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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
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reword

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.
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ISO 11816-1:2006(E)

INTERNATIONAL STANDARD IDF 155-1:2006(E)

Milk and milk products — Determination of alkaline
phosphatase activity —

Part 1:
Flhorimetric method for milk and milk-based drinks

1 |Scope

Thig part of ISO 11816 IDF 155 specifies a fluorimetric method for the determination of alkaline phosphatase
(ALP, EC 3.1.3.1) activity in pasteurized whole milk, semi-skimmed milk;xsKimmed milk and flavgured milks.
Thelmethod is applicable for milk from cows, sheep and goats, and milk=based drinks.

Thel method is also suitable for the determination of high alkaline\phosphatase activity in raw milk and heat-
treated milk with activities of more than 2 000 mU/I after dilution of the sample as specified.

2 |Terms and definitions
For the purposes of this document, the following terms and definitions apply.

21
alk3line phosphatase activity
APL activity

actiyity of the alkaline phosphatase present in the product, determined by the procedure specified in this part
of I$0 11816 IDF 155

NOTE The alkaline phosphatase activity is expressed as milliunits of enzyme activity per litre (mU/I).
2.2

unif of alkaline phosphatase activity
amaunt of alkaling’phosphatase enzyme that catalyses the transformation of 1 pmol of substrate pgr minute

3 [Principle

The-atkatime piluapilaidbc dblivi'ly of the bdlllpic S Teasured Iuy gcontimuous-fiuorimetricdirectkietic assay.
A non-fluorescent aromatic monophosphoric ester substrate, 2'-[2-benzothiazolyl]-6'-hydroxybenzothiazole
phosphate, in the presence of any alkaline phosphatase derived from the sample, undergoes hydrolysis of its
phosphate radical, producing a highly fluorescent product. Fluorimetric measurement of alkaline phosphatase
(ALP) activity is measured at 38 °C over a 3-min period when using the substrate. This includes pre-
incubation of substrate and sample, followed by multiple kinetic readings of the reaction rate.

NOTE Although this is a 3-min test, the first minute is an equilibration period to ensure that the sample is at 38 °C.
Measurements of activity are actually made from the beginning of the second minute to the end of the third minute
(i.e. over a 2-min period).

© ISO and IDF 2006 — All rights reserved 1
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4 Reagents

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

41 Fluorophos® substrate '), in bottles, each containing 144 mg of Fluorophos® substrate powder.

This is a non-fluorescent aromatic monophosphoric ester substrate, 2'-[2-benzothiazolyl]-6'-hydroxybenzothiazole
phosphate (Fluorophos®). The Fluorophos® substrate remains stable for 2 years when stored in unopened
bottles at between 2 °C and 8 °C.

4.2 Suthrate buffer solution, diethanolamine (DEA) buffer solution, ¢(DEA) = 2,4 mol/l, with pH.10;0, in

bottles of 24

The substrs
8 °C.

4.3 Work

Allow the F

Add the co
substrate (1

Allow the o

Use the analog-to-digital test given in 8.4.1.1 to test the suitability,of the ready to use working substrate.

The workin
8 °C, or for
(see 8.4.1.1
NOTE T

4.4 Work
DEA buffer

10 ml each.

te buffer solution remains stable for 2 years when stored in unopened bottles at between 2 °C

ing substrate

and

luorophos® substrate (4.1) and the substrate buffer solution (4.2) to.come to room temperafure.

htent of one bottle of substrate buffer solution (240 ml) (4.2) to that of one bottle FluoropH
44 mg) (4.1) and mix well by inversion for 3 min. Use amber glass t0 protect against light.

ptained solution stand at room temperature for at least 30 miniprior to use.

j substrate remains stable for 60 days when protected from light and stored at between 2 °C
8 h when stored at 38 °C. Do not use the working substrate if a reading above 1 200 is obta
.5).

[he obtained volume of the working substrate-(240 ml) is sufficient for approximately 115 tests.

ing calibrator solutions, Fluoroyellow®(FY) [2'-(2-benzothiazolyl)-6'-hydroxybenzothiazolg
(4.2).

