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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Cereals and cereal products — Determination of moisture
content —

Part 1:

Reference method

1 Scope

This docunjent specifies a routine reference method for the determination of the moisture Conter

and cereal

This docun
oats, triticd

The metho

NOTE H

2 Norm

There are 1

3 Term
For the pur
ISO and IE(
[SO On

IEC Elg

3.1
moisture (

true moistjure content

mass loss u

Note 1 to en

broducts.

nent applies to: wheat, rice (paddy, husked and milled), barley, millet (Panicum milig
le, sorghum in the form of grains, milled grains, semolina or flour.

] is not applicable to maize and pulses.

or moisture content determination in maize, see ISO 6540[2]; and for pulses, see 1SO 24557[7Z,

ative references

o normative references in this document.

5 and definitions
poses of this document, the followingterms and definitions apply.
maintain terminological databases for use in standardization at the following addres

line browsing platform: atailable at https://www.iso.org/obp

ctropedia: available atihttps://www.electropedia.org/

ontent

ndergoné by a product

Lry;Moisture content is expressed as a percentage.

4 Principle

t of cereals

ceum), rye,

Ses:

If necessary, a laboratory sample is ground after conditioning. A test portion is dried at a temperature
between 130 °C and 133 °C, under conditions which enable a result to be obtained which corresponds to that
obtained by the absolute method described in Annex B.

5 Apparatus

5.1 Analytical balance, capable of weighing to an accuracy of £0,001 g.

© IS0 2024 - All rights reserved
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5.2 Grinding mill, having the following characteristics:

f material which does not absorb moisture;

clean and having as little dead space as possible;

(difference of temperatures before and after grinding smaller than or equal to 5 °C);

A grinding mill fitted with a cooling device can conform with this requirement.

air tight to avoid water exchange between sample and external air;

adjustable to obtain particles of the dimensions indicated in Table 1.

a) madeo
b) easyto
0

NOTE
d)
e)
5.3 MetJ

surface are

5.4 Con

S
working, t}re temperature of the air and of the shelves carrying the test portions is maintained

range 130 §

The oven ¢
regain this

be dried sifnultaneously.

The effecti

size of 1 min, as the test material. The ventilation shall be such,that, after insertion of the maxim

of test portj

after heating the same test portions for 2 h and then for.a further 1 h, do not differ by more th

moisture p

5.5 Desig

6 Samp

Sampling i3

1SO 243331¢

Arepresen
been dama

7 Prepa

7.1 Prod

ling

1 dish, non-corrodible under the test conditions, or glass dish, with a lid and having

ant-temperature oven, electrically heated, controlled in such a way/that, dur

C to 133 °C in the vicinity of the test portions.

hall have a heat capacity such that, when initially adjusted te-a temperature of 13
temperature in less than 30 min after insertion of the maximium number of test portid

yeness of the ventilation shall be determined using durum wheat semolina, of maxim
ions that the oven can accommodate and drying:ata temperature of 130 °C to 133 °C,

er 100 g of sample.

ccator, containing an effective desiccant:

not part of the method sperified in this document. A recommended sampling methog

—

fative sample, in an-airtight packaging, should have been sent to the laboratory. It shoy
bed or changed-during transport or storage.

irationf'the test sample

enables grinding to be carried out rapidly and uniformly, without appreciable development of heat

hn effective

h enabling the test portion to be distributed, to give a mass per unit area of not mérethap 0,3 g/cm?.

ng normal
within the

1 °C, it can
ns that can

im particle
im number
the results,
ain 0,15 g of

| is given in

1d not have

ucts not requiring grinding

Products having particle size characteristics indicated in Table 1 do not need to be ground before the
determination.

Mix the lab

oratory sample thoroughly before taking the test portion (8.2).

© IS0 2024 - All rights reserved
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Table 1 — Particle size characteristics of products not requiring grinding

Particle size characteristics Proportion
mm %
<1,7(1,8)a 100
>1,0 (1,0)P <10
<0,5(0,56)2 =50

Nominal

Nominal

size of openings, ISO 3310-1,[1 that does not retain this particle size.
size of openings, ISO 3310-1,[1] that retains this particle size.

