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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization. 

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use 
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed 
patent rights in respect thereof. As of the date of publication of this document, ISO had not received 
notice of (a) patent(s) which may be required to implement this document. However, implementers are 
cautioned that this may not represent the latest information, which may be obtained from the patent 
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all 
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to 
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see 
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 6, Ageing, 
chemical and environmental resistance.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Biofilms are known to be compositions of substances such as polysaccharides, lipids, and nucleic acids 
produced by microorganisms and the cells of microorganisms, and are widely found in our living 
environment as visible harms such as slimes, where water is present.

ISO  22196 on antibacterial test and ISO  21702 on antiviral test are the test methods for evaluating 
“invisible hygiene” on the surface of non-porous products. Similarly, ISO 20743 on antibacterial test and 
ISO 18184 on antiviral test are the test methods for evaluating the same of porous products.

This document describes how to evaluate products that are treated to suppress biofilm formations on 
the non-porous surfaces.

v© ISO 2023 – All rights reserved	 ﻿
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INTERNATIONAL STANDARD ISO 4768:2023(E)

Measurement method of anti-biofilm activity on plastic 
and other non-porous surfaces

1	 Scope

This document specifies a test method to evaluate the anti-biofilm activity of anti-biofilm treated 
plastics and other non-porous surfaces of products, including intermediate products. It is applicable 
to products such as plastics, coating materials, ceramics, stainless steels and rubber. Textile and 
photocatalytic materials are out of its scope.

This method is intended to be a screening test for material development, and it is not expected to 
reflect effects observed in the actual environment in which materials will be deployed. A “Crystal violet 
staining – Absorbance measurement assay” is used to quantify the amount of biofilm formation in this 
document.

2	 Normative references

There are no normative references in this document.

3	 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1
biofilm
microbial cells and their metabolites such as polysaccharides, proteins, lipids and nucleic acids, firmly 
attached to the material surface of the product in water

Note 1 to entry: In this document, crystal violet is used to stain the biofilm.

3.2
anti-biofilm
controlling the formation of biofilm (3.1) attached to the material surface of the product

3.3
anti-biofilm activity
activity in suppressing formation of biofilm (3.1) on the material surface

4	 Materials

4.1	 Bacterial strain to be used for the tests

The test strain is Staphylococcus epidermidis ATCC35984.

Other species of bacteria may be used after appropriate validation, as the importance of the species 
chosen can differ depending on the target application. If other species are used, the name of the species, 
its strain number and the specific reason for their use shall be included in the test report.

1© ISO 2023 – All rights reserved	 ﻿
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4.2	 Reagents

Water shall be distilled or deionized and shall have a conductivity of <1 μS/cm.

All reagents shall be of an analytical grade and/or of a grade appropriate for microbiological purposes.

4.3	 Culture media and solution

4.3.1	 General

The culture medium specified in 4.3.2, 4.3.3, 4.3.4 and 4.3.5 shall be used. The medium may be 
obtained from commercial suppliers, where it shall be prepared in accordance with the manufacturer's 
instructions.

The quantity of the culture medium can be changed according to the intended test volume, but the 
composition of the culture medium should not be changed.

4.3.2	 Nutrient agar (NA)

Prepare NA by dissolving 5,0 g of meat extract, 10,0 g of peptone, 5,0 g of sodium chloride and 15,0 g of 
agar powder in 1 000 ml of distilled or deionized water. Heat, with stirring, on a hotplate or in a boiling-
water bath until the agar has dissolved. Adjust the pH to a value between 7,0 and 7,2 (at 25 °C) with 
sodium hydroxide or hydrochloric acid. Sterilize by autoclaving (see 6.2). If it is not used immediately 
after the preparation, store it at 5 °C to 10 °C. NA that has been kept for one month or longer after the 
preparation shall not be used.

