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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International
Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies
casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17718 was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC 4,
Cereals and pulses.
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Introduction

The behaviour of dough is dependent on numerous parameters. Some of these parameters, such as water
absorption, dough development time, and kneading stability, are linked to the quality and quantity of
the proteins, while other parameters, such as gelatinization, gelling stability, and retrogradation, are
linked to the properties of the starch.

The Mixolab®1) measures the torque between two mixing arms during kneading while varying the in-
bowl temperature, making it possible to gain in-depth information on samples and thus gain a better
understanding of the characteristics of tested wheat or flours.
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INTERNATIONAL STANDARD IS0 17718:2013(E)

Wholemeal and flour from wheat (Triticum aestivum L.) —
Determination of rheological behaviour as a function of
mixing and temperature increase

1 Scope

This International Standard specifies the determination of rheological behaviour as a function of
mixing and temperature increase. It is applicable to all wholemeal and flour samples from industrial or
laboratory milling of wheat (Triticum aestivum L.).

NOTE Wheat can be milled in the laboratory according to the methods described in ISO 27971[5] or in BIPEA
guidance document BY.102.D.9302.[Z]

2 Normative references

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

ISO 712, Cereals and cereal products — Determination of moisture content — Reference method

3 Terms and definitions

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

31
water absorption
volume of water required to obtain a dough with a maximum consistency of (1,10 + 0,05) Nm

Note 1 to entry: Water absorption is expressed in millilitres per 100 g of flour with a moisture content of 14 %
mass fraction.

3.2
time T1
time required for the dough to reach the target consistency C1 of (1,10 + 0,05) Nm

Note 1 to entry: Development time is expressed in minutes.

3.3
stability
calculated time during which the dough achieves a consistency higher than C1 - 11 % x C1

4 Principle

Dough behaviour is determined as it is subjected to a combined kneading and temperature treatment
during a constant temperature phase, followed by a heating phase, then held at high temperature,
and subsequently cooled. Water is added to flour to achieve a maximum dough consistency of (1,10 *
0,05) Nm during the first constant temperature phase.

The dough is first kneaded between two mixing arms rotating in opposite directions at 80 r/min, at
a starting temperature of 30 °C. The torque that the dough creates between the two mixing arms is
recorded. Kneading then continues while temperature is increased to 90 °C at a rate of 4 °C/min. The

e A TAA Anan .
Copyright International Organization for Standardization ~ All I‘lghtS reserved 1
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction‘or networking permitted without license from IHS Not for Resale, 11/30/2013 21:56:39 MST



IS0 17718:2013(E)

temperature is then held at a controlled 90 °C for 15 min. The dough mixer is then cooled at a rate of
4 °C/min to a temperature of 50 °C.

Dough consistency, like temperature, is recorded throughout the test. The results provide information
on gluten strength, starch gelatinization and retrogradation, enzyme activity, and all the interactions
taking place between dough components throughout the process.

5 Reagent

Use only distilled or demineralized water or water of equivalent purity.

6 Equipment

Usual laboratory apparatus and, in particular, the following.

6.1 Chopin Mixolab®,1) including the following components.

6.1.1 Drive motor, capable of delivering a mixing arm rotation speed of 80 r/min.

6.1.2 Water tank, containing water (Clause 5) thermostatically maintained at 30 °C.

6.1.3 Dough mixer, comprising a bowl, two hub-flanges, and two detachable mixing arms.
 6.1.4 Removable cover, for positioning the water injection nozzle.
g 6.1.5 Water injection nozzle, fitted with four delivery channels.
6.1.6 Software, for programming the test conditions and measuring and recording the test results.
: 6.2 Laboratory scale, capable of weighing to +0,1 g.

6.3 Laboratory mill, hammermill model,?)

fitted with a 0,8 mm mesh sieve and able to provide a wholemeal flour of specified homogeneous
particle size.

Mill performance should be re-checked at regular intervals on a sample of milled grain. The milled
sample shall meet the specifications given in Table 1.

Table 1
Sieve mesh size Proportion of wheat wholemeal passing
through the sieve
pum %
710 100
500 95 to 100
210 to 200 <80

1) Chopin Mixolab® is the trade name of a product supplied by Chopin Technologies. 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.

2) LM 3100 and LM 120 mills 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 ISO of these products.

o) .
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7 Sampling

Sampling is not part of the method specified in this International Standard. A recommended sampling
method is given in [SO 24333.[4]

It is important the laboratory receive a truly represeantative sample which has not been damaged or

changed during transport or storage.

8 Procedure

8.1 General

To implement this International Standard on wholemeal flour requires a milling step.

If the sample is delivered as flour, go to 8.3.

8.2 Sample milling

Grind (6.3) 200 g to 300 g of cleaned grains as specified in the mill manufacturer’s instructions.

8.3 Determination of flour moisture content

Determine the moisture content of flour or milled sample as specified in ISO 712.

8.4 Preparation of the device

Make sure that the water-injection nozzle is set above the water tank.

Power up the Mixolab®1) (6.1) 30 min ahead of the first test.

Use the level gauge to check there is a sufficient quantity of water (Clause 5) in the tank (6.1.2).

Make sure the bowl], hub flange, and mixing arms assembly is well connected (6.1.3), and install this
dough mixer assembly.

Close the removable cover (6.1.4).
8.5 Preparation of the test

8.5.1 General
There are two steps:
a) determination of the water absorption of flour or wholemeal;

b) determination of the rheological characteristics of the flour or wholemeal.
8.5.2 Determination of water absorption

8.5.2.1 Use the program menu (6.1.6) to define the protocol to perform test: Chopin+ for flour and
Chopin Wheat+ for wholemeal.

8.5.2.2 Use the program menu (6.1.6) to set the test conditions, specifying flour moisture content (8.3)
and setting a 55 % hydration (the baseline 14 % is selected automatically).

8.5.2.3 Use the laboratory scale (6.2) to weigh out the quantity of flour stipulated by the device (6.1.6).
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8.5.2.4 Boot the test, and introduce the weighed flour into the dough-mixer (6.1.3).

8.5.2.5 Position the water injection nozzle (6.1.5) in its place above the cover. It is important to wait for
the software (6.1.6) prompt before positioning the nozzle.

8.5.2.6 When the curve has reached its peak and a downcurve sign is indicated, stop the test and record
the Cyax read-out value.

