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1. WORK PREPARATION, OBJECTIVE

For chocolate manufacturing — according to theeasurtegislations considering its main com-

ponents - a maximum amount of 5% of cocoa butteivatent vegetable fats could be used. The

presence of these cocoa butter equivalent fatsdciodluence the flow parameters, thermal re-

sistance, hardness, shelf life, and the resistameearface fat separation of chocolate, and last bu

not least also its organoleptic properties, thaipdpularity. Through my research besides the analy

sis of the above mentioned subjects | dealt withdiwrent as well as tested other alternative meas-

urement method.

Examining the effects of the application of cocadidr equivalent vegetable fats and storage

conditions on the rheological and organoleptic props of chocolate | set the following tasks to

solve as targets:

Rheological measurements

1.

o g bk~ w

The applicability of rotational rheometer paralpghte geometry on the definition of flow
parameters of chocolate mass

The applicability of oscillation rheometer as a +@structive method for the examination
of rheological parameters of chocolate masses

The effect of cocoa butter equivalents on rheolalgicoperties of chocolate mass

Thermal resistance of chocolate described by mahemodel

Hardness change caused by the cocoa butter equivalieesent in solid chocolate

The effect of tempering degree as a technologi@admeter on hardness

Storage examinations

7.
8.

The effect of storage temperature changes andamierdness of chocolate

Surface fat separation in the function of storageddtions

Organoleptic examinations

9.

The effect of cocoa butter equivalent fats on chateqoreference and quality number

High pressure treatment measurements

10. Analysis of crystallisation of chocolate mass assallt of high pressure hydrostatic treat-

ment with hardness measurement



2. MATERIAL AND METHOD

The examined materials

To be able to perform the measurements | manufedttdark chocolate mass and solid
chocolate barswithout adding milk powder or any other milk dexiiwes, and would simplify and
refer to as ,chocolate” from this point on. Amoimg tfive types of chocolate masses | examined the
one namedB-masgloes not contain cocoa butter equivalent fats. seasame€BE | -, CBE Il -,
CBE lll - and CBI contain proportionally less cocoa butter, and adiogy to the legal regulations
contain less than 5% of cocoa butter equivalent§ GBCBE 1l, CBE 1ll) and cocoa butter improv-
er (CBI) vegetable fats based on the main compsn@ot considering lecithin and vanillin).

For the preparation of chocolate mass | used a&jadkwater bath temperature controlled and
stirrable Stephan UMC 12 type cooker cutter whighld be tempered with flowing water between
its double walls. | used an AASTED - MIKROWERK AMKD type continuous operation temper-
ing device for the pre-crystallisation (temperireg)the given chocolate masses. | dosed the tem-
pered chocolate mass into plastic moulds and placad°C cooling chamber.

To be able to examine the effect of storage camnbtion the texture and organoleptic proper-
ties of solid chocolate | placed the sampleder non-regulated circumstandesthethree adjacent
roomsof a building athormal room temperature and atmospheric pressiifee definition of the
storage places is determined by the need for thigyab simulate the different, spontaneous stor-
age habits of consumers that are also subject éah&echange. For this reason | chose three differ-
ent locations for the storage.

1. ,southern side” (extremely hot): temperature range under heateditons: 20-25°C, with
an average of 22°C, temperature range under urtheatglitions next to the samples: 20-60
°C, 28°C on average.

2. ,northern side” (standard)temperature range under heated conditions: 18-2@v&age
of 19°C, temperature range under unheated conditi®fC-26°C, average of 21°C.

3. ,cellar” (extremely cold): temperature range under heabveditons: 12-14°C, average of

13°C, temperature range under unheated conditigh49°C, average of 17°C.

According to the literature the particle size oflity chocolate is a value between 20-30um.
The chocolate samples | produced for the experisnieate a particle size of 45-46pum measured by
grindometer and micrometer, as the process laoksgrinding, which is due to the partial inability
of the mincing function of the cooking cutter aggli For this reason — as is represented by tlee titl
of the thesis — | named the product produced asatate model system, however consequently
used the denomination ,chocolate”.



Measurement methods

Rotational rheometry

| used a parallel plate geometRheometric Scientific SB300 type rheometer, dynamic
stress rheometer (DSRhd the associated software calR8l Orchestratofor the performance of
the rotational measurements.

