= EE 3R] A2 A2s
Korean J. Biotechnol. Bioeng.
Vol. 22, No. 2, 84-90(2007)

SHZHN SYSZAC

1,2,4,5.8.I_|_ g OI'
Mdrisin 'SRMEsieED), "RoliTA, ‘SRS TR
(B : 2006. 12. 2

0., 7-||IH”‘°|

= =1

UE Y SEFASN

-1

s *l—}h: AlBIBEAR] AIRIEHBK21), °H}O|QZIAFRICY
2007. 4. 19))

Flow Injection Analysis for On-line Monitoring of Trehalose
In Fermentation Processes

1,2,45

Kyung-Ah Han

and Jong Il Rhee

2,3,4,51.

'Department of Material and Biochemical Engineering, “The Research Institute for Catalysis,

*School of Applied Chemical Engineering, “Center of Functional Nano Fine Chemicals(BK21),

°Research Center for Biophotonics, Chonnam National University, Gwangju 500-757, Korea
(Received : 2006. 12. 20., Accepted : 2007. 4. 19))

Trehalose is non-reducing disaccharide which is found in bacteria, fungi, plants and insects. Trehalose has been determined
by several analysis methods. To monitor the concentrations of trehalose in a process, enzymatic methods have more
advantage over others, e.g. more specific. In this work, trehalase was immobilized on VA-epoxy polymer and applied to FIA
systems. The behaviours of these FIA systems were characterized and used to monitor the trehalose concentrations. Use of
optical detection technique was chosen for trehalose-FIA system. On-line monitoring data and off-line data were measured by

HPLC.
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(17, 18).

2 AFINE SEFQEAUL olgad EdpEa
g mUHASE 18 ALeud @ Edges v
NS 93 Z%E &4 trehalase (TreH), glucose oxidase
(GOD)$} horseradish peroxidase (HRP)ES o) ZA] 1¥-x
Aol 135 54 WS/ E NLET ©]F FIA A2H
o AdgsiAtt. EAE o83 E TR =4 dge o}
e} 2ot

TreH
Trehalose — 2 Glucose

GOD
Glucose + O, + H,0 — D-gluconic acid + H;O»

HRP
D-gluconic acid + H,0; + ABTSs — H.O + ABTScx

+ The color products

= d7FMe da A5 B4 FEAE HEVE A
83l Efdgas FTEE MG 93 3EFYPEA
les JNEet, 4F {5899 /7Y £, pH, 2%
R AR FUF Y FFE I o m3
Ef@a2o At 5 Anier fAT AEFAHINA 71E,

Aot

2 7oA A" AR 2 4589 Az At 5
2 AlZ1vlg AL (Sigma co)olA FYE AT TreHE 10%
FidEwe] X3E dF8Ao2 @A (Epoxy supports)
of 1A3std ALE-8tH 1, GODS} HRPE Q14kk3-8-98 (0.1
, pH 7008 &ajAAH L&A A 1A [T £48

A% WAL o|&% FIA 7|& /A ABTS (25
mM, pH 6.0) 52 U&FEA (0.1 M, pH 7.0)o] &34
A A3l AR T}

TS 2 AFEY =, TASFEN (005 M, pH 6.0),
289 (005 M, pH 55), ZFAIAFTES (0.1 M,
pH 6.0), YEFJIHL4ZFEH (0.1 M, pH 6.0), GFBZF &
9 (K.HPO; 4.3 g/L, NaH,PO, 1.9 g/L, NaCl 3 g/L, EDTA
1.5 g/L, pH 6.0)% EDTAE A 2|3t GFB ¢35 8- (GFWEB)
= AFRdtA A AL AT

oK

S TreHo| MA
= AFdME Al AbelA FYst &4 TreH
(trehalase: from porcine kidney, Sigma Co.)2} B A& A o A
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A A2 TreH E4F AEsg 3248 A8
AHE-3F 71 E= Solgent Co.olA FYstgth dAAS 43
& =9 Konstanz 8¢ Winfried Boos 42X E] AFut
& ZPAvu|T (pRHo60D)E A (E. coli IM109)S o|-&
sl Y. FFH B3 E coli IM109/pRHO600E
I AY FAAIE & LBuHA||A 24AI1ZF vjFdE & 1
mM¢] olghH|xzE §% W3t 37T, 180 rpmoA] 2
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ANF-2 3l e AAstu Fvh 33 ddd
SHFTFE 2-33 AHEEY. wF5E FRL FIAEX
(20%), Tris-HCl (30 mM)Z EDTA (I mM)7} &%=
osmotic shock £ SEFA|A 24T, 180 rpmol| A ¢F 10%
F BEEAI G vhgol AAEH HEA-E 9000 g, 4TAA
10827 YAEE S e AASIT Edd SHF
#2H= (XE: 0.5 mm, Biospec. Co.)& o| &3l AILE
g3t H T AR Fo] 23EH AFE&EHRS HUlste F
Ao 2 AAH AXT i (Trel)E LT

