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INTERNATIONAL STANDARD

1SO 5542-1984 (E)

Milk — Determination of protein content — Amido black
dye-binding method (Routine method)

1 Scople and field of application
1.1 This |International Standard describes the amido black

mination of the protein content of milk.

As the conposition of the amido black dyestuff is variable, the
method dgscribed is empirical and depends upon constant
reference tp the protein content derived from determination of
the nitrogep content of milk by the Kjeldahl reference method
(for example, as described in IDF Standard 20).

1.2 The |method is applicable to raw or thermally or
mechanically processed (for example pasteurized, sterilized,
homogenized, reconstituted) whole milk, partially skimmed
milk and skimmed milk, provided that the samples are in good
condition. [The method is also applicable, in some cases,-to
preserved damples (see 10.1).

The methodl allows a rapid and simple determination of the pro-
tein conterJt of milk to be made and is suitable for a single
determinatipn or for determinations on/small numbers of
samples and for series of multiple determinations. For deter-
minations i series, special apparatus/i:e. multiple pipetting ap-
paratus, ceptrifuges for racks) is required (see 6.4 and 6.7), and
frequent checking of control samples for correction of “‘drift”’ is
required (s¢e 8.6.2). In view of\the time-consuming method of
calibration, |laboratories which*make only a few determinations
on certain [types of samples often have recourse to central
laboratorieq for dye solutions and control samples.

NOTE — Adcordingito the origin of the sample and the reference

method used, theymethod described in this International Standard may
£

IDF Standard 20 : Determination. of the nit]
milk by the Kjeldahl method:

3 Definition

protein content : A conventional value obt
ing the nitrogencontent, expressed as a per
determineddn ‘accordance with the Kjeldahl

rogen content of

hined by multiply-
centage by mass,
reference method

(for example, as described in IDF Standand 20), by an ap-

propriate factor.

NOTE — Care should be taken to distinguish the
milk as defined above from the ‘‘true protein contg
the non-protein nitrogen (NPN) fraction of milk.

4 Principle

Addition of amido black solution, buffered a
portion, resulting in the formation of an insq
complex. Removal of the insoluble complex
filtration), and determination of the protein
absorbance of the resulting solution contair
dye.

5 Reagents

All reagents shall be of recognized analyt
otherwise stated. The water used shall be
water of at least equivalent purity.

protein content’’ of
nt"" which excludes

pH 2,4, to a test
luble dye-protein
y centrifuging (or
content from the
ing an excess of

cal grade unless
distilled water or

be used notlertyfer—thetsua-determination—oftheproteircontent
of milk (i.e. total nitrogen X 6,38), but also for the determination of
the “‘true protein’’ content, or with modifications, the casein or whey
protein content of cow’s milk and milk from other species (goat,
sheep, etc.).

2 References

ISO 707, Milk and milk products — Methods of sampling.

NOTE — Calcium ions interfere with the determin

ation.

5.1 Amido black 10B dyestuff (acid black 1, Cl 20470)1) for
milk testing, having a moisture content of less than 5 %

(m/m), or a further purified product.

NOTE — The dyestuff is hygroscopic and should be protected from

moisture uptake.

1) Suitable material is available commercially. Details may be obtained from the Secretariat of I1SO/TC 34 (MSZH, Hungary) or from ISO Central

Secretariat.
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5.2 Standard a

(E)

mido black solution.

Prepare a standard solution according to one of the following

procedures.

5.2.1
solutions.

Introduce into a
600 ml of water :

Primary standard, for preparing standard reference

1 000 ml volumetric flask containing about

NOTE — As the concentration of amido black may vary from batch to
batch, it is necessary that, for each new batch, the concentration be
adjusted to that of the primary standard as prepared in 5.2.1, in order
that the absorbances of the standard matching solutions prepared in
5.3.2 and 5.3.3 will be the same as those obtained during calibration
(see 8.5).

5.2.3 Standard solution, for routine determinations in

series.

Completely dissolve, by mechanical agitation for 2 h, in a vessel

— 0,900 g of a purified amido black 10B dyestuff prepara-

tion with a hi

— 2,08 gof
(NazHPO42H

— 15,8 g of

Dissolve by mec
(6.8) check the
necessary, adjust
tion or sodium H
water and shake

Allow the solutior
is to be used over
5 % solution of t

From this primar:
tions as described

relative to distilled
cell.

