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INTERNATIONAL STANDARD

1SO 5530/4-1983 (E)

Wheat flour — Physical characteristics of doughs —
Part 4 : Determination of rheological properties using an

alveqgraph

0 Introfduction

The rheoldgical properties of doughs made from wheat flour
~ constitute [an important factor in their utilization value (for
breads, rugks and biscuits).

Throughodt the transformation process from wheat into bread
or other products, the rheological properties of doughs have
important applications :

— judging the quality of new varieties and estimating the
utilizatipn value of commercial wheats;

— determining the proportions of different wheats in_rgix-
tures before milling and checking the latter;

— defining commercial types of flour, detefnjining the
proportjons of various flours in a mixture andthé’constancy
of mixing.

Determinations using other types of apparatus (farinograph,
extensograph, valorigraph} will formrthe subjects of parts 1, 2
and 3 of tHis International Standard-

1 Scope and field©f application

This part ¢f 1ISO 5530/ specifies a method, using an alveo-
graph,t determining certain rheological properties of
doughs mdde frorm wheat flour (Triticum aestivum).

ISO 712, Cereals and cereal products — De
moisture content (Routine reference method).

termination of

1ISO 2170, Cereals and pulses — Sampling of mjlled products.

3 Principle

Rreparation of a dough of constant moisture
wheat flour and salt water, under specified condi
tion of test pieces of standard thickness from th
ial extension by inflating into the shape of a bub
the differences in pressure inside the bubble a
time. Assessment of the properties of the doug

content from
tions. Prepara-
e dough. Biax-
ble. Plotting of
a function of
from the sur-

face area under the cuive and the shape of the durve obtained.

4 Reagents

4.1 Sodium chloride solution.

Dissolve 25 g of sodium chloride, of recognized analytical qual-

ity, in distilled water or water of equivalent purit
to 1 000 mi.

4.2 Paraffin oil, sold by pharmacists unde
petrolatum liquidum (liquid paraffin), which is
ture of natural, liquid saturated hydrocarbons

2 References

ISO 660, Animal and vegetable fats and oils — Determination
of acid value and of acidity.2

y and make up

the name of
b purified mix-
obtained from

petroleum, With-an acid value 1ess than or equal to 0,05. Use
paraffin oil having the lowest possible viscosity [not more than
60 mPa.s (60 cP) at 20 °C], or oleic vegetable oil with an acid
value less than 0,4 (see 1SO 660), for example refined African
groundnut oil.

1) This International Standard has been drawn up on the basis of the Chopin alveograph (see figure 1), which is the only apparatus of this type

presently available.

The manufacturer provides, with the apparatus, a burette graduated in percentages for the moisture content of flour, a planimetric scale and a scale

allowing the extent of inflation to be measured.

2) At present at the stage of draft. (Revision of ISO/R 660-1968.)


https://standardsiso.com/api/?name=962a9683cdc2f6244b0035e7d166e845

ISO 5530/4-1983 (E)

5 Apparatus

5.1 Alveograph'! (with temperature regulator) having the
following characteristics :

— Rotational frequency of the

mixer blade 59 + 1 min-1
NOTE — Some older models have a rotational frequency of
60 + 1 min—1, This difference will not, however, have any effect on
the results.

7 Procedure
7.1 Preliminary checks

7.1.1 Before each test, check that the temperatures of the
mixer and the alveograph are 24,0 £ 0,2 °Cand 25,0 + 0,2 °C
respectively. Regulate the thermostat a sufficient time before
use so that these temperatures have stabilized. Also check
them while the equipment is in use.

7.1.2 Check regularly that the equipment is sealed (absence

— Height df the sheeting guides 12,0 = 0,1 mm

— Diametef of the sheeting

roller : large Hiameter 40,0 + 0,1 mm

— Diametef of the sheeting

roller : small [diameter 333 £ 0,1 mm

— Inner digmeter of the dough

cutter 46,0 = 05 mm

— Diametef of the opening in the

moving plate| (diameter of the test

piece subjected to inflation) 55,0 £+ 0,17 mm

—  Theoretical distance between

the fixed and moving plates once

they have been clamped down

(equal to thel thickness of the test

piece before finflation) 2,67 £ 0,00l mm

— Volume pf the glass burette

between indgx marks 0 and 25 625 +10 ml

— Volume |of the rubber

pear-shaped |bulb 18 + 2 (ml

— Time fo] emptying the burette

between thelindex

marks 0 and |25 23,00 £ 05 s

— Linear s(reed of the periphery

of the recording drum 55 + 0,1 mm/s
B.2 Burette, ¢f capacity 160°mi; graduated in 0,25 ml inter-
vals, or a burettg graduated-directly in percentages of moisture
content from 11|16 to 17,8\ %/(accuracy 0,1 %).
5.3 Balance, jaccurate to 0,5 g.

of hydraulic leakage or air leakage).

