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SUMMARY
(&2 %)
1. Title

Development of flow injection analysis type biosensor for on-line monitoring of

fermentation process

II. Research Backgrounds

A biosensor is an analytical device monitoring a state change of a material
occurring during any reaction that converts the biochemical signal to a
electrical signal. The biosensor have been widely applied to various fields in
combination with Nano technology.

A flow injection analysis method(FIA), which analyze sample conditions
after injecting a sample and reagents into a continuous stream, are recognized
as the most adequate analyzing method according to the increase of sampling
frequency, the decrease of measuring time and the diversity of measuring
targets. Specially, FIA is considered to be used effectively for the control of a
fermentation process to produce fermentation food and useful microbial
production by activation of a fermentation industry for development of
biological materials.

In this study, a flow injection analysis senor was developed for on-line
monitoring of the fermentation process. And the performance was verified by
on line measuring the concentration of glucose, alcohol and lactic acid of the

fermentation process of wine and Dongchimi.

III. Experimental results

This research explored the performance of an electric current according to
flow velocity, operating variables of a pump, substrate-enzyme and electrode
variables, and also explored an adequate buffer solution and the optimum

condition of enzyme use through the use of different enzymes and the



measurement of enzyme activity. The testing apparatus was composed of
basic elements required for development of the flow injection—type biosensor
as a preliminary step of the biosensor for on-line monitoring of a
fermentation process. Moreover, it was aimed to explore the features of
electric current, and finally to verify its performance by the use of
commercial specimens. The values of electric current was most sensitively
influenced by the flow velocity of the buffer solution and electrode area, but
displayed different results according to operation conditions of pump and
reaction time between a substrate and an enzyme. The sampling unit of a
substrate solution for the on-line monitoring process was considered to be
possible to take a sample from the fermentation tank by the diaphragm pump.
The minor error, 4%, of an error and relative error between samples led to
great possibility for field application. The greater dilution ratio and the more
volume of the substrate solution became desirable in decreasing the error.
The flow injection-type biosensor was then applied to measure the
concentration of commercial samples and finally it was concluded that each
concentration error measured by the biosensor, HPLC and GC was 5% from
orange juice and Soju(white distilled liquor), and 30% from grape juice and
2244% from yogurt. The concentration relative errors of glucose, alcohol, and
lactic acid on the fermentation process of wine and Dongchimi showed over
3096, 60%, and 100%, respectively.

IV. Practical use of research results

The auto suction—filtering unit, dilution unit, and whole sensor system have
systematical originality and capability of extension to the other biosensor
system. After taking out a patent for the technology, the technical know-how
will be transferred to any company having a capacity able to produce

biosensor with further study.



CONTENTS

Chapter 1 Introduction ................................................................................................ 15
1. Research ObjeCtiVeS .................................................................................................... 15
2. Research l’leedS ........................................................................................................... 16

21 Technical aSpeCt ................................................................................................. 16
22 ECOnomical and industrial aSpeCt ................................................................... 17
23 SOCial and Cultural aSpeCt ................................................................................ 18
3. Research 721 8 7o SRR L L I LR LR LI IR LIEC I 19
31 ObjeCtiVeS and 1610 )0175) 0 1 FJRRRRL R LT T P T PP PP PP PP C PP OPPIOPPR 19
32 Yearly ObjeCtiVeS and CONLENELS rrorererreerreesrrmsersettttettiiitintittttettnieaes 21

Chapter 2 Present Situation Of the research ..................................................... 24
1. Domestic ....................................................................................................................... 24
2. OVerSeaS ....................................................................................................................... 24

21 FIA ......................................................................................................................... 24
22 On,hne monitoring ............................................................................................. 26
Chapter 3 Results and diSCUSSiOﬂ .......................................................................... 30
1. Development Of unit technologies .......................................................................... 30
1 . 1 Introduction .......................................................................................................... 30
12 MaterialS and methOdS ..................................................................................... 32
13 DiSCUSSiOH ............................................................................................................. 50
14 ReSUltS ................................................................................................................... 82
2. Development Of the on,hne monitoring units .................................................... 85
2. 1 Introduction .......................................................................................................... 85
22 MaterialS and methOdS ..................................................................................... 86
23 DiSCUSSiOH ............................................................................................................. 99



24 ReSUltS ............................................................................................................... 122

3. Development of on-line monitoring of the fermentation process - 125
3.1 INTTOAUCTION rrreerererreerreesrreeremerenset ettt ittt ettt sttt st sttt st s et etaes 125

3.2 Materials and methOds sresreseererererereemsreeeiitittrttieenetaeeaes 126

3.3 D ISCUISSION trreerrreerereesernssennssnnetetnetttiettttttetttettttttetttietttattttttsttasttatttasteastenns 141

34 RESUILS rreerererrreerereesrrsetnettttttt ittt sttt sttt st sttt st sttt 155

4. CONCIUSIONS trerreerreeseeeesresste sttt ettt ettt ettt sttt ittt ettt tasteesttisstasttaetans 157
Chapter 4. Goal achievement and contribution to related fields - 161
1. Yearly research gOal ............................................................................................... 161
2. Goal achievement and contribution to related fields «eeeerersrresereseneeneenenee: 162
21 Development of unit teChnOlOgieS ................................................................ 162

2.2 Development of the on-line monitoring UNILS rooereerererererereseraesrnenenanennenans 162

2.3 Development of on-line monitoring of the fermentation process - 163
Chapter 5. Plans for practical use of the research results - 164
1. Practical use of the research 1eSUlLS srerererresrrereeseeiee 164
2. NeceSSity of a further research «-oreosreeerrmerrmererer e 164
Chapter 6. Overseas information collected during the research - 166
Chapter q. References ................................................................................................. 168

_10_



8
N

A 1A ATANETFA L] TP Q. v 15
Al 1 A AITEREES] ELA] e 15
A 2 A ATIPHEFG] T QAL e 16
1. 7] 25 8] 2T vt 16

. A+ AFY ] Z T e 17

3 AFB] ¢ FEBFAD Z s 18

Al 3 A A TEIREE B Q] s 19
1. AFETREE ELIE O} L § ererererereserseessens ettt 19

2. AR AT P EIFOF LR e e 21

A 2 A ZUY F] AN TG e 2
Al 1 TEU EISF ceoverreerreesseessees st 2
Al 2 L TEQFL B ceeerreereees et 2
1. B EFEQIELA] cririei e 2
=1 R B = I e PSSRSO 2%
A3 A ATFALZEH WL E AT s 30
A 1 A QAT]E TP o 30
1. AJ Q1 vervrereerertees et 30

2. AT T HEFB] e 39

Th. A1E] R B evereeerersees e 39

L. A1) B oreeeesseeesssseessssessssss s 34

TF, 18] HFHL oo e 39

1) GEM3lo] TR HFZE BA] o 39

2) o] FEQolo] WE A TZE BA] v 40

3) 7] - FA W AZH| WE AT BA] e 49

_11_



i
n_AIO
B
.
;QL

w
|
K
iy
!

67
67
69
70
79
73
73
w77
79

wir

ozl

)A
wir

)

81

o

82

A 2

e
jan
7K

E

sl
ey

o
<

0
|
K
iy
!

_12_



X
XO
T
o).
o
ao
2]

=R

"

o
<

Gt
0

o
<

e

X
Nr

B

=

o

2)

0
|
K
iy
!

E

M
Ho

148

1) Xo]'il Cahbratlon et eeeeeeteteneeetetienitaiettetittttanetettseanetaitasitaittiasettitasetnttttanereserennnnen

3

M
Ho

153

=\ A %

=

[¢)
1) Xo]'il Cahbratlon et eeeeeeteteneteteaienitaiettetittttanetettseanetetasitnitsiasetsitasetettteanetesesennnnen

o,

153

3

M
Ho

_13_



161
161

a

CEER TR

162

a

ok 7]

)

A 2

162
162

M
aze)

]

B
Hr

162

162
162

Nr
o
)A

A

j—

ol

M
aze)

]

B
Hr

163

163
163

Mo

M
aze)

]

B
Hr

163

164

A1

oy

oo
o

U

164

A 2

166

YT 7) EA H e

-{;—_]__

A6F AT AEHAAN +F

168

AT

_14_



oA e tA of R

PN
S

ST

ol T
Po Rw
X o
" o
ali .
0 T
- ot
5

™
B
AN
. zﬂo
1%0
W)
oy T
zo A
. fim
T
X
=
=

XO
I %
5
of B
o 9

e A A TS

ki3

Mg Aol FEs del wel AFe A AnE 9

o

=l

Iy
)
vzel

X
Ho

™

o]t

=

Nr

1l

ol
<A
‘or
_

</

N

—~

o
JJo

e

i

i

=)

|

of 7HA ZHA]

o

Jo
.