[fthe maximum torque, Cpyax, reaches (1,10 = 0,05) Nm, allow the curve complete development for 45 min.

8.5.2.7 Remove the injection nozzle from the removable cover (6.1.4) and position it above the water
tank (6.1.2).

8.5.2.8 Remove the dough-mixer bowl and mixing arms (6.1.3), and clean.
8.5.2.9 Re-assemble the dough-mixer and reposition it on the Mixolab®.1)
8.5.3 Full test

8.5.3.1 Use the program menu (6.1.6) to define the protocol to perform test: Chopin+ for flour and
Chopin Wheat+ for wholemeal.

8.5.3.2 Use the program menu (6.1.6) to set the test conditions, specifying the hydration figure used in
the previous test (8.5.2), the sample moisture content determined in 8.3, and the Cpax torque obtained in
the previous test (8.5.2).

8.5.3.3 Use the laboratory scale (6.2) to weigh out the quantity of flour stipulated by the device (6.1.6).

8.5.3.4 Boot the test, and introduce the weighed flour into the dough-mixer (6.1.3).

8.5.3.5 Position the water-injection nozzle (6.1.5) in its place above the cover. It is important to wait for
the software (6.1.6) prompt before positioning the nozzle.

8.5.3.6 Monitor the dough behaviour during the first few minutes of the test.

If the maximum torque, Cpax, reaches (1,10 + 0,05) Nm, allow the curve complete development for
45 min, if Cyax does not reach (1,10 + 0,05) Nm, stop the test, record the Cpax read-out value, and go
back to 8.5.2.6.

8.5.3.7 Remove the injection nozzle from the removable cover (6.1.4) and position it above the water
tank (6.1.2).

8.5.3.8 Remove the dough-mixer bowl and mixing arms (6.1.3), and clean.
8.5.4 Parameter recordings

8.5.4.1 Measuring points for water absorption

C1 is the first maximum consistency of the dough and corresponds to the target consistency that needs
to be achieved. It shall be in the range 1,05 Nm to 1,15 Nm.
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8.5.4.2 Parameters giving information on dough behaviour

C2 is the minimum consistency obtained during curve development and corresponds to the lowest point
on the curve after C1, when the temperature applied to the bowl is on the increase.

C3 is the maximum consistency obtained after starch gelatinization and corresponds to the peak
consistency value obtained after C2, or consistency value at the end of 90 °C phase if there is no peak. C3
is related to starch granules swelling under the effect of the heat.

C4 is the minimum consistency obtained after starch gelatinization and corresponds to the drop in
consistency after C3 during the kneading period at 90 °C. This drop can only be calculated if it reaches
89 % of the C3 value.

C5 is the final consistency of the dough and corresponds to the dough consistency at the end of the test,
after the cooling phase.

Stability corresponds to the calculated time during the dough maintains a consistency higher than
C1-11% = C1.

Time T1 which corresponds to the time needed to reach torque C1.

Temperatures D1, D2, D3, D4, and D5, which correspond to an estimation of dough temperatures at test-
point characteristics C1, C2, C3, C4, and C5, respectively.

9 Expression of results

Express the results for torque values C1, C2, C3, C4, and C5 to the nearest 0,01 Nm.

Express stability, Ts, and time T1 to the nearest 0,01 min.

Record dough temperature estimations (D1, D2, D3, D4, and D5) to the nearest 0,1 °C.

See Figures A.1 and A.2.

10 Precision

10.1 Interlaboratory tests

See Annex B. The values derived from this interlaboratory test campaign may not be applicable to other
Mixolab®1) parameters, concentration ranges or wholemeals and flours from grains other than wheat
(Triticum aestivum L.).

10.2 Repeatability limits, r

The repeatability limit is the value below which the absolute difference between two single test results
obtained under repeatability conditions may be expected to lie with a probability of 95 %.

Water absorption, Hy,o:T= 0,29%x2,8=0,8
C2:r=0,013x2,8=0,04
C3:r=0,019 x 2,8 =0,05
C4:r=0,029 x 2,8 =0,08

C5:r=0,078 x2,8=0,22

A~ TAA Anan .
Copyright International Organization for Standardization ~ All I‘lghtS reserved 5
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 11/30/2013 21:56:39 MST



IS0 17718:2013(E)

Stability, Ts: r = (- 0,090 2 x Ts + 1,276 2) x2,8
Time T1: r= (0,081 4 x T1 + 0,125 2) x 2,8
D1:r=0,567x2,8=1,6
D2:r=0,651x2,8=1,8
D3:r=0,781%x2,8=2,2
D4:r=0,767x2,8=2,1
D5:r=0,741%x2,8=2,1

10.3 Reproducibility limits, R

The reproducibility limit is the value below which the absolute difference between two test results
obtained under reproducibility conditions may be expected to lie with a probability of 95 %.

Water absorption, Hy,0° R=0,75x2,8=2,1
C2: R=0,027 x2,8=0,08

C3:R=0,076 x 2,8 =0,21

C4: R=0,090 x 2,8 = 0,25

C5:R=0,190 x 2,8 = 0,53

Stability, Ts: R = (-0,151 3 x Ts + 2,201 4) x 2,8
Time T1: R= (0,171 6 x T1 + 0,114 7) x 2,8
D1:R=0970x2,8=27

D2: R=1,585x%2,8=4,4

D3: R=1,691x 2,8=4,7

D4: R=(-0,3798 x D4 + 33,649) x 2,8

D5:R=2,724x2,8=76
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10.4 Critical difference, d¢

10.4.1 General

The critical difference is the deviation between two values obtained from two test results under
repeatability conditions.

10.4.2 Comparison of two measurement groups in the same laboratory

The critical difference for comparing two average values obtained from two test results in the same
laboratory, under repeatability conditions is given by:

dc ,=2,8s, ,ZL+2L=2,85,,\/§=1,98S,,
’ ny  anp

where
Sr is the repeatability standard deviation;
ni, ny are the number of test results for each of the average values — here, n1 and n; equal 2.

10.4.3 Comparison of two measurement groups in two different laboratories

The critical difference for comparing two values obtained from two test results in two different
laboratories, under repeatability conditions is given by:

2ny  2ny
where
Sr is the repeatability standard deviation;
SR is the reproducibility standard deviation;
ni, n2 are the number of test results for each of the average values — here, n1 and ny equal 2.

