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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.

The preeeds e H e s hrer—atatenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ction

The end-use value of wheat is determined by a number of properties that are useful in the manufacture
of baked products such as bread, rusks and biscuits.

Such properties include the important viscoelastic (rheological) properties of dough formed as a result
of flour hydration and kneading. An Alveograph is used to study the main parameters by subjecting
a dough test piece to biaxial extension (producing a dough bubble) by inflating it with air, which is
similar to the deformation to which it is subjected during bread dough fermentation.

Recording t

he pressure gpnprzfpd inside the buhble fhrmlghmlf the deformation of the dm]gh test

piece

until it rupt

a) The redistance of the dough to deformation, or its stiffness. It is expressed by thé)maxi
pressurg parameter, P.

b) The extensibility or the possibility of inflating the dough to form a bubble. It iS\expressed b
mean of the abscissa value at rupture, L, converted to the swelling index, G.

c) The elagticity of the dough during biaxial extension. It is expressed by the.elasticity index, I..

d) The wdrk required to deform the dough bubble until it ruptures,”or its strength, whi
proportional to the area of the Alveogram (sum of the pressufes throughout the deform

process
The P/L rati

Alveograph

— selecting and assessing different varieties of wheat\and marketing batches of wheat;

— blendin
criteria

for mor

— assessing the proteolytic activity in whedt or flour to detect possible contamination (see Anij
e details).
are used both on the) upstream side of the industry for marketing, selecting

Alveographs
assessing the different wheat vatiéeties and on the downstream side throughout the baking indus
(see References [9], [11], [12] and [13]).

Vi

ires provides information on the following:

. Itis expressed by the parameter, W.
p is a measurement of the balance between stiffness and extensibility.

5 are commonly used throughout the wheat and flour industry, for the following purpo

b different batches of wheat or flour to produce a batch with given values for the Alveogr
(W, P, and L) complying with the proportional laws of blending;

mum

y the

ch is
htion
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Cereals and cereal products — Common wheat (Triticum
aestivum L.) — Determination of Alveograph properties of
dough at constant hydration from commercial or test flours
and test milling methodology

1 $cope

This|document specifies a method of determining, using an Alveograph, the rheolegicall properties

of different types of dough obtained from common wheat flour (Triticum aestivum L.) produced by

indugtrial milling or laboratory milling.

It degcribes the Alveograph test and how to use a laboratory mill to produce flour in two stpges:

— gtage 1: preparation of the wheat grain for milling to make it easiet’to separate the bijan from the
¢ndosperm;

— gtage 2: the milling process, including breaking between three fluted rollers, reduction of particle
gize between two smooth rollers and the use of a centrifugal'sieving machine to grade the products.

2 Normative references

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

constitutes requirements of this document. For'dated references, only the edition cited [applies. For

unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 835, Laboratory glassware — Gradudted pipettes

ISO 412, Cereals and cereal products-— Determination of moisture content — Reference methpd

ISO 1042, Laboratory glassware 3= One-mark volumetric flasks

[SO 12099, Animal feeding stuffs, cereals and milled cereal products — Guidelines for the application of

nearlinfrared spectrometry

3 Terms anddefinitions

No tgrms andvdefinitions are listed in this document.

ISO dnd JEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

4 Principle

The behaviour of dough obtained from a mixture of flour and salt water is evaluated during
deformation. A dough disk (patty) is subjected to a constant air flow. At first it withstands the pressure.
Subsequently, it inflates into a bubble, according to its extensibility, and ruptures. The change in the
dough is measured and recorded in the form of a curve called an “Alveogram”.

© IS0 2023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=88508a2b2c648f72d7c1c1d1bc0c7989

IS0 27971:2023(E)

5 Reagents

Unless otherwise specified, use only reagents of recognized analytical grade, and only distilled or
demineralized water or water of equivalent purity.

5.1 Sodium chloride solution, obtained by dissolving (25 #* 0,2) g of sodium chloride (NaCl) in water
and then making the volume up to 1 000 ml. This solution shall not be stored for more than 15 days and
its temperature shall be (20 + 2) °C when used.

5.2 Refined vegetable oil, low in polyunsaturates, such as peanut oil. It is possible to use ollve oil
if its acid vatae—istess—than-04(determinedinaccordance-with1S0-660H—Store-ina-darkplaeg in a

closed contdiner and replace regularly (at least every three months).

Alternatively, liquid paraffin (also known as “soft petroleum paraffin”), with an acid value ¢f less|than
or equal to (,05 and the lowest possible viscosity [maximum 60 mPa-s (60 cP) at 20 °C].

5.3 Cold degreasing agent, optimum safety.
6 Apparatus
The usual laboratory apparatus and, in particular, the following shall bejyused.

6.1 Mechanical cleaner, fitted with sieves for wheat cleaninginaccordance with the manufactyrer’s
instructiony.

6.2 Conicpl or riffle sample divider.
6.3 Analyjtical balance, accurate to 0,01 g.
6.4 Glass[burette, of 50 ml in capacity, graduated in 1 ml divisions.

6.5 Rotarly blender?), for grain cenditioning and flour homogenization, including the following
components:

6.5.1 Conptant speed stirrer.

6.5.2 Twgworm screws-integral with the flask, possibly via the stopper (one for wheat preparation,
the other for flour homegenization).

6.5.3 Severakwide-necked plastic flasks, 2 | capacity.

6.6 Test mill (laboratory mill)?, manually or automatically operated (see Annex A).

1) The CHOPIN Technologies MR2L rotary blender is 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 this product.

2) The CHOPIN Technologies Chopin-Dubois CD1 test millisan example of a suitable productavailable commercially.
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of this product.

2 © IS0 2023 - All rights reserved
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6.7 Complete Alveograph system (see Table 1 for specifications and characteristics of the
accessories) including the devices given in 6.7.1 to 6.7.3.

6.7.1 Kneading machine (see Figure 1 for the AlveoNG and AlveoPC models, and Figure 2 for the
Alveolab model3)), with accurate temperature control, for dough sample preparation.

6.7.2 Dedicated software, to record the pressure curve as a function of time, perform the
calculations and store the tests or other registration systems such as the Alveolink.

NOTE For details concerning the use of the different registration systems, see the manufacturer’s
instructions

6.7.3 Alveograph3), for measuring the biaxial deformation of the dough test pieces (sée|Figure 1 for
the AlveoNG and AlveoPC models, and Figure 2 for the Alveolab model), including accurate femperature
control and hygrometry control for the Alveolab model, and having two rest chambers (three for the
Alveolab), each containing five plates on which the dough test pieces can be‘arranged to fest prior to
deformation.

6.8 | Burette with stopcock, supplied with the apparatus (only for theAlveoNG and Alve¢PC models),
160 1l capacity, graduated in divisions of 0,1 % of moisture content.

NOTH Throughout this document, “content” is expressed as a-$mass fraction” (see ISO 80000-918]), i.e. the
ratiojof the mass of substance in a mixture to the total mass of the mixture.

6.9 | Thermohydrograph for recording the test environment conditions (temperatureland relative
air hhmidity) as specified in 9.1 and 10.1. In the casé.of the Alveolab, the test conditions (femperature
and humidity) around the swelling bubble are automatically checked and controlled by the|device.

6.10| Volumetric flask, 1 000 ml capacity,’cenforming to the requirements of ISO 1042, clgss A.

6.11| Pipette, 25 ml capacity, graduated in divisions of 0,1 ml, conforming to the re¢quirements
of ISP 835, class A.

3) The methods specified in this document are based on the use of the AlveoNG, AlveoPC and Alveolab models
of the CHOPIN Technologies Alveograph, which are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by 1SO
of these products.

