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1. INTRODUCTION

Bread is one of the staple foods for ages. Nowabagause of the nutritional properties its

role in healthy nutrition is emphasized as well.

The Codex Alimentarius Hungaricus summarizes thguirements of food quality in
consumers’ defense, thus it contains standardsréads as well. In consumers’ point of view
the good quality bread crumb is soft and elasticcan be squeezed easily but after
compression recovers its original dimension. Acocgdo Hungarian Standards “Elasztigraf”
should be used to describe the elasticity of bozachb. The Codex Alimentarius Hungaricus
fixes the minimum of relative elasticity at a lew#l0.8. This value was also determined using
“Elasztigraph” and it means that a bread crumb $amuust recover at least 80% of its

original height after compression, otherwise ilsféine standards.

Due to the wide use of bread improvers bread crbetame softer and much more aerated
than that of traditional, old bread types, so thie@ological properties has been changed a lot
as well. Because of its limited measuring rangestifieaph is not able to determinate the total

deformation anymore.

As mentioned before, the texture of bread cruminglly influences the consumers’ opinion,
so the description of its rheological propertiesfisiigh importance. Therefore, development
of a simple, reliable measuring method for characgon of bread crumb is an actual and

essential task.

2. OBJECTIVES

The objectives of my thesis were as follows:

— Development of a new compression test method toluatea bread crumb
characteristics based on Elastigraph, considerr&yds probe, loading force and time.

— Determination the effect of sample size on the Itesand development a suitable
sample preparation method.

— To determine the effect of test speed and findiagetation among test speed and
measured properties.

— Determination of suitability of developed methodtésl on different bread types.

— Comparison results with the developed test methauttier accepted and widely used

methods.



3. MATERIALS AND METHODS

3.1 Implementation of Elastigraph-based test methodith TA.XT2 texture analyzer

For bread crumb quality evaluation Hungarian Steshd@quires the use of Elasztigraf.
Results are plotted on paper chart by this equiprdanng the whole measurement. From
created elastigram the value of the total (D) @ad@) and plastic (P) deformation can be

determined. These values describe the rheologate\or of bread crumb properly.

Elastigraph was implemented to Stable Micro Syst&is(T2 texture analyzer. To do that
TA.XT2 was used in relaxation test mode and a Bféde (75 mm diameter aluminum plate)
was fitted. The test force was set for 1875¢g aratl lvas held for 3 minutes similar to
Elastigraph. After that it was removed and the hiergcovery of bread crumb sample was
traced for another 3 minutes. Using relaxation mestle test speed, force and time should be
specified, after that texture analyzer carriestbetmeasurement automatically and there is no

need for manual control action.

The deformation-time diagram (fig. 1.) was recordgdthe own software of the texture
analyzer. From the curve the total (D), elastic @\ plastic (P) deformation can be
determined in millimeters. The R/D ratio can becakdted as well, it gives a value similar to
the relative elasticity of Elastigraph.
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Figure 1.: The deformation-time diagram plotted byTA.XT2 in relaxation test mode

In these experiments four different kinds of br¢dmhrna” with 70% rye-30% wheat flour,
“rozsos” with 35% rye-65% wheat, “félbarna” with %5rye-85% wheat and “fehér” with
100% wheat flour content) were involved. Becauseheir different composition different

bread crumb characteristics were supposed. Alldsregere tested on the day of baking,



measurements were carried out on a special spedjoyéindrical sample with a 56.5 mm

diameter and 50 mm height) with 5-5 replicatesgaoipment and bread type.

3.2. Development of measuring method

International standards such as the accepted methrodread evaluation of American
Association of Cereal Chemists (AACC) and thathef American Institute of Baking (AIB)
work on bread slices. Thus, | decided to go on wmthexperiments also on slices instead of
special shaped crumb specimens. It is obvious ithathis case the method based on
Elastigraph must be improved. The questions ofréstewere the dimensions of suitable

probe, the value of loading force and the periotesf time.

3.2.1 Determination of optimal size of probe

Practically, an obvious choice is a probe smat@ntthe size of slice surface. It should be
taken into account, that bread crumb especialliyahareads with high wheat flour content is
heterogeneous, often with relative big holes iffltis can lead to measurement errors at small
diameter probes. If the contact area of probe isiwilar size as slice surface, the harder

regions near the crust can also strongly influgheegesults.

