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Forewords

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 International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.
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The International Dairy Federation (IDF) 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
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Draft International Standards adopted by the Standing Committees are circulated to the National
Committees for voting. Publication as an International Standard requires approval by at least 50 % of
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Milk and milk products — Determination of nitrogen
content —

Part 1:
Kjeldahl principle and crude protein calculation

WARNING — The use of this International Standard might involve the use of hazardoug materials,
operations, and equipment. This International Standard does not purport to address-all the safety
riskls associated with its use. It is the responsibility of the user of this International Standard
to establish appropriate safety and health practices and determine the applicabiljty of local
regylatory limitations prior to use.

1 Bcope

This|International Standard specifies a method for the determinatign‘of the nitrogen conterjt and crude
protein calculation of milk and milk products by the Kjeldahl¢principle, using traditional and block
digeption methods.

The methods are applicable to:
— liquid cow’s (whole, partially skimmed or skimmed-milk), goat’s and sheep’s whole milk;
— hard, semi-hard and processed cheese;

— fried milk and dried milk products (including milk-based infant formulae, milk protein doncentrate,
Wwhey protein concentrate, casein andicaseinate).

The mmethods are not applicable to samples containing ammonium caseinate.

NOTE Inaccurate crude protein\results will be obtained if non-milk sources of nitrogen are pfesent in the
products specified in this International Standard.

2 Normative references

The [following documents, in whole or in part, are normatively referenced in this documgnt and are
indigpensable tolits application. For dated references, only the edition cited applies. Hor undated
references, the)latest edition of the referenced document (including any amendments) appligs.

ISO B85¢Laboratory glassware — Burettes

ISO 655 3 Dicton omaratad uoliioatric oo oot P

a C
7 1 oot opeTratCtvotantctric appuratas

3 Terms and definitions

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

3.1
nitrogen content
mass fraction of nitrogen determined by the specified procedure

Note 1 to entry: It is expressed as a percentage.

© ISO and IDF 2014 - All rights reserved 1


https://standardsiso.com/api/?name=a15acffb17c7b34f6d80e5b699fbe515

ISO 8968-1:2014(E)
IDF 20-1:2014(E)

3.2
crude protein content
mass fraction of crude protein calculated as specified

Note 1 to entry: It is expressed as a percentage.

4 Principle

A test portion is digested with a mixture of concentrated sulfuric acid and potassium sulfate. Using
copper sulfate (II) asa catalyst to thereby convert any organlc mtrogen present to ammomum sulfate.
The functiop : el 6

a stronger
liberate a

titration w
calculated f

5 Reage

Use only 1
demineraliz

NOTE T

automated t
directions of]

5.1 Potas

5.2 Copp

Dissolve 5,(
to the mark

5.3 Sulfu

p20=184g
5.4 Sodiu
100 g.

With automn

an excess of
m hydroxide solution may be used instead of a mass fraction of 50 %, where plugging of the

40 % sodiu
automated
considered

x1dlzmg mlxture for dlgestlon Excess sodium hydrox1de is added to the cooled dige
monia. The liberated ammonia is steam distilled into the excess boric acid solution
th hydrochloric acid standard volumetric solution is carried out. The nitrogen \conte
rom the amount of ammonia produced.

nts

eagents of recognized analytical grade, unless otherwise specified, and distille
ed water or water of equivalent purity.

he solutions specified in this procedure might be different thainthose required for the operati
trators. An effort is made to address those, but it is the responsibility of the operator to folloy
the equipment manufacturer.

sium sulfate (K2S04), nitrogen free.

pr (II) sulfate pentahydrate solution, c(Ci1S04.5H0) = 5,0 g/100 ml.

g of copper(Il) sulfate pentahydrate in'water in a 100 ml one-mark volumetric flask. D
with water and mix.

ricacid (H2S04), with amassfraction of between 95 % and 98 %, nitrogen-free (approxim
ml).

m hydroxide (NaOH) solution, nitrogen-free, containing 50 g of sodium hydroxide

ated distillation systems, other mass fractions of sodium hydroxide may be used, prov
sodium hydroxide is dispensed to the distillation mixture; for example, a mass fracti

flow system is a problem. The total volume of such sodium hydroxide solution shou
in-order to maintain the suitable distillation volumes.

nt is

1 or

bn of
v the

ilute

htely

per

ided
n of

be

5.5

Indicator solution

Dissolve 0,1 g of methyl red in 95 % (volume fraction) ethanol in a 50 ml one-mark volumetric flask
(6.16). Dilute to 50 ml with ethanol and mix. Dissolve 0,5 g of bromocresol green in 95 % (volume
fraction) ethanol in a 250 ml one-mark volumetric flask (6.16). Dilute to 250 ml with ethanol and mix.
Mix one part of the methyl red solution with five parts of the bromocresol green solution or combine and
mix all of both solutions.