3]

haL, w3 o

HA ZIAH ez T AT

S

o

ol
A

1
.

o

= ob4 o)

o] 983

15 71 A8t

3] 4]

A, o3, 3

A&

_15_



0

o]
w

e
.Zﬂﬂ

A

—
1o

O
)

e gle wg otk weA

[

45 =74

=

=

lolc}. 1L} of

Qo
R

a

™
)

rvael

X
Ho

™

)

—~
o

vze)
Al
el

|

T

WA1717] f1sA = RESoll o

Plo

, = pH, pOs, &%

—

o

A A (Flow injection

|H= 2

71 &l A

g

=

=g

83

) 4o 12}

s 54 Z1dely Ay

[

Soll o

12

=]
gl

& 5 o webA A
o A=

low, o

amperometric sensor) X7} 2
o] o]& ¢

Ny

Gl
fst

B8

—_
o
pul

o

oj

Nr

sl 714

<9

gk opue Al Alshl g3

A o] o

o

&

| 715l A

¥

x
wr
=

A 7
o] 7Y

=

L=
-
P —
=

]_

7 thes 2L e 7

9

_16_



~
)

—~
fite)

<
oy

—_—

X
XO
R
N
=

olo
R

BT

olo
._on#

]
XO
0

N
=

X

=0
M

H

O O
+ %3

=i
=

- A A%

o
<

No
oo

!
oF
el

or
o
Jlo

Ho

=
<)

I e |

A

L

o] 8 F== 2000

3L
h=)

A 2

=
-

el Azt oo

tans|

15%

ok
=k

A AL

AzY Fops A

vzel
N
K

O

X
o

T
or

o

Lo o
— o
lap) —
o N
—
o
[aN
Q (]
0 Lo
— av}
o0 —
(]
(=]
(&N
— (=]
— <t
— o~
98]
o
S
(&N
— o
0 <t
LO
o
o
o
(&N
o~ (90
<t —
[ap]
D~
[op)
(@)
i
K Em
[n75e) —_—
| X AL 3
ll lo J)mo ﬂAlL
TN
=zo A

f2001d e Ul A& 4] Ad 24}

EETLRE:

OECD, Biotechnology&Trade

D AE A9,

=
= .

A} 3

d

e

o2

2

€,

AT

bR

3
s

ofell

o Il AE Y A

_17_



drz =l Al N

fsi3
=

AFA]

)

!

e drgoln, wpepr A

2 %

G
B

=

oF

< N <
0] o) >~
o < <
o0 = S
_ &~ S =
= H7 (@)) ©
~[~ [0 <]x™m
— | =W D
S IS S N TN IO il
||| S| g | —
3 0| =S| | |0
S IR Vo I o o T S N
<!
— Lo | O3 o
N| ||
S| Q| M
W< | — | e
ra
R | =
Ho
SRR AN =
alt] NI =B o
=0 IR =] Q| R | X
= e N e N P Y
— | ®m | Q|o| =] F
X — —
ﬂ.o
B | Bl | e | Bl | e | R
IR I ITI®|I®
TR | T | o8| T | o8
e | <R |t | < | ] 4
H
vl
— () [op)
=) S lop)
S S o))
[a\] (o] —

r2001d %= =4

AT AR,

25

3l

OECD, Biotechnology&Trade

N
Nr

st

ol

3. A3 -

bl ek,

S

Az o] &

He dedadEs o

o
A

Tor
Ho

_18_



ol
G

&

AlA AL E R Al

&

7

A

=
A=

0
Hn

—

o

2

ol

o

o
o

upate] 3AY =elo] o

%
N

ol
b

oo

7

Njo
!
Jo

J:mo

wK

A= A

oo

14 &= 7
- 19 -

9
- AA] calibration

- AE g



wK

‘.mo

3
oo
Z.o
ol

"

‘mO

M
Ho
X
jod

oo
jan

X0
N

g AHn v

rvze)
_E r
M
70
el

N

TR
;Ot

<«
o

o

il
‘wmo

vzel
olo
NJo
!

Jo

puzel

h=i}
=

= g A3

A=
=

Njo
pul
JJo

0

—_—

X
ZO
X
Ty

==
0

oo
2]
:A

xr
il
o

O

Ho

0

O

Ho
ﬁ

il

il
ﬂo

0

o

2)

_20_



oo

e

.
ol
B o o
%0 ) 3
o To X -
oF Mrw dr 2 or ~ o
Oﬁo Ogo ;In_ﬂ -~
ES I~ ~ = N oo
XV = o =
w | - ©w = .
| ‘Z|a ) wjr AR o
% . ) _,/ ~ oo - = il W
- ;& ~; _ = X =3 o
~ N w 1 N v = T X X
5 | mﬁ . o o w W %o o T wﬁ
?ﬂn1®m€e§t o A T w o T
ﬂldbﬁmnm.ufnnﬂ I G T N
Laﬂ%7ﬂ]d.7&n X ol va_. Moa_]xw N =
MO ol = = o Lw Jo W 7 W.L =y B wr W = 1H N
%Aﬂ%ﬂon_}xo o 7R 7 T " X o N
A PENGET tome P o A
ok N w A ®E D il o P 4
Vﬁ . o 4 Nr N X T ool olo Ho o) A, ol iod
X ﬂwo ﬂ% —~ OW o= ~ i ol _ — 1*
iiﬁ&,Qﬁmﬂi;;;; *3
- o ik - o = " _ 3
o oo B- BR oF \om_w Jo do A e Mﬂ o T~ o M ;MH
o [ ] Lro o Nr | ol oo I ~eRRD o
o L =) ) M oy T oo = o M ol ol
= I [ s BT Ao ~ ° 4
_,T\ o . _dnﬂ_.a_ﬁﬁoi _ML_M_E
mr s . x od < U m,m
B ﬂ‘mg o | _E B ,&Io ,Elo
4= o ;o © 0
e of o ,
e
Zﬂ Eo
OOJl
—~ ~ 2
w4 S
T

-21 -



oF
TR

L

=13
=

 EECEFER]
A A A

ol
N
)

oo

a

ol

25

AA)

o)

0

] A2 (A

X
XO
B

]_

rvze]
.Zﬂﬂ
jze]

N

=<
0

olo
el
X

)

el
N
Ho
NI

K
el

Ho

1A=

_;g}

w

] calibration

12

ﬂmo

_ZTI
0
0

2

~

=

x
i

o
=)

5

rvze)

X
.Zﬂﬁ
el

X
B
==

—

.

A
ol

olo

el

=3
0

oo
M
Ho

—

0

Ho

AA A

=

p—

- AT Al o

O

_Zrl

Ho

x|
0

alo
xr
o

<
i
o
vzl

X
(0]

I

<
il
ze)

O

X

ol
=
M sir
B

o

ﬁ
I

2ol

i

22t

da=
(2005)

_22_




XO
)
oo
—
)A
vzel
5 el E
—~ N
g < =
X i :
K XK Ho %0 o X =
A A
% , g Y o
= op o M4 il
~ e el — Mo = "R
gl X — o o mo KO N
= Jl K2 . = 3 ,Ao B R
: sl nw
2’ i y ‘WO JJ.A ;OL
i X . Ho ol
dﬂ_ 1_._A;O o F/uuﬁ\u fAI ZTV ﬂo ﬂmo Mﬂ _ ‘_Wuﬂ
Toogw oW Mo | o Mo np <
T w0 155@5;%&%
.A.._ X o o ) = T JI 1# Y ~ o
T EY TR L R
Lo} = [
= R © 5 8T
o oo S o [ T
o %0 = "M 4k z
A LRI :
KO | Ho G TR E
O | | HE | T
i | ~ |
~ - ,
HE — (@] (@]
= o X zo X
= 1 o o re3
M= B o do ” .Ax -
=yl G m.
B/ G M X0 i x
n = X°
: T ol X0
7 H <
nTS

_23_



H 2z =de ZlsHd
A1 A SR

H
oy

i a}
o

)

oy

N

o

I F Jle 9%=(dual cathode system)C 2 TAH

B
o

0
o
jod

N~
T

fite)

oo
o

hin
ol

X

4
vA

<
%0

X

|

8¢
o

BL
fite)
X

Nr

il

g/

tel AeAz ¢4 F

°

ato] A8 Al

S

A1

=

=

b o] A3}

AT

Kim 5%& Park $%0] 7|@sk AMAE o] &
[e)

B}2 A4

oA A

ol
of

olo

A E 2 (flow injection analysis,

Ruzicka$} Hansen'ol| 2]

A2 d =eldsd

o

Nfo

==
he}

_50
Oy
I

—_
o

el

FIA)&

B8

T

fvzel
Nr
éa

i
—_—

—

o]

¢+

—

0
e

o)

i
ol

o
;O_

o
Uo
o

JJo
—_

oo

"

o

X
.Zﬂﬂ

_24_



N

3|

LR

o)
¢+
7

o
oF
il

N

e

Karlberg, B.

of

A
)

o
uze)

,A
o
o

O

X
Ho

—_
o

o

0

il

il

ol agch eu A7t £

ANz AEZE - e ABsAEH e G A AY, odo] =

o)
1o

A
X

o

il

HH

N

il

o

—_
To

o
o

e

~

vze]
o
o)

2YHd

N

Ho

N

Schugerl, K 5%

=0

H

(in situw)

o

N

o]

o]

.Zﬂﬂ
)

A1
A

W wgels @4 Al 3

)

!