©1S0 2023 - All rights reserved 3
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Table 1 — Specifications and characteristics of the accessories required for the test

Quantity Value and tolerance
Rotational frequency of the kneading blade (60 £ 2) Hz
Height of sheeting guides (12,0 £ 0,1) mm
Large diameter of the sheeting roller (40,0 £ 0,1) mm
Small diameter of the sheeting roller (33,3+0,1) mm
Inside diameter of the dough cutter (46,0 £ 0,5) mm

Diameter of the aperture created when the moving plate opens (which determines the

effective diameter of the test piece) (55,0 £0,1) mm

Theoretical glistance between the fixed and moving plates after clamping (equal to the (2,67 +0 Q;;} "
thickness of the test piece before inflation) T ’&
Volume of aif automatically injected to detach the test piece prior to inflating the (L/
bubble B2y ml
Air flow?2 enguring inflation n/\%6 +2)1/h

(see Figure 3)[to create a specified pressure drop (and obtain a pressure corresponding toa h of 92 mmH,0 (12,3 kPa)
on the manonjeter chart). The air flow rate is set with the standardized pressure drop to obtain a pressure corresponding
to a height of|60 mm H,0 (8,0 kPa) on the manometer chart, i.e. (96 + 2) I/h (see ﬂué) For the Alveolab model}, this
control is aut¢matized, and no particular action is required.

a2 Onthe AlyeoNG and AlveoPC models, to adjust the flow rate of the air generator used to i@hgbubble, fit the njozzle

A B
Key
A mixer 4  mixer control panel
B  Alveograph 5  Alveograph control panel
1  burette for adding water 6  test plate of the Alveograph unit
2 mixer screen 7  resting chamber

4 © IS0 2023 - All rights reserved
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3 mixing bowl

Figure 1 — Mixer and Alveograph part of the AlveoNG and AlveoPC models

Alveaqlst

Key O :

1  tixing bowl N 5 storage compartment for accessories
2 vater injectio %e 6  dough collector and humidifier
3 Aveolab contrelpanel 7  resting chamber
4  Alveogra st chamber 8  salt water tank
é Figure 2 — Mixer and Alveograph part of the Alveolab model

© IS0 2023 - All rights reserved 5
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1  knurled
2 nozzle

7 Sampl

A represent
changed duj

Sampling is

given in ISO

8 Prepa
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If necessary
and metal fi
may also be
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3
4

Fing nozzle holder

top plate

Figure 3 — Flow control system for the AlveoNG or AlveoPC models

ling

ative wheat or flour sample should be sent to the laboratepy. It shall not be damag
ing transport or storage.

not part of the method specified in this document, Recommended sampling method
24333171,

ration of the wheat for laboratory milling

ing the laboratory sample

pass the laboratory sample through a mechanical cleaner (6.1) to ensure that all sf
agments are removed and to avoid damaging the rollers during milling. A magnetic d
used to remove ferrous metalMragments.

8.2 Test

The test p
homogenize

]

ortion

tion shall be representative of the initial wheat mass. Use the sample divider (6.
and divide thejlaboratory sample until the mass required for laboratory milling

moisture content determination is obtained. The minimum wheat mass of the test portion for m

shall be 800

8.3 Wheg

g.

)t moisture content determination

bd or

S are

ones
bvice

) to
plus
lling

Determine

(see 1SO 7700-1[8] or ISO 12099).

8.4 Wheat preparation

8.4.1 General

he moisture content of the test portion as speciiied I 15U /14, or using a rapid device

Preparing the wheat for milling makes it easier to separate the bran from the endosperm. The target
moisture content is (16,0 + 0,5) %.

© IS0 2023 - All rights res
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8.4.2 Wheat with initial moisture content between 13 % and 15 % (one-stage moistening)

Using the balance (6.3), weigh a test portion (minimum 800 g) to the nearest 1 g of wheat and pour it
into the blender.

Add the required amount of water (see Table B.1) to the grain from the burette (6.4) directly, or after
weighing it to the nearest 0,5 g.

Immediately after adding the water, insert the stopper fitted with the worm screw provided for use
with wheat into the flask, shake vigorously for a few seconds and place on the rotary blender (6.5).

Run the rotary blender for (30 + 5) min (the time required to distribute the water evenly across the
surfdce of the grains).

Allow it to rest for a period that brings the total time of the moistening, shaking andresting operations
to (2¢ £1) h.

8.4.3 Wheat with a moisture content less than 13 % (two-stage moistening)

Sinc¢ a larger volume of water is required, divide it into two halves and;add in two stagep during the
preppration period.

Procged as described in 8.4.2, using only half the total quantity oféivater required (see Tabl¢ B.1).
ShakKe the flask as described in 8.4.2 and allow it to rest for.atleast 6 h.
Ther] add the second half of the total quantity of water between the sixth and seventh hour

After adding the second half, shake the flask again for'(30 * 5) min, then allow it to rest for g period that
brings the total time of the moistening, shaking and resting operations to (24 * 1) h.

8.4.4 Wheat with a moisture content greater than 15 % (preliminary drying followeid by
moigtening, as described above)

The yheat shall be dried to produce a-moisture content lower than 15 %.

Sprefd the laboratory sample¢n'a thin layer to optimize the exchange between the grain[and the air.
Allow to dry in the open air in adry place for at least 15 h.

Perfgrm the moisture content determination process again (see 8.3).

Ther] prepare the wheat as specified in 8.4.2 or 8.4.3, depending on the new moisture contgnt.

9 Laboratery milling

9.1 | General

The test mill (6.6) shall be used with the manufacturer’s settings. Additional weights shall not be used
and the tension on the reduction side spring shall not be changed.

The quality of the milling process depends on several factors:

a) environmental conditions that allow the final moisture content of the flour to be between 15,0 %
and 15,8 % (wheat should be milled in an ambient temperature between 18 °C and 23 °C with a
relative air humidity between 50 % and 75 %);

b) condition of the sieves; the sieving area shall remain uniform - if a sieve is pierced, it shall be
replaced immediately;

c) beater condition and setting: worn blades reduce the extraction rate;

©1S0 2023 - All rights reserved 7
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dependent on a regular feed rate.

The speed at which the products pass through the sieving drum can be set by adjustin

compliance with flow rates: the efficiency of the roll and the efficiency of the sieving process are

g the

position of the blades on the beaters, i.e. two adjustable blades in the middle and at the end of the beater on
the break side, and four blades at the end on the reduction side.

9.2 Milling procedure

9.2.1 Breaking

Switch on tH
Set the feed

Pour the co
check the m

After the las
completely ¢

e device.
rate to allow 800 g of conditioned wheat to pass through the mill in (5 * 1) ming

hditioned wheat (8.4) into the mill feed hopper and, at the same time, start the tim|
illing time.

t grains of wheat have passed through, let the mill continue to opefate for (180 = 30
lear out the sieve.

When the

Calculate t

result to ong

9.2.2 Reduction

Switch on th
Adjust the fé
Pour the seif

After the las
completely ¢

Repeat the
greater thar
and 47,5 bed

When the miill stops, weigh\(6.3), separately, the middlings and the reduction flour to the nearest (

Ensure that
conditioned

NOTE A

m|iell stops, weigh (6.3), separately, the bran, the semolina and the'flour to the nearest 0,1
h|

percentage of semolina obtained compared with the niass of wheat used, expressin
decimal place.

e device.
bed rate to allow the semolina produceddn 9.2.1 to pass through the mill in (5 * 1) min
holina into the feed hopper and, at-the same time, start the timer to check the time.

t grains of semolina have passedthrough, let the mill continue to operate for (180 + 30
lear out the sieve.

above reduction procedure if the mass of semolina obtained from the break systg
| or equal to 48 % of the'mass of conditioned wheat. (Round up the values: 47,4 becom
omes 48.)

the milling ratio (ratio of the sum of the masses of the milled products to the
wheatumass) is equal to at least 98 %.

milling ratio less than 98 % indicates excesswely worn beaters or an obstruction in the s

er to

s to

g.

o the

) s to

m is
s 47

1g.
total

eves,

causing some-e

ankn nroduct o rermain 1nmrln thao
e-proadect+o+ t1t

9.2.3 Flour homogenization

Pour the break and reduction flour into the blender flask (6.5.3).

Insert the stopper fitted with the worm screw (6.5.2) provided for use with flour into the flask and

place the fla

sk on the blender (6.5).

Mix for (20 £ 2) min.

Remove the worm screw (6.5.2) and replace it with the flask stopper. The flour is now ready for the

Alveograph

test.

© IS0 2023 - All rights reserved
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9.2.4 Storage of the flour

The flask containing the flour shall be kept in the room where the Alveograph test is performed.

9.3 Expression of milling results

Calculate the extraction rate, ER, as a percentage of dry mass, of flour extracted from the cleaned wheat

using Formula (1):
R= (100—Hf )XMf
_ (100—H )M,

%100 1)

wherte

M; isthe moisture content, as a percentage, of the flour obtained (determjined in accprdance
with ISO 712 or ISO 12099);

Iy, isthe moisture content, as a percentage, of the wheat test portien for milling befgre
moistening (determined in accordance with ISO 712 or ISO 12099);

M  isthe mass, in grams, of the total flour obtained;

I, isthe wheat mass, in grams, of the test portion for milling before moistening.
Exprgss the result to the nearest 0,1 % mass fraction.