5.6 Boricacid solution, c(H3B03) = 40,0 g/I1.

Dissolve 40,0 g of boric acid (H3BO3) in 11 of hot water in a 1 000 ml one-mark volumetric flask (6.16).
Allow the flask and its contents to cool to 20 °C. Adjust to the mark with water, add 3 ml of the indicator

© ISO and IDF 2014 - All rights reserved
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solution (5.5) and mix. Store the solution, which will be light orange in colour, in a borosilicate glass
bottle. Protect the solution from light and sources of ammonia fume during storage.

With automated distillation systems, other boric acid concentrations may be used after validating
accordingly.

If using the electronic pH end point titration, the addition of the indicator solution to the boric acid
solution may be omitted. On the other hand, the change in colour may also be used as a check on proper
titration procedures.

5.7 Hydrochloric acid standard volumetric solution, c(HCI) = (0,1 + 0,0005) mol/1.

It is[recommended to purchase this material prestandardized by the manufacturer, whidgh meets, or
exceeds, these specifications. Often, the systematic errors (which can be avoided)~introduced by an
analst diluting a concentrated stock acid and then determining the molarity ofjthe”acid,|cause poor
reprpducibility performance of the method in this part. The analyst should not use-a solution for titration
that|has a higher concentration than 0,1 mol/l, because this will reduce thetgtal titration|volume per
sample and the uncertainty in readability of the burette will become a larger'percentage ¢f the value.
This{will have a negative impact on the method repeatability and reproducibility performarce.

If sylfuric acid is substituted for hydrochloric acid, the solutionx should have a concégntration of
0,05{+ 0,000 3 mol/I.

5.8 | Ammonium sulfate [(NH4)2S04], minimum assay 99,9% (mass fraction) on dried material.

Immlediately before use, dry the ammonium sulfate at 102 °C * 2 °C for not less than 2 h. Cpol to room
temperature in a desiccator.

5.9 | Tryptophan (C11H12N202) or lysine hydrochloride (C¢H15CIN202), minimum assay[99 % (mass
fraction).

Do not dry these reagents in an oven before use.

5.1( Sucrose, with a mass fractien of nitrogen of not more than 0,002 %.

Do nlot dry the sucrose in an-even before use.

6 Apparatus

Usugl laboratoryapparatus and, in particular, the following.

6.1 | Waterbath, capable of maintaining a water temperature between 38 °C and 40 °C.

6.2 | AAnalytical balance, capable of weighing to the nearest 0,1 mg.

6.3 Burette or automatic pipette, capable for delivering 1,0 ml portions of the copper sulfate solution
(5.2).

6.4 Graduated measuring cylinders, of capacity 25 ml, 50 ml, 100 ml and 500 ml.
6.5 Conical flasks, of capacity 500 ml

6.6 Automatic burette, of suitable capacity e.g. 20 ml, with resolution of at least 0,004 ml, complying
with the requirements of ISO 8655-3. Alternatively, a burette, of capacity 50 ml, graduated at least at
every 0,1 ml, complying with the requirements of ISO 385, class A may be used for the analysis of milk.

© ISO and IDF 2014 - All rights reserved 3
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NOTE

figures for all other products.

6.7 Grinding device

The manual burette does not have sufficient resolution to achieve the required number of significant

6.8 Digestion flasks (Kjeldahl), of 500 ml or 800 ml capacities. Suitable to the digestion system to be

used and to

the specifications of the manufacturer of the digestion apparatus (6.10 or 6.11).

6.9 Boiling aids, e.g. hard pieces of porcelain or high-purity amphoteric alundum (i.e. carbarundum)

granules, pla

NOTE G
boiling as th
beads.

6.10 Digesg
45 °), with ¢

and with a fume extraction system.

The heater
digestion. B
preheating
determine {
temperatur
used during

6.11 Disti
to which ca
condenser ¥
and stoppet

NOTE T
distillation ¢

6.12 Digegtion block (block digesting method), aluminium alloy block or equivalent block, fitted
an adjustable temperature control.and device for measuring block temperature.

6.13 Digegdtion tubes (bloek' digesting method), of 250 ml in capacity, suitable for use with
digestion block (6.12).

6.14 Exhaust manifold (block digesting method), suitable for use with the digestion tubes (6.13)).
6.15 Centyifugal scrubber apparatus or filter pump or aspirator (block digesting meth
constructed-etactd-reststantmaterialforuse-withrmains-water-stpply

in, mesh size 10. Do not reuse the boiling aids.

ass beads of approximately 5 mm diameter can also be used, but they might not promote as.effi
e alundum granules and more foaming problems can be encountered during digestion with

tion apparatus, to hold the digestion flasks (6.8) in an inclined position) (approxim
lectric heaters or gas burners, which do not heat the flasks above the lével of their cont

source should be adjustable to control the maximum heater*setting to be used du
reheat the heat source at the heater setting for evaluation.An ‘the case of a gas heater

he heater setting that brings 250 ml of water, including\5 to 10 boiling aids with an i
e of 25 °C, to its boiling point in 5 min to 6 min. This\is'the maximum heater setting {
digestion.

