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The physical properties (elasticity, plasticity, porosity ete.) of the
crumb are important qualitative characteristics of bakery products. Both
from practical and theoretical points of view, it is very important to know
these characteristics, as well as the effect of various factors on these properties.
In our previous communications [1, 2] investigations in connection with the
effect of some additive agents (mashed potatoes, milk) on the physical pro-
perties of the crumb of bread were described.

In the present study the effect of other additives often used in the baking
industry, namely the effect of various fats on the physical properties of bread-
crumb is taken into consideration and the results of our investigations on the
subject are summarized.

The effect of various fats on the quality of bread and other products of
the baking industry were discussed by numerous research workers. It is gener-
ally stated that the crumb of breads prepared with fats has a fine pore distribu-
tion, and that the addition of fats always increases the volume of the bread
[3, 4, 5, 6]. However, there is no significant difference among the volume-
increasing effect of vegetable, animal and mixed fats.

Only few detailed data can be found in the literature on the alterations
in the physical properties of the crumb due to fats. Most of the investigations
are concerned with the effect of fat-addition on the staling of bread [4, 7, 8, 11].

Experimental

Two flours of type BL 112 with a farinographic water-absorbing capacity
of 62.59%, and 64.89, respectively, were used for our investigations. Both
flours had a baking quality of B,. The following fats were used: lard, butter,
margarine, refined and unrefined sunflower oil. Test breads are made according
to standards [9], with varying quantities of fats mentioned above. In order
to secure better mixing the solid fats were always added in molten state.

With the test breads the following investigations were carried out:
determination of the volume, determinations of the total, elastic and permanent
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deformations and of relative elasticity. The same methods were applied to the
investigations as described in our previous papers [1, 2], and SzaB6’s experiences
[10] collected in the course of his researches were also used.

1. Properties of the crumb of breads prepared with addition of lard

The test breads were made with 09, 2%, 49, 8%, and 129, of lard
calculated to the flour quantity employed. For an easy perusal the results are
given in diagrams. The data were also treated by mathematical-statistical
methods and the regression equations and correlation coefficients were calcul-
ated. The obtained regression equations and corresponding correlation coeffi-

cients are as follows:

Total deformation: T,= 026L +6.59 ryp = 0.845
Permanent deformation: P, = 029L - 1.70 rpy = 0.825
Elastic deformation: E; = —0.03L 490 rg = —0.168
Relative elasticity: RE;, = —231L +-173.9 rpg. = —0.759
Volume: Vp= 25 L-+970 ry, = 0.838

where L = per cents of lard used for preparing the bread.
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The data of the total deformation are shown in Diagram 1. It can be
seen the total deformation increases with increase of the lard contents and the
correlation is quite good. The permanent deformation significantly increases with
the lard contents too. (see Diagram 2.) On Diagram 3 the change of the elastic
deformation with the lard contents of breads is shown. According to the data,
the elastic deformation only changes a little, and the correlation is very slight.
As can be seen in Diagram 4 the relative elasticity decreases with the increase
of the lard contents. The correlation between the lard contents and the relative
elasticity is relatively good. On Diagram 5, the correlation between the volume
of test breads and lard contents can be studied; according to this diagram the
volume increases with the fat contents, and the correlation is quite good.
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As the data shown testify, the physical properties of the bread-crumb
significantly change, due to the influence of the added lard. The volume change
is the most striking, but the change of the total and permanent deformations
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is significant, too. The change of the deformations can be attributed to two
factors: on the one hand to the volume change, because, due to the volume
increase, the thickness of the pore walls decreases, and, on the other hand, it
can be attributed to the effect of the fat built into the framework of the
bread-crumb. It is very difficult to determine reliably the degree of change in
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the thickness and cross-sections of pore walls, furthermore the corresponding

change in the deformation due to volume increase. Namely, the pores have no
identical dimensions, nor is the distribution of the pores of different dimensions

equally uniform, finally, the pores are not of precisely regular shape. A
good and relatively simple approximative calculation can be made in that
case if the thickness of the pore walls is identical (see Fig. 1). In that case,
the total volume of the bread-crumb can be expressed as follows:

Vi=2a%y®
and the total volume of the pores
Vg=2a?

