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INTERNATIONAL STANDARD

ISO 9233:1991(E)

Cheese and cheese rind — Determination of natamycin
content — Method by molecular absorption spectrometry and

by high-performance liquid chromatography

1 Scope

This Intgrnational Standard specifies a method for
determining the natamycin content of cheese rind
and of tHe cheese adjacent to the rind.

The limi{ of detection is 0,5 mg/kg.

The method is suitable to control a maximum toler-
ance of phatamycin on the cheese rind at a content
of 1 mg/gm2 ",

The method is also suitable to detect migration of
natamycjn into the cheese.

2 Normative reference

The following standard contains_provisions which,
through [reference in this text, copstitute provisions
of this International Standard( At the time of publi-
cation, the edition indicated-was valid. All standards
are subject to revision, and parties to agreements
based this International Standard are encour-
aged to|investigate_the possibility of applying the
most redent editionyof the standard indicated below.
Memberp of IEE-and ISO maintain registers of cur-
rently vdlid International Standards.

ISO 707:
sampling.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 natamycin content of cheese or cheese rind:
The content of natamycin determined by the method
specified in this International Standard.

The natamycin content of cheese i
milligrams per kilegram. The natan
cheese rind is-expressed in milligrg
decimetre.

3.2 cheese rind: Outer layer of 5 n
the cheese, including the cheese d
present.

4 Principle

Extraction of a known quantity g
methanol. Dilution of the extract with
by cooling to between — 15 °C and

cipitate most of the fat, and filtration

s expressed in
ycin content of
ms per square

hm thickness of
oating layer, if

f sample with
water followed
— 20 °C, to pre-

Determination of the natamycin content in the filtrate

(after concentration, if necessary)
metric or high-performance liquid ¢
(HPLC) method.

by a spectro-
hromatographic

5 Reagents and reference substances

All reagents used shall be of recog
grade. The water used shall be distil
water.

hized analytical
ed or deionized

not.

5.2 Methanol, aqueous solution.

Mix 2 volumes of methanol with 1 volume of water.

5.3 Natamycin, standard solution corresponding to
5 mg of natamycin per litre.

Immediately before use, dissolve in a 4100 mi
volumetric flask a quantity of a natamycin prep-
aration, of known natamycin content, corresponding

1) This content corresponds to a draft EEC limit for natamycin on cheese rind.
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to 50 mg of pure natamycin in the methanol (5.1) and
make up to the mark.

In a 50 ml volumetric flask, dilute 5,0 ml of this sol-
ution to 50 m! with the aqueous methanol (5.2).

In another 50 ml volumetric flask, dilute 5,0 ml of this
diluted solution to 50 ml with the aqueous methanol
(5.2).

1 ml of this standard solution contains 5 pg of
natamycin. It is necessary that the concentration of
this final standard solution be close to that of the
test solution as | stired—n-3 i S
dilution, if requined.

5.4 Acetic acid] glacial.

6 Apparatus

Usual laboratory
following.

apparatus and, in particular, the

6.4 Sharp knife, for cutting slices of cheese into
small pieces.

6.5 Magnetic stirrer or shaking machine.

6.6 Conical flasks, of 100 ml and 200 m! capacity,
made of coloured glass and fitted with ground glass
stoppers.

6.7 Syringes, disposable, of 10 ml capacity.

pore size, resistant to attacl’<

; d-0,45 utm
by alcoholic sefutions.

6.9 Folded filter papers?, fast speed, of 1§ cm di-
ameter.

6.10 Funnel, approximately™? cm in diametgqr.

6.11 Freezer, operating, in the temperatur¢ range
—15°C to — 20 °C.

6.1 Slicer, or si
of cheese rind 5
figure 1 for an e

6.2 Fine-slicer,
maximum thickr]
ample).

milar apparatus, for cutting portions
mm thick and about 3 cm wide (see
ample).

for cutting thin slices of cheese of
ess 1 mm (see figure2 for an ex-

6.3 Grinder or blender.

Roller
_.\

ND
R Rln{&

N

Smm

Knife

\

6.12 Extraction'cartridges type C4g¥, to con
the filtered extract, if necessary.

6.13 Spectrometer, suitable for recording 4
violet\(UV) spectrum between 300 nm and
equipped with cells of 1 cm optical path len
a-recorder.