Breads with 15% rye flour content (“félbarna”) weresolved in the experiments. Their
crumb is similar to that of wheat breads (“fehdatit more uniform. A simple, accepted bread
testing method based on AIB standard was chosethéomeasurements. The diameter of
tested probes was 10, 25, 35, 45 and 75 mm. Tast earied out on 15 mm thick bread

slices with 15-15 replicates.

3.2.2. Determination of loading force

In case of Elastigraph, the maximum deformation the equipment can measure is 60 %. So
| wanted to fix the force value which does not eausore than the mentioned 60%
deformation in case of wheat bread either. Experntmevere carried out on 15 mm thick
wheat bread slices. The test method chosen wassiMedorce in compression” the fitted
probe’s diameter was 35 mm, the maximum allowedievadf deformation was 60 % of

original sample height. The force to achieve defideformation was determined.

After that this force value was tested also onbdd&@ha”, “barna” and “rozsos” breads as well.
The number of replicates was 15-15 in case of ‘fehad “félbarna” and 12-12 in case of

“barna” and “rozsos” samples.



3.2.3 Determination of test time

As the third step of improving the measuring methtb@ optimal period of test time was
determined. Three different kinds of bread wereoiwed in experiments “fehér”, “rozsos”
and “barna” with 12-10-10 replicates pro bread aimz interval. Tests were carried out with
a 35 mm diameter probe, test force was 5 N. Inxedian test method the effect of 30, 60, 90

and 120 sec measuring time was investigated.

Based on time-deformation diagram, the total, elastd plastic deformation was determined

and the relative elasticity (R/D ratio) was calteth

3.2.4. Determination of test speed and sample prefion process
Experiments were carried out on breads containti¥g flye and 85% wheat flour (“félbarna”)

in 15-15 replicates.

In the first part of measurements a cylindricalcpen in 35 mm diameter was cut out of the
middle of 15 mm thick slices. This disk was loagath 5 N for 60 seconds in relaxation test
mode. A 75 mm probe was attached to the texturéyzera pre and post test speed was 2
mm/s. Two levels of test speed were investigat@dn@n/s and 1.7 mm/s. The 0.2 mm/s
refers to quasistatic loading and the 1.7 mm/$iesspeed value applied in AACC and AIB

standards.

After that with the same force, time and speedmgstmeasurements were carried out on
whole bread slices as well. In this case the midfilices was loaded; the applied probe was

35 mm in diameter.

From the deformation-time diagram the total, ptaatid elastic deformation were determined

and relative elasticity was calculated.

3.3. Determination of applicability of the developd test method
In these experiments six different kinds of breagdeninvolved, representing a wide range of

bread crumb texture.

Measurements were performed on 15 mm thick braeessin 20-30 replicates depending on
the dimensions of loaf. According to the developeethod, a cylindrical probe 35 mm in
diameter was attached to the texture analyzeredng@ment was used in relaxation test mode.
Test speed was 0.2 mm/s, and 5 N force was held@oseconds. As usual from the
deformation-time diagram the total, plastic andsttadeformation were determined and

relative elasticity was calculated as the R/D ratio



3.4. Correlation with other accepted and widely usttbread testing methods
The results of developed test method were comptrdtat of AIB standard and Texture
Profile Analysis. AIB standard describes the hasdna bread crumb with the force needed to

achieve 25 % deformation, while TPA uses sevenarpaters to describe the texture.

Tests were performed with texture analyzer fittathva probe 35 mm in diameter applying
different test modes. Three kinds of bread (“fehé&mzsos”, “barna”) were tested in these
experiments. Loaves were sliced into 15 mm thiegesl and at the both ends the first two
slices were discarded. Slices were loaded in tlteli®j the number of replicates were 40-36-

36 depending on the dimension of the loaf.

4. RESULTS AND DISCUSSION

4.1. Implementation of Elastigraph-based test methbwith TA.XT2 texture analyzer
Results of measurements carried out by Elastigeagh by TA.XT2 texture analyzer were
compared. If we rotate the elastigram with 90°mlisious, that its shape is very similar to the
shape of deformation-time diagram plotted by textamalyzer. The characteristics points of
elastigram can be found easily on deformation —titiagram as well. Within the measuring
limit of Elastigraph, the total and plastic defotioa for different bread types shows high
correlation with the results of TA.XT2. Therefore is able to replace the Elastigraph.
Measurements based on fundamental principle oftigtaph can be easily carried out by
texture analyzer. The negative effect of narrow sudaag limit (1000 elastigraph unit,
~30mm) could be eliminated; the special tables wgdd Elastigraph should be adapted. This
way the texture of present day’'s bread crumb cardésxribed by a reliable, precision

measurement.