The workin

calibrator solutions remain stable for 18 months when stored at between 2 °C and 8 °C.

os®

and
ned

] in

4.41 Calibrator solution A;'containing 0 umol/l of Fluoroyellow®.

4.4.2 Calibrator solution.B, containing 17,24 x 10~3 umol/l of Fluoroyellow®.
4.4.3 Calibrator solution C, containing 34,48 x 10~3 umol/l of Fluoroyellow®.
4.5

Daily| instrument control solution, containing 34,48 x 10~3 umol/l of Fluoroyellow®.

1) The reagents specified in 4.1 to 4.5 and the apparatus specified in 5.1 to 5.4 (except 5.3.3) are available as
Fluorophos Test System from Advanced Instruments, Inc., Two Technology Way, Norwood, Massachusetts 02062, USA.
The manufacturer may change packaging configurations supplied with the Fluorophos Test System. The user should refer
to the manufacturer's instructions for preparing reagents if different from those specified herein. Fluorophos and
Fluoroyellow are registered trademarks of Advanced Instruments, Inc. and are examples of suitable products available
commercially.

This information is given for the convenience of users of this document and does not constitute an endorsement by either
ISO or IDF of these products.

© ISO and IDF 2006 — All rights reserved
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5 Apparatus

Usual laboratory equipment and, in particular, the following.

5.1 Filter fluorimeter, with thermostatically controlled cuvette holder, capable of operating at 38 °C +1 °C
and right-angle optics, allowing excitation at a wavelength of 440 nm and emission at between 520 nm and
560 nm [e.g. Fluorophos® instrument 1)]. Measurements should be optimized according to the manufacturers

instructions.

5.2 Cuvettes, disposable, non-fluorescent glass, of diameter 12 mm and of length 75 mm.

5.3| Pipettes.

5.3]1 Fixed-volume dispenser, capable of dispensing 2,0 ml.

5.3.2 Positive-displacement or air-displacement pipette, of capacity 0,075 ml.
5.3.3 Pipette, of capacity 2 ml.

5.4| Incubator block, capable of maintaining a temperature of 38 °C + 1€E; suitable for holding fuvettes.
5.5| Parafilm 2), or other suitable laboratory-grade film.

5.6| Vortex mixer.

5.7| Water bath, capable of maintaining a temperature of 63°C + 1 °C and 95 °C + 1 °C.

5.8| One-mark volumetric flasks, of capacity 100 mh

6 |Sampling

A re¢presentative sample should have-‘teen sent to the laboratory. It should not have been damaged or
chapged during transport or storage.

Sampling is not part of the method specified in this part of ISO 11816/ IDF 155. A recommendgd sampling
method is given in ISO 707 | IDF 50.

7 |Preparations

7.1| Alkaline phosphatase-free milk

Prepare’ phosphatase-free milk of the type to be tested by carefully dispensing the desired portion| of milk into
a tept’tube or suitable container, ensuring that no milk touches the rim or sides of the container.

Place the tube or container with the milk portion in the water bath (5.7) set at 95 °C. Preheat the milk portion
to 95 °C, before starting its 5-min heating period at that temperature. Check the temperature by using a
thermometer or thermistor probe placed in the centre of the tube or container. When the milk portion reaches
95 °C, immediately start the 5-min heating period. Cool the whole rapidly after the heating period.

Test the thus-treated milk portion to ensure that its ALP activity is less then 10 mU/I.

2) Parafilm is an example of a suitable product available commercially. This information is given for the convenience of
users of this part of ISO 11816 IDF 155 and does not constitute an endorsement by either ISO or IDF of this product.

© ISO and IDF 2006 — All rights reserved 3
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7.2 Preparation of test sample

7.21 Gen

eral

Carefully mix all test samples prior to use.

NOTE

It is usually not necessary to prewarm test samples.