ation apparatus (traditional method), madeof borosilicate glass or other suitable mat
be fitted a digestion flask (6.8) consisting ofan efficient splash-head connected to an effi

(s) shall be close-fitting and preferably n1tade of polychloroprene.

he distillation apparatus mentionedvabove can be replaced by the complete Parnas-Wag
pnfiguration or other suitable equipment.

cient
slass

htely
ents,

ring
the

period shall be 10 min and for an electric heater, it shall b€ 30 min. For each of the healers,

itial
o be

erial
rient

vith straight inner tube and an outlet tube attached to its lower end. The connecting tubing

herl)

with

the

6.16 Volumetric flasks, one mark of 50 ml, 250 ml and 1 000 ml capacities.

od),

6.17 Distillation unit (block digesting method), capable of steam distilling, manual or semi-automatic,

suited to acc

ept the 250 ml digestion tubes (6.13) and the 500 ml conical flasks (6.5).

1) Parnas-Wagner is an example of glassware configuration utilized for Kjeldahl distillation available commercially.
This information is given for the convenience of users and does not constitute an endorsement by either ISO or IDF

of this produ

4

ct.
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6.18 Automatic titrator provided with a pH-meter.

The pH-meter should be calibrated properly in the range of pH 4 to pH 7 following normal laboratory
pH-calibration procedures. The automatic titrator burette shall comply with the requirements of 6.6.

6.19 Spatula or suitable transfer device.

6.20 Filter paper, nitrogen-free, of dimensions and porosity suitable to hold the cheese test portion.

6.21 Illuminated magnetic stirrer plate.

7 PBampling

Sampling is not part of the method specified in this International Standard. A recommendg¢d sampling

method is given in ISO 707|IDF 50.

[t is [mportant that the laboratory receive a sample which is representative‘and has not be{
or changed during transport or storage.

8 Preparation of test sample

8.1 | Whole, partially skimmed or skimmed liquid milk

Place the test sample in the water bath (6.1) setat 38 2Cto 40 °C. Mix gently by inversion with
frothing or churning. Once the sample is mixed thoroughly, cool to room temperature.

Prodeed as indicated in 9.1 or 9.2.

8.2 | Hard, semi-hard and processed-cheese

Remfove the rind, smear or mouldy surface layer of the cheese, in such a way as to provide a
representative of the cheese as itis usually consumed.

Grind the test sample by meansefan appropriate device (6.7). Quickly mix the whole mass and
grinfl the mass again quigkly-/Analyse the test sample as soon as possible after grinding.

Usinlg the spatula (6.29),weigh the required amount (Table A.1) of either prepared ground
a pre¢-folded, tareddilter paper (6.20). Enclose cheese in filter paper and drop the filter papel
the ¢heese into the-bottom of a digestion flask (6.8) or digestion tube (6.13) as indicated in 9

NOT Use'of a filter paper can promote foam formation in block digestion systems. To avoid this
the Hlock digestion method (9.2), the filter paper can be omitted by weighing the sample into a su
weighingithe cheese and vessel, transferring the cheese to the digestion vessel, reweighing the emp

bn damaged

out causing

test sample

, preferably,

rheese onto
" containing
1.1 or 9.2.1.

, when using
table vessel,
[y vessel and

deternmiining the sample mass by subtracting the mass of the empty vessel from the mass of the cheed

e and vessel.

8.3 Dried milk and dried milk products

Let the test sample reach a temperature of between 20 °C and 25 °C before transferring to a container of
internal volume approximately twice the volume of the test sample. Close the container immediately to
avoid changing the moisture content of the sample. Thoroughly mix the sample by repeatedly rotating

and inverting the container.

Proceed as indicated in 9.1 or 9.2.

© ISO and IDF 2014 - All rights reserved
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9 Procedures
9.1 Traditional method

9.1.1 Test portion and pre-treatment

Add to a clean and dry digestion flask (6.8), 5 to 10 boiling aids (6.9), 15,0 g of potassium sulfate (5.1),
1,0 ml of copper (1) sulfate solution (5.2), the amount of prepared test sample (8.1, 8.2 or 8.3) as indicated
in Table A.1, weighed to the nearest 0,1 mg, and 25 ml of sulfuric acid (5.3) while using sulfuric acid to
wash down any copper (II) sulfate solution, potassium sulfate or test portion left on the neck of the flask.
Gently mix fhe contents of the digestion f1ask.

ative to 5.1 and 5.2, commercially available tablets containing, for example 15 g of potasgium

0,05 g of copper (II) sulfate pentahydrate, may be used, provided

Asan altern
sulfate and

a)

nsed

\nce,
5.3),

the tab
using a
three t:
and

ets contain a quantity of potassium sulfate such that the required amountan be dispe
h integer number of whole tablets to maintain a similar salt to acid (5.3)'ratio. For inst4
iblets each containing 5 g of potassium sulfate, may be used with 20 ml of sulfuric acid

b) the tablets do not contain salts of toxic metals, such as selenium or meftoury.

