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Summary

A collaborative test on the determination of natamycin in cheese and
cheese rind was carried out. In total 38 laboratories from 13
countries were participating. Eight samples, consisting of 4 duplica-

tes were investigated by a spectrometric and an HPLC method.
The results are reported in Tables 1-5 and summarized in Table 6.
The overall results are as follows.

The
the
sis
The

of cheese rind and cheese.

method is adopted by the Joint IDF/ISO/AOAC Group of Experts

Detection | Preconcentration | Mean cv,. | cvg
. method applied mg/kg % 5o

Level A| Spectr. no 62,5 5,9 12,2

HPLC 60,8 9,3 20,6
Level B | Spectr. no 15,2 6,2 11,9

HPLC 15,5 1l 25,7
Level C| Spectr. yes 1,19 16,5 35

HPLC 1,43 23, 37
Level D | Spectr. yes 0,27 42,5 60

HPLC 0,34 29 39
The quality of the results can be classified:

Tevel A Level B ‘Level C Level D
spectroscopic direct good good not at alll not at alll
spectroscopic after concentration | no need no need bad not
HPLC-UV direct reasonablg reasonablgq not at all] not at all
HPLC-UV after concentration no need no need bad bad

method fulfills the requirements of the EEC. Based upon the method
ad hoc EEC working group adopted an unambiguous method for analy-

"Selected Food Additives" to eventually becom on IDF and IS0 Standard

Method.

Rapporteur: dr W.G. de Ruig
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1. INTRODUCTION

Natamycin or pimaricin is a white to creamy-white almost tasteless and
almost odourless, crystalline powder. It is a fungicidal antibiotic
and antimycotic of the polyene macrolide group, and is produced by

the actinomycete Streptomyces natalensis.

The chemical formula is C33H47N013, the molecular weight 665.74 and

the structural formula

NH;

The fungus natamycin was discovered by A.P. Struyk in a soil sample
originating from the environment of Pietermaritzburg in the province
of Natal, Republic of South Africa. From its place of discovery the

fungus got the names pimaricin and natamycin.

It has found wide application especially on cheese and sausages. In
the dairy industry natamycin is applied in cheese coatings, and it has
turned out to be effective in preventing mould formation without
affecting the behaviour (taste, appearance) of the cheese. In these

respects natamycin is superior to alternative products.

According to national legislation, official clearances for the use of
natamycin as preservative for cheese have been granted by a large
nunber of countries, including Argentina, Australia, Bahrein, Belgium,
Canada, Chile, Czechoslovakia, Federal Republic of Germany, Finland,
France, Ireland, Israel, Italy, Mexico, The Netherlands, Norway,
Philippines, Poland, Saudi Arabia, South Africa, Spain, Sweden,

Turkey, United States of America, Venezuela, Yugoslovia.

Natamycin is a matter of interest to international bodies such as
Codex Alimentarius, the International Dairy Federation (IDF) and to

the European Economic Commission (EEC).
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The EEC Scientific Committee for Food (1) came to the following

conclusions.

"l. Natamyecin has a limited but important use in human medicine and is
therefore not acceptable as food additive for general use in and on
foodstuffs.

2. Its use for the surface treatment of the rind of whole pressed
cheese (semi-hard) ripened under aerobic conditions for example
Gouda and FEdam, and on the casings of certain sausages requiring
maturation before marketing Is acceptable, provided that:

(i) the substance is applied only to the final products;

(ii) the residues of natamycin in food at the time of sale,
expressed in relation to the surface area of the casing or
rind, do not exceed 1 mg/dm2 and that they will not be present
at a depth greater than 5 mm.

3. The use of natamycin on the casings of these foods should be
clearly indicated by suitable labelling.

4, The position should be reviewed if there 1s any significant

increase in the range of therapeutic uses.”

The Directive 64/54/EEC of the Council of the European Communities (2)
last amended by the Directive 84/261/EEC (3), lays down a list of
preservatives which may be used for the protection of foodstuffs
intended for human consumption agalnst deterioration caused by
micro-organisms. In consequence of the opinion of the Scientific Com-—
mittee the Permanent Representatives Committee has proposed to the
Council of the European Committees to insert natamycin in this list as
EEC no. E 235 for the surface treatment of the rinds of whole cheeses
with a water content of not more than 69% by mass of the non-fatty
matter, other than soft cheeses, provided that the natamycin is not
present in the cheese at a depth greater than 5 mm and that at the
time of sale to the ultimate consumer the residues of active natamycin

do not exceed 1 mg/dmz-

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) eva-

luated natamycin (4) and concluded:
"New information was available on the effects of breakdown products

and the development of microbial resistance to the antimycotic if it
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is used for food preservation. While the Committee expressed general
concern about the use of therapeutic agents in food, it agreed that
the data on natamycin showed that problems were unlikely to arise from
microbial resistance.

It appears therefore that the usual objects to the use of therepeutic
antibiotics in foods have little relevance to natamycin.

Natamycine is used as a food additive to prevent the surface growth of
moulds, which could in principle produce mycotoxins. This is an impor-
tant advantage and one regarded by some experts as sufficient to off-

set any misgivings about the use of therapeutic antibiotics in food".

An acceptable daily intake of 0-0.3 mg/kg body weight was allocated.
As its 1llth session the Codex Committee on Food Additives accepted the
conclusion of JECFA, classified natamycin as category A(l) additive
and endorsed it for cheese with a limit of 2 mg/kg in the rind without
plastic coating and 500 mg/kg in the plastic coating (5). Category
A(l) additives are those who have fully been cleared by JECFA.

Methods of analysis for the determination of natamycin on cheese are
published based upon microbiological, spectrometric, TLC and HPLC-UV
detection (6-11).

The behaviour of natamycin and its determination has been thouroughly
studied by the Netherlands State Institute for Quality Control of
Agricultural Products (RIKILT), in cooperation with the Netherlands
Institute for Dalry Research (NIZ0) and the Netherlands Inspection
Institute for Milk and Milk Products (ZCI) (12,13).

Two methods of analysis were developed, one based upon spectrometric
(14) and one upon HPLC detection (15). A series of national collabora-
tive studies have been carried out, which enhanced the methods. These
studies made clear, that the microbiological method does mnot fit quan-
titative measurements. The method tested in this collaborative study
is in fact merged from the spectrometric and the HPLC method.
Internationally, methods of determination were discussed by the EEC
Working Group Additives and by the Joint IDF/ISO/AOAC Group of Experts
on Additives (E 43). Both groups felt the desirability of a collabora-

tive study.
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In the United Kingdom, the Food Science Division of the Ministry of
Agriculture, Fisheries and Food was also planning a collaborative
study on a national levels It was concluded that one collaborative
study would be preferable, to be organized by RIKILT. In 1983 as pilot
collaborative study was carried out, with 9 laboratories in 4
countries (16)e. On account of the results of this pilot study, minor
alterations in the method have been mades

In the collaborative study, carried out in 1984 and reported here, 38
collaborators from 13 countries were participatinge

The cheeses from which the samples were prepared were obtalned from
the Netherlands Institute for Dalry Research, which has produced and
stored the cheeses and treated them with natamycin-containing cheese
coatinge

For calibration natamycin reference samples were kindly made available
by Gist Brocades NeVe

The study was organized by RIKILT without grants from national or

international bodieses

2o METHOD
The method under investigation in this collaborative study consists of

a sampling procedure, pretreatment of the laboratory sample, and
detection by eilther spectrometric or HPLC~UV measuremente. When the
natamycin concentration is low, and its quantification is still
required, a concentration step has to be applied prior to measurements

The method can be represented schematically as followse

Sampling

!

Laboratory sample

}

Pretreatment

3

Clear solution concentration

5% or 10x

Spectrometric Measurement

Measurement by Clear solution
HPLC~UV
Spectrometric Measurement
measurement by
HPLC~UV
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This study concerns the determination and detection steps only. It
does not include the sampling procedure and the preparation of the
laboratory sample. These can add a substantial contribution to the

inaccuracy of the method, but are beyond the scope of this study.

3. AIMS OF THE COLLABORATIVE TEST

Two methods of measuring the amount of natamycin were tested: a

spectrometric and an HPLC-UV method. As to these methods the following

items had to be investigated.