;

Carrter buffer solution
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¥

FlA 2B

Figure 1. Schematic diagram of trehalose-FIA systems (S; selector, P;
pump, I, injector, V; 32 way valve, ImTreH; immobilized trehalase,
ImGOD; immobilized glucose oxidase, ImHRP; immobilized
horseradish peroxidase, D1; O, electrode detector, D2; photometric
detector, R1; Reagent 1 (ABTS + GOD), R2; Reagent 2 (HRP)).

ZtE g4 (TreH, GOD, HRP)2| 1A st

B AfdqA EA DA E polymer Carrier VA-epoxy
(50~200 (m, pore volume; 1.3 mL/g, bulk density; 0.32 g/L,
Fluka Chemie GmbH)E A}-8-3$ ¢t 848 1331387 ¢
3 025 go EA FA F& FAF 700 uLe] TreHE
Y 4ToA 347 g3AHT 3E EAe &9 ¥hE
71ol A HeH A F 1AQIHA gL Eoae St
gzdloz oy W AFEReT AP AHE8H7]74A]
4Co| BASIFTE 829 A2 A2utoA FUAZ AL
o} vBluste A3 on duldd BTG uiE g
bt GODe] A% Fds oz nAsgE & A
2ol A 3T wEAA £F werld A% = A
Z8dog AHF I 4T BE&HA59 . GODS} HRPE o}
el &4 werlel mgssE A% (GODHRP), 44
300 UL 9] FAME 0.1 g oFA L&A @Al 1A
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grate] &% W7o HAF F TreHS TG o=
AlH, BEg 5 FIA A|2Flo dAste A3t

Table 1. Reference operating conditions for trehalose-FIA systems

FIA 2
FIA 1
A B
Sample injection 125 125 250
volume (uL)
Sample flow rate
(L /min) 0.14 0.14 0.14
Carrier flow rate
(L /min) 0.75 0.75 0.75
Cycle time (sec) 600 540 570
ABTS conc. (mM) -- 2.5 2.5
ABTS flow rate
(mL/min) 0.14 0.14
- ImTreH 3.38 U | ImTreH 3.38 U
A : "
caivity (I"J‘; enzyme ImTreg 338 1nGOD 1000 U| GOD 20 U
ImHRP 1000 U| HRP 4 U
Composition of carrier| KH,PO4 4.3 g/L, NaCl 3.0 g/L., NaH,PO, 1.9
buffer solution g/L, EDTA 1.5 g/L

* Activity of GOD and HRP injected into the FIA 2B system
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Figure 2. Effects of some kinds of carrier buffer on the peak heights
of the FIA system ((GFB (pH 6.0): K:HPO, 4.3 g/L, NaCl 3.0 g/L,
NaH,PO4 19 g/, EDTA 1.5 g/ , GFWEB (pH 6.0): K.HPO, 4.3
g/L, NaCl 3.0 g/, NaH,PO, 1.9 g/, AB (pH 5.5) : 0.05 M Acetate
buffer, MB (pH 6.0): 0.05 M Malate buffer, PPB (pH 6.0): 0.1 M
Potassium phosphate buffer, SPB (pH 6.0): 0.1 M Sodium phosphate
buffer).
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E 93] LabVIEW 6.3 (National Instrument Co. USA) A-X
EJolE o]&3 Zaads AHL3HT. EYTEA-FIA
AN2EE A3 A3 EF RAEL Table 19] Yeh
ATt
120 (a)
_§ 40 f T
2 20 -
pH [-]
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!
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Figure 3. Effects of pH values and temperature on the peak hieghts
of the FIA system.
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Figure 4. Operational stability of the immobilized TreH in the FIA
system.
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9 LT E 25~40C7A 5T Ao 2 wW3tele HAE3 2
o, St SUHRM whet Az %H of 7 wj ol %"-7}6}
& B YAcHFig. 3(b). ©|= Rhee 52 AHFE ¢
ot FFIAFIA A0 259 1AsE GODe &
st o s Aot AXZH(19).
1A3tE TreHe| M-S FASH7] 9
Fu A9 78 FIA A2dd 488 dzdoe=
3t & 24A)7F $9F FIA A 2ES 245
&9 .%75} ?Jé*é-% }_46}%13} 24A7F o]Fo T %
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Figure 5. Effects of carrier solution flow rate on the peak heights of the FIA systems ((a): FIA 1, (b): FIA 2A, (¢): FIA 2B. Symbols: (C)

