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Automatic Measurement of Microbial Growth in Shake-Flask Culture
using an Economic and Automated Flow Injection Analysis Apparatus
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Department of Food and Nutrition, Seowon University, Cheongju 361-742, Korea
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An automated flow injection analysis apparatus manufactured economically was used in the automatic measurement of E.
coli growth in shake-flask culture of nutrient broth. The detailed measurement of whole growth was possible at intervals of
10 minutes by the automatic measurement system which adopted the sterilized nutrient broth as a carrier solution. Using
distiled water as a carrier solution showed less accurate results than nutrient broth.
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A B
Aestn o BEATAL FFHNEZEE Escherichia coli
K12& Hofuto}l AlE-31ch

Hij ke

500 mL AFZ}ZE2}AFo] Nutrient broth (NB) 100 mLE ¥
I 1217C, 15% @7 F, Nutrient agar ¥jRAe] ¥ FAFS
Wgolz il AEsly, B4 ARIF2FE (KMC-
12058W1, Vision Scientific Co.)E& A}R&3te] 120 rpm, 35T
2 g ksta

=3l FIA 2|
£ dFeia AAste] AT AEs FAGAS] TS
Fig. 19 Jehh it

Flow cefl &

Colarimeter

SENSO!

Mixing Chamt-er

slection valve
Cayrier solution
Figure 1. Schematic diagram of an automated FIA system for

measuring the absorbance during the growth of E. coli in shake-flask
culiure.
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Figure 2. Culture flask equipped with a sampling tube.
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TAES o]4589D (carrier solution) 7} WIAE FWE
EH Az (tubing pump) (Eyela, SMP-21), UM (injection
valve) (Rheodyne, 5020), FBF-ooE] (pneumatic actuator)
(Kuroda, PRO3S-0-90), <#|=o]=H (solenoid valve)
(Parker, PHS5108-6-24V), 1 H o} T4 Fooleef A4
AZY (S&C, SYC-020DA-6.35B-5B), flow-through cell
(Hellma, 178.712-08), Zre}e]u]e]dlA  (Colorimeter sensor)
(Smart Q Technology, 3275), AMAZZZ7] (amplifier) (T
Z} E&I, MR-ISO), o}d =1 & (analog input) ¥ TIAE&
& (digital outpu)-g <QlEjHe]x Fl=  (interface card)
(Advantech, PCL-812PG) ¥ 4867 PCt 7IAZE-S AMR3}
gtk o)AE F Zaeng AlA AolE4A (cable socket)
o] Bg (pin assignment) == Fig. 3o YeERSTh

Power source

Output(+) (+3V)

Power source(0V)
& Output(-)

Figure 3. Pin assignment of the cable socket of colorimeter sensor.

a 9lo]l FAHFL AFFA AR AGE T 71EA
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7)== Z 1.6 mm, Zlo] 0.8 mm, Z°] 30 mmE 3F1 )
ZE Holze WTES A8 =3
chamber)= Ruzicka®} Hansen®] Q@HE(6)o]] ZAS] o)z
S MRSt AFeom©), WE-EALS oF 08 mLiiTh
dglo] =glold] (relay driver)i= DC @ o] (Takamisawa,
RYI2ZW-K)$} E#NA2E o]flo] (Transister array) ICQI
ULN2003AE o]&3fo] Azstglon], Sej=sdo]Eedy o]
c}oly] (Solidstate relay driver)E= AC £2]=2Eo|E i
o] (Wyes, WYP 1C 03Z4)9} ULN2003AE o|&3}o] A3}
ek

(mixing

SEMYY
sEA 278 v #oh PTFE FHE U7 08 mm
AE AFE3FETE ©]489 (carrier solution)-& 1217, 15%
1ehA 73l Nutrient broth L= ZH4E AMR3goH, o4
49 e 18 mbUmin®th FUWE FE (injection
valve loop)d] &#e < 50 uLYen, Alge 13 AHFe
oF 094 mLSith ZeEpeivlE AAMe ZHe HALH (red
filter) = A}&-3FATH

AFEAN ZEI9L QuickBasicC 2 AAetPem  (ver.
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Tirmer on

Weasure the digital value for the canier soiution{ D 1) —l

v
{Put injection valve to LOAD positon J

Lium on the pump and fill the sample in sample loop ]

Tutrt off the pump

[Put injection valve to INJECT position |

@etect peak height of digital value for the sample (D2} J

Calculate the absorbance(&BS) for the sample
{ ABS =LN(D1/D2) )

v
Return J

Figure 4. Flowchart for measuting the absorbance of E coli culture
media at intervals of 10 minute.
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Figure 5. Absorbances of the samples prepared by diluting culture broth of

maximum growth with fresh nutrient broth. Data were obtained using
automated FIA system which adopted the nutrient broth as carrier solution.
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Figure 6. E. coli growth in shake-flask culture measured with an
automated FIA system at intervals of [0 minutes. 100 mL culture broth
was reciprocally agitated with a water bath shaker at 120 rpm. Carrier
solution in FIA analysis was autrient broth.
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Figure 7. Absorbances of the samples prepared by diluting culture broth

of maximum growth with fresh nutrient broth, Data were obtained using
automated FIA system which adopted distilled water as carrier solution.
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Figure 8. E. coli growth in shake-flask culture measured with an
automated FIA system at intervals of 10 minutes. 100 mL culture broth
was recipiocally agitated with a water bath shaker at 120 rpm. Carrier
solution in FIA analysis was distilled water.
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