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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 with the
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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 and AOAC International in
the development of standard methods of analysis and sampling for milk and milk products.
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National Committees for voting. Publication as an International Standard requires approval byyat least 50 % of
the National Committees casting a vote.
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INTERNATIONAL STANDARD IDF 76:2004(E)

Milk and milk products — Determination of copper content —
Photometric method (Reference method)

1 Scope

This Ipternational Standard specifies a reference method for the determination of the copper cpntent of milk
and nilk products.

The method is applicable to

a) milk, skimmed milk and buttermilk,

b) eyaporated milk and sweetened condensed milk,
c) whole and skimmed milk powder,
d) cfeam and butter,

e) bltterfat,
f)

g) hard, semi-hard and soft cheeses of various-ages, and processed cheese, and

ge-cream,

h) caseins, caseinates and coprecipitates.

The method is suitable for determining ecopper contents as low as 0,05 mg/kg in test samples|of butter and
butterfat.

NOTE See IDF 68 for details ©f butterfat.

2 Normative references

The fpllowing referenced documents are indispensable for the application of this documept. For dated
references, only)the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 6§871977, Laboratory glassware — One-mark pipettes

ISO 835-1:1981, Laboratory glassware — Graduated pipettes — Part 1: General requirements

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
3.1

copper content

mass fraction of substances determined by the procedure described in this International Standard

NOTE The copper content is expressed as milligrams per kilogram.

© 1SO and IDF 2004 — All rights reserved 1
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4 Principle

The organic material in the test sample is digested with a mixture of nitric and sulfuric acids (preceded in the
case of cream, butter and butterfat by removal of the fat). The solution is neutralized with ammonia solution
followed by complexing the copper as a salt of diethyl dithiocarbamic acid. The copper(ll) salt is extracted with
amyl acetate. The absorbance of the yellow solution is measured photometrically.

The presence of bismuth and/or tellurium interferes with the determination of copper. See the check for
absence and the method of removal specified in 8.6.

5 Reagents

All reagents shall be of analytical grade and, with the exception of the copper(ll) sulfate standard-solutions
(5.12), shall be free from copper.

5.1  Water,|double distilled, with the final distillation being carried out in a copper-free distillation unit.
5.2 Ethangl (CH3CH,OH), with a volume fraction of about 96 %.

Distil the ethanol, if necessary, in a copper-free distillation unit.

5.3 Diethyl ether [C,H),0]

Distil the diethyl ether, if necessary, in a copper-free distillation unit.

5.4 Light petroleum (petroleum ether), with boiling range between 40 °C and 60 °C.

Distil the light|petroleum, if necessary, in a copper-free distillation unit.

5.5 Nitric gcid, concentrated, pyq(HNO3) = 1,42 g/ml.

Distil in a copper-free distillation unit. Discard the-first 50 ml.

5.6  Sulfurig acid

5.6.1 Sulfuric acid, concentrated, p,7(H,SO,4) = 1,84 g/ml.
5.6.2 Sulfuric acid, dilute,e(H>SO,4) = 0,5 mol/l).
5.7 Hydrogen peroxide solution, p,,(H,0,) = 1,099 g/ml to 1,103 g/ml.

5.8 Ammoniasolution, concentrated, p,o(NH3) = 0,91 g/ml.

Purify the ammonia solution, if necessary, by vacuum distillation in a copper-free distillation unit.

5.9 Citrate/EDTA solution

Dissolve 400 g of ammonium citrate [(NH,)3CgH50;] and 100 g of EDTA disodium salt dihydrate
[(ethylenedinitrilo)-tetraacetic acid disodium salt dihydrate] (Na,C;qH4N,0Og-2H,0) in water (5.1) in a
1 000 ml one-mark volumetric flask (6.12). Dilute to the mark with water.

Purify the citrate/EDTA solution, if necessary, as follows.
Add three drops of phenolphthalein solution (5.13) to the citrate/EDTA solution. Then add sufficient ammonia
solution (5.8) until the solution remains pale pink. Add 10 mg of sodium diethyl dithiocarbamate (5.10). Warm

the solution in a water bath (6.5) set at 60 °C for about 10 min to completely dissolve the sodium diethyl
dithiocarbamate. Cool to ambient temperature.

2 © I1SO and IDF 2004 — All rights reserved
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Extract the solution in a 2 | separation funnel five times with 15 ml of amyl acetate (5.11). Repeat the whole
purification procedure until the last 15 ml portion of amyl acetate remains colourless.