Calcylate the percentage of bran, S, using Formula (2):

[ =[M, / (M, +M,)]x100 )

Lo,

Calcllate the percentage of middlings, R, using Formula (3):

=[M, /(M +M,)]x100 (3)
wherre
M, isthe mass, in grams, of bran;
M. isthe massyin grams, of middlings;

M, isthednitial mass, in grams, of the wheat before conditioning;

is;thé mass, in grams, of water added (numerically equal to the volume, V,, in millilitres, of
water added).

Expresstheresultsto-thene

NOTE Annex C provides an example of a milling sheet to follow all interesting results.

10 Preparation and Alveograph test

10.1 Preliminary checks

Ensure that the ambient temperature is between 18 °C and 22 °C with a relative humidity between 50 %
and 80 %.

Ensure that the various components of the apparatus (kneading machine, Alveograph, burette, tools,
etc.) are clean.

©1S0 2023 - All rights reserved 9
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Check that the F-register (see Figure 5) is in place in the extrusion aperture to prevent any loss of flour
or salt solution leakage.

Ensure that the temperature of the kneading machine (6.7.1) at the start of the test is (24,0 + 0,5) °C.
The temperature of the Alveograph shall be continuously set to (25,0 + 0,5) °C.

A rise in the kneading machine temperature during the kneading process is normal and characteristic
of flour under test. The continuous control feature provided on the AlveoNG model should not be used.

Regularly check that the pneumatic circuit on the apparatus is sealed (no air leakage) by following the
manufacturer’s recommended procedure.

Check that the Alveograph plate is horizontal.
For the AlveoNG and AlveoPC models:

— check the air flow settings using the nozzle (see Table 1, footnote 2) are creating the/Specified l¢ss of
pressurg (see Figures 3 and 4 c)):

— the|air generator to a pressure corresponding to 92 mmH,0 (12,3(kPa) on the rec¢rder
scr¢en (see Figure 4 a));

— the[micrometer flow rate valve to a pressure corresponding to, 60 mmH,0 (8,0 kPa) on the
recprder screen (see Figure 4 b)).

“5 B9 - 3 650 =
sué St liby ué ! —_ St libs au.I
a) 92 adjustment b) 60 adjustment

m

Ea 192/60] A [+] [7 -]

c¢) Command panel

Figure 4 — Measurement pressure setting

10.2 Preliminary operations
At the beginning of the test, the temperature of the flour shall be the ambient temperature.

Determine the moisture content of the flour in accordance with the method specified in ISO 712 or
with an apparatus using near infrared spectroscopy whose performance has been demonstrated in
accordance with ISO 12099. From Table 2, find the quantity of sodium chloride solution (5.1) to be used
in 10.3 to prepare the dough.

For the AlveoNG and AlveoPC models, using Table 2, note the quantity of sodium chloride solution (5.1)
to be used in 10.3 to prepare the dough.

10 © IS0 2023 - All rights reserved
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— Prepare the salt solution and place it in the tank provided for this purpose in the device.

— Check the level of the humidifier by opening the hatch of the dough collecting tray and top up if

necessary. Use a pipette®) to avoid water overflowing into the compartment.

— Before the first try of the day, the upper and lower plates shall be oiled.

Table 2 — Volume of sodium chloride solution to be added during kneading

oisture Yolume of Moisture Yolume of Moisture Yolume of
content of solution to content of solution to content of sglution to
the flour be added the flour be added the flour he added

% ml % ml % ml
8,0 155,9 11,0 142,6 14,0 129,4
8,1 155,4 11,1 142,2 141 129,0
8,2 155,0 11,2 141,8 14,2 128,5
8,3 154,6 11,3 141,3 14,3 128,1
8,4 154,1 11,4 140,9 14,4 127,6
8,5 153,7 11,5 140,4 14,5 127,2
8,6 153,2 11,6 14050 14,6 126,8
8,7 152,8 11,7 139,6 14,7 126,3
8,8 152,4 11,8 139,1 14,8 125,9
8,9 151,9 119 138,7 14,9 125,4
9,0 151,5 12,0 138,2 15,0 125,0
9,1 151,0 12,1 137,8 15,1 124,6
9,2 150,6 12,2 137,4 15,2 124,1
9,3 150,1 12,3 136,9 15,3 123,7
9,4 149,7 12,4 136,5 15,4 123,2
9,5 149,3 12,5 136,0 15,5 122,8
9,6 148,8 12,6 135,6 15,6 122,4
9,7 148,4 12,7 135,1 15,7 1219
9,8 1479 12,8 134,7 15,8 121,5
9,9 147,5 12,9 134,3 15,9 121,0
10,0 147,1 13,0 133,8 16,0 120,6
10,1 146,6 13,1 133,4
10,2 146,2 13,2 132,9
19,3 145,7 13,3 132,5
10,4 145,3 13,4 132,1
10,5 1449 13,5 131,6

NOTE The volume of sodium chloride solution (5.1), Vy,¢), to be added during kneading is calculated from the formula:

Vyac1 = 191,175 - (4,411 75 x Hy)

where H; is the moisture content of the flour.

These values have been calculated to obtain constant hydration, i.e. equivalent to a dough made from 50 ml of sodium

chloride solution (5.1) and 100 g of flour with a moisture content of 15 %.

4) The pipette provided with the CHOPIN Technologies Alveolab is an example of 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 this product.

©1S0 2023 - All rights reserved 11
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Table 2 (continued)

Moisture Volume of Moisture Volume of Moisture Volume of
content of solution to content of solution to content of solution to
the flour be added the flour be added the flour be added
% ml % ml % ml
10,6 144,4 13,6 131,2
10,7 144,0 13,7 130,7
10,8 143,5 13,8 130,3
10,9 143,1 13,9 1299

NOTE The yolume of sodium chloride solution (5.1), Vy,¢, to be added during kneading is calculated from the fopmtila:

VNac1 = 191,175 - (4,411 75 x Hy)

where H;is the moisture content of the flour.

These values [have been calculated to obtain constant hydration, i.e. equivalent to a dough made from 50 ml of soldium
chloride solutfon (5.1) and 100 g of flour with a moisture content of 15 %.

10.3 Kneading
Place 250 + P,5 g of flour in the kneading machine (6.7.1). Secure the lid withithe locking device.
At the same|time, switch on the motor.

For the AlvgoNG and AlveoPC models, use a burette (6.8) to deliveythe appropriate quantity of soflium
chloride solfition (5.1) through the hole in the cover.

If the moistyire content of the flour is less than 10,5 %, use.thé burette (6.8) to add a quantity of sofium
chloride soltition corresponding to a moisture content of,12 %, i.e. 138,2 ml. With a pipette (6.11), add
a quantity df sodium chloride solution equal to the difference between the value given in Table 2 and
the 138,2 m| already in the machine.

For the Alveolab model, when preparing the test, indicate the water content of the flour, send the
instructiong of the test to the device and start the water dosage. Once this dosage has been carrief out
by the devide, follow the indications appéaring on the screen and position the water injection nozzle on
the tank.

Allow the dpugh to form for 1 niin; then switch off the motor, open the cover and, using the plastic
spatula proyided, reincorporatejany flour and dough adhering to the F-register (see Figure 5) and to
the corners jof the kneading fmachine. This operation should take less than 1 min. This operation can be
performed in two parts, allowing the kneading machine to rotate about 10 times between the firsf and
second operfations.

Close the cover, then restart the motor and knead for 6 min. During this time, oil the accesspries
required for| extrusion.

3 £raz al o f O oot ((oosaas B-ar-dia 1N -t d | P PPN S D PGS RPN I o i
Stop kneadl s atrteratotarotSmih (COTTCSPUTTUTITS to-the-stinot TOOaETIT 10T Hrattoranarethcot POt tion

times), then extrude the dough test pieces.

12 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=88508a2b2c648f72d7c1c1d1bc0c7989

IS0 27971:2023(E)

e

7.
v

. N \

Key

1  F-register

2 dough

3 receiving plate
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4  kneader blade
5 knife/spatula

Direction of cutting the extruded dough.

Figure 5 — Dough extrusion and cutting
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10.4 Preparation of dough test pieces

Reverse the direction of rotation of the kneader blade. Open the extrusion aperture by raising
the F-register and place a few drops of oil (5.2) on the previously installed receiving plate. Remove the
first centimetre of dough using the knife/spatula in a clean, downward movement, close to the guide

(see Figure 5).