Jo
—_

O

N

A el

|

=
of

A

12, el

]

A

Aol wrel 7]

_25_



Hall, E'= u}o]

2

o

14 2] =

.

o1

X

7y upol

L
L

ol v

SET R

o

g

i

o
T

g
el

oy

X
=)

8
o

T

X

F(stream splitter) 7| WO E

ToR

s

}o]

i<

°o]-&

=

=3

= A7

=

}

S

5

=

ol 7% 10000 o] el Ee BHAWE7A 7}
[}

S} AT

Valero, F 57 3287 7|HoA A&7t
[e}

1o, otz AlzElol] A
=4 8Ao] dal )

[

24 s Eale g ol

= e = A i =
5
[e)

o

AAA o] W AFEH= AZE

2 3A =

2 el
- 26 -

=

=

A

j=5

=]

Rk

Il
HEUA o]

5

=

Lo]



o o HR o ok o
= _ K e o W
T 2 T3 ] % ol ol mﬁ Moo G < I =
G m ) o= 0 T o ) Mo = - i 7 folm wm
ERoT T R oT om » T gagw oz © ¥ oo E
T R B G O ir = d 9 = = W
W o R g CRCI W= < R0 w
T o7 . o T oo T 4 AoE X
o~ < T e T T ol iod 4 B s M
) — s Al A U=
O O TEX omToow L Pe @ 5
o Sk oo G X9 & T o o P X Mo
- i o} 5 < %2 oz 5 - I
T o Gl Moo 5 2 7 B do s ™ o
o o = W oo B R = Ho o S Nk mm o s o o z JJ on
= 2N b el o % 7 op B X ° g B o W N
C T GG Hox o R om P = 1 = e
= T ° o 3 NOE £ = 0
oo ~ I X] X moox Nr T o & KX = o]
2L = B oo o KON — A T A oy PR
o N 6N WT i = oﬁa — Lf By Lf oy oﬂa —_ #..i 1” 71_ T T
ﬂ%%%ﬁs ) %ﬂz%w%ﬂ\ﬁﬂ o 7
ﬂAlﬁJ%ﬂﬁeﬂ% B O 3w o 9
NoﬁawiAﬁ%w@H% :Tﬂ@ﬂ%éﬂ.mwi s
F oo ol w2 M N i ATy R T~ 3 Ho
o 2 E e T o 2 o T doge oo o BT 5w B o P
S 5o or o Ko e ooz B Do o ow M =
g 2 g e TR L o T oo i - o} i
oy B = Mo % T W S o}J G s X R Mo .=
- I L %goﬁah%%%ﬂﬂa@m
no® I L A ot 4
ﬂz.mwnﬂxﬂ_m;%% 1%%ﬂzrmjﬂ%ﬁwﬂ3§
el ) [ X 3 ) ot
SN I mi;;wxmﬂni@__izmzwﬁ@
U_.E =i 1(ru “WE o RO ﬂ! alt] X ﬁl B Mt ZT > jod o B EE HI X X |
i R do = = o w ol = O Tz =
N R K T W™ o Ho GOy o g <
K o oy Nd IH M ) NJ ‘#| ol Zﬂ upy S 1 @ S i N ol )
D S B w3 B e WG T oW M ow s )
e A \%Miadﬂr?i%l%%
IR S o X H4oZ2 ™ omMoF o ol 2 F & = < T o
bR % wmﬂﬂ_gio_gw%@ﬂe P 2T & £
a%x%iﬂmﬂ& do % 4iﬁ@wﬂenmm~%mmﬁi
R TR T X onE o W z T * g #
I o W W ; R i |
bow a0 < oy %o mw

- 27 -



23!

of AEdE HERH AT

N
&
o]
M

GA7HA )

=20
©

Vander Pol

£l

stk 1

A Al

il

teslofs] Aol

ol ]
= ©

g, ~2ZEY x4

e
N-

ol® 74

=170
o .

Schuhmann

I

[e)

(lactose)

e
Nfo

o

X
Ho

o
M

olo

=0

F A

i3

(calibration)

o

2 ol 714 g A vAEA

sterh

A Al

KeX
=

A9 A 7He A

o

Compagnone

3} 7]

= A=

Exysie)
= "1

A

o
=

A =gl A = 7k o] 713

To
ol

B

—_
o

el

X
.Z;

il

A

oj

TH

i}

<
on

o
o

%
N

1] A

=2l o
T

Rajendran ‘&

3%
NF

el
TR

Jo
—_

A

pitd

o

2t

Francis

injection,

bead
w7}y

lab-on-value technology,

injection analysis,

H (sequential

ki3

94

Zol

]
&

Bo 714

=N
o

T o, Weeks

S

A A

= o
=2 =

multi-commutation)

_28_



1o

o
ol
!

!

do

i
H
ol

el

N

ofp

Vijayakumar™< o] €

B
i
el
Ton

o
X
il
oj

el

)A
wir

%
o

B3
)

% 50 units/ml

Ho

=30

o

Kriz

_29_

o]l M=



A3 &

A1 4

L AA

8¢
o

ol

= 3

I A

Fef =t

3|

A akEe] Az

w
_ZTd
T

)l

uj

3
H)
TR

|

—
1o

oy

ol
ol
%o

—

O

e

w-

o

L7] wjtol ot whehA

¢
v

el

wK

1)
ﬁu
pf
o

iy

R

dr

4o

A7t Fom wEol

71 A1 4

o)
1o

=
=t

ol
o

1
il
B

N

%
)

) 2 )

1
fu

ol Wy

A7) gl et 3

=
T

JE =,

= &
.

3

S L
=]

BN
o
o
o

1o
=
=t

d
BR

N

i 71 A%

o3

=

ZHd 5ol o AAE AA = A

_30_



Njo
N

—_—

N

o
0

%

of H75ow

WERALe A4 4%

Aol A &7

&3

of

B
R

1o

NI~

O

0

-

—

4 ARgel =AY

=
-

o e}

3|
&

1o weA) 7)1

Ag ol

i

%

o
B

~

ol
ey

el

wir
S

H
Ho

Fol 7149

S

Z °olF

ERE R

ol

hin

=0

[e]

A7)

e

A

=0

H

il AFshs] oL, o] )

J

&l 9

hin

</

soll

€]
S

} wtol

2EpA] 7] ol

of ola kol

%

o
B

~

ol

=

ol
pzel

wir

N
b

e

X
)

Jr
fite)

= =
TE=E 54

o wEA maANdA oF v]de

i3

3 of

g A8

o)

o

olo

o)
BN

el

1oh whebA AA o

295
o 2]

Aol

5

oo
=)

H

3

g AAR o]FEHUA

= =
T =

s

A

5 of

741 5)

|

H4FE& o

|

nE Aow ddEm, wkgol AbgH

Ko
=

,_._mo

Bo

| o Fiel 714

bed ol

g

A A

A= e

=3
=

af oF

bl Abg

ks
X o

z
T

_31_



Aol AbgE Ame FH B A

=

g A4S 3% 3-19% 2T Sodium
phosphate(mono/dibasic), Sodium chloride, 5F+E AF&3t4 05 M9 Sodium
phosphate &%& 9 (pH 6.86, 10 mM NaC)< #|Z3}e] Algatdch. el A
F3 BEAL L= (B-D-glucose)¥} EEY & A(glucose oxidase)E AF&sle] =
At EAFHE =AHS 98] Ak (phosphate), oAl EALY (acetate), A E

2 A9 (citrate) 9] 3F2F9 ¢=899S pH 50, 6.0, 7.0, 8002 A x3o] A&}

32

o™ 5% 9 & A(glucose oxidase, lactate oxidase, invertase, alcohol oxidase,
catalase), 559 7]&(B-D-glucose, sucrose, fructose, lactic acid, ethanol) %
2,2’ —azinobis(3-ethylbenzothiazoline-6-sulfonicacid), 4-aminoantipyrine,
Dinitrosalicylic acid, Sodium azide, O-dianisidineS SigmartZF-E 43k Ak

239
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48 Ag

Descriptions

Specifications

Remarks

Glucose oxidase

EC 1.1.34, X-S, 472 U/mg

Sigma Chemical Co.