4.3.3	 Suspension medium-1/5 Tryptic soy broth (1/5TSB)

Prepare 1/5 TSB by dissolving 17,0 g of a pancreatic digest of casein, 3,0 g of papaic digest of soybean, 
5,0 g of sodium chloride, 2,5 g of dipotassium phosphate and 2,5 g of dextrose in 1 000 ml of distilled 
or deionized water. Dilute the trypticase soy broth with distilled or deionized water 1:4 volumetrically 
and adjust the pH to a value between 7,1 and 7,5 (at 25 °C) with sodium hydroxide or hydrochloric acid. 
Sterilize by autoclaving (see 6.2). If it is not used immediately after the preparation, store it at 5 °C to 
10 °C. 1/5 TSB that has been kept for one week or longer after the preparation shall not be used.

4.3.4	 Plate count agar

Prepare a plate count agar by dissolving 2,5 g of a yeast extract, 5,0 g of tryptone, 1,0 g of glucose and 
15,0 g of agar powder in 1 000 ml of distilled or deionized water. Heat, with stirring, on a hotplate or 
in a boiling-water bath until the agar has dissolved. Adjust the pH to a value between 7,0 and 7,2 (at 
25 °C) with sodium hydroxide or hydrochloric acid. Sterilize by autoclaving (see 6.2). If it is not used 
immediately after the preparation, store it at 5 °C to 10 °C. Plate count agar that has been kept for one 
month or longer after the preparation shall not be used.

4.3.5	 Slant culture medium

Slants are prepared using 6 ml to 10 ml of molten NA poured into a suitable-capped test tube. Sterilize by 
autoclaving (see 6.2). After the sterilization, place the test tube at an angle of about 15° to the horizontal 
direction and allow the contents to become solid. If it is not used immediately after the preparation, 
store it at 5 °C to 10 °C. Slant culture medium kept for one month or longer after the preparation shall 
not be used.

4.3.6	 0,1 % Crystal violet aqueous solution

Prepare a crystal violet aqueous solution by dissolving 1,0 g of crystal violet in 1 000 ml of distilled or 
deionized water.

	 ﻿� © ISO 2023 – All rights reserved
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If any residues are observed in the solution, they must be removed by filtering the solution through a 
qualitative filter paper, grade No 2 (5.14), until a clear filtrate is obtained.

4.3.7	 1,0 % Sodium dodecyl sulfate aqueous solution

Prepare a sodium dodecyl sulfate aqueous solution by dissolving 10,0 g of sodium dodecyl sulfate in 
1 000 ml of distilled or deionized water.

5	 Apparatus

Unless otherwise specified, use the following apparatus and materials.

5.1	 Dry-heat sterilizer, capable of maintaining the temperature at a value between 160  °C and 
180 °C within ±2 °C of the set point at equilibrium conditions.

5.2	 Autoclave, capable of maintaining a temperature of (121 ± 2) °C and a pressure of (103 ± 5) kPa.

5.3	 Hotplate with stirrer, or hot-water bath.

5.4	 pH‑meter, capable of measuring to ±0,2 units.

5.5	 Balance, capable of weighing to ±0,01 g.

5.6	 Pipetter, capable of setting a plastic pipette.

5.7	 Plastic pipette, sterile, and capable of measuring with capacities of 25 ml ± 0,25 ml.

5.8	 Freezer, capable of operating at a temperature of – (80 ± 2) °C or – (20 ± 2) °C.

5.9	 Incubator, capable of maintaining the temperature within ±1 °C of the set point at equilibrium 
conditions.

5.10	 Clean bench, for microbial test.

5.11	 Spectrophotometer, capable of measuring at 590 nm.

5.12	 Reciprocal liner shaker, for microbial test. Swing width: (30 ± 5) mm.

5.13	 Water-soluble non-woven fabric, a polyvinyl alcohol non-woven fabric.

5.14	 Qualitative filter paper, Grade No.2.

5.15	 Test tubes.

5.16	 Sterile container, with an outer diameter of 63 mm to 65 mm, a depth of 31 mm to 35 mm, an 
inner volume of 50 ml to 60 ml.

