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A simple culture medium which Is obtained by providing a suspension in an alcohol containing (a) 0.01 to 0.4 wt % of an
adhesive being soluble In water and an alcohol, (b) a gelling agent being soluble in water and insoluble in an alcohol and (c)
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Abstract

A simple culture medium produced by impregnating a
fibrous water-absorbent sheet with a suspension formed by

suspending in an alcohol (a) an adhesive (0.01-0.4 wt. %)

which is soluble in both water and alcohol, (b) a gelling

agent which is soluble in water and insoluble in alcohol, and
(c) a bacterial nutritive ingredient, the fibrous water-
absorbent sheet having a mesh larger than the particle size
of the gelling agent and being placed on a waterproof flat

plate, and by drying the resultant sheet while suppressing
raplid evaporation of the alcohol, to thereby cause the water-

absorbent sheet to adhere onto the waterproof flat plate; and

a method for producing the medium.
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Description

Simple Culture Medium and Method for Preparation Thereof

Technical Field

The present invention relates to a simple culture
medium useful for, for example, detection, identification,
and transportation of various microorganisms, and more
particularly to a simple culture medium in which a test fluid
inoculated thereto diffuses very rapidly and inoculation of a

sample is possible even in an inclined state, an inverted

state, or a gravity-free state.

Background Art

Among conventional methods for culturing various
microorganisms for detection and identification thereof,
spread plate method, pour plate method, liquid medium method,
etc. are generally employed. However, these 'methods require
sterilization of culture medium, apparatus, etc. before
culture of microorganisms, and inoculation of a test sample
into the medium requires skilled operation such as spreading
or pouring. Furthermofe, when a conventional culture medium
is sterilized after preparation of the medium or after
hermetic packaging of the medium, maintaining the quality and
performance of the medium during transportation and storage
thereof is difficult: 1.e., sterilization of the medium

encounters difficulty.
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Therefore, extensive studies have been performed on a
simple culture medium which enables culture to be carried out
easily, and a variety of culture devices and culture media
have been proposed, including (1) a culture device in which
an adhesive layer, a layer of a cold-water-soluble powdery
gelling agent containing nutritive ingredients, and a cover
sheet are successively laminated on the upper surface of a
waterproof substrate (Japanese Patent Application Laid-Open
(kokai) No. 57-502200); (2) a culture device in which a layer
of a mixture of a cold-water-soluble gelling agent and a
microorganism culture medium, and a fibrous water-absorbent
sheet are successively laminated on the surface of a
waterproof flat plate (Japanese Patent Application Laid-Open
(kokai) No. 6-181741); and (3) a simple culture medium in
which a medium composition containing an adhesive, a gelling
agent, and a bacterial nutritive ingredient is carried with a
fibrous water-absorbent sheet having a mesh larger than the
particle size of the gelling agent (Japanese  Patent
Application Laid-Open (kokai) No. 9-19282).

However, the culture device in (1) above requires
operations including careful application of an upper sheet
and spreading of a test sample over a certain area by means
of a spreader, and these operations must be carried out
carefully on a flat plane such as a table; i.e., the culture
device involves the problem of cumbersome inoculation
operation. The culture device in (2) above involves problems

in terms of preparation; i.e., insertion of the fibrous
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water-absorbent sheet after coating of the medium ingredients
is troublesome, and the coating area of the medium
ingredients must be greater than the area required for
detection of microorganisms. In addition, since the fibrous
water-absorbent sheet is not fixated, during inoculation,
careful operation is required so as not to cause the sheet to
move. The simple culture medium (3) involves problems in
that the medium must be allowed to stand until a test fluid
permeates and diffuses throughout the sheet, since the test
fluid diffuses in the sheet slowly, and in that, even when
the water-absorbent sheet is laminated and affixed onto a

waterproof flat plate, the sheet is exfoliated from the plate

very easlily.

Accordingly, an object of the present invention is to
provide a simple culture medium in which a test fluid
inoculated thereto diffuses very rapidly, the medium
containing a waterproof flat plate and a water-absorbent
sheet reliably adhering onto the plate; enabling inoculation
in an inclined state, an inverted state, or a gravity-free
state, as well as in an even state; enabling detection and
identification of microorganisms through a simple operation;

and facilitating tranéportation; sterilization, etc. of the

medium.