5.2.2 Standard
limited numbers.

Completely dissol

— 0,90to0
the amido bla

— 2,08gof
(NazHPO4-2H2

— 158 g of

in 100 to 200 ml

h dye content;

isodium hydrogenorthophosphate dihydrate
);

itric acid monohydrate (CgHgO5-H,0).

anical agitation for 2 h. Using a pH meter
H, which shall be 2,40 + 0,10 at 20 °C; if
the pH by the addition of sulfuric acid solu-
ydroxide solution. Dilute to the mark with
or 15 min.

to stand overnight before use. If the solution
several days, preserve it by adding 0,1 mlof a
hymol in 94 to 97 % (V'/ V) ethanol.

standard, prepare standard matching solu-

in 5.3.2 and 5.3.3. Determine the absorbance
water at a standard wavelength in a standard

solution, for routine determinations’ in

Ve in a beaker :

95 g (depending on the-dyestuff content) of
k 10B dyestuff (5.1),

disodium hydrogenorthophosphate dihydrate
0),

citric acid-monohydrate (CgHgO-H,0),

bf water at 70 to 80 °C, or double or triple

quantities of thes

o-chemicalsand-water

with—a-martrrarsi-fortam-aceuraterultipletsiof 1 000 ml,
the corresponding multiple quantities of _the.| chemicals
specified in 5.2.2 in a quantity of water\whigh reaches
somewhat below the appropriate mark. /Adjust the pH to
2,40 £ 0,10 as described in 5.2.1. Dilute)to the mark and stir
for another 15 min. Allow to stand overhight.

Prepare, from this primary solttion, the standarq matching
solutions specified in 5.3.2 and-5.3.3 and determine their absor-
bances relative to distillediwater as described in 5J2.1. Dilute
this primary solution with(the calculated quantity of gitrate buf-
fer solution (5.2.4) to.obtain the standard solution which yields
standard matching“solutions with the same absdrbance as
those obtained from the primary standard (5.2.1).

Preserve as described in 5.2.1 and allow to stand overnight.
See the'note to 5.2.2.

A-final check and adjustment of the concentration should be
made using a control sample of milk taken from g large bulk
(see 8.6) for which the protein content has been determined by
the Kjeldahl reference method (IDF Standard 20).

5.2.4 Buffer solution, for dilution.

Introduce into a 1 000 ml volumetric flask contaihing about
600 ml of water :

— 2,08g of disodium
dihydrate (NazHPO42H20),

— 15,8 g of citric acid monohydrate (CgHgO;-H,0).

hydrogenorthogphosphate

Dissolve by agitation and dilute to the mark with water.

Multiple quantities of these chemicals and water may be taken
as required.

Cool and transfer to a 1 000, 2 000 or 3 000 ml volumetric flask,
dilute to about 600, 1 200 or 1 800 ml, respectively, and mix.
Adjust the pH to 2,40 + 0,10 at 20 °C as described in 5.2.1.
Dilute to the mark and shake for 15 min. Allow to stand over-
night.

Prepare, from this primary solution, the standard matching
solutions specified in 5.3.2 and 5.3.3 and determine their absor-
bances relative to distilled water as described in 5.2.1. Dilute
this primary solution with the calculated quantity of citrate buf-
fer solution (5.2.4) to obtain the standard solution which yields
standard matching solutions with the same absorbance as
those obtained from the primary standard (5.2.1).

Preserve as described in 5.2.1 and allow to stand overnight.

Any dilution required shall be carried out with this buffer solu-
tion.

5.3 Amido black, standard matching solutions.

Prepare dilutions (standard matching solutions) of the standard
amido black solution (5.2) as follows.

5.3.1 Mix 10 volumes of the standard amido black solution
with 90 volumes of water by pipetting 10 ml into a 100 ml one-
mark volumetric flask and diluting to the mark.

NOTE — This solution is used instead of water to establish the zero
scale reading of the spectrometer (6.6), so that scale expansion is ob-
tained and the part of the logarithmic scale where divisions are wider
may be used.
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5.3.2 Mix 50 volumes of the standard amido black solution
with 50 volumes of water by pipetting 50 ml into a 100 ml one-
mark volumetric flask and diluting to the mark.