Invertase

EC 3.2.1.26, 228 U/mg

Sigma Chemical Co.

Lactate oxidase

EC not available, 49 U/mg

Sigma Chemical Co.

Alcohol oxidase

EC 1.1.3.13, 40 U/mg

Sigma Chemical Co.

Catalase EC 1.11.16, 5270 U/mg Sigma Chemical Co.
Sucrose CioHy 011, FW 342.3 Sigma Chemical Co.
D-Glucose CeH5,04, FW 180.16 Sigma Chemical Co.
Fructose CsH,, 04, FW 180.2 Sigma Chemical Co.

Lactic—acid

C,H, 05, FW 90.08

Sigma Chemical Co.

Ethanol

C,H; O, FW 46.07, 190 PROOF

Sigma Chemical Co.

2,2' —azinobis

C\sHy Ny O5S,, FW 5487

Sigma Chemical Co.

4-aminoantipyrine

C\ HsN,0, FW 203.2

Sigma Chemical Co.

Dinitrosalicylic acid

C.H,N,0., FW 228.1

Sigma Chemical Co.

Sodium azide

NaN,, FW 65.01

Sigma Chemical Co.

O-dianisidine

C HgN, Oy, FW 2443

Sigma Chemical Co.

Hydrogen peroxide

F.W. 34.01

Duksan Chemical Co.

Sodium phosphate

Monobasic (NaH:PO, - H.0)

Sigma Chemical Co.

Sodium phosphate

Dibasic (Na;HPOy)

Sigma Chemical Co.

Sodium chloride

NaCl

Sigma Chemical Co.
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Sample Alenzyme) Sample Alenzyme)

Buffer in Buffer in

sucroge out Enzyme out
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Working ele ctrode(Pt)\va

Acrvl plate\ A

Plagtic tube
vV [
v

- JE—

H20z
gluconic acid B waste

A 500mV(Ag/AgCl)

Reference electrode (Ag)/—r |

oY 36 AF 54 4A TAE,
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32, 4A 44

Component

Specification

Remarks

Syringe pump

25 mé, 25 ul/min

BioAnalytical Systems, Inc.

Diaphragm

pump

0.03 = 30 m¢/min.

KNF Flodos

Injection valve

10port, C22Z-3180E

Valco Instrument Co. Ins.

Electrochemical

0.02, 0.016, 0.039, 0.092 ml Acryl
cell
W. E.(platinum)
Electrode 1.0, 1.4, 24, 3.4 mn )
R. E.(silver)
Tube 1.45, 1.52, 2.29 mm Cole-parmer Co.
200 nA,
Potentiostat +500mV (Ag/AgCl). BioAnalytical Systems, Inc.
LC-3D
Data acquisition Lab VIEW National Instruments.
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Enzyme (units/me)
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¥ 39 4% A
Variables Levels Remarks
2
Arrangement

(cross, parallel)

2

Distance (mm)
(4.5, 9.0)

Repeat 5
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4) &4 44

ot

B

°] 4 Sigma’t @ Habech™?] Wel] Fato] =4 at9]
on, 2% & X(invertase)®] 42 DNS(Dinitrosali-cylic acid)¥, Dols 5% 2

Nam 57 We] 9ste] ZAstArt.

23§ 2 (lactate oxidase)?] AL Worthington $*'¢] W] o3}

g3

k

o] =Asgon, 43 F A(alcohol oxidase)e] A Majkic-singh 5% 9
Fuji 5% wie] wel 24ttt 72 ebAl(catalase) ] 4 E4S Havir'' 9

=
3E 3710 28 =1
Items Levels Remarks
hosphate : pH 6.0, 7.0, 8.0
Buffer 3 PHOSD b
. . acetate : pH 5.0
solution (phosphate, acetate, citrate)

citrate : pH 5.0

5
Enzyme |(glucose oxidase, invertase, lactate

oxidase, alcohol oxidase, catalase)

glucose oxidase(47.2 units/mg)

invertase(228 units/mg)
Enzyme ) )
o lactate oxidase(49 units/mg)
activity . .
alcohol oxidase(40 units/mg)

catalase(5270 units/mg)

_46_



100 units/ml o=

TRt 72 4%

2 39 A 2

=]

3-11. A% =4

5@ arel BEYUIE

2
20l A 57 A=e] #E FAsta FHgs 54 24

Items

Levels

Buffer solution

1
(phosphate, pH 7.0)

5
Enzyme (glucose oxidase, invertase, lactate oxidase,
alcohol oxidase, catalase)
Enzyme S
concentration (5, 25, 50, 75, 100 units/ml)
o 71 - ma 3 AR WS AA )

WS-A 2 v 7k z2+zE 0.1 ml/ml, 0.5 mé/ml, 1.0 mé/ml, 2.0 m¢/m¢, 10.0

m/mlE T2 A5 g4 dHLEE

Reaction volume ratio =

A

Aol 49 weAH mE FYsAC

2483 ARRe AABHED 59
A

570 Alse] &
F 3-12¢F £k o17]°

m]o

WA A W T o] 493

ml — substrate
ml—enzyme
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=]

3-12. A% =4

Items Levels
Buffer 1
solution (phosphate, pH 7.0)
Enzyme 1
concentration (50 units/ml)
5
Enzyme (glucose oxidase, invertase, lactate oxidase,
alcohol oxidase, catalase)
5
Volume ratio
(0.1, 0.5, 1.0, 2.0, 10.0 m¢/ml)

B A (glucose oxidase, invertase,
lactate oxidase, alcohol oxidase, catalase)E &3k &

=

& Abgetel BHE W

Lol AR 4 A wESA A
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Levels

Buffer solution

1
(phosphate, pH 7.0)

Enzyme
concentration

and volume

1 (50 units/me¢) / 1 (1.0 me/me)

ratio
1
Enzyme (mixed with glucose oxidase, invertase, lactate oxidase,
alcohol oxidase and catalase)
5
Substrate

(D-glucose, sucrose, lactic acid, ethanol, H,O,)
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2) 71d - 54 AT AFa 54
a9 3-10, 3-11, 3-12, 3-132 X293 EXEYEAE A&3 Ago
2 AFE AEol 247 1.0 mm, 1.4 mm, 2.4 mn, 3.4 el A AFE 1A z+zt
1.0 mm, 1.5 mm, 25 mm, 35 mol A FAHHE AFFHIY ZFFA S ERA Aot
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4% 0012 cm/s~0.240 cm/s, 2.4 mne] 7% 0.008 cm/s~0.260 cm/s, 3.4 mme] 7
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2) A% #F8 FiH 4N 4%
DEEXECIE R

¥ 3-15. W= WEo] e ARk wa

Buffer Current (nA) Mean
Electrode )
dia. (um) Pulse | velocity S. D.| value
ia. (mm
(cm/s) 1 2 3 4 5 (nA)
Without
0.0849 [120.1|1259 (1237|1195 (1245 2.8 | 122.7
pulse
2.4 -
With
0.0849 |140.6|1355(143.0 (1415|1420 | 29 | 1405
pulse
Without
0.0433 | 315 | 282 | 306 | 274 | 282 | 1.8 | 29.2
pulse
34 -
With
0.0433 | 479 | 402 | 489 | 469 | 464 | 34 | 46.1
pulse
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99 319, %8 AN NTEA.
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m, % 0.1179 cm/sollA] <lAAwH o}
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UX)= g8t A4S dFate] 548 Ued + 9l

_l

1
o]7F 60 mm, 120 mm, 180 mm, 240 mm=E ZAojFe] we} AFzre] zZ+zt 51.9 nA
465 nA, 40.2 nA, 388 nAZ 7HAstE Ao = YeRTh ol 1d¥ 3-21¢9 A
2 Adso] A ¢ Qv age 7+ fEdolo wet AFzte WaE e F