6.14 Liquid chromatograph, with UV detectd

entrate

n ultra-
340 nm,
gth and

r capa-

ble of measuring at 303 nm and equipped with a re-

corder and/or integrator.

6.15 Analytical column, of 150 mm lend
4,6 mm internal diameter, type Cg¥, having a
size of 5 pm.

th and
particle

Figure 1 — Exa

mple of a slicer for cutting portions

of cheese rind 5 mm thick

Figure 2 — Example of a fine-slicer for cutting

slices of cheese of maximum thickness 1

mm

2) S and S, No. 585 1/2, are examples of suitable products available commercially. This information is given for the con-
venience of users of this International Standard and does not constitute an endorsement by 1SO of these products.

3) Sep-pack Cyg and Waters No. 51910 are examples of suitable products available commercially. This information is given
for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these prod-

ucts.

4) Lichrosorb RP 8 is an example of a suitable product available commercially. This information is given for the con-
venience of users of this International Standard and does not constitute an endorsement by 1SO of this product.
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6.16 Guard column, of 100 mm length and 2,1 mm
internal diameter, type Cg¥, having a particle size
of 30 pm to 40 um.
7 Sampling

mpling shall have been carried out in accordance

A whole cheese, or a segment of a cheese rep-
resentative of the whole, shall be available to the

ISO 9233:1991(E)

9 Procedure

9.1 Test portion

e case of cheese rind, weigh,
10 mg, about
200 ml conical k (6.6).

In the case of cheese, weigh, to the

ct
O of the test sample
fla

the neares
(8.1) into a

—

.
to
le

nearest 10 mg,

about 5 g of the test sample (8.2) into a 100 ml coni-

cal flask (6.6).

laboratory.

8 Preparation of the test sample

8.1 Cheese rind

If necessfary, cut the laboratory sample into small
sections pr portions so that the width of the cheese
rind is not more than about 3 cm. Remove the whole
rind, to g thickness of 5 mm, from all the sections
or portions thus obtained using the slicer (6.1).

From the|rind obtained, cut a rectangular piece (be-
tween 20|cm? and 40 cm?) and determine its surface
area, in gqquare centimetres. Determine its mass, in
grams.

Grind cargefully the whole rind, including the weighed
and measured piece, and mix thoroughly, <Transfer
immediately to a sample jar a quantity of the'sample
thus prepared.

After preparing each sample, clean_all tools which
have beeh in contact with the cheese or cheese rind,
first with hot water and then with methanol, and dry
thoroughly, for instance using a stream of com-
pressed air.

8.2 Intdrior of cheese

After rempoving the rind as described in 8.1, remove
a slice of| “mm maximum thickness from the whole

9.2 Preparation of the test solut

In the case of cheese rind, “-add

on

100 ml of the

methanol (5.1) to the test portion and, in the case of
cheese, add 50 ml of the ‘methanol (5.1) to the test
portion from a measuringlcylinder. Stir the contents

nf tha canircal flack A QN Min noin\n a

stirrer (6.5), or shake”for 90 min in
chine (6.5).

mannatin
Yy a ilayiliciie

a shaking ma-

In the case Of cheese rind, add 50 m| of water and,
in the case)of cheese, add 25 ml of water from a

measuring cylinder.

Immediately place the conical flask
(6/41) and allow it to stand for about

in the freezer
50 min.

Filter the cold extract through a folded filter paper
(6.9), discarding the first 5 ml of the flitrate.

NOTE 1

The filtration has to be carried out while the

suspension is still cold, to avoid dissolutipn of the fat and

consequently turbid filtrates.

Bring the filtrate to room temperature.

