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(57) Abrege(suite)/Abstract(continued):

IS added to a predetermined medium (such as a medium used for a specific enzyme substrate culture medium method). In step (b),
a current value flowing through the medium added with the sample Is measured with an oxygen electrode at a predetermined
temperature and at a predetermined constant voltage. In step (c¢), time required Is measured for the current value that has
decreased temporarily after starting the measurement of step (b) to increase thereafter to exceed a predetermined threshold value.
In step (d), the initlal number of bacteria of the bacterial strain included in the sample Is calculated based on the time required.
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ABSTRACT

A method of measuring the number of bacteria according to the present
invention includes step (a) through step (d). First, in step (a), a to-be-measured sample
(specimen) including a predetermined bacterial strain (such as Escherichia coli or
coliform bacteria) is added to a predetermined medium (such as a medium used for a
specific enzyme substrate culture medium method). In step (b), a current value flowing
through the medium added with the sample is measured with an oxygen electrode at a
predetermined temperature and at a predetermined constant voltage. In step (c), time
required is measured for the current value that has decreased temporarily after starting the
measurement of step (b) to increase thereafter to exceed a predetermined threshold value.

In step (d), the initial number of bacteria of the bacterial strain included in the sample 1s

calculated based on the time required.
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DESCRIPTION
METHOD OF MEASURING THE NUMBER OF BACTERIA, DEVICE OF

MEASURING THE NUMBER OF BACTERIA AND CELL USED IN THE DEVICE

Technical Field

[0001] The present invention relates to methods of measuring the number of bacteria,
devices of measuring the number of bacteria and cells used in the devices, and more
particularly to a method of measuring the number of bacteria with an oxygen electrode, a
device of measuring the number of bacteria with an oxygen electrode and a cell used 1n

the device.

Background Art

[0002] 1t is sometimes requested to measure the number of bacteria included in food for
the purposes of food hygiene management and the like. A conventional method of
measuring bacteria included in a specimen such as food dilutes the specimen in stages and
applies them in a fixed amount on an agar medium, cultures them for about 24 hours, and
visually calculates the number of derived colonies, to measure the number of bacteria.

Unfortunately, this method has the need for staged specimen dilution and the need for
about 24-hour culture. This resulted 1n the development of a method that measures the
number of bacteria by measuring dissolved oxygen concentration contained in a liquid
medium added with a specimen with an oxygen electrode (hereafter also called an oxygen
electrode method), as 1s described 1n a patent document 1.

[0003] In the oxygen electrode method described in the patent document 1, the higher
the dissolved oxygen concentration contained in the liquid medium, the larger amount of

current 1s measured. Bacteria included 1n the specimen consume the dissolved oxygen
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in the liquid medium through respiration. As the dissolved oxygen concentration
decreases due to the respiration of the bacteria, a current flowing through the oxygen
electrode decreases. In addition, the amount of dissolved oxygen consumed depends on
the initial number of bacteria included in the specimen. Namely, the larger the initial
number of bacteria, the larger amount of oxygen is consumed and the faster the dissolved
oxygen concentration decreases. When the dissolved oxygen concentration decreases 1n
a short time, the current value being measured also decreases in a short time. That 1s,
the time required for a current flowing through a liquid medium including a specimen
with an unknown initial number of bacteria to decrease down to a predetermined
threshold value is obtained, thereby determining the initial number of bacteria
corresponding to the time required. In such ways, the oxygen electrode method is able
to measure the initial number of bacteria in a short time and accurately.

[0004] Patent Document 1: Japanese Patent Application Laid-Open No. 2000-287699

[0005] The oxygen electrode method such as is described in the patent document 1
encounters a situation where a current value being measured does not decrease down to a
threshold value or below depending on the combination of a medium and a bacterial
strain.  Such situation causes the occurrence of false detection such as a false negative
and variations 1n detection times, resulting 1n a reduction 1n measurement accuracy.

[0006] Another problem of the conventional oxygen electrode methods is that fungi
cannot be measured accurately because fungi have a slow respiration rate and thus when
cultured in a typical manner, the oxygen concentration does not decrease rapidly.
Further, fung1 have a slow growth rate and can be determined by the conventional oxygen

electrode methods only after growing for about a week, resulting in a prolonged

measurement time.
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Disclosure of Invention
Problems to be Solved by the Invention

[0007] It is an object of the present invention to provide a method and a device of
measuring the number of bacteria capable of measuring the initial number of bactena
accurately and with reproducibility with an oxygen electrode method, and a cell used
in the device. It is also an object of the invention to provide a method and a device of
measuring the number of bacteria capable of measuring the initial number of bacteria
for fungi accurately and in a significantly reduced measurement time, and a cell used
in the device.