5.10 Sodium diethyl dithiocarbamate solution [(C,H5),NCSSNa]

Dissolve 400 mg of sodium diethyl dithiocarbamate trihydrate [C,Hg),NCSSNa-3H,QO] in 90 ml of water (5.1)
in a 100 ml one-mark volumetric flask (6.12). Dilute to the mark with ammonia solution (5.8).

Store the solution in the dark in a refrigerator at between 0 °C and 8 °C. Renew the solution every week.

5.11 Amyl acetate

Dry 1]l of amyl acetate on 15 g of anhydrous sodium sulfate for 24 h. Distil in a copper-free djstillation unit.
Colledt the fraction distilled at between 136 °C and 140 °C.

Instead of amyl acetate, xylene distilled in a copper-free distillation unit may be used.
5.12 |Copper(ll) sulfate standard solutions

5.12.1 Copper stock solution

Dissolve 196,5 mg of copper(ll) sulfate pentahydrate (CuSQO4-5H,0).in<an amount of water in a {1 000 ml one-
mark polumetric flask (6.12). Carefully add 5 ml of dilute sulfuric acid/(5.6.2) and mix. Dilute to the mark with
water|(5.1).

5.12.2 Copper working solution

Prepare this solution on the day of use.

Use g one-mark pipette (6.11) to add 10 ml of .copper stock solution (5.12.1) to 5 ml of dilute sulfuric acid
(5.6.2) previously added to a 500 ml one-mark velumetric flask (6.12) and mix. Dilute to the marl{ with water.

NOTE 1 ml of the copper working solution,contains 1 ug of Cu.

5.13 |Phenolphthalein solution

Dissolve 1 g of phenolphthaleinsin 100 ml of 90 % ethanol (volume fraction).
5.14 [Potassium cyanide-solution (KCN), with a mass fraction of 5 % KCN.

standard to establish safety and health practices and to determine the applicability ¢of regulatory

WARIFNG — Take safety precautions as KCN is poisonous. It is the responsibility of the user of this
limitations prior'to use.

5.15 [Sodium hydroxide solution, ¢(NaOH) = 1 mol/l.

6 Apparatus

6.1 Glassware

Keep the clean glassware in 10 % nitric acid (mass fraction). Before use, rinse three times with distilled water
and then three times with double-distilled water. Dry, if necessary, by successively rinsing with ethanol and
diethyl ether.

6.2 Analytical balance, capable of weighing to the nearest 1 mg, with a readability of 0,1 mg.

6.3 Appropriate grinding or grating device.

© 1SO and IDF 2004 — All rights reserved 3
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6.4 Sieve,

made of copper-free material, with nominal size of aperture 0,5 mm.

6.5 Water baths, capable of operating at 20 °C +2 °C, at40°C +1 °C, at45°C +1°C, at 60 °C £ 1 °C, at
between 30 °C and 40 °C, at between 40 °C and 60 °C, at between 60 °C and 65 °C and at between 80 °C

with

with

and 90 °C.

6.6 Micro gas burner.

6.7 Digestion flasks, (Kjeldahl flasks) with ground-glass stoppers, calibrated on the lower part of the neck
at 50 ml.

6.8 Glass beads keptin 10 % nitric acid (mass fraction) asforthe glassware (6. 1)

6.9 Graduated cylinders, of capacity 5 ml and 25 ml.

6.10 Graduated pipettes, of capacity 5ml and 25ml with 0,1 ml graduations, ncomplying

ISO 835-1:1981, class A.

6.11 One-mprk pipettes, capable of delivering 1ml, 2ml, 5ml, 10 ml and-20 ml, complying

1ISO 648:1977
6.12 One-m

6.13 Spectr

7 Sampli

It is importan

changed during transport or storage.

Sampling is n
is given in 1S(

Take precaut
(mass fractior

Store the test

8 Procedure

8.1 Prepat

, Class A.
ark volumetric flasks, of capacity 100 ml, 500 ml and 1 000 ml;

bphotometer, capable of operating at 436 nm, equipped with'cells of 10 mm optical path lg

ng

t that the laboratory receive a sample whichnis truly representative and has not damag

ot part of the method specified in this‘International Standard. A recommended sampling m
D 707.

ons to avoid copper contamination during sampling. Store glass sampling jars in 10 % nitr

~

sample so that deterioration and change in composition are prevented.

ation-of test sample

WARNING —

8.1.1 Milk a

ngth.

ed or

ethod

c acid

Take precautions to avoid contamination of copper during the procedure.

nd skimmed milk

Bring the test sample to 20 °C in the water bath (6.5) and mix carefully. If, in case of a milk sample, the fat is
not evenly dispersed, heat the test sample slowly in the water bath (6.5) set at 40 °C while mixing gently by
inversion only. Then cool the sample quickly in another water bath (6.5) set at 20 °C.