7.2 Products requiring grinding

7.2.1 Ge

If the products do not have the particle size characteristics mentioned in Table 1, they shall be gr

without pr

7.2.2 Gri

For produg
products wj

NOTE T
in the labora

Adjust the

Then, quicK
than thatr

7.2.3 Gri

Products W
products wj
their moist|

If the moist
quantity off
the test po|
time of hed

temperatuj
NOTE I

For produc

neral

rtion before preeonditioning and dish as m',. Pre-dry in accordance with 8.3, excg

econditioning (7.2.2) or with preconditioning (7.2.3), as required.

nding without preconditioning

ts that are not likely to undergo variations in moisture contént during grinding
ith a moisture content between 9 % and 15 %), grind without preconditioning.

he range of moisture contents given for conditioning products.before grinding corresponds ap|
tory to a temperature of 20 °C and a relative humidity of 40:% to 70 %.

brinding mill (5.2) to obtain particles of the dimen§ions indicated in Table 1.

ly grind a quantity of the laboratory sample acecording to the apparatus used and at I¢
bquired for the test portion, and immediatelyproceed in accordance with 8.2.

nding with preconditioning

hich are likely to undergo changes'in moisture content during the course of grinding
ith a moisture content greater than 15 % or less than 9 %) shall be preconditioned so
ure content to between 9 %and 15 % before grinding.

ure content is more than-15 % (the most frequent case), weigh, to the nearest 0,001 g,
the laboratory sample to provide a test portion greater than 5 g (see 7.2.2). Record

iting in the oven (5.4) shall be 7 min to 10 min and the product shall be cooled to
e with thedish (5.3) uncovered and without a desiccator, for at least 2 h.

is possible'that these times are not be suitable for all products, e.g. paddy rice.

fs-having moisture contents of less than 9 %, weigh, to the nearest 0,001 g, a sufficient

the laborat

orv_samuple to provide a test portion oreater than 5 o (see 72 2) Rocord the mass
J 13 i g S 5 7

bund either

in general,

proximately

ast greater

(in general,
as to bring

a sufficient
the mass of
pt that the

laboratory

quantity of
of the test

portion before preconditioning and dish as m',. Place in a suitable atmosphere (generally that of the
laboratory) and leave until a moisture content within the limits indicated above is obtained.

After conditioning, weigh the sample to the nearest 0,001 g. Record the mass of the test portion after
preconditioning and dish as m';. Grind immediately, adjusting the grinder so as to obtain particles of the

dimensions indicated in Table 1, and immediately proceed in accordance with 7.2.2.

© IS0 2024 - All rights reserved
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8 Procedure

8.1 Number of determinations

Carry out separate determinations on two test portions taken from the laboratory sample in accordance
with 8.2 and 8.3. If the absolute difference between the two values obtained is greater than the repeatability

limit given

8.2 Test

in Clause 10, repeat the determination until requirements are satisfied.

portion

Rapidly weigh, to the nearest 0,001 g, a quantity of 5 g + 1 g of the laboratory sample (7.2.2 or 7.2.3) in the
dish (5.3). Record the mass of the undried test portion and dish as m'j. Previously dry and tare the dish,

and leave

reduced to
hese times

e removing

everal tests
by side.

it has been

together with its lid, and record the mass, m, to the nearest 0,001 g.

8.3 Drying

Place the dpen dish containing the test portion (8.2), together with the lid, in the oven (5.4
for 120 min + 5 min (90 min for flours).

In certain|cases, and particularly in hot and dry countries, the drying-period may be
60 min * 5 min, which is sufficient time for the test portions to attain cofistant mass. Review f{
regularly.

Do not open the door of the oven during drying and do not place moist'products in the oven befor]
the dry test portions, as this will result in partial rehydration of the latter.

After drying, quickly remove the dish from the oven, cover, and @lace in the desiccator (5.5). When s
are being cqrried out, never place dishes on top of one anothérin the desiccator, but place them sidg
8.4 Weighing

When the dish has cooled to laboratory temperature (generally between 30 min and 45 min after
placed in thie desiccator), weigh to the nearest 6,001 g. Record the mass of the dried test portion and ¢lishas m'; .
9 Expregssion of results

9.1 Without preconditioning

The moistufre content, WH07 expressed in grams per 100 g of the product as received, is given by H

WH,0 =

where

m
1-—L
Mg

JX1OO

ormula (1):

)

My =mg—my

—_ roo_
my=nmyq-my

is the mass, in grams, of the test portion (8.2);

is the mass, in grams, of the test portion after drying (8.4).