[0008] In one particular embodiment the invention provides a method of measuring
the number of bacteria, comprising the steps of: (a) adding a to-be-measured sample
containing one of Escherichia coli and coliform bacteria to Colilert; (b) growing said
one of Escherichia coli and coliform bacteria at a predetermined temperature and
measuring a current value flowing through said Colilert added with said
to-be-measured sample with an oxygen electrode at a predetermined constant voltage;
(c) measuring time required for said current value that has decreased temporarily after
starting the measurement of step (b) to increase thereafter to reach a predetermined
threshold value, which is an arbitrarily chosen value of an electric current flowing
through the Colilert, which value is higher than the value of the electric current when
said sample is first added to the Colilert, wherein the values of the electric current are
directly proportional to the levels of dissolved oxygen in the Colilert; and
(d) calculating the initial value of the number of said one of Escherichia coli and
coliform bacteria contained in said to-be-measured sample based on comparison of

said time required and a previously measured calibration curve.
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3a

[0008a] In another embodiment there is provided the method of measuring the
number of fungus comprising the steps of: (a) adding a to-be-measured sample
containing fungus to bacteriological peptone/yeast extract/glucose medium,;
(b) growing said fungus at a predetermined temperature and measuring a current value
flowing through said bacteriological peptone/yeast extract/glucose medium added with
said to-be-measured sample with an oxygen electrode at a predetermined constant
voltage; (c) measuring time required for said current value that has decreased
temporarily after starting the measurement of step (b) to increase thereafter to reach a
predetermined threshold value, which is an arbitrarily chosen value of an electric
current flowing through the bacteriological peptone/yeast extract/glucose medium,
which value is higher than the value of the electric current when said to-be-measured
sample is first added to bacteriological peptone/yeast extract/glucose medium,
wherein the values of the electric current are directly proportional to the levels of
dissolved oxygen in bacteriological peptone/yeast extract/glucose medium,; and
(d) calculating initial value of the number of said fungus contained in said
to-be-measured sample based on comparison of said time required and a previously
measured calibration curve.

[0009] The method of measuring the number of bacteria of the invention includes
the steps of (a) adding a to-be-measured sample including a predetermined bactenial
strain to a predetermined medium, (b) measuring a current value flowing through the
medium added with the sample with an oxygen electrode at a predetermined
temperature and at a predetermined constant voltage, (c) measuring time required for
the current value that has decreased temporarily after starting the measurement of
step (b) to increase thereafter to exceed a predetermined threshold value, and

(d) calculating the initial number of bacteria of the bacterial strain included in the
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sample based on the time required. Therefore, the initial number of bacteria can be
measured accurately and with reproducibility by utilizing a newly discovered
phenomenon of a current value decreasing temporarily and increasing thereafter.

[0010] Solution means according to the invention is the method of measuring the

5 number of bacteria as set out above, wherein the current value decreases
temporarily and increases thereafter due to metabolic activity of the bacterial strain
included in the sample.

[0011]In the method of measuring the number of bacteria according to the
invention, the current value decreases temporarily and increases thereafter due to

10  metabolic activity of the bacterial strain included in the sample. Therefore, the initial

number of bacteria can be measured accurately and with reproducibility.

[0012] Solution means according to the invention is the method of measuring the

number of bacteria as set out above, wherein the medium is a medium used
for a specific enzyme substrate culture medium method, and the bacterial strain 1s one of

15  Escherichia coli and coliform bactena.

[0013]In the method of measuring the number of bacteria according to the
invention, the medium is a medium used for a specific enzyme substrate culture medium
method, and the bacterial strain is one of Escherichia coli and coliform bacteria.
Therefore, the initial number of bacteria can be measured accurately and with

20  reproducibility by utilizing the newly discovered phenomenon of a current value
decreasing temporarily and increasing thereafter.

[0014]) Solution means according to the invention is the method of measuring the

number of fungus as set out above, wherein the medium 1s a PYG medium,

and the bacterial strain is a fungus.

25 [0015)In the method of measuring the number of bacteria according to the



10

15

20

25

CA 02575640 2009-12-30

invention, the medium is a PYG medium, and the bacterial strain is a fungus. Therefore,
the initial number of bacteria can be measured accurately and with reproducibility by
utilizing the newly discovered phenomenon of a current value decreasing temporarily and

increasing thereafter. Further, utilizing the newly discovered phenomenon, the method
of measuring the number of bacteria according to the invention allows a significant

reduction in measurement time from conventional methods.

