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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.
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Cereals — Determination of bulk density, called mass per
hectolitre —

Part 3:
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Scope

document specifies a routine method for the determination of bulk density, called
plitre”, of cereals as grain using manual or automatic, mechanical, electric'or electron
plitre measuring instruments.

D Further details of the measuring instruments are specified in 1ISO 7971-2:2019, 6.4.
Normative references
titutes requirements of this document. For dated references, only the edition cited

y971-2:2019, Cereals — Determination of bulk density, called mass per hectolitre — Part |
pability for measuring instruments through reference to the international standard instru

Ferms and definitions
he purposes of this document, thejfollowing terms and definitions apply.

ind [EC maintain terminological databases for use in standardization at the following a

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: dvailable at http://www.electropedia.org/

s per hectolitre

[ density

weight

eals>\ratio of the mass of a cereal to the volume it occupies after being poured into
br-defined manufacturer’s conditions

“mass per
ic mass per

following documents are referred to in the text in such’ a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendmets) applies.

P: Method of
nent

ddresses:

a container

Note

1 to entry: Mass per hectolitre is expressed in kilograms per hectolitre of grains as received.

Note 2 to entry: Mass per hectolitre, as defined in this document, is different from “packing density” or “intrinsic
density” of cereals.

[SOURCE: ISO 7971-1:2009, 2.1, modified — In the definition, “defined manufacturer’s conditions” has
replaced “well-defined conditions”.]

4 Principle

The mass per hectolitre of a cereal is obtained from the mass of a volume of cereal determined under

cont

rolled sample filling and flow conditions.

© IS0 2019 - All rights reserved
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The mass per hectolitre can be affected by

a)

spaceb

etween the grains, which depends on the grain size and shape, and

b) density of the grains.

5 Apparatus

5.1 General requirement for mass per hectolitre apparatus. Any apparatus (5.2 and 5.3) shall be
verified in accordance with ISO 7971-2 and shall fulfil the performance demands specified therein.

5.2 Hand
container a

The manne
into the cory
measureme

To minimiz
instrument

NOTE Al

a capacity off

-operated measuring instrument. Apparatus consisting of a filling hopper, a meast
nd the accessories necessary for their use.

- in which the grain is poured into the measuring container and the way innwhich it p|
itainer can cause the measurements taken by the various instruments to, vary and leg
nt errors.

e such variations, special attention should be given to ensuring’that the design of
5 and their size, material and shape are appropriate.

hnexes A and B contain examples of technical specifications of t#we*hand-operated instruments
1L

5.3 Automatic measuring instrument. This category includes various types of devices, sonj

which can b

The measu
the drifts m
directly dis

e used on their own or combined with an infrared analyser.

onitored. It does not include manual weighing. The numeric value of the hectolitre ma
played.

of the contafiner (see 6.2).

5.4 Analy
5.5 Spirit
6 Proce
6.1 Gense

level.

dure

ral

The measurements=shall be taken using grain from which large impurities (straw, stones, I
amounts of|loose‘husks, etc.) have been discarded, taking environmental conditions into consider3
to ensure thatthere is no difference in temperature between the grain and the room in which the

ring

acks
d to

the

with

e of

‘ement is based on the application of formulae to allow the correcting of the bias and/or

Ss is

tical balance, capable of being read to the nearest 0,1 g or 0,01 g depending on the volume

arge
ition
test

is performe

d.

Determine the mass per hectolitre in duplicate. For all the devices and for every sample, it is advisable
to perform the two measurements on two different grain test portions, when the sample size enables it.

NOTE

Repeating the measurement on the same grain test portion changes the friction coefficient which

therefore makes it easier for the grains to slide; they are then more tightly packed, which increases the value of
the mass per hectolitre.

6.2 Hand-operated instruments

Check that the various components of the instrument are clean and that they are working properly.

© ISO 2019 - All rights reserved
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Make sure that equipment is placed on a firm, flat base, after using a spirit level to check that the base
is horizontal.

Take great care to avoid any impact during filling. If the apparatus is jolted, cancel the test and start again.

Each type of apparatus is different; use each according to the manufacturer’s instructions.

When using the analytical balance (5.4), weigh to the nearest 1 g for a 11 container or the nearest 0,1 g
for apparatus with a container of smaller volume.

6.3

Automatic instruments

As the operations to be performed prior to the actual measurement differ according. to
equipment used, reference to the manufacturer’s instructions is recommended.

Ensyre that the instrument is placed on a horizontal surface in a room proteéted fra

tem
Take
a)

b)

)
6.4
Take
Expt
If th
Sped

Sam

7

7.1

Detd
valu
mati

eratures, humidity, dust and vibrations.

particular care to
Kelect the correct cereal to be measured to ensure that the right calibration is used,
ise the volume of cereals recommended for the device in quéstion, and

empty the collector drawer between samples.