Calculate the arithmetic mean of two results satisfying the repeatability conditions (see 10.2). Round the
result to two places of decimals.

© IS0 2024 - All rights reserved
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9.2 With preconditioning

The moisture content, WH,0 expressed in grams per 100 g of the product as received, is given by Formula (2):

m my m
? My my my my
where
m,=m'y —my isthe mass, in grams, of the sample taken before preconditioning (7.2.3);
m3 =nl3 —my 1s the mass, in grams, of the preconditioned sample (7.2.3).

Calculate t
result to tw

10 Preci

10.1 Intel

Details of 4
derived fr
18 % and

10.2 Repg

The absolu
identical te
interval of

r=2,71%
r=2,77

for product

10.3 Repy

The absolu
material in
5 % of cas¢

R=2,77.

he arithmetic mean of two results satisfying the repeatability conditions (see,10.2),
ro places of decimals.

sion

rlaboratory test

n interlaboratory test on the precision of the method are-summarized in Annex A.
m this interlaboratory test can only be applied to other(noisture contents in the rar
atrices given therein.

patability

te difference between two independent single test results, obtained using the same
St material in the same laboratory by the same operator using the same equipment wi
Fime, shall in not more that 5 % of cases'be greater than the repeatability limit

St

x 0,043 =0,12

s whose moisture cofitent is between 10,00 % and 18,00 % (see Table A.1 and Figure |

(2)

Round the

The values
ge 10 % to

method on
thin a short

\.1).

roducibility

Le difference-between two single test results, obtained using the same method on i
differentlaboratories with different operators using different equipment, shall in no
s be greater than the reproducibility limit

ntical test
more that

SR

R=2,77 x 0,161 4= 0,45

for products whose moisture content is between 10,00 % and 18,00 % (see Table A.1 and Figure A.1).

10.4 Com

parison of two groups of measurements in one laboratory

Critical difference (CD) is the difference between two averaged values obtained from two test results under
repeatability conditions. As the result is a mean of two values (see 7.1), the comparison of two moisture
contents shall be made with the CD.

© IS0 2024 - All rights reserved
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The CD between two averaged values obtained from two test results under repeatability conditions is given

by Formula (3):

[1, 1 _ \ﬁz ~0.09~
2,85, 2n 2y 2,85, /5 =1,985,=0,09=0,1

where

Sr

ny,n,

10.5 Com

is the standard deviation of repeatability;

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

(3

The CD bet
repeatabili

arison of two groups of measurements in two laboratories

ween two averaged values obtained in two different laboratories from two test|re

2,8\/5

where

Sr

SR
ny, Ny
10.6 Unce

Uncertaint
to the resy

Ly conditions is given by Formula (4):
- s” (1-%-%]:2,8\/513 -0,5s% =0,51=0,5
N am

is the standard deviation of repeatability;
is the standard deviation of reproducibility;

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

brtainty

y, U,, is a parameter characterizing the-dispersion of values that can reasonably bg
It. This uncertainty is established through the statistical distribution of results g

interlabordtory test and characterized by the €xperimental standard deviation

U, =+2

e

where sy is

11 Testn
The testre
a)

b) the san

sz = 0,30

the standard deviation(ofireproducibility.

eport

bort shall contain at least the following information:

all informationwmecessary for the complete identification of the sample;

hpling method used, if known;

sults under

(4)

attributed
ven by the

9
d)
e)
f)

the method used, with reference to this document, i.e. ISO 712-1:2024;
the test result(s) obtained;

if repeatability has been checked, the final result obtained;

may have influenced the test result(s);

g)

the date of the test.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Results of interlaboratory test

The repeatability, reproducibility, and critical difference of the method were established in an interlaboratory

test conducted in accordance with the requirements of ISO 5725-1[2], ISO 5725-2[3] and ISO 5725-6!41,

In this test, 19 laboratories took part. Seven products were analysed.

