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.only high quality is worthy of homo sapiens, it is the measure of human
dignity and should be the source of success for those who achieve it.”

Tadeusz Kotarbiriski

An increasingly growing globalization process and intense market
competition cause that the quality becomes more and more sighiisae
in all areas of life. The quality of food is one of non-pri@mpetition
components. It became, along with innovativeness, the most impoxttont fa
influencing the demand. In addition, with technological progress aode
more attention has been focused on the quality in the entire foad(&iman
suppliers to consumers, the final food chain link).

The quality of food products covers an extremely large eoataining
its various properties — chemical, physical, biological, afiwlogical, utility
and any other features deciding on the extent to which the corisureeds
and expectations are met. Commodity science as the scieqaality being
faced with the current economic situation is predisposed to prepghgaidea
in many areas of economic life.

Monograph entitledFood Products’ Quality” is a part of “Commodity
Science in Research and Practice” series. It is airhétegoresentation of
commodity science achievements within the scope of widely stwbet the
problem of food quality.

Monograph contains 16 chapters written by the Authors being istéent
from the European commodity science centres.

In particular monograph chapters the Authors deal with probldatede
both to the quality and its determinants pertaining to food oft giaanimal
origin as well as consumer’s criteria for food quality assessment.

The monograph is published to present the capacity of commaodity
science to create the quality of food products and can be a \wbmbice of
knowledge for practitioners and theorists of economic lige veell as
economics students.

Matgorzata Miniakiewicz
Stanistaw Popek






INDUCED AUTOLYSIS AS A WAY TO IMPROVE
THE QUALITY OF LUPINE PROTEIN
PREPARATIONS

Ludmila Eliseeva, Irina Makhotina, Petr Gorozhanin

Plekhanov Russian University of Economics,
eliseeva@rambler.ru

Introduction

All countries of the world consider human needs in a safe and adequat
nutrition as one of most important international and national problems
Forecasts of modern scientists show that in the coming dedsdpsoblem
of lack of food and its quality will rank first in the worl@urrently, more than
half of the world's population feels a shortage of food proteimeiin nutrition.
World production of animal protein is four times less thandamand or it.
The total deficit of protein on the earth is 10-25 million tons a year.

In the nutritional status of the population in Russia the prapoadi plant
proteins is increasing, most of which has unbalanced amino acid composition
(such as grains, potatoes, vegetables). The important diréctsolving this
problem is the development and application of modern biotechnology
production of new sources of vegetable protein with the mosh&adl amino
acid composition.

The best way to solve the problem is to construct a proteicig®ffood
by protein enrichment of traditional foods with herbal components;ptitih
includes the main features of traditional and new ways of pnoguoiod
protein (Hall, Johnson, Baxter, Ball 2005).

Vegetable proteins are characterized by high biologicaleyajood
digestibility, unique functional properties and the ability totuasditional and
new processes with giving semi-finished and finished productsighf h
consumer qualities. Seeds of legumes (soybeans, peas, beans)éufias
vetch, chickpeas, grass, peanuts, etc.) play an importanih éereasing of
the protein deficit. According to the nutritional value and chamic
composition these proteins are the closest to the sour@snoél protein -
meat, fish, milk. Legumes have high nutritional qualities due talfigy to
accumulate and retain several times more high quality pratinather types
of plants (Turnbull, Baxter, Johnson 2005).

Typically, legumes contain 20-30% protein. Legume proteins hawe bett
balance of essential amino acids, as compared with cereahgrotei



Soya beans are the main source of vegetable protein in the Woey
have a monopoly position in the world as a raw material foptiba@uction of
protein products.

Besides the low cost and high nutritional value, close to ibteips of
animal origin, soya protein has a high functional properties,hndidiows to
consider it as a reference standard in the study of new pldeinscand also
facilitates and reduces the cost of its processing in the grodwé composite
food products (Braudo, Danilenko 2001).

Nevertheless, soya has a number of disadvantages - the cuirdeiit
nutritional substances such as protease inhibitors, haemagglutinin, etc.

Lupine is on the second place after the soya by the content arllitlye a
to accumulate protein. The prospect of lupine seeds as rawiah&defood
industry is determined, first of all, by chemical compositiad &iological
value. Table 1 shows the chemical composition of different gradapiogl

Table 1. Chemical composition of different varieties of lupine

Content, %
Varieties of lupine N nitrogen-free )
water | protein| lipid |cellulosq ash . alkaloids
extractives
Lupinus albus 9.6 434 | 11.3 7.2 34 25.1 0.029
Lupinus luteus 104 | 411 5.7 10.3 4.7 27.8 0.10
Lupinus angustifoliu{ 9.9 36.6 5.8 9.9 3.6 33.9 0.34

Source: Charles, 1986

The carbohydrate content in the lupine seeds varies slighigyari)
fibers are mainly contained in the shell of the seed, kernebeuis not
greater than 1%.

The hallmark of lupine flour is the complete absence of prolamins
(alcohol-soluble proteins), including gliadin and gluten, whichsigecially
important for people with digestive disorders caused by celiszase (no
ability to digest gluten and gliadin component) (Catassi, Fanck0inl).
Lupine may be a raw material for creating ungluten foodghénform of
cookies, cakes, etc.(Charles, 1986).

Modern technology of protein isolates allows to achieve the marim
fractionation feedstock, to inactivate or remove antihwuéri factors,
depersonalized negative organoleptic characteristics @astesmell of raw
beans). This allows the direct use of vegetable proteintésata food
production.

However, the principle of maximum fractionation of plant proteas
several negative consequences. In the process of deep fractiomatny
biologically active components are lost and biological valuthefisolates
reduces.
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We have suggested that the method of induced autolysis ofatésyet
protein preparations can achieve better results than limetetymatic
hydrolysis, proteolytic enzymes of own raw materials willrhalved and the
processes occurring during germination can be reproduced.

Induced autolysis is the method of processing of agriculturalaobial
raw materials under its own hydrolytic enzymes (hydrolases), wdutisdty
is initiated by an external inductor. The essence of #toa is the initiation
of the enzyme system "working" during germination, imitatire dltion of
key endogenous enzyme synthesized de novo in the beginning of germination

Using the method of induced autolysis meets the needs of modern food
biotechnology in the best way. First, this is due to the fatthe raw material
which is used is not fractionated, it means that it containthalloriginal
biologically active components. Secondly, there is a decredlse content of
anti-nutritional factors and to improve the functional properties of .flbhis
technology is waste-free and profitable from an economic andoanvental
points of view.

Material and methods

We used the lupine flour variety “Crystal”. Protein, fat andchydrates
were determined by standard methods.

