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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 International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may bethe subj¢ct of
patent rights. ISO shall not be held responsible for identifying any or all such patenttights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

The commitftee responsible for this document is ISO/TC 34, food and food products, Subcommittee|SC 4,
cereals and pulses.

This secondl edition cancels and replaces the first edition (ISO 20483:2006), which has |peen
technically fevised.
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INTERNATIONAL STANDARD ISO 20483:2013(E)

Cereals and pulses — Determination of the nitrogen
content and calculation of the crude protein content —
Kjeldahl method

WARNING — The use of this International Standard can involve hazardous materials, operations
and equlpment ThlS Internatlonal Standard does not purport to address all the safety problems

arith : s¥a%s : ate Standard to
esta :)llsh approprlate safety practlces and determme the appllcablllty of regulatory limitations
prior to use.

1 $cope

This|International Standard specifies a method for the determination of the nitrogen content of cereals,
pulsés and derived products, according to the Kjeldahl method, and a method for calculating the crude
protein content.

The method does not distinguish between protein nitrogen and-non-protein nitrogen. If it s important
to dgtermine the non-protein nitrogen content, an appropriat®method would be applied.

NOTH In certain cases, full recovery of the nitrogen in nittates and nitrites is not possible by tHis method.

2 Normative references

The following documents, in whole or in part;\are normatively referenced in this docunient and are
indigpensable to its application. For dated\references, only the edition cited applies. For undated
referjences, the latest edition of the referenced document (including any amendments) applies.

ISO 112, Cereals and cereal products ~~-Determination of moisture content — Reference methpd
ISO §540, Maize — Determination.of moisture content (on milled grains and on whole grains)

ISO 44557, Pulses — Determindtion of moisture content — Air-oven method

3 Terms and definitions

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

3.1
nitrogen content
quarftity of nitrogen determined after application of the procedure described

Note 1 to entry: It is expressed as a mass fraction of dry product, as a percentage.

3.2

crude protein content

quantity of crude protein obtained from the nitrogen content as determined by applying the specified
method, calculated by multiplying this content by an appropriate factor depending on the type of
cereal or pulse

Note 1 to entry: It is expressed as a mass fraction of dry product, as a percentage.

© IS0 2013 - All rights reserved 1
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4 Principle

A test portion is digested by sulfuric acid in the presence of a catalyst. The reaction products are made
alkaline, then distilled. The liberated ammonia is collected in a boric acid solution, which is titrated with a
sulfuric acid solution, in order to determine the nitrogen content and calculate the crude protein content.

5 Reagents

WARNING —

5.1 Use Ollily mErogen—lree reagenfs of recognlzea analyflcal graae, excepf for the reference mate

and distilled

5.2 Kjeldahl tablets, corresponding to the following composition: copper (II) sulfate pentahy

(CuS04-5H;

Alternativel
in the corre

5.3 Sulfus
5.4 Antifq
5.5 Aceta
5.6 Boric

the apparatiis being used.

5.7 Coloured indicator

Add volume|
(for exampl
recommend

NOTE1 It
(5.7.1 and 5.7

NOTE 2

The titratio
checked eve

The ratio of Solutions A and B can be adjusted depending on the apparatus.

The reagents described in 5.3, 5.8, 5.9 and 5.13 shall be handled with caution.

or demineralized water or water of equivalent purity

D) = 2,8 %, titanium oxide (TiO2) = 2,8 % and potassium sulfate (K2S04) = 94,3 %.

sponding ratio.

Hic acid, c(H2S04) = 18 mol/l, p20(H2S04) = 1,84 g/ml.

nilide (CgHoNO) or tryptophan (C11H12N202), offminimum assay 99 % (mass fractio

acid, aqueous solution, p29(H3BO3) = 40 g/i;0r any other concentration recommende

5 of Solution A (5.7.1) and Solution B (5.7.2) as recommended for the apparatus being
p: 5 volumes of Solution Acand 1 volume of Solution B) or any other coloured indi
ed for the apparatus.

is possible to use d neady-to-use solution of boric acid containing the coloured ind
12).

h may alse 'be carried out potentiometrically by the use of a pH electrode, which shg
ry days

rials,

rate

[y, copper(1I) sulfate pentahydrate, titanium oxide and potassium sulfate'may also be nixed

aming agent: Paraffin oil, silicone or even antifoam tablets may be used to prevent foaiing.

