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ABSTRACT

In this study, an attempt was made to investigate optimum cell growth and products by Bacillus
amyloliquefaciens 23350 in batch culture by varing carbon soures. Maximum dry cell density increased
with the increase of initial glucose concentration. maximum dry cell density was obtained with the high-
est value of 5.2g/¢ at 30g/¢ of initial glucose concentration. By adding acetic acid at 20g/¢ of initial
glucose concentration, the cell growth rate decreased with the increase of initial acetic acid concentra-
tion. Among the various carbon sources, maximum e-amylase production was obtained with 225unit/
mé at 10g/¢ of initial glucose concentration. Optimum production of a—amylase was obtained with
376unit/mé at 2g/¢ of initial acetic acid concentration and 20g/¢ of initial glucose concentration. By

~ 10g/# of initial glucose concentration, both good maximum specific cell growth rate and maximum a—
amylase production rate were obtained. In view of the results studied optimum production and specific
production rate of g—amylase, acetic acid was initially added 2~4g/¢ with 20g/¢ of initial glucose con-
centration in batch culture.
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Z28l2 Bacillus £5¢ EAA A75L ¥ Ba-
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FollA F2A 74 A4t S5 dglw R o
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Table 1. Composition of the media used through-

out the study.
Agar medium(g#) | Growth medium(g/#) |Production medium(g/? )
Nutrient agar 23.5| Glucose 10.0| Carbon source 10.0

Yeast extract  1.0| Yeast extract 1.0
K:HPO, 0.1 | K:HPO, 0.1
NH.H,PO, 0.1 NHH:PO, 0.1
sodium citrate  0.5| Sodium citrate 0.5
MgSO4 + 7H:0 0.5 MgS0s - TH.O 0.5
CaClp 0.1{CaCl; 0.1
FeSO, * 7THXO 0.1{FeSO, + TH:O 0.1
MnSO; - H:O 0.1|MnSOs * H:O 0.1

* pH=70



Vol.8, No.5

a Ao ARE Aty w3 1xEe g
45953} A4S P2 glucosedt yeast ex-
tract, NH,H,PO,& M2 H-elalo] 250ml £-=F AH2t
Zglx30] 200mlE g F 1217, 15psi, 30min
7+ |3 9 clean bench Wl $%3] A7 Fof
nutrient agar slantel] 4 233t Bacillus amylolique-
faclens 1 9120]& AE3}lo] shaking incubatorel]
A 37°C, 170rpmo 2 48417 vk F 4°C WAL
2 371 ugstel AHeshelch.

v x]el) AR&-El AJek glucose, yeast extract=
Difco#l& K,HPO,, NHH,PO,, sodium citrate,
MgS0, + 7H,0, CaCl,, FeSO, - 7H,0, MnSO, - H;O
.o Junsel Co.) 71& AH&3ldt).

5|24 uiY

5¢ Jar Fermentor(&=E 7))ol Table 1] ulf
AS 3¢ AHgstgen, 1 A F sAadd gl
cose =2 7z} 5g/0, 10g/¢, 20g/0, 30g/0 &
a3, glucose 5 20g/l o] As|A=Z acetic acid
2 1g/¢, 2g/0, 3g/t, 4g/t, 5g/t ¥ 7}& ¥ &F
wjefol 25mlE z+zt AEste] 37°C, 170rpm, pH
7, 2145 lvwmE FAHA BEE Al3e
o}, pH 72 $-A3}7] $18i4 IM-NaOH &-H4& A}
L3}t

MESE

AEEc 2 A (Bausch & Lomb, Spect-
ronic 20)& o]&3ld wWEd A8 FA=F
650nmel| 4} SAsted vlE] Fg FFFA st
AZAEFEE Fdstgern, ZFEFALE X8E
100mlRy #HHste] YAJReJstey FedL Az
2258 AAETES A AH AL H AR LA
1071 2CE 2427} Az3l 5 &3 )

o [

N

a-amylase &4 (activity)

e¢-amylase 4= starch-iodine method(20)4
oJate] EAsgdrt. wiokdg 10,000rpm e 2 10+
7} AR & AMEd 0.5mlE AFHsle 0.04M
pH 5.9 potassium phosphate $H&4-43} A& 7|3
208 1:12 33 &8 Smlol| H7ske] 25Tl
A 2587 vkgAZct. 0.1M HCl4-9 5mlE 7}st
o] uheS AAA)Z F o] EFE 0.5mlel| 5Smle]
jodine £4-2 713l HAAZ F 660nmelM F
P2 ZHsle] AL FIHh VA e
amylase®] E4-& th&-Alol &j3fe] FaFglet.
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dine complex?] &3¢5oln, R& A8 E3}EY F
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Activity(unit/ml) = D x 100

Eaf U MNE STEY

Glucose, acetic acid, lactic acid, propionic acid
3} methanol®] %+ fermentation monitoring
column(BIO-RAD) o] ¥-25] HPLC(Waters 440)
5 AHgste] EA3loled, 4L 0.001 M-H,
S0,, column®} &&= 65°C, F4& 0.8ml/min, 4]
8= 200 & F3to RI detectord o]&-3te] ¥
Hateict.