4.2. Development of the measuring method

Following international standards’ requirements &aien into account the elaborated sample
preparation process of Elastigraph, | decided toogowith further experiments on bread
slices. To do that refining the method based orddumental principle of Elastigraph was

necessary.
4.2.1 Determination of the optimal size of the prob

The ideal probe is big enough to the effect of brggores but small enough to avoid the
harder near-crust region. The force to achieve ZBformation was determined using

cylindrical probes of different diameter. The navrerror bars for force values in case of 10,



25 and 35 mm probes indicates similar accuracyinfainto account the error bars of stress
values as well, the probe of 35 mm diameter isbkst choice, thus its use was suggested for

further measurements.

4.2.2. Determination of the loading force

It is obvious that the applied 1875¢g loading causesase of 15 mm thick slices drastic
deformation, thus decreasing of test force is rszngs The optimal value of load was
determined based on the force-deformation diagrarhs. chosen force value should not
cause more than 60% deformation in case of whesddsr but should be big enough to
achieve measurable deformation in case of dark,brgads. The force of 5N was found

acceptable, it causes ~40% deformation in caséhehinand 15% in case of rye breads

4.2.3 Determination of the test time
In quality control processes measurements shoulistshort as possible to ensure inmediate
control action if needed. Measurements with Elgsagh are rather time-consuming, one test

takes 6 minutes (3 minutes for loading 3 for uninggwithout sample preparation.

The structure of a 15 mm thick bread slice is mondre sensitive for mechanical influences
than a 50 mm high cylindrical bread crumb specinlérus creep and recovery needs less

time to occur in case of slices.

The objective of this part of work was to find tltkeal time period for the developed test
method.

If we have a look on coefficients of variables offal, plastic and elastic deformation and of
relative elasticity, we find that in case of 60 @eits the CV values are below 15 % for all
properties and bread types. At a time period o8 3LV varies between 2,9-46,58%, at 90 s
between 0,65-46,76% and at 120 s between 3,68%7,02

For further measurements a time period of 60 sahasen, thus the total measurement takes

about 2 minutes instead of 6 minutes of Elastigraph

4.2.4. Determination of the test speed and samplegparation process
Based on the results carried out at 0.2 and 1.7sntest speed, no significant difference was

found between the values of determined properties.

In case of nearly quasistatic measurement CV vateetower than that of 1.7 mm/s. So a test

speed of 0.2 mm/s was found to be optimal.



According to sample preparation, there is significalifference between results of
measurements carried out on bread crumb disks r@adi Islices because of different dynamic
effects between sample and probe. In case of velatasticity, total and plastic deformation
strong correlation was found between the valuessored on disk and slice. Therefore,
experiments could be carried out on bread slicete@d of cylindrical crumb specimens as

well, so the time-consumption of sample preparatiecreases.

4.3. Determination of the applicability of developd test method.

Applicability was tested on 6 types of bread. Tesétse performed on 15 mm thick slices
with a probe of 35 mm in diameter using 5 N loadioge. Test speed was 0.2 mm/s, time
period of creep and recovery was 60 s. From defooméime diagrams total and plastic
deformation can be determined, elastic deformadiad relative elasticity can be calculated.
Based on the results the different bread types lmrdistinguished (figure 2.) thus the

applicability of developed method was proven.
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Figure 2.: Error bars for relative elasticity of six different bread types



4.4. Correlation with other accepted and widely usgbread testing methods

A new test method based on the fundamental pria@pElastigraph was developed which is
suitable for evaluation present day’s bread textBré¢ our method is considered to be good
only in that case if its results can be compareesalts of accepted widely used methods. For
this purpose AIB standard and Texture Profile Aealyvas chosen.

The AIB standard describes the hardness of breamhlzwith the force needed to achieve
25% deformation. The total and plastic deformasamilar to relative elasticity show strong
correlation with this parameter (table 1.). Therefdhe developed method could be a good
alternative for AIB standard. With the mentionedeth parameters much more proper

description can be given of the texture of breaoindy.

Table 1.: Correlation between results of AIB standeds and results of developed method

Property Correlation R
D negative linear 0,8111
P negative exponentjal 0,92/74
R none 0,021
R/D positive linear 0,9098

Texture Profile Analysis —also called two bites-t@srks with two consecutive loadings and

gives very detailed characterization about texture.