0.78 mljmin; () 1.0 mL/min; (J) 1.5 mLimin; (J) 2.0 mL/min).
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Figure 6. Effects of sample injection volume on the peak heights of the FIA systems ((a): FIA 1, (b): FIA 2A, (c): FIA 2B. Symbols: (J) 75

OL; (%) 125 CL; (O0) 250 OL).
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Table 2. Effects of some components (substrates, salts and metabolites) contained in the sample on the peak heights of the FIA systems (Sample in FIA

1 : 2 g/L. trehalose, Sample in FIA 2A and FIA 2B : 0.1 g/L trehalose)

Relative peak height[%] Relative peak height{%]
Components added to sample FIA | FIA 2 Components added to sample FIA 1 FIA 2
A B A B
None 100.0 5 g/L sucrose 87.3 34.0 82.9
10 g/L. yeast extract 436.9 677.3 4209 5 g/L fructose 112.6 35.0 110.8
10 g/L peptone 99.0 117.3 158.4 5 g/L lactose 114.5 104.0 90.6
10 g/l. KH,PO, 79.3 770 76.4 5 g/L maltose 321.7 1359 165.4
5 g/l. MgSO, 115.7 146.5 86.0 0.005 g/L inositol 85.1 143.5 86.2
1 g/lL CaCl, 82.6 117.6 94.7 0.5 g/L. glycerol 147.4 106.4 104.3
1 g/ NaCl 76.2 77.2 89.1 0.5 g/L ethanol 105.8 §89.5 80.2
15 g/l (NH,):50, 94.4 87.5 101.4 5 g/L starch 153.7 108.8 111.4

6(a)). 2A EHTRLE AN FH dad Foe= 4F
B, Sady da gAEZR Fol 83" o (19, 21).
2 dFAE Z4F wlgdd gii EFo] EYTZAFIA
Al&glel A mAe AEAE d43dr] 3 A=
A5 2 A} B2 otE FIAY #3 Zo] HIE RA}
&tA Tt Table 20 VERd ul9} o] 2 g/Lo] EH TR A
10 g/L] ERFZEE /IS AE 4369%2 =& 9=
S7He BP 5 g/Le) sHivlavls, o9, A8, 79 2
A o] &3E ARAAME 10% o]4d9 HAxo] W3
& Yehfdo ¥, 1 gLe HIYEFIH 10 gL
KH;PO, 5o §3|8 AlRAAME H49 Ao 10% o]
AAaH AT

24 4= 7|9 EgEZ A-FIA A|AH]
a) TreH 2! GOD/HRPE 11X 35I8t §4 HIZ27|9 0|8
TreHe®} GOD/HRPE A3 F 79 &4 vLL7)
Ab-getal B3EE HE WhHE o83 FIA AlA"S
Asted 2 A5S ATt chFig. 1, Table 1). F 7] <]
& H3717F AdAE FIA &R o] &3ko]
T4 BF &5, A59 ABTS 4%, 4% 4937 dA}
Y F
=]

O

=1
=
o]
N
Al
H

S ALY 8AE TR Fs AFH
T el a4 ¥371E FIA A|29lo] A&ty 28k 89
£ 075, 1.0, 1.5 2 20 mL/min®] £52 Z# =0 LA
237 075 mL/min®] #&Y o & FFE I3,
0.01~0.1 glLe] HEdA A8 L& AHFig. 50). E
& AR FYFL 75, 125, 250 ILE FUF AHA
250 ILE FHUFH A M =2 F3TU doFd
(Fig. 6(b)). o|= Sohn Fo] FulEAiti} £ A14+e] FIAGA]
AES FYH A5 &g WE I Fo]o HEe
ALGE 43S BYQou@l, AEZF T A9 &4 wkg7)
AXNEZ 339 FEHUL YA A= ZYo g #AY
¥ HAFPoA = 125 ILE o] &3 HY. EA vhgo) #
= ABTSS FYZo| W& FIAY AlSd B3 AT
= ABTSE 30~300%7F =93y ddFq=d 150 ¥
FUAZ AN 7 w2 JZE AJHFig 7).

