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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.

different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may'be’the subj¢ct of
patent rights. ISO shall not be held responsible for identifying any or all such patent+ights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

The committtee responsible for this document is ISO/TC 216, Footwear-

iv © ISO 2013 - All rights reserved
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INTERNATIONAL STANDARD ISO 16187:2013(E)

Footwear and footwear components — Test method to
assess antibacterial activity

CAUTION — Test methods specified herein require the use of bacteria. These tests are only to
be carried out in facilities with containment techniques for handling microorganisms and by
persons with training and experience in the use of microbiological techniques. Appropriate safety
precautions are to be observed with due consideration given to country-specific regulations.

1 $cope

This|International Standard specifies quantitative test methods to evaluate the antibacterial activity of
footyear and components.

This|International Standard is applicable to all types of footwear and components employing non-
diffusing antibacterial treatments.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunent and are
indigpensable for its application. For dated references;<only the edition cited applies. For undated
referfences, the latest edition of the referenced document (including any amendments) appljes.

ISO 3696, Water for analytical laboratory use — Spécification and test methods

ISO 19952, Footwear — Vocabulary

3 Terms and definitions

For the purposes of this document;the terms and definitions given in ISO 19952 and the follpwing apply.

31
antibacterial activity
efficaicy of a material orfinish used to prevent or mitigate the growth of bacteria, to reduce|the number
of bacteria or to kill Bagteria

3.2
control sample
matdrial identical to the test material but without antibacterial treatment

4 Cafoty

(%9 8 t-’

Handling of microorganisms which are potentially hazardous requires a high degree of technical
competence and can be subject to current national legislation and regulations. Only personnel trained
in microbiological techniques should carry out such tests. Codes of practice for disinfection, sterilization
and personal hygiene shall be strictly observed.

NOTE Itisrecommended that workers consult IEC 60068-2-10, appendix A “Danger to personnel”, and [SO 7218.

© IS0 2013 - All rights reserved 1
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5 Apparatus and materials

5.1 General

Standard laboratory equipment and the following.

5.2 Biological safety cabinet.

5.3 Incubator, capable of maintaining a temperature of (37 £ 2) °C.

5.4 Autoclave.

5.5 Huriidity chamber, capable of maintaining a temperature of (37 + 2) °C and a relative ham
not less thamp 90 %.

5.6 Ultrpviolet lamp.

5.7 Wide mouth jars, with cap, 100 ml, capable of being used with an autoclave (5.4).

5.8 Cover film that does not affect bacterial growth or absorb water, which.can be made of ¢
polyethyleng, polypropylene or polyester [poly (ethylene terephthalate)], Kilm that is 0,05 m
0,10 mm thigk is recommended. For example, disposal bag suitable for use with an autoclave (5.4).
5.9 Vor{ex mixer.

5.11 Sha
frequency o

6 Reage

6.1 Princ

The prepars

NOTE
or regulation]

Reagents us

5.10 DinInsional shaker, two dimensional or three dimensional, capable of adjusting to 50 rp

ing incubator, capable of maintaining a température of (37 £ 2) °C and a rotat
f (120 + 10) rpm.

nts and culture medium

ple

tion and test shall be freshlytprepared in order to ensure the culture quality.

S.

ed in tests shall bé.of analytical grade and/or suited for microbiological purposes.

Use only water Grade 3 according to 1SO 3696.

6.2 Nuti

6.2.1 Conj

rient broth'(NB)

position

idity

ither
m to

m.

jonal

This can be done accordingto-¥SO/TS 11133-1, ISO/TS 11133-2, or according to national standlards

Beef extract, 3,0 g.

Peptone, 5,0

g.

Sodium chloride (NaCl), 5,0 g.

Water, 1 000 ml.

6.2.2 Preparation

Stir and adjust pH to (7,2 + 0,2) (at room temperature). Heat with stirring on a hotplate or in a boiling-water
bath until the components are completely dissolved. Sterilize with autoclave (5.4) at (121 + 2) °C for 15 min.

6.3

Nutrient agar (NA)

© ISO 2013 - All rights reserved
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6.3.1 Composition

Beef

extract, 5,0 g.

Peptone, 10,0 g.
Sodium chloride (NaCl), 5,0 g.

Agar, 15,0 g.

Water, 1 000 ml.

......

NOT

6.3.2
Stir 4
wate
for 1

6.4

6.4.1
Pept

Pept

Sodiym chloride (NaCl), 5,0 g.

Pota

Glucgse, 2,5 g.

