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Foreword

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

standard methods of analysis and sampling for milk and milk products.

Draft|International Standards adopted by the Action Teams and Standing Committees are eirc
National Committees for voting. Publication as an International Standard requires approval by.at
the IIDF National Committees casting a vote.
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INTERNATIONAL STANDARD IDF 198:2007(E)

Milk and milk products — Determination of lactose content by
high-performance liquid chromatography (Reference method)

1 cope

This |nternational Standard specifies the reference method for the determination of lactose contept of raw milk,
heat-freated milks, dried milk and raw and pasteurized cream.

The hethod is not applicable to fermented milks and milks to which oligosaccharidés have been gdded.

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 448, Laboratory glassware — One-mark pipettes

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

3 Terms and definitions

For the purposes of this document;.the following terms and definitions apply.
3.1
lactose content

masgq fraction of substances determined by the procedure specified in this International Standard

NOTE The masS)fraction can be expressed as a percentage.

4 Principle

An internal standard [n(+)_mn|n7ifncn] is_added to a wnighnd volume of milk and to lactose ktandards. A
chemical reagent (Biggs-Szijarto solution) is added to precipitate out the fat and the protein component
fractions of milk. The sample is filtered twice prior to injection, first through paper filter and then through a
0,45 pym nylon filter. The lactose and the internal standard are separated by a cation exchange column in the
lead form and detected by a differential refractometer detector or other suitable detector. As mobile phase,
HPLC grade water is used.

5 Reagents

Use only reagents of recognized analytical grade, unless otherwise specified.

© 1SO 2007 — All rights reserved 1


https://standardsiso.com/api/?name=400a6e030df09a0cdf45db002d727f85

ISO 22662:

2007(E)

IDF 198:2007(E)

5.1

Degassed HPLC grade water.

Filter the water, conforming to the requirements of ISO 3696, Grade 1, obtained from the water purification
unit (6.9) using the solvent filtration unit (6.10). To improve the pump performance and to obtain a stable
baseline, degas the mobile phase daily by selecting one of the available techniques such as sparging with
helium, sonication, vacuum or in-line degassing system.

5.2

D(+)-Melezitose hydrate solution, ¢(C;gH3,0,4-H5,0) = 50 mg/ml.

Dissolve an amount of D(+)-melezitose hydrate in water (5.1) to give a final concentration equivalent to
50 mg/ml of the anhydrous form.

The D(+)-me

5.3 a-Lact

Before use, ¢
NOTE Af

5.4 Biggs

Dissolve 25
monohydrate
volumetric fl4

Add 20 ml of

After use, the solution may be stored at 4 °C for no longer than\1 week.

SAFETY PH
handling of

6 Appar;
Usual labora

6.1 HPLC
linked copoly

6.2 Guard
In order to pr

6.3 Micro

ezitose solution can be stored at 4 °C for no longer than 1 week.

ose monohydrate, C;,H,,0,4-H,0.

ry the a-lactose monohydrate at 70 °C for 4 h. Cool it to room temperature in‘a desiccator.
er drying, the lactose remains in the monohydrate form.

Szijarto solution.

g of zinc acetate dihydrate, Zn(CH;COO),2H,0 andy\2,5g of phosphotungstic
I((W12036-H3PO4-H20) in about 100 ml of HPLC grade water (5.1) in a 200 ml one

S

glacial acetic acid (CH3;COOH). Dilute to the 200 mil.mark with HPLC grade water (5.1) ang

RECAUTIONS — Follow prevailing health and safety guidelines for the storage
these chemicals.

atus

ory equipment and, in particular, the following.

ion exchange resin.eolumn, of length 300 mm, of internal diameter 7,8 mm, with 8 % ¢
mer, based on polystyrene-divinylbenzene cation exchange resin, packed in the lead form.

column.
plong ionsexchange resin column life, replace the guard column after about 200 injections.

guard holder.

acid
mark

mix.

and

ross-

6.4
6.5 HPLC
6.6 HPLC
NOTE
6.7

NOTE

Column heater, capable of maintaining a constant temperature of 85 °C + 1 °C.

pump, capable of maintaining a flow rate of between 0 ml/min and 10 ml/min.

autosampler.

