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1. BACKGROUND OF RESEARCH,
OBJECTIVES

We live in a rushing world, which requires healigople. For this
we need a life style that considerably contribtbethie preservation of
our health, and it not only includes regular phgkexercise, but it also
means the consumption of healthy food that suppod preserve
health. This points to the fact that the food indudecame an
innovative industry which produces new productsryea year to
increase consumer satisfaction and to realize Hueea mentioned

objectives.

The functional food is intended to satisfy the abawentioned
expectations. This food is able to considerablytrdomte to achieve
and preserve healthy status. Functional food mostytains
components with positive effect that by gettingitite organism have
a positive effect on its functioning. The improverhand production
of this type of food has grown into the most dynaatly developing

area in the past decade.

Meat and meat products have an important roleemtitrition of
modern society. Meat is particularly valuablesa8 fatty acid, vitamin
B1io, protein and iron source ERDER 1992), therefore meat itself is
also functional food. However, as all food, mead ameat products
also have components that under certain conditionay) have
negative effect on our health. Thus, the goalse & produce healthier
meat and meat products, in some cases the develbfienctional
meat and meat products in such a way that the kihieomponents

(substances of natural origin or being presenbtber reasons) shall



be completely excluded, or at least to reduce timawvertheless it shall
be possible to increase the amount of componemisigha positive

effect on the organism.

To achieve these goals, several methods may be. Udes
components of meat can be modified (fatty acid @attprotein
content, level of vitamin E, fatty acid composifjohy genetical
selection, by combination of the nutrient and fegdby changing the
growth tendency or by different genetic modificasao improve the
immunological status of the animalA8s ET AL, 1990; BrERS ET AL,
1993; Hay ESPRESTON 1994). The modification of meat composition
is a long and difficult process. Meat product cannbodified in the
most effective way if during the food industry poation, at mixing,
the changing happens, for example the amount abstance having
negative effect or of a component with negativegjudnt is reduced,
or component having a positive effect is addecheorix. There are
several opportunities to produce different typesfusfctional food

(JMENEZ-COLMENERO, 2000).

Fat is the main component of pork meat productsrdier to obtain
the optimal fatty acid content different methods applied to increase
the proportion of unsaturated fatty acids (UFA). il animal
nutrition is modified to increase the amount ofatnsated fatty acids
in animal products. The other procedure is thainduthe product
manufacture the amount of unsaturated fatty acidiscreased in the
end product. The goal is to increase the UFA/SE&®urated fatty
acids) proportion and to reduce tle6/w-3 proportion but by
increasing the amount of unsaturated fatty acidssdnsory property



and the shelf life of the product may also chaMye®bs ESFEARON,

2009) which usually appears as a problem.

The recommendations for fat intake nowadays appla®nly to
its amount but, from the aspect of quality, its position has also
become important. Food that have a high& andw-6 content should
be consumed in greater amountOEBINGSAANBEVELINGEN VOOR
BELGIE, 2000). Therefore the number of those researdtasaims at
optimizing, improving the fatty acid content of haad meat products
has increased sharply in the past decadesofWET AL, 2002).

In case of functional pork meat products, sevaaetdrs shall be
considered. First of all, if talk about meat progudy this we mean
the reduction of the amount of fat and obtainirngdlptimal fatty acid
profile. By reducing the amount of fat, we not ohgve an effect on
the chemical composition but there is a risk ofnghiag the physical
and sensory properties of the end product. Ifaltty ficid composition
is modified through animal nutrition, then duehe higher proportion
of unsaturated fatty acid, the backfat will be mtaeder which may
constitute a serious problem during the produabiomeat products. It
is important to mention that as a result of theeasing unsaturated
fatty acid content, it becomes reasonable to adidxadants in order

to delay the fatty acid oxidation.

On the whole numerous experiments have been peztbria
modify the fatty acid composition for different nigmoducts. This is
the reason why | have considered that it is imprta examine the
modification possibilities of the fatty acid comtem in parizsi, one

of the most popular meat product of Hungary.



Objectivesof the experiments are the followings:

l. Comperision of the parizsi products from differgmice
category and with different quality level, whichear
available on the market. The statistical analysfs o

examined parameters.

Il. Develop the basic recipe which can be the basehir
further examinations and which may have the role of

control sample.

[l The preparation of the first modified parizsi saegplith
different types and concentrations of liquid lerithand
their comparison regarding the chemical, physicadl a

sensory aspects.