5.17	 Stoppered Erlenmeyer flasks or media bottles, as required for preparation of media.

© ISO 2023 – All rights reserved	 ﻿
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6	 Sterilization of apparatus and storage of stock cultures

6.1	 Dry-heat sterilization

Place the objects to be sterilized in a dry-heat sterilizer, referring to the temperature and time given in 
Table 1. The used temperature or time may differ according to the objects.

Table 1 — Condition of dry-heat sterilization

Temperature Minimum sterilization time
180 °C 30 minutes
170 °C 60 minutes
160 °C 120 minutes

6.2	 High-pressure steam sterilization

Place the objects to be sterilized in an autoclave and maintain at (121 ± 2) °C for at least 15 min.

6.3	 Preparation of glassware

Wash all glassware well with alkali or neutral detergent, then rinse well with distilled or deionized 
water. Sterilize using the dry-heat sterilizer or the autoclave prior to use.

6.4	 Maintenance of stock cultures

A stock culture shall be stored at 5  °C to 10 °C on an appropriate medium and transferred monthly. 
After five transfers or if more than one month has passed between the transfers, the stock culture shall 
be discarded and replaced with a fresh culture. The initial passage removed from the original master 
strain that is obtained from culture collection is counted as the first transfer.

7	 Procedure

7.1	 Biofilm formation on the surface of the test specimens

7.1.1	 Pre-culture of bacteria

Using a sterile inoculating loop, transfer bacteria from the stock culture to the slant culture medium 
and incubate at (35 ± 1) °C for 24 h to 48 h. Pour 20 ml of 1/5 TSB into a 100 ml Erlenmeyer flask. Apply 
an inoculating loop to transfer the bacteria and inoculate it in the broth. Incubate under the following 
conditions:

—	 Temperature: 35 °C ± 2 °C;

—	 Rate of shaking: 110 min−1 and 3 cm width by reciprocal liner shaker;

—	 Incubation time: 18 h to 24 h.

NOTE	 The incubated slant culture can be stored at 5 °C to 10 °C for a week, if not used immediately.

7.1.2	 Preparation of test specimens

The test shall be performed on at least three specimens from each treated test material and untreated 
test material.

The size of the test specimen is expected to be a flat, 30 mm ± 2 mm square.
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The test specimens shall be sterile prior to the test. The sterilization method is selected so as not to 
affect the effect of the test specimen. For example, a high-pressure steam sterilization is one option.

7.1.3	 Preparation of the inoculated incubating medium

Ensure that the test bacteria in pre-culture (see 7.1.1) are evenly dispersed, and estimate the number 
of bacteria directly using a microscope and a counting chamber, or another appropriate method such 
as spectrophotometer. Dilute this suspension with 1/5  TSB, to obtain a bacterial cell density that is 
between 1,0×103  cells/ml and 1,0×104  cells/ml. This suspension is used as the inoculated incubating 
medium.

7.1.4	 Inoculation of test specimens

The surface to be tested is the surface of the product. The edge faces of the product shall not be tested. 
Each test specimen prepared, in accordance with 7.1.2, is attached to a glass plate of 40 mm ± 2 mm 
(square) and placed into a separate sterile vessel with the treated surface facing upwards. See Figure 1.

It is necessary to fix them to the glass plate with an adhesive that does not affect the growth of 
microorganisms.

Pipette 20 ml of the inoculated incubating medium prepared in accordance with 7.1.3 into each of the 
vessels containing the test specimens. The upper surface of the test specimen shall be covered with 
at least a 5 mm depth of the inoculated incubating medium. If necessary, the volume of the inoculated 
incubating medium shall be increased to achieve this.

Dimensions in millimetres

Key
1 glass plate (40 mm ± 2 mm, square)
2 test specimen (30 mm ± 2 mm, square)

Figure 1 — Inoculation of test specimen

7.1.5	 Incubation of the inoculated test specimens

Unless otherwise specified, incubate the vessels containing the test specimens (see 7.1.4) at a 
temperature of (35 ± 1) °C for (48 ± 1) h.

The concentration of the diluted TSB may be changed from 1/5 TSB depending on the effect of the agent 
contained in the treated test material.