N

).

d for

used
cator

cator

1l be

5.7.1 Soly

tion A

Bromocresol green (C21H14Br405S): 200 mg.

Ethanol (C2Hs0H), with a volume fraction of 95 %: quantity sufficient for 100 ml of solution.

5.7.2 Solution B

Methyl red (C15H15N302): 200 mg.

Ethanol (C2Hs0H), with a volume fraction of 95 %: quantity sufficient for 100 ml of solution.

© ISO 2013 - All rights reserved
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5.8 Sodium hydroxide, aqueous solution (NaOH), having a mass fraction of between 30 % and 40 %,
with nitrogen content less than or equal to 0,001 %.

Technical grade sodium hydroxide may also be used when its nitrogen content is less than or equal to 0,001 %.

5.9 Sulfuric acid, standard volumetric solution, ¢(H2S04) = 0,05 mol/1.

The use of H2S04 instead of HCI is recommended because H2SO4 does not have the tendency to produce
bubbles in the connecting tubes.

5.10 Ammonium sulfate, standard volumetric solution, ¢(NH4)2S04 = 0,05 mol/l.

Alternatively, a salt such as (NH4)2Fe(2S04)2:6H20 may be used.

5.11| Pumice stone, granulated, washed in hydrochloric acid and ignited or glass_boiling rods may be
used|to prevent bumping.

5.12| Sucrose (optional), free from nitrogen.

5.13| Diphosphorus pentoxide (P;05).

6 Apparatus

Usuall laboratory apparatus and, in particular, the following.

6.1 | Mechanical grinder.

6.2 | Sieve, with aperture size 0,8 mm.

6.3 | Analytical balance, capable of weighing to the nearest 0,001 g.

6.4 | Digestion, distillation and titration apparatus.
The homogeneous temperature distribution of the digestion unit should be ascertained.

The homogeneity of the temperature should be ensured out by carrying out a full test with one of the
two reference materials (5.5), and considering the recovery rates obtained.

The distillation‘apparatus should also be verified by conducting the distillation of a known quantity of
ammonium salf [e.g. 10 ml of an ammonium sulfate solution (5.10)], and by checking that the recovery
rate |s greater than or equal to 99,8 %.

7 Sampling

Sampling is not part of the method specified in this International Standard. Recommended sampling
methods are given in [SO 24333.

It is important the laboratory receive a truly representative sample which has not been damaged or
changed during transport or storage.

8 Preparation of test sample

If necessary, grind the sample so that it passes entirely through a sieve with 0,8 mm aperture size. For
grains, a mass of at least 200 g should be ground. Mix the ground sample thoroughly.

© IS0 2013 - All rights reserved 3
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9 Determination of the moisture content

Determine the moisture content, wy, of the test sample from an aliquot of the sample prepared according
to Clause 8. Carry out the determination by following the method adapted to the product under test (i.e.
ISO 712 for cereals and cereal products, ISO 6540 for maize, the method described in Referencel8] and

which is used for testing certain pulses, or ISO 24557 for pulses).

10 Procedure

10.1 General

If it is requlired to check that the requirements given concerning the repeatability limit (12:2)

are
fulfilled, canry out two separate determinations in accordance with 10.2 to 10.5.
10.2 Test portion
Weigh, to the nearest 0,001 g, a mass of test sample prepared according to Clause8, chosen on the pasis
of the assunjed nitrogen content, so that the test portion contains between 0,005g and 0,2 g of nitrjogen
and preferably more than 0,02 g.
10.3 Deteymination
10.3.1 Dig¢stion
WARNING — The following operations should be conducted under a well-ventilated, sulfuric

acid-resistd

Transfer thg
(5.2), conta
titanium ox

The quantit
that this me

Carefully m
Place the fl4

After a minimum of 2 h ofdigestion, counted from the time the unit temperature reached (420 + 1

again, leave

NOTE
agent (5.4).