[0016] Solution means according to the invention includes a cell holding a
to-be-measured sample including a predetermined bacterial strain and a predetermined
medium, an oxygen electrode provided in the cell, a current measurement umt measuring
a current value flowing through the medium added with the sample with the oxygen
electrode at a predetermined temperature and at a predetermined constant voltage, a
required time measurement unit measuring time required for the current value that has
decreased temporarily after starting the measurement at the current measurement unit to
increase thereafter to exceed a predetermined threshold value, and a bacteria-number
calculation unit calculating the initial number of bacteria of the bacterial strain included in
the sample based on the time required.

[0017] The device of measuring the number of bacteria according to the
invention includes a cell holding a to-be-measured sample including a predetermined
bacterial strain and a predetermined medium, an oxygen electrode provided in the cell, a
current measurement unit measuring a current value flowing through the medium added
with the sample with the oxygen electrode at a predetermined temperature and at a
predetermined constant voltage, a required time measurement unit measuring time
required for the current value that has decreased temporarily after starting the
measurement at the current measurement unit to increase thereafter to exceed a

predétennined threshold value, and a bacteria-number calculation unit calculatin g the
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initial number of bacteria of the bacterial strain included in the sample based on the time
required. Therefore, the initial number of bacteria can be measured accurately and with
reproducibility by utilizing the newly discovered phenomenon of a current value
decreasing temporarily and increasing thereafter.

[0018] Solution means according to the invention is the device of measuring the

number of bacteria as set out above, wherein the current value decreases

temporarily and increases thereafter due to metabolic activity of the bactenal strain

included in the sample.

[0019] In the device of measuring the number of bacteria according to the

invention, the current value decreases temporarily and increases thereafter due to
metabolic activity of the bacterial strain included in the sample. Therefore, the initial
number of bacteria can be measured accurately and with reproducibility.

[0020] Solution means according to the invention is the device of measuring the

number of bacteria as set out above, wherein the medium is a medium used

for a specific enzyme substrate culture medium method, and the bacterial strain is one of

Escherichia coli and coliform bacteria.

[0021) In the device of measuring the number of bacteria according to the
invention, the medium is a medium used for a specific enzyme substrate culture medium
method, and the bacterial strain is one of Escherichia coli and coliform bacteria.
Therefore, the initial number of bacteria can be measured accurately and with
reproducibility by utilizing the newly discovered phenomenon of a current value
decreasing temporarily and increasing thereafter.

[0022] Solution means according to the invention is the device of measuring the

number of bacteria as set out above, wherein the medium 1s a PYG medium,

and the bacterial strain is a fungus.
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[0023] In the device of measuring the number of bacteria according to the
invention, the medium is a PYG medium, and the bacterial strain is a fungus. Therefore,
the initial number of bacteria can be measured accurately and with reproducibility by
utilizing the newly discovered phenomenon of a current value decreasing temporarily and

5 increasing thereafter. Further, utilizing the newly discovered phenomenon, the device of
measuring the number of bacteria according to the i1nvention allows a
significant reduction in measurement time from conventional methods.

[0024] Solution means according to the invention is a cell holding a
to-be-measured sample including a predetermined bacterial strain and a predetermined

10 medium, including an oxygen electrode on an inner wall of the cell, the oxygen electrode
being capable of measuring a current value flowing through the medium at a
predetermined temperature and at a predetermined constant voltage, the current value

decreasing temporarily and increasing thereafter.

[0025] The cell according to the invention holds a to-be-measured sample

15 including a predetermined bacterial strain and a predetermined medium, including an

oxygen electrode on an inner wall of the cell, the oxygen electrode being capable of

measuring a current value flowing through the medium at a predetermined temperature

and at a predetermined constant voltage, the current value decreasing temporarily and

increasing thereafter. Therefore, the initial number of bacteria can be measured

20  accurately and with reproducibility by utilizing the newly discovered phenomenon of a
current value decreasing temporarily and increasing thereafter.

[0026] Solution means according to the invention is the cell as set out above,

wherein the current value decreases temporarily and increases thereafter due to

metabolic activity of the bacterial strain included in the sample.

25 [0027] In the cell according to the invention, the current value decreases
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temporarily and increases thereafter due to metabolic activity of the bacterial strain

Included in the sample. Therefore, the initial number of bacteria can be measured

accurately and with reproducibility.