The method is to place the sample on the loweeathe device (called measurement gap),
in which the upper rotating plate induces a shaass. During the parallel plate measurement the
sample is subject to an uneven deformation onulface of the plates, as the shear speed increases
with the radius. The measurement error occurinddcbe eliminated with a correction.

Oscillation rheometry

| performed the dynamic rheological measurements thie so called Anular Pumping Rig
measuring device of the recently developedtable Micro Systems (SMS) TA-XT2 type precision
penetrometer (texture analyseAnnular Pumpig Rig consists of a jacketed, wetarperedcylin-
drical and ribbed sample holdévessel) and aylindrical ribbed probe body

The plastic probe attached to the arm of the dewreersed into the center of the sample in-
duces low amplitude oscillation vibrations, sineves, and the load cell placed in the arm of the
texture analyser is measuring the deformation foesellting from the resistance in the material.
During the measuremeiiiexture Expert softwarecords the force needed for deformation and we
obtain the so calle@ine Wave Tespecific to the material. Of these parametersefoamplitude
and phase difference could be determined by croselation, and of these parameters the basic

rheological properties (viscous, elastic charasties) could be calculated.

Penetrometric measurements

| used the same precision penetrometer | appliedh#® oscillometric measuremen&able
Micro Systems (SMS) TA-XT2 type (texture analy§@m measuring body | usedstainless steel
needleand astainless steel cylindetepending on the type of measurement.

According to the theory of the method, the meaguhi@ad fixed to the arm of the device pen-
etrates into the sample and provides informatiotherforce occuring during deformation, which is
the deformation force. As a result of the measurgme obtain rheograms, which we can store and
analyse with a computer. These diagrams show tferdation force over the penetrating depth.
Through the definition of the specific parametefdhese diagrams (i.e.: maximum deformation
force, apparent modulus) we could get informationtlee structure and hardness of the examined

material.



Organoleptic measurements

| performed the organoleptic measurements basettiedsensory panel methods set in Ger-
many at Food Technology Department of Fachhochedhuida.

During preference testthe chocolate samples had to be analysed througissessment (re-
tasting was allowed), and had to be ranked in #uohic scale results. Samples could get the same
ranking.

According to the GermabLG assessment methadtie organoleptic categories of the given
samples were scored on the criteria present apairi-scale. The scores of the categories were
multiplied by the the given factor numbers (weighteand the results obtained divided by the sum

of the weighting factors provides the quality numdbithe given sample.

High hydrostatic pressure treatment

High pressure treatment of chocolate was perforineé STANSTED Mini Foodlab FBG
5620 type high hydrostatic pressure equipmémelted the chocolate samples on 50°C, and put
them into plastic sample vessels. | treated theptzsron 800 MPa pressure for 5 minutes. | exam-

ined the resulting crystallization process causetigh pressure with hardness test.

3. RESULTS

New scientific results

1. | described the heat resistance of solid chocolatedel systems between the 25°C and
30°C temperature range with mathematical parametéesgression coefficient and regres-
sion constant).

For the definition of heat resistance ability | joemed penetrometric measurements with
2mm diameter stainless steel cylinder at 4mm dedtion on different chocolate models in
composition and storage conditions (only containtogoa butter: CB-, containing cocoa
butter equivalent vegetable fats: CBE- and CBIyriBg the experiment | set the maximum
deformation force versus the temperature and ssgrassion line to the data pairs in the 25-
30°C temperature range.

With mathematical methods and statistical analfsrelation analysis, Durbin-Watson tri-
al) I proved with 95% confidence that both for tfecolate model system samples contain-
ing different composition, and the samples stonedeu different conditions, deformation
force and temperature dependence in the 25-30°Qeesture range could be well de-
scribed with the regression equatidfurthermore | stated, that in this temperatungeathe

deformation force and temperature steepness cuegeeEsion coefficient) proved to be -



2,7738 and -1,8261 and its intercept (regressioistent) at x=25°C changed between 11,52
and 16,94, those representing the heat stabilitheproduct.

