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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 1SO collaborates closely wit
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Foreword

IDF (the International Dairy Federation) is a non-profit organization representing the dairy sector worldwide.
IDF membership comprises National Committees in every member country as well as regional dairy
associations having signed a formal agreement on cooperation with IDF. All members of IDF have the right to
be represented on the IDF Standing Comm|ttees carrying out the technlcal work IDF collaborates with ISO in
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Milk — Determination of lactose content — Enzymatic method

usi

ng difference in pH

1 ef!ﬁ“ﬁ
COpC

This |nternational Standard specifies an enzymatic method for the determination of the lactose content of milk

and

2
Fort

2.1

lactose content in milk

amou

Standlard

NOTH
Table)

2.2
unit
inter

standard unit

U
amol
stand

3 1|
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by gl
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constituted milk by measurement of the difference in pH (differential pH measurement).

erms and definitions

e purpose of this International Standard, the following terms and definitions apply.

nt of substance concentration of compounds determined.by‘the procedure specified in this

The lactose content of milk is expressed in millimolés per litre. For conversion of the result into g

bf enzyme activity
hational unit

nt of enzyme which catalysés_ the transformation of one micromole of substrate per n
ard conditions

Principle

actosidase is_added to cleave lactose into glucose and galactose. At pH 7,8, glucose is ph
icokinase,. thereby releasing protons that induce a change in pH. The pH change varies as
ctose content of the sample and is measured by using a differential pH analyser.

International

ther units, see

hinute under

osphorylated
a function of

4 1|

Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and distilled or
demineralized water or water of equivalent purity.

41

Buffer solution, pH 7,8

Dissolve 0,242 g of tris(hydroxymethyl)methylamine (tris), 0,787 g of adenosine 5’-triphosphate disodium salt
(ATP), 0,304 g of trisodium phosphate (NazPO4-12H,0), 0,009 g of sodium hydroxide (NaOH), 0,203 g of

©ISO
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magnesium chloride hexahydrate (MgCl,-6H,0), 2 g of octylphenoxypolyethoxyethanol [e.g. Triton X100,
0,820 g of potassium chloride (KCI) and 0,010 g of 2-bromo-2-nitropropan-1,3-diol [e.g. Bronopol!)] in a
100 ml beaker containing 50 ml of water under continuous stirring. Adjust the final pH to 7,8 + 0,1, if needed.

Transfer to a

100 ml one-mark volumetric flask (5.4), make up to the mark with water and mix.

The buffer solution can be kept for 2 months if stored at 4 °C.

4.2

4.21

=

Enzyme solutions

Glucokinase enzyme solution

[0 =

Dissolve 2,5
volume fract
2.2).

The glucokin
4.2.2
Dilute a condg

with a voll
1 500 U/ml #

The B-galact

4.3

Before use, dletermine the water content of lactose monohydrate powder by a Karl Fischer titration meth
pct for the quantity of lactose monohydrate used;for the lactose standard solution. The corrgction

order to corr
should be ba
solution cont

Dissolve 5,4
nitropropan-
flask (5.4). M

The lactose 9

4.4 Cleaning solution

Dissolve 1
dihydrogenp
octylphenoxy
maltoside [e.

B-Gdlactosidase enzyme solution

Lactose standard solution (150 mmol/l)

4
I

: 2 Y S 1
o T O glyCerol

e 290 U/ml £+ 30 WU/m

myof tyophitized—glucokimase=t (6Kt mg =356, EC 27
on of 50 %. The activity of the glucokinase solution obtained shal

5
2
|

J
b

pse enzyme solution can be kept for 6 months if stored at 4 °C.

entrated B-galactosidase (EC 3.2.1.23) extract purified from contaminating enzymes with gly
me fraction of 50 %. The activity of the p-galactosidase  selution obtained sha
200 U/ml.

bsidase enzyme solution can be kept for 6 months if stored.at4 °C.

sed on the percentage of the determined water content in order to prepare a lactose sta
hining 5,404 g lactose monohydrate per 100'ml.

,3-diol [e.g. Bronopol")] in the bufféer solution at pH 7,8 (4.1) in a 100 ml one-mark volur
ake up to the mark with water and mix.

tandard solution can be kept for 6 months if stored at 4 °C.