then the total volume of the solid phase is:
ViV — V= 2y —5ad

if @ = edge length of the supposedly hexahedron formed pore
ay = edge length of the hexahedron formed crumb surrounding the pore.
Furthermore, if 1/100 part of the total volume is designated with »
and the pore volume expressed in per cents with P, then the following equations
can be written:
Vi=2a%y®=100v
Vo=Za =P &)
Vi=2a%y? —2a®= (100 — P)v

From the above equations, the value of y can be expressed as follows:
3
. 100
y=1\ 5

P
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The value of @ can be expressed from equation I:

RIE

where N = number of the minute elementary hexahedrons.
The thickness of the pore walls can be expressed with the following equa-

tions:

3 ;3 .
Py 700
d:a(y—l):!ff‘l—/\—i- L/}%Q——l

while the cross-section of the pore wall of one elementary hexahedron can be

caleulated as follows:
3 ;3 \

Fe (1) = ] t ljl_} “;9_0_ — 1J 11

If the volume of the bread-crumb increases with ¥y per cent, then also
the edge length of the elementary hexahedron increases, and will amount to
az. The edge length of the internal hexahedron increases, too, and its value
amounts to ax. In like manner as above, the following equations can be written

for the increased crumb-volume:

Total volume: Vg =2 a3s8
Pore volume: Vg = 2 a3 «8

Volume of the solid phase: Vg = Vi = 2 a3z —2 qa3?
The following equations can similarly be written:

The values of x and z can be calculated from the above equations as

. 13/100;- Va

and

3—.—————.«
v= VP +P -
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With the aid of these expressions the thickness of the pore wall of the elemen-
tary hexahedron in the increased crumb-velume can be calculated as follows:

3 3 3
P 1/ V. P ,
dlzazuaxza(z—,xt)zljﬁ’ ]1 100]3' V"~—]/P_;)VA

The cross-section of the pore wall in the elementary hexahedron can be
expressed by the equation:

According to equations IT and III, the ratio of the cross-sections of the
pore walls in the original and increased crumb-volume, can be written as
follows:

Supposing that the deformations occurring under the influence of a
given force are inversely proportional to the cross-sections of the pore walls,
then, knowing the ratio f/f}. the increase of deformation due to volume increase
can be caleulated. This calculation gives, of course, only an approximative
value because, the exact shape and dimensions of the bread-crumb., the distribu-
tion of the pores of various dimensions as well as the occasional qualitative
differences of the solid framework forming the pore walls and depending on
the situation in the crumb are not known. Furthermore, as mentioned in our
first paper [1], during the deformation not only compressive but also bending
and shearing forces are acting; thus, the calculation is very complicated.
Testing the breads prepared with different fat contents, the ratios of the averf
age volume, of the total, permanent, and elastic deformations, as well as o-
the pore-wall cross-sections calculated as described above, the data of Table 1
are obtained. (Designations of the Table: 7 = volume, T = total deforma-
tion, P = permanent deformation, F = elastic deformation, f = cross-section
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of the pore-wall; the values with subscript 1 relate to breads prepared without
fat and those with subscript L relate to breads prepared with fat.)

Table 1
Quantity of fat
used to prepare Vg Ty Py, E;p fr
the bread A T, P, E, fr
% :
2 1,06 1,08 1,35 0,98 1,03
4 1.10 1.16 1,70 0,97 1,07
8 1,21 1.32 2,35 0.95 1,11
12 1,30 1,47 3,05 0.94 - 1.14

It is shown by the data of the Table that the degree of increase of the
total and plastic deformations with increasing fat contents surpasses the in-
crease of the quotient fi/f; obtained with approximating calculation. From
this fact, it can be inferred, that the difference between the physical properties
of the breads prepared with fat addition and the corresponding properties of
the crumb in breads prepared in a similar way but without fat addition is
not only due to the volume change. Consequently, the fats building into the
framework of the bread-crumb influence the physical properties of the frame-
work, too. The distribution of the fats added while preparing the crumb and
the situation of these fats in the paste and after baking in the crumb are not
correctly elucidated till now. According to the opinion of most of the research
workers, the fats are situated on the boundaries, and they are partly bound
by adsorption [6, 8, 12,13, 14]. It is very difficult to reliably prove the distribu-
tion of the fats because that is influenced by several factors as the method of
mechanically working the paste, the quantity of the added fats, the size and
quality of the surfaces in the system paste-bread, the properties of the added
fats (degree of unsaturation, number of the polar groups, etc.) etc. The super-
ficial fat layers of the paste weaken the gluten framework of the paste, make
easier the movement of the paste particles side by side which, until a certain
limit, advantageously influences the volume of the breads baked from the
paste.