9.1.2 Detpermination

9.1.2.1 Digestion

tion.
low
heat

Turn on thdg
Heat the di
enough suc

fume extraction system of the digestion apparatus (6.10) prior to beginning the diges
pestion flask and its contents (9.1.1) on the@igestion apparatus using a heater setting
h that charred digest does not foam up the neck of the digestion flask. Digest at this

setting unt
to half way|
At the end

digest clear

visible boiling of the clear liquid is notapparent as bubbles forming at the surface of the hot liquid

temperatur

| white fumes appear in the flask aftec’approximately 20 min. Increase the heater sef
to the maximum setting determined-in 6.10 and continue the heating period for 15
pf the 15-min period increase thesheat to maximum setting determined in 6.10. Afte]
5 (clear with light blue-green colour), continue boiling for 1 h to 2,5 h at maximum setti

e of the heating device might be too low. The total digestion time will be between 1,8 h

ting
min.
" the
hg. If
, the
and

3,25 h.

To determime the specific boiling time required for analysis conditions in a particular laboratory ysing
a particular set of apparatus;Select for milk analysis a high-protein, high-fat milk sample and determine
its protein dontent usingdifferent boiling times (1 h to 2,5 h) after clearing. Other milk products require
samples of Jompositiofissimilar to those being tested. The mean protein resultincreases with incregsing
boil time, becomes-eohstant and then decreases when boil time is too long. Select the boil time|that
yields the mpaximum protein result for the product tested.

At the end df'digestion, the digest shall be clear and free of undigested material. Allow the digest to|cool
to room temperature in an open flask in a separate hood over a period of approximately 25 min. If the
flask is left on the hot heating device to cool, it will take longer to reach room temperature. The cooled
digest should be liquid or liquid with a few small crystals at the bottom of the flask at the end of the 25-
min cooling period. Do not leave the undiluted digest in the flasks overnight. The undiluted digest might
crystallize during this period and it will be very difficult to get the crystallized digest back into solution.

NOTE Excessive crystallization after 25 min is the result of undue acid loss during digestion and can result
in low test values. Undue acid loss is caused by excessive fume aspiration or by an excessively long digestion time
caused by an incorrect maximum burner setting.

Add 300 ml of water to the 500 ml digestion flasks or 400 ml of water when using the 800 ml digestion
flasks. Wash down the neck of the flask during the addition of water. Mix the contents thoroughly
ensuring that any crystals that separate out are dissolved. Allow the mixture to cool again to room

© ISO and IDF 2014 - All rights reserved
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temperature prior to distillation. Diluted digests may be stoppered and held for distillation at a later
stage.

9.1.2.2 Distillation

Turn on the condenser water for the distillation apparatus (6.11). Add 75 ml of sodium hydroxide
solution (5.4) to the diluted digest (9.1.2.1) by carefully pouring the solution down the inclined neck of
the digestion flask to form a layer at the bottom of the bulb of the flask. There should be a clean interface
between the two solutions. To reduce the possibility of ammonia loss, immediately, after the addition
of the sodlum hydroxide solution to the K]eldahl flask qulckly connect it to the dlstlllatlon apparatus
lution (5.6)
thoroughly
f the steam
gendrator to a setting high enough to boil the contents of the digestion flask. Contintie disti|lation until
irregular boiling (bumping) starts and then immediately disconnect the digestion flask and[turn off the
burner. Turn off the condenser water. Rinse the inside and outside of the tip of theloutlet tubg with water

The (distillation rate shall be such that approximately 150 ml of distillate is collected before irregular
boiling (bumping) starts. The total volume of the contents of the conieal flask will be approximately
200 ml. If the volume of distillate collected is less than 150 ml, it is likely that less than 300[ml of water
wasjadded to dilute the digest. The efficiency of the condenser shdll be such that the temperfature of the
contents of the conical flask does not exceed 35 °C during the\distillation when using a cdlourimetric
end point.

9.1.2.3 Titration

Titrate the contents of the conical flask (9.1.2.2) with the hydrochloric acid standard volumefric solution
(5.7] using a burette (6.6).The end point is reached at the first trace of pink colour in the contents.
Estimate the burette reading at least to its nearest 0,05 ml. An illuminated magnetic stirrer|plate (6.21)
may]aid visualization of the end point.

Alternatively, titrate the contents df the conical flask (9.1.2.2) with the hydrochloric acld standard
volumetric solution (5.7) using a properly calibrated automatic titrator provided with a pH meter (6.18).
The [pH end point of the titratign‘is reached at pH 4,6, being the steepest point in the titrjation curve
(inflection point). Read the ameunt of the used titrant on the automatic titrator.

NOTE1 The first trace-ofpink is observed between pH 4,6 and 4,3 for the indicator system and 4{% boric acid
solutlion specified in this\méthod. In practice, the rate of change of pH as a function of added 0,1 N H(l is very fast
with]n this range of pH.t takes about 0,05 ml of 0,1 N HCI to change pH by 0,3 units in the range of pH from 4,6 to
4,3 i this system.