The total deformation shows strong correlation witle hardness, poor correlation with

cohesiveness and there is acceptable correlatibngwmminess and chewiness (table 2.).

Plastic deformation shows strong correlation talhass, chewiness and gumminess and good

correlation with cohesiveness.

Similarly, strong correlation was found also betweeslative elasticity and hardness,
gumminess and chewiness but correlation with cekasiss was poor. Springiness does not

correlate neither with relative elasticity nor astiier parameters.



Table 2.: Correlation between results of TPA and rsults of developed method (D: total
deformation, P: plastic deformation, R: elastic debrmation, R/D: relative elasticity)

Hardness Cohesiveness Springiness
Correlation R Correlation R® |Correlatio] R®
D negative exponentigl 0,84%2 positive exponential &67 none | 0,0679
P negative exponentjal 0,9304 positive expongntigio1R none 0,12

Property

R none 0,023Y none 0,0011 Nnone 0,0B67
R/D positive linear 0,924 negative linear 0,6602 none 1708
Gumminess Chewiness
Property ) > . 2
Correlation R Correlation R

D negative exponential 0,7906 negative exponential 9377
P negative exponentjal 0,903 negative exponentdd79
R none 0,0354 none 0,04p3
R/D positive linear 0,9020 positive linear 0,9023

Although the developed method takes more time RRA the evaluation of plotted curves
are more simply and results could be easier ind¢zgr
To sum up the results, the good correlation witbults of other accepted methods is an

evidence for reliability and acceptability of theveéloped method.

5. NEW SCIENTIFIC RESULTS

1. New measuring and evaluation method was developedescribe and evaluate
different bread crumb textures. The TA.XT2 textaralyser was used in relaxation
test mode and a probe of 35 mm diameter was atlaichéhe equipment. Loading
force was set to 5 N, test speed was 0.2 mm/siar@geriod of creep and recovery
was 60 seconds. From the plotted deformation-timegrdms total and plastic
deformation can be determined, elastic deformatiad relative elasticity can be

calculated.

2. The developed method was tested for test speed®ohm/s and 1.7 mm/s. To sum
up the results there were no significant differebbedween in the values of total,
plastic and elastic deformation and relative etétgtidetermined at two speed levels.
In case of 0.2 mm/s the CV is between 2- 15% depgnuh the parameters, while in
case of 1.7 mm/s this is 5-60%. Therefore the spéel2 mm/s was suggested for

further measurements.



3.

6.

Tests were performed on 35 mm diameter 15 mm higimdrical bread crumb
specimens and 15 mm thick bread slices as welhif8ignt difference was found
between the values of determined properties beaafudiéferent probe size-specimen
contact area ratio and because of different dynaffécts between sample and probe.
The correlation between the results measured derelift specimens was proven (the
values of R were 0.8-0.96) so the test performed on sliceg galiable methods as

well.

With the developed method the Elastigraph’s meagurate of 1000 elastigraph unit
(~30mm) can be multiplied. The dimension of thaulssis in mm, so the deformation

values can be easier interpreted.

Strong correlation (0.8-0.92) was found between the relative elagtitittal and

plastic deformation of the developed method anchtrdness of the AIB standard.

Good correlation (R=0.66-0.92) was found also between the resultshef rew
method and the results of TPA. Thus, the reliabdihd applicability of the developed

method was confirmed.

PROPOSALS FOR FURTHER RESEARCH AND FOR PRACTICAL

APPLICATIONS
Further research is proposed at below mentionédkfie

Based on results of carried out on breads witheddfit crumb texture in high
replicates, the exhibit range of measured parasiegn be determined. Thus a table
similar to that used with Elastigraph could be tzdao help with quality evaluation
of bread.

Similarly as mentioned above, the typical rang@rafperties for technological failure
could be determined as well.

Comparison of results of sensory analysis to dedtion values and relative elasticity
of developed method could be interesting as welle &im is finding relationship
between subjective and objective attributes.

Texture of bread crumb is strongly influenced bygsdy. | suggest detailed analysis
of relationship between rheological properties aodosity. Determining porosity by
image analysis could be a potential solution.



The developed method together with image analys&ésy/ ranable the complex
description of bread crumb texture. Based on thise@aluation process could be
worked out which would have interest both for qtyalassurance and product
development purposes.
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