R
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2

FaA dsE e dee AzRbel Zhzk 60 %, 90 X, 100 %, 120 =& F7hst
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T T=FE o] EFEgo]l T HFH= ARE fEdd

= A% 4ol 45 ml Ao vE 9.0 mel FEHF A%l HEFE=
kol do] Hdigkol =A et Aoz ddET,
140
120 l\
10
5
= &0
=
Qo -
g 60
=
@]
40
20
0
Cross Parallel(4.5) Parallel(9.0)
Type of electrode
a9 3-25. AeE WA F A mE dFg Wk
= it o
1) A4 45 &4
oY 3-26. 3-27, 3-28. 3-29, 3-302 <=8 FF(phosphate,
acetate, citrate)?} AF=(pH5.0, pH6.0, pH7.0, pHE.0)olA =43t J A(glucose
oxidase, invertase, lactate oxidase, alcohol oxidase, catalase)®] A E=Z vtebdl
Zlo|t},
a9 3-260A4 XEFase] ddEE gFgdo] Qdd A

= 6.0, A= 7.0, AF= 80014 zFzF 17 units/mg, 20 units/mg, 19 units/mgS LEF
YAk =3 gFgodo] Al 509 olAEAA S 9 21 units/mg, A% 5.09]
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ANEZAEY 49 23 units/mgE YEIY S5 &R FTFH

7F A zZbolE yEtlAIRE L Afolr A4 fES & F Advh ¥ 3-272 A

Faad] s YElE ZoR QA SF& A A 6.0
8.0 4 2z 60 units/mg, 336 units/mg, 230 units/mgS YER) A E7F =LA

Hates AS & & Ak sHANE gkF&do] 4 509 oM EAM S A 337

units/mg, AF% 509 AEZAAY 9 328 units/mgE YEFY 2 z2pol7t =A

24
L J
22
L 2
“op B .
20
:i *
g 18 .
>,
£ 10
13
< 14
12
10
Phos. Phos. Phos. Acet. Citr.

(pH 6.0) (pH 7.0) (pH 8.0) (pH 5.0) (pH 5.0)

a9 3-26. gEEd B ¥ 499 A % (Phos.=phosphate,

Acet.=acetate, Citr.=citrate).
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400

350

| | | | |
o O o O 9O
o v O 1 O
(9p] N N — —

(Bwruny LAY

Q
Lo

(@)

Phos. Phos. Acet. Citr.

Phos.

(pH 7.0) (pH 8.0) (pH 5.0) (pH 5.0)

(pH 6.0)

phosphate,

9] 4 = (Phos.

citrate).

acetate, Citr.

Acet.

R
L

16 units/mg. 2 7} =2 A JYElg oy Atx 6.0 4F= .00 A

L
.

A% 7.000 A

ANEZAAY 4% 0.1 units/mgZE

o A9 0.1 units/mg, A% 5.09

Bt &A= A

2t

Al

A

shereta o)

Kol
T

a9 3-30

gzl ARgol 7t

EREEEES

S

Al €]

IZEALE

o)
=

A%

9]
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18
16 M
Rt
o0
£y R
S 10 |
z 8 F
=
4L 'S
2
0 . .
Phos. Phos. Phos. Acet. Citr.
(pH 6.0) (pH 7.0) (pH 8.0 (pH 5.0) (pH 5.0)
Y 3-28. =g Mo wE A &AMl &A% (Phos.=phosphate,
Acet.=acetate, Citr.=citrate).
3000
L
2500
o)
£ 2000 | ¢
g
2 I
= 1500
=
5 1000
<
500
0 < '3 .
Phos. Phos. Phos. Acet. Citr.
(pH 6.0) (pH 7.0) (pH 80) (pH 5.0) (pH 5.0)
a3 3-29. &g wE dFL g4 A9 g4 % (Phos.=phosphate,

Acet.=acetate, Citr.=citrate).
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800

700 o
600 [
500 [ d
400 |
300 |

Activity(unit/mg)

200
100

Phos. Phos. Phos. Acet. Citr.
(pH 6.0) (pH 7.0) (pH 8.0) (pH 5.0) (pH 5.0)

a9 3-30. 580 mE et a4 e &d = (Phos.=phosphate,

Acet.=acetate, Citr.=citrate).

nits/ml ~100 units/mE ¥ o] gL EE

mg~19 units/mg o2 W23k S JERY Y] Wl ZE E4FE 5 units/m7bA] AFE

o

fo

g g dvta AdEn B2 Adass E4AFE 50 units/ml, FIEEALE
2% % 5 units/m7hA] AR £ otk Aok

% 3-32v A= 7090 A ehF8ols Abgshel Zbzb ghdeka) o
Adare] wxo B2 d4EE vEpd Aotk FtEetAlE 5 units/m7bA] F

g43te] AgAE A g2 Aow 47Ad v, AgRAE B

b
il

25 units/mlolA BAHE7F FE 50 units/mlol] H S| ALl Wl FFo g Wolx F

5 UA Aese Ao 2R dew fuEn. aat AAHEL AH Az
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230 ¢
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s 20 % —— —
< - A- T

10

0

0.1 0.5 1.0 2.0 10.0

Volume ratio (mé/me)

- - A-- D—glucose / glucose oxidase - - B- - Latic acid / lactate oxidase
--® - Ethanol / alcohol oxidase

a9 3-33. 71" - g4 wESAIA vl 2 g4 & E(glucose, lactic acid,

ethanol)
3000
~ 2500 - .
& B
7 2000
g // ®
~ 1500 [ /
» »
21000
(@] -
<
500 -
0
0.1 0.5 1.0 2.0 10.0
Volume ratio (mé/ml)
‘"*"Sucrose / invertase H202/catalase

a9 3-34. 71" - a4 v AA vo] mE g4 €4 E(sucrose, H,0,)
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a9 3-35 % 3-36

A 1 1.0 me/ml, E2%5%E 1.0 mg/me] ZAdA 5F9

i}, AL He
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Concentration (mg/ml)

‘**f”Glucose oxidase -~ & --Lactate oxidase —— B - - Alcohol oxidase ‘

EAhdo] A% (glucose oxidase, lactate oxidase, alcohol

oxidase)
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2. A5 2
b Ad AR

Aol AsE Are FF 2 4N A4 E

¢
—
(@]

<

g fdo=z AEsdy. ®3k HPLC(High  Performance  Liquid
Chromatograph System)4-& ¢]3] & #2418 Carbohydrate analysis column

W o] Z A &7 (mobile phase solution)® 70% Acetonitrile & %2 AF-83}% ).
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3 3-16. 43 Am 4

Descriptions

Specifications

Remarks

Glucose oxidase

EC 1.1.34, X-S, 472 U/mg

Sigma Chemical Co.

Lactate oxidase

EC not available, 49 U/mg

Sigma Chemical Co.

Alcohol oxidase

EC 1.1.3.13, 40 U/mg

Sigma Chemical Co.

D-glucose

CyH,,0,, FW 180.16

Sigma Chemical Co.

Lactic acid

CyH,0,, FW 90.08

Sigma Chemical Co.

Ethanol

CyHs; O, FW 46.07, 190 PROOF

Sigma Chemical Co.

Cellulose

EC 232-674-9

Sigma Chemical Co.

Sodium Phosphate

Monobasic (NaHsPOy + H.0)

Sigma Chemical Co.

Sodium Phosphate

Dibasic (Na:HPO,)

Sigma Chemical Co.

Sodium Chloride

NaCl

Sigma Chemical Co.

U A A

Ao AgE AEEN AFH B ARG A= 17 3-377 o] FAF
Ha, MELA Mg = 19 3-387 o] FASATE 19 3-3700A4 HMEE
A ANF L ARFGAE tholotZ ;A AFPIZe} KU FAY $F o F-3d
2l dH 2 FAHET axe] 7|de thojofx ] WFgPE o) 7] H L7
2 EZH e 747 879 thojotx A FFH R AZdst= FHO JEVL
AR H o] g oy BEEES ofusiA @

a9 3-389A AF A= AEEA] FYdY £EVTE R T
AFZISHZ(SP1, SP2) 270, WAl mB(Vl, V2) 272 FAEHY, e 223304

S 2Elo R o]Fojxint 1¥W HESPDE 7| 4E&9s 2H HESP2)E THT
S AT AEHAR FE8] deke M HEeR AsAo] Hu, ¥R
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SP1
; | 4 3
l b b
f
! 1
Waste v Waste
tank tank
Sample
tank
Substrate Distilled
solution solution

% 3-38 AHE 84 A TAE
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Enzyme - D
solution 0
. Q
EBlectro-chemical
P4 e
cell
(XE1000E} L Potentiostat
ot

PLXPI000E)
F I & -
s=mJl ., J_.

b
PXPI000E) T_l
F I a
I—g_b{ m"EPl(Glucose,XElDOOE)

b

_CE'| EP2(ucrose)
_<:E'| EP3{Fructose)

e Lactic acid)
— < Herstconn
golution EP6(Etc.)