NOTE 2  The within and between lab method performance statistics for this method were deternjined using a
coloyr end.paint titration. Comparing the final test results, including those for their blank tests, obfained with a
pH 4|6 end point with those of a colour end point titration showed that, statistically, no significant difference was
demg¢nistrable between them.

9.2 Block digestion method

9.2.1 Test portion and pre-treatment

Add to aclean and dry digestion tube (6.13), 12,0 g of potassium sulfate (5.1), 1,0 ml of copper (II) sulfate
solution (5.2), the amount of prepared test sample (8.1, 8.2 or 8.3) as indicated in Table A.1, weighed to
the nearest 0,1 mg, and 20 ml of sulfuric acid (5.3) while using sulfuric acid to wash down any copper
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(IT) sulfate solution, potassium sulfate or test portion left on the upper walls of the digestion tube. Gently
mix the contents of the tube.

NOTE Volumes of acid greater than 20 ml in the block digestion systems give excessive foaming problems
during digestion and variable results. Users of block digestors are expected to note that maintaining sufficient
residual sulfuric acid at the end of digestion needs more attention by the analyst in block digestors than in
traditional systems. Excessive acid loss due to over aspiration of fumes is of greater concern in block digestors
than in traditional systems.

Asanalternative to 5.1 and 5.2, commercially available tablets containing, for example 3,5 g of potassium
sulfate, 0,105 g of copper (II) sulfate pentahydrate and 0,105 g of titanium dioxide may be used, provided

the tab
usinga
tablets

a)

b) thetab
9.2.2 Det

9.221 D

Set the dige
180°Cand
itself is conl
rate of the ¢

ets contain a quantity of potassium sulfate such that the required amount can be dispe
h integer number of whole tablets maintain a similar salt to acid (5.3) ratio. For instance
each containing 3,5 g potassium sulfate, may be used with 12 ml of sulfuric acid(5:3), 4

ets do not contain salts of toxic metals, such as selenium or mercury.
ermination

gestion

stion block (6.12) at a low initial temperature to control foanling (approximately at bety
P30 °C). Transfer the tube to the digestion block and place’thé exhaust manifold (6.14), w
ected to a centrifugal scrubber of similar device (6.15)yinthe top of the tube. The aspirg
entrifugal scrubber or similar device shall be just sufficient to remove fumes. The comj

digestion apparatus may need to be kept inside a fume hood.

In instance$ where foaming is not an issue, the digestiontubes (6.13) with the test portion (9.2.1)
be transferfed to the digestion block (6.12) initially set’at a temperature between 410 °C and 43
without further temperature adjustments.

Digest the
digestion b
clear.

It may be
control foa
exhaust ma

After the d

430 °C for aft least 1 h. During this time period, the sulfuric acid shall be boiling. If visible boiling o

clear liquid
the tube, th

r:Ecessary to increase the temperature gradually over a period of approximately 20 m

st portion for 30 min or until white'fumes develop. Then increase the temperature o
ock to between 410 °C and 430 €C;*Continue digestion of the test portion until the dige

ing. In any event, do_not let foam rise higher than 4 cm to 5 cm below the surface o
hifold inserted into-the'top of the digestion tube.

gest clears (cleatbwith light blue-green colour) continue digestion at between 410 °C

is not apparent as bubbles forming at the surface of the hot liquid around the perimet
e temperature of the block might be too low.

The total d

those productSwhere the foaming was controlled by lowering the initial digestion temperature b

gestion time might be between 1,75 h and 3 h. Longer digestion times will be require

nsed
two
nd

veen
hich
ition
blete

may
0°C

f the
stis

n to
f the

and

ff the

er of

d for

blow

410 °C.

To determine the specific boiling time required for analysis conditions in a particular laboratory using
a particular set of apparatus, select for fluid milk analysis a high-protein, high-fat milk sample and
determine its protein content using different boil times (1 h to 2,5 h) after clearing. Other milk products
will require samples of compositions similar to those being tested. The mean protein result increases
with increasing boil time, becomes constant and then decreases when boil time is too long. Select the
boil time that yields the maximum protein result for the product tested.

At the end of digestion, the digest shall be clear and free of undigested material. Remove the tube from
the block with the exhaust manifold in place.

Allow the digest to cool to room temperature over a period of approximately 25 min. The cooled digest
should be liquid or liquid with a few small crystals at the bottom of the tube. Do not leave the undiluted
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digest in the tubes overnight. The undiluted digest may crystallize during this period and it will be very
difficult to get the crystallized digest back into solution.

NOTE Excessive crystallization after 25 min is the result of undue acid loss during digestion and can result
in low test values. Undue acid loss is caused by excessive fume aspiration or an excessively long digestion time
caused by digestions for too long a period at temperature below the maximum temperature of the analysis. To
reduce acid loss, reduce the rate of fume aspiration.

After the digest has cooled to room temperature in approximately 25 min, remove the exhaust manifold
and carefully add 85 ml of water to each tube. Swirl to mix while ensuring that any crystals that have
separated out are dissolved. Allow the contents of the tube to cool to room temperature.