[0028] Solution means according to the invention is the cell as set out above,

wherein the medium is a medium used for a specific enzyme substrate

culture medium method, and the bacterial strain is one of Escherichia coli and coliform

bacterna.

[0029] In the cell according to the invention, the medium is a medium used
for a specific enzyme substrate culture medium method, and the bacterial strain is one of
Escherichia coli and coliform bacteria. Therefore, the initial number of bacteria can be
measured accurately and with reproducibility by utilizing the newly discovered

phenomenon of a current value decreasing temporarily and increasing thereafter.

[0030] Solution means according to the invention is the cell as set out above,

wherein the medium is a PYG medium, and the bacterial strain is a fungus.

Effects of Invention

[0031] In the cell according to the invention, the medium is a PYG medium,
and the bactenal strain is a fungus. Therefore, the initial number of bacteria can be
measured accurately and with reproducibility by utilizing the newly discovered
phenomenon of a current value decreasing temporarily and increasing thereafter.
Further, utilizing the newly discovered phenomenon, the cell according to the
invention allows a significant reduction in measurement time from conventional methods.

[0032] These and other objects, features, aspects and advantages of the present invention

will become more apparent from the following detailed description of the present

invention when taken in conjunction with the accompanying drawings.
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Brief Description of Drawings
[0033] Fig. 1 is a flowchart of a method of measuring the number of bacteria according

to a first preferred embodiment.

Fig. 2 is a block diagram of a device of measuring the number of bacteria
according to the first preferred embodiment.

Fig. 3 is a sectional perspective diagram of a cell according to the first preterred
embodiment.

Figs. 4 and 5 are diagrams illustrating variations in current value of the device
of measuring the number of bacteria according to the first preferred embodiment.

Fig. 6 is a diagram illustrating a calibration curve of the device of measuring the
number of bacteria according to the first preferred embodiment.

Figs.7 and 8 are diagrams illustrating variations in current value of the device of
measuring the number of bacteria according to the first preferred embodiment.

Fig. 9 i1s a diagram illustrating variations in current value of a device of

measuring the number of bacteria according to a second preferred embodiment.

Best Mode for Carrying Out the Invention

[0034 ]In the oxygen electrode method, dissolved oxygen concentration decreases due to
respiration (metabolic activity) of a bacterial strain, which involves a reduction in current
value flowing between a working electrode and a counter electrode forming an oxygen
electrode (hereafter simply called a current value). A new phenomenon was discovered,
however, in which the current value being measured decreases temporarily with the
metabolic activity and increases rapidly thereafter, when a specific medium and a specific

bacterial strain are combined. The present invention 1s directed at a method of
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measuring the number of bacteria, a device of measuring the number of bacteria and a cell

used in the device utilizing this phenomenon in the oxygen electrode method.

[0035 ) Preferred embodiments will be described by citing concrete names of the specific
culture and the specific bacterial strain.  Yet it is appreciated that the concrete names are
not intended to limit the scope of the present invention.

[0036] (First Preferred Embodiment)

In this embodiment, a medium used for a specific enzyme substrate culture
medium method (hereafter simply called a specific enzyme substrate culture medium) 1s
used as the specific medium. Colilert (registered trademark) is one example of the
specific enzyme substrate culture medium. In this embodiment, Escherichia coli or
coliform bacteria are used as the specific bacterial strain. Also in this embodiment,
stainless steel (SUS) is used for the base material of the oxygen electrode.

[0037] A method of measuring the number of bacteria used for the above combination is
described. Fig. 1 1s a flowchart illustrating the method of measuring the number of
bacteria according to this embodiment. First, 1n step a, a sample (specimen) including
Escherichia coli or coliform bacteria 1s added to the specific enzyme substrate culture
medium. More specifically, the specific enzyme substrate culture medium 1s liquid, and
the sample including Escherichia coli or coliform bacteria 1s pulverized and stirred by
Stomacher, to be added to the liquid medium.

[0038] Next, in step b, a current value flowing through the medium added with the
sample 1s measured. The current value measurement 1s carried out at a predetermined
temperature under temperature control, and at a predetermined constant voltage. Fig. 2
1s a block diagram of the device of measuring the number of bacteria according to this
embodiment. This device of measuring the number of bacteria 1s provided with a cell 1

that holds the medium added with the sample. The cell 1 has an oxygen electrode 2
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provided therein which is used for the oxygen electrode method. Fig. 3 1s a sectional
perspective diagram of the cell 1. Provided on a side wall near the bottom of the cell 1
are three electrodes forming the oxygen electrode 2, 1.e. a counter electrode 21, a working
electrode 22, and a reference electrode 23. The cell 1 1s further provided with an output
terminal 24 electrically connected to the counter electrode 21, the working electrode 22,
and the reference electrode 23. The oxygen electrode 2 is connected to a current
measurement unit 3 through the output terminal 24.

