2.1

(Ethanol) (Ethyl alcohol)
CHLOH 46.07 78
( , 2529)
(Bioethanol) (Primary metabolite)

(Saccharification or Hydrolysis)

( Fermentation)

6
(Pyruvate)
3
1 (Acetaldehyde)
(Nicotinamide
Adenine Dinucleotide Phosphate, NADH) ( , 2543)

21



Glucose ( CgHIZg)
glycolysis

2 Pyruvate acid (CHJICOCOOQH)
Mg2+Thiamine pyrophosphate

Pyruvate decarboxylase
2 Carbon dioxide (CO) Y

2 Acetaldehyde ( CHsCOH )

(Reduce NAD) NADH + H+“\ Alcohol dehydrogenase

(Oxidize NAD) NAD J

v

2 Ethyl alcohol ( CHICHZOH )

21

2.2 (Fermentation)



fermentation)

2.2.1

2.2

10

3
(Batch fermentation) (Continuous
(fed-batch fermentation)
(Batch Fermentation)
2.2
S M
\Y; X
S
7|
}-{ }



S FSO FS  fiX

dt=V Vv vV S
AP FXD- FX +juXv (4)
v (3
dX _FX0 FX
AV 4 uXx
@ O
6
dt Yxis o)

dt



Lag  Log or Deceleration stationary
phase Exponential phase  phase phase
§ e
E
:
Time
2.3
(Lag phase)
(Log  Exponential phase)
(Balance growth) log phase
(7) (7)

X, = x Oe ©)

Natural logarithm (8)

2
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Biomass concentration at

stationary phase

13

INX1=1InX0+tl 9)
log phase \nX,
(slope) ()
Stationary phase
3 A-B, B-C,C-D 24
A B c D
7z

Initial substrate concentration
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A-B stationary phase
X=Y(0-) (10)
A-B
(10)
B-C ! stationary phase
C-D
Monod (11) 2.5

C A B

5

Residue limiting substrate concentration

2.5



,U . /uma.xS (11)

CRSTS
Ks = (substrate utilization constant)
Al y2 |imx (affinity)
25 AB log phase
C-A deceleration phase
. .1975 P
7! growth-linked product non-growth-linked product growth-

linked product
non-growth-linked  product
growth-linked  product

A | =FPO-FP-qpXV )

dt



2.6

2.2.2

(Continuous Fermentation)
Log phase
2.6
X0R) 0
BN
‘ X,F,S,P
. — E
(Steady state)
(dlilution  rate,
b={ }-{ }
) 0) }
(5) (12) =FN
()

16



A } N
: D(x0-x)+/

TrDP x
dx/dt =0 (
(15)
0=D(0-x)+juX
fix DX
D=n
dS/dt = 0 (
(Sss) (13)

0=D30- s *

D=l

Xjs_

Yx/

17
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2.2.3 (Continuous Fermentation with
cell recycle)
(Feedback system)
1
2.1
A
| prpRYaeiONe F+Fr— Fw
WULAL > pSITY .
S
e S, X e P
Fr, Xr, P
Xr, Fw, S, P
Xr, Fw - Fr, S, P

2.1



(Xeff=0)

yield factor

d(sv)
dt

%:FSO—FS—“XV

X/S

D=FV

D(Sn- )=1 "

XIS

AT I FXO+ Frx r+

= FS, - [(F AVE S E)S4 (F . F.)S]-

19

FXV-+(F +F,-



A =F Xr+pXV-FuXr (23)

at
g =FIXTRXV- (F 4 Fr)X (24)
D=FA
§ FXn iy (FFr s/}

a=FiF, b=XrX overall external dilution rate, D =F/V

T )
(26)
, >l
(Wash out) (21) (26)
1
( 1" )
Mooy (27)
(26)
(1-a (b-1))1
Monod



(26)  (28)

(29) (27)

L_oM&I 1

(I-a(b-1)1  ~Mimx-D (i-a{b7T))]

(29)  (30)
(Bailey and OUIS, 1944)

FPO[(F+F,-F,)p+ -F, @)

0=-FP+qpXV (32)

P= OI%X (33)

Bl
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2.3

(Synthetic ethanol)
(bio-ethanol)

(Takahashi, 1995)

231 ' '

2.1)

(Gough, 1998; Takamitsu, 1993; Ergum, 2000)
(Schell, 2004; Yu,
2003;Sharma, 2002; Sreenath, 2000; Nilsson, 2001; stenberg, 2000; Nigam, 2001)
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(Domingues, 2001; Leite, 2000; Ghaly, 1995)

2.1
Candida brassicae Candida psuedotropicalis ~ Candida shehatae
Clostridium thermocellum  Escherichia coll Pichia stipitis
Kluyveromyces lactis Kluyveromyces marxianus ~ Saccharomyces bayanus

Saccharomyces cerevisiae  Saccharomyces diastaticus ~ Zymomonas mobilis
Saccharomyces sake

2.3.2

(CSTR) Packed-bed Fluidized-bed Airlift

Siva (1995)
Galy (1995)

Won-Chin lee (1995) Zymomonas mobilis ATCC 10988
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Rosario (1998) Zeolite NaY
Saccharomyces bayanus ' 1
Zeolite ( pH regulator )
37-38
Callieri (1996)
2 Zymomonas  obilis Saccharomyces
sp. 05
15
Siva (1996) Zymomonas mobilis
2 (Expanded Bed
Reactor) (Stirred Tank Bioreactor)
2 Roukas (1996)
Saccharomyces cerevisiae
( ) (Batch)

(Fed-Batch )

Hamid (1996)
(Stillage)t
8
13-47
2-1
1 66 (2000) wood hydrolysate
Saccharomyces cerevisiae Internal Membrane Filtration
60
76.9 16.9
57-67
0.3-1.0 Zajani (1996)

Saccharomyces cerevisiae



84
Sreenathan (2000) Pichai stipits
wood hydrolysate
c. Shehate
Lag phase
5.5-6 0.41-0.46

42
4
Candida Shehate

34

25
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