £
7HA PR FH (L) 2 BHE FE%)S SA3
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o BT 4] Aee 78R A3E
@498 A7FSIAL polypeptone, yeast extract, malt
extract®] #7]F293 (NH),SO, (NH,)HPO,
NaNO,9| 5718498 727 05% (wv)=Al 37}
3te] 2N NaOHZ pHE 1022 ZF% ok ¥4
o] Aok miEriAle] Wygo R HESG F
71479 A= 718 A MgSO, - TH,0, KCl,
KH,PO,, K,HPO,, MnSO, - SH,0, NaCl®] Z718F
£ 01% (wv)EIA #H718ted 2N NaOHE pHE
1002 2% v, G4 vz wgoeg 3
E3isith

WA 249 HA2: Wi =49 HAske =R
24 AEAF J38 FU9F AKX, X, X))
& SHETE 33, /M8 IEEWHY) B ©
B SFE(Y,)E TEHUTE 31 Table 13} 7ol
1712l Mezgo g o|Fo F4 A Ay
(Sung, 1991)°l we}t A8, 2 A5 &R
HE-M (response surface analysis)3IATh o] o, ¥k

Table 1. Values of independent variables and treatment
conditions by the central composite experimental design
for soluble solid matter of tofu-residue

Level
Variables
2 - 0 1 2
MgSO, - TH,0,
wiv% (X,) 0 05 1.0 15 2.0

KCl, wiv% (X,) 0 05 10 15 20
KH,PO, : K,HPO,

(e, wivdo'X.) 0 07 14 21 28

Exp. Coded value Exprimental value

No. X, X, X, X, X, X3
1 -1 -1 -1 0.5 0.5 0.7
2 1 -1 -1 1.5 0.5 0.7
3 -1 1 -1 0.5 1.5 0.7
4 -1 -1 1 0.5 05 2.1
5 1 1 -1 1.5 1.5 0.7
6 1 -1 1 1.5 0.5 2.1
7 -1 1 1 0.5 1.5 2.1
8 1 1 1 1.5 1.5 2.1
9 2 0 0 20 1.0 14
10 -2 0 0 0 1.0 1.4
11 0 2 0 1.0 2.0 14
12 0 -2 0 1.0 0 1.4
13 0 0 2 1.0 1.0 2.8
14 0 0 -2 1.0 1.0 0
15 0 0 0 1.0 1.0 14
16 0 0 0 1.0 10 14

FH B e 4 @9 24 b 2¥3E F
|t o, ukgEHe] BHEAL SAS programe
AHE- 31 THSAS, 1988).

k k
Y(1) = By+ 3 BX;+ 3 BiX X
i=1 i<j

714 ke SEETY F, XE S€HS, Y
F&HToln, B, B, BE A7 AN A
A, A¥A+ 2 22} interaction AlSoltt,

£ HE(Table 1)9] 3¢ 3] EZH5E AME-3}
FeEg, k e 308, X, X,, X;&= 22 MgSo,:
7H,0, KCl ¥ KH,PO, : K,HPO, (1:1,y/v)5 et
At &, 7} SPde] 58 52 2~42 8
919] code valueE ZEE AHsIEIRoH, 2 HE
Age] thgh B4 (ANOVA; Analysis of Variance)
I ZAE FIAT

3+, FA4 (stationary pointyS 2x} 3|7l ols
&S FTRPERE BEAS A2 F, o] 4
= PlEst] Ao, olw EPwuse F&HHS
9] JEAE ANOVAZ HAsAch

e g

HIX|7t85F #F2| MF

g o H|A 7HEEE HES] Y3t
XS FU3 gxge 3 M2 & pH (7 2
10)9] agar ¥Rl EY 2 EMIERE &5 Eeg
2004%2] BE F3(Hong and Lee, 1999) =3}
3L 30°CollA 5 BF iR & #AS] colony B
d AFE #FEATE. 2 A3 Fig 19149 2]
Alcaligenes sp., Enterobacter sp. 2 alkali tolerant
Bacillus sp.2} 3% @57} colonyE A&t Th

pH 73 109 ®iA|A Alcaligenes sp.<= colony
7} vlvietA HAAEUARY, Enterobacter sp.2} alkali
tolerant Bacillus sp.=- pH 73} 109] LA ujx]oj A
74zt ¥353 colonyE FAJ3HAT) Table 2& pH
7~1298] A wiX| oA Enterobacter sp.2} alkali
tolerant Bacillus sp.2l A-5& Uepd Aoz & F
o] FF 2% pH 10914 colony B 3%
o} wEbA, pH 734 1028 233 A wiR|dA
Enterobacter sp.¢} alkali tolerant Bacillus sp.9] Y]
A 7H3EE AN, 1 F3= Fig 2%
2.
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Fig. 1. Photographic views of various microorganisms grown in tofu-residue medium with different pHs.
A : pH7 Alkali-tolerant Bacillus sp. B : pH7 Enterobacter sp. C : pH7 Alcaligenes sp. D : pH10 Alkali-tolerant Bacillus

sp. E : pH10 Enterobacter sp. F : pH10 Alcaligenes sp.