5.3.3 Mix 20 volumes of the standard amido black solution

ISO 5542-1984 (E)

This acceleration is produced by centrifuges having effective
radii (horizontal distances between the centre of the centrifuge
spindle and the lower end of the test-tube) and operating at the
rotational frequencies indicated in the table.

pH meter (§.8).

6 Apparatus

with 80 volumes of water by pipetting 20 ml into a 100 m| one- Table
mark volumetric flask and diluting to the mark. Effective radius Rotational frequency
NOTE — Solutions 5.3.2 and 5.3.3 are equivalent to low and high pro- mm min—1
tein contents and will give corresponding instrumental values. They are 240 1140
used for calibration control (see 8.6.2). 245 1130
256 120
5.4 Stanl:Iard buffer solutions, for standardization of the 255 1110
260 1 100
265 1 090
270 1 080
275 1 070
300 1 020
All apparatys which may come into contact with the reagents 325 980

or the test splution shall be made of materials which are not at-
tacked undgr the conditions of the test and which do not ab-
sorb the dygestuff in sufficient quantity to affect the results.

Usual laboratory equipment, and in particular

6.1 Test-fubes or centrifuge tubes, fitted with rubber
stoppers if pecessary.

6.2 Rack| for the test-tubes or centrifuge tubes (6.1).

6.3 Pipette or syringe, for milk, to deliver 1,0 + 0,003.m!
(see the nofe to 6.4).

6.4 Pipette or syringe, for the standard amido ‘black solu-
tion (5.2), tp deliver 20 = 0,02 ml.

NOTES

1 Pipettes gr syringes (6.3 and 6.4) of other ¢apacities may be used,
provided that|the ratio of the volume of the.test portion (see 8.2) to that
of the amido |black solution (see 8.3.M.is : 20, and that the concen-
tration of amfdo black in the supermatant liquid (see 8.3.3) is always
greater than 9,1 g/I.

2 Any multiple pipetting apparatus used should satisfy the same con-
ditions as thope given by the)single pipette or syringe method described
in this Interngtional Standard.

6.5 MecHahical shaker or rotary mixer or compressed-
air mixing . ifrequired:

NOTE — The relative centtifugal acceleration prodyced in a centrifuge
is given by the formula

1,12 r n2,x10-6
where

r fisthe effective horizontal radius, in millimettes;

n~" is the rotational frequency, per minute.
6.7.2 Filtration apparatus.

Filtration through glass fibre, preferably silicohized, with slight
pressure, may be used instead of centrifuging.|It is necessary to
check that the quantity of dye absorbed by the filter is minimal
and is constant for any given surface ar¢a. For a given
pressure, the porosity of the filter should allow correct filtration
of the precipitate formed by the dye-protein complex (see
also 10.1).

6.8 pH-meter, fitted with a glass electrode and a suitable
reference electrode, allowing measurements df pH to be made
to the nearest 0,01 pH unit.

6.9 One-mark volumetric flasks, of capalities 100, 1 000,
2 000 and 3 000 ml.

6.10 Balance, accurate to 0,001 g.

6.6 Spectrometer, capable of operating within the
wavelength range from 550 to 620 nm, provided with cells
(preferably of flowthrough pattern) having optical path lengths
of 0,2 to 1,0 mm.

NOTE — It is not necessary to operate at the exact wavelength cor-
responding to maximum sensitivity as it has been found in practice that
calibration compensates for deviations (see 8.4).

6.7 Centrifuge or filtration apparatus.

6.7.1 Centrifuge, with swinging cups or racks capable of
producing, within at least 2 min, an acceleration of
(350 + 50) g at the lower end of the test-tube (see 10.1).

7 Sampling

See ISO 707.

8 Procedure

8.1 Preparation of the test sample

If necessary, adjust the temperature of the sample to 20 to
30 °C by placing the sample in a sample bottle in a water-bath.

Mix the milk thoroughly by gently inverting the sample bottle
three or four times, without causing frothing or churning of the
fat. If difficulty is experienced in dispersing a cream layer, or if
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the milk shows evidence of slight churning, warm the milk
slowly to 35 to 40 °C in a water-bath, and mix gently; if
necessary, a suitable homogenizer may be used to assist
dispersal of the fat.

When uniform distribution of the fat has been obtained, quickly
adjust the temperature to 20 °C. Allow the milk to stand for at
least 1 min after the final temperature adjustment to allow air
bubbles to rise (but not for such a span of time that creaming
may occur).