As shown by our investigations, the fats to be found in the solid frame-
work of the bread-crumb weaken this framework. The degree of the total
deformation increases, that of the permanent deformation significantly
increases, while that of the elastic deformation slightly changes with the fat
addition. Taking into consideration the degree of decrease of the pore-wall
cross-section resulting from the volume increase, it can be stated that the elas-
ticity of the crumb significantly decreases. This fact is evidently shown by the
values of the relative elasticity decreasing with the fat content.

2 Periodica Polytechnica Ch. IV/3.
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2. Properties of the crumb of breads prepared with butter

Similarly to the previous test series, 0%, 2%, 4%, 8%, and 129, of butter
were used for preparing the test breads. The characteristic data of the physical
properties of the crumb are summarized on Diagrams 6,7, 8,9 and 10. The data
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were treated, as in case of the previous test series, and the following equations
for regression lines and correlation coefficients, respectively, were obtained:

Total deformation: Tg= 019B - 797 ryg = 0.649

Permanent deformation: Pg= 020B -+ 3.05 rpg = 0.675
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Elastic deformation: Eg= —001B-+ 493 rgg = —0.186
Relative elasticity: REp = —1.32 B -+ 62.1 reeg = —0.536
Volume: Vg= 15.8 B + 979 ryg = 0.536

where B = 9, quantity of butter used for preparing the breads.
It is shown by the test data that under the influence of the butter addi-
tion, the volume of the breads as well as the total and plastic deformations
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of the bread-crumb significantly increase. The correlation is significant in all
three cases, but the correlation coefficients are lower than in the case of lard.
If in this case the degree of the volume increase is compared to the increase
of deformation, respectively, as well as the change of the calculated pore-wall
cross-section (see Table 2), then it can be seen, that also in this case the increase
of the compressibility is higher than the decrease of the calculated pore-wall
cross-section. The degree of the elastic deformation slightly changes, moreover
it actually slightly decreases with the increase of the total deformation;
therefore, the relative elasticity significantly decreases with increase of the

butter content.

9%
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Table 2
Quantity of butter
used to prepare Vg T4 Py Ep fr
the bo;ead ?1— T, T E; fr
2 1.03 1,05 1.13 0,996 1,02
4 1,06 1.11 1.26 0.992 1.03
8 1.12 1,19 1,53 0,984 1,06
12 1,19 1,29 1.80 0.976 1,10

3. Physical properties of the crumb of breads prepared with margarine

Similarly to the aforesaid, the breads were prepared with addition of
0%, 2%, 4%, 8%,, and 129, of margarine. Theresults of the tests are summarized
in Diagrams 11, 12, 13, 14, and 15. The equation of the regression lines charac-
teristic for the correlation between the individual physical properties and the
margarine content, as well as the correspondent correlation coefficients are
as follows:
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T, = 022M-<% 672 ry, = 0713
Py= 019M-+ 190 rp, = 0.703
Ey= 003M-+ 482 rg, = 0169
REjy = —139 M+ 715  rppy = —0.559
V= 22 M+967T 1y, = 0.801

where M = 9%, quantity of margarine used to prepare the breads.
It is shown by the test data that under the influence of the margarine
addition, similar changes occur in the properties of the crumb as in the cases
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when adding lard or butter. In contrast to the previous two series, the only
difference consists in the fact that the elastic deformation slightly increases
with increase of the margarine content.

The correlation between the individual properties and the correspond-
ing values of the bread prepared without margarine is shown in Table 3.

Table 3
Qunn}it_v of !
pegecud vy Iy P B 4
brea t 1 P, E, fx
2 1.04 1,09 1.21 1.01 1.02
4 1.09 1.15 1.42 1.02 1,06
8 1.18 1,28 1,76 1.05 1.10
12

1,28 142 2,16 1.08 1,13

It is shown also by the data of Table 3 that in case of margarine the
degree of the increase of deformations also surpasses the degree of the de-
crease of the calculated pore-wall cross-section.

