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On-line Monitoring of Glucose and Starch by a Flow Injection
Analysis Technique
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The on-line monitoring technigue for the concentrations of glucose and starch by FIA(Flow Injection Analysis) system
was studied. Glucose oxidase(GOD) and amyloglucosidase(AMG) were immboilized on VA-Epoxy carrier and integrated
into the FIA system. The pH, buffer flow rate and temperature were optimized and the effects of salts and metabolites
dissolved in the sample on the activity of immobilized enzyme were investigated. GOD-FIA and AMG/GOD-FIA were
applied for the on-line monitoring of the glucose and starch in a simulated bioprocess. The on-line measurements of
glucose concentrations by GOD-FIA agreed with off-line data well and the AMG/GOD-FIA with single cartridge system
took an advantage over the FIA system with two separated cartridges for the on-line monitoring of starch concentrations.
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Figure 1. Schematic diagram of a FIA system.

Table 1. Reference operating conditions for a GOD-FIA system(cycle
time is total operating time of the FIA system for one sample)

GOD-FIA
Injection volume (uL) 125
Buffer flow rate (mL/min) 1.4
Cycle time (sec) 300
Activity of immobilized enzyme (U) 200

K;HPO, 4.3 g/L

Composition of buffer solution NaH:PO; 1.9 g/L

NaCl 3.0 g/L
EDTA 1.5 g/L
Zn g o
GOD-FIAQ| EA
Epoxy &2t gAlol nAstso] A% ¥hE7|(cartridge)ol
A" GODe] FAHEE &3] native ;q*oﬂ Hlate] gAo)

wAhEa 233 F4, PERY 72, 2%, pH o wet
walg £ Jois). 1yng, AEFH GOD-FIA A|28E
28317 Aol nY3tE GODY EAL A Hart ok
GOD-FIA A2E-S $-9317] ¢33 ®ZFu)7] Heg2 Table |
o vebAT) Jirgen(5)8] GolA 2FFEIA FEO| i @
e £ wisle wE dazoels: XA AR EES
7F dae] vAle %L 28 2F FReuh, Umoh(6)e
HETE F7RZ A9 9329 Folrt Tk & IS
T oo ME oAl ATk Bl Figure 2(A)o)A
05 g/lLe) %322 LA 2MEHY £2o g I
Z gol WzE #ED. S99 IELEE FVMAHT
2 93 Fol7} Z7IEH t 1.6 mLjmin o)Atol e At
At ole £¥ EARVI 5FS A AFAL
o8 aaihesgT Hele] 7IQIg Aoz Aztdrt

o oro o

3} Figure 2(B)olA 11A3lE GOD= M3 Y& pH
dodoly F& 4L FAFETH B4 ¢ Aol st
S e M B, & 93 Foly) TATE RYTL Jirgen

o] dAFNME A pHE 45~752 H3FHI(5), Gang
So] d7g GOD 1A gl #3F APAME S HA
o] AL HAHIY). I, 2% W] g YA
GOD9] &4 4L ZAREIEEY 32~35C F9dM A
o] 7HE -3t tHFigure 2(C)). 40°C oldollM wl=1e]
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Figure 2. (A) Relative peak heights with 0.5 g/L D-glucose at
different buffer flow rate (100% : 1.4 mL/min), (B) Effect of sample
pH on relative peak heights (pH 7.0 : 100%, 0.5 g/l. D-glucose), (C)
Relative peak heights at different temperature with 0.5 g/l D-glucose.
(100% : 35C)
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Figure 3. (A) Relative peak heights of 0.5 g/l. D-glucose in absence
and presence of different salts dissolved in the sample solution
(100% : no salts contained), (YE : Yeast extract) (B) Relative peak
heights of 0.5 g/l D-glucose in absence and presence of different
contained metabolites dissolved in the sample solution (100% : no
metabolites contained), (Lc : lactate, Pr : propionate, Fr : formate,
Ac : acetate, Py :pyruvate, Ma : malate, Bu : butyrate, Et : ethanol).

