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EFFECT OF SPRING SETTINGS AND ABSORPTION ON
MIXOGRAMS FOR MEASURING DOUGH CHARACTERISTICS!

W. C. SHuEY? AND K. A. GiLLES?

ABSTRACT

Thirty-one different wheat varieties, ranging in protein content from
13.8 to 15.6%, averaging 14.6%,, were tested on a mixograph at spring
settings of 6, 8, 10, and 12 with a corresponding change in absorption of
80.0, 73.3, 66.7, and 60.09,, respectively. Some physical characteristics of the
mixograph were determined. Three readings of the mixograms — time to
peak, height of curve, and the angle of breakdown — were determined and
correlated with baking characteristics. The results showed that flours re-
spond differently to changes made on the mixograph. These changes suggest
that flours from wide genetic backgrounds fall into two or possibly three
broad classifications.

The Recording Dough Mixer and the Mixograph+* which evolved
from it have been extensively used as tools in quality testing (1,2,3,4)
as well as in the study of the influence of varietal and environmental
effects (5,6,7). Papers have been written describing mixograms and
methods of appraising them (8,9). Studies have been made, relating
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the various mixogram patterns to such baking characteristics as loaf
. volume and baking ingredients (10-14).
Even with the extensive use of the mixograph, little information
is available about the physical response of the instrument. Harris (15)
has reported a study on the effect of different operators on evaluating
mixograms. Harris and co-workers (16) also studied the effect that
temperature had on the mixograms. In this same source, Harris (16),
as well as Swanson and Andrews (17), gives some information regard-
ing the influence of absorption on the mixogram. ]
Because of limited available information, the study had two
objectives:
1) To determine some of the physical characteristics of the mixograph
and their influence on the mixogram; and
2). To see whether these effects due to the characteristics could be em-
ployed advantageously in testing flours for obtaining additional
information for quality evaluation.

Materials and Methods

Flours of 29 different wheat varieties from the 1963 crop grown in
six states at 13 locations were blended by varieties. The average flour
extraction of the blends ranged from 58.9 to 66.8%,, averaging 63.4%,;
average flour protein of the blends ranged from 13.8 to 15.69, averag-
ing 14.69.

The samples were milled in a Brabender Quadrumat Jr. Mill with
a modified flow, clothing the drum sieve with a No. 18 wire. The
throughs of the No. 18 wire were sifted on a Strand Sifter with a
No. 60 Tyler Mesh Sieve.” The flour was the throughs of the No. 60
wire.

The moisture content of all flour samples was adjusted to 14.0%,.

The flours were tested on a mixograph at spring settings of 6, 8, 10,
and 12, with a corresponding change in absorptlon of 80.0, 73.3, 66.7,
and 60.09,, respectively. ,

The flour weight was constant for each test at 30 g. The tempera-
ture was maintained at 25° = 0.1°C.

Three readings were determined from the curve: 1) the height in
cm. of the center of the curve at maximum height (H); 2) the length
in cm. of the curve to maximum height (L) or peak; and 3) the angle
of breakdown in degrees of the curve (A) after the peak. A repre-
sentative curve is shown in Fig. 1. ’

The baking formula used was as follows:

1009, flour 39, milk (NFDM)

29, salt 39, yeast
59, sugar 29, shortening
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Fig. 1. Sample mixogram with readings shown. H, maximum height in cm. of
the curve; L, length in cm. to maximum height or peak; A, angle of breakdown
in degrees of curve after maximum height.

The dough was mixed to development in a National Manufacturing
Micro mixer, using 25 g. of flour. A stralght-dough procedure of 105
min. to first punch, 45 min. to second punch, 30 min. to pan, and 55
min, proof time was used. The dough was baked in a small pup-loaf
pan for 20 min. at 415°F. in a revolving-shelf oven.