9.2.1

Turr
dilut
solu
bori

(5.4].

In c3
be a
to pq
will

Hav
stea
in th
colle
Rins
alwg
the ¢
end

9.2.1

Titr:
(5.7]

Estimate the burette réading at least to its nearest 0,05 ml. An illuminated magnetic stirrer

may

Alte
volu
The

p.2 Distillation

on the condenser water for the distillation apparatus. Attach the digestion, tube cor
ed digest to the distillation unit (6.18). Place a conical flask (6.5) containing,50 ml of th
fion (5.6) under the outlet of the condenser, in such a way that the outlet ishelow the sy
C acid solution. Adjust the distillation unit (6.17) to dispense 55 ml ofcsodium hydrox

Hjusted to 65 ml. If the automatic delivery of sodium hydroxide’solution is extremely ¥
irtial plugging of the delivery tubing for the sodium hydroxide, large variability in dupli
pccur.

ng due regard to the manufacturer’s instructions, operate the distillation unit in such
m distil the ammonia liberated by addition of the sgdium hydroxide solution, collecting t
e boric acid solution. Continue with the distillation process until at least 150 ml of
cted. Remove the conical flask from the distillation unit and completely drain the dis
e the in- and outside of the tip with waten€ollecting the rinsing in the conical flask. R

ontents of the conical flask does notexceed 35 °C during the distillation when using a cg
point.

p.3 Titration

ite the contents of the canical flask (9.2.2.2) with the hydrochloric acid standard volume

aid visualizatiofi-of the end-point.

'natively, titrate the contents of the conical flask (9.2.2.2) with the hydrochloric ac
metric selution (5.7) using a properly calibrated automatic titrator provided with a pH ny
pH end-point of the titration is reached at pH 4,6, being the steepest point in the titr

(inflectionpoint). Read the amount of the used titrant on the automatic titrator.
NOTEI i e irriisof H ¢ 6ot 3pH-forthemd

acid solution specified in this method. In practice, the rate of change

taining the
e boric acid
rface of the
de solution

ses where a mass fraction of 40 % sodium hydroxide solution isused, the dispensed volume should

ariable due
cate results

a way as to
he distillate
distillate is
rillation tip.
inse the tip

ys with water between samples. The efficiency of the condenser shall be such that the tenpperature of

lourimetric

‘ric solution

using a burette (6.6)y The end-point is reached at the first trace of pink colour in the contents.

plate (6.21)

d standard
heter (6.18).
ation curve

of pH as a function of added 0,1

nd 4 % boric
N HClis very

fast within this range of pH. It takes about 0,05 ml of 0,1 N HCI to change pH by 0,3 units in the range of pH from

46p

NOTE 2

H to 4,3 pH in this system.

The within laboratory and between laboratory method performance statistics for this method were

determined using a colour end point titration. Comparing the final test results, including those for their blank
tests, obtained with a 4,6 pH end point with those of a colour end point titration, showed that, statistically, no
significant difference was demonstrable between them.

9.3 Blank test

Always titrate blanks with the same hydrochloric acid standard volumetric solution (5.7) and burette
(6.6) or automatic titrator provided with a pH meter (6.18) as used for the test portions. Carry out a
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blank test following the procedure described in 9.1 or 9.2. Replace the test portion with 5 ml of water
and about 0,85 g of sucrose (5.10).

Keep a record of blank values. If blank values change, identify the cause.
Sucrose (5.10) in the amount of 0,85 g may be used without water addition for this purpose.

NOTE The purpose of the sucrose in ablank orarecovery standard is to act as organic material to consume an
amount of sulfuric acid during digestion that is roughly equivalent to a test portion. If the amount of residual-free
sulfuric acid at the end of digestion is too low, the recovery of nitrogen by both recovery tests in 9.4.2 and 9.4.3
will be low. If, however, the amount of residual acid present at the end of digestion is sufficient to retain all the
nitrogen, but the temperature and time conditions during digestion were not sufficient to release all the nitrogen

from a samp

The amoun
laboratory §
something i
that can cor
Typical blay

9.4 Recopyery tests

9.4.1 The
tests, carrie

9.4.2 Che
along with

NOTE T
conditions tg

The percen

),85 g of sucrose (5.10).

e, the nitrogen recovery in 9.4.2 will be acceptable and the nitrogen recovery in 9.4.3 will bejlo

of titrant used in the blank should always be greater than 0,00 ml. Blanks withimn.the s

.

ame

hould be consistent across time. If the blank is already pink before the beginning of titration,

s wrong. Usually in such cases, the conical flasks are not clean or water fromthe humi
dense on the outside of the condenser apparatus has dripped down into thécollection f
1k values are equal to or below 0,2 ml.

accuracy of the procedure should be checked regularly by means of the following reco
d out in accordance with 9.1 or 9.2.

ck that no loss of nitrogen occurs by using a test postion of 0,12 g of ammonium sulfate

he ammonium sulfate recovery check does not-give information about the capability of the dige
release nitrogen, which is bound in the protein structures.

age of nitrogen recovered shall be greater than 99 % for all positions on the apparatus,

recoveries

loss may halve occurred in the digestion or distillation.