NOTE	 For example, if the effect of the agent is so strong that no growth of the test bacterium is observed in 
the growth medium above the test specimens (due to elution of the active substance etc), the concentration of the 
TSB can be increased until growth is achieved (e.g. 1/2 TSB or undiluted).

© ISO 2023 – All rights reserved	 ﻿
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Conversely, if the effect of the agent is not exhibited due to the influence/interference of the growth 
medium, the concentration of the TSB can be reduced. In this case, it is recommended to replace it every 
24 h with fresh medium of the same composition that does not contain the test organism. For example, 
after culturing for 24 h using 1/10 TSB, it is recommended to replace the medium with fresh 1/10 TSB at 
least once. Alternatively, the incubation/exposure period can be increased to ensure biofilm formation 
as the rate of biofilm formation decreases when the medium concentration is reduced.

7.2	 Determination of the amount of biofilm

7.2.1	 First washing of test specimens

After the incubation in accordance with 7.1.5, gently withdraw inoculated incubating medium using 
a pipette. Grab the glass plate with tweezers and slowly put it in another vessel containing 200 ml of 
distilled or deionized water so that it is completely immersed. Shake the glass plate with the attached 
test specimen 5 times with a width of about 3 cm/s. Gently take out and dry the glass plate with the 
attached test specimen and return to the culture vessel. See Figure 2.

Figure 2 — Washing operation

This operation is carried out in order to remove cells and components of the growth medium which are 
not fixed on the test specimens.

7.2.2	 Staining of test specimens with crystal violet

Put the washed and dried (see 7.2.1) glass plate with the attached test specimen in the vessel and stain 
for 30 min using 20 ml of 0,1 % crystal violet aqueous solution. The upper surface of the test specimen 
shall be covered with at least a 5 mm depth of 0,1 % crystal violet aqueous solution. If necessary, the 
volume of 0,1 % crystal violet aqueous solution shall be increased to achieve this.

7.2.3	 Second washing of test specimens

After staining (see 7.2.2), gently withdraw 0,1 % crystal violet aqueous solution using a pipette. Grab the 
glass plate with tweezers and slowly put it in another vessel containing 200 ml of distilled or deionized 
water so that it is completely immersed. Shake the glass plate with the attached test specimen 5 times 
with a width of about 3 cm/s. Slowly take out the glass plate with the attached test specimen and place 
it in another vessel with the test surface facing up.

After the second washing, immediately perform the procedure given in 7.2.4. This procedure is 
performed to remove excess crystal violet.

Rinsing, staining and shaking shall be performed gently in 7.2.1, 7.2.2 and 7.2.3 so as not to detach 
any biofilm that has formed on the specimen surface. In addition, reverse action straight tweezers are 
suitable as the tweezers used in these operations.
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7.2.4	 Biofilm recovery from test specimens

Biofilm stained using crystal violet is recovered from each test specimen by wiping them using 
individual pieces (3  cm  ×  3  cm) of water-soluble non-woven fabric (see Figure  3). This operation is 
performed twice (do more times if necessary). The sides of the test specimens shall not be wiped.

Figure 3 — Wiping off using water-soluble non-woven fabrics

Each piece of water-soluble non-woven fabric is then dissolved in individual aliquots (5 ml) of 1,0 % 
sodium dodecyl sulfate aqueous solution. If needed, these mixtures may be heated to about 50 °C to 
help them dissolve. See Figure 4.

Since water-soluble non-woven fabrics can dissolve immediately when exposed to water and so 
deteriorate during the wiping process, it is recommended to impregnate each piece with about 0,1 ml 
ethanol prior to use. The wiping operation is performed before the specimen dries out.

Figure 4 — Dissolving water-soluble non-woven fabric

7.2.5	 Absorbance measurement

Measure the absorbance at 590 nm of the solutions in which each of the water-soluble non-woven fabric 
have been dissolved using a spectrophotometer. The measurement of the absorbance may be performed 
using a microplate reader or similar equipment.