7.1.3 Check that the water level in the burette is [at index
mark 0.

7.1.4 Check regularly the rate at{which water risgs in the
burette H. The time for water to'flow between indéx marks
0 and 25 shall be exactly 23 + 0,5 s.

7.1.5 Check, using the~timer, the period of rotatign of the
recording drum whieh shall be exactly 60 s for one revolution
with a current of{frequency 50 Hz (or 60 Hz for rgcent ap-
paratus having amotor of this type)(or 55 s from stop|to stop).

NOTE — This corresponds to a linear chart travel of 302,5 mm in 55 s.

7.2 Preliminary operations

Z7.2.1 Determine the moisture content of the flour by the
method specified in ISO 712.

7.2.2 If necessary, bring the temperature of the|flour to
20 = 5 °C. The apparatus shall be used in a room where the
temperature is between 18 and 22 °C and the relative [humidity
is (65 + 15) %.

7.2.3 Determine, from the table, the quantity of the sodium
chloride solution (4.1) to be used in 7.3.1 to prepare the dough.

The values in the table have been calculated to obtain|constant
hydration, i.e. that of a dough made from 50 ml of sodium
chloride solution (4.1) and 100 g of flour with a moisture con-
tent of 15 %.

7.3 Mixing the dough

5.4 Timer.

5.5 Planimeter and/or planimetric scale.l

6 Sampling

Carry out sampling by the method specified in ISO 2170.

7.3.1 Place 250 g of flour, weighed to the nearest 0,5 g, in the
mixer. Secure the lid by tightening the two screws. Connect
the mixing blade to the speed reducer. Start the motor and the
timer. Pour in the required quantity of sodium chloride solution
(4.1) (see the table} in about 20 s through the hole in the lid.

Leave the dough to form for 1 min (including the 20 s for
pouring).

1) This International Standard has been drawn up on the basis of the Chopin alveograph {see figure 1), which is the only apparatus of this type

presently available.

The manufacturer provides, with the apparatus, a burette graduated in percentages for the moisture content of flour, a planimetric scale and a scale

allowing the extent of inflation to be measured.
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7.3.2 After this 1 min period, stop the motor and remove the
cover. Using a spatula, incorporate the flour and dough ad-
hering to the cover or in the corners with the dough, so that all
the dough undergoes hydration. Complete this operation in
1 min and replace the lid.

ISO 5530/4-1983 (E)

7.3.3 After this 1 min period (total 2 min), restart the motor.
Allow mixing to continue for 6 min.

7.3.4 After a total time of 8 min, stop mixing and proceed
with the extrusion.

Table — Volume of sodium chloride solution to be added as a function of the moisture content of the flour

Moisture Volume of sodium Moisture Volume of sodium Moisture Volume of sodium
content chloride to be added content chloride to be added content chloride to be added
of flour to 250 g of flour, ml of flour to 250 g of flour, mi of flour to 260 g of flour, ml

50 169,6 10,0 147,2 15,0 125,0
5]1 169,2 10,1 146,8 15,1 124,6
5|2 168,7 10,2 146,3 15,2 1241
53 168,3 10,3 145,9 15,3 123,7
5|4 167,8 10,4 145,5 15,4 123,2
5|5 167,4 10,5 145,1 15,5 122,8
5|6 166,9 10,6 144,6 15,6 122,3
5|7 166,5 10,7 144,2 15,7 1219
5|8 166,0 10,8 143,7 15,8 121,4
5|9 165,6 10,9 143,3 15,9 121,0
6|0 165,1 11,0 142,8 16,0 120,6
6}1 164,7 M 142,4 16,1 120,2
6]2 164,2 11,2 141,9 16,2 119,7
6|3 163,8 11,3 141;5 16,3 19,3
6]4 163,3 11,4 1410 16,4 118,8
6|5 162,9 11,56 140,6 16,5 118,4
66 162,4 11,6 140,1 16,6 117,9
67 162,0 1,7 139,7 16,7 1175
6,8 161,5 11,8 139,2 16,8 117,0
4,9 161,1 11,9 138,8 16,9 116,6
7.0 160,6 12,0 138,3 17,0 116,1
A1 160,2 121 137.9 171 115,7
12 1569,7 12,2 137,56 17,2 115,2
3 159,3 12,3 137,1 17,3 114,8
7.4 158,8 12,4 136,6 17,4 114,3
5 158,4 12,5 136,2 17,5 113,9
7.6 157,9 12,6 135,7 17,6 113,4
17 157,5 12,7 135,3 17,7 13,0
7.8 157,0 12,8 134,8 17,8 12,5
19 1566 12,9 134,4 17,9 12,1
4,0 1561 13,0 1339 18,0 11,7
q,1 165,7 13,1 133,56 18,1 11,3
g2 155,2 13,2 133,0 18,2 110,8
43 154,8 13,3 132,6 18,3 110,4
44 154,4 13,4 132,1 18,4 109,9
4,5 163,9 13,5 131,7 18,5 109,5
4,6 163,5 13,6 131,2 18,6 109,0
4,7 153,1 13,7 130,8 18,7 108,6