10.5 Uncertainty, u

Uncertainty, u, is a parameter characterizing the dispersion of values that may reasonably be attributed
to the result. The uncertainty figure is established based on a statistical distribution of results derived
from the interlaboratory test, and is characterized by the experimental standard deviation.

For each parameter, uncertainty can be considered as +2sg, where sp is the standard deviation of
reproducibility stated in this International Standard.

11 Testreport

The test report shall contain at least the following information:

a) all information necessary for the complete identification of the sample;
b) the sampling method used, if known;

c) the test method used, with reference to this International Standard (ISO 17718:2013);
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d) all operating details not specified in this International Standard, or regarded as optional, together
with details of any incidents which may have influenced the test result(s);

e) the testresult(s) obtained;

f) if the repeatability has been checked, the final quoted result obtained.

o .
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Annex A
(informative)

Mixolab®1) parameters location

As an example, Figures A.1 to A.3 give information about the location of the Mixolab®1) parameters
measured. At point C1 in Figures A.1 to A.3, the angled (red) line plots the bowl temperature, in degrees
Celsius, the ascending sinuous (pink) curve the dough temperature, in degrees Celsius, the descending
sinuous (blue) curve the smoothed measured torque, in newton metres. The horizontal (purple)
lines indicate the target consistency area (1,10 = 0,05) Nm, which shall be achieved during the water
absorption determination.

Key

C1 first maximum consistency of the dough (used for water absorption determination)
C2 minimum consistency obtained during curve development

C3 maximum consistency obtained after starch gelatinization

C4 minimum consistency obtained after starch gelatinization

C5 final consistency of the dough

Figure A.1 — Location of torque-related parameters of interest on the Mixolab®1) curve
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Key

D2 estimation of dough temperature at consistency C2

D3 estimation of dough temperature at consistency C3

D4 estimation of dough temperature at consistency C4

D5 estimation of dough temperature at consistency C5

T1 time required for the dough to reach the target consistency C1

Figure A.2 — Location of time T1 and dough temperature estimations on the Mixolab®1) curve

an .
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C1-11%xC1

Key
C1-11 % x C1 consistency at which stability is reached
Ts time at which stabillity is reached

Figure A.3 — Location of stability on the Mixolab®1) curve (expanded view of the first 8 min)
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Annex B
(informative)

Results of the interlaboratory test on flour and milled wheat samples

Theinterlaboratorytestwasorganizedin 2006-05by Chopin Technologiesandinvolved 13 internationally
recognized laboratories.

Testing was conducted according to the recommendations set out in ISO 5725-2,[1] ISO 5725-3,[2] and
ISO 5725-6,[3] on 12 wheat samples and 10 flour samples selected to cover a broad range of values for
each of the test parameters measured. The results of statistical analysis are given in Tables B.1 to B.12
and Figures B.1 to B.12.

Flours produced from the test wheat wholemeal were obtained from a single laboratory. Consequently,
milling process variability is not accounted for in the reproducibility calculations. Two of the 12 selected
wholewheat samples were double blind: samples B3 and B7, and samples B9 and B12.

All tests were conducted under repeatability conditions, except for water absorption tests which the
laboratories conducted according to the operating procedures set out in 8.5.2. The precision values for
this parameter are taken from NF V03-765(6] and are given here for illustrative purposes only. See Table
B.1 and Figure B.1.

Table B.1 — Statistical results for water absorption

Flour
Parameter
G H F D E B C A

Number of laboratories or tests 12 12 11 10 10 12 11 10

Mean value, .UHZO % 51,7 | 51,7 | 53,8 | 56,0 | 569 | 58,8 | 61,8 | 62,8

Repeatability standard deviation, s, % 0,26 | 0,33 | 0,35 | 0,27 | 0,19 | 0,38 | 0,27 | 0,28

Coefficient of variation, Cy , (sr/ :UHZO ,) % 0,5 0,6 0,7 0,5 0,3 0,6 0,4 0,4

Repeatability limit, r (2,8 x sy) 0,7 0,9 1,0 0,7 0,5 1,1 0,7 0,8

Reproducibility standard deviation, sg, % 0,89 | 0,95 | 0,79 0,5 0,51 | 0,92 | 0,76 | 0,65

Coefficient of variation, Cy, r (sr/ Hy,0- ) % 1,7 1,8 1,5 0,9 0,9 1,6 1,2 1,0

Reproducibility limit, R (2,8 x sg) 2,5 2,6 2,2 1,4 1,4 2,5 2,1 1,8
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Key
s standard deviation 1 standard deviation of reproducibility,
sp=-0,0149 Hy,0 + 1,5934 R2=0,1284
Uy, Mean water absorption 2 standard deviation of repeatability,
2

sr=-0,001 6/,LH20, +0,3826 R2=0,0131

The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of

water absorption.
r=029x28=08
R=0,75x2,8=2,1

Figure B.1 — Relationship between precision standard deviations and mean water absorption
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Table B.2 — Statistical results for C2

Common wheat (B) and flour (F) sample

Parameter

F11 F6 F5 B6 B11 B13 F8 B3 B7 F9 BS
Number of laboratories or tests 11 12 12 11 11 11 12 11 11 12 11
Mean value, C2, Nm 037 | 038 | 039 | 045 | 046 | 046 | 047 | 047 | 048 | 049 | 049
Repeatability standard devia- 0,017 | 0,013 | 0,012 | 0,01 | 0,011 | 0,016 | 0,007 | 0,015 | 0,018 | 0,008 | 0,016
tion, s, Nm
Coefficient of variation, Cy, r (s;/ c2 5 3 3 2 2 3 1 3 4 2 3
) %
Repeatability limit, r (2,8 x 5,) 0,05 | 004 | 003 | 003 | 003 | 004 | 002 | 004 | 005 | 002 | 004
Reproducibility standard devia- | 53 | (059 | 0022 | 0,023 | 0,026 | 0,033 | 0,022 | 0,025 | 0,041 | 0,016 | 0,029
tion, sg, Nm
Ciefficient of variation, Cy g (Sr/
2)% 6 6 6 5 6 7 5 5 9 3 6
Reproducibility limit, R (2,8 x sg) 0,06 | 006 | 006 | 006 | 007 | 009 | 006 | 007 | 011 | 0,04 | 0,08