When the strip of dough is level with the notches on the extrusion plate, quickly cut the dough with the
knife/spatula. Slide the piece of dough onto the previously oiled stainless-steel plate on the sheeting

table (see Figure 6).

Successively—e : : : oiled
receiving plate each time. Arrange the first four dough pieces on the sheetlng table so that their
direction offextrusion corresponds to its major axis (see Figure 6). Leave the fifth dough piece’on the
extrusion plate. Stop the motor.

NOTE Experienced operators are able to sheet, cut, and transfer each dough piece to thefest chamber In the
same amount of time it takes to extrude the next dough piece.

Sheet the four dough pieces using the previously oiled steel roller. Run the-roller backwardg and
forwards alpng the rails 12 times in succession, six times in each direction (seeFigure 6).

Using the cutter, cut a test piece from each strip of dough in one clean movement (see Figure 7). Remove
any surplus|dough.

Hold the cuffter containing the dough test piece above the previously oiled resting plate to which if is to
be transferred. If the dough sticks to the sides of the cutter, free it by tapping the work surface with the
palm of the hand (do not touch with fingers). If the test piecetemains on the stainless-steel plate on the
sheeting talle, raise it gently with the spatula and slide thewresting plate under it.

Immediately place each resting plate containing a_deugh piece into the thermostatically controlled
compartment of the Alveograph, heated to 25 °C.*Proceed by order of extrusion, carefully noting the
location of the first test piece.

Repeat the qperations described above with'the fifth dough piece.

17
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Figure 6 — Laminating the dough pieces
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— Replace the pad and'screw the knurled ring back to immobilize it.

f

— 1
1

Turn the pad over and place it on'the knurled ring.

$lide the dough piece{7) and centre it in relation to the plate, acting on its edge.

The handle ferunscrewing the upper plate shall be lowered before carrying out the teg

Figure 7 — Dough pieces cutting and transfer to the plate

Alveograph test

1 Initial preparation

rm the test 28 min after kneading begins. Check that the piston is in the raised posit
b order of extrusion of the test pieces.

2 First operation: placing the patty on the lowerplate
he AlveoNG and AlveoPC models:
Jnscrew the knurled ring (see Figure 8, keyitéem 1) and remove the pad (2).

Inscrew the upper plate (5) using the*handle (3) and reassemble until it reaches thg
hree guide studs (4).

Dil the fixed plate (6) and spread the oil without hitting the bevel. Also oil the inside of

irst pull the’handle upwards).

‘latten-the dough piece by screwing the upper plate fitted with the pad blocked with
ing'in'about 20 s (until it stops), without forcing.

on. Proceed

level of the

the pad.

t (to do this,

the knurled

— Remove the knurled ring and the pad, then put the handle down.

©ISO

2023 - All rights reserved
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Key

1  knurled

2 pad

3  handle
Figul

For the Alve|

— Take ou

Figure 9 a)).
— Place a drop of oil (5.2) émthe dough piece.

— Press tH

The loading

Fing 4  guide studs
5 upperplate
6 . fixed plate
7 ~“dough piece

e 8 — Placing the dough pieces.on'the Alveograph part (AlveoNG and AlveoP(C)

olab model:

t the first dough piece and place it on the previously oiled (1 to 2 drops) loading pad (see

e start test.bdtton.

pad mowes the dough piece up to the plate and blocks it at the test station (see Figure 9 b)).

16

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=88508a2b2c648f72d7c1c1d1bc0c7989

IS0 27971:2023(E)

a) Placing the dough piece on the loading pad b) Dough piece autgbn{'z}téd transfer

ot

Figure 9 — Placing the dough pieces on the Alveograph paxgaheolab mode
4
S

)

10.5|3 Second operation: biaxial extension Q
For the AlveoNG and AlveoPC models: QQ

— By pressing the [START/STOP TEST] key, the Alveogr‘@starts up. This causes the swelling and the
measurement to be taken into account by the Alvec@r ph.

O
— Assoon as the bubble breaks, stop the Alveog&g}h [START/TEST STOP] key. The air sypply is then
gtopped. A\Q

— l.oosen the upper plate and completelys@engage the dough.

— ﬁepeat alltheoperations [placemel\‘&ﬁ}ﬁle doughpieceandbiaxial deformation) onthe foyrremaining
ough pieces. C)

For the Alveolab model: O®

— (nce the dough is in&;gé and crushed, the pad is automatically removed, and the dg¢vice injects

dir into the dough measuring the pressure in the bubble. The curve appears or] the screen.
The test ends w}t%zgé\e bubble bursts, automatically detected by the device in real tinje. The plate
loosens and a gee unhooks the dough and drops it in the recovery tank.

— Ifthe dou mains suspended, pressing the [dough stop] key allows a new pass of th¢ squeegee.

— Repea@sﬂ\lese operations on the four remaining dough pieces.

NOTH Q) Annex G details the routine maintenance instructions for the Alveograph.

10.6 Expression of Alveograph test results

10.6.1 General

The results are measured or calculated from the five curves obtained (see Figure 10). However, if
one (and only one) of the curves deviates significantly from the other four, it should not be taken into
account in the expression of results.

NOTE A result deviates significantly from the others if it has two clearly different parameters (often

stiffness/extensibility) and/or if the operator knows that the dough concerned has undergone an unusual
treatment (e.g. sticky, falling).

©1S0 2023 - All rights reserved 17
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Key

I, elasticity
L meanab
P maximu
w

10.6.2 May

P correspof
resistance
multiplied b

Express the

10.6.3 Med

The mean of
are measur
point corres

Express the

10.6.4 Swe

The extensi

v index, (Pyg/P) x 100, in %
scissa at rupture points
I pressure parameter (mean of maximum ordinates times 1,1)

deformation work

Figure 10 — Alveograph curve

[imum pressure parameter, P

y a factor, K = 1,1.

P result, in millimetres, to the neatest integer.

n abscissa at rupture, L

ponding vertically.to' the start of the pressure drop.

L result, in millimetres, to the nearest integer.

lling index, G

bility or the possibility of inflating the dough to form a bubble is expressed by the

of the absci

bsa-value at rupture, L, converted to the swelling index, G. This value is the square r

ids to the maximum pressure within thectbubble, which is related to the deformption
stiffness). The value of P equals the mean of the maximum ordinates, in millimgtres,

the abscissa values at rupture of the curves represents the length, L. These abscissa values
ed, in millimetres, for each curve along the base line, from the origin of the curves tp the

Jnean
ot of

the volume of air, in millilitres, required to inflate the bubble until it ruptures. It is calculated using

Formula (4):

G=2,22

6L

Table D.1 gives a conversion table from L to G.

Express the

18

G result, without unit, to the nearest one decimal place.

(4)
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10.6.5 Elasticity index, /,

The elasticity index, I,, expressed as a percentage, is calculated using Formula (5):

e’
P
Iy = [& ]x1 00 (5)
P
where P, is the pressure inside the bubble when a volume of 200 ml of air has been injected into the

test piece.

P, corresponds on the Alveogram to the height of the mean curve at L = 40 mm, multiplied by the
coeffietent 1,1

Express the I, result, in percentage, to the nearest one decimal place.

10.6{6 Curve configuration ratio, P/L
The term “curve configuration” is conventional.

Exprgess the P/L result, without unit, to the nearest two decimal places.

10.6{7 Deformation work, W

W represents the baking strength of the flour and the work 6f deformation of 1 g of dough|obtained by
the method described. It is expressed in units of 10~4]. ¥ is\¢alculated from the Alveogram|parameters
and yarious experimental factors, using Formula (6):

W=6,54xA (6)

where A is the area under the mean curve.
The ¢oefficient 6,54 is valid for a constantair flow rate of 96 1/h.

Expriss the W result to the nearest.integer.

11 Precision
11.1] Interlaboratory tests

11.1}j1 Commereial flour

The Fepeatability and reproducibility limits of the method used for commercial flour were initially
establishedwithin the context of an interlaboratory test, details of which are given in Anngx E.

In orderto extend the concentration range of the various parameters for use more appropriate to actual
practice, the results obtained from the proficiency tests organized by the Bureau Interprofessionnel
des Etudes Analytiques/Interprofessional Bureau for Analytical Studies (BIPEA) were applied to obtain
new reproducibility limits, as given in Annex E.