Expression of results
the arithmetic mean of the two determinations as the result if the repeatability conditi
ess the result to the nearest 0,1 kg/hl.
by are not met, take as a final result the mean of the four measurements.
ify in the analysis report the donditions for obtaining the final result that can be af

ble variability.

Precision

Interlaboratory trial

es derivedfrom this interlaboratory test cannot be applied to other mass per hectolitre
ices thah those given.

the type of

m extreme

bns are met.

tributed to

ils of an inteérlaboratory test on the precision of the method are summarized in Agnex C. The

ranges and

7.2

Repeatability

The absolute difference between two independent single test results, obtained using the same method
on identical test material in the same laboratory by the same operator using the same equipment within
a short interval of time, shall in not more than 5% of cases be greater than the repeatability limit

r=0,4

for products where the mass per hectolitre is between 67,5 kg/hl and 84,5 kg/hl (see Tables C.1 and C.2,
and Figure C.1).
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7.3 Reproducibility

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.

In practice, it is not appropriate to compare the results from two laboratories if the test concerned
imposes repeatability conditions.

The appropriate comparison tool is the critical difference as described in 7.5

7.4 Comparison 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 6.1), the comparison offtwo
bulk densities shall be made with critical difference.

CD; is givery by Formula (1):

1 1 _ 1_ _
85, a7y 28573 =1,985, =023 .

i.e. 0,2 kg/H|, after rounding, where

CD, =

r

N

Sr is the standard deviation of repeatability;

npand iz are the number of test results corresponding to‘each averaged value (here,
ni=ny=2).

7.5 Comparison of two groups of measurements in two laboratories

The critical|difference, CDg, between two averaged-values obtained in two different laboratories from
two test reqults under repeatability conditions is;given by Formula (2):

CDR=2,8\/s,%+sf(1—i—ij=2,8,/s,€ ~0,5s52=1,18 (2)

i.e. 1,2 kg/H|, after rounding, where

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

nipand pz  acethe number of test results corresponding to each averaged value (here,
A= ny = 2).

7.6 Uncertainty

Uncertainty, U, is a parameter representing the distribution of the values which may reasonably be
attributed to the result.

It is possible to evaluate the measurement uncertainties using data obtained from studies conducted in
accordance with ISO 5725-2.

The reproducibility standard deviation obtained in a collaborative study is a valid basis for the
evaluation of measurement uncertainty since, per definition, uncertainty characterizes the dispersion of
the values which may be reasonably attributed to the parameter. The calculated expanded uncertainty
should be < +/-2 reproducibility standard deviation.

4 © IS0 2019 - All rights reserved
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8 Testreport

The test report shall contain at least the following information:

a) anindication of the method used, including a reference to this document, i.e. ISO 7971-3;
b) the result obtained;

c) all the operating details not specified in this document or those regarded as optional, in addition to
any possible incidents that might have affected the result;

d) alltheinformation necessary for a full identification of the sample.

© IS0 2019 - All rights reserved 5
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A.1 Dim

Annex A

(informative)

Description of dimensions and use of KERN»

ensions of the apparatus

A.1.1 General

The dimen§
Figure A.1 f

A.1.2 Pre

Volume to |

Internal dia

por a depiction of the components.
-filling measure

bvel mark:

meter:

A.1.3 Filling hopper

Internal dia
Wall thickn

Height aboy

A.1.4 Pis

Diameter:
Height:

Mass:
A.1.5 Me

Internal dig

meter:
PSS!
e piston:

fon

Asuring container

meter:.

Internal heilght above piston:

ions of the various components of the apparatus should be as specified in A.122to A.1.7 See

1350 ml+10ml

86,0 mm + 0,2 mm

79,0 mm = Oy mm
1,0 mm 0,2 mm

280nm + 2 mm

87,5 mm * 0,1 mm
40,0 mm = 0,2 mm

450g+2¢g

88,2 mm + 0,1 mm

163,7 mm = 0,1 mm

Wall thickness:

External reinforcement of upper edge:

— thickne
— height:

Base thickn

SS:

ess:

1,2 mm * 0,5 mm

2,5mm + 0,5 mm
6,0 mm = 1,0 mm

4,5mm + 0,1 mm

1) Thisis an example of a suitable product available commercially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of the product named. Equivalent products
may be used if they can be shown to lead to the same results.