Lecit
Poly]
Watg

If thd
anot

with

NOTH
foung

Preparation

nd adjust pH to (7,2 + 0,2) (at room temperature). Heat with stirring on a hotplate or
r bath until the components are completely dissolved. Sterilize with autéelave (5.4) at
b min. Cool and shake solution well, then pour into the Petri dishes.

Composition
bne, digest of casein, 17,0 g.

bne, digest of soybean, 3,0 g.

tsium dihydrogen phosphate, 2,5 g.

hin, 1,0 g.
orbate 80, 7,0 g.
r, 1000 ml.

e neutralizing poweér,is insufficient, the content of polysorbate 80 or lecithin may be
her neutralizing @gent may be added. The use of any unspecified neutralizer shall be red
the name and‘concentration.

in ASEMAE'1054 and EN 1040.

6.4.2

in a boiling-
(121 +2)°C

Soybean casein digest broth with lecithin and polyoxyethylénie medium (SCDIP)

adjusted or
orded along

Informiation about selection and evaluation of alternative antibacterial neutralizing agents can be

Preparation

After mixing well, adjust pH to (7,2 + 0,2) (at room temperature) and sterilize with autoclave (5.4) at

(121
6.5

+ 2) °C for 15 min.

Sodium chloride solution (physiological saline)

6.5.1 Composition

Sodium chloride (NaCl), 8,5 g.

Water, 1 000 ml.

© ISO
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6.5.2 Preparation

After mixing well, adjust pH to (6,9 * 0,2) (at room temperature) and sterilize at (121 * 2) °C for 15 min.

7 Test microorganisms

7.1 Test strains

The following species shall be used in all antibacterial activity tests.

a) Staphylq
b) Klebsiel

NOTE1 If
atleastone g

Test strains
The bacterid

NOTE2  Aj
Type Culture

7.2 Storage of strains

Inoculate th
(maximumo

Strains can

8 Prepa

Using a ster
incubate in
number of b
with 1% nu
of (2,5 appr

If necessaryj

9 Prepa

AC 1 Q0
cotcus uurcus no 1.0 Ul

a pneumoniae AS 1.1736 or ATCC 4352.

required, other species or other strains can be used. However, the selected organisms should cg
am-positive and one gram-negative organism as the antibacterial agents may have different actiy

shall be obtained from agencies of the World Federation of Culture Collection (WFCC)
| species and their supply sources shall be included in the test repert.

b refers to the China General Microbiological Culture Collection Centie (CGMCC), ATCCis the Amsg
Collection.

e strains to the nutrient agar (NA) (6.3), and incubate at (37  2) °C for 24 h. Store at (5
ne month) and keep itas stock culture of the strains. Transfer and incubate one time each m

be preserved in accordance with the suppliet’s direction or EN 12353.

ration of test inoculums

ile inoculating loop, transfer one colony (7.2) into 20 ml of nutrient broth (NB) (6.2]
the shaking incubator (5.14)at (37 + 2) °C for about 16 h (overnight culture). Estimat]
acteria with microscopic pobservation or other methods. Prepare physiological saline
rientbroth (NB) (6.2)-Use this media to prepare a suspension with a bacterial concentr
bximately 10) x 105€FU/ml as test inoculum.

store the testiinoculum on ice and use it within 4 h.

ration of test samples

ntain
rities.

rican

3)°C
onth.

and
e the
(6.5)
htion

9.1 Gene

ral

Test only the components or material which are claimed to be antibacterial. If the whole footwear is
claimed as antibacterial, major components, including upper, lining, insole, insock, outsole shall be
tested separately.

In the case where only one material of a component is claimed to be antibacterial, it shall be tested

separately, i

f possible. Otherwise, the whole component shall be tested.

Each test sample shall be atleast 80 % of the surface area of the component or material. If single material
accounts for less than 80 %, take two main materials used in the composition of the component.

The test samples can be obtained directly from the footwear raw materials.

© ISO 2013 - All rights reserved
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Test specimen

The area of test specimen should be about 500 mm?Z. For test method A (see Annex A), the area of test
specimen shall have a thickness of less than 2,0 mm. The area and the weight shall be reported in the
testreport. If a larger test specimen is used then the volume of bacterial suspension should be increased
proportionally.

If it is impossible to lower the thickness of the test specimen (for example, components are thicker and
cannot be separated or cut without changing critical properties like surface morphology which may
affect how the bacteria interact with the surface), the thickness shall be indicated in the test report.

At leastsixt

ast cnacy
et

train.

9.3

Pre-t

crreorrerToT TeoT

n manschallha talkkan for aqach maatarial ar comnaonant and for aach tact
Peee oot o et e r O St e e r o oo p ot Sttt

Pre-treatment of the test specimen

reatment of the test specimen is optional and should only be conducted if‘hgcessaryj

biobyirden (contamination etc.).

