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A Method Detecting Bacteria in Culture Medium by Simultaneous

Measurement of Electrical Impedance and Turbidity
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Hidehiro TSUNEOKA and Takaoki Miyajr

Abstract

An identification method is proposed for some bacteria by utilizing the parameters obtained from the
simultaneous measurement of electrical impedance and turbidity. The examined bacteria are Escherichia
coli, Klebsiella pneumoniae, Enterobacter cloacae, Serratia marcescens, Proteus morganii and Streptoc-
occus faecalis which are clinically isolated and identified by our group. The culture broth is Brain Heart
Infusion (BHI). Much effort has been paid on making suitable cell. From the view of sterilization and
repeatedly use, the cells are made by glass. The turbidity is measured by pair of CdS-LED (red)
elements. The impedance is measured by means of previously proposed four-electrode method. The elect-
rodes are gold and stainless-steel wires (0, 7mm@) which are verified to give no difference in measuring
impedance. The recorded impedance decrease is good in its reproducibility comparing it to that of two-
electrode method. The rate of the change of these two quantities are computed from the recorded data
yielding reproducible curves against time (denoted as “rate pattern”). The rate patterns for impedance
and turbidity give inherent ones for examined 6 bacteria. Some numerical values, peak value, half
width, and so on, of rate patterns are measured from the curves, Some ratios and absolute values of

parameters are selected as trial characteristic parameters. Bacteria are classified by each characteristic
parameters. 5 characteristic parameters are needed for identifying 6 becteria. The rate patterns seem to
be useful in screening or identification of clinical bacteria.
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Fig.1 Section diagram of Culture-Cell.
(a) longitudinal section.
(b) cross section.

R%k
0SC Ry R CdS Cell
é; =) @ by [= c d
@ BB |g <Re Rz
Culture Cell — ;\T\’
TT’7T

Fig.2 Bridge circuit measuring the change of
electrical impedance and turbidity. Symbol S
or R of Culture-Cell and CdS Cell pepresents
the sample or reference cell respectively.

R; : 150KQ resistor.

Ry: : 100KQ variable resistor.

R; : 100Q resistor.

Ry, : 200Q variable resistor.

OSC : 1KHz sinusoidal vcltage source.
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Fig.3 Blockdiagram of measuring electrical circuit.
(a) Impedance measurement circuit.
(b) Turbidity measurement circuit.
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Fig.4 Examples of the curves simultaneously recorded on a chart recorder. Escherichi coli(a),
Proteus morganii (b) grown in BHI at 37°C.
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Fig.5 Time course of electrical impedance and turbidity change. The changes are represented

in percentage. ( ! Turbidity, -

DI, 205 WR T 7V v 7L, 3 ST
Lic. #RO1H% 6 BEOME IOV T Fig.5(a)~
) wrd. FRIBERL, IV E-FV A
BT, ThXThOETE D - P TEbL .
CDRRNHBITBEEILDINE\ Proteus morganii
KRR L I EL Tk h, WEC X 582U
5> ¥ b Licw. RiZ Fig.5 BRI (25
s34 — % Fig6 (@~ rRT. 2iZl., 1€~
B/ ADERSED Ay — L TENTHD. FhFh
DHE DA L T % &, Eschericha coli /1
B, 41 vE—FvA I B THY, -0
ELIESR. F e, - 2 OFERO I OFA R
Lit 5T\ A. Klebsiella pneumoniae TITEE D
1% Escherichia coli » X ST\ 52, 4/~ &V
ADBEENE TS EH Escherichia coli & &
7¢»T\%. Enterobacter cloacae DT, (v ¥

Vol. 30 No. 2 (1980)

: Impedance)

—FV A, BERCE- 708G, C- 7 D0 E¥ERN
B, Fl, A VE—FVARRE— 02205500
K&l h b, Serratia marcescens |3, 1 ¥
— XA, BEHRCY - 205 JIPERETESE .
BEIC-27H5I0EBEREL, 1 v -2V A2
E— 7 X OERESRRC SV S BB R R T, Proteus
morganii (34 VvV E—XVADE — ZiIEm\ OB ED
= 7L, HIEIZAG. A v E— AV AR E —
7 5 X D ERESE\. Streptococcus faecalis DIEE
1, €= I2AELEI. A v E—~ X R I — 2
DEXEHRET, WAKWOIEHTHS. DX
SIMoroi s — Y, BB L s Tk B, To
B, K DELAEL-EREHAE LS, HEHED
R =T

4.2 HEYRIOFEH




MEOBSL - XFHWRBAIEIC L 5 a8EEE (E28) (245) 47

(a) Escherichia coli
30,
. 30 (b) Klebsiella pneumoniae
24
18 i
124 )
g At
[o] P oasagmmmporey
L 0 M-'
°\\‘, 8 1 2 3 4 5 6 7 8
~ _6.
[]]
g 30 .
. (d) Serratia marcescens
8 %
>
B 18 .
el -,
: 2 -,
v 61 "
3 0 - .,
3 8 1 2 3 4 5 6 7 8
[=
(s} -6-
®
§ 3 (e) Proteus morganii 30[ () Streptococcus faecalis
“O‘ 2‘0 - _,.-—--...’.. 24
@ ) I .
5 e g .
@ 121 s -
6 ‘J——\ ‘.'-. ] ..."""
0 —— 04 e
1 2 3 4 5 6 7 8 I 2 3 4 5 6 L8
-6 Time { hours ) -6 Time ( hours )

Fig.6 The rate of impedance and turbidity change (rate pattern). These curves are computed
from the data shown in Fig.5. The curves for impedance are expanded by 5 times.
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Fig.8 Classification of bacteria by using charact-
eristic parameters defined in Fig.7. The absc-
The

stack of symbols represents the trial number

issa stand for the ratio of parameters.

of experiments. The symbols with number on
the right side imdicate the points over scale.
(O) : Escherichia coli, (M) : Klebsiella
pneumoniae, (/\): Enterobacter cloacae,

(D - (@) : Proteus

morganii, (M) : Streptococcus faecalis.
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Discrimination test of parameters. Symbol (+) and (—) represent that the parameters

take the position of right and left sides to the broken line in Fig.8, respectively.
4 express that symbols are disributed on both sides of broken line.

a./a:>2.0 b./a.>1.1 bc/a:>1.5 d,/c.>1.5 e./a.>1.1
Escherichia coli - —_ — —- -
Klebsiella pneumoniae - - — 4 +
Enterobacter cloacae — + — + +
Serratia marcescens - + + — +
Proteus morganii + + + A4 +
Streptococcus faecalis — + — — | +
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