11.1.2 Flour obtained from laboratory milling

The repeatability and reproducibility limits of the method used for flour obtained from laboratory
milling were established by two interlaboratory tests performed in 2001 and 2004 in accordance
with IS0 5725-2,[31 [SO 5725-3[4] and 1SO 5725-6,[2] details of which are given in Annex F.

The values obtained from each analysis apply to the concentration ranges and to the matrices tested.
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11.2 Repeatability limits

11.2.1 Gen

eral

Repeatability is the value below which there is a 95 % probability that the absolute value of the
difference between two test results obtained under repeatability conditions will lie.

The repeatability limits, r, are obtained by the formulae given in 11.2.2 and 11.2.3. To make them easier

to use, practical application tables are given in Annexes E and F.

11.2.2 Co

mercial flour — Limits established by the interlaboratory test

For W:
r=(0,05

For P:
r= (0,01

For L:
r= (0,14

For G:
r=(0,12

For P/L:
r=(0,12

41 W-1,5715) %277

73 P+0,310 7) x 2,77

49 L -7,083) x 2,77

18G-1,8617)x2,77

5 P/L - 0,06) x 2,77

11.2.3 Flour obtained from laboratory milling

For W:
r=(0,03

For P:
r=(0,02

44 W+ 3,903 8)x2,77

6 8 P40,535) x 2,77

For L:

r=(0,049 L + 2,347 1) x 2,77

For G:
r=20,81

For P/L:
r=(0,12

20

x 2,77 = 2,2

15P/L-0,0154) x 2,77
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For I
r=0,89x2,77=2,5

For the extraction rate:

r=08x277=2,3

11.3 Reproducibility limits

11.3|{1 General

Reprjoducibility is the value below which there is a 95 % probability that the absplute yalue of the
difference between two test results obtained under reproducibility conditions willlie.

The reproducibility limits, R, are obtained by the formulae given in 11.3.2-and 11.3.3. Tof make them
easidr to use, practical application tables are given in Annexes E and F.

11.3{2 Commercial flour — Limits established by the proficiency‘tests
For I
R =(0,059 W+2,05) x 2,77

For R:
R=(0,045P +0,15) x 2,77

For I
R=(0,06L+1,81)x2,77

For ¢:
R=08x2,77=2,2

For R/L:
R=(0,1214P/L - 0,018 4) x 2,77

For I};:
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11.3.3 Flour obtained from laboratory milling

For W:

R=(0,053 4 W+ 4,195 1) x 2,77

For P:

R=(0,0637 P+1,5799) x 2,77

For L:
R = (0,09
For G:
R=1,25
For P/L:
R = (0,21
For I:
R=212

For the extr

R=3,8 4

11.4 Unce

It is possib
out in acco
interlaborat
uncertainty

The calculat

)98 L +1,3311) x2,77

x 2,77 =3,5

07 P/L- 0,015 4) x 2,77

x2,77=59

hction rate:

2,77 = 10,5

rtainty

le to evaluate measurement uncertainties using data obtained from studies ca
Fdance with 1SO 5725-243] The reproducibility standard deviation obtained durin
ory test is a valid \basis to assess measurement uncertainty because, by defin
characterizes the dispersion of values that can be reasonably attributed to the param

12 Test r<Lport

The test reportshall specify the following:

ed expanded stdndard uncertainty should be < * 2 reproducibility standard deviation.

rried
g an
tion,
bter.

a) allinfor

b) the test

mation necessary for the complete identification of the sample;

method used, with reference to this document, i.e. ISO 27971:2023;

c) when laboratory milling is included in the test, all the information necessary for the complete
identification of the mill used;

d) the Alveograph parameters and the units used to record them;

e) all operating details not specified in this document, or regarded as optional, together with details
of any incidents noted during the milling process and Alveograph test that can influence the test

results;

f) the date of the test.
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Annex A
(informative)

Characteristics of the mill» suitable for obtaining a laboratory

milled flour

A1l
Thre

Non-

Non-

A2

Two
by ad

Rolle

A3

A.3.

A.3.]
area

A.3.1

Breaking
e stacked hardened-steel fluted rollers with oblique teeth (two passages).
ndjustable clearance: First passage 1,00 mm
Second passage 0,10 mm
pdjustable roller speeds: Top roller 200 min?t
Intermediate roller 450min~1
Bottom roller 200 min~!
Reduction

smooth cast-iron rollers in contact (one run),cleaned by two scrapers. The pressure car

|ding or removing additional weights or by means of the spring pressure on the roller |
r speed: Top roller 325 min~1
Bottom roller 325 min~1

Sieve material

| Post-break

.1 Stainless steel flour sieve, with wire diameter 110 um, mesh aperture 160 pm
38 %.

.2 \Galvanized steel semolina sieve, with wire diameter 315 pum, mesh aperture

sievi

be adjusted
oad.

and sieving

800 um and

ng.drea, 51 %.

A.3.2 Post-reduction

As fo

A4

rA.3.1.1.

Milling

Break time: adjust the feed rate to allow 800 g of wheat to pass through the mill in (5 * 1) min.

5) The methods specified in this document are based on the use of the CHOPIN Technologies Chopin-Dubois CD1
mill, which is an example of 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 this product.
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Reduction time: adjust the feed rate to allow the quantity of semolina obtained from the break system
to pass through the mill in (5 # 1) min.

Sieving time: continue sieving for (180 * 30) s after the break system has finished. Do the same after the
reduction process(es).

A.5 Break performance indicator

Irrespective of the type of wheat milled, the percentage of bran obtained from the break system shall be
between 17 % and 23 % of the wheat mass used. A percentage outside this range indicates an incorrect

setting or i

A.6 Redu

Irrespective

process shalll be between 9 % and 17 % of the wheat mass used. A percentage-outside this

indicates an|

A.7 Main

Check the si
Replace the
(do not patd
wet the siev|

Remove any

Use a shim t
blade and tH

Check the anount of wear on the scrapers every-year.

Replace the

Itis recomm
and where 1

adeguate device maintenance
T

ction performance indicator

of the type of wheat milled, the percentage of middlings obtained frem‘\the redu

incorrect setting or inadequate device maintenance.

tenance operations

bve screens regularly. The frequency recommended by the manufacturer is once per m
sieves immediately if they are damaged, e.g. if they become detached or if any holes af
h them up). If they become obstructed, it is best to ¢lean them with compressed air. N
eS.

metal particles from the safety magnet.

0 measure the amount of wear on the beater blades every six months. The gap betwee
e casing shall be less than 2 mm. Otherwise, replace the beater.

foam O-rings at least once a year or as soon as they become detached or begin to deterid

ended that every two years'a qualified engineer check the mechanical condition of thej
ecessary take remedial acCtion, for:

unt of wear on thé.bearings and scrapers;
lition of the sieves;
e of the.blades on the break and reduction sides;

litian\of the roll surface;

ction
ange

bnth.
pear
lever

n the

rate.

mill,

laon caonmneraccIinn o ors

a) the amd
b) the con
c) theslop
d) thecon
e)

f)
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the condition of the wheat and semolina feed systems.
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Quantity of water to be added to wheat for conditioning

The mass of water, M

e’

calculated according to Formula (B.1):

in grams, to be added to wheat for the purposes of moisture conditioning is

where

I

S

M :[Mb ><(Hs —-H, )]/(100_Hs)

M, isthe wheat mass, in grams, to be conditioned;

I, isthe moisture content, as a percentage, of the wheat prior to-Conditioning;

is the required moisture content, as a percentage, of the wheat after conditioning.

Express M, to the nearest 0,5 g. The value of M, is numerically@qdivalent to the volume, V,, i
of witer required.