Take a portion of the filtrate in a syfinge (6.7) and
filter through a microfilter of 0,45 um| pore size and

then through a microfilter of 0,20 pm

The minimum amount of filtrate requ

direct spectrometric measurement (9

pore size (6.8).

red is 3 ml for
.3.1), 20 pl per

injection for direct chromatographic| measurement
(9.3.2), and 25 ml and 50 ml for 5 timgs and 10 times

concentration respectively (9.3.3).

Proceed in accordance with 9.3.1, 9
appropriate.

3.2 or 9.3.3 as

of the outer section of the cheese using the fine-
slicer (6.2).

Cut all the slices of cheese into small pieces about
0,5 cm? and mix thoroughly. Transfer immediately to
a sample jar a quantity of the sample thus prepared.

After preparing each sample, clean all tools which
have been in contact with the cheese, first with hot
water and then with methanol, and dry thoroughly,
for instance using a stream of compressed air.

9.3 Determination
9.3.1 Spectrometric measurement

9.3.1.1 Natamycin standard solution

Record the spectrum of the natamycin standard sol-
ution (5.3) in the range from 300 nm to 340 nm.
Measure the absorbance at the maximum of about

5) Perisorb RP 8 is an example of a suitable product available commercially. This information is given for the convenience
of users of this International Standard and does not constitute an endorsement by ISO of this product.
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317 nm, at the minimum of about 311 nm and at
329 nm exactly. Use the aqueous methanol (5.2) as
a blank.

For an example of the spectrum of a standard sol-
ution, see figure 3.

As natamycin is unstable in aqueous methanol,
carry out the measurement as rapidly as possible.

The exact position of the maximum at 317 nm and
the minimum at 311 nm may be slightly shifted, ow-

For examples of spectra of test solutions, see
figure 4.

NOTE 2 The presence of spices, particularly pepper, in
the cheese can interfere with the result. This will be ob-
vious by distortion of the absorbance graph, as shown in
figure 4.

Cheese, as C, after concentration x5

ing to variations;['m—l-he calibration-of-the—appatatus-
Always use the actual maximum and minimum val-
ues.
9.3.1.2 Test solytion
Record the specfrum of the test solution (9.2) in the
range 300 nm to| 340 nm. Measure the absorbance A
at the maximum| of about 317 nm, at the minimum
of about 311 nm| and at 329 nm exactly. Use the
aqueous methanol (5.2) as a blank.
If the natamycin gontent of the sample is so low that
detection is impossible or almost impossible
(signal-to-noise ratio less than 3) but determination
is nevertheless still required, proceed in accordance
with 8.3.3.
B
1,0
09 I
C
g 08
C
3 )
‘8- 0’7 i Standard solution g
2 ] D
< 3
06 | 5
S E
05 | ﬁl
S
04 t F
0,3 i \.
PN W SU S T R N T
250 329 350
02 Wavelength, nm
Blank
01F A Cheese rind, natamycin content 61 mg/kg
B Cheese rind, natamycin content 156 mg/kg
T C Cheese, natamycin content 1,7 mg/kg
250 329 350 D Cheese, natamycin content 0,3 mg/kg
E
F

Wavelength, nm

Figure 3 — Example of a spectrum of a natamycin
standard solution and a blank

Cheese, as D, after concentration x10

Figure 4 — Examples of spectra of various test
solutions
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9.3.2 High-performance liquid chromatographic
measurement

9.3.2.1 Adjustment of the liquid chromatograph
(6.14, 6.15, 6.16)

The following chromatographic conditions are rec-
ommended:

1SO 9233:1991(E)

peak may be produced in the chromatogram which has

the same retention

natamycin.

Separation can be achieved by means o

time as that corresponding to

f gradient elution

or by the isocratic use of an alternative mobile phase.