8.1.2 Buttermilk

Remove any butter granules, if necessary. Bring the test sample to 20 °C in the water bath (6.5). Mix carefully,
immediately before weighing (see 8.2.1).

© ISO and IDF 2004 — All rights reserved
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8.1.3 Cream

Bring the test sample to 20 °C in the water bath (6.5). Mix or stir thoroughly but not so vigorously as to cause
frothing or churning. If the sample is very thick, or if the fat is not evenly dispersed, heat it slowly in the water
bath (6.5) set at 40 °C to facilitate mixing. Then cool the sample quickly in another water bath (6.5) set at

20 °C.
NOTE Reliable results cannot be expected if adequate mixing of the sample is not achieved or if the sample shows
any evidence of churning or any other signs of abnormality.

8.1.4

Evaporated milk

Shake
sampl
other

the test sample container thoroughly with frequent inversion. Open the container and
e slowly into another container made of glass and provided with an airtight lid. Ingerpor,
constituents adhering to the wall of the original container in the test sample. Stir vigorously

pour the test
ate any fat or
and close the

container.

Heat the closed container in a water bath (6.5) set at between 40 °C and 60 °C. Remove atnd shake the
container vigorously every 15 min. Remove the container after 2 h. Cool it in ‘another water bath (6.5) set at
20 °C| Remove the lid and mix thoroughly by stirring the milk with a spoon or.spatula.

NOTE Correct results cannot be expected If the fat separates.

8.1.5 | Sweetened condensed milk

Open

the container and thoroughly mix the test sample withva spoon or spatula, using an up an

d down rotary

movement in such a way that the top and bottom layers are moved and mixed. Incorporate all material

adher
Trans
airtigh
40 °C
whole,

In the
transfi

8.1.6

Trans
sampl

ng to the wall and ends of the container in the test'sample.

fer the test sample as completely as possible to a second container made of glass pro
t lid. Close the container. Heat the closed container in a water bath (6.5) set at betwe
Cool it in another water bath (6.5) set-at 20 °C. Stir the sample in the container thoroughly
mass is homogeneous and close the container again.

case of a collapsible tube, operrit and transfer the contents to a glass container. Cut oper
br all material adhering to the interior as completely as possible to the container.

Whole and skimmed-milk powder

fer the test sampleto a container provided with an airtight lid of a capacity about twice the
e. Close the ‘container immediately. Mix the sample thoroughly by repeatedly shaking ang

vided with an
en 30 °C and
. Mix until the

the tube and

volume of the
inverting the

container.
8.1.7 | Butter
8.1.7. Ifthe test sample 1S not visibly inhomogeneous, cool it to 4 “C £ 2 T before weighing to facilitate

transfer to the digestion flask.

8.1.7.2

If the test sample is visibly inhomogeneous, warm the sample to a temperature at which it will be

soft enough to facilitate thorough mixing to a homogeneous state without any rupture of emulsion. The
temperature of mixing shall normally not exceed 35 °C.

Cool the sample in a water bath (6.5) to about 20 °C (or until rather firm) while mixing. As soon as possible
after cooling, open the sample container and stir briefly for less then 10 s with a spoon or spatula. Proceed as

in 8.1.

7.1.

© 1SO and IDF 2004 — All rights reserved
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8.1.8 Butterfat

Before weighing, warm the test sample in the water bath (6.5) set at 40 °C. Keep it at this temperature for
5 min then mix gently.

8.1.9 Ice-cream

For test samples taken in small packages, remove the packaging and place the sample in a container
provided with an airtight lid. Keep samples from bulk or from large packages in their sample containers. In
either case, melt the sample by standing it in a water bath (6.5) set at 45 °C for just enough time to allow the
sample to become fluid. Mix the sample by shaking. Cool it in another water bath (6.5) set at 20 °C while

mixing until cg
8.1.10 Chees

Remove the
representativ
grinding or gr|
again quickly,

If the test sar
the pretreated

Analyse the
unwanted mo
grating each {

lind or smear or mouldy surface layer of the test sample in such a way as tg ‘provide a s

alina-ic-complatad
OGS CoOMmMPCtCor

e and processed cheese

of the cheese as it is usually consumed. Grind or grate the sample by means:of an apprg
hting device (6.3). Quickly mix the whole ground or grated mass then preferably grind the

nple (e.g. soft cheese) cannot be ground or grated, mix the whole'sample thoroughly. Tr|
sample, or a representative part of it, immediately to a container‘provided with an airtight

sample without delay as soon as possible after grinding:»Ground or grated cheeses sh
uld growth or beginning to deteriorate shall not be examined. Clean the device after gring
ample.