V. The preparation of the second model product witidso
powder based lecithin and flaxseed supplementatind,
their comparison regarding the chemical, physicadl a

sensory aspects.

V. The preparation of the third model product with segn
and flexseed oil based supplementation (soybean and
linseed oil), and their comparison regarding thencical,

physical and sensory aspects.

VI. Comperision the model products with 3 and 6 %
supplementation levels with the commercial prodtmm

different price category and with different qualigyel.



2 MATERIAL AND METHODS

The experiments were conducted in the Technologighbratory
of the Department of Agricultural Product Procegsirand
Qualification, at the Faculty of Agricultural andn#ronmental
Sciences, at Kaposvar University and the Physiologgartment of
the Research Institute for Animal Breeding and Notr,
Herceghalom.

2.1Examination of cold cut (Parizsi) samples purchased
from the market

| purchased the five different parizsi samples flooal shops. It
was an important aspect to choose samples of eliffeprice and
quality. | bought the périzsi in bar (in full, witbmplete wrapping) to
get the information on the composition. From thehdarand | bought
2-2 bars. The ingredients of the samples were itefnsimilar,
differenc was just in the amount of the ingredieansd in the type of

the additives (thickeners, fructose, acidity retprs, etc.)

2.2Development of the basic recipe

In the first step, | had to develop the basic recipr the
experimental products in order to provide the comipiity inside
each experimental units and between them. | expatied with the
changing of the amount of the components (bacgtak loin, spices).
During the preparation of the test parizsis, | eixetl the effect of the

amount of backfat, pork loin and spice mix on teasory properties



of the product (color, taste, odour, consistencihe process of
production was as follows: directly after purchgsthe backfat and
the meat, | ground them and frosted them in ddaé$e(1). On the day
of mixing, | diced the half frozen ingredients apmat them into the
cutter. In the second phase of mixing, when thet e backfat dices
had properly mixed, | added the ice, the spicekPod kft.) and the
nitrite curing salt (ProFood kft.). After this | watirring the mass until

| got a homogeneous unit.

In order to reach the texture and homogeneity,d tsameasure
continuously the temperature of the mass, sinitgiffes above 14 °C,
phase separation may occur in the end product wheshilts in
separation of fat. So | stopped the cutter evarnjrfute and | checked
the temperature of the mass with a stab probe treeter at the

following measurement points:

» alongside the wall of the mixing vessel,
* next to the supporting axis of the mixing knife,
* and between the two points.

We filled the ready-made mass into water-vapor-gatne casing
having the diameter of 55 mm and 20 cm long, thapdlied heat
treatment in a cabinet that cooks and smokes &4C8antil reaching
the core temperature (for 60 minutes) of 72 °Cthie end | cooled
down the samples to 4 °C and | stored them inténigoerature till 1-

28 days, with continuous temperature verification.



Table 1: Amount of ingredients

Backfat Pork loin Ice

Sample code Spices (9) Nitrite curing

(@ ()] ()] salt (g)

1 400 450 150 10 20
(40 %) (45 %) (15 %) (1 %) (2 %)

o 450 400 150 10 20
(45 %) (40 %) (15 %) (1 %) (2 %)

3 500 350 150 10 20
(50 %) (35 %) (15 %) (1 %) (2 %)

4 400 450 150 20 20
(40 %) (45 %) (15 %) (2 %) (2 %)

5 400 450 150 40 20
(40 %) (45 %) (15 %) (4 %) (2 %)

2.3 Supplementation with liquid soybean and sunflower
lecithin

| performed the first supplementation with soybaad sunflower
lecithin (Cargill Ltd.). The samples contained (Q€ontrol), 1.5 %, 3
%, 6 %) the lecithin used for the supplementatian different
percentages compared to the quantity of the complatkfat (1200
g=100%) (Table 2). Itis important to note thattie recipe, | reduced
the quantity of backfat by the quantity of addetithen, so the quantity
of fat stayed constant in the end product bufati$y acid) composition
changed. For preparing it, | used the recipe aagtbduction process

developed irsection 2.2



Table 2: Amount of ingredients for the supplementation by
liquid soybean- and sunflower lecithin