- The applicability of both methods, for various concentration.

- The rellability of both methods, for various concentration levels,
in terms of statistical parameters.

~ Whether or not both methods will give corresponding results.

- Whether or not false results may be obtained by interference of
degradation products of natamycin.

- The recovery of the method.

4. SAMPLES

Each participant received eight samples, consisting of Lyophilized
cheese rind or cheese, packed in brown bottles under nitrogen. Each
sample was about 15 grams, that is sufficient for one analysis. It was
advised to store the samples in a refrigerator.

The samples were blind duplicates on four concentration levels and
dispatched under code numbers. Participants were not informed whether
duplicates or split level samples were present.

The samples have been prepared in May 1984,

The following materials were used for the preparation of the samples.

Level A = gample 1 and 4

Cheese rind, high level = above EEC limit.

Date of production cheese: 1984-04-10.

Treated 4 times with cheese coating containing 0.005% natamycin in
the period 1984-05-09 to 1984-05-16.

Level B = sample 2 and 8

Cheese rind, low level = about EEC limit.

Date of production cheese: 1982-07-15.

Treated 3 times with cheese coating containing 0.0125% natamycin in
the period 1982-07-15 to 1982-08-31, and 2 times with 0.005% natamycin

during 1983.
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Level C = gample 3 and 6
Cheese, inner part, treated with natamycin.

Level above detection limit.

Level D = gample 5 and 7
Cheese, inner part, treated with natamycin.

Very low level.

From earlier investigations it could be expected that level A and B
could be determined by direct determination without concentration,
that level C had to be concentrated, and that level D was at or below
the detection limit.

Although no blank samples have been dispatched, the results for level

D may give an impression of the appearance of false positive results.

5. SAMPLE PREPARATION

The main problem in getting samples was that neither the cheese as
such nor natamycin on the rind is stable. In the Netherlands inter-
comparisons it had already been found that no comparable results are
obtained when there are differences in duration and conditions of
storage before analysis. For a worldwide intercomparison the samples
have to be stable under normal conditions. From prior investigations
it turned out that in cheese rind, which is homogenized and lyophy-
lized and then packed in brown glass bottles under nitrogen, natamycin
is stable for a longer period. Such samples have been used succesfully

in the pilot—international study.

6. DEGRADATION PRODUCTS

Natamycin degrades (17), under mild aecid conditions, into a biologi-
cally inactive substance, called aponatamycin, a substance consisting
of one natamycin- and one natamycinolide-moiety.

In the case when natamycin is degraded under more drastic acid cir-
cumstances the resulting, biologically inactive substances are mycosa-

mine, the natamycinolidediol-dimer and its decarboxyanhydro-analogue.
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The reactions are given below:

0. __OH
+ H;I%:[M
KH,

+ 2H,0 --=>

natamycin aponatamycin mycosamin

+ 2050 —re=>

natamycin di-natamycinolidediol mycosamin

A + 2Hp0 + 2C09

di-natamycinolidediol decarboxyanhydro-analogue
of di-natamycinolidediol
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In case of measurements by HPLC, degradation products turned out to
have a shorter retention time, so that two separate peaks are
obtained. The spectrometric method is less specific, and degradation
products may seemingly enhance the results for natamycine

One aim of this study was to test whether this occurs in practice
when the described method is applieds If so, the spectrometric results
will be higher than the HPLC resultse This will be the case par-
ticularly for older cheeses where more degradation products can be
expectedo Therefore, one of the levels, namely level B = sample 2 and
8, was prepared from an extremely old cheese, treated with natamycin
throughout two yearse Especlally for this level remarkable difference

between the two methods has been observede

7o HOMOGENEITY TESTS
Natamycin content of 5 lots of each sample, as dispatched to the par-~

ticipants (mg/kg)e

Sample A 61e7
6563
60,0
61e2
5943 mean: 6l.4 Sede! 2622 CV: 3.6%

Sample B 1465
15,2
1443
1465
1465 mean: 1446 sedo: 0635 CV: 2.4%

Sample C (5x conce)
165
1.8
1.3
1.8
1e5 mean: 1652 Sede: 0,28 CV: 17.8%
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Sample D (10x conce)
0635
0643
0e47
0042
0041 mean: 0642 Sede: 0,04 CV: 9.5%

8+ RECOVERY TESTS

For determination of the recovery, the participants were asked to ana-
lyse two other samples, prepared by themselves, as followse.

Cut a plece of rind to a thickness of about 5 mm from a half~hard type
of domestlc cheeses

Grind the rind, and homogenizes

Weigh 10 g of the ground rind into a 200 ml conical flask, according to
paragraph 6e.l. Dissolve 100 mg of the natamycin reference sample
(91.6% natamycin) in 50 ml of methanol.

Dilute 1:10 with methanols Add 1 ml of this solution to the content of
the conical flaske Continue the procedure starting at paragraph 6ele
The concentration in the sample is thus 0,916 x 20 = 18.32 mg/kge

96 RESULTS

The results of the participants as reported are collected in Tables 1
and 2:

lel Direct determination, spectrometric detection

1o2 Direct determination, HPLC detection

2e1 After concentration, spectrometric detection

262 After concentration, HPLC detectione

The recoveries of the gpectrometric and HPLC detection are reported in

Tables 3¢l and 3.2

In these tables the concentration in mg/kg only 1s givene According to
the method also the amount of natamycin in mg/dm2 can be calculated,
taking into account the surface (Y) and the mass (X) of the laboratory
samples As the participants did not make this laboratory sample them-
selves, these values were given in the protocol, namely,

X=15¢g, Y = 25 cmz, so that

C'(mg/dm?) = 0.1 x 15 C = 0.06 C (mg/kg)e
25

854749 ~ 10 =
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The results obtained were sent in a provislonal form to all par-
ticipants to check the correctness of the data. In some cases, where
obviously something seemed to be wrong, the institute In question was
contacteds It turned out that a number of institutes had not
corrected for the standard natamycin, being 91.6%, without reporting
thate After a questionnalre some participants corrected thelr results
afterwardse The data iIn this report have been corrected where nec-
cessarye As the method was not carried out as described the following
laboratories have not been included in the evaluation of this colla-
borative study:

Spectrometric: 8, 22 (after concentration only)

HPLC: 11, 15, 21, 30, 43.

Deviations consisted of use of other HPLC column, mobile phase or flow
rate, deviations in pretreatment, results of a second experiment with
less samplee In the tables l.l to 2.2 the results of the laboratories
are lnserted in parenthesese

As examples of primary data in figures 1~4 some results are glven:
Figure le. Spectrometric detection. UV spectra of standard solutions.
Figure 2. Spectrometric detectione. UV spectra of samplese.

Figure 3¢ HPLC detectione Chromatograms of standard solutionse.

Figure 4o HPLC detectione. Chromatograms of samplese
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10. EVALUATION OF RESULTS

The results of laboratories which applied the method as described have
been statistically evaluated according to ISO 5725. According to this
standard, Cochran's maximum variance test is used Lo test the preci-
sion under repeatibility conditions in the laboratories, and Dixon's
outlier test, to test the precision between laboratories. OQutliers
were rejected, stragglers were kept in.

Values reported as "non detectable" were also considered to be
outliers, and not included in the calculations of results. The
outliers are labelled in Tables 1.1 to 2.2 with an asterisk *.

As was expected, levels A and B could be determined without con-
centration, but level C could hardly be and level D not at all be
determined without preconcentration. Therefore only the direct
determinations for levels A and B, and the determinations after con-
centration for levels C and D were evaluated, and reported in Table 4.

In this table the following values are also included.

n = number of evaluated laboratories

x = total mean value = mean of the mean value
gz = standard deviation of the mean values
5% standard deviation of the total mean value

5.

= X
sg =
VH‘
= ﬁsp ~- Xy = difference between spectrometric and HPLC method.

S, = 8 (§Sp - iH) = gtandard deviation of the difference.

- s (3 5.} = )2 £y
s,= 8 (Xgp = Xg) = \/(Sg) sp + (s%)°y

The results are summarized in Table 5.