The statist|cal results of the study are presented in Table A.1 and in Figure A.1.
Table A.1 — Statistical results of the interlaboratory test
Products
Parameters Semolina Common Barle Rice Durum [(Durum | Common | Overall
wheat 1 y wheat &4wheat 2| wheat 2 mean
No. of parti¢ipating laborato-
ries after elfjminating outliers 17 18 18 17 O 14 14
Mean value VT’HZO , g/100 g 10,50 11,91 12,67 14,17 14,59 16,92 17,87
Repeatability standard devia- 0,03 0,05 0,04 |«004 | 003 | 0,06 0,05 0,04
tion, s,.
Coefficient pf variation of
repeatabilifly, 0,29 0,42 032" | 028 | 021 | 035 0,28
CV,F (Sr /VI_/H‘ ),%
Repeatabilify limit, 0,08 0,14 011 | o011 | 008 | 017 0,14
r(2,77 s.)
Reproduciblity standard devi- | 15 0,13 017 | 016 | 021 | 019 0,14 0,16
ation, sy
Coefficient pf variation of
reproducibflity, 1,24 1,09 1,34 | 1,13 | 1,44 1,12 0,78
Cyr (sp / Wy,0)%
Reproducibility limit,
R(2,77 sg) 0,36 0,36 0,47 0,44 0,58 0,53 0,39

© IS0 2024 - All rights reserved

7



https://standardsiso.com/api/?name=de066f9b67a55c09ef135932cd654284

Key

WH,0
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S
03 |
0,25}
i (o]
02 o 2
%/
0,15} 5 5 o
0,1 |
1
0,05} N X —x
L X X
0 1 L 1 1 1 1 1 —
o 1U 12 14 106 10 U

stagdard deviation

medn moisture content

Regression line for the standard deviation of repeatability, s,.
sy =0,002 4 wy o +0,0089

r? =0,4435

Why0 Sr
wheére r_ is the correlation coefficient
WH,0 Sr
Regression line for the standard deviation of reproducibility, sg
sg=0,0039 wy 5 +0,106 6

2

r- =0,107 2
WH,0 SR
where r_ is the correlation coefficient
WH,0 SR

Figure A.1 — Accuracy values versus mean values

WH,0

© IS0 2024 - All rights reserved
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Annex B
(informative)

Cereals and cereal products — Determination of moisture
contentAbsolute method

B.1 General

describes the absolute method for the determination of the actual moisture contenlt of cereals
products?) against which the routine reference method specified in this docuipent has been

This annex
and cereal
elaborated

The metho
in ISO 654(

1 is not applicable to maize, for which an identical method, called the absolute method, fis specified

:2021,[5] Annex A.

analysts, is
br checking
be used for

This absolyte method, which necessitates the employment of special equipmentand experienced
therefore only suitable for use in specialized laboratories, and is intended to‘serve as a standard fi
and perfecting other methods for the determination of moisture content.”It is not intended to

settling commercial disputes.

B.2 Prin

If necessar
reduced pr
mass is rea

B.3 App

B.3.1 Analytical balance.

nding mill, havifigthe following characteristics:

ciple

y, a laboratory sample is ground, after any conditioning required. A test portion is
essure, at a temperature between 45 °C and>50 °C, in the presence of a desiccant, un
ched.

aratus

paratus for reducing préessure to 1,3 kPa to 2,6 kPa?), e.g. a water pump.

f material which does not absorb moisture;
clean and’having as little dead space as possible;

1g grinding to be carried out rapidly and uniformly, without appreciable development

B.3.2 Apj]
B.3.3 Gri
a) maded
b) easytd
c) enabliy
d)

e)

ried under
il constant

of heat;

as far as possible, tightness to outside air;

adjustable so as to obtain particles of the dimensions indicated in B.5.1.1.

B.3.4 Metal dish, non-corrodible under the test conditions, with a sufficiently tight-fitting lid and having
an effective surface area so as to allow the test portion to be distributed in a layer having a mass per unit

area of not

more than 0,3 g/cm?2.

See Figure B.1.