9.3.2.3 Test solution

Inject 20 pl of the test solution (9.2). Measure the

mobife phase: methanol/water/acetic
60 + W0 + 5 (I/V[V)

acid,

flow: 1 ml/min
detedtor set: 303 nm, 0,005 absorbance units, full
scale

recorder: 10 mV

theorgtical (typical) plate count: 1500 minimum

NOTE 3 | When a column other than that given as an ex-
ample (6{15) is used, the methanol-to-water ratio may
have to he adjusted. The relative amount of acetic acid
(5.4) spedified, however, is essential to keep the absorp-
tion maxipnum at 303 nm.

Before dgach series of samples, a standard with a
known nptamycin content shall be injected.to-deter-
mine the retention time and to check the(calibration
graph (9/3.2.2).

9.3.2.2 (Calibration graph

Pipette 1 ml, 2 ml, 4 m{,;"6"m! and 8 ml of the stan-
dard natpmycin solution”(5.3) into a series of 50 ml
volumettic flasks~and fill to the mark with the
aqueous|methaneh(5.2).

These Ppolutions contain 0,1 pg/ml, 0,2 pg/mi,

area or the height of the peak hayin
tention time as the standard natamy

g the same re-
Cin solutions.

Carry out the measurement’as rapidly as possible.

If the peak area or peak height of t
is so low that interpolation on the c
is impossible or_almost impossibl
nation is nevertheless still required,
cordance wijth 9.3.3.

For examples of high-performance |
grams, of test solutions, see figure 6.

9.3.3 Concentration of the filtered e

he test solution
libration graph

but determi-
proceed in ac-

quid chromato-

xtract, for

determination of low natamycin contents

9.3.3.1 Concentration

Decide whether a concentration of gbout 5 times or

about 10 times is desired. Base this
data found in accordance with 9.3.1.
on the required detection limit.

Pipette 25 mi or 50 ml (for 5 or 1(
tration respectively) of the test solu
beaker. Add respectively 50 ml or
and mix.

decision on the
2 or 9.3.2.3 and

times concen-
jon (9.2) into a
00 m! of water

Activate an extraction cartridge type)

C18 3 (612) us-

0,4 pg/mb—8.6-pg/ml—-and0.8pgtmirespectively—of
natamycin. Inject, in turn, 20 pl of each of these sol-
utions and determine the area or height of the peak
obtained.

Plot the values of peak area or peak height for each
solution on the ordinate against the natamycin con-
centration, in micrograms per millilitre, on the ab-
scissa. For an example of a high-performance liquid
chromatogram of a standard solution, see figure 5.

NOTE 4 The presence of spices, particularly pepper, in
the cheese can interfere with the determination in that a

g3 mito 5 miof the methanof (517,
10 ml of water.

then wash with

Pass the diluted test solution through the cartridge

at a speed of about 25 mlI/min wit
syringe (6.7).

h the aid of a

Rinse the cartridge with 10 ml of water with the aid

of a syringe (6.7).

Elute the natamycin with 3 ml of the methanol (5.1)

with the aid of a syringe (6.7).
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0,001 absorbance units

L

Figure 5 — Exgmple of a high-performance liquid chromatogram of a standard solution coptaining 0,5 jng/ml
of natamycin

0001 absorbance units

g
—i

Cheese rind, natamycin content 61 mg/kg
Cheese rind, natamycin content 15 mg/kg
Cheese, natamycin content 1,7 mg/kg
Cheese, natamycin content 0,3 mg/kg
Cheese, as C, after concentration x5
Cheese, as D, after concentration x10

TMTMOoOO o>

Figure 6 — Examples of high-performance liquid chromatograms of various test solutions
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9.3.3.2 Spectrometric measurement

Add 1,5 ml of water to the eluate (9.3.3.1) and mix.

Take the solution in a syringe (6.7) and filter through
a microfilter of 0,45 um pore size, and then through
a microfilter of 0,20 um pore size (6.8), into a cell.

Proceed as in 9.3.1.2.

9.3.3.3 High-performance liquid chromatographic
measurement

ISO 9233:1991(E)

(A309)y is the absorbance at 329 nm.