Manual injection can also be used.
Differential refractometer detector, highly sensitive.

Other detectors, e.g. an evaporative light scattering detector, can also be used.

© 1SO 2007 — All rights reserved
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6.8 Software, capable of: automating injections, performing data acquisition, processing, and managing

chromatographic information.

6.9 Water purification unit, capable of providing water complying with grade 1 requirements
with a resistivity of between 10 MQ-cm and 18 MQ-cm.

of 1ISO 3696,

6.10 Solvent filtration unit, including a vacuum source, with a membrane filter of 0,45 uym pore size and of

diameter 47 mm.
6.11 Analytical balance, capable of weighing to the nearest 1 mg, with a readability of 0,1 mg.

6.12 rWater bath;, capabte of maintainingatemperature of between 38-“Cand40C—

6.13 | Accurate dispenser, accurate automatic pipette, or one-mark pipettes  confor
requifements of ISO 648, Class A, of capacity 2 ml.

6.14 | Filter funnel, of diameter 75 mm.

6.15 | Filter paper, of diameter 110 mm, Whatman?) No 1 or equivalent.
6.16 | Nylon syringe filter, of porosity 0,45 uym.

NOTE An in-line filter of the same porosity may also be used.

6.17 | Syringe, with Luer-lock, of capacity 5 ml.

6.18 | HPLC vials, with caps.

6.19 | One-mark volumetric flasks, of capacity 10.ml + 0,02 ml.

NOTH Flasks with a capacity of more than 10 mlcan also be used by taking into account the concentra

7 $ampling

resentative sample should_have been sent to the laboratory. It should not have been

reparation of test sample

ming to the

tion factor.

damaged or

pling method

|0 °C. Gently

For fluid-milk and cream, warm the test sample in the water bath (6.12) to between 38 °C and 4
mix t f i ; i +
mixing the sample immediately prior to weighing the test portion (9.2).

while gently

1) Whatman 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 by IDF of this product.

© 1SO 2007 — All rights reserved
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9 Procedure

9.1 Preparation of the standard solution

9.1.1 In a 10 ml one-mark volumetric flask (6.19), weigh, to the nearest 1 mg, the appropriate amount of
a-lactose monohydrate (5.3) to give the equivalent of a 20 mg/ml anhydrous a-lactose solution.

9.1.2 Dissolve the a-lactose monohydrate (9.1.1) in about 5 ml of HPLC grade water (5.1). Add 2 ml of D(+)-
melezitose solution (5.2), used as internal standard, to the flask. Make up to the mark with HPLC grade water
(5.1) and mix by inverting the flask. Express the final a-lactose concentration in milligrams of the anhydrous
form per millilitre.

9.1.3 Filtef the standard solution through a pleated filter paper (6.15) using a filter funnel (6.14). Aspirate
the filtrate info a syringe (6.17). Screw the nylon syringe filter (6.16) to the syringe and then transfer|each
filtrate into aph HPLC vial (6.18). Inject each standard solution twice in accordance with the_réquirements of
9.4.2.

The standarq solution thus prepared can provide three sets of calibration solutions. Use edch set once ohly to
calibrate the HPLC column. Store non-used sets of lactose standard solution at 4 °G-forho longer than 1 jweek.
Before use, bring all refrigerated standard solutions to approximately 20 °C.

In order to monitor the calibration, inject the standard solution as unknown sample at the beginning and at the
end of the st of the test portions.

9.2 Preparation of test portion

9.2.1 Fluid milk test sample

Weigh, to tHe nearest 1 mg, about 3 ml of prepared test sample (see Clause 8) into a 10 ml oneimark
volumetric flgsk (6.19). Proceed as in 9.3.