(B.1)

n millilitres,

Table B.1 — Moisture conditioning to 16'% mass fraction for 800 g of whedt
Wheat Water Wheat Water Wheat Water Wheat Water
moisture mass or moisture mass Oxr moisture mass or moisture mass or
¢ontent volume content volume content volume content volume
[before (before (before (before
corlditioning) conditioning) conditioning) conditioning)
Hy M, orV, Hy M, orV, Hy M, orV, Hy M, orV,
% gorml %. gorml % g or ml % g or ml
9,0 67,0 150 48,0 13,0 29,0 15,0 9,5
9,1 66,0 11,1 47,0 13,1 28,0
9,2 65,0 11,2 46,0 13,2 27,0
9,3 64,0 11,3 45,0 13,3 26,0
If the moisture fontent of the
94 R 114 44,0 134 25,0 wheat exceeds [L5 %, dry the
9,5 62,0 11,5 43,0 13,5 24,0 wheat Hefore
remoistening
9,6 61,0 11,6 42,0 13,6 23,0 (see 81.4).
9,7 60,0 11,7 41,0 13,7 22,0
9,8 59,0 11,8 40,0 13,8 21,0
9,9 58,0 11,9 39,0 13,9 20,0 If the moisture content of the
10,0 57,0 12,0 38,0 14,0 19,0 wheat is less than 13 %, add
the water in
10,1 56,0 12,1 37,0 14,1 18,0 two stages
10,2 55,0 12,2 36,0 14,2 17,0 (see 8.4.3).
10,3 54,5 12,3 35,0 14,3 16,0
10,4 53,5 12,4 34,5 14,4 15,0
10,5 52,5 12,5 33,5 14,5 14,5
10,6 51,5 12,6 32,5 14,6 13,5
10,7 50,5 12,7 31,5 14,7 12,5
10,8 49,5 12,8 30,5 14,8 11,5
10,9 47,0 12,9 29,5 14,9 10,5

© IS0 2023 - All rights reserved
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Annex C
(informative)

Sample milling sheet

Users of this document may copy this sheet for practical use.

WHEAT SAMPLE REFERENCE:

Initial moisture content (%) of cleaned
wheat

Hyy

— if Hy > 1p %, pre-dry (see 8.4.4)

start of pre-drying: date: time:

end of pre-drying: date: time;

Initial moisture content (%) of cleaned
wheat after|pre-drying, if any
(if no pre-dfying, Hy, = Hy)

Hy,

Quantity ofwater to be added to condi-
tion
to 16 % (se¢ Annex B) (g, ml)

M,V

e e

(see 8.4.3)

A.If Hy < 13 %, add the water in two stages

1.add M, gof water; M, = g; date: time:

2.add\M, g of water; M, = g; date: time:

(where M; + M, = M,)

(see 8.4.2).

B.If 15 % & Hy, = 13 %, add the water in one go

add M, g of water; M, = g:date: time:

Mass of clegn wheat milled (g)

Mg

Mass of clegn wheat milled expressed as
dry mass (g)

MS,,

= M, x (100 - H,)/100 =

Total mass milled (g) Mb

T

=(Mb+Me)= |

Test mill id¢ntification:

Start of milling:

Date: time:

Flour mass pfter break systeém (g)

o
=

Semolina mpss after bréak system (g)

w
(¢}
=]

Reduction flour mass(g)

conv

Number of feductions

Total flour mass (g)

K| 2| XXX

=(M‘ + M )= |

-

Bran mass (g)

w

|8J8 CUIIVF |
ie.S=%

Middlings mass (g)

-

i.e.R=%

Total mass of milled products (g)

SIS

ot
o
—

:(Mf+Ms+Mr):

Moisture content of the flour (%)

2T

Total flour mass
expressed as dry matter (g)

8

= M; x (100 - H)/100 =

Extraction rate, dry matter/dry matter
(%)

!
=

= (MS¢/MS,) x 100 =

Gross milling ratio (%)

= (Ty/T;) x 100 =

26
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i 0,
;Assél %T;lf[;g the flour (% dry matter, see (if determined)

Damaged starch content of the flour (if determined)
Breaking time (min)

Reduction time (min)
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Conversion table from L to G

Table D.1 — Conversion of the length, L, to swelling, G, using Formula (4): G= z,zszZ

Length | Swelling | Length | Swelling | Length | Swelling | Length | Swelling | Length | Swelling
L G L G L G L G L G

mm mm mm mm mm

13,0 8,0 63,0 17,7 113,0 23,7 163,0 28,4 21350 3215
14,0 8,3 64,0 17,8 114,0 23,8 164,0 28,5 214,0 326
15,0 8,6 65,0 179 115,0 23,9 165,0 28,6 215,0 326
16,0 89 66,0 18,1 116,0 24,0 166,0 28)7 216,0 3217
17,0 9,2 67,0 18,2 117,0 24,1 167,0 28,8 217,0 328
18,0 9,4 68,0 18,4 118,0 24,2 168,0 28,9 218,0 3209
19,0 9,7 69,0 18,5 119,0 24,3 169,0 28,9 219,0 3209
20,0 10,0 70,0 18,6 120,0 24,4 170,0 29,0 220,0 330
21,0 10,2 71,0 18,8 121,0 24,5 171,0 29,1 221,0 331
22,0 10,4 72,0 18,9 122,0 24,6 172,0 29,2 222,0 332
23,0 10,7 73,0 19,0 123,0 247 173,0 29,3 223,0 332
24,0 10,9 74,0 19,1 124,0 24,8 174,0 29,4 224,0 333
25,0 11,1 75,0 19,3 125,0 249 175,0 29,4 225,0 33/4
26,0 11,4 76,0 19,4 126,0 25,0 176,0 29,5 226,0 335
27,0 11,6 77,0 19,5 127,0 25,1 177,0 29,6 227,0 335
28,0 11,8 78,0 19,7 128,0 25,2 178,0 29,7 228,0 336
29,0 12,0 79,0 19,8 129,0 25,3 179,0 29,8 229,0 337
30,0 12,2 80,0 19,9 130,0 25,4 180,0 299 230,0 338
31,0 12,4 81,0 20,0 131,0 25,5 181,0 299 231,0 338
32,0 12,6 82,0 20,2 132,0 25,6 182,0 30,0 232,0 339
33,0 12,8 83,0 20,3 133,0 25,7 183,0 30,1 233,0 340
34,0 13,0 84,0 20,4 134,0 25,8 184,0 30,2 234,0 341
35,0 1342 85,0 20,5 135,0 259 185,0 30,3 235,0 341
36,0 134 86,0 20,6 136,0 26,0 186,0 30,4 236,0 342
37,0 13,5 87,0 20,8 137,0 26,1 187,0 30,4 237,0 34,3
38,0 13,7 88,0 20,9 138,0 26,1 188,0 30,5 238,0 34,3
39,0 13,9 89,0 21,0 139,0 26,2 189,0 30,6 239,0 34,4
40,0 14,1 90,0 21,1 140,0 26,3 190,0 30,7 240,0 34,5
41,0 14,3 91,0 21,2 141,0 26,4 191,0 30,8 241,0 34,6
42,0 14,4 92,0 21,4 142,0 26,5 192,0 30,8 242,0 34,6
43,0 14,6 93,0 21,5 143,0 26,6 193,0 30,9 243,0 34,7
44,0 14,8 94,0 21,6 144,0 26,7 194,0 31,0 244,0 34,8
45,0 14,9 95,0 21,7 145,0 26,8 195,0 311 245,0 34,8
46,0 15,1 96,0 21,8 146,0 26,9 196,0 31,2 246,0 349
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Table D.1 (continued)

Length | Swelling | Length | Swelling | Length | Swelling | Length | Swelling | Length | Swelling
L G L G L G L G L G

mm mm mm mm mm

47,0 15,3 97,0 219 147,0 27,0 197,0 31,2 2470 35,0
48,0 15,4 98,0 22,0 148,0 271 198,0 31,3 248,0 351
49,0 15,6 99,0 22,1 149,0 27,2 199,0 31,4 249,0 35,1
50,0 15,7 100,0 22,3 150,0 27,3 200,0 31,5 250,0 35,2
51,0 159 101,0 22,4 151,0 27,4 201,0 31,6 251,0 35,3
53,0 16,1 102,0 22,5 152,0 27,4 202,0 31,6 2520 35,3
53,0 16,2 103,0 22,6 153,0 27,5 203,0 31,7 25870 35,4
54,0 16,4 104,0 22,7 154,0 27,6 204,0 31,8 254,0 35,5
53,0 16,5 105,0 22,8 155,0 27,7 205,0 31,9 255,0 35,5
54,0 16,7 106,0 22,9 156,0 27,8 206,0 31,9 256,0 35,6
57,0 16,8 107,0 23,0 157,0 279 207,0 32,0 257,0 35,7
58,0 17,0 108,0 23,1 158,0 28,0 208,0 32,1 258,0 35,8
59,0 17,1 109,0 23,2 159,0 28,1 209,60 32,2 259,0 35,8
60,0 17,2 110,0 23,3 160,0 28,2 210,0 32,3 260,0 359
61,0 174 111,0 23,5 161,0 28,2 211,0 32,3 261,0 36,0
63,0 17,5 112,0 23,6 162,0 28,3 212,0 32,4 262,0 36,0
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(informative)

Interlaboratory and proficiency test data for commercial flours

The repeatability and reproducibility limits of the method used for commercial flour were initially
established within the context of an interlaboratory test in which six laboratories participated. The test

was performed on three samples of flour and repeated four times on each sample.