Table 2. Growth of Bacillus sp. and Enterobacter sp. in
tofu-residue medium with different pHs

. pH
St " <
s 7§ 9 10 1112
Bacillus sp. + + ++ ++ + —
Enterobacter sp.  + + + ++ + -

* ++ 1 Good growth, + : Moderate growth, —: No growth

pH 102] alkali tolerant Bacillus sp.7} Enterobacter
spE.Ch HIA 7Hg8kgo] A JEP e R R alkali
tolerant Bacillus sp.& H|AY 7183 432 HF
A s

of #Fy HEE NYH A4}, Bacillus
licheniformis NBLA202.Z E4= 2™, cellulase,
xylanase, amylase ¥ chitosanaseE ¥ &3+ W 7}
FEHEAE Fulsh=t], 3], MZ bifunctional
cellulase-chitosanse activityS EFATtH(Hong et al.,
2003; Lee et al., 1991).

HIX| 7t&3101| O|R|&= HiX|ZRN2| odek
Mg GHE gadoR sl HjAke] 7R
ol Z} 1%(wivis F7Est 7H-A S8 agn.) 2
el g%y A A3 Fig -9 Lok
BE gAY HuvbtolA tlaTuct g 718
d AHEHYLE UERle], Bage] Hrvke o

50
W Akali-tolerant Bacillus sp.
40 | Enterobacter sp.
c
o
® 30
o
o
3
S 20
%]
10
0
pH 7 pH 10

Fig. 2. Solubilization (%) of tofu-residue (3%, w/v) after
72 hrs of liquid cultivation in basal medium with pH of 7
and 10.

Aol A5 B 7HA L3 EHLYE AslEte
& el olejst da= Enterobacter sp2l
¥ glucoses] M7 FE7F 05%Y BT 7H43
e go] EYrtE= Kawahara(1994)9] Mok
& A#E, #F9 Zfolof] 7lEl: Hom A7ty
At

A% 7] 2 §7) Aadlo] 7184 2ERY

Ok ool Y

L) ¥ vl Fg@)d vxe 93 HES 3
Fig. 3-(bnellMe, F71d4ge] fridagrc
o & 7MY AP LS YERIAIRL o)
Z-9te] Zol= wu) kA eRstEl. Aspergillus
niger(Kim et al., 1994)2} Enterobacter sp.(Kawahara,
1994)2] 7%, NaNO, 1%l 7184 9 E8HF 5



HRES o] £ B oHlA] 7188t wiR]e] st 193

D Protein yied(%)
8 -~~~ Soluble 3clid matter (g/L) 80

safid maseri gLy

Solabie

Coarot Glucose Fructose Maltose Stareh Swcrose

BED P roiein yieldt %)
& Solubic solid marerig/l.)

oiid matierf g/l

Protein yield(s 1

Soluble s

Control  Mait oxtrac o SIS DA (NFA) ZHID4

e ot vickd(2)
3 | —&-Saiuble solid matertg/)

Selulie soiid mattertg/i.)

Kt SO TH ) M

Fig. 3. Effect of various carbon sources(a), nitrogen
sources (b) and mineral salt (c) sources on soluble solid
matter and protein yield during tofu-residue fermentation.

m 2 AAAE vAe] Wil 8% R
|4 THEZF L FFE FA ¥ AR #
T A

A, vjze] 7M A TFEFEL) 2 99E 5
el MAe F79RFY %S JES 23
(Fig. 3-(c)°1A1& MnSO, - 5H,0 ¥ NaCl d7Fre
tiz7eh Hiszst AaE VepAAARE MgSO,-7TH,0,
KCl, KH,PO, ¥ KHPO, H7Ite= 7R} £
< 7HeA AR EZLyS Vet

wEbA H|K] 7183 FF2 AHE alkali tolerant
Bacillus sp.= €293 ALdo] wiAd F719F
ix)or 7P w& e R EIF(L)S JERY
S g F U}

iR M2 HXSt

A7 A9 AdEye A9 7ri9Re] #F
FEE Yot fiste] MgSO, - TH,0, KCl ¥
KH,PO4 : K,HPO, (1:1)2] Al 7b4] 8318 ¥4
_}':(Xl’ Xl’ X3 B‘T‘E XH’ XZZ’ XB)i 6}1’ 1?_710‘::'1_?:].'_
A7MEE FEEFR sto] M EHEY U (Sung,

Soluble sofid matter {g/L)

Soluble solid matter (g/L)

Solubie sofid matter (/L)

Fig. 4. Contour map and 3-D response surface for the
effect of MgSO, - 7TH,0/KCl (A), MgSO, - TH,O/KH,PO, :
K,HPO,[1:1] (B) and KCVKH,PO, : K,HPO,[1:1](C) on
soluble solid matter (g/L).