A% 9 v

Eiaflol mE MzZe UE I HIYEHT

Bacillus amyloliquefaciens®] A3} &4 d 5%
oke] FAE Yoyl $3te] whadal glucoses
5g/f, 10g/¢, 20g/ , 30g/l == WIAA A
Zo| A B E-A wfjokgt A} MEFT v G
& Fig. 1, 2, 3, 48} Table 264 R.= nje} 7to| 3
o) AZAEFEE 27 glucose FEI} F7HETE
e AFYS Jeplen), 271 gucose S5
7} 30g/0 & = 5.2g/¢ 2 VA wokvh e 2A
oA &(21)el 27 o}3F 4l maltosee} w3}
¢ v 27| maltose 5% 10g/¢ A 2.15g/¢ =
dFal 27] glucose 5= 5g/¢ ¢} 20g/0 A
2-2"’2-4g/€9} B]—j'—:—é‘}-&ill}, i]l:}] ‘a‘i‘“‘kr‘% YX/SL\:‘
27| glucose &7} 30g/¢ o1 o) 0.52¢g/¢ & 7}
E9rom, o|FHFel #(21)¢ %7] maltose Fx
10g/¢ 9 o 0.65g/g= A @35l glucose®r} &
ket

AEe Ho nAALEEE 27] glucose FE7}
10g/¢ 2w 0.1239(hr )% JHE BT, 27|
glucose =E7} 5g/¢ o4} 0.0902(hr™"), 20g/¢ °l
A 0,0973(hr™"), 30g/¢ A4 0.527(hr™') o3l
o] gt el $(21)9 27] maltosey = 10g/f ol
A 0.242(hr ) 24 ©3FFa glucoseBrhe Estr}.

w3 27) glucose FE 20g/¢ o AR A2
A acetic acid 1g/¢, 2g/¢, 3g/0, 4g/t, 5g/0 &
#H7}slod 3wkt A AEZUEe m|X= 4%
& Fig. 5, 6,7, 8, 9} Table 3ol|4] Bi= uje} 7be]
Ho) AZAEEEE 7] acetic acid¥ 57} F71%
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Table 2. Specific growth rate(x) and products of Bacillus amploliquefaciens on various carbon source con-
centrations in batch culture.

Vinaxe
Carbon sourcel  Xmax. Ema.  |max. lactic| max. acetic max. propionicjmax. methanOl| . (unit/ Yxs Yess
(g/0) (%) | @/X) |acid(g/) | acid@g/) | acid(g?) (g/) (hr™") mg-hr) (g/g) |(unit/mg)

Glucose 5 24 127 1.18 0.52 - 0.18 0.0902 | 1.2755 0.50 2549
Glucose 10 2.2 225 1.55 0.34 0.33 041 0.1239 | 2.3493 0.41 25.63
Glucose 20 43 138 2.24 0.42 0.21 0.50 0.0973 | 0.7761 0.32 10.24
Glucose 30 5.2 202 0.95 0.22 0.26 0.43 0.0527 | 1.0073 0.52 22.44
F2 rdgden], ARAT 94 B 27 g AL As@oin sk

cose ¥ & 20g/0 o w 4.3g/0 Wo}= 0.5g/¢ o)A

Zrastdnt. HAdl FATE Y 27 acetic acid
w7t 3g/t A o) 0.53g/go® 7P wkaL, AE
o] vdAEEE 27 acetic acid %7} 3g/f
o 0.0520(hr™) 2 744 ok}, ole} o] 7% )
Ao AFAAZ acetic acidE H7}sldL o 384
wjeke] 7S AZMEYES} e 7S Maiorella
(22)9 2J3}H acetic acid7} AlZ=He- £3F phos-

phate kg 8}3tA] 7Hle) ol&) whalslo] A2 A

»
<
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S B
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Y =
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2 oo
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0 Methanol(g/¢ )
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Fig. 5. Cell growth and products of Bacillus
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EtaRloll B o-amylase2| &4 I HIMYST