19 3-39. A A A =
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E 3-17. A¥AA 74

Component Specification Remarks
XE1000E 50 m¢, 5.0 - 150 m¢/min. TECAN CO.
XP3000E 0.1 m¢, 0.01 - 5.0 m{/min. TECAN CO.

Injection valve 10port, C22Z-3180E Valco Instrument Co. Ins.
Multi—position
6port, E2CSC6MWE Valco Instrument Co. Ins.
valves
Pinch Valves 075P, 100P Bio—Chem valve.
Electrochemical
0.03, 0.06, 0.09, 0.14 me Acryl
cell
W. E.(platinum)
Electrode 0.5, 1.0, 1.5, 2.0 mm ]
R. E.(silver)
Tube 1.45, 1.52, 2.29 mn Cole-parmer Co.
) 200 nA, +500mV(Ag/AgCl). . )
Potentiostat BioAnalytical Systems, Inc.
LC-3D
Data acquisition Lab VIEW National Instruments.

= SAZA ] wAE Aolstr] A AAAFAE 1Y 3-413 #Zo
T3ttt Aot =glol= Basicdlol ¢} LadderlolE &A1l 8 & U+

£

compile technologyAt2] CUBLOC290 & A}&3tit}h. Alo} 7]+ controller®t =L

= LCD ¥ touch pad7t dAFoz F+4=A0. A9 d=5da= 9~30V DCE
&k, RS-232 Channel& AR&3te] o Aloj7|EEa} Falol ARS8, <
EHAde A4 ¥ 3-42 9 3-43% -t} download porte FAdE Ao]E
Z 273 downloadol] AF&3tH, I/O port:= F7}¥ add-on board? layoutol] uw}

etk AloiAl =" Aol gknva ddo] FEEH Ao]7]¢] touch Pade 19
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Controller
RS-232 ) ) ) ) ) h )
Q0QoD
8Pl SP2 SP3 SP4 BP1 BP1 EP1
(out 1) out 2 {out 3 out4)  (omt® (out6)  (out?
Relay V1 V2 V3 V4

fout 24)  (out 25) (ot 28)  (omt27)

o, b
oty o

o

IVl e
{out 28, 29) {out 30, 31)

2% 3-41. Aok A =
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t], SIZEE= Aelg #Hzo] A% Syringeo €32 2 W7 SPEED & A€

i

3H o] X A
CERE R

b
Lot

o

g
rE
Pﬁ,
<
O
o
flo
r >
)
it}
uict)
5]

(o]
ool
jin
S
=
il
oo
ol
i)
r o

% w7, MODE: Hud #xe 2= 9 uj&udse 3 wie vehd

A
of zko]l W7 ¥th SPEED® 7% XPIO00E:E 20~600, 7|29 1/10% 0]
XP3000& 1~40, 71E 9= % 3-189 deEldd. Zgar V1S 1~

ot} VOL2 0~AASIZE olw, 7|29+ 1 wolvh, AASIZEZF ¥4dE 35
VOLUME 3z &= nléste] W7 et. MODEE 09 4% Az =5 veliy

e g e 2e Pl WE9g 23, 3o Pzo) WEYF $32 e
dh NRAE FE A $589 FYPI(BPL BPDY FAS w4gA A
itk o, H3AA] Al 458 FUHZBPL, BP2)9 B A #e Loy

Code 1 2 3 4 5) 6 7 8 9 10

Time(s) 12 | 1.3 | 14 | 16 | 19 | 22 | 26 | 29 | 33 | 37

Code 11 12 13 14 15 16 17 18 19 20

Time(s) 43 | 50 | 60 | 75 | 100 | 15.0 | 30.0 | 31.0 | 33.0 | 355

Code 21 22 23 24 25 26 27 28 29 30

Time(s) 375 | 40.0 | 43.0 | 46.0 | 50.0 | 55.0 | 60.0 | 67.0 | 75.0 | 86.0

Code 31 32 33 34 35 36 37 38 39 40

Time(s) |100.0 | 120.0 | 150.0 | 200.0 | 300.0 | 333.3 | 375.0 | 428.6 | 500.0 | 600.0
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0

X
N

D— glucose + O*—D— gluconicacid+ H,O,

®K

(2)

bol s =ate] Agu M, X

O =)
J."G‘O

L— lactate + O*—pyruvate + H, O,

(3) ol g2

oA E G| o] =7}

FEthanol+ Oy—acetaldehyde + H, O,

sl
o
R

2

.

0.0118 cm/s, 0.0189

05 mm, 1.0 mm, 1.5 mm, 2.0 mm<| 4

em/s, 0.0283 cm/s, 0.0377 cm/s, 0.0472 cm/sE 5

4 mM, 6 mM, 8 mM, 10 mM, 20 mM, 30 mM, 40 mM, 50 mM= 10
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o
veel
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el
il
X/
)

fils

4

o)A e

—
1o

3

Fo] 50 units/mlE A Z

Al£-3]

= 100 mM9] ¥

Al A ol Al
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Sample volume (mf)

Sample volume (mf)

10

10

e

2 3 4 5 6 7 8
Pump output (me)

—— 250 mm —8— 500 mm —&— 750 mm —@— 1000 mm

a9 3-45. X E&%(0.45 mm suction tube)

10

2 3 4 5 6 7 8
Pump output (mf)

—— 250 mm —8— 500 mm —&— 750 mm —@— 1000 mm

9 3-46. X EZ(0.45 i delivery tube)

- 100 -

10
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3 FEO AAdols g2/ & u 183 FEE FEsY A2 AEe AHS
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Pump output (mf)
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—4—0.80 um, 500 ntu —@—0.80 m, 1000 ntu
a9 3-49. o & HxX EZ95045 gm, 1000 mm, suction tube)
% 3502 10 mM X2 98 Agsta, FY Zol 750 m, TU5
of WEE AT 49 oo EEY §AL $EFY LEY U3 HED
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Relative error (%)
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1:10 1:20 1:30 1:40 1:50

Dilution ratio

—&— Substrate volume :100 p{ = Substrate volume : 80 0
—&— Substrate volume : 70 « Substrate volume : 60 @«
=¥ Substrate volume : 50 { —@=—Substrate volume : 40 uf
=—+=—Substrate volume : 30 { =—==Substrate volume : 20 0
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14

12

10

Relative error (%)

Substrate volume (xf)

| —— 1:10 —8—1:20 —&— 1:30 —— 1:40 —%— 1:50 |

9 3-52. 34 Hlo] wE A58 A8 o] A Q 2 (glucose)

o

Relative error (%)

0 &«
me———rﬁo/ 1:30 1:40 1:50

Dilution ratio

—&— Substrate volume :100x0 —#— Substrate volume : 80l —&— Substrate volume : 70ul
—l— Substrate volume : 60 —%— Substrate volume : 50/ —®— Substrate volume : 40

29 3-53. 718 Ao wE 2534 8Ae A 2H(glucose)
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Relative error (%)

Relative error (%)

o

Substrate volume ()

| —e—1:10 —®—1:20 —&— 1:30 —®— 1:40 —%— 1:50 |

% 3-54. 3|4 Hlo] wpE AbF 848l Ao e A (lactic acid)

Dilution ratio

—e— Substrate volume :100u( —#— Substrate volume : 80l
—&— Substrate volume @ 704 —>—Substrate volume @ 60
—X— Substrate volume : 504 —®@— Substrate volume : 40ul

% 3-55. 71 AlA el mE As 34 gefe] ) e A (lactic acid)
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3 L
2 L
1 L
0
0 5 10 15 20 25 30 35 40

Concentration (mM)