. | stated, that the hardness of solid chocolate mioslestems subjected to high temperature
fluctuation (even over 40°C) determined by minindgformation force doubles during the

8 month uncontrolled storage conditions (spontanaotyclothermic crystallization).

| verified with statistical methods (one- and twayanalysis of variance, Dunett’'s compari-
sons) at a 95% confidence level with penetrometethod (stainless steel measuring needle
and 2mm deformation), thétere is a considerable hardness increase in tmepsas stored

at the extremely hot locatigisouthern side: temperature range under heateditmms: 20-
25°C, with an average of 22°C, temperature rangieiunnheated conditions next to the
samples: 20-60 °C) which | considered to be anesnadd of thecyclothermic crystallization
Samples stored for a longer period of time (8,%dd 12 months) subjected to the extreme
heat alterations especially in the summertime (ewegr 40°C) and direct sunlight | ob-
served that chocolate samples melt in daily cy@ed,spontaneously re-crystallizes again.

. | verified that the 5% application of cocoa buttequivalent CBE- vegetable fats signifi-
cantly reduced the hardness of chocolate model eayst stored for 8 month at high tem-
peratures, and did not change at a lower storagenpoThe 5% application of CBI — fats
did not result a change in hardness of chocolate aeb system samples stored at high
temperatures, and reduced hardness significantly semmples stored at a lower tempera-
ture.

| stated the hardness of hardness of chocolate pé@tietrometric method (stainless steel
measuring needle and 2mm deformation). Accordingyaesults based on statistical calcu-
lations (one way analysis of variance, Dunett’s parsons, 95% confidence lev€&lBE —
fats applied in 5% at higher temperaturésuthern side: temperature range under heated
conditions: 20-25°C, with an average of 22°C, terappge range under unheated conditions
next to the samples: 20-60 °C, 28°C on averagdyced the hardness of the stored samples
significantly At lower temperaturdocations (northern sidéemperature range under heated
conditions: 18-20 °C, average of 19°C, temperatange under unheated conditions: 18°C-
26°C, average of 21°C) howewvedid not change the hardness significantly

The application of 5%BI - fatat samples stored under warmer circumstances outh
side: average temperature unheated and heatedpened: 22°C and 28°C, temperature
range: 20-60°Cylid not change the hardness of chocolate signiflgaifhe samples stored
on thecolder side(northern side: temperature average unheated eatkdh time periods:



19°C and 21°C, temperature range: 18-26°C) thaifatificantly reduced the hardnes$
the chocolate.

| stated that after 9 months of storage the hardeesf undertempered chocolate model
systems was significantly (6%) less, while the haeds of overtempered chocolate model
systems was significantly (6%) more than the orempered under normal conditions.

I measured with penetrometric method (stainlessl steeasuring needle and 2mm defor-
mation) and statistical analyses (one- and two am@lysis of variance, Dunett’'s compari-
sons at a 95% confidence level) and verified tHtdr&@® months of storage thender-
tempered samples were softer, while the overterdpsaenples were harder than the nor-
mally tempered ones.

Furthermore | stated that role of tempering on hass is determined by the contents of the
chocolate mass to be tempered, and that this phammmoccurs especially at under-
tempered samples. Thmdertempered samples containing 5% of CBE vegefablproved

to be significantly softer than the standard undempered samples not containing cocoa
butter equivalent vegetable faiBhe reason of this is that the composition offdtecontent

of the two samples are different — the fat phas€®i— chocolate consists of cocoa butter,
while the CBE — chocolate contains 5% cocoa btgiivalent vegetable fat, and this pro-

jects the two different samples to crystallize eliéintly under same parameters.

. There is no significant difference between the orgdeptic parameters, preference num-
bers and quality numbers of the chocolate modeltegs samples containing 5% of foreign
vegetable fat and the ones not containing vegetalalis after 6 weeks, 4 months and 6
months of storage.

| performed sensory assessments with trained assegseference test and DLG method)
and examined the results on 95% confidence levidl siatistical methods (Friedman test,
pair significant difference). | stated that thesend significant difference between the organ-
oleptic properties of the chocolate model systeegglly containing foreign vegetable fat
and the ones not containing foreign fats, and féoi$ would not change with any storage
conditions (northern side: temperature average atelddeand heated time periods: 19°C and

21°C, temperature range: 18-26°C).



4. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Rheological examinations

1. The rotational rheometgrarallel plate system geometepuld be applicable for rheological
parameter measurements of chocolate mass (timendepieaverage viscosity, flow curve,
thixotropy, temperature dependence of viscosityy, the measurementugll reproducible
The advantage of the parallel plate geometry coetptr the coaxial cylinders widely used
in the industry today, is that fiequires much less amount of sample, and provideker
sample change
It was not an explicit goal of this work to covezat dependence of viscosity of chocolate
mass, however it is already visible of the low anmtaaf samples that thascosity vs. 1/Te-
lation referring to the Arrhenius-equation could dmnsidered linear. This corresponds to

the relevant results found in the literature.

2. The parameters of time dependent, non-destructigdlation methods, constant moduli and
complex constant viscosity could be applicabletfa rheological description of the struc-
ture of chocolate mass in the range of loadingefavith low deformation force.

Apart from the viscous properties, chocolate méss laas elastic properties, tless modu-
lus (G”) referring to its viscous behaviour is twice theragge modulus (G’) referring to the

elastic behaviour.

3. Confidence interval estimation proved that the assty curves ofCBE — and CBI - masses
differ significantlywith a 5% probability of failure from theiscosity curveof the standard
CB - massiot containing cocoa butter equivalent vegetadiie. f
The shear rate dependent viscosity of CBE — masssss the viscosity of CBI - mass is

more than the viscosity of CB - mass.

4. Thethermal behaviour of the maximum deformation fordevant to the hardness of choco-
late samples in the given 25-30°C thermal rangiegcribed by dinear regressiomt 95%
confidence level.

According to my experimenis is possible to characterize the heat stabibtysoftening of
chocolate samples in the thermal range of 25-30R@ the coefficient and constant of the
regression linefitted to the data points of temperature and deétion force at given pa-

rameters (contents, storage, experimental layta), e



5. Statistical methods proved thad@rdnessof chocolates significantly changedvith the ap-
plication of 5% ofCBE - and CBI — fatslepending on the storage conditions and tempera-
ture.

6. Tempering degre@s a processing parameter hasignificant effect on the hardness$
chocolate — undertempered samples are softer,emnpered samples are harder than the
normally tempered samples. Furthermoredbmposition and tempering combined together

also influences hardness

Storage tests
7. The alteration of storage temperature has a segmfieffect on the hardness of chocolate,
samples exposed to extreme high temperature vamgtshowed considerable increase in

hardness similar to cyclothermal pre-crystallizatiprocess

8. Storage temperature alterations have a crucial roleurface fat formation, the fat content
of samples stored at extremely hot places stadegppear on the surface after 2 months of
storage causing a color change of the product.

There was no differenda the surface fat formation process of cocoadouthly and the
samples containing 5% of cocoa butter equivalegetable fat.

Organoleptic measurements
9. The legally permittedb% presence of cocoa butter equivalent vegetali®e daes not
changethe preferenceof the chocolate, nor in inflicts trguality numberand organoleptic

profile.

High pressure treatments
10. Treatment performed withigh hydrostatic pressure on chocolate mass is@toducible

hardness of identically treated and hardened cateshmples differ significantly.

Recommendations

— To be able to define practical applicability of il plate geometry | recommend the vali-
dation of the measurements with coaxial measuresystém.
— It is advised to perform the examination of visgpsemperature dependence of chocolate

mass — with a constant shear rate — with a lowaktemperature increase (1-2°C).



— If there is a statistically proven, strong interdegence between the results of oscillation
rheometry and rotational rheometry, it is a posdisybio examine whether it is possible to
extend this relation to a bigger deformation range.

— | recommend to measure heat resistance in a walepdrature range and define defor-
mation force over temperature relations under 25°C.

— | did not perform statistical analysis on the chaofjhardness in time over storage tempera-
ture, this could be done with storage tests perdoromder regulated circumstances and con-
stant storage temperatures.

— New information could be gathered on the organatggarameters of the different chocolate
samples with performing difference tests.

— |l recommend to use digital picture analysis as #hatkto express the surface fat formation

in numbers or percentage of the total surface otalate.
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