4. Physical properties of the crumb of breads prepared with refined sun flower

otl

For performing the experiments, from the liquid fats sunflower oil was
used in the same quantity as the other fats for the previous test series. The
data obtained during these investigations are shown in Diagrams 16, 17, 18,
19, and 20. The equations and correlation coefficients, respectively, obtained
by treating the data with mathematical-statistical methods, are the follow-
ing:

Total deformation: Tor= 0170r+ 664 rror = 0797

Permanent deformation: Py= 0170r - 1.66 rpo, = 0.835
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Elastic deformation: Eo = 0.0030r -+ 498 rgor = 0.023
Relative elasticity: REp = —149 0r - 74.5 rggor = —0.725
Volume: Vor = 20.50r - 966 ryvor = 0.787

where Or = 9 of the refined sunflower oil used for preparing the bread.

On basis of the Diagrams it can be seen that the changes of the crumb
properties occurring under the influence of the addition of the refined sunflower
oil are similar to those observed in the case of the other fats. The correlation
between the sunflower-oil content and the individual properties is good,
excepting elastic deformation. The change of the calculated pore-wall cross-
section and the degree of the change of the individual properties in comparison
with the corresponding data of the control bread are shown in Table 4.

Table 4
Quantity of refined
sunflower oil used Vor Tor Py, fi
to prepare the bread 7 T 71‘ ‘]ZY—
2 1,04 1,05 1,14 1,02
4 1.08 1,09 1,39 1,06
8 1,16 1,21 1,82 1,08
12 1,23 1,32 2,17 1,11

5. Physical properties of the crumb of breads prepared with addition of
unrefined sunflower oil

The tests were performed with breads prepared with addition of 09,
2%, 4%, 8%, and 129, of unrefined oil. The data obtained during the measure-
ments are summarized in Diagrams 21, 22, 23, 24, and 25. The equations of
the regression lines giving the correlation between the individual physical
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properties and the content in unrefined sunflower oilaswell as the corresponding
correlation coefficients are the following:

Total deformation: To= 0160 -+~ 749 7y = 0.718
Permanent deformation: Ps= 0150+~ 232 rpp = 0617
Elastic deformation: Eo= 0010+ 517 rgp = 0.047
Relative elasticity: RE; = —1.16 0 - 69.2 rpeo = —0.496
Volume: Vo= 184 0 - 992 ryo = 0.595

where O = 9, quantity of the unrefined sunfloweroilused to prepare the bread.

According to the test data, one can see that the three kinds of changes
of the deformations as well as the changes of the volume and of the relative
elasticity, have the same trend as in the case of breads prepared with refined
sunflower oil. The difference consists in the fact that the increase of the plastic
deformation is of smaller degree and the change of the relative elasticity is
also smaller than in case of the breads prepared with refined oil. It was not
possible, however, to prove a significant difference between the effects of the
two kinds of oils.

Table 5
! !
Quantity of uarefined |
sunflower oil used | Vo To ; Py fi
to preparrn:fthe bread | ”’f,-T ‘: T, B, } Fo
2 103 1.06 114 1,02
4 L1,07 | 1,10 1.29 1.04
8 1,15 | 1.18 1.57 1,08
12 1.23 1.26 1.86 1,11

The correlation between the changes of the individual deformations and
the calculated pore-wall cross-section (see Table 5) is similar to that observed
in the case of the other experiment series.

Acknowledgment is due to Mrs. I. ¥6zy for her technical assistance given during the
investigations.

Summary

The physical properties of the crumb of breads prepared with the addition of various
fats (lard, butter, margarine, refined and unrefined sunflower oil) were investigated. The total,
permanent, and elastic deformations as well as the relative elasticity of the crumb of bread,
moreover the volumes of the breads were determined.
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It was concluded that the total and permanent deformations of the erumb of breads
prepared with fat addition. as well as the volume of the breads inerease with the fat content
{between the investigated limits). The degree of the increase of the total and permanent defor-
mations is higher than the decrease of the pore-wall cross-section approximately calculated
on the basis of the volume increase. From this fact it can be inferred that the change of the
degree of deformation is the result not only of the volume increase but also of the structure-
weakening effect of the fat penetrating into the framework of the crumb. The elastic defor-
mation of the crumb of breads containing fats only slightly changes with the increase of the
fat content and the relative elasticity shows a significant decrease. No significant difference
could be shown by the investigations between the effects of the individual fats.
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