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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 establis
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ernmental, in liaison with ISO, also take part in the work. ISO collaborates closely wit
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives,/Part 2.
5k of technical committees is to prepare International Standards. Draft Interbational Stan

the technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting’a vote.

e

rawn to the possibility that some of the elements of this document.may be the subject of
nall not be held responsible for identifying any or all such patent-tights.
DF 193 was prepared by Technical Committee ISO/TC 343 Food products, Subcommittee

blished jointly by ISO and IDF and separately by AOAC;International.
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products, and the International Dairy Federation (IDF)kin’collaboration with AOAC Internatjonal.
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Foreword

IDF (the International Dairy Federation) is a worldwide federation of the dairy sector with a National
Committee in every member country. Every National Committee has the right to be represented on the IDF
Standing Commlttees carrying out the techmcal work. IDF coIIaborates with ISO and AOAC International in

ulated to the
least 50% of

od products,
boration with

All wprk was carried out by the Joint ISO/IDF/AOAC Action Team, Chdaracterization of heat tredtment, of the
Stangling Committee on Minor components and characterization of.physical properties, under the aegis of its
projeft leader, Prof. P. Resmini (IT).
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ISO 18329:2004(E)

INTERNATIONAL STANDARD IDF 193:2004(E)

Milk and milk products — Determination of furosine content —
lon-pair reverse-phase high-performance liquid
chromatography method

1 $cope

This International Standard specifies a method for the quantitative determinationcof-furosine (e{furoylmethyl-
lysing) in milk and milk products. The method is particularly applicable to raw ‘er heat-treateq milk and to
cheege.

2 ormative references
The following referenced documents are indispensable for «the' application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO $968-1|IDF 20-1, Milk — Determination of nitrogen* content — Part 1 — Kjeldahl method

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

3.1
furosine content
masq fraction of substance determined by the procedure specified in this International Standard

NOTH Furosine centent is expressed in milligrams per 100 g of protein.

4 Principle

The first.stable “Maillard Reaction” (MR) product formed in milk and in cheese, ¢lactulosyl-lysine, is partially
converted-by—warm—acid-hydrolysis—into—furosine—the—determination—of-which—allows—the—extent of the early
stage of MR to be evaluated. The MR extent is related to the type and intensity of heat treatments applied
both to raw material and in processing. The determination of furosine is performed by ion-pair reverse-phase
(IP-RP) HPLC with UV detection at 280 nm. Quantification of furosine is obtained by reference to a standard
sample of furosine.

5 Reagents

Use only reagents of recognized analytical grade, unless otherwise specified, and distilled or demineralized
water or water of equivalent purity.

5.1 Hydrochloric acid (HCI), fuming, with a mass fraction 37 %.

© 1SO and IDF 2004 — All rights reserved 1
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5.2

Hydrochloric acid solution I, ¢c(HCI) = 10,6 mol/l.

Mix 8 volumes of hydrochloric acid (5.1) with 1 volume of water to obtain hydrochloric acid solution I.

5.3

Hydrochloric acid solution I, ¢(HCI) = 8,0 mol/l.

Mix 2 volumes of hydrochloric acid (5.1) with 1 volume of water to obtain hydrochloric acid solution II.

5.4 Hydrochloric acid solution I, ¢(HCI) = 3,0 mol/l.

Mix 1 volumgofhydrochtoricacia(5-H-with-3-volumesof waterto-obtainhydrochtoric-acid-sotutiont-
5.5 Methanol (CH;0OH).

5.6 HPLC|elution solvents

Prepare HPL
5.6.1
5.6.2
Dilute 4 ml o

5.6.3

Dissolve 3 g

5.7 Furos

5.8 Furos

Dissolve 15
solution with
dilution 1 wi
1 nmol/ml fu

Calculate th
content decl

The furosine

5.9

Watér, of HPLC-grade.

Dilute acetic acid (CH;CO,H)

Potassium chloride solution, ¢(KCl) = 3 g/l.

]

Nitrogen, gas-chromatography purity.

C elution solvents by using HPLC-grade reagents.

glacial acetic acid with water to 1 000 ml.

of potassium chloride in 1 000 ml of dilute acetic acid (5.6.2).

ne, (e.g. Neosystem?) or equivalent).

ne standard solution, c[s-N-(2-furoylmethyl)-L-lysine] = 1 nmol/ml (approx.).