7.2.2 Pasteurized test samples

Use pasteu

7.2.3 Dilution of test samples with high ALP values

Prepare dil
analytical rg
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Verification of instrument performance
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Itions of the milks using phosphatase-free milk (7.1) in order to bring their ALP (evels within
nge of assay (< 2 000 mU/I). Mix the diluted solutions well.

dure

nt to check instrument performance for drift, stray light and _stability prior to analysing test samg
i Laboratory Practice standards when operating the filter fluorimeter (5.1).

rol tests include
y A/D (analog-to-digital) test, used to check the’proper functioning of the equipment by measu
curacy of the A/D conversion channel andimonitoring the A/D channel for drift over tim

ature, and

y instrument control test, using the-daily instrument control solution (4.5) to monitor any electr]
al drift in the fluorimeter.

external positive, negativesand normal controls, described in 8.4, are strongly recommendeq
jaily instrument precision(parameters.

ration

curves are usUally stable. However, recalibrate the instrument, which has already been calibrg
luorimeter_is~initially installed, whenever servicing procedures are likely to affect the st
When assayed control values show unacceptable results, or every 3 months.

the

es.

ring
b or

-

pnic

for

ted,
bred

If there ar

changes in the calibration curve, recalibrate the instrument using a new set of calib

ator

solutions A} BZand C (4.4.1, 4.4.2 and 4.4.3). Establish a calibration curve for each type of product to be tepted.

Mix calibrator solutions A, B and C by gentle inversion prior to use. Transfer, using the pipette (5.3.3), 2,0 ml
of calibrator solution A, of calibrator solution B and of calibrator solution C (4.4.1, 4.4.2 and 4.4.3) respectively,
each in duplicate, to six prelabelled cuvettes (5.2). Place the cuvettes in the incubator block (5.4) set at 38 °C
and preheat for 10 min.

Add, using the positive displacement or air-displacement pipette (5.3.2), 0,075 ml of alkaline phosphatase-free
milk (7.1) to all six cuvettes. Cover the cuvettes with parafilm (5.5). Mix their contents using the vortex mixer
(5.6) for 5 s or by gently inverting the cuvettes. Return the cuvettes to the incubator block (5.4). Complete the
calibration within 10 min after the addition of the test sample to the calibrator.
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Starting with calibrator solution A, perform the following calibration routine. Wipe the outside of each cuvette
with soft tissue before placing the cuvette in the filter fluorimeter (5.1). When using the Fluorophos®
instrument, press “CALIB” and select the “ALP Dairy” menu. Scroll through the menu and press “ENTER”
when the product to be calibrated is displayed. Beginning with calibrator solution A (4.4.1), insert this solution
in the fluorimeter and press “START”. When the measurement is finished, measure the second A calibrator
solution.

Follow the same procedure for the B (4.4.2) and C (4.4.3) calibrator solutions until the procedure is completed.

The Fluorophos® instrument automatically calculates the amount of fluorescence obtained with calibrator
solution B and C against calibrator solution A to set the calibration ratio within the instrument.

Ond

8.3

e calibration is completed, proceed to analyse the test samples.

Determination

Dispense, using the fixed volume dispenser (5.3.1), 2,0 ml of working substrate (4.3)qnto a label

Plad

Add
the
inve

Pre
“‘EN
dis
fluo
star
Flug
iden
pre

Divi
obta
ALH

The)
very
detd

For

sanj
obtd
test

8.4

8.4.

e the cuvette in the incubator block (5.4) set at 38 °C and heat for 15 min.

, using the pipette (5.3.2), 0,075 ml of the well-mixed test portion (7.2.2,0r 7.2.3) to the subs
cuvette with parafilm (5.5). Immediately mix its contents using the vortex-mixer (5.6) for 5s
rting the cuvette. Wipe the outside of the cuvette with soft tissue and place it in the filter fluorim

5s the “TEST” key, “ALP Dairy” appears, then press “ENTER”. Scroll through the menu
TER” when the product to be analysed is displayed. Then press the “START” key to begin t

ed cuvette.

rate. Cover
br by gently
eter (5.1).

and press
test. The

e
lay will count down 60 s while the substrate and sample“are being warmed to 38 °C. AfLr 60 s the

[imeter starts measuring, displaying a fluorescence of the‘'sample in fluorescence units (FLU).
}s at around 200 FLU and slowly increases over the next 2 min. At the end of the 3-min

The display
period, the

rophos instrument performs automatically the. necessary calculations and displays the sample

tification number, the ALP activity in milliunitsper litre, and the average increase in fluo
iously selected. This information will then be printed.