Pork Soybean Nitrite Percent of
Sample loin Backfat lecithin Sunflower Spices curing salt supplementation
code ()] (@ Ice (9) ()] lecithin _(9) @ ()] * (%)
1350 1200 450 0 30 60
1 (Control) | (45%) (40%) (15 %) (0 %) (1 %) (2 %) 0
1350 1182 450 18 30 60
2 45%) (39,4%) (15%) (0,6 %) (1 %) (2 %) 15
1350 1164 450 36 30 60
3 (45%) (38,8%) (15 %) (1,2 %) (1 %) (2 %) 3
1350 1128 450 72 30 60
4 (45%) (37,6%) (15%) (2,4%) (1 %) (2 %) 6
1350 1200 450 0 30 60
5 (Control) | (45 %) (40%) (15 %) (0 %) (1 %) (2 %) 0
1350 1182 450 18 30 60
6 (45%) (39,4%) (15 %) (0,6 %) (1 %) (2 %) 15
1350 1164 450 36 30 60
7 (45%) (38,8%) (15 %) (1,2 %) (1 %) (2 %) 3
1350 1128 450 72 30 60
8 (45 %) (37,6 %) (15 %) (2,4 %) (1 %) (2 %) 6

*only refer to the fat substitution, not the whele®duct

2.4 Supplementation by soybean lecithin powder and

ground flaxseed

The liquid lecithin supplementation was followed the solid
supplementation in which case | applied soybeaithiacpowder
(Cargill Ltd.) and ground flaxseed (Cargill Ltdg substitute fat. In
table 3 the composition of the samples can be seen.



Table 3: Amount of ingredients for the supplementation with

soybean lecithin and linseed powder

Soybean
lecithin Linseed Nitrite Percent of
Sample Pork Backfat powder powder Spices  curing supplementation *
code loin (g) ()] Ice (9) (@ (@ (@ salt (9) (%)
1350 1200 450 0 30 60
1 (Control) | (45%) (40%) (15 %) (0 %) (1 %) (2 %) 0
450
1350 1182 15 18 30 60
2 (45%) (39,4%) %) (0,6 %) 1 %) (2 %) 15
1350 1164 450 36 30 60
3 (45%) (38,8%) (15%) (1,2%) 1 %) (2 %) 3
1350 1128 450 72 30 60
4 (45%) (37,6%) (15%) (24%) (1 %) (2 %) 6
1350 1200 450 0 30 60
5 (Control) | (45 %) (40 %) (15 %) (0 %) (1 %) (2 %) 0
1350 1182 450 18 30 60
6 (45 %) (39,4 %) (15 %) (0,6 %) (1 %) (2 %) 1.5
1350 1164 450 36 30 60
7 (45 %) (38,8%) (15 %) (1,2 %) (1 %) (2 %) 3
1350 1128 450 72 30 60
8 (45%) (37,6 %) (15%) (2,4 %) (1 %) (2 %) 6

*only refer to the fat substitution, not the whele®duct

Finally 1 carried out the liquid

supplementation.

supplementations of 3 %, 6 % and 9 % (Table 4).

2.5 Supplementation by soybean- and linseed oil

linseed and soyheail

In this case | prepared the ssnplith the

Table 4: Amount of ingredients for the supplementation with

soybean- and linseed oil

Nitrite Percent of
Sample Pork Backfat Soyoil  Linseed oil Spices curing  supplementation *

code loin (g) @ Ice (9) @ @ (@9  salt(g) (%)
1 1350 1200 450 36 30 60

(Kontroll) | (45%) (40%) (15%) (1,2 %) Q%) (2%) 0
1350 1164 450 72 30 60

2 (45%) (38,8%) (15%) (2,4 %) Q%) (2%) 3
1350 1128 450 108 30 60

3 (45%) (37,6%) (15%) (3,6 %) Q%) (2%) 6
1350 1092 450 36 30 60

4 (45%) (36,4%) (15%) (1,2%) 1% (2% 9
5 1350 1200 450 0 30 60

(Kontroll) | (45 %) (40 %) (15 %) (0 %) Q%) (2%) 0
1350 1164 450 36 30 60

6 (45%) (38,8%) (15 %) (1,2 %) (1 %) (2 %) 3
1350 1128 450 72 30 60

7 (45%) (37,6 %) (15 %) (2,4 %) (1 %) (2 %) 6
1350 1092 450 108 30 60

8 (45%) (36,4 %) (15 %) (3,6 %) (1 %) (2 %) 9

*only refer to the fat substitution, not the whele®duct
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2.6 Fatty acid analysis

| performed the extraction of fatty acids accordiaghe method
of FOLCH ET AL. (1957). | measured ~ 300 mg of each samples into
Erlenmeyer flasks then | homogenized them into 200 2:1
methanol:chloroform mixture. For the preparationtioé mixture, |
used ultra-pure solvents (Sigma-Aldrich, Schnefld@ermany) and |
added butylated hydroxytoluene of 0.01 w:v % agoaidant. |
produced the fatty acid methyl esters from theiats acid-catalyzed
(H2SQw) method (GRISTIE& HAN, 2010). The method is quantitative
for which | used nonadecanoic acid (C19:0) integtahdard.