Common wheat (B) and flour (F) sample
Parameter

F7 F4 B2 F10 B8 F12 F3 B9 B12 B10 B4
Number of laboratories or tests 12 12 11 12 10 12 12 11 11 11 11
Mean value, C2, Nm 050 | 050 | 052 | 052 | 052 | 057 | 058 | 058 | 060 | 060 | 0,63
Repeatability standard devia- 0,009 | 0,01 | 0,006 | 0,009 | 0,016 | 0,012 | 0,018 | 0,019 | 0,01 | 0,014 | 0,017
tion, s, Nm
Coefficient of variation, Cy, r (sr/ c2 2 2 1 2 3 2 3 3 2 2 3
) %
Repeatability limit, r (2,8 x s,) 0,02 | 003 | 002 | 002 | 004 | 003 | 005 | 005 | 003 | 004 | 005
Reproducibility standard devia- |  o,5 | (025 | 0,029 | 0,027 | 0,031 | 0,026 | 0,022 | 0,039 | 0,028 | 0,032 | 0,029
tion, sg, Nm
Coefficient of variation, Cy, g (sr/
2)% 5 5 6 5 6 5 4 7 5 5 5
Reproducibility limit, R (2,8 x sg) 0,07 | 007 | 008 | 007 | 009 | 007 | 006 | 011 | 008 | 0,09 | 008
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0,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65
C2/Nm
Key
s standard deviation 1 standard deviation of reproducibility,
sg=0,0306C2 +0,0118 R2=0,1423
2 mean minimum consistency obtained during 2 standard deviation of repeatability,
curve development s-=0,0067C2 +0,0095 R2=0,0146

The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of
mean C2 level.

r=0,013 x2,8=0,04
R=0,027 x2,8=0,08

Figure B.2 — Relationship between precision standard deviation and mean C2
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Table B.3 — Statistical results for C3

Common wheat (B) and flour (F) sample

Parameter

B11 F9 B3 B7 B5 B13 B6 B10 F10 F3 F12
Number of laboratories or tests 11 12 11 11 11 11 11 4 3 6 12
Mean value, C3, Nm 1,59 | 1,75 | 1,76 | 1,79 | 1,83 | 1,84 | 1,84 | 1,84 | 191 | 192 | 192
?eﬁf:l’tab‘my standard deviation, | 516 | 0015 | 0,017 | 0,018 | 0,014 | 0,016 | 0,021 | 0,004 | 0,007 | 0,039 | 0,015

N
Coefficient of variation, Cv, r (sr/
G3)% 1 1 1 1 1 1 1 0 0 2 1
Repeatability limit, r (2,8 x 5,) 0,04 | 004 | 005 | 005 | 004 | 004 | 006 | 001 | 002 | 011 | 0,04
Reproducibility standard devia- 0,09 | 0,043 | 0,068 | 0,089 | 0,068 | 0,079 | 0,079 | 0,058 | 0,069 | 0,08 | 0,082
tion, sg, Nm
Coefficient of variation, Cy g (sr/
6 2 4 5 4 4 4 3 4 4 4

C3)%

Reproducibility limit, R (2,8 x sg) 0,25 0,12 0,19 0,25 0,19 0,22 0,22 0,16 ,019 0,22 0,23

Common wheat (B) and flour (F) sample

Parameter
F7 F5 B2 B4 B8 F6 F4 B9 B12

Number of laboratories or tests 11 6 11 10 9 4 12 11 11

Mean value, c3 ,Nm 194 1,97 1,99 2,01 2,01 2,01 2,03 2,10 2,13

Eeﬁ‘:tab‘my standard deviation, | o513 | 929 0,01 0,045 | 0021 | 0026 | 0019 | 0029 | 0,015

n

Coefficient of variation, Cv, r (sr/

C3) % 1 1 1 2 1 1 1 1 1

Repeatability limit, r (2,8 x s;) 0,04 0,08 0,03 0,12 0,06 0,07 0,05 0,08 0,04

Reproducibility standard devia- 0,059 0,029 0,079 0,085 0,158 0,062 0,084 0,079 0,077

tion, sg, Nm

Cﬁefficient of variation, Cy, g (Sr/

C3) % 3 1 4 4 8 3 4 4 4

Reproducibility limit, R (2,8 x sg) 0,16 0,08 0,22 0,24 0,44 0,17 0,23 0,22 0,21
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Key
s standard deviation 1 standard deviation of reproducibility,
sp=0,0193C3 +0,0387 R2=0,0146
3 mean maximum consistency obtained after starch2 standard deviation of repeatability,
gelatinization $r=0,0164C3 -0,0123 R2=0,0646

The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of

mean C3 level.
r=0,019 x 2,8 =0,05
R=0,076 x2,8=0,21

Figure B.3 — Relationship between precision standard deviation and mean C3

Copyright International Organization for Standardization ~ All rightS reserved
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

17

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
Not for Resale, 11/30/2013 21:56:39 MST



IS0 17718:2013(E)

Table B.4 — Statistical results for C4

Common wheat (B) and flour (F) sample

Parameter

B11 B3 B7 BS B13 B6 F9 B8 B10 | B12 B2
Number of laboratories or tests 11 11 11 11 11 11 12 9 4 12 11
Mean value, C4, Nm 095 | 1,24 | 1,32 | 1,40 | 146 | 147 | 163 | 1,71 | 1,73 | 175 | 1,78
?eﬁf:l’tabi“ty standard deviation, | 515 | 0017 | 0,018 | 0,021 | 0,024 | 0,033 | 0,022 | 006 | 0,013 | 0,065 | 0,02
N
Coefficient of variation, Cv, r (sr/
4% 2 1 1 2 2 2 1 4 1 4 1
Repeatability limit, 7 (2,8 x 5,) 004 | 005 | 005 | 006 | 007 | 009 | 006 | 017 | 004 | 018 | 0,06

Reproducibility standard devia-

. 0,08 0,084 | 0,225 | 0,091 0,06 0,068 | 0,052 0,144 | 0,136 0,103 | 0,087
tion, sg, Nm

Cgefficient of variation, Cy, g (Sr/
C4)%

Reproducibility limit, R (2,8 x sg) 0,22 0,23 0,62 0,25 0,17 0,19 0,14 0,40 0,38 0,29 0,24