.8 15276 13,8 T30,3 18,8 108,1
8,9 152,2 13,9 129,9 18,9 107,7
9,0 161,7 14,0 129,4 19,0 107,2
9.1 151,3 14,1 128,9 19,1 106,8
9,2 150,8 14,2 128,6 19,2 106,3
9,3 150,4 14,3 128,2 19,3 105,9
9.4 149,9 14,4 127,7 19,4 105,4
9,5 149,5 14,5 127,3 19,5 105,0
9,6 149,0 14,6 126,8 19,6 104,5
9,7 148,6 14,7 126,4 19,7 104,1
9,8 148,1 14,8 125,9 19,8 103,7
9,9 147,7 14,9 125,5 19,9 103,3
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7.4 Preparation of test pieces

7.4.1 Reverse the direction of rotation of the mixing blade.
Open the extrusion aperture by raising the slide of the shutter
and place a few drops of oil {(4.2) on to the receiving plate
previously positioned in place. Discard the first 2 cm of the
dough.

7.4.2 When the_strip of extruded dough reaches the line in-

7.5.2 Start the test 28 min after mixing began.

First operation :
Switch lever A to position 1 (see figure 1).

Raise the upper plate B by rotating it through two revol-
utions.

Remove ring C and stopper D.

dicated by the srhall indented notches on the plate, rapidly cut
the dough with & backwards-and-forwards movement against
the guide. Slide the piece of dough on to the glass plate of the
sheeting system [which shall have been previously oiled.

7.4.3 Repeat the operation described in 7.4.2 three times and
leave the fifth pipce of dough on the receiving plate. Stop the
motor of the mixer.

7.4.4 When two pieces of dough have been placed on the
plate of the first|sheeting system, sheet them by means of the
previously oiled gteel roller, running it along the rails 12 times in
succession (3 |rapid backwards-and-forwards movements
followed by three slower ones). Repeat these operations with
two other pieceg of dough on the second sheeting system.

Cut, in a clean movement, dough test pieces from the pieces of
dough using the cutter. Cut away the surplus dough. Lift the
cutter containing the dough test piece, tilting it above thé
resting plate intgnded to receive the test piece. if the dough
sticks to the sides of the cutter, free it from below. If the)test
piece sticks to the glass, lift it up slightly and slide the.resting
plate under it. Jmmediately place each resting ‘plate in the
isothermal compartment {at 26 °C) of the alveograph. Proceed
in the order of ¢xtrusion, the first test piece\being placed on
top. Remove thd fifth dough piece from the receiving plate and
repeat these opgrations.

NOTE — After sofne experience, it\is'possible and preferable to carry
out the operations described in_7/4:3 and 7.4.4 continuously in one
sheeting system while the strip, of dough is being extruded.

7.5 Alveograph’test on dough test pieces

Ol the tixed plate £ andinner face of stopper D |
Slide the dough test piece to the centre of E»
Replace D and C.

Flatten the dough test piece by slowly lowering B (2 turns in
20 s).

Wait for 5 s.
Remove ring C and stopper D to free the dough tgst piece.
Second operatiof) :

Switch dever A to position 2.
Openttap F.

Squeeze the rubber bulb between the thumb and the index
finger and maintain the pressure. The dough tgst piece
should detach itself from the plate. If it does nof, slide it
gently by pushing against its edge with the finger
Close tap F and release the bulb.

Place the water reservoir H on the platform J.