The gas chromatographic measurement took placehat t
Physiology Department of the Research Instituteédfamal Breeding
and Nutrition (Herceghalom). The measurements werimrmed with
the Shimadzu 2010 gas chromatography instrumentchwhvas
equipped with SP-2380 (Supelco, Bellefonte, USAjetycapillary
column (30 m x 0.25 mm internal diameter x Ou2@) and with flame
ionization detector (FID 2x1#). The gas chromatography conditions
were as follows: temperature of injector: 270 °@nperature of
detector: 300 °C, helium flow: 28 cm / sec. Thegoam was as
follows: 80-205 °C: 2,5 °C / min, 5 min 205 °C, 2250 °C-10 °C /
min, 5 min at 250 °C. For the identification of tfagty acids, a fatty
acid standard mixture of known composition (Mixtiw#=100 (90-
1100 Larodan Fine Chemicals AB, Sweden) was used. have
performed also the fatty acid analysis of the ramponents. | carried
out the sample preparation in the Technologicalokatory of the

Department of Agricultural Product Processing andhlfication, at
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the Faculty of Agricultural and Environmental Saeg, at Kaposvar

University
2.7 Texture analysis

| performed the texture measurement by determitiiegtexture
profile analysis (TPA) and the Warner-Bratzler stfeece with Wick
Roell Z005 machine (Zwick Roell GmbH, Ulm, Germany)he

samples were measured at 4 °C in order to asseit@thparability.

2.7.1 Texture analysis by texture profile analysis

| cut out of the parizsi samples a cylindrical tggécimen of 2.5
cm diameter and 1 cm high which | pressed to 5G #6 deight. | cut
out of the parizsi samples 3 test specimens byHmarthe comparison
of the samples, | used the force necessary fob&h# compression
(1sFmax,N) and signed with oo

2.7.2 Texture analysis by Warner-Bratzler cell

By determining the value of the Warner-Bratzler ashéorce
(1stFmax N), I also allowed the characterization of theuee in which
case | cut out of the parizsi bars cylindrical sgstcimens of 1.5 cm
diameter, then | cut them until complete intersmctvith the help of
the cell. | made 3 test specimens by bar. Thethenfjthe special
moving blade is 100 mm, its width is 70 mm andhiskness is 2 mm
in which an inverted V shaped cutting of 60 °vext@ngle can be seen.
The blade moves in the guide created on side ofixkd part of the

cell and fitting into the slot at the bottom of thell, the complete

12



intersection of the test specimen happens. Thedspiebe cross-head

was 200 mm/min, the sampling frequency was 10 pfsat.

2.8 Colour measurement

The base of the measurement was the so called @itEcblor
system (@&NEVE, 1924). In the system the color points are represkent
in the L*-a*-b* spatial coordinate system. On theb4 plane the a*
and b* axis mean the following shades: +a* red gi@en, +b* yellow,
-b* blue. L* is the brightness factor which shalke kdefined
perpendicular to the b* plane @@MISSION INTERNATIONAL DE
I'E CLAIRAGE, 1976).

The color-difference AE*) were determined by BRIL ET AL.
(2001) (Table 5):

AE*= \ ((AL*)? +(Aa*)?+(Ab*)?)
Table 5: Range of the colour difference

If the value ofAE* is:
0.0-0.5, themdifference,
0.5-1.5, thdiglstly difference,
1.5-3.0, theapeeciable difference,

3.0-6.0, thesille difference,
6.0-12(<), thagnificant difference.
The calorimetry was performed in every case orfrigh slice of

péarizsi with Minolta Chroma Meter CR-300 instrumgiinolta
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Corporation, Tokyo, Japan). Measurements wereathout with three
repetitions on two sided of a slice of parizsi lgtimg the light source
on it (D65).