Applying the t test for random samples on the spectrometric and the
HPLC results turns out that there is no significant difference in the
results of both methods on all four levels investigated; t < 1.96 in
all cases. It could be expected that in the spectrometric method

degradation products would contribute in the measuring signal, thus
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giving rise to significant higher values. Especilally for level B
(samples made from very old cheese, thus a high level of degradation
products expected) this could be the casee But obviously such on
interference does not occur; the spectrometric method gives not too
high valuese

The repeatabllity and the reproducibility of the spectrometric method
is better than those of the HPLC method for levels A and B. For levels

C they are comparible, and for level D the HPLC is the better onee.

11, COMMENTS OF THE PARTICLPANTS
Most of the comments of the participants were concentrated on the

following items (see Annex 2).

le Turbld extracts in 6ol

Reply: To obtain a clear filtrate will become harder, when the suspen-~
slon is warmed upe. Flltratlion has to be carried out rapidly when the

suspenslion 1s still cold.

2e Degradation products in the measuring solutione
Reply: Natamycin is unstable in a MeOH/H90 solutione You have there~

fore to proceed as rapidly as possibles

3o MeOH/H90 in 846 + 8e7.1 (spectrometric) and MeOH in 8.6 + 8.8.1
(HPLC)+ Some participants suggest to use MeOH in both cases, others,
to use MeOH/H50 in both casess

Reply: In case of spectrometric determination it is advantageous to
reduce the amount of interfering substances by precipitation with
water and flltrationes In case of HPLC, interference 1s overcome by
chromatographic separation, so there 1s no need for an extra purifica-

tion stepe

4o Difficulties with HPLC,.
Some participants report big problems with the preseribed column and

mobile phases Others, however, did not have any problem at alle

5¢ Spectrometric calculatione
Some participants calculated their results in 7elele? using the
absorptions at exact 317 and 311l nm although their maximum and minimum

were slightly besides these valueses

854714 & 1% -
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In the Jolunt IDF/ISO/AOAC Group of Experts was referred to the dif-
ficulties encountered due to interference from paprika and pepper in
the analysis of fresh cheeses. The occurrence of this phenomenon will
be obvious from the complete spectrum, which is altered, but can give
rise to misinterpretation when the three relevant wavelengths only are
measured.

Concerning these comments some remarks have been made in the prescrip-
tion of the method, to prevent lack of clearness.

In case of spectrometric determination measurement of the complete
spectrum has been made obligatory.

No further essential alterations in the method have been introduced.

12. CONCLUSIONS
1. The "true values" of the samples can be estimated to be:
Level A 61.7 mg/kg 3.71 mg/dm?

Level B 15.4 " 0.92 g
Level C 131 * 0.08 -
Level D 0.30 " 0.018 "

were these figures are the arithmetric means of the mean values of the

spectrometric and the HPLC detection.

2. More collaborators were able to carry out the spectrometric deter-—
mination than the HPLC. Moreover more difficulties were reported for

the HPLC determination.

So it seems that the spectrometric determination is more rigid and

straightforward, and easier to carry out than the HPLC determination.

3. At level A natamycin can be determined directly by both methods.
However, for the spectrometric method the coefficients of variation,
oV, and CVp, are less than half of those for the HPLC method.

There is no need to apply the concentration step for this level.

4., Level B can be measured directly by both methods too. The within-
laboratories coefficient of variation (CV,) is about the same, but
the among-laboratories coefficient of variation (CVR) of the HPLC 1is

twice that of spectrometric.

For this level too, concentration 1s unneccessary.

8547.15 - Y =
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56 About one third of the laboratories were not able to determine
level C by direct determination (spectrometric: 11 out of 37, HPLC: 13
out of 32). After concentration all participants could obtain
measurable resultse CV, 1s slightly better for the spectrometric

detection, CVp is comparables

6o Level D cannot be measured directly by spectrometric or HPLC detec-
tion: "Not detectable" by 28 out of 37 and 17 out of 29 laboratories.
After concentration for spectrometry 7 out of 27 and for HPLC 1 out of
24 laboratories did not report measurable resultse For the remalning
results the coefficients of variation for HPLC is better (or: less

bad) than for spectrometrys

7s To judge the applicability of the method we can apply, arbitrarily,
the following classificatione

CVg 0~15% good

CVg 16-30%Z reasonable

CVg 31~45Z  bad

CVgr >45%  not detectables

Thus, the results obtained by this collaborative study are as followse
(See table 6.)

Level A B G D

mg/kg 60 15 17 063
mg/dm2 3.8 069 0ol 0,02
Spectrometric direct good good not at all | not at all
Spectrometric

after concentration| pno need no need bad not

HPLC direct reasonable | reasonable | not at all | not at all
HPLC after

concentration no need no need bad bad

8. The recovery at level 20 mg/kg is approximately 100%,
9. The results of the spectrometric and the HPLC method are not signi-

ficant differents A contribution of degradation products of natamycin

in the results of the spectrometric method is not observeds.
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13, EEC OFFICIAL METHOD

Based upon the results of this collaborative study the EEC ad hoc

working group on natamycin adopted a method which consists of two

parts, leee

~ gpectrometric without concentration for the determination of natamy-
eln In the cheese rind, lee. the outer 5 mm layer of the cheese, to
be expressed in mg/dm?;

~ HPLC after 10x concentration for the determination of natamycin in

the inner part of the cheese, to be expressed in mg/kge

This method shall be presented to the Council as official method to an

EEC Directive on natamycin (18).

14 IDF AND ISO STANDARD METHOD

The method is adopted by the Joint IDF/ISO/AOAC Group of Experts E 43
"Selected Food Additives" to eventually become both an IDF and an IS0
Standard Method (19).
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Annex 1

Table l.1 RESULTS, direct determination, spectrometric (mg/kg)

LAB Level A Level B Level C Level D
sample 1 b 2 8 3 6 5 7
1 6320 59,40 16600 13620 0680 040 nd nd
5 61699 55088 14675 12485 nd nd nd nd
6 61037 56079 14,01 13,83 101 1e19 nd nd
8 - (31.70) | (3630) (20.28) | (0625) - - (0.58)
9 62610 60690 16650 15690 1650 1435 nd nd
11 59440 60420 15690 16,00 1417 Lsl? nd nd
12 64636 65042 15629 14,02 nd 0,85 nd nd
L4 66079 64e21 1730 1693 nd nd nd nd
1.5 63,03 69,10 17,10 19,20 nd nd nd nd
16 59445 bt 447 14652 14612 2437 nd nd nd
17 57,08 47 ¢ 46 12082 13.83 nd nd nd nd
18 70460 65620 15,90 16480 nd nd nd nd
19 6390 5647 18,80 17475 1,60 1,71 1630 0640
20 75690 67,10 18,70 15650 2,90 2660 nd nd
21 59.53 57413 14463 14661 nd nd nd nd
22 6230 61,20 13460 13620 0,76 nd nd nd
24 74670 78,20 16630 16030 1,60 1,90 0650 0650
24 6714 66659 13,92 15085 1,29 1,00 nd nd
26 63080 63680 12,80 15,00 1,10 0,90 nd nd
29 61490 5740 14490 15630 2,90 3,00 1,70 nd
30 60,66 56656 15040 14653 0084 1425 nd nd
31 54,06 51634 10,68 12:15 2610 2630 8,38 0042
32 47450 40450 18,10%  10,10% nd nd nd nd
33 73650 6390 15060 15,80 1430 0.80 nd nd
34 68625 6342 16485 18426 0663 0063 0639 0,38
35 75090 70670 1760 16640 nd 1,20 nd nd
37 64683 62 ¢ 50 14,50 14466 1.66 1666 nd nd
38 62.82 63047 15063 15.27 nd nd nd nd
39 65481 67067 15068 15,06 123 nd nd nd
40 65650 61,10 17,00 16620 070 nd nd nd
41 68493 66437 14621 15437 nd nd nd nd
43 6595 59455 14465 164 50 2+80 2470 nd nd
b4 66458 60672 14045 16612 0662 1e47 nd nd
45 44400 43617 10,67 9. 50 0622 nd nd nd
47 6549 67044 1581 13,60 nd nd nd nd
48 67012 65612 1567 15630 nd nd nd nd
nd = not detectable
~ = missing
( )= method not carried out as described
* = gutlier
8547.19