It is possible to use a mixture of ammonium sulfate and small amount of sulfuric acid (the amou

residual re
water, add

the same agnount, the loss of nitrogen is in the distillation apparatus and not in that of the diges

The probab
submerged
test before

ss than 99 %, the normality of thetitrant may be higher than the stated value, or nitr

d air
lask.

very

5.8)

Stion

For
bgen

nt of

aining at the end of acdigestion) in a Kjeldahl flask. Dilute it with the normal volume of

he normal amount of-sodium hydroxide and distill. If the nitrogen recovery is still lo

e cause might béleaky tubing in a traditional system or the tips of the condensers not b
under the surface of the boric acid early in the distillation. The apparatus should pass
boing on to.check recoveries by the procedure in 9.4.3.

v by
tion.
eing
this

In the case yhere recoveries of nitrogen exceed 100 % and no loss of nitrogen can be seen, some poskible
causes are

a) the ammenivmsulfateiscontaminated

b) the actual normality of the titrant is lower than its stated value,

c) the calibration of the burette for the titrant is wrong,

d) the temperature of the titrant is too far above the temperature of burette calibration, or

e) the flow of titrant out of the burette exceeds the maximum speed at which the burette calibration is

valid.

Although the maximum theoretical recovery should not exceed 100 %, recoveries higher than the
maximum can be obtained in practice due to uncertainty of measurement, i.e. 99 % to 101 % might
be obtained. If the mean recovery of a number of tests is greater than 100 %; the cause should be
investigated.
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9.4.3 Check the efficiency of the digestion procedure by using 0,16 g of lysine hydrochloride or 0,18 g
of tryptophan (5.9) along with 0,67 g of sucrose (5.10).

NOTE While tryptophan (5.9) is an adequate indicator of digestion efficiency for liquid milks, it is not an
adequate indicator for dried milk and dried milk products; lysine hydrochloride (5.9) is intended to be used to
provide a more representative indication of digestion efficiencies for these dried products.

At least a mass fraction of 98 % of the nitrogen shall be recovered. If the recovery is lower than 98 %,
after having a mass fraction of 99 % to 100 % recovery on ammonium sulfate, the temperature or time
of digestion is insufficient or there is undigested sample material (i.e. char) on the inside of the Kjeldahl

flask.

int
(5.7]

Labqratories performing this test are encouraged to participate in an international proficig

programme.

10 [Calculation and expression of results
10.1 Calculation

10.1.1 Nitrogen content

Calcplate the nitrogen content of the test sample, wysusing Formula (1):

9.4.} Lower results in either of the recovery tests (or higher than 100,0 % in 9.4.2) indi
e procedure and/or inaccurate concentration of the standard volumetric hydrochleric acid solution

1,400 7x(Vg—Vy, )x M,

rate failures

bnCy testing

V. ()
m
where
Wn is the nitrogen content of the sample, expressed as a percentage mass fraction
Vs is the numerical‘value of the volume of the hydrochloric acid standard volumegric solu-
tion (5.7) used\in the determination (9.1.2.3 or 9.2.2.3), in millilitres, expressdd to at
least the nearest 0,05 ml;
Iy is thentmerical value of the volume of the hydrochloric acid standard volumegric solu-
tion(577) used in the blank test (9.3), in millilitres, expressed to at least the n¢arest
0,05 ml;
e is the numerical value of the exact molarity of the hydrochloric acid standard yolumet-
ric solution (5.7), expressed to four decimal places. If sulfuric acid is substituted for
hvdrochloric acid, M; is the exact molarity of the sulfuric acid multiplied by a factor of 2,
expressed to four decimal places;
m is the numerical value of the mass of the test portion (9.1.1 or 9.2.1), in grams, expressed
to the nearest 0,1 mg.
© ISO and IDF 2014 - All rights reserved 11
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10.1.2 Cru

de protein content

Calculate the crude protein content, wy, using Formula (2):

Wp

:Wn
where
Wp

Wn

X 6,38

is the crude protein content, expressed as a percentage mass fraction;

is the nitrogen content of the sample, expressed as a percentage mass fraction, to four

(2)

6,38

10.1.3 Red

Calculate th

where
R, is
wp is

Th is{

The theoref
hydrochlor

Thelowerli
allowance fi

10.2 Expr

10.2.1 Gen
The obtaing

This is par

decimal places (10.1.1);

is the generally accepted multiplying factor to express the nitrogen content as dairy cr
protein content.

overy
e nitrogen recovery, Ry, using Formula (3):

<100
I

n

recovery of nitrogen, expressed as a percentage mdss fraction;
he nitrogen content of the sample, expressed;as a percentage mass fraction;
he theoretical nitrogen content of the substance, expressed as a percentage mass fract

ical nitrogen content for ammonium sulfate is 21,20 %, tryptophan is 13,72 % and ly
de is 15,34 %.

br reagent purity shouldbe made in the calculation of recovery.
pssion of results

eral
d results should not be rounded further until the final use of the test value is made.

icularly true when the values are going to be used for further calculation. One exal

lde

(3)

on.

sine

mits of recovery,in 9.4, arebased on the minimum assay specified in 5.7 and 5.8. No additjonal

nple

is when the Individual test values obtained from the analysis of many sample materials are used to
calculate method performance statistics for within and between lab variation. Another example is when
the values are used as a reference for instrument calibration (e.g. infrared milk analyser) where the
values from many samples will be used in a simple or multiple regression calculation. In such cases, the

obtained re

sults should not be rounded before they are used for further calculations.