Results and discussion

The flour was suspended in water (1:5). This provides theedesi
viscosity, which allows to perform all the technological mafations with
the suspension, on the other hand, the ratio of lupine flour arst igahe
lowest possible and requires less time and energy for drying#ig@foduct.

Chicken pepsin was selected as an acid protease (endoenzines),
according to some researchers (Papastoitsis G., Wilson K.,) 1881
germination begins with the action of acid proteases, which include pepsin.

After sample preparation, the proteolysis was carried outirwis0
minutes. Optimum pH was determined by the increase in free amiopgy
Most active chicken pepsin was observed in the range of pH 2,Bgl1@e
optimum the value of pH 4.0 was chosen.

The next step was to determine the duration of the hydrolypi®t#ins,
in order to identify the time interval after which the pxef proteolysis of
this raw material slows or stops. At this point it wasessary to inactivate
the enzyme, in order to enable its own enzymes to activate the procaas of
autolysis.

Hydrolysis of lupine flour was conducted for 5 hours, periodicallyrieve
30 minutes) taking samples. For the duration of hydrolysis anddgree of
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influence of the ratio enzyme / substrate of the procesydrolysis was
monitored by the increase in free amino groups in the samples.

Therefore, the most complete research objective corresponds &ithe r
E / S equal to 1/50, where the rate exceeds the rate of proteoljfsisratio
of 1/100, recommended by several authors (Fontana, Polverino, 1999, 2004)
to work with isolates and concentrates.

The data on the growth of free amino groups during five hours lygiro
allow to say that the most optimal duration of hydrolysis, irretsges of the
ratio enzyme / substrate, is 180 minutes. Further hydrolysis does nti kead
significant change in the concentration of amino groups, iscadvisable to
limit the duration of proteolysis to 3 hours.

We establish the following optimal conditions for limited préyss of
lupine flour: 1. Ratio of lupine flour: water - 1:5; 2. For the iempéntation of
proteolysis, it was recommended to use chicken pepsin; 3. pH fondse
intensive process of proteolysis is 4.0; 4. Duration of limitedepigsis is
three hours; 5. Ratio enzyme: substrate in the reaction mediunal $feoli50.

According to the literature, for the process of autolysissgéected room
temperature, which is within 72 hours autolysis maintained tanhsat
22+1°C.

Choice of pH was based on the optimum enzyme action. At a gt of
chicken pepsin stops working, so it is possible to eliminatafittence on
the processes occurring in the slurry of flour lupine seeds.

The growth of TCA-soluble peptides, characterizing the dynamics of
protein hydrolysis, showed that it was not only due to the actiohicken
pepsin, because at pH 7,0 introduced enzyme was inactivated. ddtase
suggest that the lupine flour hydrolytic protein changes occur nobgrtlye
action of exogenous acid protease, but by activating of the emalagjkipine
seed flour enzyme (Shutov, Vaintraub, 1987).

In order to characterize the change in protein content induced asitolys
process and compare them with the data obtained from geioninate
determine protein concentration.

Determination of protein was carried out before autolgsid at 24, 48
and 72 hours autolysis. In parallel with the experience of danmiptemented
similar experience, but without making the suspension of lupinedldaken
pepsin.

The data obtained allow to ascertain a higher rate of hydralfpi®tein
in the samples experience, as compared to the control.

The lupine seed flour contains an average of 4 % oligosacchaviueh,
reduces their nutritional value and digestibility, and therefordask was to
determine how the process of the induced autolysis will adfetthe contents
of this group of carbohydrates. Therefore, the process of changitite
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content of reducing sugar, which concernsdhegalactosides, was used to
compare the germination process and induced autolysis .

Changes taking place with oligosaccharides during induced sistole
judged by the dynamics of the formation of reducing sugars itoineldipine.
In parallel with the experience of control implemented singigquerience, but
without making the suspension of lupine flour chicken pepsin.

In the first phase of induced autolysis (proteolysis) the change
absorbance of solutions containing reducing sugars was equal to O, i.e.
samples and control experience and the same values were obtaineddly optic
density. This is due to the fact that an endogenous enzyme, we used wa
chicken pepsin, which leads to hydrolysis of proteins, but does reat aff
carbohydrate and exoenzymes lupine bean flour in the firsto$tieyluced
autolysis.

These data show that the autolysis process is an incredss dptical
density of samples experience, as compared to control samples. These results
can be interpreted as follows, in the process of autolysis tinelerction of
its own enzymes flour lupine seeds hydrolysis reducing sugar, whickeresul
in the increase in the content of reducing sugars.

It should also be noted that during induced autolysis changes tad set
i.e. capacity optical density, which indicates the increase inotheeatration
of the hydrolysis products of sugars that occur after 40 hours of autolysis.

The modification of lupine flour by induced autolysis allows tmalate
the imperfections of taste and aroma (“bean-taste”), due tbvaaon of
lypoxygenases. It was established that autolysis leads to thelysis of
complexes between polypeptides and cellulose, and this caustibénation
of access of digestive enzymes to their substrates. Asilh, tbe degree of
protein digestion increases, the partial hydrolysis of reserve globuteimsro
and polysaccharides occurs, and these processes lead to theeinofea
functional propertyes of the flour. Modified lupine flour containsren
vitamins of B-group and tocopherols, and the content of antioxydaiits in
increases more than twice as much. The content of anti-on#iisubstances
— raffinose polysaccharides and phytates — decreases sigiyficand the
degree of potential mutagenicity does not increase. Allatar obtained allow
to establish that consumer properties of modified lupine floureniala
competitive analogue of soybean flour.

Conclusions

On the basis of our data, we can conclude the feasibility of usang t
process-induced autolysis in order to improve consumer propertigsuof
lupine seeds. As a rusult, we propose the following technologibehse of
main steps of induced autolysis of lupine seeds’ flour:
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Limited proteolysis of lupine flour by exo-enzyme — chicken pepsin;
Neutralization of flour suspension to inactivate the introduced eszym
Autolysis of lupine flour by endogeneous enzymes;

Freeze drying of suspension.

P wbdhE
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FACTORS AFFECTING SELECTED WHEY
PROTEINS CONTENT IN UHT MILK

Bozena Garbowska, Monika Radzymiska,
Dominika Jakubowska

Chair of Commodity Science and Food Research, Faculty of Food Sciences,
University of Warmia and Mazury in Olsztyn,
bozena.garbowska@uwm.edu.pl

Introduction

Milk is a product of a very complex, which consists of about 250
components. The most important of them are fat, protein, lactose and mineral
salts (Donato et al. 2007).