A, can be taken from the UV spectrum of the test
solution (see, for example, figure7), using the
straight line between the absorbance at about
311 nm and that at 329 nm as a baseline, or can be
calculated from equation (3):

As = (A|)s - % (/42)5 - % (A329)5 L. (3)

where

Dilute the|eluate (9.3.3.1) to 5 m! with the methanol
(5.1).

Proceed ajs in 9.3.2.3.

10 Expression of results

10.1 Spectrometric method

Calculate jthe natamycin content, w,, of the sample
using equation (1):

I'x A

wsz—ntxANch .M

where

W, is the natamycin content of the sample,
in milligrams per kilogram;

N is the natamycin concentration .of, ‘the
natamycin standard solution, in micro-
grams per millilitre;

AN is the net absorbance ofthe natamycin
standard solution at about317 nm;

A is the net absorbapce-of the test solution
at about 317 nmy;

m is the massnof/the test portion (9.1), in
grams;

V is the<total volume of the test solution

(9.2)Vin" millilitres.

Ay can beltaken from the UV spectrum of the stan-

(4y)s is the maximum absorbgnce at about
317 nm;

(4,); is the minimumpanabsorbahce at about
311 nm;

(A359) is the absorbance at 329 nm.

In the case of {he-test solution representing the
cheese sampled-below the rind, the Yalue w, gives
the natamycin content resulting fronp migration of
natamycindnto the cheese.

1
|

]
1 I L

280 3N N7 329

350 nm

1
|
]
|
|
|
o
'
v !
[
[
v
1 1.

Figure 7 — UV spectrum of a sample containing
natamycin

In the case of the test solution representing the
cheese rind, calculate the natamycin gontent on the
surface of the cheese rind, w',, expr¢ssed in milli-
grams per square decimetre, from w, using

dard solution (see, for example, figure 3), using the
straight line between the absorbance at about
311 nm and that at 329 nm as a baseline, or can be
calculated from equation (2):

An= Ay =2 (U~ = (Agzoly )

where

(A)n is the maximum absorbance at about
317 nm;

(45)y is the minimum absorbance at about
311 nm;

equation (4):

We X I

w'S: SA —IL (4)

where

W, is the natamycin content of the sample,
in milligrams per kilogram;

A is the area of the weighed piece of
cheese rind (8.1), in square decimetres;

m, is the mass of the weighed piece of

cheese rind (8.1), in kilograms.


https://standardsiso.com/api/?name=4f0389291e34d7e1a8aee5b7bfe4c006

1SO 9233:1991

(E)

If the filtered extract has been concentrated as in
9.3.3, correct the values of w, and w’, calculated
above by dividing by

5,6 in the

case of an (approximately) 5 times

concentration and by

11,1 in the

case of an (approximately) 10 times

concentration.

10.2 High-performance liquid
chromatographic method

In the case of the test solution representing the
cheese rind, calculate the natamycin content of the
surface of the cheese rind, w', using equation (4).

If the filtered extract has been concentrated as in
9.3.3, correct the values of w, and w’, calculated
above by dividing by

5 in the case of a 5 times concentration and

10 in the case of a 10 times concentration.

The concentra
quot portion of
terpolation on

Calculate the 1

ion of natamycin in the injected ali-
the test solution can be found by in-
he calibration graph (9.3.2.2).

atamycin content, w,, of the sample,

in milligrams per kilogram, from equation (5):

V x ¢,

We = —"7m1" .(5)

where

Cm is [the measured concentration of
natamycin in the test solution, in micro-
grams per millilitre;

m is the mass of the test portion (9.1), in
gramns;

V is the total volume of the test solution
(9.2], in millilitres.

In the case o
cheese samplg
the natamycin
natamycin into

the test solution representingthe

d below the rind, the value w,. gives
content resulting from migration of
the cheese.