Common wheat (B) and flour (F) sample

Parameter
F3 F7 F10 F4 F5 B4 F6 B9 B12
Number of laboratories or tests 6 11 3 12 6 10 5 11 11
Mean value, C4 ,Nm 1,85 1,85 1,85 1,90 191 1,92 1,92 1,95 1,99
?eﬁ‘:tab‘my standard deviation, | o453 | 0019 | 0,011 0,05 0024 | 0043 | 0022 | 0032 | 0017
n
Coefficient of variation, Cv, r (sr/
C4) % 3 1 1 3 1 2 1 2 1
epeatability limit, r (2,8 x s, ) N y ) ) ) ) ) )
R bility limi 2,8 0,15 0,05 0,03 0,14 0,07 0,12 0,06 0,09 0,05
Reproducibility standard devia- 0,072 0,068 0,075 0,095 0,037 0,075 0,109 0,014 0,13
tion, sg, Nm
(gefficient of variation, Cy, g (Sr/
C4) % 4 4 4 5 2 4 6 1 7
Reproducibility limit, R (2,8 x sg) 0,20 0,19 0,21 0,26 0,10 0,21 0,30 0,04 0,36
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0,50 1,00 1,50 2,00 2,50
C4/Nm
standard deviation 1 standard deviation of reproducibility,

sp=-0,027 6C4 +0,1373 R2=0,0338

mean minimum consistency obtained after starch 2 standard deviation of repeatability,
gelatinization s+=0,0163C4 +0,0015 R2=0,0885

The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of
mean C4 level.

r=0,029x2,8=0,08
R=0,090 x 2,8=0,25

Figure B.4 — Relationship between precision standard deviation and mean C4
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Table B.5 — Statistical results for C5

Common wheat (B) and flour (F) sample

Parameter
B11 B3 B7 B5 F9 F4 B2 F5 F12 F3 F6
Number of laboratories or tests 11 11 11 11 12 12 11 12 12 12 12
Mean value, cs ,Nm 1,46 1,86 1,99 2,22 2,34 2,60 2,63 2,68 2,76 2,77 2,78

Repeatability standard deviation, | 431 | 975 | 0,057 | 0,087 | 0,064 | 0,09 | 004 | 008 | 009 | 0,248 | 0,052

S, Nm

Coefficient of variation, Cv, r (sr/

C5) % 2 4 3 4 3 3 2 3 3 9 2
Repeatability limit, r (2,8 x s) 0,09 0,21 0,16 0,24 0,18 0,25 0,11 0,22 0,25 0,69 0,14

Reproducibility standard devia-

) 0,147 0,161 0,215 | 0,242 | 0,134 0,19 0,128 | 0,162 0,222 | 0,248 | 0,187
tion, sg, Nm

Coefficient of variation, Cy g (sr/

a)% 10 9 11 11 6 7 5 6 8 9 7

Reproducibility limit, R (2,8 x sg) 0,41 0,45 0,60 0,67 0,37 0,53 0,35 0,45 0,61 0,69 0,52

Common wheat (B) and flour (F) sample

Parameter

F10 B9 B13 | F11 | B12 B6 B4 B10 B8 F8 F7
Number of laboratories or tests 12 11 11 11 11 11 11 11 10 12 12
Mean value, C5, Nm 200 | 292 | 293 | 293 | 299 | 302 | 303 | 314 | 322 | 344 | 373
?eﬁ‘:tab‘my standard deviation, | (64 | 0048 | 017 | 0,083 | 0,071 | 0,09 | 0,073 | 0,042 | 0,043 | 0,047 | 0,061
N
Coefficient of variation, Cv, r (sr/
C5) % 3 2 6 3 2 3 2 1 1 1 2
Repeatability limit, r (2,8 x s,) 023 | 013 | 047 | 023 | 020 | 025 | 020 | 012 | 012 | 013 | 017

Reproducibility standard devia-

. 0,174 0,183 0,28 0,176 0,16 0,238 | 0,179 | 0,224 | 0,134 | 0,212 0,175
tion, sg, Nm

Ciefficient of variation, Cy, g (Sr/
C5)%

Reproducibility limit, R (2,8 x sg) 0,48 0,51 0,78 0,49 0,44 0,66 0,50 0,62 0,37 0,59 0,48

2N .
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Key
s standard deviation 1 standard deviation of reproducibility,
sg=0,0122C5 +0,1563 R2=0,0237
cs mean final consistency of the dough 2 standard deviation of repeatability,

sr=0,0053C5 +0,0637 R2=0,003 4

The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of

mean C5 level.
r=0,078 x2,8=0,22
R=0,190x 2,8 =0,53

Figure B.5 — Relationship between precision standard deviation and mean C5
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Table B.6 — Statistical results for stability

Common wheat (B) and flour (F) sample

Parameter
F11 F6 F8 F5 B11 B5 B6 B8 B13 F10 F4
Number of laboratories or tests 11 12 12 12 11 11 11 10 11 12 12
Mean value, Ts ,min 4,69 5,64 6,45 7,07 8,19 8,22 8,30 8,77 8,87 9,13 9,35

Repeatability standard deviation, | o 597 | 759 | 0708 | 0,607 | 0,275 | 0,334 | 1,184 | 0,393 | 1,519 | 025 | 0,371

Sp, min

Coefficient of variation, Cy, r (sr/

Ts 13 13 11 9 3 4 14 4 17 3 4
S) %

Repeatability limit, r (2,8 x s) 1,65 2,02 1,96 1,68 0,76 0,93 3,28 1,09 4,21 0,69 1,03

Reproducibility standard devia-

. . 0,854 1,045 1,223 1,396 1,28 0,636 2,015 0,566 2,031 0,991 0,944
tion, sg, min

Coefficient of variation, Cy g (sr/

Ts ) % 18 19 19 20 16 8 24 6 23 11 10

Reproducibility limit, R (2,8 x sg) 2,37 2,89 3,39 3,87 3,55 1,76 5,58 1,57 5,63 2,75 2,61

Common wheat (B) and flour (F) sample

Parameter
F3 B3 B2 B7 | F12 F7 FO | B0 | B9 | B12 | B4
Number of laboratories or tests 12 11 11 11 12 12 12 11 11 11 11
Mean value, Ts , min 10,26 | 10,27 | 10,33 | 10,38 | 10,64 | 10,69 | 10,84 | 1094 | 11,30 | 1130 | 1142