In order to gxtend the concentration range of the various parameters for use more appropriateto agtual
practice, th¢ results obtained from the proficiency tests organized by the Bureau Intepprofessignnel
des Etudes Analytiques/Interprofessional Bureau for Analytical Studies (BIPEA) were-applied.
There were 14 to 29 laboratories, depending on the campaign, that participated in the tests between 005
and 2013, apd new reproducibility limits were obtained from 80 results. Repéatability limits cgnnot
be extractedl from proficiency tests because, as in the current application of.the Alveograph test, the
number of rgpetitions is generally one.
Figures E.1,(E.2, E.3 and E.5 show that the standard deviations of repfoducibility, sp, are dependept on
the mean values of W, P, L and P/L, respectively.
sp has been gonsidered as constant irrespective of the mean of G (see Figure E.3) and the mean of I} (see
Figure E.6).

50

L0 - y =0,059x + 2,050

RY = 0,507
30 ° °
Y
20
10
0 | | | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500
X

Key
X Walues

Y standard deviation of reproducibility (sz)

W mean of the control laboratories’ W values
sp y=0,059x+2,05; R2=0,507 (correlation coefficient)

Figure E.1 — Relationship between reproducibility standard deviation and mean values of W/

30

(data from the proficiency tests)
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y = 0,045x + 0,150
12 R* = 0,582

10

=
|

0 20 L0 60 80 100 120 140 160

Key
X P values

<

dtandard deviation of reproducibility (sp)
P mean of the control laboratories’ P values
Sg N=0,045x+0,15; R2 = 0,582 (correlation coefficient)

Figure E.2 — Relationship between reproducibility standard deviation and mean vjalues of P
(data from the proficiency tests)
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12 o

10

JA ° S ° ° y =0,060x + 1,81
o R = 0,352

0 20 40 60 80 100 120 140 160

Key

X  Lvalues
standard deviation of reproducibility (sp)

L mean of the control laboratories’ L values

s y=006x+181; R2=0,352 (correlation coefficient)

Figure E.B — Relationship between reproducibility standard deviation and mean values qf L
(data from the proficiency tests)
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3,0
2,5 y=0,017x + 0,492
R% = 0,041
2,0
Y 1,5 . 00
1' 0o < :«» o O -2 ~
0f - o e o oo
0:0 | | | | | |
0,0 5,0 10,0 15,0 20,0 25,0 30,0
X
Key

X  Gvalues

Y dtandard deviation of reproducibility (sp)

G 1ean of the control laboratories’ G values

s N=0,017x+0,492; R? =0,041 (correlation coefficient)

Figure E.4 — Relationship between reproducibility standard deviation and mean vplues of ¢

(data from the proficiency tests)
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0,40 -

0,35 -
y = 0,1214x + 0,0184
R = 0,8329

0,30 -
0,25 -
Y 0,20

0,15 -

0,10 -

0,05

0:00 | | | | | | | |
0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 00

Key
X P/L values

Y standajrd deviation of reproducibility (sp)

P/L  mean ¢f the control laboratories’ P/L values

Sk y=0,11x-0,018; R% = 0,833 (correlation coefficient)

Figure E.5|— Relationship between reproducibility standard deviation and mean values of P/L
(data from the proficiency tests)
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8 —
"( ]
y=-0,002x + 2,084
6 - R* = 0,001
5 ]
Y 4 -
3 ° ° oo o
(= o 00 o o o
| | | | | | | |
0 10 20 30 40 50 60 70 80
X
Key
X I, values
Y dtandard deviation of reproducibility (sz)
I, mean of the control laboratories’ I, values
sp )N=-0,002x+2,084; R?=0,001 (correlation coefficient)
Figure E.6 — Relationship between reprodugibility standard deviation and mean values of ],
(data from the proficiency tests)
Tabl¢ E.1 summarizes the actual precision formulae for the method described in thi§ document.
Tabl¢ E.2 summarizes the formulae acgepted in previous versions of this document. Tableq E.3 and E.4
provide a practical application of the formulae actually applicable for this method.
Table E.1 — Summary of reproducibility formulae for commercial flour
(data from the proficiency tests)
Parameter Validity range of the Sp
interlaboratory test
w 83 to 383 0,06 W+ 2
P 35t0 131 0,05 P+ 0,15
L 50 to 134 0,06 L+?2
G 15,7 to 25,7 0,8
P/L 0,30 to 2,65 0,12 P/L - 0,02
I, 37,0 to 69,0 2,0
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Table E.2 — Reminder of initial repeatability and reproducibility formulae for commercial flour
(data from the initial ring test)

Parameter Validity range of the S, Sp
interlaboratory test

w 190 to 415 0,0541W-1,5715 0,0595 W+ 0,569 6
p 70 to 118 0,0173P+0,3107 0,0329P-0,5686
L 78 to 98 0,1449 L - 7,083 0,1393L-51321
G 19,5to 21,5 0,1218G-1,8617 0,1157G-1,5608

P/L 092t0 1,28 0,125 P/L - 0,06 0,125 P/L - 0,04

Talle E.3 — Practical application of repeatability formulae for commercial flour
(data from the interlaboratory test)
w P L G P/L
Validity fange: Validity range: Validity range: Validity range: Validity range:
190 to #15 70 to 118 78 to 98 19,5 to 21,5 0,92to 1,2
5,=0,0541W-1,5715|s.=0,0173P+0,3107| 5,=0,1449 L - 7,083 |5,=0,1218G-1,8617| 5.= 0,125 P/L —T%
w Rgpea_tapil- p R(?pea_tal_)il- L R(_apea_tal_)il- G R(?pea_tapil- P/L R(?pea_t l_)il-
ity limit ity limit ity limit ity limit ity limit
104 | (r+2,77s) | mm |(r=277s)| mm | (r=277s,) r=2,77s,) (r=2,7[7s,)

190 24 70 4 78 12 19,5 1,4 0,92 0,1%
200 26 72 4 79 12 19,6 1,5 0,94 0,14
210 27 74 4 80 12 19,7 1,5 0,95 0,16
220 29 76 5 81 13 19,8 1,5 0,97 0,17
230 30 78 5 82 13 19,9 1,6 0,98 0,17
240 32 80 5 83 14 20,0 1,6 1,00 0,18
250 33 82 5 84 14 20,1 1,6 1,01 0,18
260 35 84 5 85 14 20,2 1,7 1,03 0,19
270 36 86 5 86 15 20,3 1,7 1,04 0,19
280 38 88 5 87 15 20,4 1,7 1,06 0,20
290 39 90 5 88 16 20,5 1,8 1,07 0,20
300 41 92 5 89 16 20,6 1,8 1,09 0,21
310 42 94 5 90 17 20,7 1,8 1,10 0,21
320 44 96 5 91 17 20,8 19 1,12 0,22

330 45 98 6 92 17 209 19 1,13 0,2

340 47 100 6 93 18 21,0 19 1,15 0,2
350 48 102 6 94 18 21,1 2,0 1,16 0,24

360 59 104 6 95 19 212 2;6 148 02
370 51 106 6 96 19 21,3 2,0 1,19 0,25
380 53 108 6 97 19 21,4 21 1,21 0,25
390 54 110 6 98 20 21,5 21 1,22 0,26
400 56 112 6 1,24 0,26
410 57 114 6 1,25 0,27
415 58 116 6 1,27 0,27
118 7 1,28 0,28
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Annex F
(informative)

Interlaboratory data for laboratory milled flour

The repeatability and reproducibility limits of the method used for flour obtained from laboratory
milling were established by two interlaboratory tests performed in 2001 and 2004 in accordance

with ISO 5725-2,131'1SO 5725-34'and ISO 5725-612].

Ten laboratpries participated in the first test campaign and twelve in the second. Fourteen wheat
samples were analysed and the test was repeated three times for each one. The statisticakresults of the
tests are givien in Tables F.1 to E9.

Figures F.1, F.2, F.4 and E.5 show that the standard deviations of repeatability, s,, and reproducibility, s,
are dependgnt on the mean values of W, P, L and P/L, respectively.
s.and sp had been considered as constant irrespective of the mean of G (see Figure F.3) and the mejan of
extraction rpte (see Figure F.7), and based on the conclusion of the two iriterlaboratory tests.