[0039] The structure of the counter electrode 21, the working electrode 22, and the
reference electrode 23 is described.  Stainless steel is used for the electrode base material
of the counter electrode 21, the working electrode 22, and the reference electrode 23.
The surface of this electrode base material is plated with gold. The electrode base
material of the oxygen electrode 2 used in the present invention 1s not limited to stainless
steel but may be other metal materials (such as copper). The surface of the electrode
base material of other metal materials is likewise plated with gold.

[0040] The current measurement unit 3 in Fig. 2 measures the current value flowing
through the medium added with the sample with the oxygen electrode 2 (step b). The
counter electrode 21 and the working electrode 22 are particularly used to measure the
current flowing through the medium. The current flowing through the medium is a
current that flows when dissolved oxygen in the medium is reduced to water at the
working electrode 22.  Accordingly, the current value is high with high
dissolved oxygen concentration in the medium, and the
current value becomes low with low dissolved oxygen concentration. Meanwhile,
Escherichia coli or coliform bacteria included in the sample grow while increasing the
amount of oxygen consumed. Accordingly, the dissolved oxygen concentration in the

medium decreases, causing the current value to decrease as well. In the conventional
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oxygen electrode method, therefore, time (hereafter also called the time required) required
for the reducing current value and a threshold value to cross each other can be determined
by setting the threshold value to a current value near zero (e.g. 100 nA).

[0041] However, it was newly discovered that a phenomenon different from the
background art occurs when Escherichia coli or coliform bacteria in the specific enzyme
substrate culture medium 1s measured with an oxygen electrode as a combination of the
specific medium and the specific bacterial strain. Fig. 4 i1s a graph demonstrating
variations in current value according to this embodiment. In Fig. 4, coliform bacteria in
the specific enzyme substrate culture medium (Colilert) are measured with the oxygen
electrode. In the current value variations of Fig. 4, a current value of about 1000 nA
flows with stability between the start of the measurement and the point of about 400
minutes, but with the dissolved oxygen concentration starting to decrease due to the
growth of the coliform bacteria, the current value decreases thereafter down to about 650
nA at the point of about 500 minutes of measurement time. Then, the current value
starts to increase rapidly, up to about 2000 nA at the point of about 580 minutes. of
measurement time.  Since oxygen included in the medium at the start of the
measurement 1s 1n saturation, an inflow of oxygen from the outside has little influence on

the increase 1n current value. With the current value variations such as shown in Fig. 4,

the time required cannot be measured by setting the threshold value to the conventional

current value near zero (e.g. 100 nA).

[0042] Therefore, in this embodiment, the threshold value is set to a current value higher
than that at the start of the measurement so that the time required can be measured when a
current value decreases temporarily and increases thereafter. In Fig. ' 4, the threshold
value 1s set to 1500 nA, and the current value exceeds the threshold value at the point of

about 540 minutes. This means the time required shown in Fig. 4 is about 540 minutes.
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In the flowchart shown in Fig. 1, it 1s determined whether the current value has increased
and exceeded the threshold value in step ¢l and, when 1t 1s determuned that the current
value has exceeded the threshold value in step cl, the time required 1s measured 1n step c2.
The time required is measured at a required time measurement unit 4 of the device of
measuring the number of bacteria shown in Fig. 2. In the course of performing step b,
step ¢l and step c2, Escherichia coli or coliform bacteria 1s cultured at about 30°C.

[0043] Next, in step d shown in Fig. 1, the initial number of bacteria included in the
sample is calculated. The initial number of bacteria included in the sample 1s calculated
based on the measured time required at a bacteria-number calculation unit 5 of the device
of measuring the number of bacteria shown in Fig. 2. To calculate the initial number of
bacteria, a calibration curve needs to be obtained In .advance. This will be

described with reference to a specific example. First, variations 1n current

value are measured for samples with known initial numbers of

bacteria. Fig. 5 demonstrates current value variations in samples with known initial
numbers of bacteria. In Fig. 5, five types of samples with initial numbers of bacteria of
0, 10', 10, 10°, and 10’ (unit: CFU/g) are measured, with three of them being measured
for each type. Then, the time required is measured and plotted from Fig. 5 with the
threshold value being set to 1500 nA, to obtain a graph of a calibration curve shown in
Fig. 6. In Fig. 6, the horizontal axis represents the initial number of bactena
(LogCFG/g), and the vertical axis represents the measurement time (the time required).
Applying the least squares method to the time required data plotted in Fig. 6, a calibration
curve of “measurement time (y) = —74.65 X the initial number of bacteria (x) -+
668.23” is obtained.