Table l¢2 RESULTS, direct determination, HPLC (mg/kg)

LAB Level A Level B Level C Level D
sample 1 4 2 8 3 6 5 7
1 58.74 53.43 14.69 12.15 1.85 nd nd ﬂd
4 63000 60620 15410 15660 nd nd nd nd
5 52458 49,83 15066 12063 nd nd nd nd
6 58662 54 04 15457 14456 1665 2647 nd nd
9 62043 61.66 16657 13,88 1,93 2.31 - Wy 0658
11 (61620) (61.80) | (16.20) (15.90) [ (1.70)  (1.90) | (0.80)  (0,50)
12 63076 6804 1710 1766 1427 1,93 0,48 046
15 (67650) (71620) | (16.80) (17.30) [ (2.00)  (2.00) (nd) (nd)
16 5437 31 .04 13,54 13,14 nd nd nd nd
17 54696 3504 7456 14629% nd nd nd nd
18 69640 6700 17,80 16440 2660 190 0660 0650
19 85,10%  17,09% | 25,90%  12,55% | 3,13 2643 1,90 0e14
20 77060 85600 18,00 19,80 1,80 2650 nd nd
21 (52005) (54602) | (14673) (14+49) | (nd) (nd) (nd) (nd)
22 39,80 34620 nd#* nd* nd nd nd nd
23 63080 6360 1410 14070 1.80 1,80 nd nd
24 62656 6742 14438 14438 nd nd nd nd
26 56650 57680 10450 12420 nd nd nd nd
27 6458 50670 13,95 13695 2006 2479 nd nd
30 (45630) (43010) | (11.90) (10,00) | (1e10)  (1420) (nd) (nd)
32 54630 49,20 15.70 13,80 nd nd nd nd
33 81,70 69460 17,20 18,650 nd nd nd nd
35 68660 61,90 9,90 9,64 nd 1,00 nd nd
37 66033 60033 12417 12450 1,33 133 0,33 0033
38 53415 53,52 13450 13,38 1450 1604 0.15 0615
39 64084 65087 15477 14,87 2663 2432 1,18 1:20
40 87.00 92.00 23.00 25¢00 8.00 'I."ld nd nd
41 68,70 66064 8411 9,25 nd nd nd nd
43 (64010) (59655) | (18630) (17440) | (2675)  (275) | (0.90) (nd)
45 42467 42433 13, 50% bol3% nd 2600 nd nd
47 65010 69000 23,00 23060 nd nd nd nd
48 71,00 66420 2110 24640 nd nd nd nd

nd = not detectable
( )= method not carried out as described

* = ou

8547620
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Table 201 RESULTS, after concentration, spectrometric (mg/kg)

LAB Level B Level C Level D
conce sample | conce sample | conce sample | conce sample | conce sample | conce sample
2 8 3 6 5 : 7
1 - - - - 10 1626 10 1018 10 0,14 10 0,18
5 - - - 10 084 5 137 10 nd 10 0626
6 - - - - 10 0692 10 1,10 10 0,18 10 0627
9 - - - - 5 132 5 1656 10 0.31 10 0430
12 - - - - 10 0,87 10 0% 10 0.21 10 0625
16 - - - - 5 1,09 10 0.85 10 0s24 10 0,37
17 5 10,60 - - 5 1,07 10 L21 10 042 10 0405
18 - - - - 10 1,50 10 1,10 10 nd* 10 nd*
19 - - - - - - 5 1,82 5 0652 5 0,38
20 - - - - - - - - 10 nd* 10 nd*
21 5 11,88 5 5«31 | 10 0.61 10 nd 10 nd* 10 nd*
22 10 (12:90)| 10 (12:90)| 10 (0.74) | 10 (0.85) | 10  (0e21) | 10  (0.14)
23 - - - - 10 120 10 150 10 0430 5 0630
24 - - - - 5 1458 10 125 5 0.16 5 0628
26 - - - - 10 0,60 10 0430 10 nd* 10 nd*
27 - - - - 10 1617 10 0.66 10 0,09 10 nd
30 - - - - 10 104 10 1e15 5 0,16 10 0,15
31 = e -~ - ].0 4.35* = e ~ Lo ].0 0.6‘!}
32 - - - - 10 1,50 10 1642 10 0,28 10 nd
33 - - - - 5 1,60 5 1,60 5 0,70 5 0650
35 - - - 10 1626 10 1.64 10 0,38 10 0,41
37 - - - - 5 1,67 5 1,83 10 0,33 10 0,33
38 - - 5 13,39 | 10 1,01 10 0488 10 nd* 10 nd*
39 e . . s, 5 1.82 5 1078 ].0 0030 ].0 0.30
40 5 35620 5 54610 | 10  13,70% | 10 6.70% | 10 2:40% | 10 nd*
41 - - - - 10 1443 10 1423 10 0,16 10 0,50
43 - - - - - - 10 2,00 - - - -
44 5 12644 5 5,73 | 10 0,55 10 0,73 10 nd* 10 nd*
45 - - 10 6050 - - 10 0e75 10 0017 10 0,10
47 - - - - 566 1619 566 1629 5¢6  md¥ 566  nd¥
48 - - - - 5¢5 1le34 565 1,18 505  nd 505  nd¥

nd = not detectable

—

= missing

( )= method ot carried out as described

*

= outlier
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Table 2.2 RESULTS, after concentration, HPLC (mg/kg)

LAB Level B Level C Level D
conce sample | conce sample | conce sample | conce sample | conce sample [conc. sample
. 8 ;4 6 -
1 - - - - 10 1,26 10 1e15 10 0e35 10 0626
4 - - - 10 1,10 10 1630 10 nd# 10 nd*
5 ~ - - - 10 092 5 1446 10 0624 10 0,32
6 - - - - 10 0692 10 1437 10 0622 10 0,23
C, - - - - 5 1,00 5 1,08 10 0631 10 0031
12 - - - - 5 1e31 5 1,48 10 0632 10 0023
16 - - 5 0,79 10 0:82 10 0627 10 0624
17 B 7042 - 5 1.13 10 2.12 10 0036 10 0.17
18 - - ~ - - - 5 1650 5 0650 5 0440
20 ~ - - - - - - 10 0630 10 0650
21 5 9.97)| 5 (5659)| 10 (0e63) | 10  (0,29) | 10  (0.12) | 10  (0e17)
22 10 11,60 | 10 11,70 - -~ - - ~- - - -
23 - - - - 10 1610 10 1,30 10 0,40 5 0,40
24 - - - - 5 1646 5 1677 10 0,31 10 0,38
26 - - - - 10 1,10 10 0622 10 nd* 10 nd*
27 - - - - 10 1626 10 0673 10 0629 10 0,18
30 - - - - 10 (2:80) | 10 (2,00) | 10  (0.50) | 10 (nd)
32 ~ - - - 10 290 10 2630 10 1,00% | 10 0,90%*
33 - - - - 5 1,60 5 1,70 5 0670 5 040
33 - - - - 10 1,21 10 1445 10 0636 10 0,38
37 - - - - 5 1467 5 1.83 10 0,33 10 0033
38 - - - - 10 1e35 10 0,90 10 8,15 10 nd
39 - - - - 5 2,15 5 2.1 10 0642 10 0,43
41 - - - - 10 0% 10 1,28 10 0,18 10 043
43 13 (1L.00)| -~ - 17 (2.,00) 4 (2,00) | 17 (0e50) ~ -
45 - - 10 8,27 | 10 0,88 10 2602 10 Le45% | 10 nd*
47 - - - - 5.5 2,10 5.5 2400 565 0s70 565 0e40
48 55 2400 55 230 565 0640 565 0s50

nd = not detectable

~ = missing
( )= method not carried out as described
* = outlier
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Table 3.1 RECOVERY spectrometric

LAB added found found recovery | recovery | mean diffe
mg/kg | mg/kg | mg/kg % % % %