Deduce the regression equation for the protein content deter-
mined by the reference method (y) against absorbance (x) and
plot the calibration curve for y against x.

NOTE — Heated (pasteurized and sterilized) and reconstituted milks
may require different calibration curves.

8.6 Standard matching solutions

Simultaneously with the preparation of the calibration curve,

8.2 Test portion

Introduce 1 ml of|the prepared test sample (8.1), by means of
the pipette or thg syringe (6.3), into a test-tube or centrifuge
tube (6.1). Mix sl|ghtly, shortly before pipetting.

8.3 Determination

8.3.1 Add 20 m| of the standard amido black solution (5.2),

by means of the fipette or the syringe (6.4), to the test portion,

stopper the tube

f necessary, and mix the contents for 30 s by

shaking by hand with repeated excursions through about
25 cm or by mechanical means (6.5). Alternatively, use com-

pressed air to eff

bct the mixing.

8.3.2 Remove the stopper if present and separate the protein-

dye precipitate b

filtration or centrifuging. In the latter case,

place the tube ir] the centrifuge (6.7.1) and centrifuge for at

least 2 min after
reached at the b

8.3.3 Fill a cell

absorbance, afte
(6.6) to zero absd
ching solution (5

an acceleration of (350 = 50) g has been
ttom of the tube.

vith the supernatant liquid, and measure the
having previously adjusted the spectrometer
rbance against the amido black'standard mat-
3.1) at the selected wavelength (see 6.6).

8.4 Preparation of the calibration curve

Take at least 40 |samples from-different milks (milks from in-
dividual cows if possible) having a total protein content ranging
from 2,6 to 4,5 % (m/m)-orgreater (see the note). Determine
the protein contgnt of each using the reference method (IDF
Standard 20). If pecessary, correct the results for preservation
(see 10.1).

measure the absorbances of the two standard matghing solu-
tions prepared in 5.3.2 and 5.3.3 (see the note-10’§.2.2).

8.6 Calibration control

8.6.1 Control milk samples

As the calibration may be affected by seasonal variations of the
different nitrogen fractions: of milk, it should be| frequently
checked. This shouldbe carried out using at least ong represen-
tative sample of a large bulk of milk (i.e. from a largg number of
cows) of average{protein content, or, preferably,|using two
such samples-having high and low protein contents, which
have been determined by the Kjeldahl reference method (IDF
Standard'20).

862 Use of control milk samples

Sufficient control samples shall be taken by subsampling bulk
milk control samples as described in 8.6.1. A presefvative (see
10.1) should be added to these subsamples so that they can be
used over a period of days provided that the referente value for
the protein content does not change through detefioration.

The control sample or samples should be tested |n duplicate
prior to each day's testing of routine samples. Ngrmally they
should be included in each series of the latter at a ffequency of
the order of 1 in 10, or interposed at regular intefvals during
continuous testing for control of “drift”. Similarly, it is also
necessary to check the spectrometer readings usirg the stan-
dard matching solutions for which the scale regdings were
determined at the time of calibration (see 8.5 and B.6.1).

9 Expression of results

In addition, using the method described above, measure the
absorbance of the supernatant liquid obtained from each
sample.

Plot a graph of protein content obtained by the reference
method against absorbance. If there is any departure from a
linear relationship at the high protein (low absorbance) end of
the curve, then ignore the corresponding results in the calcula-
tion of the regression equation. (The procedure for the deter-
mination of these high protein contents is described in 10.2.)
Also ignore strongly deviating values, i.e. when the protein
content determined by the reference method differs by more
than twice the standard deviation (deduced from the calcula-
tion of the regression equation below) from the corresponding
value of the line drawn in the graph.

9.1 Method of calculation

By means of the calibration curve (see 8.4), deduce the protein
content of the sample from the measured absorbance and ex-
press the result as grams of protein per 100 g of sample. Cor-
rect for any difference between the ‘‘Kjeldahl protein content”
and the protein content read from the calibration curve of the
control milk sample(s) (8.6.1 and 8.6.2).

9.2 Repeatability

The difference between the results of two determinations, car-
ried out in rapid succession by the same analyst, should not ex-
ceed 0,03 g of protein per 100 g of sample.
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