9.2.2 Milk powder test sample

Weigh, to th¢ nearest 1 mg, about 0,300 g.of test sample into a 10 ml one-mark volumetric flask (6.19)f Add
about 5 ml gf HPLC grade water (5.1) pre-warmed to between 50 °C and 60 °C. Mix thoroughly unfil the
solution becdmes homogenous. Allow.the test solution thus obtained to cool to 20 °C + 1 °C. Proceed|as in
9.3.

9.2.3 Cream test sample

Weigh, to the nearest.1'mg, about 1 g of prepared test sample (see Clause 8) into a 10 ml onejmark
volumetric flgsk (6.19).\Proceed as in 9.3.

9.3 Prepa‘ration of filtrate

Add 2 ml of D(+)-melezitose internal standard solution (5.2) and 1,2 ml of Biggs-Szijarto solution (5.4) to the
content of the flask obtained in accordance with the procedures of 9.2.1, 9.2.2 or 9.2.3, as appropriate. Dilute
to the mark with HPLC grade water (5.1).

Gently mix the contents by inverting the flask five times. Allow to stand at room temperature for 10 min.
Repeat the mixing and standing process two more times.

Filter the contents of the flask through a pleated filter paper (6.15) using a filter funnel (6.14). Collect the
filtrate with a syringe (6.17). Screw the nylon syringe filter (6.16) to the syringe and then transfer the filtrate
into a HPLC vial (6.18). Inject the test solution in accordance with the requirements of 9.4.2.

NOTE The filtration step through the filter paper can be replaced by centrifugation of the test sample.

4 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=400a6e030df09a0cdf45db002d727f85

ISO 22662:2007(E)
IDF 198:2007(E)

9.4 HPLC determination
9.4.1 Preliminary preparation of HPLC

In order to get a stable baseline, turn on the detector (6.7) at least 24 h before starting the analysis. Set the
internal temperature at 35 °C. Set the HPLC pump (6.5) to deliver a flow rate of 0,2 ml/min for at least 20 min
while the column heater (6.4) is set to room temperature.

Increase the column heater temperature to 85 °C. When that temperature is reached, gradually increase the
flow rate from 0,2 ml/min to 0,6 ml/min. Allow the system to equilibrate at a flow rate of 0,6 ml/min and at
85 °C for 2 h or until a stable baseline is obtained.

NOTH Checking and recording the pressure of the system from day to day can help to detect-whgther abnormal
pressprre changes occur.

9.4.2 Chromatographic conditions

The ¢hromatographic conditions are as follows:

Condition Details

Mobile phase degassed HPLC, grade water
Internal detector temperature 35°C

Guard column temperature ambienttemperature
Column temperature 85 €

Flow rate 06 ml/min

Volume to be injected 20 pl

Run time 15 min

Retention time of D(+)-melezitose 9 min £ 1 min

Retention time of lactose 11 min £ 1 min

Carefully choose the acquisition-and integration parameters such as sensitivity, scale factor, time constant,
peak|width and threshold. SeeFigure 1 for an example of a chromatogram.

Meagure the column effigiency, also called theoretical plate count, N, at least once per week. A decrease in N

is related to the band spreading of the peak which is often due to a loss in column performancel Calculate N
by uging the following equation:

X 2
N=5,54x(3j

w

wherge

tr is the retention time, in minutes, of the lactose peak;

w is the width of the lactose peak, equivalent to time difference in minutes, at 50 % of its height.

When the theoretical plate count decreases by more than 25 % compared to the original measurement, a
replacement of the column is recommended.

NOTE In most cases, a used column performing with low efficiency can be restored to its original form by back
washing with an appropriate regenerating solvent described in the manufacturer's documentation.

© 1SO 2007 — All rights reserved 5
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Figure 1 — Example of a.chromatogram from a raw milk sample containing the internal standard

10 Calculption.and expression of results

10.1 Calculation

A computer performs the calculations as follows:

First, the software (6.8) generates a curve by plotting the response ratio of the lactose standard peak area, 4,

to that of the internal standard, 4, multiplied by the internal standard concentration, c;g, i.e. (4¢/4;5) X ¢,

against lactose concentration, ¢|. The curve fit is linear through the origin.