2.9Sensory analysis

The sensory analysis of the parizsis availablehemtarket and of
the samples prepared at the development of the basipe were
performed in the Technological Laboratory of thepBement of
Agricultural Product Processing and Qualificatiah,the Faculty of
Agricultural and Environmental Sciences, at Kaposuaiversity
where samples were prepared in a preparation rbatrcorresponds
to the Hungarian Standard (MSZ7304/2-77). 13 qitfaniversity
students and employees) assessed the sensoryt@®péthe samples
(colour, odour, taste, texture) (complete profitalgsis). The critics
received a bit of each samples which were samplegided with
randomized codes. They had to differentiate thesea cso called
unstructured scale (100 mm long) from 0 to 100 thase the
guestionnaire compiled by us (MSZ 7304-5:1980).atdition to
guestions on the colour, the texture, the odoutth@daste, | have also
formed questions about the popularity. In casehefgupplemented
samples following characteristics were assessédaticmtensity of the
slice, odour, the smell of spices, elasticity aewimg, moisture at
chewing, fatness at chewing, salty taste, tast®oked pickled meat

pulp, spicy taste, strange odour and taste, andlaoty.
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2.10 Electronic nose

The measurments were done by An Alpha MB8x 4000 e-nose
(ALPHA MOS, Toulouse, France) type Electronic N¢&#N). The
equipment has three main parts as: an AutoSanvghéch performes
the samplings (64 samples can be handled in thes dane), an
electronic part (Fox Analyzer), which contains Hamsors (18 metal
oxide-MOS-sensor array) and the AlphaSoft 12.3ectdld the signs
via the RS232-port. The TOC generator provide®Syrghetic air. The
adsorption of volatile compounds onto the MOS sigfgenerates a
change in the electrical resistance of the senadnish gives the
relative resistance-alteration, what is the rafiohe difference from
the baseline resistance and the baseline resistAR¢By). From each
sample repetitions (5-10x) were performed. Ther@®wals contained
~1 g samples and covered with tefloncap (septuefpr® the injection
the EN incubated the sample on 40 °C for 2 minatesthe injected
volume was 3000 pl in 2 seconeds and injectiondspees 1500 pl/s.

After the two minutes session was 18 minutes regdioa period.

2.11 Determination of moisture content

The determination of the moisture content of thezgaavailable
on the market and the supplemented parizsi produete performed
based on MSZ ISO 1442:2000. | dried the 100-300sammples in
drying cabinet until 105 °C constant weight, anchdasured them

again.

Moisture content (W/w %) = (#w2)*100/ wi

w = weight of measured sample (g)

15



w = weight of dried samples (g)

The measurements were performed in three repetitarthe

individual samples.

2.12 Determination of collagen contain

The collagen’s special property is that its aminms are located
in an extremely regular manner, glycine-proline-X glycine-X-
hydroxyproline where X can be any amino acid. k@ teason during
the laboratory determination, we based on the hggnmline content
measurement (@A, 1988). From the high collagen content of the
product, | have been able to conclude that thengsample contains
raw materials originating from “non-meat” sourckke from rind of
backfat - in higher quantities. The measurements werformed with
MSZ ISO 3496-2000 spectrophotometry method in thepetitions.

2.13 Determination of fat content

The fat content of périzsis can be maximum 23 % DX
ALIMENTARIUS, 2008). The fat content of the samples was detehine
by the method of &L.cH ET AL. (1957). After grinding, | measured
~300 mg of the samples and | noted them to 4 deqiaaes, then |
homogenized the samples with 10 ml chloroform:mmtha:1 vol/vol
proportion mixture. After that I filtered them amédded ~ 2 ml of
physiological saline solution to the samples. Aftertexing, there
were 10 minutes of centrifuging (1000 g) for thepgmse of phase
separation. After removing the aqueous phase daased the organic
phase on 55-60 °C in a rotary vacuum evaporat@n thput the

16



samples into the drying cabinet at 65 °C and Iddifirem until reaching
constant weight. Finally | back-tested the flagkg tdecimals places,

then | calculated the fat content based on thevietig equation:

Fat content (w/w %) = (ww2)*100/ wy
w = weight of measured sample (g)
w = weight of dried sample (g)
The measurements were performed in three repetibarthe

individual samples.

2.14 Storage

For the performance of the storage experimentyessanpling day
| used a new bar of parizsi. During the storageserpent, | defined 5
sampling days which was performed every 7 days (dalay 7, day
14, day 21, day 28).

2.15 Data analysis

SPSS 8.0 for Windows software was used for thesttat
analysis. Before the normality test (Shapiro-Wii&st) in every case
those values of primer database, which was over2trstandard

deviations, were eliminated.