6
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Diameter of base perforations:

Foot height:

Foot diameter:

Gap between base and base plate:

Number of perforations in base:

Measuring ring:

ISO 7971-3:2019(E)

3,0 mm * 0,1 mm
9,0 mm % 0,1 mm
6,0 mm + 0,1 mm
6,0 mm * 0,1 mm

1+4+8+12+16+20+24=85

A.l.

Locd

A.1.

Thid
Cut-

Wid

nternal diameter:

height:

6 Base plate

ting circle diameter:

7 Straightedge (levelling blade)

kness:
but angle:

h of cutting edge bevel:

88,2 mm + 0,1 mm

40,5mm = 0,1 mm

80,0 mm + 0,1 mm

1,00 mm * 0,058mm
90° + 2°

3,0 mm = 0,5 mm

© IS0 2019 - All rights reserved
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U

(
({

4
3

Key
1  pre-filling measure
2 filling-tybe
3  piston
4  straight¢dge
5 measuripg container

Figure A.1 — Apparatus for the determination of mass per hectolitre of cereals usinga 1|1
measuring container

A.2 Specificationsof threapparatus

A.2.1 Pre-filling measure. The pre-filling measure should be made of metal in the shape of a straight-
sided cylinder closed at the bottom end, with a flat base plate. It should have a circular level mark on the
inside wall situated no less than 10 mm and no more than 30 mm from the open end.

NOTE The pre-filling measure controls the way in which the filling hopper (A.2.2) is filled with grain and
consequently reduces or eliminates possible operator errors.

A.2.2 Filling hopper. The hopper should be made of metal in the shape of a straight-sided cylinder
which is open atboth ends. At the bottom of the cylinder, an extended projection around the circumference
of the cylinder enables the filling hopper to be pushed on to the ring at the top of the measuring container
(A.2.3). The hopper receives a quantity of grain of more than 11 from the pre-filling measure (A.2.1).

8 © IS0 2019 - All rights reserved
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A.2.3 Measuring container with measuring ring. The 1 | volume of the measuring container
is delimited by the inside surface of the container wall, the upper side of the piston (A.2.4) and the
underside of the straightedge (A.2.5), once it is in position. The maximum permissible relative error in
the capacity of the container is +0,3 %. The wall of the measuring container consists of a seamless drawn
brass tube or a stainless steel tube in the shape of a straight-sided cylinder that is open at the top and
closed at its base, with a reinforced outer edge. The top edge should be ground flat.

A measuring ring with the same internal diameter as the measuring container should be attached to the
edge of the measuring container. The gap between the edge and the measuring ring should be sufficient

to allow the straightedge (A.2.5) to pass through easily, but the clearance should not be too great.

The

the instrument is in use. The external reinforcement around the base of the measuring cé

itst

A.2.
ends
distq
volu

Whe
(A2
cont
from

A.2.
a ha
cros
whig
the |

The
it is
exad

A.2.
mea

ree feet should be in one piece. It should be firmly welded to the wall of the measuping

I Piston. The piston should be made of brass in the shape of a straight:sided cylind

rted. In the event of distortion or any other damage, the piston should be'‘replaced to eng
e of grain measured is not affected.

n the straightedge (A.2.5) is withdrawn, the piston moves slowly down the measurin
3), forcing air through the vent holes drilled in the base of the‘measuring container. Thi

the filling hopper (A.2.2).

b Straightedge. The straightedge should consist @f a thin but rigid, flat hardened stee
hdle. Its surfaces should be flat and parallel. It should be sufficiently wide to complete
5-section of the measuring container at the end'of its travel. The blade should be cut inf
h is open at the front and bevelled to ensure that the cutting line is in the middle of the
lade.

blade slides horizontally into theslot in the measuring container (A.2.3) and, guided
thrust manually into the grain ina continuous, but smooth, movement. This movemer]
tly 11 of grain (below the blade) from the excess grain (above the blade).

b Base plate. The baSe plate should be made of metal and mounted in such a w
suring container (A.23) can be fitted securely to the base plate simply by rotating it. Th

Dase oI the measuring container should be Tlat and perforated to allow air to pass th ough when

:

tainer and
container.

er with flat

. Its inner wall should be strengthened to enable it to withstand stampingwithout its sqirface being

ure that the

g container
5 movement

rols the speed of the falling grain and ensures an even flow into the measuring contadiner (A.2.3)

| blade with
ly cover the
0 a V shape
thickness of

by this slot,
It separates

ay that the
e base plate

wood lid of
adjustment
eing placed

shoyld not be perforatéd) It should be secured to a hardwood mounting plate or to the harg
the instrument carrying case. The mounting plate or case should be provided with vertical
scres and a spirit level to ensure that the instrument remains vertical and in position after h
on alflat, horizontal surface. Otherwise, errors are inevitable.