[0044] A sample with an unknown initial number of bacteria is measured using the

calibration curve obtained as above. First, variations in current value are measured for
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the sample with an unknown initial number of bacteria, to obtain the time required.
Then, the obtained time required is applied to the calibration curve shown 1n Fig. 6, to
calculate the initial number of bacteria. Since the time required obtained from the graph
shown in Fig. 4 is about 540 minutes, 540 is substituted in the variable y to obtain the
variable x. The resultant variable x is about 1.72, which leads to the initial number of
bacteria of 107> (CFU/g). The calibration curve that needs to be obtained in advance in
order to measure the initial number of bacteria in step d cannot be used for a different
bacterial strain and the like. A calibration curve thus needs to be prepared for each of
necessary bacterial strains and the like. Fig. 5 shows the measurement of coliform
bacteria, and Fig. 6 shows the calibration curve for coliform bacteria.

[0045] As has been described, it was newly discovered that a phenomenon different
from the background art occurs when Escherichia coli or coliform bacteria in the specitic
enzyme substrate culture medium is measured with an oxygen electrode as a combination
of the specific medium and the specific bacterial strain. Namely, a phenomenon 1n
which dissolved oxygen concentration in a medium decreases due to respiration of
Escherichia coli or coliform bacteria, which involves a reduction in current value, but the
current value increases thereafter. The detailed mechanism of the phenomenon 1s not

known at this stage. It is only confirmed that the phenomenon has reproducibility when
a specific medium (specific enzyme substrate culture medium) and a specific bactenal

strain (Escherichia coli or coliform bacteria) are combined and measured.

[0046] Although the detailed mechanism is unknown, the above phenomenon occurs
when a specific medium and a specific bacterial strain are combined even with a change
In electrode base material. Figs. 7 and 8 illustrate measurement results with the same
medium and the same bacterial strain but different electrode base materials. In Figs. 7

and 8, the horizontal axis represents the measurement time (minutes), and the vertical axis
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represents a current value (nA). In Fig. 7, Colilert is used as the specific medium,
coliform bacteria as the specific bacterial strain, and stainless steel as the electrode base
material. In Fig. 8, on the other hand, Colilert is used as the specific medium, coliform
bacteria as the specific bacterial strain, and copper as the electrode base material. And
in Figs. 7 and 8, four types of samples with initial numbers of bacteria of 0, 10%, 10*, and
10° (unit: CFU/g) are measured, with three of them being measured for each type. As
can be appreciated from Figs. 7 and 8, the results indicate that the phenomenon of a
current value decreasing temporarily and increasing thereafter occurs when the medium
of Colilert and the bacterial strain of coliform bacteria are combined, regardless of the
difference between stainless steel and copper for the electrode base material. It is shown
from a comparison of Figs. 7 and 8 that current rises are apparently steeper with less
variation in Fig. 7. Namely, the use of stainless steel instead of copper for the electrode
base material reduces the measurement time and reduces measurement variations.

[0047] As described above, this embodiment includes the step (a) of adding the
to-be-measured sample to the medium used for a specific enzyme substrate culture
medium method, the step (b) of measuring the current value flowing through the medium
added with the sample with the oxygen electrode, the step (¢) of measuring the time

required for the current value that has decreased temporarily due to metabolic activity of

Escherichia coli or coliform bacteria included in the sample after starting the
measurement of step (b) to increase thereafter to exceed the predetermined threshold
value, and the step (d) of calculating the initial number of bacteria of the Escherichia coli
or coliform bacteria included in the sample based on the time required. Therefore, the
initial number of bacteria can be measured accurately and with reproducibility by

utilizing the newly discovered phenomenon of a current value decreasing temporarily and

increasing thereafter.
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[0048] While the threshold value is set to a current value higher than that at the start of
the measurement in this embodiment, the threshold value may be set to a current value
lower than that at the start of the measurement in the present invention, provided that the
point in time can be measured when a current value crosses the threshold value in an

increase phase after a temporary decrease.