Analysis of variance (GLMpost hoc Tukey test) was used for the
storage, fatty acid profile, the texture analysitie colour
measurements, the sensory analysis, the moistmtertcand the fat

content, where the supplememtation level was @ffact

The classification of parizsi’'s sensory and elattmose results

17



was performed by discriminant analysis (DA) and tbsults were

tested by cross-validation (CV)

18



3 RESULTS

3.1 Comparison of cold cut (périzsi) samples purctsed

from the market

During the comparison of cold cut (Parizsi) sampeschased
from the market, five products of different pricegories and brands
were chosen as the subject of my experiment. The @i the
experiment was to characterize how the price araditgyparameters
influence the measurable properties of the prodddte composition
influenced significantly the fatty acid copositi@and the physical

properties.

In my experiment, the fat content could be showrhim extent
corresponding to the norms as well as the moistargent and the
collagen content. Independently from the pricettwedorand, based on
the values measured, the chosen samples corresptinthe norms in
the dietetic aspect. Furthermore, regarding thg fatid content, none
of the products approached the optimal value dfids suggests that
the objectives of the research | have pursuedt@mdrds the solution

of an existing problem.

Concerning the rheological characteristics, minidiiérence was
experienced in case of the samples originating fteermarket, while
significant difference was experienced in casdldheee chromaticity
coordinates (L*, a*, b*). The difference was confed also by the

calculation of the color stimulus difference.

Based on the sensory test, it was proven that dined? of higher

price category and at the same time of better tyuale more popular

19



among the consumers, not only regarding the overgltession but
also in respect of the taste, odour and texturéerAdxecuting the
discriminant analysis, the results obtained bydleetronic nose test
performed in connection with the sensory assessmeatpromising

regarding the possibilities of application of theotronic nose.

The collagen, fat and moisture content of the paseld samples
corresponded to the norms of the Codex Alimentdbuuisthere was
significant difference among the samples. Concerrtime price-
quality and the measured value, a regular tendecyd not be

observed.

3.2 The result and assessment of the elaboration of the

basic recipe

In this section the sensory properties were higitdig and the
color was examined by instrumental measurementcé&amg the
sensory properties, there was difference mostllyercolor and in salty
taste. The optimal recipe was chosen on the base@ssessments

given by the critics.

3.3  Supplementation with liquid lecithin base

During the experiment, | examined how liquid lemtfsunflower
and soybean lecithin) influenced the charactedstf traditional

Parizsi (color, texture, odour, taste, fatty amdtent).

The result of the fatty acid analysis reinfordes literature data,
according to which lecithin is a very good unsaeudafatty acid
resource, but it is especially reachar6 fatty acids. By consuming

20



100 g of the Parizsi supplemented by sunflowethatiof 6 %, 28 %
of the recommended daily intake of linoleic acidl82 w-6) can be

covered.

Statistically verifiable difference was experienced the
rheological properties when applying liquid leaithi The firmness
was reduced by the increase of the lecithin comagoh. The colour
of the slice was affected by the lecithin suppletagon, the lightness
and yellowness values increased significantly, vthke redness value

decreased.

The result of sensory assessment justified theltresfuthe
instrumental rheological test. The control samplaswhe most
popular, and as the lecithin concentration wasiased, the popularity
decreased. It is interesting that the increasicghie concentration

reduced the sensation of fattiness.

The electronic nose analysis was able to sepdratemo lecithin
types but within these it could not confidentlytaiguish the levels of
lecithin concentration based on the discriminardlysis. It can be
stated that the higher lecithin concentration “lssun greater

discrimination power”.

3.4 Solid lecithin and ground flaxseed based

supplementation

By applying solid supplement, a minimal changehefrheological

properties was expected.

The fatty acid analysis confirmed that not only flagseed oil but

the flaxseed has also a good effect on the prositetty acid content.
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It increased not only the linolenic acid quantity it decreased-6/w-
3 ration in a favourable extent. In the samples enatth lecithin
powder, only the quantity @¥-6 increased significantly, but it did not
influence considerably the-6/w-3 ratio compared to the control

sample.

Regarding the rheological properties, in case efsdiimples made
with powder supplement, the decrease of the firsivatue was of
lower extent than in case of applying liquid legith The
supplementation with flaxseed powder showed minirfiahing
compared to the control sample but by increasiedltxseed powder

concentration, the firmness decreased.

Concerning the results of colorimetry, the soybdaaithin
powder generated some decrease in the lightnes®,vahile the
flaxseed powder caused an increase. The redness dakreased
simultaneously with the supplementation, and théowmess value

increased.