Milk protein content ranges from 3.05% to 3.85 %. Milk protein fraction
is divided into casein and whey proteins. Assuming proper amount of protein
in the milk casein as 100% of 78 %. Besides milk containsirtas/hey
protein, of which:

— albumin ea-lactalbumin B-lactoglobulin A and B and blood serum
albumin,

— globulin : immunoglobulins,
— proteozes and peptones (Fox, Mulvihill, 1982).

Whey protein does not contain phosphorus and are characterized by a
high content of sulfur amino acids - methionine and cystine. AB®A6 of
the whey protein if-lactoglobulin. Unlike typical albumin is not soluble in
water (which is commonly referred pseudoalbumin), while freelybde in
dilute solutions of neutral salts (Farrell, Douglas 1983).

Blood serum albumin aratlactalbumin, is a typical water-soluble whey
proteins. Their characteristic feature is the high contentcytine.
Immunoglobulins (proteins immune) account for about 10 % of whey protei
Inflammatory conditions of the udder to significantly increasectiteent of
immunoglobulins in the milk. ( Fox, Mulvihill , 1982; Parris, Bagki, 1991
Recio, Olieman, 1996).

Raw milk is a product unstable and therefore it is suljetdeheat
treatment. The most common method of preservation of the niil&ang
UHT in the system, resulting in a product with stability upsito months.
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Thermal treatment causes partial denaturation of the milky whatein, of
which the most resistant to the sterilization temperatumelactalbumin and
most thermo-labile is immunoglobulin aBdactoglobulin B. However, the
treatment temperature is not the only factor affecting oorke fraction of
whey proteins in the milk subjected to UHT sterilizationtesys Therefore,
the aim of this study was to evaluate the influence of seléattors such as
fat content, temperature and storage time on the conterglaxfted non-
denatured soluble at a pH of 4,6 — 4,7 whey protei#adtalboumin, -
lactoglobulin A and B) in commercial UHT milk.

Material and methods

The experimental materials comprised commercial UHT nsiédptcally
packaged in 1liter cartons from the same supplier. Experimsartgles were
collected from three different batches of UHT milk 0,5% dantent, as
declared by the supplier, and from three different batchesIkf37@% fat
content from winter and summer production. The experiment involved
analyses of UHT milk immediately after production (no ldatean a week
since production date) and analyses of milk stored at tempesatiug2 and
22+2°C: after 2, 4 and 6 months of storage.

Whey protein content

The content of the non-denatured soluble at pH 4.6 - 4.7 whey protein :
a-lactalbumin,f-lactoglobulin A and B was determined by HPLC (Visser et
al. 1991).

Chromatographic separation of the soluble whey proteins after the
precipitation of casein thereof isoelectric point wasfquared by high
performance liquid chromatography HPLC liquid chromatograph using a
Hewlett Packard 1050 computer coupled to the chromatograptigasef
Chem -Station, version A.00.33. The chromatographic column used was BIO
- RAD HI- Pore reversed Phase RP - 304 , length 250 mm, intdiemaéter
4.6 mm; mobile phase: buffer A: 0.1 % trifluoroacetic acid in deemhizater,
buffer B: 0.1% trifluoroacetic acid in acetonitrile; mobile phdlow rate of 1
cm3 / min.; temperature separatio’@QUV spectrophotometric detection
systeni = 210 nm; reverse phase chromatography in the gradient syatem
used, gradient separation conditions : 0 min . - 80 % A; 1min. - 8Q%6A
mn.-58%A,20min.-54%A,22min.-50%A,225min.-0% A,
30 min . -80% A, 38 min . - 80% A.

Interpretation of results

Qualitative and quantitative interpretation of the obtained
chromatographic separations were carried out by comparingihe of the

14



peaka-lactalbumin B-lactoglobulin A,B - lactoglobulin B and quantitative
samples of standard solutions and test their integration desilgbhg taking
the concentration of protein in the samples assayed standartiai$ta
samples were prepared from weighed amoutfstalbumin B-lactoglobulin
A, B-lactoglobulin B Sigma.

Acidity (pH)

Measurements of pH were conducted with laboratory pH-meter AD130.
Statistical analysis

The data obtained were statistically analysed with the fideasic
statistics. Differences in determined whey protein content degtwthe
examined categories (fat content and storage conditions)maked on the
basis of a one-factor variation analysis (ANOVA). The digance of
differences was tested at the significance level of 0,05.

Results and discussion

The content of the non-denatured whey protein in milk is a onleeof t
factors characterizing the marks of quality change during heating and storage
of the final product. The results of studies on the content of select¢idriisa
non-denatured whey protein and acidity are shown in Figurdsahd Tables
1-3.

In the milk, not heat-treated the greatest concentratiothefwhey
protein fraction occurB-lactoglubulins (in an amount of 0.30% on average)
and to a lower amount oflactalbumin (average 0.18%) (Pellegrino, 1994).
Based on the survey and the results it can be concludedhthll the tested
samples immediately after the milk production in the getatencentration is
presenti-lactalbumin fraction (Figures 1 - 4, Table 1). The results shadv
this fraction is the most resistant to heating, which cowi the literature
data (Fareel, Duglas, 1983; Miralles et al. 2000, 1996 Buffoni et al. 2011).

Table 1 shows the results of studies on the contemasftalbumin and
B-lactoglobulin A and B in the samples of UHT milk testechiediately after
the production derived from winter and the summer period,faf aontent
0,5% and 3,2%. Based on a statistical analysis of the restdisedbit can be
concluded that the contents of all fractions non-denatured wioegimprof
UHT milk with a fat content of 0,5% differed significanfipm those of the
content in 3,2% milk fat. Comparing the concentration of thé& faction
derived from a different production period, had higher contents asdyed
in the milk whey protein derived from winter period of productiont bu
statistically significant differences have only been demaoiestia the case of

15



the concentration of fraction-lactalbumin and3-lactoglobulin A in milk
containing 0,5% fat (Table 1).

Table 1. The content of selected fractions of the non-denaturechey
protein UHT milk immediately after production with 0,5%
and 3,2% fat content of derived from winter and summer
production period (mean value)

UHT milk from winter UHT milk from summer

production production
Whey protein UHT milk UHT milk UHT milk UHT milk
0.5% fat 3,2% fat 0,5% fat 3,2% fat
content content content content
a-lactoalbumin [%0] 0,151a 0,111b 0,132c 0,114b
B-lactoglobulin B[%] 0,098a 0,080b 0,092a 0,053b
B-lactoglobulin A[%] 0,122a 0,067b 0,080c 0,066b
sum of fraction$%] 0,371a 0,258b 0,304c 0,233b

Source: results of own research, [Notes: statisfitégh significant differences
between averages marked with the same lettersiis @b, ¢ (g0,05)]

Pellegrino (1994) showed that in UHT milk heated using diresteay
B-lactoglubulins content was at the level of 0 to 723mg /I,cadattalbumin
at alevel of 0 to 700 mg/l. Research conducted by Lopez - Fagidah(1993)
showed that in the direct system heated UHT milk range oftuletiana-
lactalbumin and fractior-lactoglubulins was similar in milk with a fat
content of 1,5% and 3,2%. The average conteatlattalbumin was at 60,40
mg/100ml level an@-lactoglubulins level 57,60 mg/100 (hlopez — Fandino
et al. 1993).