It

int hood.

test portion (10.2) to the digestion flask. Then, add the required number of catalyst tablets

ning 10 g of potassium sulfate, 0,30 “g-of copper(ll) sulfate pentahydrate and 0,30
de. In the end, add 20 ml of sulfuricagid (5.3).

y of acid may be adjusted depending on the apparatus, but only after having made ce
asure indeed leads to a recavery rate of 99,5 % for acetanilide and 99,0 % for tryptoph

x so as to ensure a thorough wetting of the test portion.

sks in the digestionunit preheated to (420 + 10) °C.

to cool.

s advisable’to add pumice stone or glass boiling rods (5.11) as a boiling regulator and an antifog3

g of

rtain
an.

0) °C

ming

The minimulntdigestion time shall be checked on that reference material with which it was most dif’

Ficult

to reach the

recovery rate (see 10.5).

Follow the recommendations of the equipment manufacturer as far as evacuation of the vapours is
concerned, because too strong a suction can result in a loss of nitrogen.

10.3.2 Distillation

Cautiously add to the cooled flask 50 ml of water and leave to cool. Transfer into the collecting flask
50 ml of boric acid (5.6) and, for visual colourimetry or using an optical probe, at least 10 drops of
coloured indicator (5.7).

Add an excess of 5 ml of the sodium hydroxide solution (5.8) required for neutralizing the quantity of
sulfuric acid used. Then carry out the distillation.

© ISO 2013 - All rights reserved
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Depending on the equipment, the quantities of reagents used may vary.

10.3.3 Titration

Carry out the titration using the sulfuric acid solution (5.9), either continuously during the distillation

or at

the end of distillation on all of the distillate.

The end-point determination is judged by visual colourimetry, or using an optical probe, or by
potentiometric analysis with a pH measurement system.

10.4 Blank test

Perf(

NOTH

10.5

Dry {
pres

Carr
thet

NOTH

rm a blank test with the reagents used in 10.3.1 to 10.3.3 but without the test sample

Itis possible to replace the test sample with 1 g of sucrose (5.12).

Test with reference material (check test)

he reference material(s) used at a temperature of between 60 °C and“80 °C, under va
ence of di-phosphorus pentoxide (5.13).

7 out a check test on a test portion of a minimum of 0,15 g by determining the nitrogg
ryptophan and/or of the acetanilide (5.5).

Itis possible to add 1 g of sucrose (5.12) to reference material.

The nitrogen recovery rate from acetanilide shall be atléast 99,5 % and atleast 99,0 % from

111

Expression of results

11.1 Nitrogen content

The 1
using

=

whet
Vo

1

nitrogen content, wy, expressed as a mass fraction of dry product, as a percentage (%)

r Formula (1):

| _(V1-Vo)XTx0,014x100 100 _ 1407(V; ~Vy)
N m 100-—wy  m(100-wy)
e

is;the volume, in millilitres, of the sulfuric acid solution (5.9) required for th

is the volume, in millilitres, of the sulfuric acid solution (5.9) required for th
tion;

10.2).

fuum, in the

n content of

tryptophan.

is obtained

(M

b blank test;

E test por-

0,01

WH

Expr

© ISO

0,5 mol/1 sulfuric acid solution;
is the normality of the sulfuric acid solution used for the titration;
is the mass, in grams, of the test portion;

is the moisture content, determined according to Clause 9.

ess the result to two decimal places.

2013 - All rights reserved
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11.2 Crude protein content

Calculate the crude protein content of the dry product by multiplying the value obtained at the time of
determination of the nitrogen content (11.1) by a conversion factor adapted to the types of cereal or
pulse and to their use.