The sensory assessment also proved the color axtdrae
differences between the samples supplemented Ingaayecithin and
flaxseed powder. Popularity decreased also in tl@se as the
concentration of soybean lecithin and ground fladse&as increased.
The critics found further differences in the seiwabf fattiness, and
also the taste and the odour were influenced byyeand the extent

of the supplement.
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3.5 Soybean and linseed oil based supplementation

In several aspects, the most outstanding resulte wbtained
during the experiments performed with the samplesdanwith
soybean and linseed oil supplementation. This omsfialso the facts
proven by literature data according to which in tmgeducts, oil
supplementation is the most effective method toeiase the quantity

of unsaturated fatty acids, considered to be hgalth

Regarding the fatty acid profile, with the linseedil
supplementation, in case @f6/ »-3 ratio, the value of about 4 was
reached which was not accomplished completely eénpitevious test
phases. The soybean oil supplementation was nedessful but in
both cases the unsaturated fatty acid contentasececompared to the

control sample.

During the structural analysis, significant diffece was
experienced in both cases (soybean and linseedaiipared to the
control sample. Regarding the results of colorignesoybean oil
modified the L*, a*, b* values. The linseed oil salment of 3% was

the most similar to the control sample based orcthher parameters.

Based on the sensory assessment, a statisticalijiabke
difference was also found between the two typesupplementation
and the control sample. In this case it was alsovear that the
increasing oil concentration reduced popularityffédence was found
in the taste and the odour, but with the linseédupplement of 3% |

managed to produce a sample that is very simildrg@ontrol sample.

Based on the measurements performed with the etectnose,
the value of the classification function, given the discriminant
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analysis, was 90 %, while the cross-validation galid not reinforce
the reliability. In this case, | was not managed aichieve the

outstanding result given by the purchased samples.

3.6  Comparison of the prepared parizsi samples and the

samples originating from retail trade

During the comparison of the prepared Parizsi samphd the
samples purchased on the market, the results af djective
measurements (fatty acid, color, rheology and edaat nose analysis)
were compared in case of the different supplemiemimtand the

Parizsi available on the market.

By comparing the fatty acid results, it can be extathat the
guantity of unsaturated fatty acids was higher asec of each
supplementation compared to the samples availableeomarket, but
it did not have an important effect on th/w-3 ratio. The exceptions
are flaxseed powder and linseed oil which are tlestnfavourable

unsaturated fatty acid sources.

Based on the rheological tests, the different typefs
supplementation can be distinguished, and the smmphde by me
were far from the samples available on the markebhsed on this, it
cannot be clearly stated that those are worse terbéinseed oil
supplementation was the most similar to the Pasasiple of higher
price category available on the market, and theithiec
supplementation was the most similar to the lowerepcommercial

sample.

The calorimetry also proved the significant diffece between the
samples. The oil supplementation modified the hgks, yellowness
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and redness values, too. Based on the points ofat,*p* values
represented in 3D coordinate system, the Parizsiladle on the

market are separated significantly from those nigdee (figure 1).

@ 3% Flexseed powder

B 3% Flexseed oil

© 3% Sunflower-lecithin

@ 3% Soybean-lecithin

g g: Sovbean-lecithin powder
o1 Soybean oil

oV
20,00

18,00+
1800
17,00

16,00+

15,007

Figure 1. The CIE L*, a*, b* coordinates of the
samples purchased on the market and of the 3%
samples prepared by me

Based on the results obtained by the electroni@,nbsth oil
supplementations approached the aromatic profilethef Parizsi
available on the market which also proves thatsbplementation is

the most suitable.
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4 CONCLUSIONS

In the series of experiments included in my disgem, | have
tested supplementations that have not been apblethis field of
science so far for the purpose of the optimizatibfatty acid profile
and reducing the amount of fat content in respégidazsi. My aim
was to determine the optimal supplementation fatithe different fat
substitute formulas, all this in a way that thepganies typical of the
experimental product categories shall change tes &t possible, or

they shall not change at all.

In case of the samples originating from the marttet,fatty acid
profile was very diverse. This largely dependedwdrat fatty acid
composition had the raw materials used for the yectbdn and how
many was used from the given component. The pasamekamined
by me compared to the values recommended by theexCod
Alimentarius, in each case they corresponded toettpgectations.
Regarding the quality/price ratio, we can stat¢ tifi@a more expensive
products have better sensory properties, they hawetter consumer
perception as well, although | have not conducsstistto find out to
what extent the price would influence the consuiméne judgment of

the product.