1 40,00 | 42,20 | 38,20 105650 95,50 | 100,50 | 10,00

4 e b -~ e L L —

5 20,00 | 18640 - 92,00 - 92,00 -

6 20,00 | 15450 | 16420 77650 81,00 79,25 3650

9 20,00 | 19,50 | 20630 97,50 101,50 99,50 4400

11 18.30 | 13.00 - 7104 - 71,04 -

12 20,00 | 17,20 | 17.42 86,00 87,10 86655 110

14 20,00 | 19,51 | 19436 97455 96,80 97,18 075

15 20,00 | 18,90 | 17.80 94 450 89,00 91475 5650

16 - o s - & - -

17 20,00 | 21,00 | 21.80 105400 109,00 | 107.00 4,00

18 20,00 | 19,20 | 19.40 96,00 97,00 96,50 1.00

19 20,00 | 17,50 | 17,00 87050 85,00 86625 2650

20 2060 | 19,50 - 94,66 ~ 94666 -

21 18:32 | 17+67 | 17.83 96445 97,33 96,89 0087

22 18,00 | 12,84 | 13.20 7133 73633 7233 2,00

23 19.45 | 19,80 | 18,70 10180 96414 98,97 566

26 20,00 | 18,70 | 18,00 93,50 90,00 91,75 3450

27 19,57 | 19,00 | 19,60 97,09 100615 98,62 3,07

29 20,00 | 17,10 - 85,50 - 85450 -

30 19,02 | 19.42 - 102,10 - 102,10 -

31 20,00 | 19.28 | 17.60 96640 88.00 92,20 8,40

32 18.30 13.00 =~ 71.04 e 71.04 s

33 18440 | 15460 - 84,78 - 84,78 -

34 20,00 | 12647 | 13624 624635 66620 64428 3.85

35 20,00 | 16,40 | 17,60 82,00 88,00 85,00 6,00

37 21.35 | 20,27 | 19.87 94 494 93,07 94,00 1,87

38 20,07 | 18452 - 92,28 - 92,28 -

39 18632 | 1754 | 17.74 95,74 96,83 96629 1,09

40 20,00 | 20,50 | 19,10 102,50 95,50 99,00 7,00

41 20,00 | 27,46 | 25.68 137,30 128,40 | 132,85 8,90

43 19,70 | 21,00 - 106460 - 106,60 -

45 20621 | 15666 | 26600 77485 129,26 | 103,56 | 51,40

47 18,47 | 18455 - 100,43 - 100443 -

48 20,00 | 19,83 - 99,15 - 99,15 -

~ = missing
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Table 3.2 RECOVERY HPLC

LAB added found found recovery | recovery| mean diffe
mg/kg | mg/kg | mg/kg % % % %

1 40,00 39.41 30,42 984,53 76,05 87429 2248

4 50,00 51,00 | 45,70 102,00 91,40 96470 10,60

5 20,00 18630 - 91,50 o 9150 ~

6 20,00 19,10 19,10 95,50 95,650 95,50 0,00

9 20,00 20,80 | 20440 104,00 102,00 103,00 2600

11 (18.30) | (19.50) - (106456) - (106456 ) -

12 20,00 18655 18,76 92475 93,80 93,28 1,05

14 - - - ~ ~ - -

15 (20.00) | (16.60) (17.20) (83.00) (86,00) (84650) (3,00}

16 20,00 19,09 19,31 95645 96455 96,00 1,10

17 20,00 22,00 17455 110,00 8775 98,88 22625

18 20,00 20,50 | 206,70 102,50 103,50 103,00 1,00

19 20,00 20,87 19,31 104,435 96655 100645 7080

20 20,60 23,00 - 111665 ~ 111.65 ~

21 (18.32) | (14e21) (15669) (77657) (85.64) (81.60) (8,08)

22 18,00 15,20 L4640 84440 80,00 82622 AN

23 o o - - - ~ .

24 19,83 15,90 | 20610 80,19 101,37 90,78 21418

26 20,00 20,30 9.40 101,50 47,00 74625 54650

27 19457 14697 16,88 76049 86625 81.37 9476

29 - - - -~ - ~ -

30 ~ - - ~ - - -

31 - - - ~ -~ -~ -

32 18,30 17.40 -~ 95,08 - 95,08 %

33 18640 16.00 - 864,96 = 86,96 =

34 - - - ~ ~ ~ -

35 20,00 14,60 12,40 73,00 62,00 6750 11,00

37 - - N - - - -

38 20,07 17.84 - 88,89 - 88,89 &

39 18,32 19,05 19,02 103,99 103,82 103,90 0016

40 20,00 24,00 | 20,00 120,00 100,00 110,00 20,00

41 20,00 16630 15,80 81,50 79,00 80625 2650

43 (19,70) | (24,00) ~- (121.83) - (121.83) -

45 20,12 14000 | 26450 69460 131474 100,67 | 62614

47 18047 16640 - 88,79 = 88,79 -~

48 20,00 18,90 - 94450 - 94 ¢ 50 -

~ = missing

( )= method not carried out as described
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Table 4 Mean values of results A and B direct, C and D after concentration

LAB A direct B direct C after D after
concentration concentration
Spece HPLC Spece HPLC Spece HPLC Spece HPLC
1 61630 56609 | 14,60 13,42 | 122 P | 0616 0031
4 s 6160 - 15,35 |~ 1,20 - -
5 58,94 51,21 | 13.80 14,15 | 1.11 1619 0,13b 0,28
6 59,08 56633 | 13,92 15,07 | 1,01 1s15 0,25 0.23
9 61,50 62605 | 16620 15¢23 | lo44 104 0431 0.31
11 59,80 ~ 15,95% - - - - -
12 64089 65090 | 14,66 17.38 | 0,91 Lo40 0623 0.28
14 6550 ~ 11,12 =~ - - - -
15 66,07 - 18,15 ~ - - - -
16 5196 42071 | 14432 1334 | 0,97 0081 0031 0626
17 52627 45,00 | 13,32 ~ leld 1663 0624 0:27
18 67-90 68-20 16.35 17010 1-30 1.508 = Ou45
19 60,19 -~ 18,28 -~ 1.82a - 0645 -
20 71650 81430 | 17,10 18,90 | ~ - - 0640
21 58633 ~ 14,62 - 0.31b - - -
22 61e75 37,00 | 13,40 ~ - - - -
23 76645 63¢70 | 16630 14,40 | 1635 1420 0630 0640
24 66087 64499 | 14,89 14,38 | 1e.42 1e62 0622 0035
26 6380 57615 [ 13,90 11435 | 0.45 066 - -
27 72415 57464 | 15425 13495 | 0,92 1.00 0,05b 0,24
29 59,65 -~ 15,10 -~ - - -
30 58,61  ~ 14,93 ~ 1,10 - 0616 -
31 52'70 ~m 11.42 Y i 0.643 =
32 44,00 51,75 - 14,75 | 1.46 2660 0.14b =~
33 68670 75465 | 15,70 17,85 | 1,60 1665 0660 0655
34 6584 -~ 17,56 - - - - -
35 73630 65625 | 17,00 9,77 | 1e45 1.33 0040 0,37
37 63667 63633 | 14458 12,34 | 1,75 L.75 0433 0633
38 63015 53e34 | 15045 13,44 | 0,95 1,13 - 0,08b
39 66674 65636 | 15637 15,32 | 1.80 2014 0,30 -
40 63,30 89,50 | 16,60 24,00 | ~ . - 0643
41 6165 67667 | 14,79 8,68 | 1,33 le11 0633 031
43 62675 1558 2,008 - - -
44 6365 ~ 15,29 =~ 0664 - - -
45 43,59 42,50 | 10,09 ~ 0.758 1,45 0,14 -
47 66647 67.05 | 14,71 23,30 | 1.24 2,05 - 0655
48 66612 68460 | 15.49 22,75 | 1426 2a15 - 0645
n 36 26 35 23 27 23 20 20
x 62650 60480 | 15,19 15,49 | 1le21 1043 0028 0034
SX 7-14 11.90 1.68 3.91 0.41 0.47 0.15 0.11
Sy 1s19 2,33 0.28 0,82 | 0,079 0,098 0.034 0,025
170 ~06293 ~0,222 ~0,059
s 2662 0486 06125 06042
t 0665 ~06 34 ~1477 ~1 040

a = duplicate omitted

-3
I
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Table 5 Results of nmatamycin determinations in collaborative study 1984