TUHE ABTS| F2 oF 3125 uLolie}. 4k4 A
= 7|8k FIA A 2E]S o] &3 AR vlxrig 28
3 A 4ol 1AHFE TreHS Ao mie 9L
ZAFLA=H (19, 20), 10 g/Le] ERFZEo] S3H A&

X 82 2 fu Ho

O

-

¢

o]

]

oA Fi4 o] A FI7FFAIL (677.3%), 5 gL 33t
v, A9, 5 mg/le] ojiAlEo] &3E ARAAME
20% ol’del EA8AY FUHE BEY & AU Ty
10 g/Lo] A AFH 1 gLy F3YEFo] &3 0.1 g/L
EFEdEA A5 ALE 20% 0|39 &2 Aol 7
A3} 5 tH(Table 2).

b) TreHZtE DH3St g4 EHS7|

TreH$} GOD/HRPE 2% 1A F /9 &4 vke
718 THsHEAM BT ¢ e AFALY dF, 12X
23 93 Y 59 EAE st A TreHT 1173 8131
T 28 w3l FHAsn e

A @A (GOD, HRP)&
32 way HE o] &3l ABelHA A

(Fig. 1, Table 1(FIA 2B). o] 489 Afd= % L4
3E &%, Al FYF, ABTS/GOD 4% 2 4% 9%
A} E-o| EFERZ A HE vAE 9F T XALE
ATt guk LA FE &5 &= 075, 1.0, 1.5, 2.0 mL/min
9l &2 AFP3F A7} 075 mL/minA & FIAY Z&
E A F AT Fig. 5. ol HE 7t AR
FTEE 001~02 glleolth. H, AE FYFS T4 75,
125, 250 pL FYetd AFS FHP3 23 250 ILE F¢
Pe o Mg 52 TR FS UL 0.01~02 g/LAA
APy HaE d& & UAHFig 6(c). °] AA=
Rhee 5o FIA-FIA A3dA AE FYZ &
3 Fo] A BAFE ZAAd {FARE AFEFS vERY
1. 33, ABTS 2.5 mM)$} GOD (20 UmL)E JUEF
A2FE-A (0.1 M, pH 6.0)] &3 AAH 0.14 mL/mine] F%
O F 32 way WEE o|§3lo HA Fol]o WHIE FAl3)
Aot =, ABTS/GOD9] FJA|7HS 30~90% FQF FIA A
2o FAFHFE o FHA TS W) nE FAE W
32 #AFAZ AFANA 00X FYIH AL T =2
23E el tFig. 7). ¥ FIA A2®E AA) 284
2UHH HE 7teAd e 3] A8 dE €7 Al
Edo] xstd AFE7} nAsIE TreHd| vixl= 7MY 9
AL ZABFEY 10 g/l ERFE&E0] &8 AlFdA
Ha Eol7t /M A JERa, 10 glLe HE, 5 glLY
Aol &3d A7 A 20% oY L =V} #EF
HAT 10 giLe] flibdFo] &si® Alse A-59F 20%
u)gke] e 93 E B G ti(Table 2).
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Al 7R Heol EYTRA-FIA AL Ab: HE
714k EFEEAFIA A &¥E HE F571 01-1.0 g/l
M AE 7S BEY 5 AT EA4d ad 34
2 108091 oH 125 uLY A RE FARE o 7P =
< 3E #EL F WAH. £2F He N EdgEa
-FIA A&/ 82 98719 ARg-f5d met F J7HAR
ol ARt F 7kA Al&¥l BRE AR FR
0.01~0.2 g/Lo|A AHE LJrE}LHC’:'E} TreH % GOD/HRPE

LHET BA WSS ol &3 Al&HE o &3 Ay,
Ao oF 85%9 AlZte]l A2 UL 125 pLY AR FY
Al 7P =2 9327 BREHJT TreHHS 1438 &4
RES718 ol &3 Al&®E& &3 AZro]l 95871 A8 F
9;1.L, 250 pLo] X8 & 1%]:} o N = HaE @