ample
priate
mass

ansfer
id.

owing
ing or

8.1.11 Caseips, caseinates and coprecipitates
8.1.11.1 I most of the sample is fine enough to pass)through the sieve (6.4), it may be used witholit any
grinding. Trapsfer about 50 g of the received test\éample to a container, provided with an airtight [lid, of

capacity abou
Close the con

8.1.11.2 If
test sample u

8.2 Weigh

8.2.1 Milk, {

Weigh, to the
(5.5)and 2,5

ing and pretreatment of the test portion

t twice the volume of the powder.
tainer immediately. Mix the sample thoroughly by repeatedly shaking and inverting the corn

most of the test sample(is,not fine enough to pass through the sieve (6.4), grind about §
htil most of it does. Transfer all material to a container. Continue as in 8.1.11.1.

skimmed. milk and buttermilk

nearést10 mg, 20 g of test sample (8.1.1, 8.1.2) in a digestion flask (6.7). Add 3 ml of nitr
ml-of\concentrated sulfuric acid (5.6.1). Continue as in 8.3.

tainer.

0gof

c acid

8.2.2 Evaporated milk

Weigh, to the nearest 10 mg, 8 g of test sample (8.1.4) in a digestion flask (6.7). Add 3 ml of nitric acid (5.5)

and 2,5 ml of

concentrated sulfuric acid (5.6.1). Continue as in 8.3.

8.2.3 Sweetened condensed milk

Weigh, to the nearest 10 mg, 5 g of test sample (8.1.5) in a digestion flask (6.7). Add 10 ml of water (5.1) and
2,5 ml of concentrated sulfuric acid (5.6.1). Do not add nitric acid at this stage, as that would cause excessive
foaming. Continue as in 8.3.
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8.2.4 Whole and skimmed milk powder

Weigh, to the nearest 1 mg, 2 g of test sample (8.1.6) in a digestion flask (6.7). Add 5 ml of water (5.1) and
mix well. Then add 3 ml of nitric acid (5.5) and 2,5 ml of concentrated sulfuric acid (5.6.1). Continue as in 8.3.

8.2.5 Cream, butter and butterfat

Weigh, to the nearest 10 mg, 20 g of test sample (8.1.3, 8.1.7, 8.1.8) in a digestion flask (6.7). Add, in the
case of cream or butter, 8 ml of nitric acid (5.5) and, in the case of butterfat, 4 ml of water (5.1) and 8 ml of
nitric acid (5.5). Heat the flask in a water bath (6.5) set at between 80 °C and 90 °C for 1 h. Shake thoroughly
every 3 min in order to wash the fat with nitric acid (5.5). Cool in another water bath (6.5) set at 40 °C and
remowve thao fat laviar ac fo

cCaTaycros o

rac ibla byvimmaanc of o it
oo POSSIoOIC Oy ThCarntS OUra prpc s

Add 1
pipett
warm
conce

8.2.6

Weigh
(5.5) 4

8.2.7

Weigh
of nitr

8.3

8.3.1
well-v
Contr
flask i

Carry
8.3.2

solutig
swirlin

coloufless, then coel to room temperature.

8.3.3
until
solutig

5 ml of petroleum ether (5.4). Swirl carefully and remove the solvent as far as possible b
. Repeat twice with fresh 15 ml portions of petroleum ether (5.4). Remove residual petro
hg in a water bath (6.5) set at between 80 °C and 90 °C. Cool to room temperature.
htrated sulfuric acid (5.6.1). Continue as in 8.3.

Ice-cream, cheese and processed cheese

, to the nearest 1 mg, 3 g of test sample (8.1.9, 8.1.10) in a digestioh flask (6.7). Add 3
nd 2,5 ml of concentrated sulfuric acid (5.6.1). Continue as in 8:3.

Caseins, caseinates and coprecipitates

, to the nearest 1 mg, 1 g of test sample (8.1.11) in@.digestion flask (6.7). Add 5 ml of w3
c acid (5.5) and 2,5 ml of concentrated sulfuric acid (5.6.1). Continue as in 8.3.