11 Precision

NOTE 5 The values for repeatability dand-reprioducibility
are expressed at the 95 % probability-level and were de-
rived from the results of an intep-faboratory test carried
out in accordance with 1ISO 57258,

11.1 Repeatability

NOTE6 The values in milligrams per square [decimetre
were calculated from those in milligrams per kilogram for
cheese rind with’ & thickness of 5 mm and a Hensity of
1,3 g/cm3,

The absolute difference between two singlg test re-
sults xobtained in rapid succession by the same op-
erator using the same apparatus on the same test
sample, should not exceed the values indicated in
table 1 and the following:

— for cheese or cheese rind having a njatamycin
content of 60 mg/kg (4 mg/dm?) or morg:

16 % of the natamycin content by fhe spec-
trometric method

Table- 1.— Repeatability and reproducibility values

Natamycin cpntent Spectrometric method HPLC method
V) CVy cv, CVy
mg/dm?2 mg/kg % % % %
4 60 59 12,2 93 20,6 Direct determination
1 15 6,2 11,9 7.1 257
0,08 1,3 16,5 35 23,4 37 Concentration 10x
0,02 0,3 42,5 60 29 39

CV = Coefficient of variation

Relative repeatability r,,, = 2,83 x CV,

Relative reproducibility R, = 2,83 x CV,

NOTE — These values were obtained in a collaborative study held in 1984 by 36 laboratories using 8 samples.

6) 1SO 5725:1986, Precision of test methods — Determination of repeatability and reproducibility for a standard test method
by inter-laboratory tests.
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26 % of the natamycin content by the HPLC
method

— for cheese or cheese rind having a natamycin

content

(4 mg/d

of 15 mg/kg (1 mg/dm?) up to 60 mg/kg
m2):

17 % of the natamycin content by the spec-

trom

etric method

20 % of the natamycin content by the HPLC

PRY B
mewmnou

ISO 9233:1991(E)

35 % of the natamycin content by the spec-
trometric method

60 % of the natamycin content by the HPLC

method

— for cheese or cheese rind having a natamycin
content of 15 mg/kg (1 mg/dm?) up to 60 mg/kg
(4 mg/dm?):

35 % of the natamycin content by the spec-
trometric method

— for cheese having a residual natamycin content

of 1 mg

/kg to 5 mg/kg after 10 times concen-

45 % of the natamycin content by the spec-

tronetric method
65 % of the natamycin content by the HPLC
method
— for cheg¢se having a residual natamycin content
of 0,3 npg/kg to 1 mg/kg after 10 times concen-
tration:
120 P4 of the natamycin content by the spec-

trom

80 ¢

etric method

b of the natamycin content by the HPLC

method

11.2 Replroducibility

NOTE7 T
were calculg
cheese rind
1,3 g/cm3.

The absold
final result

method fof

sample, sh
table 1 and

— for che
content

e values in milligrams per square decimetre
ted from those in milligrams perkilogram for
with a thickness of 5 mm_and a density of

te difference between the values of two
, obtained by twoe-laboratories using this

the analysis\ of the same laboratory
ould not excéed the values indicated in
the following:

pse .o cheese rind having a natamycin
of-60- mg/kg (4 mg/dm?2) or more:

70 % of the natamycin content|(by the HPLC
method

— for cheese having a residual natamycin content
of 1 mg/kg to 5 mg/kgl after 10 times concen-

tration:

100 % of thenpatamycin content| by the spec-
trometric method

105,%_ of the natamycin content| by the HPLC
method

— for'cheese having a residual natamycin content
of 0,3 mg/kg to 1 mg/kg after 10 times concen-

tration:

12 Test report

170 % of the natamycin content| by the spec-
trometric method

110 % of the natamycin content|by the HPLC
method

The test report shall specify the method used and
the result obtained. It shall also mentipn all operat-
ing details not specified in this Interrlaliona| Stan-

dard, or regarded as optional, togethe
of any incidents which may have influ

sult.

with details
nced the re-

The test report shall include all informpation necess-
ary for the complete identification of the sample.
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