Express the

NOTE

12 Precisi

12.1 Inter

Details of infterlaboratory tests on the precision of the method are summarized in Annex A. The v

derived frof
other than t

12.2 Repe

The absolut
on identical
a short inte
calculated f

r=(0,0(

where wp is
percentage

For product

12.3 Repr

The absolut

result to one decimal place.

on

Some conversion factors used for cereals are given in Annex C. For others, 6,25 is generally used.

Jaboratory test

h these interlaboratory tests might not be applicable to concentration ranges and maf]
hose given.

atability

e difference between two independent single test results, obtained using the same mq
test material in the same laboratory by the same operatorusing the same equipment wj
Fval of time will, in not more than 5 % of cases, be greater than the repeatability lin
‘om Formula (2):

63xwp)x2,8

the crude protein content of the sample expressed as a mass fraction of dry product
[see Table B.1).

5 whose crude protein content is between 7 % and 80 %, see Table A.1 and Figure A.1.

pducibility

hlues
rices

thod
ithin
nit, r,

(2)

as a

b difference between two)Single test results, obtained using the same method on identical

test materigl in different laboratories with different operators using different equipment will, in not
more than § % of cases, be greater than the reproducibility limit, R, calculated from Formula (3):

R=(0,014xwp)x2,8 (3)
(See Table B.1.)

For product

5 whoSe crude protein content is between 7 % and 80 %, see Table A.1 and Figure A.1.

12.4 Critical difference

12.4.1 Comparison of two groups of measurements in one laboratory

The critical difference (CDr) between two averages, each obtained from two test results under
repeatability conditions, is equal to:

CDr=1,98xs-=1,98x (0,006 3xwp) =0,012 47 x wp

(See Table B.1.)

(4)

© ISO 2013 - All rights reserved
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wp

12.4.

ISO 20483:2013(E)

e
is the repeatability standard deviation;
is the crude protein content of the sample expressed as a mass fraction of dry product,
as a percentage.

2 Comparison of two groups of measurements in two laboratories

The critical difference (CDR) between two averages, each obtained from two test results by two different

labo

[an)

(See[Table B.1.)

whel

SR

wp

13 Testreport

The {

a) all information necessary for the-€oniplete identification of the sample;

b) 1
c)
d) f
e) {

f) t

JatoTTes UIder Tepeatabitity comditions,; s equat to:

DR =2,8y/s3 — 0,552 :2,8\/(0,014><wp)2 ~0,5%(0,0063xwp)* =0,03716Xwp

e
is the reproducibility standard deviation;
is the repeatability standard deviation;

is the crude protein content of the sample expressed as a mass fraction of dy
as a percentage.

est report shall specify:

he sampling method used, ifknown;
he test method used, with-reference to this International Standard, i.e. ISO 20483;

he conversion facterused (see Note to 11.2);

(5)

y product,

111 operating details not specified in this International Standard, or regarded as optiopal, together

vith details ¢fany incidents which might have influenced the test result(s);

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

© ISO

2013 - All rights reserved
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(informative)

Annex A

Results of interlaboratory tests

The repeatability, reproducibility and critical difference of the method were established by two
interlaboratory tests circuits conducted in accordance with the requirements of ISO 5725-2, ISO 5725-3

and ISO 572f-6.