Third operation :

Switch lever A to position 3 so that the dough tgst piece
starts to inflate and the recording drum starts to revolve.

Switch lever A to position 4 as soon as the dough bubble
ruptures.

Replace the water reservoir H on the work table.

Return iever A to position 1 and the recording drum to its

7.5.1 Leave the dough to stand, and place a sheet of re-
cording paper on the recording drum. Fill the pen with ink,
trace the zero pressure line and replace the drum at its starting
position.

original position.

7.5.3 Repeat the operations described in 7.5.2 on the four re-
maining dough test pieces.

Thus, five curves having the same origin are obtained.
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Figure 1 — Alveograph
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8 Expression of results

8.1 General

The results are measured or calculated from the five curves ob-
tained. However, if one of the curves deviates greatly from the
other four, particularly as a result of premature rupture of the
bubbile, it shall not be taken into account in the expression of

results (see figure 2).

8.6 Deformation energy W

An average curve is drawn on the basis of the averages of the
ordinates up to the average abscissa at rupture L : this replaces
the real curves in the calculations which follow. The area under
the curve, in square centimetres, is measured with a planimetric
scale or with a planimeter.

The deformation energy of the dough necessary for inflation of
the bubble until it ruptures, related to 1 g of dough, represented
by the symbol W, and expressed in 10-4 J, is calculated in the

8.2 Maximumn overpressure P

The average of
metres and mult

the maximum ordinates, measured in milli-
plied by 1,1, represents the value of the maxi-

mum overpressure P which is related to the resistance of the
dough to deformjation.

8.3 Average

The abscissa at r

abscissa at rupture L

ipture of each curve is measured in millimetres

on the zero Iine,J’starting from the origin of the curve up to the

point correspon
due to the ruptu
at the rupture p

8.4 Index of

This is the avera
ing scale and ¢

ing vertically with the clear drop in pressure
e of the bubble. The average of the abscissae
int of the curves represents length L.

swelling G

e of the swelling indices read from the swell-
brresponding with the rupture abscissae. Its

value is the sglare root of the volume of air, expressed in

millilitres, that is
(not including th
test piece).

8.5 P/L ratiq

This ratio is cony

necessary to inflate the bubble until it ruptures
e volume of air necessary to detach the dough

entionally called the curve configdration ratio.

Tollowing Thanmner «
vV
Reference calculation : W = 1,32 x—L—x S

where

V is the volume of air, in millilitres, equal to the $quare of
the swelling index G;

L is the average abscissa at rupture, in millimetres;

S is the areadinder the curve, in square centimefres.

Practical calculation : For most commonly used floufs having
swelling indices G between 12 and 26, the indicgs being
measured-by means of the scale, the following simplified for-
mula may be used :

W=2654x3S§

This coefficient is valid for :
a) a drum rotation time of 55 s from stop to stop;

b) awater flow period in the burette of 23 s betwgen index
marks 0 and 25.

C. +o b HE )
Curve-to-be-eliminated

Average of the maximum ordinates |

Abscissa at rupture

Average L o

Figure 2 — Alveograph — Curves obtained during a test
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8.7 Results
The results shall be considered as the results of a technological
test and expressed in the following manner :

P and L to the nearest unit {(without decimal fractions of
millimetres);

G to the nearest 0,5 unit (for example : 23 — 23,56 —
24...),

W to the nearest b units for flours with values of W less
than 200 (for example, scale of values : 150 — 155 — 160 —

1SO 5530/4-1983 (E)

— good mechanical state of the different parts of the ap-
paratus.

As an example, reproducibility under normal conditions can be
estimated as follows :

165...), pr to the nearest 10 units for flours with values of W
greater {han 200 (for example, scale of values : 250 — 260 —
270 — 280...).

9 Precision

9.1 Reproducibility

The reproducibility of the results depends on three principal
factors :

— acquracy of the determination of the moisture content
of the flour;

— strict adherence to the experimental procedures and
the chdcks laid down in the instruction manual supplied
with th¢ apparatus;

W coefficient of variation 8 %
P coefficient of variation 8 %
G coefficient of variation 5%

9.2 Repeatability

Under the best circumstances, repeatability mgy be substan-
tially lower than the values indicated in 9.1.

10 Test report

The test report shali show the method used and [the results ob-
tained. It shall.also mention all operating details not specified in
this International Standard, or regarded as optignal, as well as
any circumstances likely to have influenced the [results.

The“test report shall give all the details required for the com-
plete identification of the sample.
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