A; a: 19.19, br 23.32, ¢:2745, d:31.57, e:35.70, £:39.82, g
43.95 B; a:22.73, b:27.12, ¢:31.50, d:35.89, €:40.27, f: 44.65,
2:4904 C, a: 885, b: 1456, 2026, 42597, e:31.68, f: 3739, g:43.10
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e

1982 M4 ZFEE, Y,(gLl) 2
&, Y, (%) HFH =d& dESA

dAHew Frl9Re] =7t £ A% 7HE
A RS wel =A JERd v, @2
TE d de ¥ 2%l =4 JEkth Fig
4= 247t A ZEE LA PINE MgSOo, -
TH,0% KCIX,, X,), MgSO, - 7TH,0¢} KH,PO,:
K,HPO, (I:1) (X, X;,) ¥ KCI3} KH,PO,: K,HPO,
(I:) (X, Xpel 3-D 5adzelt), 4™ %
saddle pointeloix Ho #e 23 ¥xHo &
A WE FEAM Easke Aer AdEich
ArEA veiiAle gekoy dlE £8(%)9
73w olet m=g A Rtk

s RS Ao, 23F 3|40 Hesne
W, 7Hed IEEFY] HA P& MgSo, - TH,0=
1.33, KCK& 1.66, 12|32 KH,PO, : K,HPO,(1:1)=



194 ARINETE A 84 A 33 (20043 8Y)

219019129, FAZHe 53,79 g/Lo] At} wHA, thi
2 3589 H4H LS MgSO, - 7TH,0= 1.08, KCl
& 048, 18]35 KH,PO, : K,HPO,(1:1)E 1.58°]%1
on, FAHEE 87.12%°10c}. E HA| ] 74 1
FEHY) ¥ 99E 358y, 23 IANS
ARg-Et] LERE 4 QUSRI

o

Y, =37.087" + 1.603X, + 5.423X,” + 3.524X,"" -
0.285X,2" + 0.681X,X,>" - 1.891X,X, - 1.442X,>" -
1.826X,X,” +0.065X,,” (p <0.05, R2=0.9146)

Y,=24.046" + 12.932X," + 6.34X2**+ 10.252X,”
+9.916X,> + 8.035X,X,? - 0.897X X, + 10.262X,>
+10.262X,X,-0.763X,,> (p<0.05, R?=0.9968)

B, ols ¥4 WA UE Syuse) 9

BARR-AH(ANOVA)SH Z3= Table 3 2 49}

MR TR (g1)0] A (regression coefficient)
AT 816.64, Halerron)®] AFFE 76.22, 3
AATE 095640103, ForES PR3 Pt
T 7142 1%°1H(p>099°14 F24S JeRS
o} g Tl s)ego] Al Al 3580.14,
Z2Herror)2] AFEHL 11.54, ZAATFE 0.95640]
NI, FYrEL AAse FIE 206742 1%
Wip>0.990A4 #2498 Vel

S, 3 oA soluble solid matter?t protein
yieldd X, X,, X, % 2oz mjAE zA 3}
o 72417k Wieks A, Fig 5 L 69A 9}t 7o)

Table 3. ANOVA table for soluble solid matter of tofu-
residue

Square  Degree of  Square

Factor FO
sum freedom mean
Regression  816.64 9 90.738 7.14%%
Error 76.22 6 12.704
Total 892.87 15

RR =0.9146, R = 0.9564

Table 4. ANOVA table for protein yield of tofu-residue

Square  Degree of  Square

Factor FO
sum freedom mean
Regression  3580.18 9 397.798  206.74**
Error 11.54 6 1.924
Total 3591.73 15

RR =0.9968, R = (0.9984

34.1 g/L2] soluble solid matter$} 822%<] protein
yield& YeEMI AT @A protein yields F8%k
(87.12%)3F A4 UA3FH 1} soluble solid matter
= #8319 gLy oF 66% TEIA
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Fig. 5. Comparison of various constituents during the

culture of alkali tolerant Bacillus sp. in medium for
maximum soluble solid matter.
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Fig. 6. Comparison of various constituents during the
culture of alkali tolerant Bacillus sp. in medium for
maximum protein yield.
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HXE Yo gagoeR § AZ tE pH(T %
10)9] agar ¥iR|o] EY¥ 2 EB|2RE ¢ £8
o BAF 209F9 #FE WA= 239
screening A& AX 5 HA 7HEE FFE
&z WA Bacillus sp.& A8 F A wiA=RA
S AEF A7, @iy Fide] vixlg 7719
F uiReIN P e 7MY TEEFEL) R @
WA g %ye UeIT K, old g F
Hjz] 2AL uhe 3W BMYoz FARE A, 7}
24 TFEFEL)S MgSo, - 7TH,0, 133, KCl
1.66%, KH,PO, : KHPO, (1:1) 2.19%, 223 &
WA B 5 & (%) MgSO, - TH,0, 1.08%, KCl
0.48%, KH,PO, : K,HPO, (1:1) 1.58%% o z+zt
5379 g/ 2 87.12%°] HUZS ERA U
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