If ste
prop

NOTIH
15 m
hour

10 7
Tablg

Test
Annd

rilization methods are applied, they shall be reported in detail, and shall not affect the g
erties or the material itself.

The test and control sample can be sterilized with the autoglave (5.4) at (121 * 2) °C an|

n, or with ultraviolet rays [ultraviolet lamp (5.6), 30 W, away{rom the sample 300 mm, eac
respectively] or other suitable sterilizing methods.

[est procedure

b 1 lists the circumstances under which each test method should be applied.

method A (see Annex A) should be used™only for absorbent single material. Test me
x B) should be used only for non-absorbent single materials. Test method C (see Ann

applied to both absorbent and non-absorbent materials or combinations.

due to high

ntibacterial

d 103 kPa for
h side for one

thod B (see
bx C) can be

NOTH For single material, method.A'and B are preferred.
Table 1 — List of test methods
No| | Type of material Test method Remarks
1| |Absorbent Static challenge testin Textile and leather.
Annex A.
2| |Non-absarbent Film contact method in Micropore, i.e. coated or heavy leather, synthetic/
Annex B. artificial materials, EVA foaming maté¢rial, PU
foaming material; and compacted mafterial, i.e.
plastic or coated material.
3 | YAbsorbent and non- | Dynamic challenge test (shake |Components of different materials; shaped mate-

absorbent flask test) in Annex C.

rial; materials with fixed antibacterial agent.

11 Expression of results

Antibacterial performance of footwear or footwear components shall be reported separately based on
the antibacterial activity ratio.

© ISO
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Calculate the antibacterial activity ratio (R) in accordance with Formula (1), or R* in accordance with

Formula (2)
C, -

t

R=

where

Ct
period

Ty isthe

period

In cases wh
using Formy

where

is thd
CFU

To

. Record the result in percentage with three significant figures.

d x 100 %

, expressed as CFU/ml;

M

is the average number of colonies of three control samples after 24 h or the specified incubation

iverage number of colonies of three test samples after 24 h or the specified incubation
expressed as CFU/ml.

ere there is no control sample available, calculate R* by replacing C; on Formula (1) |
la 2.

ﬂxlOO%

average number of colonies of three samples immediately after inoculation, expresse
ml.

12 Test report

ort shall include at least the followifig'information:

te to this standard, i.e. ISO 16187;

the treated test components and their positions, areas and weights;

hods for different materials;

tion of the test specimen, including pre-treatment methods, if applied, for different san
ilization metlfod);

serial number and number of viable cells of test strains for different materials;

nt and-its concentration added into the test inoculums;

by To

(2)

1 as

hples

britof test effectiveness;

The test rep|
a) referen
b)
c) testmel
d) preparg
(i.e. stet
e) species
f) surfactd
g) judgem
h)
i) anydev
6

antibacterial activity ratio of different materials or components;

iations from this method.

© ISO 2013 - All rights reserved
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Annex A
(normative)

Static challenge test

Test procedure

A.l.

Placd
(5.7)
screy

If no
the t

A.1.]

Add
the a
vortg

A.1.]

Culty

A.1.1

Proc

A.1.]

Take
(9,0
(6.5)

Inoci
incul

Aftel

|l Inoculation

each of the six test samples and the six control samples into separate sterilized widg
Pipette (1,0 + 0,1) ml of the inoculum prepared in Clause 8 to each test samplé and tigh
v cap. The number of swatches to be used is dependent on the sample type:

control samples are available, inoculate wide mouth jars without samples as control t
pst effectiveness.

2 Elution after inoculation (time zero)
PO ml SCDLP medium (6.4) to each of three inoculated test and control samples (ifavaila
x mixer (5.9) in order to elute out bacteria into theZmedium.

8 Incubating

ire the three inoculated test and controlsamples (if available) at (37 + 2) °C for (24 + 1
I Elution after incubating (time 24 h)

bed as in A.1.2.

b Determination of the'number of viable bacteria — Surface culture

1 ml elution from A.3:2 or elution from A.1.4 with a sterile pipette and add it into a te

= 0,1) ml physiological saline (6.5) and shake it well. Dilute the elution with physiol
and get 10-fold serial dilutions.

bate it for'24 h to 48 h.

imcubation, count the number of colonies in the Petri dishes containing 30 to 300 co

mini

e mouth jars
tly close the

D determine

ble). Tighten

aps and shake them in an arc of approximately 30 ¢énvfor 30 s, or mix for 5 s x 5 cycles using the

st tube with
bgical saline

ilate 100,11 0f each dilution onto nutrient agar (NA) (6.3) two times, turn the agar upsigle down and

onies. If the

wm number of colonies is less than 30, then count and record the number of colox

ies in these

plates. If there are no colonies recovered in the plate, record the number of colonies as < 1.