—6— 00118 cr/s —8— 00189 cm/s —&— 00283 cy/s 00377 cry/s —0— 00472 c/s ‘

=% A4 1.0 m% B¢ F5E = Wzt wE dF
e yeRd Aotk §50] 0.0118 cm/s, 0.0189 cm/s, 0.0283 cm/s, 0.0377 cm/s,
0.0472 cm/s¥ W & 0 mMolAel AFge 242t 41 nA, 38 nA, 30 nA, 10
nA, 8 nAE YET. A5%5 A4 05 met= EE F50] 0.0283 cn/s °]sh
dlAE 10 mM, 2 o]l E 20 mMS 7|02 Higte]l F7ekA @ A%
= WEbdoh 2Elan <ol 0.0377 em/s

A 7t = AFat2 10 nAS
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Concentration (mM)

—— 00118 cnys —8— 00189 cn/s —&— 00283 cn/s 00377 cm/s —@— 00472 cr/s
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4% A& 1.0 m)

S6 A4 15 md ¢ &5 vk Wstd wE dF
e yeRd Aotk §50] 0.0118 cm/s, 0.0189 cm/s, 0.0283 cm/s, 0.0377 cm/s,
0.0472 cn/sd W 5% 10 mMolA 9] AFg-& 22 62 nA, 55 nA, 40 nA, 32
nA, 24 nAE YERT 283 A58 A4 1.0 met €8 $% 10 mMS 7]
TOoR I o] FroME HiFike] TV ¥ AoE UEw

=% A4 20 mé AF &5 vx Wstd wE dF
e YEkd Aotk <50 0.0118 cm/s, 0.0189 cm/s, 0.0283 cm/s, 0.0377 cm/s,
0.0472 en/s¥ ® F%E 10 mMolA 9] HF#k2 ZH2E 98 nA, 86 nA, 70 nA, 62
nA, 54 nAE YERAE A% A4 15 me PR/ R w52 10 mME 71+

o Afgel TS @ee ¢ & Ak U BE 10 mM 44§48

a9 3-618& A

Afghel Ao AdAozn Frtstes 28 ¢+ Atk A% 24 1.0 m, 15
m, 2.0 me] B sk Skl wE AR SbFel d=E A4 05 mok= 2

g F28 27 Wl ARG FEE ZHshe AMZ Ago] JHssida
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Current (nA)

Current (nA)

90

80

y =6.8228x + 16082

R? = 09159

70

50
40
30
20 1

y =

y =59067x + 18704
R% = 09237

7.105x + 14.779
R? =0927

70

6 8
Concentration (mM)

10 20 30 40

|—e— 15t —%— 2nd —&—3rd

Ist — — 2nd — = =3rd |

=
L

i
=
=]

2+ (within 40 mM, 0.0283 cm/s)

60 |

50

40 |

30 |

20

10

y =44522x + 17.588
R? = 08968

IS

6

Concentration (mM)
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=
e

=]

==
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Current (nA)

Current (nA)

80

70

y = 1.3817x + 17923

R? = 09035

60

50

40

20

y = 1.1467x + 19.098
R? = 09253

y = 1.3975x + 17.334
R? = 0856

15

20 25
Concentration (mM)

30 35 40 45

| —e— 15t —®—2nd —&—3rd

lst =— = 2nd =— = =3rd |

g
a

ol }2 A5

hyA
3t N

3L
1w

(within 40 mM, 0.0472 cm/s)

=
L

35 r

20 [

10

y = 30799x + 88038
R? = 09797

I

6
Concentration (mM)

10 12

=
A5 Al

s

=]

= 51
i 71

(within 10 mM, 0.0472 cm/s)
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1% 3-66, 3-67, 3-68, 3-69¢ AAF §AS AR FE5E AP A

S EYE A5 AF 1.0 m, F5 00283 cn/s 7 0.0472 cm/s2] 2 A 3
A& FE wE ARE 2 APEAAS vER Blolth AFES 1Y HAeR
Z 33 wkE Adedd. 29 3-662 F5 0.0283 en/s, €49 FEE 1 mM, 2
mM, 4 mM, 6 mM, 8 mM 10 mM, 20 mM, 30 mM, 40 mM¢] 9 == 2 3}
As w WA FA TR E AFg 2 AP4S vElE AR, 24

Adw oF 095~0969] W= vepwch 19 3-672 33 W A3 Fighs
SdEr 10 mM7ZEAIRE AMESE Ao R AAAGE 098742 A3t
velsk ot 28 3-687 3-69% % 0.0472 cn/se] A
T3] AEAAS YERdlE Ae®2 K 0.0283 cn/s9
7R e A ARAGIF 0990607 Wl =A JERES o 5= Qi)

o o
off
k1
2
Y
)
¥ e
=
8
<

70 v = 79017x - 58898
R? = 09598

60 |

50 1 v = 79867x - 6.137
< R? = 09665
S0t
£
€30}
3 y = 7.8094x - 52028

2 _

o0 | R? = 09627

10 |

0 ‘ ‘

1 2 4 6 8 10 20 30 40
Concentration (mM)
‘—0—lst+2nd —4&—3rd st = =— 2nd — = -3rd‘

2% 3-66. At see wE Ak E54(within 40 mM, 0.0283 cm/s)
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40

35

30

25

20

Current (nA)

15

10

a9 3-67. 2wl W A

70

60

50

40

30

Current (nA)

20

10

y = 34687x + 2.6452
R” = 09874

2 4 6 8 10 12
Concentration (mM)

0

=

2 (within 10 mM, 0.0283 cm/s)

y = 1.1925x + 10575
R® = 0.8704 ~~~ =

y = 1.1771x + 11.108
R” = 0.8642

y = 1.1343x + 10.754

R’ = 08646
5 10 15 20 25 30 3 40 45
Concentration (mM)
| —e— 1st —®—2nd —4+—3rd Ist = = 2nd =— = =3rd |

% 3-68. At see wE AFgk E54(within 40 mM, 0.0472 cm/s)
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35

y = 3026x + 1.0418

0| = 09906

25 1

20 |

15 |

Current (nA)

10 |

0 2 4 6 8 10 12
Concentration (mM)

% 3-69. At e wE Ak E54(within 10 mM, 0.0472 cm/s)

9 3-70, 3-71, 3-72, 3-73& olgta SAS 283 F&5E Agy 2

12
off
!

of M MFH L AFAS vERd Flojth Ade 1Y 1AL
2 F 33 wE Agedv. 1™ 3-708 #4 0.0283 con/s, 49 FEE ]
, 4 mM, 6 mM, 8 mM, 10 mM, 20 mM, 30 mM, 40 mM2]
o7 S wW AA PRl A FEel wE AR B AFAHES JEUE 2o
AGE o 090~0979] M2 vebgeh 19 3-712 33 wkE 239
BAEgs &% 10 mM7ZEARE AREg Ao AAASTE 098912 AT
wol =4 Jebgh a9 3-729F 3-738 #4 0.0472 en/se AF FE Az
710 mM 7] AFAS JERdE Ze® §4 00283 en/se] A
10 mM7FA1 9] - AaAF7F 099682 w9 =A JERES & S gl
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25
y = 2.1583x + 0.7935
R* =09721
20
T 05
= y = 20833x - 0.3796
g R? = 09647
3 10
y = 24878x - 05389
R?=09612
5
- >
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
1 2 4 6 8 10 20 30 40
Concentration (mM)
| —e— Ist —#—2nd —&— 3rd Ist = = 2nd = = =3rd |
I8 3-70. €2 sxo wE AFF ETF(within 40 mM, 0.0283 cm/s)
14
12 t
y = 0.8728x + 2.8982
R? = 09891
10
T s
=
o
5 6t
O
4 &
2
0 ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 12
Concentration (mM)
I¥ 371 €2 sxo mE AFF EFFH(within 10 mM, 0.0283 cm/s)
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16

14

12

10

Current (nA)
oo

y = 12017x + 00583
R? = 09634

I y = 1.1522x + 0.1019
| R? = 0.9624
I y = 14267x - 0.2926
| R? =09291
1 2 4 6 8 10 20 30 40
Concentration (mM)
|[—e—1st —=—2nd —+—3rd 15t = = 2nd = = =3d |

I 3-72. €3 FEo WE AFF T2 (within 40 mM, 0.0472 cm/s)

Current (nA)

y = 04555x + 1.7929
R? = 09968

I 3-73. €3E wEo wE AFI

2 4 6 8 10
Concentration (mM)

=]
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HPLC % GC
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A Z74gka HPLC 2 GCghtel 2=

A

|

7
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)
o
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1o 4
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1.2765
30.8967
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3.8332

A
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Concentration
measured by
HPLC/GC (%)
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47840
0.6476
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20.3044

Hfo] @ Al A of] 4]

Concentration
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sensor (%)
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(Soju)
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3-22. A3 A qf

A

=

Component

Specification

Remarks

Diaphragm pump

0.03 ~ 30 mé/min

KNF Co.