Ten laborat¢ries took part in this test. Fourteen products and four reference materials were.analysed.
The results pre given in Table A.1.
Table A.1 — Statistical results of the interlaboratory tests
Samplea
Parameter(s)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Number of|labo-
ratoriesrefained 1551 o | 19 | 10 | 10 | 10 | 10 | 10 |0/ 10 | 10 | 10 | 10 || 9
after elimination of
the outliers
Mean protefn con-
tent (wn x 5,§), % of| 7,03 | 8,94 | 9,02 |11,88|13,90|15,54|16,19121,91|22,80(31,57|61,33|62,19|79,46|79,99
dry mattefr, wp
Standard dejiation
. 0,11 0,04 | 0,07 | 0,15 | 0,06 | 0,07 0,17 | 0,09 | 0,17 | 0,10 | 0,85 | 0,27 | 0,57 ||0,19
of repeatabllity, sy
Coefficient of
variation (standard | 4 oo | 6 45| (78 | 1,26 | 0,237 045 | 1,05 | 0,41 | 0,75 | 0,32 | 1,39 | 0,43 | 0,72 | .24
deviation r/mean),
%
Repre?fazbgfysl;mlt' 0,31 | 0,11 | 0,20-0/42 | 0,17 | 0,20 | 0,48 | 0,25 | 0,48 | 0,28 | 2,38 | 0,76 | 1,60 | ,53
- &y T
Standard deliation
of reprodugdjibility, | 0,19 | 0,14\-0,08 | 0,28 | 0,16 | 0,14 | 0,34 | 0,29 | 0,46 | 0,46 | 1,37 | 0,79 | 1,02 | 0,83
SR
Coefficienpt of
variation (standard | 554 | 1 57 | 089 | 2,36 | 1,15 | 0,90 | 2,10 | 1,32 | 2,02 | 1,46 | 2,23 | 1,27 | 1,28 | }1,04
deviation R/mean),
%
Reproducipility | =3 | 1390220781045 10391095 a8t |129]129 38412211 286!b 32
limit, R (= ZJ8SR) )

a  Samples were: 1 = Common wheat flour 1; 2 = Maize; 3 = Barley; 4 = Common wheat 1; 5 = Common wheat flour 3; 6 =
Durum wheat; 7 = Common wheat flour 2, .8 = Peas 2; 9 = Peas 1; 10 = Field beans; 11 = Wheat gluten 1; 12 = Wheat gluten 2;
13 = Maize gluten 1; 14 = Maize gluten 2

© ISO 2013 - All rights reserved
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1,2 -

1,0 o

SR

0 5 10 15 20 25 30 35 40 45 50 55 60 65770 75 80 X

ducibility

bn the crude

Foducibility)

ion passing

Key
X protein content, %
Y standard deviation, %
SR reproducibility standard deviation, (o)
Sr repeatability standard deviation, (¢)
Figure A.1 — Relationship between standard deviations of repeatability and repro
and the mean value of the protein content
Figufe A.1 shows that the standard deviations of repeatability and reproducibility depend
prot¢in values found and are therefore’not constant.
The ¢stablishment of the functional relationship between the precision (repeatability or repi
valugs and the mean level of(pyoteins gave rise to several types of relationships.
The minor differences bserved between these relationships led to adopting the equat
throyigh zero:
a) equation of theregression line for sy sr=0,0063 x wp
b) determination coefficient R2=0,4646
c) equation of the regression line for sg sr=0,014 x wp
d) determination coefficient R2=0,7849
© IS0 2013 - All rights reserved
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Annex B
(informative)

Critical difference and practical application of the repeatability
and reproducibility limits to different protein contents

B.1 Comj

The critical
repeatabilit

CDr=2,

where
Sr

n1 and ny

NOTE Cy
repeatability]

If n1 and ny

CDr=2,§

B.2 Comj

The critical
two testres

CDR = ]

where

parison of two groups of measurements in one laboratory

difference (CDr) between two averaged values obtained from two test results
y conditions is equal to:

1 1
BSy [—+—
2ny  2ny

is the standard deviation of repeatability;

are the number of test results corresponding to eachof the averaged values.

conditions; see ISO 5725-6.

hre both equal to 2, the equation reduces. to:

1
sr\/;:1,98sr

parison of two groups of measurements in two laboratories

difference (CDR) betweéen two averaged values obtained in two different laboratories
ults under repeatability conditions is equal to

nder

(B.1)

itical difference is the difference between two averaged values obtained from two test results yinder

(B.2)

from

(B.3)

Sr
SR

n1 and ny

raitla £ A | PR A | HPW £ falailis
IS5 LT Sudlludadru ucTviativull Ul'1 ClJCClL(]UlllL_y,
is the standard deviation of reproducibility;

are the number of test results corresponding to each of the averaged values.

If n1 and ny are both equal to 2, the equation reduces to:

CDR=2,8y/s% —0,5s?

10

(B:4)
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