7429 of dipotassium monohydrogenphosphate (K,HPO,), 1,361g of potas
nosphate (KH5;PO,), 7,455 g of potassium chloride (KCI), 1,00 g of sodium azide (NaN3),
polyethaxyethanol, 2 g of polyoxyethyleneglycol dodecylether [e.g. Brij 35")] and 3 g of

ith a
(see

cerol
| be

hd, in

ndard

D4 g lactose monohydrate powder~0;745 g of potassium chloride (KCI) and 0,01 g of 2-bromo-2-

netric

sium
P g of
auryl

g. LMDFin a 1 000 ml one-mark volumetric flask (5.4). Make up to the mark with water and nix.

The cleaning

solution can be kept for 1 year if stored at room temperature.

4.5 Regenerating solution

Use a 0,1 mol/l hydrochloric acid (HCI) solution as regenerating solution.

The regenerating solution can be kept for 1 year if stored at room temperature.

1) Example of a suitable product available commercially. This information is given for the convenience of users of this

document and

does not constitute an endorsement by ISO or IDF of this product.

© 1SO and IDF 2010 — All rights reserved
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4.6 Strong regenerating solution

DANGER — The use of sodium fluoride (NaF) alone and in combination with HCI may cause health
problems due to inhalation and/or skin absorption. This International Standard does not purport to
address all the safety problems, if any, associated with its use. It is the responsibility of the user to
establish appropriate safety and health practices and to ensure compliance with any national
regulatory conditions.

Dissolve 30 g of nitric acid (HNO3) with a mass fraction, w(HNO3) = 69 %, 30 g of hydrochloric acid (HCI) with
a mass fraction, w(HCI) = 37 %, 30 g of sodium fluoride (NaF), and 1 g of octylphenoxypolyethoxyethanol in a
1 000 ml one-mark volumetric flask (5.6). Make up to the mark with water and mix.

The [strong regeneration solution can be kept for 1 year if stored in non-corroding matefial at room
tempgrature.

5 Apparatus

Usud| laboratory equipment and, in particular, the following.

5.1 | Analytical balance, capable of weighing to the nearest 1 mg.

5.2 | Micropipettes, capacity 20 pl, ISO 7550051, with positive displacement.

5.3 | Water bath, capable of maintaining a temperature of 38.2C = 1 °C.

5.4 | One-mark volumetric flasks, capacities 100 ml and 1 000 ml, ISO 1042[2] class A.
5.5 | Differential pH apparatus, shown schematically in Figure A.1.

The differential pH apparatus consists of peristaltic pumps to circulate liquids, a mixing chambgr, two glass
capillary flow-through electrodes (E1 and E£2); and an electronic system for measurement.

5.6 | One-mark volumetric flasks,” capacity 1 000 ml and of material capable of storing tihe extremely
corrosive strong regenerating solutien (4.6).

6 $ampling

Sampling is not part‘of the method specified in this International Standard. A recommended sampling method
is givien in 1ISO 7074IDF 50011,

It is jmportantthat the laboratory receive a truly representative sample which has not been|damaged or
changedduring transport or storage.

7 Preparation of test sample

Warm the test sample to 38 °C in the water bath (5.3) while mixing. Cool the sample to 20 °C, before
preparing the test portion.

8 Procedure

8.1 General
Since the various types of differential pH apparatus (5.5) available differ in design and handling, the operator

shall carefully follow the instrument manufacturer’s instructions for setting up, calibration, and operation of the
instrument. Switch the instrument on and allow its operating conditions to stabilize.

© 1SO and IDF 2010 — All rights reserved 3
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If the time between two consecutive measurements is 5 min or more, renew the buffer solution (4.1) in the
mixing chamber of the apparatus.

8.2 Blank

determination

Using a micropipette (5.2), add 20 ul of glucokinase enzyme solution (4.2.1) into the mixing chamber of the
differential pH apparatus (5.5).

Dilute the enzyme solution with buffer solution (4.1) to a total volume of 1 200 ul and mix.

Fill the flow-through electrodes, E1 and E2 (see Figure A.1), of the pH apparatus (5.5) with the buffer and

glucokinase |mixture obtained. Measure the offset differential pH, D4, between the two electrodes] The
difference bdtween the electrodes shall be within 0 mpH + 150 mpH, where mpH is a milli-pH unit.
Using another micropipette, add 20 yl of P-galactosidase enzyme solution (4.2.2) to the."buffer and
glucokinase mixture in the mixing chamber and mix. Only fill E2 with the mixture of buffer, glucokinase, and
B-galactosidgse. Again, measure the offset differential pH, D,, between the two electrodes(
Calculate thg numerical value of the difference in pH for the blank, AD,, using Equation-(1):
ADq = 5 — Dy (1

where

D, is the numerical value of the differential pH between the electrodes both filled with the buffef and

glucakinase mixture;
D, is thg numerical value of the differential pH between:electrode E1 filled with the buffer/glucokinase
mixture and electrode E2 with the buffer/glucokinase/B-galactosidase mixture.