Pinch Valves 075P, 100P Bio-Chem valve.
Tube ID. 2.79 mn Cole-parmer Co.
Controller RS-232 Compile technology.
Fermentor Motor 0 ~ 600 rpm Panasonic Co.

Glass filter

0.D. 40 mm(100 gm, 40 gm, 16 pm)

Schott Duran Co.

Moter

Diaphragm pump

Agitator

Line Filter

Fermentor

a9

374 A% AF A L A 74
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T HE AUeAR sto] 74 Ao AEE&Y AFH R ARFA L AE
HE H7hekd
AZE&del Lol 2E A5 BE AEREE STHTN &
et nPd® FF 3FTU%, 3%, 5%) 22 AxsFAon, dax U HAH
=etadE e tolojxdl gxo F9) 5 =] A 4920 cm, 10 cm, 20 cm, 30
em), 2229 E 71F=27] 39352 16 mm, 40 mm, 100 m), BE SHAZA 45506
ml/min, 10 m¢/min, 15 ml/min, 20 m¢/min) .= 1%¥3+ FAHAY. 2+ 28 =4
oA 33 WHEow FAstl & THFES FASA GAT Hd=dS F 3-23
I} 2
® 3-23. 4% x4
Variables Levels Remarks
Pump 4
delivery (5, 10, 15, 20 m¢/min)
Contents of 3 cellulose <100
cellulose (1, 3,5 %) distilledwater + cellulose
Suction 0 filter position — pump position
head (0, 10, 20, 30 cm)
3
Pore size (16, 40, 100 pm)
W) s=H
e Ae gAHo] 2 w7hA oFe ddd] Add YEjzm X1
H= Aol drbAelty webs FA HAE 9% AE8 AFH P ARFA=
Hax ol dAHo] T4l B w7kA ARgE HEx U 71d 32 2EA
AES AZEe] Aol wel 27 AFEEolA A= stopxin. o HE¥
4 54 el &AHem AE fds AMFAse 45 AE &A s ¢
AAHE s AE &9 FFS DA A maA 9 AE & A
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Fol 0.45 i filter
cm

16 um

9

Levels
10 m¢/min
(1, 3, 5 %)

1000 mm

2]
(100, 80, 60, 40, 20 mM)

Variables
Pump
delivery
Contents of
cellulose
Suction
head
Pore size
Tube
length
Concentration
of standard
solution
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¥ 3-25 49 AR 74

Descriptions

Specifications

Remarks

Glucose oxidase

EC 1.1.34, X-S, 472 U/mg

Sigma Chemical Co.

Alcohol oxidase

EC 1.1.3.13, 40 U/mg

Sigma Chemical Co.

D-glucose

CyH,,0, FW 180.16

Sigma Chemical Co.

Ethanol

CyH; O, FW 46.07, 190 PROOF

Sigma Chemical Co.

Sodium Phosphate

Monobasic (NaH2PO, - H:0)

Sigma Chemical Co.

Sodium Phosphate

Dibasic (NasHPOy)

Sigma Chemical Co.

Sodium Chloride

NaCl

Sigma Chemical Co.

Grape Red glove(Chile)
Sugar Pure cane CJ
Yeast Dry Choheung

b Ag
(1) FEF A%
AFAA FYT D AR TEEQ ke)dl AAE AAR F 2
2 %o AHS o 1N AR BY £2e AASGAYT GRS UEE #4

at7] 913l 600 go MAERI TR 16 gS(EE FF] 0,02%) A2 =

-
Fetar Eoz FA spaste] LR A FRSAT. FERAAA N FAE 2=
< AAd el A =R o 15743 FaAY BdadAd FdE A8

el 19 3-813
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Descriptions

Specifications

Remarks

Lactate oxidase

EC not available, 49 U/mg

Sigma Chemical Co.

Lactic acid

CyH,0,, FW 90.08

Sigma Chemical Co.

Sodium Phosphate

Monobasic (NaH2PO, - H:0)

Sigma Chemical Co.

Sodium Phosphate

Dibasic (NasHPOy)

Sigma Chemical Co.

Sodium Chloride NaCl Sigma Chemical Co.
¥ AT
o RS
e AT
) 49
(1) BA Az
A}2+8 x 20 x 6 mm) 2% FEiE AL F 2200 gol #F&

2w 60 g= Ao oF 143 &b ARl ofrjel I} 188 g, AW v 94 g, A

50 g, = 5 /& F7tstol 2 AL vs A=
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Pump output (mf)

®1%-Pore size 100 um M1%-Pore size 40 ym A 1% —-Pore size 16 um
X3%-Pore size 100 um X3%—-Pore size 40 um +3%—-Pore size 16 um
O5%-Pore size 100 um [05%—Pore size 40 um A 5% —-Pore size 16 um

18 3-83. AER =2 L 9 g7

A7) 16 ym, 1FE o] 5% uf 48.82% = 7bd AA UEGoH, HE =

oft

A debsth #2 S35 0 and W) F= EE7FS] Aol eAkel Hlushd 1
=

= §&F 5%, ZH 71eA7] 16 mE AQlstals 2 ~ 4%9] A2 AolE HER

3oQnh EE, @R el Frbela B A1FANTt Folmel me Ao
A% Zrhete A9e YUy
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Pump output (m¢)
@®1%-Pore size 100 ym M1% —-Pore size 40 um A 1% —-Pore size 16 um
X3%-Pore size 100 um X 3% —-Pore size 40 ym +3%—-Pore size 16 um
Ob5%-Pore size 100 um [05%—Pore size 40 ym A 5% -Pore size 16 um
a9 3-84. AEgr= v 9 AYHIE A7)0 wmE HE BEE Y
B AHF DS 10 cm)
a9 3-8 HE FYFF 20 ecn¥ W ¥ E gy Iy 7]Fa7]
H o HE B AYeAE el Ao Hx FEF 20 molA EH T
A7) 16 gm, 1FE gFo] 5%U wl 5496% = Mg A YElR o, BE &
2 15 meoll A ZE 7] F=A7] 100 mm, 2FE o] 1%Y w 26.28%= 7 A
A vhehgth BE FLARF 0, 10 andd W) BE EEFe] Arhe e} was
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ol uEtia Stk 2Ela, HE FASFT 30 and W PR TG 4y
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o FUeAE SHRFE Al "E 137, 1YY FF, HZ FAFT
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g A depkon, AEgel AEAH R ARPAE P ol WL F
Y557t M T2 299L AT 5 AN
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Pump output (mf)

@®1%-Pore size 100 ym M1% -Pore size 40 um A 1% —-Pore size 16 um
X3%-Pore size 100 um X 3% -Pore size 40 um + 3% —Pore size 16 um
O5%—-Pore size 100 um [05%—-Pore size 40 um A 5% —Pore size 16 um
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71271 Rl R? 7171 Rl R?
1(12) 0.9033 11.9220 0.9962 2.2083 5.3226 0.9846
2(24) 0.7283 10.9000 0.9918 1.6451 4.4932 0.9902

3(48) 1.2150 12.3330 0.9984 1.5399 4.8319 0.9755
4(60) 0.7667 5.8337 1.0000 2.0646 3.5334 0.998
5(72) 0.7750 17.4220 0.9963 1.7945 2.0845 0.9977
6(84) 0.6550 13.4220 0.9999 1.4826 3.5039 0.9889
7(96) 0.5183 14.2010 0.9948 1.3448 3.5057 0.9847

8(108) 0.4983 14.6830 0.9773 1.6145 2.8008 0.9989
9(120) 0.6634 155330 0.9988 2.0648 5.2209 0.9982
10(132) 0.5300 12.4110 0.9937 1.4656 5.5832 0.9722
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09 3-89 ETEF LE F ERY FEE ANR 24d gy
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o ¥ 71%a37] 045 m ol3hd nPEo] EFHA Fe ARE 247 sl

T 6043 ol FHE FA48H Fol=s A & 5 Ao AlA FAFo] HPLC
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wol wgE Anct A

UEbstod 23k @2 50% oo 9 A dEWt £ BE T ALy
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‘—O—Sensor value(raw) —m—HPLC value —a&—Sensor value(filtered) ‘

9 3-80. XEF WE F EIET FLEWh
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Time(hr)

‘—Q—Sensor value —m—GC value ‘
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2. SAE=2F A A (SIA, Sequential Injection System)
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