=l 93 Bacillus amyloliquefaciens2)
#d| a-amylase Y4 Fig. 1, 2, 3, 49} Table 2
oA B wie} zFe] x7] glucose F& 10g/¢ A
o 225unit/mlg 7P¢ ¥ta, oldFal &(21)9
27| maltose %% 10g/¢ o o} 215unit/ml7} o}
2] 27] glucose 5 & 10g/¢ o wj& A 2jgt

= 600 6
=} PN
T~
2 500k s 420
i~
g 5
= =
~ E 400+ § 4t 16 %
St 2
~ S 300F Z 3p {128
s 5 |3 2
] = 200f s 2p 8V
o g a “
0 : 100F o 1 F 4 4
L 1 2 A 4]
q 0 0
2.5 1.0
. M OAB
—~ —~ —_
S 3% 3
X & w5 L 0.6%
2 R h G
1 S 33T <
o ] o
= 2y = =
2 S E% 10l o4 &
g - < 3 e
a 4 o © =9
[w} a
0.5 | 4 0.2
0.0 o 4 1 T\ 0.0

10

Cultivation time(hr)

Fig. 6.Cell growth and products of Bacillus

20

30

40

amyloliquefaciens in batch culture at 20g/¢
of glucose and 2g/¢ of initial acetic acid
concentration.



462
= 600
e
= Nl
£ 500 rs 5¢ 420 _
2 = ™
ES 4005 4| 416 %
E K %
g 300p B 31 12 8
v —
T 200 3 2
g Mo 2T 85
2 —
> 1000 1} 40
E 6]
<
g (4] 0 n 1 1 o
4
5 2.0 0.5
4 0.4
13 .
~ 3
- S g
= {03 S
k! 2217 2
=5 == 2
S 1.0 g g
© -
g 2228
o ] v
] 1 z A
N ) o
o qo0.5
Jo.1
0 L 1 0.0 Joo

1
o} 10 20 30 40

Cultivation time(hr)

Fig 7.Cell growth and products of Bacillus
amyldliquefaciens in batch culture at 20g//
of glucose and 3g/¢ of initial acetic acid
concentration.

A glucoseMrh= w9kt Ho) RATE Yt 2
7] glucose =7} 10g/¢ < o 25.63unit/mg® 7}
A Eich a-Amylased] FHd| HlRSEE 27
glucose %-%7} 10g/f o w 2.35unit/mg-hro =
7 e Ao Rol 7] glucose 557} 10g/¢
ol wf A wPAELEels & 4 gldded, Hd &
a3 Hd wjEEE 27] glucose FE7}
g oy} & R F718ks velblc

=3t Fig. 5, 6, 7, 8, 99} Table 304 H& ule}
o] glucose X 20g/f o] A AZ acetic acid
g Asle wikdt 74t Hd aamylase AR
27| acetic acid 57} 713} ulg} Z7)ste =
7] acetic acid %7} 2g/f < o) 376unit/mlE 7}
A =olom, A AR acetic acids H7VsHA] ¢4k
< o My} 272w o} Eskek. H) EATE Y
T 27] acetic acid 57} $714E Folste] 2
7] acetic acid ¥%7} 3g/¢ o © 55.11unit/mgeo
2 71 ot} e-Amylased] FHo| wAAEE ©
g =7] acetic acid ¥57} S71rE 718l =
7] acetic acid ¥-=7} 4g/f 9 o 3.1744unit/mg-
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hrZ 712 o7 g5 e Hol HAHY o
amylase A4k, B4 9 BANSEE 7] 8
e ok7he] acetic acide A7pshe] 3EA ok
o} & o2 AzhE|ojzlc),

Eta®l S50l e Acetic acid, Lactic acid, Pro-
pionic acid Y Methanol A4

Fig. 1, 2, 3, 49} Table 294 B+ n}e} 7lo] 3]
2A wjok 3 g4y 5o @2 Bacillus amylol-
iquefaciensol] 28] A== o acetic acid, lac-
tic acid, propionic acid % methanol A2 Z7|
glucose s%=7k F7Igtel w2t diE FUlekale
o, 27] glucose %7} 20g/¢ o o Z+zt 0.42g/
g, 2.24g/0, 0.21g/¢, 0.50g/¢ 7} A= gict. &
Ao w2 HXEY FHd AAFE lactic acid7}
7F 931 methanol, acetic acid, propionic acid
o2 YAMEgon, 27| glucose ¥E7} 30g/¢
od de AAo] F43 FaEHAed o)L Wik
% Al27} A=A 27] glucose 5= 20g/¢ °l3t
£ Alzko] ARl we} AadE A o 2RV}
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HAAut, 27] glucose =7} 30g/¢ ¢ A% 40
A7} o]Foll= o} 287} HA] %3 glucose ¥E7}
18g/¢ & A% fAEE Zo2 Hol AXARA &
a9 w29 2R 7]ql= A}