7.3	 Determining the viable bacteria count

Determine the number of colony forming units (CFU) in the incubating medium (see 7.1.3) both before 
incubation and at the end of the incubation period by using a microbiologically verified dilution plate 
count method and plate count agar. For example, pour plate culture method, surface culture method, 
spiral plating method, and other suitable methods.

© ISO 2023 – All rights reserved	 ﻿
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8	 Expression of results

8.1	 Conditions for valid test

8.1.1	 When the two conditions given in 8.1.2 and 8.1.3 are satisfied, the test is deemed valid. If all 
conditions are not met, the test is not considered valid and the specimen shall be retested.

8.1.2	 The number of colony forming units (CFU) in the incubating medium after incubating for 48 h 
(or the period employed) shall not be less than 1,0 × 106 CFU/ml.

NOTE	 If the number of colony forming units does not increase because of the agent contained in the test 
specimen, the volume of incubating medium used can be increased, or the concentration of the nutrients in it can 
be increased.

8.1.3	 The number of colony forming units in the inoculated incubating medium shall be between 
1,0×103 CFU/ml and 1,0×104 CFU/ml.

8.2	 Calculation of anti-biofilm activity on the basis of absorption spectrum method for 
anti-biofilm materials

When the test is deemed valid, calculate the anti-biofilm activity, expressed in %, using Formula (1). 
Record the result rounding to even the number to the nearest integer.

R = (1 − Wtreated/Wuntreated) × 100	 (1)

where

  R is the anti-biofilm activity, in %;

  Wtreated is the average of the absorbance at 590 nm of anti-biofilm treated specimens after 48 h;

  Wuntreated is the average of the absorbance at 590 nm of anti-biofilm untreated specimens after 48 h.

8.3	 Effectiveness of the anti-biofilm agent

The value of the anti-biofilm activity can be used to characterize the effectiveness of the anti-biofilm 
agent. The anti-biofilm activity values which are used to define the effectiveness shall be agreed by all 
interested parties.

9	 Repeatability and reproducibility

Repeatability and reproducibility are given in Annex A.

10	 Test report

The test report shall include at least the following information:

a)	 the number of this document as reference, i.e. ISO 4768:2023;

b)	 size, shape and thickness of the treated and untreated specimens;

c)	 species of the test bacteria used and their strain numbers, indicating the reason if other species of 
bacteria were used;

d)	 volume of the inoculated incubating medium used;
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e)	 number of colony forming units of the bacteria in the inoculated incubating medium both before 
and after incubation for each specimen;

f)	 anti-biofilm activity calculated;

g)	 details of any deviation from this document as well as details of any alternative procedures.

© ISO 2023 – All rights reserved	 ﻿
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Annex A 
(informative) 

 
Repeatability and reproducibility

A.1	 Participants

Five laboratories in Japan participated in the interlaboratory test.

A.2	 Materials

Materials used in the interlaboratory test are given in Table A.1.

Table A.1 — Materials

Item Detail
Untreated plate Agent-free polypropylene for biofilm control

Treated plate Polypropylene with inorganic agent for biofilm suppression
Test strain Staphylococcus epidermidis ATCC35984.

Suspension medium 1/5 Tryptic soy broth

A.3	 Test result

The result of the anti-biofilm activity in the interlaboratory test is given in Table A.2.

Table A.2 — Anti-biofilm activity test result

 

Anti-biofilm activity (R %)

Lab 1 Lab 2 Lab 3 Lab 4 Lab 5
Average R  (with 
standard deviation in 
brackets)

1st block 76 66 64 64 72
67,4 (6,1)

2nd block 72 56 66 62 76

A.4	 Repeatability and reproducibility

The repeatability and the reproducibility of this method were determined based on one-way ANOVA by 
using the results of the interlaboratory test described in Table A.3.

Table A.3 — ANOVA table

Factor of variability Sum of 
squares

Degrees of 
freedom

Mean 
square F-ratio P-value F critical 

value a

Between laboratories 306,4 4 76,6 5,471 0,045 5,192
Within laboratories 70,0 5 14,0      
Total 376,4 9        
a	 Significant at 5 % level.

The following conclusions can be drawn from the results of this interlaboratory study:
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