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Development of an Auto Dilution Unit of Substrate
Solutionfor a Flow Injection Type Biosensor

D. B. Song

H. S, Jung

D. H Jung S. T. Kim

For development of an on-line monitoring unit of fermentation process, an auto dilution unit based on traditional chemical

and biological analytical method was developed and the performance was evaluated. The dilution unit was constructed with

two syringe pumps and flow direction change valves and fully automated. Total delivery volume of two pumps using
distilled water was measured to confirm the operating stability. And diluted concentrations of three substrate solutions
(glucose, lactic acid, ethanol) were compared with a standard method with a high performance liquid chromatograph (glucose,
lactic acid) and gas chromatograph (ethanol). Relative error values of total delivery volume of the pumps were below 3%
and standard deviation values were 0.003 (n=5). Relative error values of diluted concentration of the dilution unit

measurements were below 2% with 1/10 of dilution ratio and 70, 80 ¢f of sample volume conditions for glucose and lactic

acid, 1/30 of dilution ratio and 70 wf of sample volume conditions for ethanol, respectively. In case of the ethanol, cause
of the evaporative characteristics, the relative error values showed over 5% whole experimental conditions.
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Fig. 1 Schematic diagram of the auto dilution unit.
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Fig. 2 Schematic diagram of substrate solution pump.
Table 1 Specifications of experimental apparatus
Component Specification Remarks
Syringe pump 5.0~150 mé/min, 1000 step TECAN Co.

Pinch Valves
Tube
Controller

$2.29x$4.42 mm, teflon

075P, 100P

RS-232

Bio-Chem valve.
Cole-parmer Co.

Compile technology.
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Table 2 Pump delivery according to dilution ratio and substrate volume

Substrate Dilution Sample volume (u4)
. Mean S. D.
volume (¢£) ratio #1 #2 L #4 T #5

1:10 1.0116 1.0132 1.0115 1.0109 1.0116 1.0118 0.0009

1:20 2.0336 2.0322 2.0320 2.0315 3.0511 2.0323 0.0008

100 1:30 3.0509 3.0500 3.0512 3.0512 3.0511 3.0510 0.0006
1:40 4.0709 4.0711 4.0710 4.0716 4.0726 4.0716 0.0007

1:50 5.0919 5.0924 5.0926 5.0930 5.0945 5.0929 0.0010

1:10 0.8106 0.8104 0.8109 0.8114 0.8124 0.8111 0.0008

1:20 1.6148 1.6188 1.6192 1.6156 1.6183 1.6173 0.0020

80 1:30 2.4421 2.4386 2.4391 2.4405 2.4380 2.4397 0.0016
1:40 3.2555 3.2545 3.2533 3.2557 3.2520 3.2542 0.0016

1:50 4.0651 4.0656 4.0660 4.0642 4.0639 4.0650 0.0009

1:10 0.7090 0.7100 0.7103 0.7092 0.7095 0.7096 0.0005

1:20 1.4126 1.4155 1.4150 1.4138 1.4130 1.4140 0.0012

70 1:30 2.1233 2.1226 2.1253 2.1250 2.1256 2.1244 0.0013
1:40 2.8397 2.8379 2.8365 2.8389 2.8391 2.8384 0.0013

1:50 3.5507 3.5473 3.5485 3.5490 3.5492 3.5489 0.0012

1:10 0.6074 0.6043 0.6076 0.6049 0.6040 0.6056 0.0017

1:20 1.2129 1.2149 1.2109 1.2112 1.2140 1.2128 0.0017

60 1:30 1.8214 1.8266 1.8229 1.8253 1.8219 1.8236 0.0022
1:40 2.4320 2.4352 2.4361 2.4328 2.4350 2.4342 0.0017

1:50 3.0460 3.0450 3.0462 3.0491 3.0495 3.0472 0.0020

1:10 0.5013 0.5041 0.5017 0.5032 0.5021 0.5025 0.0011

1:20 1.0086 1.0105 1.0101 1.0095 1.0087 1.0095 0.0008

50 1:30 1.5160 1.5182 1.5194 1.5164 1.5200 1.5180 0.0018
1:40 2.0238 2.0242 2.0278 2.0271 2.0260 2.0258 0.0018

1:50 2.5355 2.5382 2.5361 2.5370 2.5388 2.5371 0.0014

1:10 0.4080 0.4013 0.4038 0.4016 0.4052 0.4040 0.0028

1:20 0.8078 0.8143 0.8120 0.8112 0.8120 0.8115 0.0024

40 1:30 1.2195 1.2192 1.2160 1.2143 1.2154 1.2169 0.0023
1:40 1.6252 1.6222 1.6250 1.6228 1.6239 1.6238 0.0013

1:50 2.0331 2.0306 2.0311 2.0316 20.304 2.0314 0.0011

446



Relative error(%)

1:10 1:20 1:30 1:40 1:50
Dilution ratio

—e—Substrate volume 100xf — Substrate volume : 80uf -~ Substrate volume : 70x¢
-~ Substrate volume : 604 —¥=Substrate volume : 5044 —@=Substrate volume : 40!

Fig. 4 Relative error of pump delivery according to dilution ratio
and substrate volume.
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Fig. 5 Relative error of auto diluted glucose solution according to
dilution ratio and substrate volume.
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Fig. 6 Relative error of auto diluted lactic acid solution according
to dilution ratio and substrate volume.
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