1) This method has been applied successfully to: wheat, rice (paddy, husked, and milled), barley, millet, rye and oats, in
the form of grains, milled grains, semolina or flour.

2) 1,3kPa

to 2,6 kPa = 13 mbar to 26 mbar = 10 mmHg to 20 mmHg.

© IS0 2024 - All rights reserved
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Dimensions in millimetres
Mk

14
-z
QS

19

e

14

123
2
N
Key
1  metal dish
2 lid
NOTE The dish shown has a flat botfom of effective surface 16 cm? and an internal height of 14 mm. Iff can be used

with the drying tube shown in Figute B.2.

Figure B4~ Diagram of suitable metal dish and lid (for guidance only)

B.3.5 Cup, madefrem glass or porcelain.

B.3.6 Drying tube, of glass, in two parts, one of which, intended to receive the dish (B.3.4), is cliosed atone
end, while the other, iIntended to receive the cup (B.3.0), carries a semi-capillary tube, with a stopcock, for
evacuation purposes. The two parts are connected by a ground-glass joint.

The test portion may be cooled in this apparatus after drying, a desiccator (B.3.9) being then unnecessary
for this operation.

See Figure B.2.

© IS0 2024 - All rights reserved
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Dimensions in millimetres
170 90

50

N L
+l +l
o] <
m m
oY Y
= ~~—~~
—————2— S
oy N
+ +I
mMm m~
m m
e ©
—Z—7——
50
180
200
Key
1 Olive

a2 Thedrying tube shown in the diagram has a 40/50/ground-glass joint (40 mm in diameter at the large end,, and having
a length |of the ground portion of 50 mm). It is.stiitable for use with the dish shown in Figure B.1. The oljve ending to
the stopfock side arm may be replaced by a ground-glass joint.

Figure B.2 — Didgram of suitable drying tube (for guidance only)

B.3.7 Constant-temperature’ oven, electrically heated, enabling the part of the drying tyube (B.3.6)
containing|the dish (B.3.4)-to’‘be maintained at a temperature between 45 °C and 50 °C.

B.3.8 Airfdryingtrain: gas-washing bottle containing pure analytical grade sulfuric acid (relative density,
d20 W 1,83 g/ml);-connected to a tube containing pure analytical grade phosphorus pentaoxid¢ spread on
glass wool.

B.3.9 Desiccator, containing an efficient desiccant.

B.4 Sampling
See 1SO 243336,

© IS0 2024 - All rights reserved
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B.5 Procedure

B.5.1 Preparation of the test sample

B.5.1.1 Unground products

Products having particles of sizes less than or equal to 1,7 mm, where the mass fraction of particles with
sizes over 1 mm is less than 10 % and where the mass fraction of particles with sizes less than 0,5 mm is

more than

50 %, do not need to be ground before the determination.

Mix the laboratory sample thoroughly before taking the test portion (B.5.2.1).

B.5.1.2 Groumdproducts

If the sam;[le does not comply with the particle size characteristics mentioned in B.5.1.0\gripd it either
without pr¢conditioning (B.5.1.2.1) or with preconditioning (B.5.1.2.2).

B.5.1.2.1 (Grinding without preconditioning

For produdts which are not likely to undergo variations in moisture content-in‘the course of grinding [in
general, prpducts with a moisture content between 7 % and 17 %3) (see B:7.1}], carry out grinding without
preconditigning.

Adjust the|grinding mill (B.3.3) to obtain particles of the dimensions indicated in B.5.1.1, grind a small
quantity of{the laboratory sample and discard it.

Then quick]y grind about 3,5 g of the laboratory sample, and immediately proceed in accordance with B.5.2.2.
B.5.1.2.2 (Grinding with preconditioning

Products which are likely to undergo changes in moisture content in the course of grinding (in general,
products with a moisture content greater than 17°9%3)) shall be preconditioned so as to bring thejr moisture
content to between 7 % and 17 %3) [if possiblecbetween 9 % and 15 % (see B.7.1)], before grinding.