Digestion

Add three glass beads (6.8) to the contents of the digestion flask (8.2.1 to 8.2.7). Ope
entilated fume hood, place the flask'in an inclined position and heat with a micro gas
| the height of the flame so as to limit the production of foam in the flask. Foaming into th
5 allowed but the foam shall not'escape. Keep the mixture gently boiling. Avoid local overhg

out a blank test (see 8.5)\simultaneously.
When the solution-turns brown, carefully add 3 to 5 drops of nitric acid (5.5). Vigorou

n again as soon.as possible. Continue heating and adding the nitric acid, 5 to 20 drops a
g the flask ogcasionally to remove any material adhering to the wall. Continue until the m

Carefully add 2 ml of water (5.1) and 1 ml of hydrogen peroxide solution (5.7). Swirl a
vhite, fumes are emitted. If the solution becomes yellow, add a further 0,5 ml of hydrg

y means of a
eum ether by
Add 2,5 ml of

| of nitric acid

ter (5.1), 3 mi

ating under a
burner (6.6).
e neck of the
bating.

sly shake the
a time, while
xture remains

nd heat again
gen peroxide
Cool to room

n_Continue heating for 45 min after the beginning of the emission of white fumes.

temperature and add water to give a total volume of approximately 25 ml.

8.3.4 Add 5 ml of citrate/EDTA solution (5.9) and 0,1 ml of phenolphthalein solution (5.13). Add ammonia
solution (5.8) while swirling occasionally until the mixture remains light red.

8.4

Colour development

During the colour development and the photometric determination, avoid unnecessary exposure to light
stronger than an illuminance of 150 Ix (subdued daylight). Add 5 ml of sodium diethyl dithiocarbamate solution
(5.10), while swirling. Dilute to the 50 ml mark with water and pipette 4 ml of amyl acetate (5.11) into the 50 ml
solution. Close the flask with the stopper and mix. Heat the closed flask for 10 min in a water bath (6.5) set at
between 60 °C and 65 °C. Then shake the flask vigorously with repeated inversion for 1 min while ensuring
the stopper remains in position. Cool the closed flask immediately under running tap water for at least 10 min.
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ISO 5738:2004(E)

IDF 76:2004

In the case of

(E)

using xylene instead of amyl acetate, shake the flask for 2 min.

Eliminate the turbidity appearing in the amyl acetate layer by tilting the flask cautiously from the vertical to a
horizontal position a number of times. Continue cautiously tilting the flask if turbidity persists. Keep the flask in

the dark for 1

h.

8.5 Blank test

Simultaneously with the analysis of the test portion, carry out a blank test using all reagents and 20 ml of
water (5.1) instead of the test portion. During the digestion period, use the same amount of nitric acid (5.5)

and hydrogen

peroxide solution (5.7) as for the digestion of the test portion.

8.6 Photo

Transfer the amyl acetate (upper) layer by means of a pipette into the 10 mm cell of the specirophotd

(6.13). Measl
solution (8.5)
solution from

The absorbar
value is higheg

Bismuth and
with potassiu
sodium hydro|

8.7 Number of determinations

Carry out the

8.8 Calibration curve

8.8.1
into a series
concentrated
phenolphthalg
mixture rema
8.8.2 Carry
8.8.3 Trang

photometer (4
of 436 nm. SU

Pipetle 0 ml (blank), 0,5 ml, 1 ml, 2ml,.3 ml, 4 ml and 6 ml of the copper(ll) working solution (5

metric measurements

re the absorbances of the amyl acetate layers of the test solution (8.4) and\the reagent|
against that of water at a wavelength of 436 nm. Subtract the value farythe reagent
fhat of the test solution.

ce value of the blank test shall correspond to less than 0,4 ug of Cu per 50 ml. If the ob
r, check all reagents.

ellurium may be assumed to be absent if the amyl acetate\layer turns colourless after s
M cyanide solution (5.14). Otherwise, remove them by.washing the amyl acetate layg
kide solution (5.15).

determinations, including the blank test (8.5);"in duplicate.

of seven separate digestion‘flasks (6.7). Dilute with water (5.1) to about 25 ml. Add 2,5
sulfuric acid (5.6.1) and ‘mix well. Add 5 ml of citrate/EDTA solution (5.9) and 0,1

fer each amyl acetate (upper) layer by means of a pipette into the 10 mm cell of the sp
.13). Méasure the absorbance of the amyl acetate layers against that of water at a wave
btract;the blank value from the values found for the other solutions.

meter
blank
blank

tained

naking
r with

12.2)
ml of
ml of

in solution (5.13) and mix-again. Add ammonia solution (5.8) while swirling occasionally until the
ns light red.
out the procedure-described in 8.4.

ectro-
ength

8.8.4 Plott

hese ahsarbhance ngninqt the amounts of copper added

8.8.5 Check the calibration curve monthly.

9 Calculation and expression of results

9.1 Calcul

ation

Calculate the copper content of the sample, w, in milligrams per kilogram, by using the following equation:
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