-

24 & UUT(Table 1). £ d ZAH A 2 A&7
3l -E—"ﬂ]'di}‘ -FIA AN 2EH2 & T2 E¥gss T
& PASTA T A APstn, e FEY AR B
Atz & A5 2 A28 EATEZAFIA A2l
g0l Aoz HotdEy
(a)
900 |-
800 F
700 B
600 F
500 F
_ aF
> 200 F
— 100 b
FED 0& M
> 0.00 003 006 0.09 012 015 0.18 0.21
=
= 1750 F L)
A 1500 | /.
1250 o—®
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750 F  o®
500 0
250 | / e
0 F WLmT— w—7— 1E. [ 1 T &,
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Figure 7. Effects of ABTS (or ABTS/GOD) injection volume on the
peak heights of the FIA systems ((a): FIA 2A, (b): FIA 2B.
Symbols: (x) 0 sec; (0) 30 sec; (=) 60 sec; () 90 sec; (T) 120
sec; {7 ) 150 sec; (&) 300 sec).

Eygz A0 23l QU EY
EHPEAFIA A2HS olgata 4% BH ) 2y

22 FEE 239 BUHPSAN B dFANE &
FALTINS7] CSTRY ETZ2Y FEF BUH
FEARTH2, 21). B AT ALEE A 744 e FIA
N2® FolM AN g, 329 A% 52 uelstel 14
515k TreHS} 143k & GOD, HRPE o 48 ¥% 7
27 EYRE2FA 29 Agetel Lol BUEH
F ARE AU Yol AGE 2F WFE Table

1& 71EoE 3o d4¥g T3 FEFoR HHHd @
3 “H7H‘%‘i%‘—i AL 2UEE A9 z7)dE 1
02 EYTRAE FTHS 200 mLy} S0
1°ﬂ FHeAL ¢k 3AT T YT #&

FUstq] 3N EHEEL FEF

N

rE

89

d F W7o &4 1 ml/minE
uLg 7)ol RHE AREA FAANRD. AR
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Figure 8. On-line monitoring of trehalose concentration in a
simulated bioprocess by a trehalose-FIA 2B system.

0

k

O
A

B dFdMe 1719 TreHE F2AST AFLo2H
B Aasla REHOFZ AAG F, o F Al 1Y 3}eta
EHTEA-FIA A2 o] &3Ath A4 HAF& o &d
E?ﬂlﬂi}‘ A% Ui B3ty WS ol gg EE
2& S Hlweks, FAAAMY 29 EYEHE
9 7}":"” AESIAT A ASE o 8% £49 B
o dAF 222 A% gl Ao E A A&
A5e 57} 0.1~10 gLz Be P9 BT A2
e TS EUHHT A5 AHEE *]*Eélc"a d 5
ARt W FFEA YHog EYTELE FAET A
9] A$ TreH9 GOD/HRPE 143} "“?:l?} 7359}
TreHYt A 37 GODS} HRPE A A FYdt= 4E H]
AHE u AE H5S FEE 00102 gLE He FTo

EYZeE2E 2UHAHT Ao HFsich et ABTS
U GOD, HRPY FY&F T AAAH F4o] Ao &
1HE H¢ GOD9 HRPE AHF FYdte Al&wol 713
E34AdE & F UNT o] ALFHE ol &8ty 2% *§
Eure7) U EFEE29 & 289 RUHHS
He ezl 33 v 2 dAFES Ban BETd ]
N Eddazs 2892 ZUE o] FIA 7]&d o8 7}
TEe HUskaith

P



90

[

10,

11.

4 Al

& HYRAR 71284 ALY (RTI04- 03-03)
A49% BK2 A Aoz FaHgon, o

REFERENCES

Elbein, A. D. (1974), The metabolism of a,a-trechalose, Adv.
Carbohydr. Chem. Biochem. 30, 227-256.

Scher, M. (1993), Trehalose to find more food functions as cost
falls, Food process April, 95-96.

Paiva, C. L. A. and A. D. Panek (1996), Biotechnological
applications of the disaccharide trehalose, Biotechnol. Ann. Rev. 2,
293-314.

Camilo, C., S. Sen, M. Thangavelu, S. Pinder, and B. Roser
(1992), Extraodinary stability of enzymes dried in trehalose:
Simplified molecular biology, Big/technology 10, 1007-1011.