The Figures 1 - 4 presents the results of research on theroé of time
and storage conditions on the content of the selected fraction-aematured
whey protein in the tested samples of UHT milk.

Figure 1 presents data on the contentodfctalbumin andf-
lactoglobulin B and A in the commercial UHT milk with a ¢antent of 0,5%
originating from the winter period of production .

On the basis of the study it can be concluded that the ettirag and
temperature conditions have an influence on the concentratiealexted
fractions of whey proteins in the test samples of commestaailized milk.
Storage of samples of the product at refrigeration (4+2°C)6fononths
resulted in a reduction im-lactalbumin non-denaturated with an initial
concentration of 0,151% to 0,107 % on average , while in room tatope
(22+2°C) to 0,074 % on average. While, the concentratidilattoglobulin
B and A (the initial concentration, respectively 0.098% and 0.122%)
samples of milk after 6 months of storage was reduced angtydo the
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value of 0,065% and 0,051% at 4+2°C, and 0,019% and 0,028% at 22+2°C
(Figure 1). Wherein a statistically significant differengas found after four
months of storage of samples of the milk at a temperat@2+@°C. Only in

the case o-lactoglobulin A significant differences from a statistipalnt of

view, it was found after a two-month period of storageoatr temperature
(Figure 1).
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Notes: statistically high significant differencestlveen averages marked with the
same letters in series A, B, &(05)

Figure 1. The content of selected fractions of the non-denatutevhey
protein in UHT milk directly after production and stored
at different times and temperatures conditions with a fat corgnt
of 0,5% derived from winter production period

Source: results of own research.

The results regarding the effect of time-temperature conditonthe
content of the tested fractions in UHT milk derived frmwinter production
period, of a fat content of 3,2% is shown in Figure 2. In the saropfessh
milk a-lactalbumin amount reached the level an average of 0,11198-and
lactoglobulin B and A respectively 0,080% and 0,067%. Storagaraples
of the milk resulted in a lowering of all protein fractions.

It was found that in samples stored at refrigeration condirs2’C)
at the end of shelf-life, the concentratiorudfctalbumin an@-lactoglobulin
B and A was reduced to 0,070%, respectively, 0,043 and 0,032% on average.
However, in the milk samples incubated at 22& Aumber ohi-lactalbumin
reached an average of 0,03 8actoglobulin B — 0,012%, arf$tlactoglobu-
lin and A — 0,004% (Figure 2). On the basis of statistical arsafiesnonstra-
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ted that significant differences in the concentrations ofglected whey pro-
tein fraction were in the samples stored at 22@G& &fter four and six months
of storage and in samples stored for six months in refrigeration (FAgure
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B
0,02 | B c
€
0

directy after 2months4°C  2months22°C 4 months 4°C 4 months 22°C 6 months 4°C 6 months 22°C
production

Oa-actalbumin - Op-lactoglobulinB @ p-lactoglobulin A

Notes: statistically high significant differencestlveen averages marked with the
same letters in series A, B, &(p05)

Figure 2. The content of selected fractions of the non-denatutevhey
protein UHT milk immediately after production and stored
at different times and temperatures conditions with a fat corgnt
of 3,2% derived from winter production period

Source: results of own research.

Figure 3 presents the results of research on the cootethie three
fractions of whey proteins in samples of commercial UHT miith a fat
content of 0,5% derived from the summer production period. That milk
samples were also stored for six months at various time-tainpe
conditions. The initial concentration of the analyzed proteins agfellows:
0,132% - a-lactalbumin, 0,092% {3-lactoglobulin B and 0,080% B-
lactoglobulin A (Figure 3). Storage of samples of milk resliih a decrease
the content of studied non-denatured protein fractions. It has been shown tha
at the end of the shelf life of the samples stored &°€iand 22 + 2C content
of a-lactalbumin stood at, respectively, 0,088% and 0,095%ctoglobulin
B: 0,061% and 0,034% affidlactoglobulin a: 0,046% and 0,010%. Statistical
analysis of the results showed that the differences waist&tally significant
only after the 4-month storage of the samples at a teroperat 22+2C
(Figure 3).
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Figure 3. The content of selected fractions of the non-denated whey
protein UHT milk immediately after production and stored
at different times and temperatures conditions with a fat corgnt
of 0,5% derived from summer production period

Source: results of own research.

On the Figure 4 presented the results of research on thentcafte
selected non-denatured whey protein fraction of UHT milkaifat content
of 3,2% originating the summer production period. In the milk idiately
after productior-lactalbumin concentration was on average 0,114%; B
lactoglobulin 0,053%, whil@-lactoglobulin A — 0,066%. Storage of samples
of milk for six months at 4+°C increased the extent of denaturation of tested
protein fractions, thereby lowering their content in the produtactalbumin
to an average value of 0,084%slactoglobulin B to 0,024%, and B-
lactoglobulin A 0,021%. The milk samples incubated at room teatyer (22
+2°C) had a significantly greater decrease in the levethef assayed
compounds on average ta:lactalbumin — 0,031%-lactoglobulin B to
0,009%, an@-lactoglobulin A — 0,002% (Figure 4). Statistically significant
differences were found f@-lactoglobulin A after two months of storage of
the milk samples at room temperature (22°€)2and after four months at
refrigeration (Figure 4).
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Figure 4. The content of selected fractions of the non-denatutevhey
protein UHT milk immediately after production and stored
at different times and temperatures conditions with a fat corgnt
of 3,2% derived from summer production period

Source: results of own research.

The loss of selected fractions of the non-denatured whey proteins during
six months storage samples of UHT milk are presented in Tallin the
basis of obtained results it can be concluded, in the casdaatalbumin,
factor that influencing the significance of differences wa$y a storage
temperature of UHT milk samples. At room temperaturedbe of the protein
content was significantly higher than in milk stored for thme period at a
temperature of refrigeration (Table 2).

Observing the loss content@iactoglobulin B ang-lactoglobulin A, it
can be concluded that the important factor, in addition to thegstora
temperature, is also the fat content of milk and the ptamugeriod.
However, on the basis of the results can not clearly deterimbw these
factors determine the loss of analyzed whey protein fract{only in the case
B-lactoglobulin A in UHT milk the derived from the winter produatjeeriod
can be concluded that the reduction of the protein content gisicntly
lower in the UHT milk with a fat content of 3.2% (Table 2).