The differenge, AD,, shall be in the range —20 mpH_units to 4 mpH units, while the difference betweep two
consecutive fifferential measurements shall be <<1,0 mpH unit.
If these results are not obtained, check the\buffer solution and repeat the above procedure. If the resulfs still
do not fulfil requirement(s), clean the eleetrodes (see 8.7) and restart the blank determination specified |n the
first four parggraphs of this subclausey
8.3 Calibration
8.3.1 Calibration solution'pH difference
Add, with ohe micropipette (5.2), 20 yl of lactose standard solution (4.3) and, with another, 20|ul of
glucokinase pnzyme-solution (4.2.1) to the mixing chamber of the differential pH apparatus (5.5). Dilutg with
buffer solutign.(4.1) to a total volume of 1200 pul. Fill both E1 and E2 with the mixture of buffer, lactose
standard, anfl glucokinase obtained. Measure the offset differential pH, D4, between the two electrodes.

Using a micropipette, add 20 pl of B-galactosidase enzyme solution (4.2.2) to the mixture of buffer, lactose
standard, and glucokinase in the mixing chamber and mix. Fill E2 with the mixture of buffer, lactose standard,
glucokinase, and B-galactosidase. After completion of the enzymatic reaction, measure the offset differential
pH, D,, between the two electrodes.

Calculate the difference in pH for the calibration solution, AD,, using Equation (2):
AD; = (D4 —D3)~ADy )

where

© 1SO and IDF 2010 — All rights reserved
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mixture of buffer, lactose standard, and glucokinase (8.3.1);

is the numerical value of the differential pH between the electrodes when one is filled wit

is the numerical value of the differential pH between the two electrodes when both are filled with the

h the mixture

of buffer, lactose standard, and glucokinase and the other with the mixture of buffer, lactose standard,

glucokinase, and -galactosidase (8.3.1).

Slope of the calibration curve

Calculate the slope, 5., expressed in millimoles per litre mpH unit, of the calibration curve using Equation (3):

wher

8.4
Cheg

8.5.
theses

8.5
Oper|

Add,

b L
C
AD,
e ¢ is the concentration, in millimoles per litre, of the lactose standard solution (4:3).

Checking the calibration

k the calibration by analysing 20 pl of lactose standard solution (4.3) in.accordance with the

The results obtained shall be between 148,5 mmol/l and 151,5 mmol/l for the lactose det

values are not met, repeat the calibration procedure.

Determination

with one micropipette (5.2), 20 yl of test sample (Clause 7) and, with another, 20 ul of

enzyme solution (4.2.1) to the mixing chamber \of the differential pH apparatus (5.5). Dilut

solut
gluca

Using
portig
gluca
After

NOTE

8.6

After
solut

on (4.1) to a total volume of 1200 pl. Fill E1 and E2 with the mixture of buffer, test
kinase obtained. Measure the offset differential pH, D5, between the two electrodes.

another micropipette, add 20 l of B-galactosidase enzyme solution (4.2.2) to the mixture
n, and glucokinase in the mixing chamber and mix. Fill E2 with the mixture of buffer,
kinase, and B-galactosidase:
completion of the enzymatic reaction, measure the offset differential pH, Dg, between the tw

Completion is’reached when the variation has not exceeded 1 mpH unit over the last 1 min.

Checking-the stability

analysifig no more than 30 test portions and at the end of each analytical series, analy
ons‘to check the zero point and 20 pl of the lactose standard solution (4.3) using the ¢

procg

®)

procedure in
ermination. If

hte the instrument and introduce the test portion in acéordance with the manufacturer’s instrfictions.

glucokinase
e with buffer
portion, and

Df buffer, test
test portion,

b electrodes.

5e two blank
etermination

dure (8.5) to check the calibration.

The second zero value shall be within 0 mmol/l £ 1,5 mmol/l and the standard value in the range 148,5 mmol/l
to 151,5 mmol/l. If the values obtained are out of range, repeat both the offset blank determination (8.2) and
the calibration procedure (8.3).