[0049] (Second Preferred Embodiment)

In this embodiment, a PYG (bacteriological peptone/yeast extract/glucose)
medium is used as the specific medium, and a fungus as the specific bacterial strain.
The fungus may be yeast, mold, or Candida albicans (1IFO 1594), for example.

[0050] The method of measuring the number of bacteria used in the first preferred
embodiment is applied to the above combination. The method of measuring the number
of bacteria will thus be explained with reference to the flowchart shown 1n Fig. 1.  Since
fungi have a slow growth rate compared to Escherichia coli and the like, the following
work 1s required as preliminary work. First, a fungus (e.g. yeast) 1s isolated from a
subcultured colony. Next, the fungus is adjusted to 1 X 10* CFU/ml of fungus liquid
while being examined by a microscope. Then, the adjusted fungus liquid 1s 1noculated
into a fruit preparation. The inoculated sample (specimen) is then put 1n a constant
temperature bath of 30°C and precultured for two days. After that, in step a, 1 ml of the
precultured sample 1s added to 1 ml of the PYG medium.

[0051] Next, in step b, a current value flowing through the medium added with the
sample 1s measured. A device of measuring the number of bacteria according to this
embodiment 1s the same that was described in the first preferred embodiment, the block
diagram of which 1s shown in Fig. 2. This device of measuring the number of bacteria is

provided with the cell 1 that holds the medium added with the sample. The cell 1 has
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the oxygen electrode 2 provided therein which is used for the oxygen electrode method.
The cell 1 according to this embodiment is also the same that was described in the first
preferred embodiment, the sectional perspective diagram of which 1s shown 1n Fig. 3.
Provided on the side wall near the bottom of the cell 1 are the three electrodes forming the
oxygen electrode 2, i.e. the counter electrode 21, the working electrode 22, and the
reference electrode 23. Stainless steel is used for the electrode base material of the
counter electrode 21, the working electrode 22, and the reference electrode 23. The
surface of this electrode base material is plated with gold. The electrode base material
of the oxygen electrode 2 used in the present invention is not limited to stainless steel but
may be other metal materials (such as copper). The surface of the electrode base
material of other metal materials is likewise plated with gold. The cell 1 1s further
provided with the output terminal 24 electrically connected to the counter electrode 21,
the working electrode 22, and the reference electrode 23. The counter electrode 21, the
working electrode 22, and the reference electrode 23 are connected to the current
measurement unit 3 shown in Fig. 2 through the output terminal 24.

[0052] The current measurement unit 3 in Fig. 2 measures the current flowing through
the medium with the counter electrode 21 and the working electrode 22. Again 1n this
embodiment, the current value decreases with the fungus consuming the dissolved oxygen
in the medium, and increases thereafter. Such phenomenon of current value variations 1s
the same as the phenomenon of current value variations for coliform bacteria as shown 1n
Fig. 4. Just like the coliform bacteria case, the detailed mechanism of such phenomenon
1s not known at this stage. Fig. 9 1s a graph demonstrating variations in current value for
fungi. Fig. 9 shows current value variations for three types of fungi, i.e. ingredient
separation yeast, Candida albicans, and ingredient separation mold. In Fig. 9, the

horizontal axis represents the measurement time (minutes), and the vertical axis
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represents a current value (nA).

[0053] First, the ingredient separation yeast hardly decreases in current value, and
increases rapidly thereafter. The ingredient separation yeast crosses a threshold Value,
which is set to 1500 nA as in the first preferred embodiment, after a lapse of about 20
minutes (0.33 hour). It is therefore shown that the time required for the ingredient
separation yeast is about 20 minutes. Second, Candida albicans decreases slightly in
current value, and increases rapidly thereafter. Candida albicans crosses the threshold
value after a lapse of about 30 minutes (0.5 hour), which shows that the time required 1s
about 30 minutes. Third, the ingredient separation mold decreases temporarily 1n
current value, and increases thereafter. The ingredient separation mold crosses the
threshold value after a lapse of about 135 minutes (2.25 hour), which shows that the time
required is about 135 minutes. Fig. 9 also shows variations in current value measured
for a cell that includes no fungus (blank cell). The blank cell gently decreases in current
value with measurement time without changing rapidly.

[0054] The time required is measured at the required time measurement unit 4 shown in
Fig. 2. In the flowchart shown in Fig. 1, it is determined whether the current value has
increased and exceeded the threshold value in step ¢l and, when 1t 1s determined that the
current value has exceeded the threshold value, the time required 1s measured 1n step c2.