On the relationship between temperature and storage tinteeaocdntent
of non-denatured whey protein also indicate other authors. Remder a
Dorguth (1980) showed that the UHT milk whey protein albunantent
could be lowered by approximately 36 - 56% depending on storageionadi
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Also Corzo et al. (1994) and Miralles et al. (2000) repotted with the
increase of storage temperature of the product incredsesdegree of
denaturation of whey protein. In a similar direction changesiatlicate other
authors [Farrel, Douglas, 1983; Leonil i in., 1997; Panfil-Kuncewicz,
Kuncewicz, 1997].

Table 2. The loss of selected fractions of the non-denatured whe
protein in UHT milk with 0,5% and 3,2% fat content of derived
from winter and summer production period after six months
of storage in various temperature conditions (mean value)

UHT milk from winter production UHT milk from summer

production
Whey protein UHT milk UHT milk UHT milk ’L UHT milk
0,5% fat content3,2% fat conte] 0,5% fat content3,2% fat conte

4°C 22C| 4°C 22C| 4°C 22C| 4°C 22C

a-lactalbumin [%]

B-lactoglobulin

B[%]

B-lactoglobulin

Al%]

sum of fraction

[%]

Notes: statistically high significant differencestiveen averages marked with the
same letters in rows a, b, ¢, &k@05)

0.044a 0.077h 0.041a 0.074H 0.044a 0.082h 0.030a 0.083f
0.033a3 0.079h 0.037a 0.0684 0.031a 0.058¢ 0.029a 0.0444
0.071a 0.094h 0.035¢ 0.0633 0.034¢ 0.070a 0.045¢ 0.0644
0.1483 0.250h 0.113¢ 0.205¢ 0.109¢ 0.2109 0.104¢ 0.191d

Source: results of own research.

The reason for decrease in the content of soluble at pH 4.6 —whépf
proteins during storage of test samples are probably the tditKTfurther
reactions to varying degrees of denatured whey proteineirptbcess for
producing UHT milk casein micelles mainly casein and es|heciaar the
obtained the results of non-denatured whey protein content iméhgzed
samples of UHT milk can be assumed that the interaction batweese
proteins and casein micelles proceed further during stomgeugh no
longer operates direct causative agent of these reactibeatimg. n a similar
direction of the non-denatured whey protein fraction of milkrdystorage
revealed among other Recio et al. (1996). These authors shiwateduring
the storage of samples of UHT milk undenatured whey protein d¢onten
decreased, probably due to formation of complexas-lattalbumin ang-
lactoglobulin from the other constituents of milk. In contrasdfi@ld et al.
(1998) and Corredig and Dalgleish (1999) found that these préadingthin
the k-casein complexes can not be excluded their participatiotiein
formation of compounds of proteolysis - although the major lipidepro
molecules to react with the fat proteins are caseiridrax (Vasbinder, de

21



Kruif, 2003; Ye et al, 2004; Safon et al. 2014). Lowering of theart of the
soluble form of whey proteins during UHT milk storage cannotirbged

only can be slow by keeping the final product under refrigarafi hese
changes do not affect the biological value of the product bechesghey
proteins do not precipitate from the milk and interact with theinasicelles
and remain in the milk.

The results of the active acidity UHT milk samplessirewn in Table 3.
The average pH of UHT milk samples 0.5% and 3.2% fat contertnuetd
directly after production, was 6,69 and 6,66 (milk from winter period),
respectively, and 6,60 and 6,61 (milk from summer period) and it was
consistent withpolish standard (1996) requirements for products of the type.
Even after 6 months of storage at a temperature of°Z2i¢hanges in the
acidity of milk samples were minorDespite statistically significant
differences observed in the mean values of active aciditygltive storage of
UHT milk, all values determined corresponded to requirememisiated in
the Polishstandard (1996) (Table 3).

Table 3. pH values in UHT milk with 0,5% and 3,2% fat content
of derived from winter and summer production period directly
after production and after six months of storage in various
temperature conditions (mean value)

UHT milk from winter UHT milk from summer
production production

UHT milk UHT milk UHT milk UHT milk

0,5% fat 3,2% fat 0,5% fat 3,2% fat

content content content content

Directly after 6,69a 6,66a 6,60a 6,61a
production
After six months 4°C | 22C | &C 22C | 4#C | 22C | #C 22C

of storage 6.53a| 6.31b] 6.50a 6.290 6.51a 6.42b 6.52a 6|46b

Notes: statistically high significant differencestlveen averages marked with the
same letters in columns a, kE@R05)

Source: results of own research.

Conclusions

Fat content of UHT milk affect significantly the ldvaf whey protein
fractions in product, while the impact of the production periochas
unequivocal. It was found that for all samples of UHT milk tbatent of
selected whey proteins fractions is higher in milk from wirgeoduction
period, but not always, these differences were statisticalyfis@gnt.
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Conditions of UHT milk storage exert a significant effecttlod extent
of denaturation whey proteins fractions. The greatest extenhanges is
observed during the storage of UHT milk at a room temperature (€225
compared to the changes proceeding in milk stored at a refimgerat
temperature (4£Z).
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Introduction

In recent years, there has been a growing demand for tradifiodal
regional food. The interest in this food is a response tgltiml production
and unification of products. It is conducive to the sustainable development of
rural areas and small and medium-sized enterprises. Productboectiom
and promotion of traditional and regional foods are becoming more popula
in the countries of the European Union. National and EU regaotatamong
others, the Regulation of the European Parliament and of the C(iidgiNo
1151/2012 (Regulation 2012) stimulate development of the food market.

The European Union, since the early 90s of the twentieth celiasy,
been supporting omni-directional rural development. It has beergttgi
create proper conditions for producers, allowing them to competeodd
markets. For this purpose, instruments have been developegtprbtct
manufacturers who produce goods using traditional methods, ensuring thei
unique organoleptic characteristics (Halagardgdztor and Pyrzgska,
2013).

Poland has a large possibility of producing traditional argional
products due to its traditional agriculture, family farmsrkiorce in rural
areas, clean environment, and rich and varied cultural geritaroducts
whose unique quality or characteristics and properties riegaitthe use of
traditional methods of production may be added to the list ditivaal
products of the Ministry of Agriculture and Rural Developmehe products
at the same time promote the region and are part of theatuitritage and
increase consumer awareness. Buyers are convinced of theirrigtitgonal
values and better quality, especially the sensory quafitthe products
manufactured traditionally, often without or with a minor conitidn of
additional substances (Domaradzki and Florek 2012). Among itrzelit
products, processed meat products are of particular interest to @asum
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Production of meat and meat products in Poland is remarkabhastmi
production under natural conditions. Producer groups are formed to be
organized and see their chances of development in promoting aadds
traditional products. An increasing number of consumers dliagvio pay
much more for traditional products with relevant certificatekich, in
addition to their health benefits, are characterized by uniggis@ecific taste
(Olszaska 2007).