8.7

Cleaning procedure

Wash the electrodes and the mixing chamber of the differential pH apparatus (5.5), replacing the buffer
solution (see also Annex A) with the cleaning solution (4.4). If the equipment is in full operation, leave the
electrodes in contact with the cleaning solution until the next use while renewing the cleaning solution every
120 min. When not in full operation, treat the electrodes according to the manufacturer’s instructions.

©ISO
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9 Mainte

9.1

nance of the electrodes

Regeneration

At least once a week, wash the electrodes and the mixing chamber of the differential pH apparatus (5.5),
replacing the buffer solution (see also Annex A) with the regenerating solution (4.5), then carry out the
cleaning procedure in 8.7, this time replacing the regenerating solution with the cleaning solution (4.4).

9.2 Strong regeneration

At least ever

wash the el
solution (see

After the str
before startin
(4.4). While

additional cle

10 Calcul

Hhree-months{or-every-500-samples-analysed-foruse-at-lowfrequency)—or-earlierif-nreces
pctrodes and the mixing chamber of the differential pH apparatus (5.5), replacing the
also Annex A) with the strong regenerating solution (4.6).

bng regeneration, rinse the apparatus by replacing the strong regenerating solution with

g the cleaning procedure in 8.7 while then replacing the water in its turn by the cleaning so
he cleaning solution is running, add a test portion of milk to the mixing chiamber and run
aning procedures in order to coat the electrodes.

ation and expression of results

10.1 Calculation

Calculate the

lactose content of the test sample, ¢| ;, expressed in millimoles per litre, using Equation (4):

[(De—Ds)—ADo]

CLt =S¢
where
Dg is th

buffdr, test sample, and glucokinase mixture (8.5);

is th
buffeg
glucg

Dg

numerical value for the differential pH between the two electrodes when both are filled wit

sary,

puffer

wvater

ution
three

(4)

h the

numerical value for the differential pH between the two electrodes when one is filled with the

kinase, and B-galactosidase (8.5).

10.2 Expression of resuits

Express the test results-{o two decimal places.

Table 1 show

s a,conversion table for the different bases on which lactose content can be expressed.

r, test portion, and glucokinase mixture and the other with the mixture of the buffer, test pd

rtion,

Table 1 — Conversion table

Lactose content, ¢,

As amount of substance As mass

Type . . As mass fraction
concentration concentration
mmol/l g/100 ml g/100g
Lactose oL p=c x0,036 03 w = (¢ x 0,036 03)/d?
monohydrate
Lactose anhydrous c x0,95 p=¢c.%x0,036 03x0,95 |w = (c, x0,036 03 x 0,95)/d?

a

Where d is the relative density of the milk.

© 1SO and IDF 2010 — All rights reserved
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Precision

11.1 Interlaboratory test

The values for repeatability and reproducibility limits are expressed for the 95 % probability level and may not
be applicable to concentration ranges and matrices other than those given.

11.2 Repeatability

The absolute difference between two individual single test results obtained W|th the same method on identical
test rpateriaHinthe-sametaberatory-by-the-same-ope . kort interval of

11.3| Reproducibility

The

test mhaterial in different laboratories with different operators using different equipment, will in n

5 % of cases be greater than 3,13 mmol of lactose monohydrate per litre.

12 Test report

The test report shall contain at least the following information:

a) all information necessary for the complete identification’of the sample;

b) le sampling method used, if known;

c) the test method used, with reference to this-international Standard (ISO 26462 IDF 214:201(

d) all operating details not specified in'this International Standard, or regarded as optional,
details of any incidents which may have influenced the test result(s);

e) the test result(s) obtained;

f) if the repeatability has been’checked, the final quoted result obtained.

, WI|| in not more than 5 % of cases be greater than 2 96 mmol of Iactose monohydrate perdit

absolute difference between two individual single test results, obtained with the-same metho

1 on identical
pt more than

)i

ogether with

© 1SO and IDF 2010 - All rights reserved


https://standardsiso.com/api/?name=8e1153647717be8a0b349cf36ef728c8

ISO 26462:2010(E)
IDF 214:2010(E)

Annex A
(informative)

Basic diagram of a differential pH apparatus

differe
buffer
mixing
displa
glass

glass

electrd

A PR |
EL| D
s i L
E1 P1
T =
—
E2 P2
= 3
<
———
M

ntial amplifier
solution
chamber

Capillary electrode
Capillary electrode
nics

keyboprd
magnétic_stirrer

groun} or earth

peristaltic pump 1

peristaltic pump 2

peristaltic pump 3

printer

micropipette for sample and enzyme suspension injection

waste

Figure A.1 — Differential pH apparatus
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