In the course of performing step b, step cl and step c2, the fungus 1s cultured at about
30°C.
[0055] Next, in step d, the initial number of bacteria included in the sample is calculated

based on the calculated time required. This 1s carried out at the bacteria-number
calculation unit 5 in the device of measuring the number of bacteria shown in Fig. 2. To
calculate the initial number of bacteria, a calibration curve needs to be obtained i1n

advance as in the first preferred embodiment. The way a calibration curve 1s obtained



10

15

20

23

CA 02575640 2007-01-29

19

was specifically discussed in the first preferred embodiment and a discussion of the way
is not replicated below. Using the calibration curve obtained in advance, the 1nitial
number of bacteria for the fungus is calculated based on the calculated time required.
The necessary time to obtain the initial number of bacteria for the fungus 1s about one day
that includes the time of setting the sample in the cell and the time required for
measurement. Thus in this embodiment, the initial number of bacteria for the fungus
can be obtained in about three days that includes two days of preculture as well, which

allows a significant reduction in time from about one week that has been conventionally

required.

[0056] As described above, this embodiment includes the step (a) of adding the
to-be-measured sample to the PYG medium, the step (b) of measuring the current value
flowing through the medium added with the sample with the oxygen electrode, the step
(¢) of measuring the time required for the current value that has decreased temporarly
due to metabolic activity of the fungus included in the sample after starting the
measurement to increase thereafter to exceed the predetermined threshold value, and the
step (d) of calculating the initial number of bacteria for the fungus included in the sample
based on the time required. Therefore, the mitial number of bacteria can be measured

accurately and with reproducibility by utilizing the newly discovered phenomenon of a
current value decreasing temporarily and increasing thereatfter.

[0057] Further in this embodiment, the appropriate combination as described above is
selected to utilize the newly discovered phenomenon of current value increase, thereby

measuring fungus which have conventionally been unable to be measured accurately.
Still further 1in the embodiment, fungi can be determined within three days that includes

about two days of preculture as well, as opposed to the conventional determination after

growing fungi for about one week.
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Claims

1. A method of measuring the number of bacteria, comprising the steps of:

(a) adding a to-be-measured sample containing one of Escherichia coli and
coliform bacteria to Colilert;

(b) growing said one of Escherichia coli and coliform bacteria at a
predetermined temperature and measuring a current value flowing through said
Colilert added with said to-be-measured sample with an oxygen electrode at a

predetermined constant voltage;

(c) measuring time required for said current value that has decreased
temporarily after starting the measurement of step (b) to increase thereafter to reach a
predetermined threshold value, which is an arbitrarily chosen value of an electric
current flowing through the Colilert, which value 1s higher than the value of the
electric current when said sample is first added to the Colilert, wherein the values of

the electric current are directly proportional to the levels of dissolved oxygen in the

Colilert; and

(d) calculating the initial value of the number of said one of Escherichia
coli and coliform bacteria contained in said to-be-measured sample based on

comparison of said time required and a previously measured calibration curve.

2. The method of measuring the number of fungus comprising the steps of:

(a) adding a to-be-measured sample containing fungus to bacteriological
peptone/yeast extract/glucose medium,;

(b) growing said fungus at a predetermined temperature and measuring a
current value flowing through said bacteriological peptone/yeast extract/glucose
medium added with said to-be-measured sample with an oxygen electrode at a

predetermined constant voltage;
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(c) measuring time required for said current value that has decreased
temporarily after starting the measurement of step (b) to increase thereafter to reach a
predetermined threshold value, which 15 an arbitrarily chosen value of an electric
current flowing through the bacteriological peptone/yeast extract/glucose medium,
which value is higher than the value of the electric current when.said to-be-measured
sample 1s first added to bacteriological peptone/yeast extract/glucose medium,
wherein the values of the electric current are directly proportional to the levels of
dissolved oxygen in bacteriological peptone/yeast extract/glucose medium; and

(d) calculating initial value of the number of said fungus contained in said
to-be-measured sample based on comparison of said time required and a previously

measured calibration curve.

3. The method of measuring the number of bacteria according to claim 1,

wherein

said current value decreases temporarily and increases thereafter due to

metabolic activity of said one of Escherichia coli and coliform bacteria contained in

sald to-be-measured sample.

4. The method of measuring the number of fungus according to claim 2,

wherein

said current value decreases temporarily and increases thereafter due to

metabolic activity of said fungus contained in said to-be-measured sample.
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