Level A Level B Level C Level D
direct direct after concentration | after concentration
spectre HPLC  Signe | spectre HPLC  Signe | spectte HPLC  Signe | spectre HPLC  Signe
diff. B © o diff,e o diffe o diffe
Number of
participants 36 27 36 27 29 23 29 24
Number of
outliers 0 1 1 4 2 0 9 4
% outliers 0 4 3 15 7 0 31 17
Results in mg/dn?
X 1) 3.75 3-'65 no 0091 0-93 no 0.07]. 0.085 n 000‘16 0;020 no
r 0s61 0,96 2 0616 0.19 1o 0034 0,057 yes 0,019 0,017 mno
2,83 81ab 113 1.9 yes 0:26 0.65 yes 0,062 0,070 ™o 0,019 0,016 no
R 1:29 2,13 0.31  0.68 0,070 0,089 0,028 0,023
Results in mg/kg
X 1) 62.5 60-8 nm 15.2 15.5 no 1.19 1-43 no 0.27 0.3‘4 1o
r 104 1660 ? 2e7 3ol o) 0:56 0,95 yes 0632 028 1o
2.83 Slab 18.8 31-7 yes lloll- 10.8 yes 1.03 1.16 no 0.32 0.25 no
R 2145 35.5 S5e¢l 1143 Lel7 149 046 0,38
Coefficients of variation
CV,; % 59 9,3 662 7ol 16o5 2344 42,5 29
CV1 % 106 1844 102 2447 31 29 42,6 26
CVp % 12,2  20.6 11,9 2567 35 37 60 39

1) weight value
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Annex 2

Remarks of participants

We remarked a rather rapid degradation of natamycin, when
dissolved in methanol-water, as it 1s the case for sample ex-
tracts (without concentration step) and diluted standard
solutions.

When performing the recovery experiments with local untreated
cheese, we noted decreasing peak heights for added natamycin
in the course of the day, while simultaneously a peak of a
degradation product emerged (retention time of natamycin :
10,2 min, of degradation product : 8,2 min)

We therefore tried to inject sample extracts as rapidly as
possible after preparation.

For samples, which had to be concentrated before final
determination, you proposed to fill up the eluate from the
Sepak cartridge to 5 ml with methanol. We would prefer to
fill up with water and to filter the solution, before
injecting into the HPLC, in order to reduce the amount of
substances which decrease column life,

1. Notice should be given at the beginning of the determination procedure

that all the process should be carried out as much as possible light-shaded
since natamycin is particularly unstable against light.

2. Natamycin concentration in HPLC had better be expressed not as ng/20ml

but as‘pg/ml.(ppm). In this case, the calculation formula of natamycin
concentration in cheese (mg/kg) should be. changed from C = 0.75 x B to C (mg/kg)
15 x B' Q@/ml). .

4. Recovery tests should be carried out at lower spikage levels, too (e.q.

5.0 and 1.0 mg/kqg).

5. Explanatory notes had better be given for calculation formulae.
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1. As— in the first study our columns have other dimensions,
.analytical column: 120 m~ x 4,6 mm i,d., and guard column: 100
mm % 3 mm i.d.

-1 The results for +1he spec*rophotomeiric procedure are based on
' drawing of the line frcm the absorption at 311 nm to the
absorption at 32S nmn.

3 Generally we use two injections,in the HPLC, when the calcu-
lation is based on an external stancdard, so in this study we
have also used two injections pro sanmple.

4, The final solutions of sample no. 1 and sample no. 4 are
diluted 10x to keep the =zazttenuation of the recorder fixed at
0,005, and to be within the range of the standard curve.

B One of the samples, no. 3 is measured at the spectrofotometer
‘after both 5x and 10x concentration. In the evaluation of the
study You have to wuse the result after 10x concentration
because generally the high concentration is necessary. Ve only
give You the figures for 5x concentration to show You that the

result is higher.

¥ The calculation of the natamycin content according to the
formulas 13), 16), and the formnulas on the pages &, 9, and 10
are given in reduced form. It is more informative first to give
the full formula, and You have *to give all formulas number.

Eine weitere Verzodgerung ergab sich, weil die von lhnen angege-
Denéh Bedingungen fir die HPLC (FlieBmittelzusammensetzung) bei uns
kein verniinftiges Chromatogramm ergaben. Bei der geforderten Verwen-
dung von Methanol /Wasser/Essigsdure = 60/40/5 (V:V:V) als FlieB-
mittel erhielten wir einen zu breiEen Natamycinpeak nach einer zu
langen Retention von ca. 2228 sZ T‘(siehe beiliegendes Chromato-
gramm). Wir haben daraufhin die Zusammensetzung des angegebenen
FlieBmittels vielfach verdndert, jedoch mit wenig Erfolg fiir ver-
ninftige Peaks und kiirzere Retentionszeiten. Deshalb haben wir uns
entschlossen, das von uns in der 'Milchwissenschaft' 38 (3), 145-147
(1983) angegebene FlieBmittel Methanol/ Phosphatpuffer = 70/30 (V:V;
3,026 ¢ KH,PO, in 1 Liter H,0 bidest.) zu verwenden. Sédulen-
material und FlieBgeschwindigkeit entsprechen ansonsten Ihrer Vor- .

schrift. ‘



Weiterhin konnten wir nach Ihrer Vorschrift keine Konzentrierung-der
Proben 3, 5, 6 und 7 erreichen (s. Chromatogramme: Versuch 1. 3. 8,
6 und 7 zehnfach konzentriert), was insbesondere fiir die spektral-
photometrische Bestimmung erforderlich gewesen ware. Auch Probe 1
mit hohem Natamycingehalt lieB sich nicht konzentrieren. Die Griinde
hie?fﬂr sind uns nicht bekannt. In Abdnderung Ihrer Vorschrift ver-
wendeten wir lediglich die C 18 Kartuschen von Chrompack anstelle

der von Waters.

1) Die Proben und der Standard wurden nach Erhalt bis
zum Untersuchungsbeginn bei -18°C gelagert. Die Unter-
suchungen wurden vom 20.8, - 25.8.84-vorgenommen,

4) Bei den Proben 1 und 4 sind deutliche Unterschiede in den
Werten, die nach der HPLC- und der UV-Methode ermittelt
wurden, festzustellen.

Wenn die dazugehorigen HPLC-Chromatogramme betrachtet werden,
kann man vor dem eigentlichen Natamycin-Peak zwei mehr oder
weniger deutliche Peaks mit Retentionszeiten von ca. 16-17 Mi-
nuten erkennen. Solche Vorpeaks treten auch bei reinen alten
Standards auf, man kann sie wohl als Signale fiir Natamycin
Abbauprodukte ansehen, Diese Abbauprodukte wurden aber bei

der UV-Bestimmung als "Gesamt-Natamycin" miterfaBt. An einem
Beispiel sei dies demonstriert:

Probe 1 Natamycin-Peak, Hohenwert ........... 59461
daraus berechneter Gehalt, mg/kg......59.36
Natamycin-Peak und Vorpeaks
Summe der Hohenwerte ......cee00000... 63.26
"Gesamt-Natamycin" Gehalt, UV, mg/kg 64.90

Wir wollen dem Problem der Bildung der Abbauprodukte
weiter nachgehen,

5) Ist es nicht mdglich zur Vereinfachung des Untersuchungs-
ablaufes, die spektralphotometrische Detektion in Losung
8.8.1 durchzufiihren und auf 8.7.1 bis 8.7.3 zu verzichten?



.I .
We regret we have experienced severe difficulties with the H.P.L.C. aspects of the above
trial. In general we are experiencing prolonged retention times and in view of this poor

sensitivity due to reduced and diffuse peaks.

1. In our institute the relative unusual column (150 x 4,6 mm id) as
~ described in 3.17 was not available. Therefore we employed a Radial-Pak-
Cl8-cartridge (Waters) with the dimensions 100 x 8 mm, equipped with a
C18-Guard-PAK precolumn.

2. The retention times of natamycin were less stable as usual in HPLC but
fluctuated although flow and pressure of the system seemed to be
constant. Perhaps some proteins remain in solution during the preparation
of the samples, and later influence the retention times on the HPLC-column.