To quantify an unknown test sample, the software divides the concentration derived from the calibration curve
by the mass of the test sample to calculate the anhydrous lactose mass fraction expressed as a percentage.

10.2 Expression of results

Express the test results to three decimal places.

6 © 1SO 2007 — All rights reserved
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11 Precision

11.1 Interlaboratory test

Details of the interlaboratory test on the precision of the method are summarized in Annex A.

The values derived from this interlaboratory test may not be applicable to concentration ranges and matrices

other than those given.

11.2 Repeatability

The gbsolute difference between two independent single test results, obtained using the sam
ident|cal test material in the same laboratory by the same operator using the same equipment
interyal of time, will in not more than 5 % of cases be greater than:

a) fpr fluid milk: 0,06 %;

b) for cream: 0,06 %;

c) for milk powder: 0,37 %.

a) for fluid milk: 0,13 %;
b) for cream: 0,38 %;

c) for milk powder: 2,94 %.

The test report shall specify:
a) all the informationrequired for the complete identification of the sample;
b) the sample method used, if known;

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

allCoperating d

getsa v, S IBR;

b method on
vithin a short

identical test
b than 5 % of

ogether with

e) the test result(s) obtained and, if the repeatability has been checked, the final quoted result obtained.
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Annex A

(informative)

Results of interlaboratory test

An international collaborative test involving eight laboratories from five countries was carried out on
18 samples (six of fluid milk, six of cream and six of milk powder), all obtained from three dairy plants in
Québec, Canada. The test was organized by the Programme des Analyses des Troupeaux Laitiers du

Québec.
The results gbtained were subjected to statistical analysis in accordance with ISO 5725-1 and 1SO-572%-2 to
give the predision data shown in Tables A.1 to A.3. All values expressed as percentages, except coeffigients
of variation, are mass fractions.
Table A.1 — Fluid milk results
Test sample Mean
1 2 3 4 5 6
No. of particjpating laboratories after eliminating outliers 8 8 7 8 7 8
Mean lactos¢ mass fraction, % 4,530 |4,46614,718 (4,644 |4,364 |4,551
Repeatability standard deviation, s, % 0,025 0,023 |0,017 |0,035 |0,011 |0,018 |0,p22
Repeatability limit, » = 2,8s,, % 0,074> | 0,065 [0,047 |0,098 |0,031 [0,051 |0,p61
Coefficient df variation of repeatability, % 0,559 10,523 (0,360 (0,751 |0,258 (0,397 |0,p74
Reproducibility standard deviation, s, % 0,042 |0,056 |0,044 |0,046 |0,030 |0,058 |0,p46
Reproducibility limit, R = 2,85, % 0,118 |0,156 [0,123 |0,128 [0,085 |0,162 |0,/129
Coefficient df variation of reproducibility, % 0,931 |1,249 (0,929 (0,986 |0,692 (1,273 |1,p10
Table A.2 — Cream results
Test sample
Me¢an
1 2 3 4 5 6
Egt.li:rfs participating—laboratories after eliminating 8 8 7 8 6 6
Mean lactos¢ mass fraction, % 1,461 3,822 | 3,686 | 2,886 | 3,256 3,103
Repeatability standard deviation, s,, % 0,030 | 0,015 | 0,025 | 0,032 | 0,009 | 0,007 | 0,020
Repeatability limit, r = 2,8s,, % 0,084 | 0,041 | 0,069 | 0,090 | 0,026 | 0,020 | 0,055
Coefficient of variation of repeatability, % 2,066 | 0,381 | 0,672 | 1,117 | 0,283 0,224 0,790
Reproducibility standard deviation, s,, % 0,171 | 0,108 | 0,136 | 0,118 | 0,134 | 0,136 0,134
Reproducibility limit, R = 2,8s,, % 0,479 | 0,302 | 0,380 | 0,331 | 0,375 0,382 0,375
Coefficient of variation of reproducibility, % 11,721 | 2,824 | 3,686 | 4,090 | 4,113 4,397 5,139
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