© ISO

2013 - All rights reserved


https://standardsiso.com/api/?name=9ccf5761cc81ba10b7b19f63b11ddd77

ISO 16187

A.2 Expr

:2013(E)

ession of results

A.2.1 Calculation of the number of viable bacteria

Foreachtestsample, determine the number of viable bacteriarecovered inaccordance with Formula (A.1):

M=ZxBx20

where
M

Z is the 4

B

20 isthe\

A2.2 Jud

The extrem
The averag
1 x 105 CFU|
Formula (A.

F= lgCt-

where

F is thd

is thd
CFU

Ce

is thd
as CH

Co

When the
and the sa

A.2.3 Calg

(A1)

is the pumber of viable bacteria of each test sample;

iverage number of viable bacteria in the two Petri dishes;

is the dlilution ratio;

rolume of the elution, in millilitres (ml).

pement of test effectiveness

e difference value of the three controls after inoculation and/incubation shall be A (IgC
e number of colonies of the controls immediately after inoculation shall be mini
In the plate counting method, calculate the bacteria.growth value (F) in accordance
D), and F shall be = 0.

L 1gCo

bacteria growth value of the controls;

average number of colonies of the three control samples after incubation, expressed 3
ml;

average number of colonies of the three controls immediately after inoculation, exprg
U/ml.

ove conditiens'are satisfied, the test is deemed valid. If all are not met, the test is not

a
nEI)ples shall-beTretested.

rulation of antibacterial activity ratio

<1.
mum
with

(A.2)

wn

ssed

valid

Calculate th

antibacterial :\M’ivify ratio nr‘rnrﬂing toClause 11

© ISO 2013 - All rights reserved
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Annex B
(normative)

Film contact method

Preparation of the sample

B.1.

If av.
The {

NOTH

I Test specimen

hilable, a larger sample size is recommended instead of the size mentioned in\the pro
ize of the test specimen shall be indicated in the test report.

The inoculum can spread over onto the Petri dish when placing the filnt on top of the

depe
B.1.
Mat
inoc
actu

The {
appr

B.1.]

pding on the sample composition.

Cover film

the size and shape of the cover film to the test or confrol samples. It is essential {
lum does not leak beyond the edges of the film. Thefilm shall be smaller than the
] size and shape used shall be stated in the test repart:

ilm should be made of PE, PP, PET which have ng effect on the growing of bacteria. A
pbximately 0,05 mm to 0,1 mm is recommended

B Sterilization of samples (optional)

As an alternative to the procedure given-ifr 9.3, the following procedure can be used. Wipe

of th
disti
with
and 1

B.2

B.2.

Puts
upwi
surfd

e control samples and test sampleswith 70 % ethanol solution. After 5 min, wash them|
led water and dry naturally. Samples which cannot be treated with ethanol can be wag
sterile distilled water or sterilized by other methods without affecting the antibactg
he experiment results.

Test procedure

| Inoculation

ix test samples and the six controls into the Petri dishes separately and keep the test sy
irds, Acecurately pipette 0,1 ml to 0,2 ml of the bacteria suspension and drip it slowly
ce: Grip the cover film (5.8) with a pair of sterile tongs and spread it on the test surface

edure (9.2).

small sample

hat the test
sample. The

thickness of

the surface
with sterile
hed directly
rial activity

rface facing
nto the test
without any

bub

B.1.

© ISO

lesso that the inoculum can contact with the sample evenly. Cover the dish. See Figure
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Key

1 cover film

2 test inogulum

3 test sanpple

4 Petri dish

5 cover of the dish

If no contro
the test effe

B.2.2 Eluf

After the in
Petri dish. S
from the teg

B.2.3 Incubation

Figure B.1 — Inoculation and theplacement of the cover film

samples are available, inoculate thelRetri dish without samples as a control to deter
Ctiveness.

rion after inoculation (time zero)

bculation of the three tést samples or controls, add 10 ml of SCDLP medium (6.4) into
hake at 50 rpm by two or three dimensional shaker (5.10) for 5 min to elute out the bad
t samples and controls.

Incubate thi

not less tha]x 90 %.for (24 + 1) h.

B.2.4 Elu

ee test samples and three controls at a temperature of (37 + 2) °C and a relative humid

mine

each
teria

ty of

ion after incubation (time 24 h)

Proceed as i

n B.2.2.