Figure F.6 shows that s, and s; are considered to be constant irrespective of the mean value of /..

Table F.1 — Statistical results for IV on laboratory milled flour
Wheat
Parameter
10 7 8 5 1 2 12 3 11 4 14 9 13 6

No.of 10| 10|10 |10 | 9 | 190 10| 10|10 | 9 |11 | 10 |[|10
laboratories

Mean, w 82 88 98 | 109 | 141168 | 170 | 184 | 240 | 242 | 279 | 300 | 380 | 06
S, 4 6 6 8 11 11 11 11 14 10 13 20 18 12
Cyp % 4 6 6 7 8 7 6 6 6 4 5 7 5 3

r 10 16 16 22 31 31 30 30 38 28 36 55 51 34
Sp 8 10 12 8 13 13 16 11 15 19 14 20 29 25
Cyp % 10 12 12 7 9 8 9 6 6 8 5 7 8 6

R 22 28 33 23 36 37 45 30 41 52 39 54 81 70
40 © IS0 2023 - All rights reserved
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a Spy=0,0534x+4,1951; R2=0,821 1 (correlation coefficient).
b s;y=0,0344x+39038; R2 =0,655 (correlation coefficient).
Figure F.1 — Relationship between precision standard deviations and mean values of W
Table F.2 — Statistical results for P on laboratory milled flour
Wheat
Parameter
5 8 10 12 4 7 1 2 3 13 14 6 11 9
No. qf
i . 10 10 10 10 9 10 9 9 10 10 10 10 10 10
laboratories
Mean, w 28 30 41 49 55 59 68 68 76 76 84 86 88 | 108
S, 1 1 2 2 2 3 3 2 2 3 2 2 3 4
Cyp Yo 2 4 4 3 3 5 5 3 3 4 3 2 4
r 2 4 5 4 4 9 9 5 6 8 7 6 10 11
Sp 2 5 6 5 8 5 3 4 7 6 6 8 11
Cyp Vo 6 17 11 13 8 14 8 5 5 9 8 7 9 10
R 5 14 13 18 13 23 14 9 10 18 17 17 22 30
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a 55y =0,026 8 x+0,535; R2=0,565 8 (correlation coefficient).
b spy=0,0637x+157909; R2=0,411 8 (correlation coefficient).

Figure|F.2 — Relationship between precision staridard deviations and mean values of H

Table F.3 — Statistical results for G on laboratory milled flour

Wheat
Parameté¢r

7 1 3 2 11 9 10 14 8 12 6 5 13 4
No. of . 10 9 10 10 10 10 10 10 10 10 10 10 10 9
laboratories
Mean, w 13,1 | 15,5 | 178 | 18,1 | 189 | 19,1 | 19,3 | 22,7 | 229 | 24,6 | 26,9 | 27,7 | 28,5 | B1,1
S, 0,5 0,8 0,9 0,9 06 | 0,8 0,6 0,7 0,9 1,0 0,6 1,0 1,2 0,7
Cyp % 4,1 51 53 4,8 3,0 4,0 3,3 3,2 4,1 4,2 2,3 3,6 | 4,3 2,4
r 1,5 2,2 2,6 | 2,4 1,6 2,1 1,8 2,0 2,6 29 1,7 2,8 3,4 2,0
Sp 0,9 0,9 09 1,0 1,1 1,3 1,2 1,1 1,7 1,6 1,0 1,4 1,7 1,6
Cyp % 7,0 5,6 5,2 53 56 | 68 | 6,3 5,0 7,5 6,5 3,8 5,2 5,9 53
R 2,5 24 | 2,6 | 2,7 2,9 3,6 3,4 3,2 4,7 4,5 2,9 4,0 | 4,6 | |46
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Key
G mean of G
a s,y =0,016x+ 0,462 6; R2=0,19 (correlation coefficient).
b Spy=0,0437x+1,295 2; R2=0,559 4 (correlation coefficient).
Figure F.3 — Relationship between precision standard deviations and mean valyes of ¢
Table F.4 — Statistical results for L on laboratory milled flour
Wheat
Parameter
7 1 3 2 11 9 10 14 8 12 6 5 13 4
No.qf 0| 9 || 10| 10| 10|10 | 10| 10| 10| 10 | 10 | 10 | 9
laboratories
Mean, w 35 49 64 66 73 74 76 | 104 | 106 | 123 | 147 | 155 |[ 164 | 195
S, 3 5 7 6 4 6 7 9 10 7 11 14 9
Cyp Yo 8 10 11 10 6 8 7 8 8 5 7 8 5
r 8 14 19 18 12 16 14 19 24 28 19 30 38 26
Sp 5 5 7 7 8 10 10 10 16 16 11 16 19 21
Cyp Vo 14 11 11 11 11 13 13 10 15 13 8 10 12 11
R 13 15 19 20 22 28 27 29 44 44 32 44 54 58
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a sy =0,049 x + 2,347 1; R2 = 0,644 (correlation coefficient).
b spy=0,099 8x+1,3311; R2= 0,857 1 (correlation coefficient).

Figure|F.4 — Relationship between precision standard deviations and mean values of L

Table F.5 — Statistical results for'P/L on laboratory milled flour

Wheat
Parameté¢r
5 4 8 12 13 10 6 14 2 3 11 1 9 7

No. of . 10 9 10 10 10 10 10 10 10 10 10 9 10 10
laboratories

Mean, w 0,18 | 0,29 | 0,30 0,41 | 0,47 | 0,56 | 0,59 | 0,81 | 1,04 | 1,19 | 1,24 | 1,42 | 1,49 | 1,77
S, 0,02 | 0,02 /9,03 | 0,04 | 0,05 | 0,05 | 0,03 | 0,06 | 0,12 | 0,15 | 0,10 | 0,18 | 0,16 | p,21
Cyp % 10,28 7,¥5%9,62 |10,66|10,98| 8,26 | 4,72 | 7,29 |11,83|12,87| 7,71 [12,64]10,60|11,75
r 0,05 {006 | 0,08 | 0,12 | 0,14 | 0,13 | 0,08 | 0,16 | 0,34 | 0,42 | 0,26 | 0,50 | 0,44 | P,58
Sp 0,08 0,05| 009|011 0,09 |012|0,08]| 0,14 | 0,14 | 0,16 | 0,25 | 0,22 | 0,34 | p,45
Cyp % 15,11|17,74 {28,88|26,83|1793|21,58(13,23|16,74|13,90|13,82|20,08|15,46(22,84|145,42
R 0,08 | 0,14 | 0,24 | 0,31 | 0,24 | 0,33 | 0,22 | 0,38 | 0,40 | 0,46 | 0,69 | 0,61 | 095 | [,25
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000 020 040 0,60 0,80 1,00 1,20 1,40 1,60 1,80 2,00 PfL
Key
p/L| meanofP/L
a s;y=0,1215x-0,015 4; R2=0,915 1 (correlation coefficient).
b Spy=0,2107x-0,015 4; R? = 0,846 4 (correlation cpefficient).
Rigure F.5 — Relationship between precision standard deviations and mean values of P/L
Table F.6 — Statisticalresults for /, on laboratory milled flour
Wheat
Parameter
1 4 5 4 6 2 2 8 3 5 7 3 1 6
No.qf — 10440 | 9 | 10| 10 | 10| 9 9 [ 10 | 9 | 10 || 8 | 10
laboratories
Mean,W — 353|469 | 48,7 | 50,3 | 50,9 | 55,5 | 56,1 | 56,7 | 59,0 | 60,4 | 60,5 || 62,0 | 62,6
S, —“»0,71 | 1,30 | 098 | 0,61 | 0,88 | 0,80 | 0,64 | 0,82 | 0,80 | 0,86 | 0,63 || 1,97 | 0,58
Cyp Yo — 2,011278|201]|120 172|143 | 1,14 | 1,44 | 1,35 | 1,42 | 1,04 || 3,17 | 0,92
r — [ 196|361 272|168 | 243 | 2,21 | 1,77 | 2,26 | 2,21 | 2,39 | 1,75 || 5,46 | 1,60
Sp — 1206309219190 | 2,20 |225|175|181]|209]165]| 150|342 | 1,64
Cyr % — |585]|6,58|450]|378]|4,31|4,05|313]|3,19|3,54|273]|248|5,51| 2,62
R — 157218561607 15271609162314861501 157914561415 1947 |4,54
45
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