Disclosure of the Invention

The present inventors have performed extensive studies

in order to improve the aforementioned simple culture medium
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(3) (Japanese Patent Application Laid-Open (kokai) No. 9-

19282), from the viewpoints of enhancement of the diffusion
rate of a test fluid and reliable fixation of a sheet. As a
result, the present inventors have found that, as compared
with the case whefe an adhesive is incorporated in a large
amount and a sheet impregnated with an alcohol suspension 1is
dried in a usual manner, when the amount of an adhesive in an
aldohol suspension containing a medium composition is reduced,
a water-absorbent sheet is sufficiently impregnated with the
suspension, and the resultant sheet is gradually dried,

unexpectedly, the sheet can be caused to adhere onto a
waterproof flat plate very strongly; and that there can be
obtained a simple culture medium in which a test fluid

diffuses at a very high rate; i.e., the test fluid
instantaneously diffuses when inoculated into the medium.

The present invention has been accomplished on the basis of
these findings.

Accordingly, the present invention prowvides a simple
culture medium produced by impregnating a fibrous water-
absorbent sheet with a suspension formed by suspending in an
alcohol (a) an adhesive (0.01-0.4 wt.%) which is soluble both
in water and alcohol,:(b) a gelling agent which is soluble in
water and inéoluble in alcohol, and (c) a bacterial nutritive

ingredient, the fibrous water-absorbent sheet having a mesh
larger than the particle size of the gelling agent and being

placed on a waterproof flat plate, and by drying the

resultant sheet while controlling rapid evaporation of the
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alcohol, to thereby cause the water-absorbent sheet to adhere

onto the waterproof flat plate; and a method for producing

the medium.

Best Mode for Carrying Out the Invention

An adhesive which serves as ingredient (a) of a medium
composition must be soluble in water and alcohol. Examples
of the adhesive include hydroxypropyl cellulose, polyvinyl
pyrrolidone, and polyethylene oxide. Of these, hydroxypropyl
cellulose is particularly preferred.

A gelling agent which serves as ingredient (b) must be
soluble in water and insoluble in alcohol. Examples of the
gelling agent include naturally occurring gelling agents such
as xanthan gum, locust bean gum, guar gum, and carrageenan;
and synthetic gelling substances such as hydroxyethyl
cellulose. Of these, xanthan gum is particularly preferred.

Such a gelling agent is preferably used in the form of powder

having a mean particle size of 500 pm or less, particularly
0.5-50 pm.

A bacterial nutritive ingredient suitable for growth of
a microorganism to be detected is chosen as ingredient (c).
For example, when a variety of microorganisms are
proliferated, typical nutritive medium ingredients are used,
and when a specific microorganism is selectively proliferated,
selected medium ingredients are used.

Preferably, a composition containing ingredients (a),

(b), and (c) (hereinafter the composition will be referred to
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as "medium composition”) further contains an appropriate
color-developing agent for facilitating observation of
colonies. Examples of the color-developing agent include
dyes which color colonies, such as triphenyltetrazolium
chloride, 3-(p-iod0phenyl)-2—(p—nitrophenyl)-5-phenyl-2H—
tetrazolium chloride, and 3-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2H-tetrazolium bromide; enzyme substrates such as 5-

bromo-3-indolyl-f-D-galactoside; and pH indicators such as
Bromothymol Blue and Neutral Red.

Examples of alcohols for suspending the medium
composition include C1-C5 alcohols such as ethanol and 2-

propanol.

The fibrous water-absorbent sheet in which the

aforementioned medium composition is to be carried must allow
an inoculated test fluid to diffuse readilly by means of a
capillary phenomenon for carrying thereon, and have a network
structure capable of holding the gelling agent contained in
the medium composition. To this end, the fibrous water-
absorbent sheet must have a mesh larger than the particle
size of the gelling agent, and a thickness larger than the
particle size. For example, the fibrous water-absorbent
sheet preferably has a mesh size of 15-100 mesh, particularly
preferably 20-50 mesh, and preferably has a thickness of 10-
1,000 pm, particularly preferably 50-600 pm.

Examples of the fibrous water-absorbent sheet include

synthetic fiber unwoven cloth such as rayon unwoven cloth,

and naturally occurring fiber unwoven cloth such as cotton
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unwoven cloth. The shape of the sheet is not particularly
1imited, and the sheet may assume a square shape, a
rectangular shape, or a round shape. The size of the sheet
is not particularly limited, but the longitudinal size of the
sheet is preferably 1-15 cm when the sheet is to be used for
simple detection of microorganisms.

A waterproof flat plate onto which the aforementioned
fibrous water-absorbent sheet adheres may be formed from any
waterproof material such as plastic or glass, but is

preferably formed from transparent material so as to enable

observation from the outside.