Mg of furosine (5.7) in 25 ml of hydrochloric acid solution Il (5.4) and mix. Dilute 5 ml @

the hydrochloric acid solutien\Nl (5.4) to 100 ml. Mix again to obtain dilution 1. Dilute 1
hydrochloric acid solution lll (5.4) to 100 ml to obtain a furosine standard solution of

osine.

exact concentration“of furosine in the final furosine standard solution on the basis of th
red for the commercial product.

standard solGtion remains stable for 24 months, if stored at —20 °C.

f this
ml| of
hbout

e net

6 Apparatus

Usual laboratory equipment and, in particular, the following.

61 C18c

artridge, or minicolumn (500 mg), used in the solid-phase extraction.

1) Furosine is supplied by Neosystem, Rue de Bologne 7, 67100 Strasbourg, France. This 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 or IDF of this product.

© ISO and IDF 2004 — All rights reserved
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6.2 HPLC equipment, provided with gradient pumping system, metal-free injector with injection loop
between 20 ul and 50 ul, and a thermostatic column oven.

6.3 UV-detector, capable of operating at 280 nm wavelength with minimum AUFS of 0,010 or lower.

Under these chromatographic conditions and with an injection of 10 pmol of furosine, the signal-to-noise ratio
shall be higher than 10.

6.4 “Furosine dedicated” column, of diameter 4,6 mm and of length 250 mm, 5 ym particle size (e.g.
Alltech?)), or an equivalent column capable of separating the furosine peak on the baseline without interfering
with gthet pcal\o.

6.5 | Integrator, or data-reprocessing software, capable of measuring the peak areas.
6.6 | Analytical balance, capable of weighing to the nearest 1 mg.

6.7 | Oven, capable of being maintained at 110 °C + 2 °C.

6.8 | Screw-cap Pyrex3) vials, or other heat-resistant sealing vials.

6.9 | Paper filters, of medium porosity.

6.10 | Glass syringe, of capacity of 10 ml.

6.11 | Kjeldahl apparatus,conforming to ISO 8968-1/ IDF 20-1.

7 $ampling

A representative sample should have been sent to the laboratory. It should not have been|damaged or
changed during transport or storage.

Sampling is not part of the method specified in this International Standard. A recommended sampling method
is given in ISO 707.

8 Preparation of testportion

8.1 [ Milk

Pipette 2 ml of\test sample into a screw-cap Pyrex-vial (6.8). Add 6 ml of hydrochloric solution | (§.2) and mix.

8.2 | Cheese

Weigh an aliquot of test sample corresponding to an amount of 40 mg to 50 mg of protein into a screw-cap
vial (6.8). Add 8 ml of hydrochloric solution Il (5.3) and mix.

2) The “Furosine dedicated” column is supplied by Alltech-Europe, Laarne, Belgium.
3) Pyrexis 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 or IDF of these products.

© 1SO and IDF 2004 — All rights reserved 3
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8.3 Hydrolysis

8.3.1

Bubble the nitrogen (5.9) through the prepared test portion in the screw-cap vial (8.1 or 8.2) for about

2 min. Close the vial tightly and heat its contents for 23 h in the oven (6.7) set at 110 °C. Gently shake the vial

after the first
8.3.2 Cool

If necessary,

hour of heating.
and filter the obtained hydrolysate (8.3.1) through a paper filter (6.9).

the filtered hydrolysate may be kept for 12 months if stored at —20 °C.

8.4 Deter

Determine th
described in

mination of protein content

e nitrogen content in 2 ml of the filtered hydrolysate (8.3.2) by using the “Kjeldaht’ m
SO 8968-1/IDF 20-1. Calculate the protein content by multiplying the nitrogen cortent by 6,

9 Procedure

9.1

9.1.1 Mou
methanol (5.
9.1.2 Take

discarding th

9.1.3 Pipe
the cartridge

The purified
9.2 HPLC
9.21 Chro

9.211 El

Use acetic écid solution 5.6.2) as elution solvent A, and potassium chloride solution (5.6.3) as e

solvent B.

Solid{phase extraction (SPE) of the filtered hydrolysate

nt the C18 cartridge (6.1) onto the glass syringe (6.10). Pre-wet the cartridge by eluting 5
b) followed by 10 ml of distilled water. Do not allow the cartridge to go dry.

up 0,5 ml of filtered hydrolysate (8.3.2) into the syringe. Slowly inject this into the cart
e displaced liquid. Avoid introducing air.

te 3 ml of hydrochloric acid solution Il (5.4) intesthe syringe. Slowly elute until complete dry
occurs, then collect the colourless eluate.

hydrolysate remains stable for one week:if stored at —20 °C.
determination

matographic conditions

ution solvents

bthod
38.

ml of

idge,

ng of

ution
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IDF 1

2  Elution gradient

This shall be as given in Table 1.