Repeatability standard deviation, | o 51 | 305 | 9372 | 0197 | 0198 | 0,393 | 0,151 | 0,223 | 025 | 0,146 | 0,238

S, min

Coefficient of variation, Cv, r (sr/

Ts) % 3 3 4 2 2 4 1 2 2 1 2
Repeatability limit, r (2,8 x s) 0,86 0,84 1,03 0,55 0,55 1,09 0,42 0,62 0,70 0,40 0,66

Reproducibility standard devia-

) ) 0,5 0,363 0,477 0,342 0,413 0,661 0,369 0,315 0,37 0,309 0,608
tion, sg, min

Cﬁefficient of variation, Cy, g (Sr/
Ts)%

Reproducibility limit, R (2,8 x sg) 1,39 1,01 1,32 0,95 1,14 1,83 1,02 0,87 1,02 0,86 1,68

e L) .
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Ts/min
Key
s standard deviation 1 standard deviation of reproducibility,
sg=-0,1513Ts +2,2014 R2=0,3138
Ts mean stability 2 standard deviation of repeatability,

5,=-0,0902Ts +1,2762 R2=0,2544

The graph shows that the repeatability and reproducibility standard deviations are inversely proportional to the
mean stability.

r=(-0,0902x Ts + 1,276 2) x 2,8

R=(-0,1513x Ts +2,2014) x 2,8

Figure B.6 — Relationship between precision standard deviation and mean stability
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Table B.7 — Statistical results for time T1

Common wheat (B) and flour (F) sample

Parameter
F8 F6 F5 F11 F4 F3 B11 B13 B6 B8 B10
Number of laboratories or tests 12 12 12 11 12 12 11 11 11 10 11
Mean value, T1 ,min 0,99 1,20 1,24 1,29 1,36 1,53 2,35 2,77 3,19 3,63 4,11

Repeatability standard deviation, | 154 | (229 | 0139 | 0,177 | 0,184 | 0,216 | 0,778 | 0,096 | 0,192 | 0,474 | 0,536

Sp, min

Coefficient of variation, Cy, r (sr/

=y 19 19 11 14 14 14 33 3 6 13 13
T1)%

Repeatability limit, r (2,8 x s) 0,51 0,63 0,39 0,49 0,51 0,60 2,16 0,27 0,53 1,31 1,48

Reproducibility standard devia-

) ) 0,197 0,229 0,158 0,242 0,217 0,264 091 0,706 0,322 1,036 1,374
tion, sg, min

Coefficient of variation, Cy, g (sr/

T1)% 20 19 13 19 16 17 39 25 10 29 33

Reproducibility limit, R (2,8 x sg) 0,55 0,63 0,44 0,67 0,60 0,73 2,52 1,96 0,89 2,87 3,81

Common wheat (B) and flour (F) sample

Parameter
B4 B3 B7 B5 B2 F12 F7 F10 B9 B12 F9
Number of laboratories or tests 11 11 11 11 11 12 12 12 11 11 12
Mean value, T1 , min 4,56 5,18 5,27 5,61 6,24 6,26 6,63 7,07 715 7,15 7,36

Repeatability standard deviation, | 4 576 | 48 | 045 | 038 | 004 | 027 | 1,22 | 057 | 074 | 033 | 1,31

Sp, min

Cﬂsfficient of variation, Cy, r (sr/ 28 9 8 ; ) 4 18 8 10 < 18
T1)%

Repeatability limit, r (2,8 x s,) 3,53 1,32 1,24 1,06 0,11 0,75 3,37 1,58 2,04 0,90 3,63

Reproducibility standard devia-

) ) 1,45 0,72 0,89 1,35 0,62 0,73 1,57 1,25 1,1 1,57 1,44
tion, sg, min

Coefficient of variation, Cy, g (sr/

T1)% 32 14 17 24 10 12 24 18 15 22 20

Reproducibility limit, R (2,8 x sg) 4,02 1,99 2,45 3,74 1,72 2,01 4,35 3,47 3,04 4,34 3,99

A .
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T1/min
Key
s standard deviation 1 standard deviation of reproducibility,
sg=0,1716T1 +0,1147 R2=0,6245
T1 mean time 2 standard deviation of repeatability,

sr=0,0814T1 +0,1252 R2=0,2452
The graph shows that the repeatability and reproducibility standard deviations are proportional to the mean time,
T1.
r=(0,0814x T1 +0,1252) x 2,8
R=(0,1716x T1 +0,1147) x 2,8

Figure B.7 — Relationship between precision standard deviation and mean time, T1
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Table B.8 — Statistical results for D1

Common wheat (B) and flour (F) sample

Parameter
F7 F5 F11 F8 F3 F6 B11 F4 B4 B10 B13
Number of laboratories or 12 12 1 12 12 12 1 12 1 1 11
tests
Mean value, D1 ,°C 29,7 29,8 30,0 30,1 30,3 30,4 30,7 30,7 31,1 31,1 31,1

Repeatability standard

s o 0,624 0,601 0,766 0,542 0,542 0,571 0,727 0,501 0,421 0,605 0,407
deviation, s, °C

Coefficient of variation, Cy, r
(s// D1)%

Repeatability limit, r (2,8 x

) 1,73 1,66 2,12 1,50 1,50 1,58 2,01 1,39 1,17 1,68 1,13
-

Reproducibility standard

s o 1,273 0,964 0,766 1,225 0,745 1,328 1,318 1,115 0,964 0,98 1,072
deviation, sg, °C

Coefficient of variation,

Crr(sw/ D1) % 4 3 3 4 2 4 4 4 3 3 3
Reproducibility limit, R 3,53 2,67 2,12 3,39 2,06 3,68 3,65 3,09 3,67 2,71 2,97
(2,8 x sp)
Common wheat (B) and flour (F) sample
Parameter

B8 F9 B3 BS B7 F12 B9 B10 B2 B12 B6
Number of laboratories or 10 12 1 1 1 12 1 12 1 11 11
tests
Mean value, D1, °C 31,2 31,2 31,3 31,4 31,4 31,4 31,6 31,6 31,7 319 339

Repeatability standard

o o 0,392 0,86 0,51 0,466 0,567 0,528 0,891 0,539 0,472 0,404 0,533
deviation, s, °C