The simple culture medium of the present invention 1s

produced as follows.

Firstly, medium ingredients (a) through (c) are added
to alcohol, to thereby prepare an alcohol suspension. 1In
this case, the concentration of ingredient (a) must be 0.01-
0.4 wt.%, and is particularly preferably 0.01-0.15 wt.%.
When the concentration of ingredient (a) of -the alcohol
suspension exceeds the above range, since movement of the
medium ingredients of the suspension is limited by ingredient
(a) of high concentration, the medium ingredients are dried
and solidified merelytin a sheet, resulting in unsatisfactory
adhesion of the sheet onto a waterproof flat plate, as well
as deterioration of water-absorbency of the sheet. The
concentration of ingredient (b) of the alcohol suspension 1is
preferably 0.1-20 wt.%, particularly preferably 2-6 wt.%; and

the concentration of ingredient (c) of the alcohol suspension
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is preferably 0.5-20 wt.%, particularly preferably 1-5 wt.%.
Subsequently, a fibrous water-absorbent sheet placed on
a waterproof flat plate is impregnated with the alcohol
suspension by means of a technique such as pouring, spraying,
or spreading. Preferably, the sheet is impregnated with the
alcohol suspension containing the ingredients in the
aforementioned concentrations in an amount of 0.5-2 mL on the
basis of 1 cm’ of the sheet. Thereafter, the alcohol is
evaporated and removed through drying, to thereby cause the
fibrous water-absorbent sheet carrying the medium ingredients

to adhere onto the waterproof flat plate. Drying of the

alcohol suspension must be carried out while rapid
evaporation of the alcohol is suppressed. No particular
limitation is imposed on the means for drying the alcohol
suspension while rapid evaporation of the alcohol 1s
suppressed. For example, drying is carried out in an
atmosphere of high alcohol vapor pressure, Or drying is

carried out at low temperature.

As described above, when drying of the alcohol
suspension is carried out gradually, the medium ingredients
of the suspension are precipitated thoroughly in the course
of drying, and after drying, the water-absorbent sheet
strongly adheres onto the waterproof flat plate. Meanwhile,
in the vicinity of the surface of the fibrous water-absorbent
sheet, fiber filaments of the sheet are dried while the high

water absorbency of the filaments is maintained, and thus, by

means of the capillary phenomenon of cubic hollow portions
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formed by the filaments and the waterproof flat plate, the
diffusion rate of a test fluid becomes high. As a result of
the aforementioned phenomena, there can be produced the
culture medium of the present invention, in which the
diffusion rate of a test fluid is very high and the sheet is
caused to adhere onto the waterproof flat plate very strongly.
When the alcohol suspension is dried very rapidly, since the
medium ingredients of the suspension are solidified while
ijnsufficiently precipitated, adhesion of the water-absorbent
sheet onto the waterproof plate becomes unsatisfactory, and

the diffusion rate of a test fluid is lowered.

The simple culture medium is preferably covered with a
£film or stored in a container, in order to prevent
contamination and drying of the medium. Particularly
preferred is the unit type such that the waterproof container,
employed as a waterproof flat plate, 1is united by the
successively laminated fibrous water-absorbent sheets with

which the medium ingredients are carried.

The simple culture medium of the present invention

produced as described above is preferably sterilized by means

of , for example, ethylene oxide gas, y-rays, or electron

beams. Preferred ster'ilization methods include a method in

which the simple culture medium is packed with a packaging
material exhibiting both gas-barrier and light-shielding
properties, such as an aluminum packaging material, and

subsequently the packed medium is irradiated with, for

example, y-rays or electron beams. Particularly preferably,
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a drying agent is packed together with the simple culture
medium during packaging. When the simple culture medium 1is
sterilized through such a method, monitoring and controlling
of all the medium production steps so as to maintain an
antiseptic state is no longer necessary, and after
sterilization, invasion of microorganisms into the medium and

time-course change of the medium attributed to light and

moisture can be prevented.

when detection of microorganisms is carried out by use
of the simple culture medium of the present invention, a test
fluid is inoculated into the surface of the medium. After
jnoculation, the test fluid diffuses readily in the medium by
means of the capillary phenomenon of cubic hollow portions
formed between meshes, followed by occurrence of swelling and
gelation; microorganisms contained in the test fluid are
trapped in the resultant gel; free movement of the
microorganisms is suppressed; and colonies are formed through
culture. Therefore, through observation of the surface of
the medium, the thus-formed colonies can be easily observed.
When a sample is quantitatively inoculated into the simple
culture medium, the number of bacteria contained in the

sample can be easily calculated by counting colonies formed

after culture of the sample.