The linseed oil, soybean oil, soybean lecithin pemvdyround
flaxseed powder, sunflower and soybean lecithindugar the
supplementation of sample parizsis influenced patitin each case
the quantity of unsaturated fatty acids, even & ¢h6/w-3 ratio did
not improved at such an extent that it approach vakie of 4

considered to be optimal. The flaxseed oil and gddilaxseed proved
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to be most suitable for the parizsi supplementatiecause in both
cases the quantity eflinolenic acid increased considerably, and at 6
% of supplementation, it has already approacheaptienal w-6/w-3
ratio (4).

In case of the sensory properties, the 3 % linsedd
supplementation reached better results duringehemy assessment
compared to the control samples, which is an oudstg result in
every aspect. Generally by the increasing conceotraf each type
of supplementation (component), the popularity dased, and the
differences appeared in the mouthfeel and in thie tén the odour. As
the sensory properties are the most parameteisodf the proposed
supplementation form in this case also the linggledven in 9 % ratio,

too.

Regarding the rheological properties, also thewiplementation
proved to be the most suitable. | measured thedbfirenness values
in case of the samples made with sunflower lecjthihile at the
application of the flaxseed powder a more solidigmobust structure
was formed. The other supplementations are minynaitferent from
the products available on the market, thereforesééms to be
employable for the replacement of fat from the tbgcal point of

view.

In case of parizsi, colour varies widely. It isfitifilt to define
precisely what the consumers expect in this regarthermore the
components used influence significantly the fir@bar. The parizsis
prepared on the basis of the recipe described inwaogk were
considerably different from the purchased samdesn in case of 3%

of supplementation a well visible difference candsmtified in respect
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of the colour stimulus differences which was typio& the liquid

lecithin and lecithin powder supplementations. Tigletness (L*) and
yellowness (b*) values increased with the incregsimpplementation
level, and the redness (a*) value decreased comhgaréhe control
sample. The increase of the yellowness value caxpkained by the

yellowish shade of the components used for thelsapmtation.

| also examined the applicability of the electronase measuring
instrument, both for comparing the aroma profile tbé samples
available on the market, and for separating theplsapentation
concentrations and types. | reached the best segultase of the
samples available on the market. In case of thehased samples
there is a difference to such an extent both inctimaponents and in
the proportion of the components that the electromise was able to
separate the samples with due security. The samieecanentioned for
the samples prepared in the same percentage laudiifierent way,
therefore the instrument has the adequate semgitviseparate the
different supplementation types. In my series gbezdnent, when
applying the tested supplementation types to differextent, the
accuracy of the electronic nose decreased. Thee&ubf further
experiments may be to follow-up the aroma profiargge occurring
during the aging/storing process of supplementedgavith the help

of the electronic nose technology.

Storage had a minimal effect to the fatty acid cosijon but |
have experienced some changes in colour and inreexturing the
aging process. As a result of storing, the colauame darker, and the
parizsi samples became more solid, which was etlidéene to the
loss of moisture. In case of the supplementatidh @i% of soybean
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lecithin and 9 % of linseed oil, the rheologicabnlges were of lower

extent than in case of the other supplementations.

Altogether, the linseed oil was proved to be thestrguitable
supplementation also in case of parizsi. The omiication of linseed
oil and flaxseed powder may be the subject of théurexperiment, as
it would bring a satisfactory result for the fadtgid proportion, and the
flaxseed powder would adequately compensate thectied of
firmness as a result of the oil supplementatiowdtld also worth
examining the fiber content of parizsi when appdyilaxseed powder,
since this way it would be possible to increasehiloéogical value of

the product.
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5 NEW EXPERIMENTAL RESULTS

| could effectively develop a parizsi basic recifeat
became suitable for performing my experiments agnan
the replacement of pork backfat. | successfullyiiagghe
electronic nose measuring instrument for the sejparaf

the parizsis available on the market.

| have been the first to apply liquid lecithin fdine
replacement of pork backfat in parizsi but its &atlon is
only recommended in low concentration (1,5 %) beean
higher concentration (6 %) it results a significant
differences in the properties (taste, odour, textaolour).

In the fatty acid composition, lecithin increasele t

guantity of thew-6 fatty acids the most.

| have been the first to apply lecithin powder gmndund
flaxseed for the supplementation of fat contentase of
périzsi, and | have experienced that with 6% ofdéed
powder supplementation both the quantityf3 fatty
acids, and thew-6/w-3 ratio approached the dietetic

optimum value.

The replacement of pork backfat with 9% of linsesd
results in a reduction, regarding the6/w-3 fatty acid
ratio, to an extent which has even reached theev@aid)

considered to be ideal, healthy.
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