%% Fig. 5, 6, 7, 8, 98 Table 304 B njs}
7o glucose ¥% 20g/¢ o] AFHE acetic acid
£ Hrlsled wjekgk A9 27] acetic acid =7}
%7185E Fd lactic acid, propionic acid %
methanol AJAdgke] BB 7+43lgow, acetic
acidg #H7}8}A] 32 x7) glucose &= 20g/¢ 9
B 23}%S- o propoionic acid YAeke v|£3l4)
2]t lactic acid 2 methanol AAdske Ayl e
Zdgat s 1o

AAHe2 RBW  Bacillus  aemyloliquefaciens
23350 ¢F9 3 AzAXYxE 27) glucose
2ot MR FbEgla, ASAR acetic
acidE H7}8td A2 4ol 7tasldrt. A o
-amylase?] A4HE ¢ B4 FEE x7] glu-
cose ¥% 10g/0 olglon, wiek 7]A & 27] ace-
tic acid F%7} 2g/¢ A w7} 2= al o7 A7}y
ojx|n} HlNEAAEES g-amylase?] ¥ARLEE
= z7) glucose =7} 10g/8 4 o 3z Ao]gic}
w3 o] £ AFHE 7] 84 27) glucose ¥
& 10g/¢ 9} 34| maltose F=5 AR kg

Table 3. Specific growth rate(«) and products of Bacillus amyoliquefaciens in batch culture on 20g/¢ of glu-
cose and changes of initial acetic acid concentrations.

Carbon source Xmax. | Ema |max. lactic| max. acetic max. propionic/max. methanol| fhu. (::t / Yxss Yes
/1) (g/0) | /) |acid(g/l) | acid(g/l) | acid(g/) (g/) (hr ™) mg-h) (g/g) |(unit/mg)
Glucose(20)+AcOH(1)| 3.8 139 245 1.25 0.64 1.78 0.0476 [ 0.7059 | 0.38 12.08
Glucose(20)+AcOHQ2)| 3.4 376 2.12 249 0.57 171 0.0500 | 2.8991 | 047 | 41.05
Glucose(20)+AcOHB)| 3.2 345 1.09 3.36 047 0.94 00520 | 24583 | 053 | S55.11
Glucose(20)+ ACOH(@)| 29 318 0.81 492 0.35 0.53 0.0476 | 3.1744 | 0.51 52.09
Glucose(20)+AcOHS)| 1.8 238 0.75 5.70 0.37 0.78 0.0516 | 28205 | 0.30 37.06

A|AZ acetic acidE H7}she] AFPL Yslefo}
& 7o 2 Y73},

2 o

354 doks B9 ghhYoe g 27 glucose %
52 5g/t, 10g/f, 20g/¢, 30g/t 2 wW3A)7)3,
27| glucose 5= 20g/0 o A&A | 27] acetic
acid ¥ & lg/¢, 2g/¢, 3g/t, 4g/¢, 5g/t & ¥

3} A|7|M 4 Bacillus amyloliquefaciens 23350 #3F
5 olgste] HA9 AEART YHE HALS oY)
A3 wleks Axdsich HY AzATYUEE 27)
glucose =7} 371855 FUl8ldy, AHA=
acetic acidg H7}std AEe] Aate] 7pAasiart.
g2 § HA aamylased] HAHE 27 glucose
%% 10g/¢ o @ 225unit/mlo]glon, wjeF 7)A
% &7] acetic acid ¥%7} 2g/¢ o w7} 376unit/
mio]%x, Hdf vl EAPRL =9} A g-amylase
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o] B P& EE 7] glucose FE7F 10g/¢ o
0.1239(hr™)3} 2.34930unit/mg-hr=. = o|3ich.
F A9} g-amylase AAt ¥ vYAEEE A7) $i4)
e AsflAZA 27 acetic acid $5Z5 2~4g/l
A Arlete] vt Ystodol el

AHE71 %

Xamex + maximum dry cell concentration(g/¢ )

Ena - maximum enzyme activity (unit/ml)

Umax - Maximum specific growth rate(hr™')

Vmax - Maximum specific enzyme production rate
(unit/mg-hr)

Yys . Cell growth yield coefficient based on glu-
cose uptake(g/g)

Yess : Enzyme production yield based on glucose
uptake(unit/mg)

A

2 d7E zAdgE $exydTe) Aoz
Folq o2 olo] AHE EQV.
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