Traditional and regional foods raise understandable interest (Dokatows
and Kotazyn-Krajewska 2008).

The aim of this study was to compare the quality of traditioralgssed
meat products included in the list of traditional products, gssed meat
products declared by their manufacturers to be traditional ameeational
processed meat products — large-scale production.

Material and methods

The subjects of sensory and chemical tests were processggrmducts
belonging to the two groups of hams and sausages. Two productgef thr
manufacturers were selected for the study. They were thdugiso of
companies A, B and C.

Products of the first manufacturer (ham - A1 and sausage A2)aslded
to the list of traditional products of the Ministry of Agricultused Rural
Development. Products from the B manufacturer (ham - Blaushge - B2)
are products with the worttaditional included in their name, but are not
included in the list of traditional products. Products fromG@hmanufacturer
(ham — Cland sausage - C2) are conventional products.

Analyses were performed at the Department of Food Commodég e
of the Cracow University of Economics.

The study consisted of two parts: sensory analysis andvdestion of
the chemical composition of processed meat products. The dinsbpthe
study was made by the five assessors using a five-point saiahg: 1 - the
lowest rating, 5 - the highest rating. They evaluated: thd,stokor, structure
and consistency and taste.

Chemical tests included determination the content of:

- water according to the Polish Standard PN-ISO-1442,
- protein, using the Kjeldahl method {#zior 2009),

- fat, using the Soxhlet method ¢#zior 2012),

- salts, using the Mohr method ¢#zior 2012),

- phosphorus, according to the Polish Standard PN-1ISO-13730.
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Results and discussion
Analysis of the results of sensory evaluation

Analysis of the results of sensory evaluation was made antivision
into two groups of products: hams and sausages. Ratings obftained
individual quality differentiator are shown in Tables 1 and 2.

In the assessment of the structure and consistency of individual of hams,
there were no significant differences (Table 1). Similattiyg color of the
hams Al and B1 was rated (respectively 4.40 and 4.47). Diffessoccurred
while assessing other characteristics. The smell of hanwas top-rated
(4.10). The conventional ham C1, among hams, was rated as gténierms
of its smell, color and taste, respectively, 3.80; 3.93; 3.90. Téierésults
were those of ham B1, in terms of its taste (4.47)

Table 1. Assessment of individual sensory characteristics of hams

Quality Coefficient of Evaluation of hams, scale 1-5
differentiator importance Ham Al Ham B1 Ham C1
Smell 0.30 4.10 4.40 3.80
Structure 0.25 4.12 4.20 4.40
and consistency
Color 0.15 4.40 4.47 3.93
Taste 0.30 4.30 4.47 3.90

Source: own research

Analyzing individual sensory characteristics of sausagabl€T2) there
were no significant differences in the evaluation of color. Evaluatiorhef ot
quality features differed. The highest assessment in teramelf was that of
sausage A2 (4.50) and the lowest, sausage C2 (4.10). The strunture a
consistency of sausages A2 and C2 were evaluated equally. 3e9)tely
the best taste characterized sausage A2 (4.60). The tastesahs C2 was
assessed as the worst (3.60).

Table 2. Assessment of individual sensory characteristics of sausages

Quality Coefficient of Evaluation of sausages in points, scale 1- §
differentiator importance Sausage A2 Sausage B2 Sausage 2
Smell 0.30 4.50 4.30 4.10
Structure 0.25 3.92 3.32 3.92
and consistency
Color 0.15 4.13 4.07 4.13
Taste 0.30 4.60 3.77 3.60

Source: own research
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On the basis of partial assessments of individual qualitjures
including the coefficient of importance (Table 1 and 2) the olveesisory
evaluation of processed meat products was calculated. Thes rsuhown
in Figure 1.
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Figure 1. Overall sensory evaluation processed meat products
Source: own research

Among hams, the highest overall sensory evaluation wasveecély
ham B1 (4.37), while the lowest — by ham C1 (4.00). In the case sdges)
the best rated sausage was A2, while B2 (3.85) and C2 (3.90)muete
worse. The evaluation of sausages can be concluded with a statbate
traditional products (included in the list of traditional progudtave better
organoleptic characteristics than the conventional products

Analysis of the results of chemical determinations

The results of chemical tests are presented in Tdablasd 4 with a
division into hams and sausages. Chemical tests included dea&omiof
water, protein, fat, salt and phosphorus content in the products.

Between the A1 ham chemical composition, which is a conventional
processed meat product, and the composition of C1, which is a conventional
ham, there are clear differences in the content of eachdiegt (Table 3).

Ham C1 contains much more water and salt than ham Al. The contieesef
ingredients in ham C1 is: 75.70% of water and 2.48% of salt, wie case
of ham Al, it is, respectively, 62.95% and 1.91%. Conventional pratesse
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meat products contain much less of the most valuable ingredretgjn. Its
content is only 16.76%, while in the case of traditional processsmt m

products — Al contains 10 percentage units more of it, 26.70%. Ham C1
contains on average of 3.40% of fat, and it ham Al contains twiteiels of
it (average 6.80%). There are also differences in the conteatiosphorus.
Conventional processed meat products contain as much of it as 0.437%
whereas conventional products contain as much as 0.746%, indicating an
additive of polyphosphates in the production conventional ham.

Table 3. Chemical composition of hams

Determined value

Value according

Source: own research

Table 4. Chemical composition of sausages

Source: own research
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Ingredient HamA1L HamB1 HamC1 to the Polish Standard
——— ————
Protein (%) 26.70 20.16 16.76 Not less than 16.0%
Water (%) 62.95 64.25 75.70 Not more than 80/0%
Fat (%) 6.80 10.75 3.40 Not more than 10.0%
Salt (%) 1.91 2.39 2.48 Not more than 4.0%
Phosphorus 4.37 4.34 7.46 -
(9/kg)

%

%

Determined value .
. Value according
Ingredient to the Polish Standard
Sausagé\2 Sausag®2 Sausag€?2
|——| |
Protein (%) 17.98 16.82 13.14 Not less than 13.0%
Water (%) 53.05 54.45 61.20 Not more than 70.(
Fat (%) 26.20 25.40 19.95 Not more than 35.0
Salt (%) 1.89 1.60 2.46 Not more than 3.04
Phosphorus| — g 3.53 6.39 -
(9/kg)



As in the case of hams, sausages are characterized by apparent
differences within their chemical composition (Table 4). SausAge
(traditional) comprises of 53.05% of water, while C2 contains 61.2@%6. S
content in the conventional sausage (C2) is also higher thha traditional
one and was at a level of 2.46%. Sausage A2 contains 1.89%. Fat and protein
content is lower than in sausage C2, respectively 13.14% and 19.9%%#. In t
case of conventional sausages, the content of these composanigisantly
higher, 17.98% of protein and 26.20% of fat. It should be emphasized that fat
content of sausage A2 is much higher than in the case of saG2ad he
phosphorus content in sausage C2 is high and amounts to 0.639%, while in
the case of sausage A2 it is lower — 0.438%.