Coefficient of variation, Cy, r
(sr/D1) %

Repeatability limit, r (2,8 x

) 1,09 2,38 1,42 1,29 1,57 1,46 2,47 1,49 1,31 1,12 1,48
-

Reproducibility standard

- o 0,908 1,03 0,71 0,878 0,682 0,845 1,066 0,907 0,658 1,094 0,81
deviation, sg, °C

Coefficient of variation,

=7 2 2 2 2
Cyr(sr/D1) % 3 3 3 3 3 3 3
Reproducibility limit, R 252 | 286 | 195 | 243 | 189 | 234 | 295 | 251 | 182 | 03 | 224
(2,8 x sp)
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D1/°C
Key
s standard deviation 1 standard deviation of reproducibility,
sgp=-0,0848D1 +3,6053 R2=0,1408
D1 mean temperature corresponding to C1 2 standard deviation of repeatability,

sr=-0,0303D1 +1,5081 R2=0,0393
The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of
mean D1 level.
r=0,567x2,8=1,6
R=0,970x2,8=2,7

Figure B.8 — Relationship between precision standard deviation and mean D1
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Table B.9 — Statistical results for D2

Common wheat (B) and flour (F) sample

Parameter
B12 B9 B6 B8 B11 B3 B4 B7 B2 B10 B13
Number of laboratories or 1 1 1 10 1 1 1 1 1 1 1
tests
Mean value, D2 ,°C 56,1 56,3 56,8 56,8 56,8 56,9 56,9 56,9 57,0 57,1 57,4

Repeatability standard

o o 0,316 0,74 0,602 0,754 0,574 0,396 0,634 0,469 0,58 0,67 0,711
deviation, s, °C

Coefficient of variation, Cy, r
(s// D2) %

Repeatability limit, r (2,8 x

) 0,88 2,05 1,67 2,09 1,59 1,10 1,76 1,30 1,61 1,86 1,97
).

Réproducibility standard

I o 1,645 1,579 1,239 1,73 1,504 1,379 1,622 1,621 1,399 1,357 1,486
deylatlon, SR, °C

Céjefﬁiient of variation, Cy, g
(sr/ D2) %

Reproducibility limit, R 456 | 437 | 343 | 479 | 417 | 382 | 449 | 449 | 388 | 376 | 412

(2,8 xsp)
3 Common wheat (B) and flour (F) sample
Parameter
B5 F3 F12 F8 F10 F4 F11 F6 F7 F5 F9
Number of laboratories or 1 12 12 12 12 12 11 12 12 12 12
tests
Mean value, D2 ,°C 57,7 52,2 52,6 53,0 53,2 53,5 54,6 55,2 55,5 55,8 56,3
Repeatability standard 0,711 0,387

S o 0,641 0,737 0,89 0,835 0,884 0,725 0,934 0,439 0,692
deviation, s, °C

Coefficient of variation, Cy, r
(s/D2)%

Repeatability limit, r (2,8 x

) 1,78 2,04 2,47 2,31 2,45 2,01 2,59 1,22 1,92 1,97 1,07
-

Reproducibility standard

. o 1,917 1,677 1,241 1,636 1,475 1,578 1,483 1,844 1,97 1,553 1,944
deviation, sg, °C

Coefficient of variation, Cy g

= 2 4
(se/ D2) % 3 3 3 3 3 3 3 3 3
Reproducibility limit, R 531 | 465 | 344 | 453 | 409 | 437 | 411 | 511 | 546 | »30 | 538
(2,8 x sp)
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51,0 52,0 53,0 54,0 55,0 56,0 57,0 58,0
DZ/°C
standard deviation 1 standard deviation of reproducibility,
sg=0,0082D2 +1,1293 R2=0,0046
mean temperature corresponding to C2 2 standard deviation of repeatability,

sr=-0,0538D2 +3,6435 R2=0,292

The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of

mean D2 level.
r=0,651x28=1,8
R=1,585%x28=4,4

Figure B.9 — Relationship between precision standard deviation and mean D2
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Table B.10 — Statistical results for D3

Common wheat (B) and flour (F) sample

Parameter
B6 B13 B2 B11 B3 B7 B5 B8 B12 B9 B10
Number of laboratories or 1 1 1 1 1 1 1 9 1 1 4
tests
Mean value, D3 ,°C 75,2 75,8 77,3 77,3 77,5 78,0 78,2 79,0 79,1 79,2 79,2

Repeatability standard devia-

) o 0,85 0,679 0,669 0,558 0,458 0,794 0,88 0,628 0,821 0,858 0,408
tion, sy, °C

Coefficient of variation, Cy, r
(s/D3)%

Repeatability limit, r (2,8 xs;) | 2,35 1,88 1,85 1,55 1,27 2,20 2,44 1,74 2,27 2,38 1,13

Reproducibility standard

s o 1,311 1,566 1,856 2,09 1,546 2,113 2,194 2,474 1,485 2,221 1,336
deviation, sg, °C

Coefﬁiient of variation, Cy, g
(sr/D3) %

.[Reproducibility limit, R(2,8x | 3¢5 | 434 | 514 | 579 | 428 | 585 | 608 | 68 | 411 | 615 | 370

|sR)
: Common wheat (B) and flour (F) sample
Parameter
B4 F12 F10 F7 F4 F3 F9 F8 F5 F6
Number of laboratories or 10 12 3 11 12 6 12 8 6 4
; tests
Mean value, D3 ,°C 79,9 76,4 78,5 78,9 80,6 80,8 80,8 81,9 84,7 86,2

ﬁf}f}ejtitg“ty standarddevia-| 4 404 | 4101 | 0412 | 0907 | 0859 | 1,075 | 0675 | 0657 | 0873 | %767
N
Coefficient of variation, Cy, »
5/ D37 % 2 1 1 1 1 1 1 1 1 1
Repeatability limit, r (2,8 xs) | 4,06 3,05 1,14 2,51 2,38 2,98 1,87 1,82 2,42 212

Reproducibility standard

L ° 1,985 2,441 0,835 2,013 1,69 1,084 2,06 1,324 0,889 1,001
deviation, sg, °C

Coefficient of variation, Cy g

(sz/ D3) % 2 3 1 3 2 1 3 2 1 1

?I:’jp“’du“b”“y limit, R(2,8> | 5 5 6,76 2,31 5,58 4,68 3,00 571 3,67 2,46 2,77
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2
0,0
74,0 76,0 78,0 80,0 82,0 84,0 86,0 88,0
D3/°C
Key
s standard deviation 1 standard deviation of reproducibility,
sgp=-0,0844D3 +83781 R2=0,1988
D3 mean temperature corresponding to C3 2 standard deviation of repeatability,

s»=0,0102D3 - 0,0279 R2=0,0123

The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of
mean D3 level.