He the difference between the two fluorescence readings by the interval period (recorded in
in the average increase of fluorescence-produced per minute (F/min). Use the F/min value to o
activity of the test sample.

instrument may display and print-out the message “Error: Unstable Reading, Repeat Test”. In
high results, dilute the test\sample with heat-treated phosphatase-free milk (7.1) and perfq
rmination.

very low results (narmally below 6 FLU/min), where the unstable readings are more commo

ple cuvette in theFluorophos® chamber and perform another determination. A valid result is {
ined. If, however) an unstable reading error is obtained again, repeat the entire determination
sample.

Control tests

1~ System and reagent controls

escence, if

minutes) to
alculate the

the case of
rm another

N, leave the

hen usually
with a new

8.4.1.1

84111

8.4.1.1.2

A/D test

cuvette in the incubator block (5.4) set at 38 °C for 10 min.

84113

Access the A/D test through the “SETUP” menu. Press “SETUP” key, then select

When using the Fluorophos® instrument, perform the A/D test daily before testing commences.

Dispense 2,0 ml of the daily instrument control solution (4.5) into a labelled cuvette. Place the

menu item

“A/D Test” by pressing < or >. With nothing in the cuvette holder, press “START”. Allow the figures appearing
on the display screen to stabilize.

© ISO and IDF 2006 — All rights reserved
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The display should read 302 + 4. If the reading is outside that range, clean the excitation and emission filters
and repeat the A/D test.

8.4.1.1.4 Insert the prewarmed cuvette with the control solution (8.4.1.1.2) into the cuvette holder. Close
the lid. When the display is stable, record the displayed value, which should be 602 + 12. If outside that range,
use the small screwdriver supplied to slowly turn the potentiometer screw on the left-hand side of the
instrument clockwise or anticlockwise, as necessary, until the display reads 602.

8.41.1.5 The A/D test can also be used to test the suitability of ready-to-use working substrate (4.3).
Freshly made substrate alone in the A/D mode usually gives a display reading of about 650 FLU which
increases over time.

Do not use the working substrate when a display reading of above 1 200 FLU is obtained.

8.4.1.2 Rositive, negative and PhosphaCheck-N™ controls 3)
After calibrating the channel used for cow milk, analyse the three control solutions (i.e. positive, negative [and
PhosphaCHheck-N™) by adding 75 ul of each control solution to 2 ml of prewarmed substrate. Perform the ALP
test.

The reading for the negative control shall be < 10 and that for the PhosphaCheck-N™ control shall be < 40
8.4.2 Test sample and instrument-related controls

8.4.21 Negative control test

Include a nggative control test with each batch of test samples. Heat a test sample as described in 7.1.[The
instrument feading shall be less than 10 mU/l, indicating no fluorescence activity is detected. If the vplue
exceeds 10|mU/l, repeat step 8.4.1.2.

8.4.2.2 Rositive control test 3)

Include ong or more positive controls with each“batch of test samples. Prepare samples at or near decigsion
levels using raw milk samples diluted with the phosphatase-free milk (7.1).

8.4.3 Interfering substance test

Where higHer than expected ALP-values are obtained, add, using a pipette (5.3.2), 0,075 ml of test poftion
(7.2.2 or 7.2.3) to a cuvette with-2,0 ml of calibrator solution A (4.4.1), which was previously prewarmed ir| the
incubator block (5.4) set at(38°C for 10 min, and mix.

Place the clivette containing this mixture in the Fluorophos® instrument (5.1) and test as in 8.2. If the obta|ned
value excegds 20 mU/l, an interfering substance is shown to be present. In that case, repeat the test using a
fresh sample.

8.4.4 Heat-stable microbial alkaline phosphatase confrol test

Add another test portion (7.2.2 or 7.2.3) to a tube. Place a thermometer or thermistor probe into the tube and
put the whole in the water bath (5.7) set at 63 °C. When the test portion reaches 63 °C, keep it at that
temperature for 30 min, then cool rapidly. Determine any residual phosphatase activity according to 8.3. Any
residual activity is due to the presence of heat-stable microbial alkaline phosphatase.