To sum up, differences in the chemical composition of the tested
traditional and conventional processed meat products should be assessed.

In order to determine whether the chemical composition of tradltion
processed meat products and the one declared by the manufacturer as
traditional are significantly different, the results of hat (traditional) and
ham B1 (declared by the manufacturer as traditional) and sauBhg
(traditional) and sausage B2 (declared as a traditional) weenpared. Water
content in hams Al and B1 are similar and, respectively 62.95% and 64.25%
Phosphorus content in both sausages is virtually identical and antounts
0.437% in ham Al and 0.434% in ham Bhe content of the other ingredients
is visibly different. Traditional processed meat products @orfex more
protein (26.70%) and processed meat products declared to be traditional
contain less of it (20.16%). Traditional ham contains less fat and salirtha
ham declared to be traditional. The content of these ingredseassfollows:

Al ham — 6.80% of fat and 1.91% of salt; B1 ham — 10.75% of fat and 2.39%
of salt.

Table 4 shows chemical composition of traditional sausageshasd t
declared by the manufacturer to be traditional to be similar. SausageslA2
B2 contained, respectively, 53.05% and 54.45% of water, 17.98% and 16.82%
of protein, 26.20% and 25.40% of fat, 1.89% and 1.60% of salt, 0.438% and
0.353% of phosphorus.

Thus, it can be concluded that there were no significant diiferein the
chemical composition of traditional processed meat products ané thos
declared by the manufacturer to be traditional.

Another issue dealt with is a comparison of the chemical composition of
processed meat products declared to be traditional and thosentonak
The composition of hams belonging to these groups showed significant
differences (Table 3 and 4). Water content in ham C1 (76.40%ijdl higher
than in the B1 ham (64.25%). Conventional processed meat products (C1) als
contain much less protein — 16.91%, and those declared to be conventional
(B1) contain 20.16%. Fat content in ham B1 was 10.75%, while C1 ham
contained 3.43% of fat. It is worth mentioning that phosphorus contenhin ha
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C1 is much higher than in B1 and amounts to 0.753%, while the product
declared to be traditional contains 0.434%. Salt content of both of the
processed meat products is comparable and amounts: 2.39% - ham B1 and
2.50% - ham C1

There are also differences in the chemical compaosition ofahsage
declared to be traditional (B2) and the conventional (C2), though tieey a
smaller than in the case of hams. Sausage B2 containgdéms salt and
phosphorus than sausage C2. The contents of those amounts to,vegpecti
in the case of sausage B2 — 54.45%, 1.60% and 0.353%, while in the# case
sausage C2 —61.20%, 2.46%, 0.639%. The content of protein and dgugs hi
in B2 and amounts to, respectively, 16.82% and 25.40%. The C2 sausage
contains 13.14% of protein and 19.95% of fat.

In order to determine the addition of polyphosphates, Figure 2 shows the
content of phosphorus as@3 in all of the tested processed meat products.
The lowest phosphorus content was found in sausage B2. The conieimts of
the product amounted to 0.353%. Phosphorus content in hams Al and B1, and
in the A2 sausage (0,434-0,438%) was slightly higher than in the Ba2gau
Ham C1 and sausage C2 (conventional processed meat product®) conta
much more phosphorus than the previously mentioned traditional sausages
summary, it can be stated that both the products included itisthef
traditional products and products declared to be traditional comiach less
phosphorus than conventional processed meat products. This iadicate
addition of polyphosphates in conventional production.

0,80% 0.75

0,70% 0.64

0,60%

0,50% 0.44 043 0.44

0,40%

(@)
w
n

0,30%

0,20%

0,10%

0,00% T T T T T 1
Ham Al Ham B1 Ham C1 Sausage A2 Sausage B2 Sausage C2

Figure 2. Phosforus content (%) in processed meat products
Source: own research
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Tables 3 and 4 show the requirements on the content of protein, water,
fat and salt, according to the Polish standard PN-A-82Bftessed meat
products Virtually all of the tested hams and sausages meet their
requirements.

Summary and conclusions

Traditional hams and hams declared to be traditional by manwdestur
received similar sensory assessments. Evaluators didhoet significant
differences between these products. As part of the observeeddés; ham
B1 received the highest rating (4.37). Ham Al was rateltkfitpwer with a
note at the level of 4.21. In the group of sausages the highesf wais the
one of sausage B1, which is a traditional product. The scord.8asOther
sausages achieved a rating of less than 4.00. Generally, the lowest
organoleptic assessment was received by conventional processsad m
products, and assessments of other meats were comparable.

Comparing the chemical composition of traditional processed meat
products with the composition of those conventional, differences weng f
in the content of individual ingredients. It is worth emphasizihgt
conventional processed meat products contain less protein when compared to
traditional processed meat products. In addition, conventional peztesat
products contained a large amount of water, which contributesetuation
in product life. A large difference was also observed in famtent.

Between the chemical composition of traditional processeat me

products and those declared to be traditional, no large difissenere
observed. The largest differences were observed in the case ofriththeya
were related to the content of protein and fat. The Al ham contains
protein and less fat than ham A2. The contents of other ingredisemes
similar. In the case of sausages, differences in the coméntslividual
ingredients were small and did not exceed 1.5% .

Analyzing the chemical composition of smoked processed meat psoduc
declared to be traditional and conventional smoked ones, difesendhe
content of individual ingredients were found. Only salt cont#@nthese
products was similar. In the case of sausages belongingese groups,
differences were found, although they were smaller than ioabe of hams.
Processed meat products declared to be traditional contagpraiein and
fat and less water and phosphorus than those conventional ones.

In summary, it can be stated that the greatest diffeseit chemical
composition were observed between the traditional and conventional
processed meat products.