r=0,781x28=2,2

R=1,691x%x28=4,7

Figure B.10 — Relationship between precision standard deviation and mean D3
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Table B.11 — Statistical results for D4

Common wheat (B) and flour (F) sample

Parameter
B11 B3 B5 B10 B6 B7 B4 B8 B13 B2 B9
Number of laboratories or tests 11 11 11 4 11 11 10 9 11 11 11
Mean value, D4 ,°C 83,5 85,1 85,2 85,4 85,8 85,8 85,9 86,1 86,1 86,3 86,5

Repeatability standard devia-

. o 0,889 0,541 0,771 0,601 0,679 1,166 1,762 1,332 0,382 0,497 0,514
tion, s, °C

Coefficient of variation, Cy, - (sr/
D4) %

Repeatability limit, r (2,8 x s;) 2,46 1,50 2,14 1,66 1,88 3,23 4,88 3,69 1,06 1,38 1,42

Reproducibility standard

s o 2,623 1,729 1,705 2,332 1,344 2,261 2,391 1,448 1,462 1,595 1,639
deviation, sg, °C

Coefdeent of variation, Cy, p
(sr/ D4) %

Reproducibility limit, R(2,8x | 57 | 479 | 472 | 646 | 372 | 626 | 662 | 401 | 405 | 442 | 454

SR)
Common wheat (B) and flour (F) sample
Parameter

B12 F9 F12 F4 F7 F8 F5 F3 F10 Fé6
Number of laboratories or tests 11 12 12 12 11 8 6 6 3 4
Mean value, D4 (°C) 86,6 85,2 85,5 86,2 86,5 86,8 86,9 87,1 87,1 88,7
ﬁi‘r’le?tité‘my standarddevia- | ooy | 731 | 0574 | 0803 | 0892 | 0369 | 1458 | 0533 | o515 | 554

9N

Cﬁefficient of variation, Cy, r (sr/
D4 % 1 1 1 1 1 0 2 1 1 1
Repeatability limit, r (2,8 x s) 1,53 2,02 1,59 2,22 2,47 1,02 4,04 1,48 1,43 1,53

Reproducibility standard

- o 1,536 2,07 2,255 1,684 2,168 1,392 1,715 0,776 1,255 0,734
deviation, sg, °C

Coefficient of variation, Cy, g sr/

D4 ) % 2 2 3 2 3 2 2 1 1 1

ize]p“’d“‘“b”“y limit, R(28x | 405 | 573 | 625 | 466 | 601 | 38 | 475 | 215 | 348 | 2,03
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D4/°C
Key
s standard deviation 1 standard deviation of reproducibility,
sgp=-0,3708D4 + 33,649 R2=0,5685
D4 mean temperature corresponding to C4 2 standard deviation of repeatability,

s,=-0,0524D4 +5,2785 R2=0,0209

The graph shows that the repeatability standard deviations are constant whereas the reproducibility standard
deviations are proportional to the mean D4 level.

r=0,767x28=2,1

R=(-0,3798 x D4 + 33,649) x 2,8

Figure B.11 — Relationship between precision standard deviation and mean D4
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Table B.12 — Statistical results for D5

Common wheat (B) and flour (F) sample

Parameter
B11 B5 B3 B7 B13 B6 B9 B10 B12 B8 B2
Number of laboratories or 1 1 1 1 1 1 1 1 1 10 1
tests
Mean value, D5 ,°C 58,1 58,3 58,9 59,2 59,3 59,6 59,6 59,7 59,7 59,8 59,9

Repeatability standard

o o 0,732 0,566 0,642 0,649 0,531 0,643 0,884 0,568 0,74 1,201 0,796
deviation, s, °C

Coefficient of variation, Cy, r
(s//D5)%

Repeatability limit, r (2,8 x

) 2,03 1,57 1,78 1,80 1,47 1,78 2,45 1,57 2,05 3,33 2,20
-

Reproducibility standard

. o 2,433 2,630 2,438 2,762 2,639 2,532 2,928 2,99 2,425 3,043 2,348
deviation, sg, °C

Coefficient of variation, Cy g

(sr/ D5 )% 4 5 4 5 4 4 5 5 4 5 4
Reproducibility limit, R 674 | 728 | 675 | 765 | 731 | 701 | 811 | 828 | 672 | 843 | 650
(2,8 x sg)
Common wheat (B) and flour (F) sample
Parameter

B4 F9 F10 F4 F5 F7 F12 F8 F3 F11 F6
Number of laboratories or 1 12 12 12 12 12 12 12 12 11 12
tests
Mean value, D5 ,°C 60,2 58,7 59,3 59,4 59,8 59,8 59,8 59,9 60,0 60,2 60,6

Repeatability standard

A o 0,63 0,682 0,826 0,824 0,815 0,435 1,003 0,463 1,224 0,561 0,889
deviation, s, °C

Coeffiicient of variation, Cy, »
(s/ D5) %

Repeatability limit, r (2,8 x

) 1,75 1,89 2,29 2,28 2,26 1,20 2,78 1,28 3,39 1,55 2,46
-

Reproducibility standard

C ° 2,633 2,983 2,624 2,823 2,889 3,004 2,684 2,912 2,327 2,798 3,082
deviation, sg, °C

Coefﬁiient of variation, Cy, p
(sr/D5) %

Reproducibility limit, R 729 | 826 | 727 | 782 | 800 | 832 | 743 | 807 | 645 | 775 | 854

(2,8 x sg)

¥ .
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57,5 58,0 58,5 59,0 59,5 60,0 60,5 61,0

standard deviation 1 standard deviation of reproducibility,
sg=0,1056D5 -3,561 R2=0,0725

mean temperature corresponding to C5 2 standard deviation of repeatability,
s=0,077 4D5 - 3,8675 R2=0,0501

The graph shows that the repeatability and reproducibility standard deviations remain constant, regardless of
mean D5 level.

r=0,741x28=2,1
R=2,724x28=7,6

Figure B.12 — Relationship between precision standard deviation and mean D5
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