3. The diluted solutions described in 7.2.3 with natamycin contents in the
range of 0,1-0,8 ppm could not be analysed successful by our HPLC-system
injecting only 20 microliters. Therefore we injected 200 ul to test the
linearity of the calibration curve. However in the case of samples with
low natamycin contents this proceeding caused poor results, for the
natamycin peaks shifted forwards sometimes from 9-10 to 3-4 minutes.
These shifts may also be caused by remaining proteins in the sample
solutions, as suggested before.

4. The procedure of concentration with sep-pak cartridges seems to be not
allways reproducible, and the rates of recovery are varying. The dilution
step in 8.2 causes precipitates, which perhaps bind some natamycin.

Ayant utilisé pour le dosage par HPLC une colonne RP§ dont
les performances se sont révelées trds médiocres, nous avons dfl refaire
une colonne dont les caractéristiques sont différentes:

L 1 150 mm
ID 1 4,6 mm
Phase: Nucléosil C 18 dp : 5_unm
Une seconde extraction a dff 8tre réaliséde avec le reste des

échantillons, en ajoutant un volume de solvant proportionnel a la
quantité prélevée ece que nous avons indiqué dans une colonne "Solvent").
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1985~04-01

DETERMINATION OF THE NATAMYCIN CONTENT OF CHEESE RIND AND CHEESE

1 SCOPE AND FIELD OF APPLICATION

This Standard describes a method for determining the natamycin content
of cheese rind and cheesee.

The limit of detection in the interior of the cheese 1s 2 mg/kge

The limit of determination in the cheese rind is 0,5 mg/dm2 %)

1.1 Reference

IS0 707 Milk and milk products ~ Methods of sampling.

12 Definition
'Natamycin content' means the amount of this substance, as determined

by the method described below, expressed in mg/dmz.

163 Principle

A weighed quantity of sample 1s extracted with methanols. The extract
is diluted with water to precipitate most of the fat and is then
coolede

After filtration and clean~up the natamycin content is determined by a
spectrometric or an HPLC methode

For low concentrations a concentration step 1s Included before

measuremente

2 REAGENTS AND REFERENCE SUBSTANCES |

Note: Brand names are mentioned for identification only, and do not

exclude other brands, which may satisfy as well.
21 Methanol, chemically puree

262 Aqueous methanol, prepared by mixing two volumes of methanol with

one volume of water.

rerarwraiwiwra i

%) These limits were fixed by the Joint IDF/ISO/AOAC Group of Experts
E 43 "Selected Food Additives" in its meeting of 7 May 1985, based

upon the results of a collaborative study carried out in 1984,
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243 Natamycin preparation, with a known natamycin content = P Z.

Note: When using this preparation as a standard take the natamycin

content into account (see 7elslel)e

3 APPARATUS, GLASSWARE AND AUXILLARY EQUIPMENT

3¢1 Balance, capable of welghing to 1 mge

3¢2 Slicing machinery

36201 For the analysis of cheese rinds:

a Slicer, or similar apparatus that will enable portions of cheese
rind 5 mm thick and about 3 cm wide to be obtained (see figure 1)
3¢2s2 For the analysis of cheese:

Fine~slicer, for cutting slices of cheese 0.7 mm thicke. See figure 2,

Note: A David planning-~machine 1s suitables

Note: A Moulinex 'Moulinette' is suitablee

34 A sharp knife, for cutting slices of cheese into small plecess
3¢5 Magnetic stirrer or shaking-machine.

3+6 Measuring cylinders, 100 and 50 mle

3e7 Conical flasks, 200 ml, of coloured glass with ground-glass stop-

perse

369 Pipette, 5 mls
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3¢11 Microfilters, 0,45 um pore size
0,20 um pore size

(resistent to attack from alcoholic solutions).

310 nm, about 317 nm and also 329 nm, equipped with cells having an
optical path of 1 cme

3¢15 Freezer, operating in the temperature range ~15 to ~20°Ce

3016 LiﬂHiﬂ.ghﬁﬂmﬂQQ&EQEh_WLQE.Eﬂiﬂ_qEQEQEQE and recorder and/or

integrators

Perisorb RP 8, particle size 30~40 ume

3619 Sep~pak C18 cartridges, Waters noes 51910,

4 SAMPLING

See IS0 707,

A whole cheese, or a segment of a cheese representative of the whole,

shall be presented to the laboratorye.

5 PREPARATION OF THE SAMPLE

501 Cheese rind laboratory samplee

8547035 -4 -



56¢1le2 If necessary, cut the sector or portion sample into smaller sec-

tors or portions so that the width of the cheese rind is not more than

about 3 cme

5¢le3 Cut the whole rind to a thickness of 5 mm from the sectors or

portion thus obtained.

S5elef Cut from the rind obtained a rectangular plece and measure the
surface in em? (about 20-40 cm?), welgh the piece in ge Note the sur-

face and masse

5¢le5 Grate carefully and mix the whole cheese rind, including the
weighed and measured pleces Transfer immediately to a sample jar a

quantity of the sample thus prepareds

5016 Clean, after each sample, all tools which have been in contact
with the cheese or cheese rind, first with hot water followed by
methanol and dry thoroughly for instance with a stream of compressed

alre
502 Cheese laboratory samplee

562¢1 After removing the rind as described in paragraph 5.l.3, slice
with the fine~slicer (3s¢2.2) the whole of the outer section of the

cheese as prepared in paragraph 5e¢le2e

5022 Cut from the slices of cheese a rectangular plece and measure
the surface in cm? (about 20~40 cm?), welgh the piece in ge Note the

surface and masse

50263 Cut all the slices of cheese ~ including the weighed and
measured plece of cheese ~ into small pieces of 1 to 2 mm and mix
carefullye. Transfer immediately to a sample jar a quantity of the

sample thus preparedes
5¢2¢4 Clear, after each sample, all tools which have been in contact

with the cheese first with hot water followed by methanol and dry

thoroughly for instance with a stream of compressed alre
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6el In the case of cheese rind, accurately weigh, to the nearest 10 mg,
about 10 g of the test sample for analysls into a 200 ml conical flask
and add 100 ml of methanol (2.1)e.

In the case of cheese, accurately weigh, to the nearest 10 mg, about

5 g of the test sample for analysis into 100 ml conical flask and add

50 ml of methanol (2.1).
Stir the contents of the conical flask for 90 min with a magnetic

stirrer or shake for 90 min in a shaking—machine.

602 If cheese rind, add 50 ml of watere

I1f cheese, add 25 ml of watere

603 Place the conical flask in the freezer immediately and allow to

stand for about 60 mine

604 Filter the cold extract through a folded filter, discarding
the first 5 ml of flltrates

Bring the filtrate to room temperatures

Note: The filtration has to be carried out when the suspension is

still colds When warmed up, there is a risk of turbid filtratese
605 Put a part of the filtrate in a syringe (3.10) and filter
through a microfilter of 0,45 um pore size and then through a micro-

filter of 0020 um pore size (5e11)e

7 DETECTION

7elel Measuring standard solutione
7elelel Immediately before use, dissolve 50 mg of 100% natamycin

(calculated from 50 x 100 mg of natamycin standard) (2.3) in 100 ml of
methanol (2e1)e P
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Take 5 ml of this solution and dilute to 50 ml with aqueous methanol
(2+2), then dilute 5 ml of the diluted solution again with aqueous
methanol (2.2) to 50 mle

The natamycin concentration of the final solution in 5 pg/ml. Use this
solution, or another solution with appropriate concentration close to
that of the sample solution, measured in 7.le¢2, for calibration of the

apparatuse

7018162 Record the spectrum of the standard solution in the range
300~340 nme Measure the absorption at the maximum at about 317 nm, the
minimum of about 311 nm and at 329 nm exactly. Use aqueous methanol
(262) as a blanke

Note: As natamycin is instable in aqueous methanol, measure as rapidly

as possibles

70lele3 Calculate a constant A from the equation

Cn = A X Epacanm )
where
Cn = concentration of the natamycin standard solution in pg/mle
Ehatam = net absorption of this natamyein solutione
E
p Ehatam 18 the absorption at about 317 nm
corrected using the stralght line between the
: absorption at about 311 and 329 nm as a base
U
| linee
] 'I
. !
~B1 "’3‘? 329 nmM
Figure 1 (exact)