If the moisfure content is more than 17 %3 (the more frequent case), weigh, to the nearest 0,2 mg, about
3,5 g of the laboratory sample. Record“the mass as m,. Calculate the mass of the test porfion before
preconditigning, m,, as the differefice between m, and the mass of the dish, my

Then pre-dfry the test portion in-accordance with 8.3, except that the drying time shall be 1,5 to 2 I (see B.7.2)
and it is unhecessary to renew the phosphorus pentaoxide.

If the moisture contentis tess than 7 %, prepare a test portion of about 3,5 g of the laboratory sample. Weigh
it in the digh to the(nearest 0,2 mg. Record the mass as m;. Calculate the mass of the test porftion before
preconditigningjm,, as the difference between m; and the mass of the dish, my Then place the fest portion
and dish in[a’suitable atmosphere (usually that of the laboratory) and leave it to acquire a moistjire content
within the Hmmitsspecifiedabove:

After conditioning, weigh the sample to the nearest 0,2 mg. Record the mass as mjy. Calculate the mass of the

test portion after preconditioning, ms, as the difference between mé and the mass of the dish, my. Grind the
test portion immediately in the grinding mill (B.3.3), adjusted to obtain particles of the dimensions indicated

inB.5.1.1,a

nd immediately proceed in accordance with B.5.2.2.

3) For oats

and rice (paddy, husked and milled rice), 15 % mass fraction.
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B.5.2 Test portion

B.5.2.1 For products not requiring grinding, rapidly weigh, to the nearest 0,2 mg, about 3 g of the test
sample (B.5.1.1) in the dish (B.3.4), previously dried and weighed, together with its lid, to the nearest 0,2 mg.

Record the mass as my. Calculate the mass of the test portion, m,, as the difference between my and the
mass of the dish, my.

B.5.2.2 For products which have had to be ground, rapidly weigh all the grindings obtained (7.2.2 or 7.2.3)
in the dish (B.3.4), previously dried and weighed, together with its lid, to the nearest 0,2 mg. Record the

mass as my. Calculate the mass of the test portion, m, as the difference between mg and the mass of the

dish, my.

B.5.3 Drj

Place the o}
drying tub
10 mm thid
a value of t
in order td
and place
(see B.7.4).

When phos
the drying
semi-capill

After abou
atmospher

dish, cover,

after dryin

Repeat the
two succes

B.5.4 Nu

Carry out
laboratory

B.6 Expi

ying

ben dish (leaving its lid in the desiccator) containing the test portion (B.5.2) at the clo
e (B.3.6); introduce, near to it, the cup (B.3.5) containing a layer of phospliorus penta
k. Fit the two parts of the drying tube together and reduce the pressure,in the asseml
he order of 1,3 kPa to 2,6 kPa, using the vacuum apparatus (B.3.2); this should be don|
avoid material being thrown out of the dish. Close the connection to the vacuum
he part of the tube containing the test portion in the oven (B.3%7); maintained at 45

phorus pentaoxide agglomerates at the surface, renew it afferrestoring atmospheric pre
fube by causing air, which has passed through the drying train (B.3.8), to enter slowly {
hry tube. Reduce the pressure in the drying tube againiand continue the drying as befor

L 100 h, take the tube out of the oven, allow it.to cool to laboratory temperature §
c pressure inside it as described above. Discofinect the two parts of the tube, quickly

and weigh it to the nearest 0,2 mg. Record'the mass as mj . Calculate the mass of the

, m,, as the difference between mj and'the mass of the dish, my

operations specified above untilthe mass is practically constant (i.e. until the differen|
kive weighings at an interval of 48'h is less than 0,6 mg) (see B.7.3).

mber of determinations
sample.

ression of-results

B.6.1 Me¢ethod-of calculation and formulae

sed end of a
bxide about
led tube to
e gradually
apparatus,
°C to 50 °C

bsure inside
hrough the
.

nd restore
remove the

est portion

ce between

two determinationsi on test portions taken from different test samples but from the same

B.6.1.1 Without Pt cpuuditiuuius

The actual moisture content, WH,0 expressed as a percentage by mass of the product as received, is given by:

~Mo =™ 100
WH,0 =

where

my

my

my

is the mass, in grams, of the test portion (B.5.2.1 or B.5.2.2);

is the mass, in grams, of the test portion after drying (B.5.3).
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