10.2.2 Nitrogen content

Express the obtained results to four decimal places, if needed for further calculations. In cases where
the results are end results, express the results to three decimal places.

12

© ISO and IDF 2014 - All rights reserved


https://standardsiso.com/api/?name=a15acffb17c7b34f6d80e5b699fbe515

ISO 8968-1:2014(E)
IDF 20-1:2014(E)

10.2.3 Crude protein content

Express the obtained results to three decimal places, if needed for further calculations. In cases where
the results are end results, express the results to two decimal places.

11 Precision

11.1 Interlaboratory tests

Interlaboratory trials were conducted according to ISO 5725-1 and ISO 5725-2. The values for
repeatability and reproducibility for milk and milk products described in this Internatienpl Standard
havd been published.[3][6]1[Z][8][9][10] The values derived from these trials might not Be applicable to
condentration ranges and matrices other than those given.

11.2 Liquid milk, whole milk and skimmed milk
11.2.1 Repeatability

11.2.1.1 Cow’s milk

The pbsolute difference between two independent single test.fesults, obtained using the sgme method
on identical test material in the same laboratory by the same operator using the same equipment within
a short interval of time, will in not more than 5 % of casés-be greater than 0,006 % nitrogen content
(0,038 % for crude protein).

11.2.1.2 Goat’s milk

The pbsolute difference between two independent single test results, obtained using the sgme method
on identical test material in the same laboratory by the same operator using the same equipment within
a short interval of time, will in not more than 5 % of cases be greater than 0,008 4 % nitrojgen content
(0,052 % for crude protein).

11.24.1.3 Sheep’s milk
The pbsolute difference betweéen two independent single test results, obtained using the sgme method
on identical test materialin the same laboratory by the same operator using the same equipment within

a short interval of timeywill in not more than 5 % of cases be greater than 0,007 8 % nitrogen content
(0,050 % for crude‘protein).

11.24.2 Reproducibility

11.2.2-1 Cow’s milk

The absolute difference between two single test results, obtained using the same method on identical
test material in different laboratories with different operators using different equipment, will in not
more than 5 % of cases be greater than 0,007 7 % nitrogen content (0,049 % for crude protein).

11.2.2.2 Goat’s milk
The absolute difference between two single test results, obtained using the same method on identical

test material in different laboratories with different operators using different equipment, will in not
more than 5 % of cases be greater than 0,013 1 % nitrogen content (0,084 % for crude protein).

© ISO and IDF 2014 - All rights reserved 13
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11.2.2.3 Sheep’s milk

The absolute difference between two single test results, obtained using the same method on iden

tical

test material in different laboratories with different operators using different equipment, will in not

more than 5 % of cases be greater than 0,011 4 % nitrogen content (0,073 % for crude protein).
11.3 Hard, semi-hard and processed cheese

11.3.1 Repeatability

The absolute A : ped-using thesa
on identicalltest material in the same g the same equipment w
a short intefval of time, will in not more than 5 % of cases be greater than 0,048 9 % nitrogén, cox
(0,312 % fof crude protein).

11.3.2 Reproducibility

The absolutle difference between two single test results, obtained using the same method on identical

test materigl in different laboratories with different operators using differeityequipment, will ir
more than § % of cases be greater than 0,067 0 % nitrogen content (0,428 %.for crude protein).

11.4 Dried milk and dried milk products

11.4.1 Repeatability

The absolute difference between two independent single tést results, obtained using the same me
on identicalltest material in the same laboratory by the saine operator using the same equipment w
a short intgrval of time, will not in more than 5 % of\¢ases be greater than 0,007 M, where M is
arithmetic mean of the two results.

11.4.2 Reproducibility

not

thod
thin
the

The absolute difference between two single test results, obtained using the same method on identical

test material in different laboratories~with different operators using different equipment, will ix
more than J % of cases be greater thian' 0,013 M, where M is the arithmetic mean of the two results

12 Test report
The test regort shall spéeify:

a) all the informatien required for the complete identification of the sample;

b) the samplihg'method used, if known;

not

c) the method used, withreference to this International Standard, i.e. ISO 8968-1[IDF 20-1;

d) all operating details not specified in this International Standard, or regarded as optional, together

with details of any incident which might have influenced the result(s);

e) thetestresult(s) obtained and, if the repeatability or the recovery has been checked, the final qu
result obtained.
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