B.2.5 Determination of the number of viable bacteria

Determine the number of viable bacteria of each sample elution from B.2.2 or B.2.4 according to A.1.5.

10
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B.3 Expression of results

B.3.1 Calculation of the number of bacterial colonies

Foreachtestsample, determine the number of viable bacteriarecoveredinaccordance with Formula (B.1):

M=ZxBx10x] (B.1)
where

M is the number of viable bacteria of each test sample;

A is the average number of viable bacteria in the two Petri dishes;

B is the dilution ratio;

10 is the volume of the elution, in millilitres (ml);

I is the dilution factor: 10 for inoculum of 0,1 ml or 5 for inoculum.of 0,2 ml.

B.3.2 Judgment of test effectiveness

a) The average number of viable bacteria recovered on.thé controls immediately after|{inoculation
ghall be atleast 1,0 x 104 CFU.

b) Thelogarithmic value of the number of viable bacteria recovered on the three controls immediately
dfter inoculation shall satisfy the following requirement (Formula B.2):
-L

Jmax min < 0’ 2

Linean (B.2)

where

Lmax| is the common logarithm(i.e. base 10 logarithm) of the maximum number of viable|bacteria
recovered;

Lmin| is the commonJogarithm of the minimum number of viable bacteria recovered;
Lmeah is the comnion logarithm of the mean number of viable bacteria recovered.

The ¢ontrols-shall not possess obvious antibacterial activity. The number of viable bacteria rfecovered on
each|contretafter incubation shall not be less than one tenth of the number of viable bacter]a recovered

immediately after inoculation. If the above conditions are satisfied, the test is valid. Otherwise it is
deenredmvatidanmdaretestisreeded:

B.3.3 Calculation of the antibacterial activity ratio

Calculate the antibacterial activity ratio according to Clause 11.

© IS0 2013 - All rights reserved 11
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Annex C
(normative)
Dynamic challenge test
C.1 Testprocedure
C.1.1 Inoculation

Put six test
Pipette (50,

If no contrd
determining

C.1.2 Eluf

bamples and six control samples into sterilized 250 ml conical flasks separately.
) + 0,5) ml of the inoculum prepared in Clause 8 and inoculate each test sample and co

| samples are available, inoculate sterile conical flasks without samples as a contr
 the test effectiveness.

fion after inoculation (time zero)

Pipette 2 m|l from the three inoculated test samples and the three ‘€ontrols into separately pre

sterile flask

Shake them

5 each containing 18 ml SCDLP medium (6.4) in orderto-heutralize antibacterial activi

in an arc of approximately 30 cm for 30 s, or mix for5’'s x 5 cycles using the vortex mixer

C.1.3 Incubating

Culture the
+1)hinash

C.1.4 Eluf

jaking incubator (5.11) at 120 rpm.

fion after incubating (time-24'h)

Proceed as in C.1.2.

C.1.5 Det

Determine t

ermination of the nuimber of viable bacteria

he number of viable bacteria of each sample elution from C.1.2 and C.1.4 according to 4

Il for

trol.

ared
Ly.

(5.9).

three inoculated test samples and the ether three inoculated controls at (37 + 2) °C for (24

A.1.5.

12
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Expression of results

C.2.1 Calculation of the number of viable bacteria

Foreachtestsample, determine the number of viable bacteriarecovered inaccordance with Formula (C.1):

€.1)

M=ZxBx10
where
M is the number of viable bacteria of each test sample (expressed as CFU/ml);
Z is the average number of viable bacteria in the two Petri dishes;
B is the dilution ratio;
10 is the dilution ratio of neutralization.
C.2.2 Judgement of test effectiveness
The ¢xtreme difference value of the three controls after inocwlation and incubation shall bg
The [average number of colonies of the controls immediately after inoculation shall
1 x 105 CFU/ml.
In the plate counting method, calculate the bacteriagrowth value (F) in accordance with Fd
and ¥ shall be = 0.
H=1gC: - 1gC,
where
F is the bacteria growth valire of the controls;
Ct is the average number of colonies of the three control samples after incubation, ex]
CFU/ml;
Co is the averagenumber of colonies of the three controls immediately after inoculati
expressedas CFU/ml.
Wheh the.above conditions are satisfied, the test is deemed valid. If all are not met, the tes
and thesamples shall be retested.

A (1gC) < 1.

be at least

rmula (C.2),

(C.2)

bressed as

bn,

[ is not valid

C.2.3 Calculation of the antibacterial activity ratio

Calculate the antibacterial activity ratio according to Clause 11.
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