3) The controls specified and instrument performance check instructions are available from Advanced Instruments Inc.,
Two Technology Way, Norwood, MA 02062, USA.

This information is given for the convenience of users of this part of ISO 11816|IDF 155 and does not constitute an
endorsement by either ISO or IDF of these products.
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9.1

ISO 11816
IDF 155

Calculation and expression of results

Calibration ratio

-1:2006(E)
-1:2006(E)

Results are calculated automatically by the Fluorophos® instrument by means of the algorithm built into the
filter fluorimeter (5.1). If results are to be calculated manually, proceed as follows.

Record the fluorescence values of calibrator solution B (4.4.2) and calibrator solution C (4.4.3), read against
calibrator solution A (4.4.1) set to zero fluorescence on the filter fluorimeter (5.1).

Cal

whe

9.2

Cal

whsg

TUtate the catibration ratio, X, using Equation (17

Fe + 2F;
K = C4 B

re

K is the numerical value of the calibration ratio of the established calibration curve;
against calibrator solution A (4.4.1) set at zero fluorescence (See 8.2);

against calibrator solution A (4.4.1) set at zero fluorescence (see 8.2).

Calculation
ulate the alkaline phosphatase activity, Ap, using~Equation (2):

Y :FavXCBXf

P KxV
re

A is the numerical valge)of the alkaline phosphatase activity of the test sample (7.2.2
milliunits of enzyme activity per litre;

F,, is the numerical value of the average amount of fluorescence produced per minute
portion (8.3); measured against calibrator solution A (see 8.2) currently from the begir
second-minute to the end of the third minute;

cg isthé'concentration of the Fluoroyellow® in calibrator solution B (4.4.2), in micromoles
Calibrator;
I is the dilution factor (1 x 108) in the case of pasteurized samples (7.2.2); in the case of t

Fc is the numerical value of the fluorescence obtained by measuring calibrator solutign C (4.4.3)

Fg is the numerical value of the fluorescence obtained)by measuring calibrator solutign B (4.4.2)

(2)

br 7.2.3), in

by the test
ning of the

per 2 ml of

bst samples

9.3

Exp

of raw milk (7.2.3), fis equal To T x 10°; in the case of test samples of heat-ireated milk (7.2.3),

multiply =1 x 108 by the dilution factor f; of the test sample (f=f; x 106);

14 is the numerical value of the volume of the test portion, in millilitres.

Expression of test results

ress the test results to the nearest whole unit of a milliunit.
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10 Precision

10.1 Interlaboratory test

Details of an interlaboratory test on the precision of the method are summarized in Annex A. The values
derived from this test may not be applicable to concentration ranges and matrices other than those given.

10.2 Repeatability

The absolute difference between two independent single test results, obtained with the same method on
identical tegt material in the same laboratory by the same operator using the same equipment within a ghort

interval of time, will in not more than 5 % of cases be greater than the values for » given in Table 1.

10.3 Reproducibility

Table 1 — Repeatability limit, », values

Alkaline phosphatase activity level
Product mU/l
20 40 100 350 500
Cow milk — 21,50 22,10 89,60 93,30
Sheep milk 10,43 16,26 33,67 96,82 99,76
Goat milk 8,63 7,98 26,20 42,83 28,56

The absolute difference between two single test results,cobtained with the same method on identical |test
material in dlifferent laboratories with different operators using different equipment, will in not more than 5 % of

cases be gieater than the values for R given in Table2.

11 Test teport

Table 2 — Reproducibility limit, R, values

Alkaline phosphatase activity level
Product mU/l
20 40 100 350 500
Cow milk — 31,80 51,00 136,40 211,10
Sheep milk 16,63 20,34 46,63 170,24 233,10
Goat mijlk 10,69 20,55 28,71 127,89 87,51

The test report shall specify:

a)
b)
c)

d)

e)

all information necessary for the complete identification of the sample;
the sampling method used, if known;
the test method used, together with reference to this part of ISO 11816/ IDF 155;

all operating details not specified in this part of ISO 11816 IDF 155, or regarded as optional, together with
details of any incidents which may have influenced the test result(s);

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