A.3| Determination

Fill the pre-Tilling measure with the sample of grain up to the level mark. 1 nen empty it to within 30 mm
or 40 mm from the upper edge of the filling hopper in such a way that the grain sample flows evenly
into the middle of the filling hopper in 11 s to 13 s. After filling, quickly pull out the straightedge, but
without shaking the apparatus.

When the piston and the grain have fallen into the measuring container, place the straightedge back in
the slit and push it through the grain in a single stroke. If a particle becomes jammed between the slit
edge and the straightedge in the process, the pouring should be repeated. Throw out excess grain lying
on the straightedge. Then remove the filling hopper and straightedge.

Throughout the procedure, the apparatus should not be tapped, knocked or shaken, otherwise a falsely
high result is obtained. However, once the 1 | volume has been isolated, this restriction need not be
observed.

© IS0 2019 - All rights reserved
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Use the balance (5.4) to weigh the content of the measuring container to the nearest 1 g. Alternatively,
the grain may be poured into a separate previously tared receptacle and weighed to the nearest 1 g.

A.4 Expression of results

To calculate the mass per hectolitre, p, expressed in kilograms per hectolitre, with this type of device,
Formulae (A.1) to (A.4) are applied:

for wheat:

p=0,1002m-+0,53 (A1)
for barley:

p=0,1036m-2,22 A.2)
for rye:

p=0,1017m-0,08 A.3)
for oats:

p=0,1013m-0,61 [A.4)
where m is the mass, in grams, of the cereal.
NOTE Fbrmulae (A.1) to (A.4) provide linear mathematical conversions from grams per litre to kilogfams
per hectolitre. The factors are taken from data published in\Reference [5].
10 © IS0 2019 - All rights reserved
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Annex B
(informative)

Description of dimensions and use of Nilema litre»

B.1 _Dimensions of the apparatus

See Figure B.1.

Dimgnsions ip millimetres
6121 int.

141

®29 int.

_< ®84.,5 int.

115

192 ext«

Key
Filling hoppeér 3  straightedge
riser 4 measuring container

a  [apacity 1L

Figure B.1 — Nilema litre

2) Example of a suitable product available commercially. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of the product named. Equivalent products may be
used if they can be shown to give the same results.

© IS0 2019 - All rights reserved 11
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B.2 Specifications of the apparatus

B.2.1 Filling hopper with a gate valve, designed to allow an even flow of grain. The hopper fits on to
the 1 1 measuring container by means of a riser sleeve with a horizontal slot at the bottom allowing the
straightedge to slide horizontally.

B.2.2 Straight-sided cylindrical measuring container with a capacity of 1 L.

B.2.3 Flat straightedge ending in a sharp V-shaped cutting edge.

B.3 Dete
Use the bald

Pour the gr
the type of

Open the sHutter and allow all the grain to flow into the measuring container.

Insert the s
minimize v

With the co

B.4 Expr

For wheat 3
given by Fol

p=0,9078x(m/1000x100/V)+6,6025

where

m ist
mo ist
myp ist
V ist

NOTE Fi
from a Fren

rmination
ince (5.4) to weigh the empty measuring container to the nearest 1 g.

hin sample into the filling hopper, filling it to the rim or to the reference mark, dependin
pquipment, without compacting the grain.

traightedge gently into the slot as far as it can go, holding the(¢ontainer firmly in pla
brations and compaction.

ntainer full of levelled grain, use the balance (5.4) to weigh to the nearest 1 g.

ession of results

nd barley, the mass per hectolitre, p, expressed in kilograms per hectolitre, of the cerg

rmula (B.1):

he mass, in grams, of the cereal in the measuring container obtained from (m1 - mo);
he mass, in grams, of;the empty container,

he mass, in grams; of the container filled with grain;

he volume, inlitres, of the measuring container.

brmula.(B.1) performs the linear conversion of grams per litre into kilograms per hectolitre. It ¢
h_study conducted from 17 samples of barley and wheat (common and durum) referenced w

gon

ce to

al is

B.1)

bmes
ith a

hopper of 20

litres and measured on 8 Nilema-litre.

For other cereals, the mass per hectolitre, p, expressed in kilograms per hectolitre, of the cereal is given

by Formula (B.2):

m

100 m

P

where

12

= X =
1000 Vv 10V

(B.2)
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m is the mass, in grams, of the cereal in the measuring container obtained from (m1 - mg);
mp 1is the mass, in grams, of the empty container,
m1 1is the mass, in grams, of the container filled with grain;

V' isthe volume, in litres, of the measuring container.

NOTE Formula (B.2) performs the linear conversion of grams per litre into kilograms per hectolitre.

© IS0 2019 - All rights reserved 13
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