Ehatam can be taken from the UV spectrum (see figure 1), or can be

calculated with the formula

Enatan = (BN ~ 2 (E2)n ~ L (E329)y (2)
3 3
where
(Ej)y = the maximum absorption at about 317 nme
(Eg)y = the minimum absorptfon at about 311 nms
(E329)y = the absorption at 329 nme

854738 =~ T =



Note: The exact position of the maximum at 317 and the minimum at
311 nm can be slightly shifted, due to variations in apparatus

calibratione Use always the actual maximum and minimum valuese
70102 Measuring sample solution

7616261 Record the spectrum of the sample solution in the range

300~340 nme Measure the absorption obtained in 65 at the maximum at
about 317 nm = (Ej)g, the minimum at about 311 nm = (E2)g and at 329
nm exactly = (E399)ge Use the aqueous methanol (2.2) as a blanke

7ele2+2 Calculate the natamycin concentration of the sample in mg/kg

using the equation

Cs = 15 A x Epatan (3)
where
Cq = pnatamycin concentration of the sample in mg/kge
A = constant, as determined in 7elsle3s

Enatam = absorption of the sample solution, baseline corrected

according to fige 1, or calculated from the equation

Epatam = (E1)g ~& (E2)s ~ l-(E329)s (4)
3 3
The value Cg will be used for the determination of the natamycin con-
centration in the cheese, below the cheese rind, to detect migration

of natamycin into the cheeses

7019203 Calculate the amount of natamycin on the surface of the cheese

rind in mg/dm? using the equation

Cg' = 0.1 Cg x X (5)
¥
= 1.5 x A x X Enatam (6)
Y
= 1e5 x Ax X (Ep)g ~ 2 (E2)g ~ L (E329)g (7)
Y 3 3
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Cq' = concentration at the surface of the cheese rind, in mg/dm2

X = mass of the plece of cheese rind in gram
Y = gurface of the piece of cheese rind in em?
A = constant found in paragraph 7e.lele3.

The value Cg' will be used for the determination of the natamycin con-~

centration on the surface of the cheese rinde.

70163 If the natamycln concentration of the sample 1s so low that
detection 1s impossible or almost impossible (signal/noise ratio < 3)
and you still want to know the quantity, concentrate the filtrate

(665) as described In paragraph 8,

762 p_ei:_egtiog _tii_t_h__Hl’_Lg_

76261 Adjustment of the liquid chromatograph

The following chromatographic conditions are recommended.

Mobile fase : Methanol-water—acetic acid 60 + 40 + 5.

Flow : 1 ml/mine

Detector set: 303 nm, 0,005 AUFS.

Recorder : 10 mVe

Theorecital (typical) plate count: minimal 1500,

Typical retetion times

Note: When another type of column is applied, the methanol:water
ratio may have to be adapted. The relative amount of acetic acid,

however, 1s essentlial to keep the absorption maximum at 303 nme

70262 Before each series of samples a standard with a known quantity

of natamycin must be injected to appoint the retention time and to

check the calibration curvee

702¢3 Preparation of the calibration curve
Pipette 1~2-4-6 and 8 ml of standard solution (7e.lelel) into a series
of 50 ml volumetriec flasks and make up to volume with aqueous methanol

(262)0
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These solutions contaln 0ol, 062, Oe4, 0e6 and 08 ug/ml respectivelye.
Inject 20 pl of these solutionse Measure the surface or helght of the
peaks and plot the found values on the y~axis against the Injected

quantities in ng on the x~axise.

70264 Inject 20 pul of the clear filtrate obtained in paragraph 6e5e
Measure the surface or the helght of the peak with the same retention
time as the natamycin standard solutionse

Measure as rapidly as posslblee

70265 Calculation
The quantity of natamycin in the injected aliquot can be found by

interpolation on the standard curve.

7¢2+501 Calculate from the found concentration of natamycin in the
filtrate the natamycin concentration in the cheese (rind) in mg/kg
with the formula

C=15xB (8)
where
B = the quantity of natamycin in pg/ml

C = the concentration in the cheese (rind) in mg/kge

7626502 Calculate the amount of natamycin on the cheese rind surface

in mg/dw? with the formula

C' = 0,075 B x X (9)
Y
= 0.1 « C x X (10)
Y
where

C' = the amount of natamycin in the cheese rind surface in mg/dmz.
X
Y

the mass of the plece of cheese rind in grame.

the surface of the plece of cheese rind in cm?,

70206 If the peak surface or peak helght of the sample, found in
paragraph 7.2.4 is so low that interpolation on the standard curve is
impossible or almost impossible and you still want to know the quan-~

tity, concentrate the flltrate (6.5) as described in paragraph 8.
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handle

cheese rind

Figure 2 Fine-slicer, for cutting slices of cheese 0.7 mm thick (3.2.2)
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8 CONCENTRATION OF THE FILTRATE

8.1 Declde if a concentration of about 5 or about 10 times 1Is desireds.
Base this decision on the data found in paragraph 7elel or 7.2¢3 and

the required detection limite

802 Pipette 25 or 50 ml (respe 5 and 10 times concentration) of the
filtrate (6e5) in a beakers Add 50 or 100 ml water and mixe.

803 Activate a sep-pak Cl8 cartridge using 3-5 ml of methanol, then

wash with 10 ml of watere

84 Pass the solution (8e¢2) through the cartridge with a speed of * 25
ml/min with the aid of a syringee.

865 Rinse the cartridge with 10 ml waters

8¢6 Elute the natamycin with 3 ml methanol.

8e¢7 Spectrometric detectione

867e1 Add 1,5 ml water and mixe

86762 Put the solution in a syringe and filter through a microfilter
of 0,45 um pore size and then through a microfilter of 0,20 um pore
size, into a cuvettee

867+3 Measure the absorption as described in paragraph 7el.le

848 Detection with HPLC,

8o8.1 Fill up the solution (8e6) to 5 ml with methanole.

86862 Inject 20 pl of the clear filtrate obtained in paragraph 8.8.1,

Measure the surface or height of the peak with the same retention time

as the natamycin standard solutionse. Measure as rapidly as possible.
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8,9 Calculation after concentrationes
8:9.1 For spectrophotometrical detectione
8¢9:1el Calculate the natamycin concentration of the sample in mg/kg

with the formula:

for about 5 times (566 x) concentration:

Cg = 267 A x Enggam = 2¢7 A x  (E1)N - 2 (E2)n ~ L (B329)n (11)
3 3

for about 10 times (ll.1 x) concentration

Csg = 135 A x Epgram = 1635 A (Ep)y ~ 2 (E9)n ~ L (E329)n 12)
3 3

where A, E;, E9 and E329 are as In paragraph 7.1e2.2e

8696162 Calculate the amount of natamycin on the surface of the cheese
rind in mg/dm? for about 5 times (5.6 x) and about 10 times (1lel x)

concentration with the formula:

Cg' = 0s1 C4 xé (13)

where X and Y are as in paragraph 7.le2.3.
869+2 For HPLC detectlone

The quantity of natamycin Iin the injected aliquot can be found by

interpolation on the standard curves

8596261 Calculate the natamycin concentration of the surface in mg/kg
with the formula:

for 5 times concentration

cC=3 B (14)
for 10 times concentration
C =145 B (15)

where B is the same as In paragraph 7.2e5.1e

8694202 Calculate the amount of natamycin on the cheese rind surface
in mg/dn? with the formula

C' =01 CxX (16)
b6

where X and Y are as in paragraph 7.2e¢5¢2e
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9 REPEATIBILITY AND REPRODUCLBILITY

The repeatibility and reproducibility of the method according to a

collaborative study carried out in 1984 with 36 laboratories on 8

samples proved to

be as followse

Level Spectrometric HPLC
mg/dn2  mg/kg % % % %
4 60 549 Yo et 9.3 2046
direct determination
1 15 662 11,9 7ol 2567
0,08 13 1665 35 2344 37
concentration 10x
0,02 063 4245 60 29 39

CV = Coefficient of varlatione

Relative repeatibility

rrel = 2.83 X CVrl

Relative reproducibility Ryg] = 2483 x CVRe
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