. Crowe, J. H. and L. M. Crowe (1984), Preservation of membranes

in anhydrobiotic organisms: The role of trehalose, Science 223,
701-703.

De-Araujo, P. S. (1996), The role of trehalose in cell stress. Braz,
J. Med Biol Res. 29(7), 873-875.

Gadd, G. M., K. Chalmers, and R. H. Reed (1987), The role of
trehalose in dehydration resistance of Saccharomyces cerevisiae,
FEMS Microbiol. Lett. 48, 249-254.

H. S. Song, K. C. Hwang, and W. G. Bang (1999), Characteristics
of a Mutant of trehalose-producing Micrococcus luteus and
optimization of production conditions, Kor. J. Appl Microbiol.
Biotechnol. 27(5), 399-403.

Roser, B. (1991), Trehalose, a new approach to premium dried
foods, Trends Food Sci. Technol. 2, 166-169.

Plourde-Owobi L. S. Durner, G. Goma, and J. Francois (2000),
Trehalose reserve in Saccharomyces cerevisiae: Phenomenon of
transport, accumulation and role in cell viability, Int. J Food
Microbiol. 55, 33-40.

Guillou, V., L. Plourde-Owobi, J. L. Parrou, G. Goma, and J.
Francois (2004), Role of reserve carbohydrates in the growth
dynamics of Saccharomyces cerevisiae, FEMS Yeast Research 4,
773-787.

12,

14,

15.

16.

17.

18.

19.

20.

2L

Korean J. Biotechnol. Bioeng., Vol. 22, No. 2

Brand U., B. Reinhardt, F. Ruether, T. Scheper, and K. Schuegerl
(1990), Bio field effect transistor sensor arrays as detectors in
flow-injection analysis, Anal. Chim. Acta 238, 201-210.

Kullick T., M. Beyer, J. Henning, R. Lerch, R. Quack, A. Zeitz,
B. Hitzmann. T. Scheper, and K. Schuegerl (1994), Application of
enzyme field effect transistor sensor arrays as detectors in a
flow-injection system for simultaneous monitoring of medium
components. Part 1. Preparation and Calibration, Anal. Chim. Acta,
296, 263-290.

Brandes L., X. Wu, J. Bode, J. . Rhee, and K. Schuegerl (1993),
Fed-batch cultivation of recombinant FEscherichia coli JM103 and
production of the fusion protein SPA: EcoR1 in a 60-L working
volume airlift tower loop reactor, Biotechnol. Bioeng. 42, 205-212.
Juergens H., R, Kabuss, T. Plumbaum, B. Weigel, G. Kretzmer, K.
Schuegerl, K. Andres, E. Ignatzek, and F. Giffhorn (1994),
Development of enzyme-catridge flow-injection analysis for industrial
process monitoring, Part 1. Development and characterization, Anal.
Chim. Acta, 298, 141-149.

Juergens H., R. Kabuss, T. Plumbaum, B. Weigel, G. Kretzmer, K.
Schuegerl, K. Andres, E. Ignatzek, and F. Giffhorn (1995),
Development of enzyme-catridge flow-injection analysis for industrial
process monitoring. Part II. Application for monitoring of
microorganism cultivations, Anal. Chim. Acta 302, 289-295.

Kim, J. -H, D. -H. Park, and J. I Rhee (2001), On-line
monitoring of glucose and starch by a flow injection analysis
technique, Korean J. Biotechnol. Bioeng. 16(5), 459-465.

Umoh, E. F., A. B. van Putten, and K. Schiiger] (1996),
Simultaneous on-line monitoring process using an FIA system, J.
Chem. Tech. Biotechnol. 67, 276-280.

J. I. Rhee (1998), On-line monitoring of glucose and acetate by
flow-injection analysis in Escherichia coli fermentation process,
Korean J. Biotechnol. Bioeng. 13(3), 244-250.

J. L Rhee, J. HA Kim, O. J. Sohn, and M. S. Kim (2002),
Development of a flow injection analysis technique for monitoring
of L-lactate in biological processes, Korean J. Biotechnol. Bioeng.
17(5), 467-472.

0. J. Sohn, C. K. Kim, and J. I. Rhee (2003), Development of
on-line monitoring techniques for fumaric acid and succinic acid by
flow injection analysis, Korean J. Biotechnol. Bioeng. 18(5),
377-384.