Results and Discussion

Mixograph characteristics were studied to determine the relation
of four spring settings and the torque. The torque was calculated for
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Fig. 2. Torque required to displace pen on chart to a height of 1.5, 3.0, 45, 6.0,7.6,
and 9.0 cm. for spring settings of ®, 12; ©, 10; v, 8; ¥, 6.
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each spring setting of 6, 8, 10, and 12 by measuring the weight re-
quired to displace the pen on the chart to a height of 1.5, 3.0, 4.5, 6.0,
7.6, and 9.0 cm. Figure 2 shows the torque required to displace the
pen at a given height for the spring settings studied. _

The lower spring settings of 6 and 8 show a curvilinear relation,
with the greatest curvature for the spring setting of 6. A straight line
was found for spring settings of 10 and 12 from 1.5 to 9.0 cm. The
same weight of 58 g. was required to displace the pen 1.5 cm. for all
four spring settings. At this displacement of 1.5 cm. there was no ten-
sion on the spring; therefore, only the weight of the spring and distance
that the spring was attached from the pivot of the arm were factors.
This accounted for the curvilinear relation at the lower spring settings,
since the weight of the spring-tended to overcome the weight required
to move the pen, and there was only partial tension on the spring.
Thus, two forces were involved, one constant, the other progressively
increasing. At the higher spring settings after the first displacement
of 1.5 cm., sufficient tension was placed on the spring so that the-
force was proportional to the characteristic of the spring.

This effect is further demonstrated in Fig. 3; the log of the torque

ct. Height

8000

" "
" »
" "

9.
1.
6.
4.
3.

0
6
0
5
0o

(0]
[ ]
v
v
X

6000

4000 -

. Toraug
g. cm,

2000. 7

1000 - T - T oy
I 8 o 12

SPRING SETTING

Fig. 3. Log of torque required vs. log of spring settings for given pen displace-
ments on chart,®, 9.0;®, 7.6;v, 6.0; ¥, 45; X, 3.0 cm., respectively."

was plotted against the log of the spring setting for a given set of dis-
placements. Since the weight at 1.5-cm. displacement was the same
for each setting, the straight line found must be a function primarily
of the radius of the arc. A curvilinear relation was found for the
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“8.0-cm. displacement, and the points were at a much steeper angle
‘than for the 1.5-cm. series. Parallel straight lines were found for the
remaining displacements with slopes of 1.11. The slope of the line
for the 1.5-cm. displacement was +0.53.

Thus, a transition took place between the 1.5- and 4.5-cm. dis-
placement to give rise to a family of curves which had the same slope
from 4.5 to 9.0 cm. This transition occurred when the tension on the
spring was sufficient to overcome the “sag weight” of the spring.

“The nonlinearity of the spring tension was checked independently
of the mixograph.  The extension of the spring was measured by
suspending the spring vertically at one end and adding weights to the
other. The data given in Fig. 4 show that the spring tension became
linear above 150 g., verifying results given in Figs. 2 and 3.
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Fig. 4: Extension characteristic of mixograph spring.

Because the samples were run at a constant absorption for the given
spring settings, adjustments were made in the absorption necessary to
center the curve at 7.6 cm. from the base line. This value (7.6 cm.) was
the average height of all of the tests. The average corrected absorption
for each setting was determined. The spring setting was plotted against
the average absorption. As shown in Fig 5, the straight line obtained
indicated that the absorptions from mixograms are proportional to
the spring settings.

. The log of the reciprocal of the absorpuon was found to be linearly
related to the torque (Fig. 6). This tends to corroborate the findings of
the data given in Fig. 2.

To study further the effect of spring setting and absorption on
mixogram patterns, the length of the curve (L) or peak was plotted
‘against the percent absorption (Fig. 7). Note that the points appeared
to fan out at the higher absorptions. The averages for each series of
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Fig. 5. Average absorption for given spring settings vs. spring setting.
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Fig. 6. Torque vs. log of the reciprocal of average absorption for given spring
settings.

spring settings are shown by the heavy solid dots through which a
curve was drawn. Not only did the range in the length become greater
as the spring setting decreased or the absorption increased, but the
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Fig. 7. Percent absorption vs. length of curve to maximum hexght L (peak).
Small dots, individual samples; large dots, average for given spring settings.

average results indicated that a curvilinear relation exists although
the correlation coefficient was +0.73. The range in length for the 6
and 12 spring settings were 17.0 and 4.7 cm., respectively. This verified
the observations of Swanson and Andrews (17), which showed that the
absorption influences the length of the curve, though they did not
change the spring setting in their study.