Number means concentration of each component.
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Table 2. Reference operating conditions for a AMG/GOD-FIA system

| AMG/GOD-FIA | AMG/GOD-FIA
(two cartridges) (single cartridge)
Injection volume (xL) 125 125
Buffer flow rate
(inLjmin) 1.4 0.9
Cycle time (sec) 500 350
Activity of immobilized 500 (AMG) 1000 (AMG)
enzyme (U) 200 (GOD) 100 (GOD)
K;HPO, 4.3 g/L
Composition of NaH,PO4 1.9 g/L
buffer solution NaCl 3.0 g/L
EDTA 1.5 g/L
140 A
1204 Y, )
= 100 T
2 801
= T m
'ﬁ) .
'S 604 T m
= T T T T T T g T T
i 0.8 1.0 1.2 14 1.6 1.8
9 1004 = (B)
gwf
& 60- —
40 e
20 — T T T T T T T T T

08 10 12 14 1.6 1.8
Buffer flow rate [mL/min]

Figure 4. (A) Relative peak heights in the two separated cartridges
system with 1 g/L starch at different buffer flow rate(100% : 1.4 mL/min),
(B) Relative peak heights in the single cartridge system with 0.5 g/L
starch. (100% : 0.9 mL/min)

el AA efEdte A Oi AZE k. AMGE F-71EA
1A% A9 HF pHe 4~4.5¢ WHE24), FF2E- 9

Ao LA AS @ pHE 4.5011TH25). ©£3, &R
(methylmethacrylate) & 13 3}5te] AMGo] i3t &4 S48
A% 2 pH 40~554A HH #A4HE Hehle Ao
2 B13gth26). 2 d7o)H AMGE epoxy IEA BA
of A3t 4% pH 401]*1 4 A& UehithFigure 5(A)).
AMGE GODoj uj3je] Hlwd 1ox &4 HAE %
=tk Junichi 5& Azte 22 @ 27 EHo AMGE
1R E AP FE 45-50TeA HH 84E vepdo
I H18H(28), Bahars ZE)AEd JAE G2 Y
S S0CA Ao 248 vehdtn Busteh2s,27).
T3, Yakupe] QoA nAstE AMGE 55CAHM & &
e ety BHustdoh2e). olghto], £xd g HH
4 E97 e GODS AMGE F49% 2% W3 213
oM A¥F Hf(Figure 6(A)% GODE o2 8kx
AMGTH &5 8 W3 A 43S AR TR FJad ¥
o] ZA}EIQTHFigure 6(B)). GODSt AMG % 2&=E8 ©
A A BAY BHE ZAE A 29TeAM HAo B4&
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Figure 5. (A) Relative peak heights in the two separated cartridges
system with 1 g/L starch at different pH values (100% : pH 7), (B)
Relative peak heights in the single cartridge system with 0.5 g/L
starch. (100% : pH 7)
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Figure 6. (A) Relative peak heights in the two separated cartridges
system with 1 g/L starch at variations of both AMG and GOD
29C), (B) Relative peak heights in the two
separated cartridges system with different AMG temperature (100% :

temperature(100% :

437), but room temperature for GOD (C) Relative peak heights in
the single cartridge system with 0.5 g/L starch at different temperature.
(100% : 317)
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Figure 7. (A) Relative peak heights of 1 g/L starch in absence and
presence of different salts dissolved in the sample solution (100% :
no salts, two separated cartridges system), (B) Relative peak heights
of 0.5 g/l starch (100%
yeast extract) Number means concentration of each component.

: no salts, single cartridge system), (YE :
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Figure 8. (A) Relative peak heights of | g/L starch in absence and
presence of different metabolites dissolved in the sample solution
(100% : no metabolites, two separated cartridges system), (B) Relative
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Figure 9. On-line monitoring of glucose in a simulated bioprocess by
a GOD-FIA system.
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Figure 10. On-line monitoring of starch in a simulated bioprocess by
a AMG/GOD-FIA system with single cartridge.
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Figure 11. On-line monitoring of starch in a simulated bioprocess by
a AMG/GOD-FIA system with two separated cartridges.
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