Table 1 — Elution gradient

9.2.1

Set the flow rate of the elution solvent at 1,2 ml/min.

9.21

The
dedig

9.2.1
Equil

and
base

9.21

Perfa
the p

valud.

Time Solvent A2 Solvent B?
min % %
0 100 0

12,5 100 0

19,5 50 50

22,0 50 50

24,0 100 0

32,0 100 0
@8  Equivalent elution gradients may be used according to, ‘the
adopted column.

3 Flow rate

4  Column temperature

column temperature shall be kept at constant value ranging between 30 °C and 35 °C for {
ated” column, or according to the type ‘of-column adopted.

5 Equilibration
brate the chromatographic(system by flushing the column for a few minutes with a mixture

B in the ratio 50:50 and ‘aflow rate of 1,2 ml/min. Then set the initial condition (9.2.1.2)
ine is observed.

6 Determination

rm a blank.ran by injecting between 20 ul and 50 ul of hydrochloric acid solution Il (5.4) in of
urity of_the’solvents. After the final equilibration step, the detector response shall stabilize

Sub

93:2004(E)

he “Furosine

of solvent A
intil a stable

rder to check
to the initial

p)matographic

separation by injecting between 20 ul and 50 ul of each. The furosine peak shall be resolved on the baseline
with a retention time ranging from 20 min to 24 min.

Determine the furosine peak area for both purified hydrolysate (9.1.3) and furosine standard solution (5.8) by
using baseline integration (see examples of HPLC patterns in Annex A).

NOTE

The furosine signal at 280 nm has proven to be linear over the range (1 to 1 000) pmol injected, while the

range of interest is between (5 and 500) pmol. Therefore, it is not necessary to perform a multi-point calibration.

© IS0
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10 Calculation and expression of results

10.1 Calculation

Calculate the furosine content of the test sample, w, using the following equation:

w =

where

g v =

3

Ay xixlxixﬂx 8

AV F 10 mx4

is the furosine content of the sample, expressed in milligrams per 100 g of protein;
is the numerical value of the peak area of furosine obtained for the test sample (9.2.16);

is the absolute amount of furosine in the injected volume of standard solution™(5:8) (between
and| 50 pl), in picomoles;

is the numerical value of the peak area of furosine obtained for the. furosine standard so
(9.2.1.6);

is the numerical value of the injected volume, in microlitres (¥ is‘between 20 ul and 50 ul);
is the numerical value of the dilution factor involved in the SPE (d = 6);

is the numerical value of the recovery factor of the SPE (F = 0,95);

is the numerical value of the molecular mass of the furosine (M = 254);

is the numerical value of the mass of the prétein content in 2 ml of hydrolysate (8.4), in milligram

10.2 Expression of results

Express the fesults to 1 decimal place,

11 Precisjon

11.1 Interlaboratory test

Details of an interlaboratory test on the precision of the method are summarized in Annex B. The V|
derived from| this.interlaboratory test may not be applicable to concentration ranges and matrices other

those given.

20

ution

2

Alues
than

11.2 Repeatability

The absolute difference between two independent single test results, obtained using the same method on
identical test material in the same laboratory by the same operator using the same equipment within a short
interval of time, will in not more than 5 % of cases be greater than 6 % of the arithmetic mean of the results.

11.3 Reproducibility

The absolute difference between two single test results, obtained using the same method on identical test
material in different laboratories with different operators using different equipment, will in not more than 5 % of
cases be greater than 15 % of the arithmetic mean of the results.

© ISO and IDF 2004 — All rights reserved
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12 Test report

The test report shall specify:

a) all information necessary for the complete identification of the sample;
b) the sampling method used, if known;

c) the method used, with reference to this International Standard;

d) i | ifled i i | ) i . together with
details of any incidents which may have influenced the test result(s);

e) the test result(s) obtained or, if the repeatability has been checked, the final quoted-result obfained.

© 1SO and IDF 2004 — All rights reserved 7
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Annex A
(informative)

Examples of HPLC patterns

Y 4
12,00 1

11,50 1
11,00—2
10,50%
10,00—2
9,50 -

9,00 A

8,50
goo4 [ J ULMAWWW

7750:||\\||||||||\\||||||||\1||||||||\\||||||||\\|||||
200 400 6,00 800 10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00

X

Key
X retention §ime, in minutes
Y voltage, il millivolts

1 furosine peak

Figure A.1 — HPLC pattern of a furosine standard solution (53 pmol of furosine in the peak)
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