Inoculation of a bacterial fluid into the simple
culture medium is usually carried out through a method in

which a certain amount of the fluid is inoculated into the

medium by use of, for.example, a pipette; but may be carried

10
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out through a method in which the medium is stamped onto a
living organism containing a large amount of water, or a
method in which the medium is immersed in a sample. After a
test fluid is inoculated into the simple culture medium,

culture in the medium may be carried out while the medium 1is

allowed to stand or while the medium is transported.

Examples

The'present invention will next be described in more
detail by way of Examples, which should not be construed as
limiting the invention thereto.

Example 1
(1) Preparation of culture medium

Peptone (1.0 g), yeast extract (0.5 g), glucose (0.2 g),
xanthane gum (3 g), and tetrazolium chloride (0.002 g) were
added to an ethanol solution (100 mL) containing 0.01-1 wt.?%

hydroxypropyl cellulose (HPC), to thereby prepare a

suspension. The thus-prepared ethanol suspension (1 mL) was

poured into two containers (50 ¢mm), each containing a

fibrous water-absorbent sheet (50 ¢mm), and the two

containers were stacked one on the other and gradually dried
in a closed space ovefnight. Thereafter, each of the
containers was capped, to thereby produce the simple culture
medium of the present invention. The present simple culture
medium and a drying agent were hermetically packed with an

aluminum packaging material, and then sterilized through y-

ray irradiation at a surface dose of 10-20 kGy.
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Since the water-absorbent sheet was reliably affixed
onto the container in the simple culture medium, inoculation
into the medium could be carried out in an inclined state or
an inverted state.

(2) Diffusibility test

Purified water (1 mL) was added dropwise to the center

portion of the water-absorbent sheet of the present simple
culture medium, and the time until the water diffused

throughout the container was measured. The results are shown

in Table 1.

Table 1

(Unit: second)

Position
of
container
During

Concentration of hydroxypropyl cellulose (wt.#%)

drying 5751 [0.05] 0.1 [0.15] 0.2 | 0.25 | 0.3 | 0.4 | 0.5 | 1.0
Upper | 2.12 | 2.98 | 4.37 |5.68| 9.35 | 11.14]13.12 [ 16.99 | 65.97 [ 43.29
“Lower | 3.21 | 4.89 | 7.34[5.65]11.20[10.41 ] 16.48 [ 16.30 | 42.26 | 44.72

As 1s apparent from Table 1, when the HPC concentration
is 0.4 wt.% or less, the medium exhibits good diffusibility,
and particularly when the HPC concentration is 0.15 wt.% or
less, the medium exhibits excellent diffusibility: i.e., the
purified water diffuses very rapidly (within 10 seconds)
throughout the medium.

Example 2
A culture medium produced in a manner similar to that

of Example 1 and a drying agent were hermetically packed with
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an aluminum packaging material, and then sterilized through

electron-beam irradiation or y-ray irradiation at a surface

dose of 10-20 kGy. Thereafter, the below-described test was
carried out.

Escherichia coli was cultured in Tryptosova broth
(product of Nissui Pharmaceutical Co., Ltd.) at 35°C for 24
hours, and the £. coli culture was diluted stepwise (to 1/10
in each step). An aliquot (1 mL) from each dilution was
inoculated into culture media of the present invention
(sterilized through electron-beam irradiation or through Y-
ray irradiation) and into a standard method agar culture
medium (product of Nissui Pharmaceutical Co., Ltd.), and
cultured at 35°C for 48 hours. Thereafter, the number of
colonies was counted.

From the results of tests which were carried out five
times, an average colony count in each of the culture media
was calculated: 2.6 x 10° cfu/mL in the culture medium of the
present invention sterilized through electron-beam
irradiation, 2.7 x 10%® cfu/mL in the culture medium of the
present invention sterilized through y-ray irradiation, and

2.7 x 10° cfu/mL in the standard method agar culture medium.

The results show that the colony count is substantially the
same in all the culture media, and that there 1is no
difference between the culture media in bacterial growth
performance.