Straight lines, found when the logarithm of the length of the curve
was plotted against the absorption (Fig. 8), demonstrated that develop-

~ Length (cm)
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Fig. 8. Examples of the plot of the log of the length of the curve, L (peak) vs.
absorption of four different flour samples. i
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ment of a dough in this type of mixer was not directly proportional
to the absorption, but that it did vary with absorption. The slopes of
the lines varied, depending upon the variety; there appeared to be
three different families of curves from the slopes. Studies are now
being made to relate the slopes of these lines to quahty or some specific
characteristic of the sample.

Another striking observation noted from these data was the step-
wise change in length of the curve with absorption. It was found that
when the AL was plotted against the corresponding AAbs., a parabolic
curve was obtained; however, the samples fell into two categories. Some
of the samples gave parabolas in which the focus was negative to the ver-
tex, opening to the left (Fig. 9, A); in others the focus was positive to the
vertex- and opened to the right (Fig. 9, B). The equations for these
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Fig. 9. Average parabolas obtained plotting A absorption vs. A length, L (peak).

two parabolas were, respectively, y2 = —0.91x, and y2 = 0.71x.

The formulas were not merely opposite in sign; they also contain
different values which indicate that the two categories are distinctly
different. It is speculated that this difference in response to changes in
absorption could be related to the potential ability of the flour to
respond to continuous breadmaking.

In Table I are given the correlation coefficients of various mixo-
gram readings and baking results at the different spring settings. Only
a few of the more significant correlations are given. From the data
presented, it may be concluded that:

1. The angle of breakdown was affected by mixogram absorption.

2. The angle of breakdown was affected by the height of the mixo-
gram but decreased with decreasing absorption.

3. The mixogram absorption was significantly correlated with the



102 RESPONSE OF FLOURS TO MIXOGRAPH CHANGES Vol 43

TABLE 1
CORRELATION COEFFICIENTS OF VARIOUS MIXOGRAM READINGS AND BAKING RESULTS
AT DIFFERENT SPRING SETTINGS AND ABSORPTIONS -

SPRING SETTING AND ABSORPTION '

Facrors 2 6 8 10 12
' i 83.5 74.4 65.8 56.6
Avs. H " 0.75 0.61 0.55 0.06
A vs. M.Ab. 0.54 0.60 0.45 0.41

B.Ab. vs. M.Ab. o 0.47 0.41

B.Ab. vs. H 0.45 0.47 0.43 .
Mix time vs. L 0.64 0.69 0.69 0.72
Mix time vs. M.Ab. .. 0.64 0.52 0.55

a8 A = breakdown angle; H = center of curve at maximum height, in cm.; M.Ab. = mixogram absorption

required to center curve at 7.6 cm. at H; B.Ab. — bake absorption; mix time = bake mixing time;

L = length of curve to H, in cm.

baking absorption only at spring settings of 8 and 10. (This might be
- expected, since similar mixers are used for both.)

4. The baking absorption was correlated equally well with the
height of the mixogram as with the mixogram absorption, with the
exception of the data for a spring setting of 6.

5. Bake mixing time and length of mixogram (peak) had the high-
est correlation of the data recorded.

6. The relation between length and mixing time tends to be more
highly significant with increased spring setting. ‘

7. The bake mixing time was related to the absorption of the mixo-
gram for all of the spring settings except 6. These results would indi-
cate that the mixing time is related to the water absorption capacity
of the sample that is being tested.

The results of this study show that the different flours responded
differently to changes made on the mixograph. These changes indicate
that flours from a wide variation in genetic background fall into at
least two broad classifications and possibly three. The use of a given
spring setting for a series of flours may well rate the flours in a different
order from that with a different spring setting. Doubtless, reasons for
these inconsistencies are related to the curvilinear responses of the
mixograph itself, spring setting, and torque, and to the fact that
different flours will respond differently to a given set of conditions.
Therefore, when the mixograph is used to evaluate flour quality, much
more information can be ascertained by the use of two spring settings
and absorptions.

These results show that it is imperative, when comparing the mixo-
grams of two or more mixographs, that characteristics be determined.
The mixographs must be adjusted to have like characteristics before
the results can be compared.
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