Example 3

Peptone (1.0 g), yeast extract (0.5 g), glucose (0.2 g),
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xanthan gum (3 g), and tetrazolium chloride (0.002 g) were

added to an ethanol solution (100 mL) containing 0.1 wt.%

hydroxypropyl cellulose (HPC), to thereby prepare a

suspension. The thus-prepared ethanol suspension (1 mL) was

poured into two containers (50 ¢mm), each containing a

fibrous water-absorbent sheet (50 ¢mm), the two containers

were stacked one on the other, and gradually dried in a

closed space while alcohol gas was displaced by air.
Thereafter, each of the containers was capped, to thereby
produce the culture medium of the present invention. The
present simple culture medium and a drying agent were

hermetically packed with an aluminum packaging material, and

then sterilized through y-ray irradiation at a surface dose
of 10-20 kGy.

Since the water-absorbent sheet was reliably affixed

onto the container in the culture medium, inoculation into

the medium could be carried out in an inclined state or an

inverted state.

Purified water (1 mlL) was added dropwise to the center
portion of the water-absorbent sheet of the present culture

medium, and the time until the water diffused throughout the

container was measured} The time was 5.53 seconds: i.e., the

medium exhibited good diffusibility.

Industrial Applicability

The simple culture medium of the present invention

provides very rapid (instantaneous) diffusion of a test fluid

1A
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inoculated into the medium. In addition, inoculation into

the medium can be carried out regardless of the
posture——inclined or inverted——of the medium, or even
under gravity-free. Therefore, through use of the medium, a
microbial test can be carried out rapidly in a simple manner

in any place; for example, indoors, outdoors, or in space.
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Claims

1. A simple culture medium produced by impregnating a
fibrous water-absorbent sheet with a suspension formed by
suspending in an alcohol (a) an adhesive (0.01-0.4 wt.%)
which is soluble in both water and alcohol, (b) a gelling
agent which is soluble in water and insoluble 1in alcohol, and
(c) a bacterial nutritive ingredient, the fibrous water-
absorbent sheet having a mesh larger than the particle size
of the gelling agent and being placed on a waterproof flat
plate; and by drying the resultant sheet while suppressing
rapid evaporation of alcohol, to thereby cause the water-
absorbent sheet to adhere onto the waterproof flat plate.

2. The simple culture medium according to claim 1,
wherein the ingredient (a) is selected from among

hydroxypropyl cellulose, polyvinyl pyrrolidone, and

polyethylene oxide.

3. The simple culture medium according-to claim 1 orxr 2,
wherein the ingredient (b) is selected from among xanthan gum,

locust bean gum, guar gum, carrageenan, and hydroxyethyl

cellulose.

4. The simple culture medium according to any one of

claims 1 through 3, wherein the ingredient (b) is powder

having a mean particle size of 0.5-50 pm.
5. A simple culture medium according to any one of

claims 1 through 4, wherein a composition containing the

ingredients (a), (b), and (c) further contains a color-

1A
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developing agent.

6. The simple culture medium according to any one of
claims 1 through 5, wherein the alcohol 1s a Cl-C5 alcohol.

7. The simple culture medium according to any one of
claims 1 through 6, wherein the fibrous water-absorbent sheet
has a mesh size of 15-100 mesh, and a thickness of 10-1,000
um.

8. A method for producing a simple culture medium,
comprising suspending in an alcohol (a) an adhesive (0.01-0.4
wt.%) which is soluble in both water and alcohol, (b) a

gelling agent which is soluble in water and insoluble 1in

alcohol, and (c) a bacterial nutritive ingredient, to thereby
prepare an alcohol suspension; impregnating a fibrous water-
absorbent sheet with the alcohol suspension, the fibrous
water-absorbent having a mesh larger than the particle size
of the gelling agent and being placed on a waterproof flat
plate; and drying the resultant sheet while suppressing rapid
evaporation of alcohol, to thereby cause the- water-absorbent
sheet to adhere onto the waterproof flat plate.

9. The method according to claim 8, wherein ingredient
(a) is selected from among hydroxypropyl cellulose, polyvinyl
pyrrolidone, and polyethylene oxide.

10. The method according to claim 8 or 9, wherein
ingredient (b) is selected from among xanthan gum, locust
bean gum, guar gum, carrageenan, and hydroxyethyl cellulose.

11. The method according to any one of claims 8 through

10, wherein ingredient (b) is powder having a mean particle

17
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size of 0.5-50 pm.
12. A method according to any one of claims 8 through

11, wherein a composition containing ingredients (a), (b),

and (c) further contains a color-developing agent.

13. The method according to any one of claims 8 through

12, wherein the alcohol is a Cl1-C5 alcohol.

14. The method according to any one of claims 8 through

13, wherein the fibrous water-absorbent sheet has a mesh gsize

of 15-100 mesh, and a thickness of 10-1,000 pm.

18
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