In examining the content of phosphorus in individual sausages, it was
demonstrated that the products belonging to the group of tradipordulicts
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contain much less phosphorus than the conventional products. Theraove
significant differences in phosphorus content between predesseat
products inscribed on the list of traditional products of the Minisf
Agriculture and Rural Development and the ones declared to be traditional

On the basis of the study the following conclusions have been
formulated:

1. Organoleptic characteristics of traditional processedtrpeoducts and
those declared to be traditional are similar.

2. Conventional products have slightly worse organoleptic quality than
traditional products.

3. The chemical composition of traditional and conventional processat
products are significantly different. Favorable chemical coitipos
exists in the case of traditional processed meat prodlicey, contain
significantly more protein than conventional processed meat products.

4. There are no significant differences in the chemical composition o
traditional processed meat products and those declared to be traditiona

5. Traditional products contain less phosphorus in their compositamm th
conventional products.

6. Not all of the products available on the market meet their reqeirem

References

Dolatowski Z. J., Kotayn-Krajewska D. (ed.), 2008, Tradycyjne i regioraln
technologie oraz produkty sywieniu cztowieka, Wydawnictwo Naukowe
Polskiego Towarzystwa Technologéywnaosci, Krakow, pp. 5-121.

Domaradzki P., Florek M,. 2012, Regionalne i tragiye produkty mgsne, in:
Litwinczuk Z. (ed.), Towaroznawstwo surowcow i produk@wierzcych z
podstawami przetworstwa, Powszechne WydawnictwaiRzd i L&éne, Warszawa,
pp. 386-391.

Halagarda M., iKdzior W., Pyrzyiska E., 2013, Ochrona i zasady rejestracji
produktéw regionalnych i tradycyjnych, Zeszyty Naule UEK. Towaroznawstwo,
Uniwersytet Ekonomiczny w Krakowie, Krakow, in grin

Kedzior W., 2012, Badanie i ocenagsa i przetworow mgisnych, in: kdzior W.
(ed.), Badanie i ocena jad@ produktdéw spgywczych, Wydawnictwo Uniwersytetu
Ekonomicznego w Krakowie, Krakéw, pp. 145-155.

Kedzior W., 2009, Oznaczanie biatek, in: Ciého. (ed.), Towaroznawstwo
zywnosci. Podstawowe metody analityczne Wydawnictwo Unsytetu
Ekonomicznego w Krakowie, Krakéw, pp. 35-40.

33



Olszaiska A., 2007, Traditional products on the meat rtik Poland — their
chances and possibilities of sale on the foreighdomestic markets, Folia
Universitas Agricultare Stetinesis, Oeconomica, &), 283-290.

PN-A-82007:1996. Przetwory ggne. Wdliny.

PN-1SO 13730: 1999. Mso i przetwory misne. Oznaczenie zawadtd fosforu
catkowitego. Metoda spektrofotometryczna.

PN-ISO 1442: 2000. Mso i przetwory migsne. Oznaczanie zawagtd wody
(metoda odwotawcza).

Rozporadzenie Parlamentu Europejskiego i Rady (UE) nrl1AG12 z dnia 21
listopada 2012 w sprawie systemoéw jgdigproduktéw rolnych rodkow
spaywczych, Dziennik Urgdowy Unii Europejskiej z 14.12.2012, L 343/1-29.

34



THE QUALITY OF CONVENIENCE FOODS
ON THE EXAMPLE OF SOUP CONCENTRATES
AVAILABLE ON THE POLISH MARKET

Michat Halagarda

Department of Food Commodity Science, Faculty of Commodity Science,
Cracow University of Economics,
michal.halagarda@uek.krakow.pl

Introduction

Demand for food that would be safe and easy to cook in varioasisiis
connected with people’s activities forced human to seek sud¢todseof food
processing that would enable preserving food for long time and sts fa
preparation. The first examples of convenience food were seedsiends
well as sun-dried meat (Kowalczuk 2004). Nowadays, conveniera® fo
market is one of the most dynamic segments of food processihthat is
why consumers have many convenience products to choose from.

Convenience food products are very popular among Polish consumers.
Their consumption in Poland accounts for approximately 40 milli@giams
per year (Nadolski 2012). The reasons for that are: fast pdite, tiftle time
spent at home, women's professional work, increasing number of-sangl
double-person households, economic growth, greater proportion ofyelderl
people in the population, rising popularity of food snacks and megeiént
travelling (Suwata 2011, Kowalczuk 2004, Adamczyk 2010, Drzewicka,
Grajeta & Kleczkowski 2012, Kociszewski 2007).

As a consequence people have little time for cooking and they choose
food that is simple and fast for preparation. Convenience foocaHtsvs to
save time needed for cleaning and contributes to more rationaif deod.
Consumers can use spare time for work or relax and that isheliytérest in
such food products is on a relatively high level (Babicz-dséth, Jeewska-
Zychowicz & Laskowski 2010, Preskaal. 2008, Kociszewski 2007).

Research by Adamczyk (2010) showed that 97% of the respondents used
convenience food. The most popular products were frozen foods (48%) and
soup concentrates (16%). Their reasons for using convenience foodtproduc
were mainly: ease of preparation and little time nexqli(51% and 44%
respondents accordingly). Almost 40% use those types of productsbexa
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time absorbing job. According to the respondents, convenience foods
represent 28% of food products used in households. Pentor Instpeet R
(2006) proved that food concentrates are frequently bought mostly by
professionally active people, who spend most of the time out offtbeies,

as well as by youngsters and not wealthy pensioners.

According to almost half of the respondents surveyed by Babicz-
Zielinska, Jeewska-Zychowicz and Laskowski (2010) convenience food has
more pros than cons and is safe. For a quarter of those ptitigi in the
survey the nutritional value and safety of convenience productsnetaa
matter of concern. Although for 75% of the surveyed people nutltiaiue
was important, the respondents could not comment on actual nutnizdne
of convenience foods. Positive attitudes towards convenience foeds w
presented by over 50% of the respondents, mainly by young people. ithe ma
advantage of using this type of food was its easy and tiniegsareparation.

Soup concentrates are widely consumed, especially during coldathalys
therefore play an important role in human nutrition. They amd us
households, in tourism and even in catering. Their main advantages ar
follows: large variety, ease of cooking, low weight, long shfgf-and
relatively low price (Jgewska, Kulczak & Btasiska 2011, Sylwiak 2006).

Soup concentrates can be purchased in the form of concentrated liquid,
cubes, granules or the most popular — powder &, Cernohorsky &
Meixner 2006, Sylwiak 2006, Dawiec 2010).

Each year billons of soup concentrates are consumed. In 2010,
statistically each human on earth ate 13 packages of soup. Hp@airgese
consumed 42% of the total concentrates produced in the woado($ki
2012). The results of the survey performed by MillwardBrown &NRE
Institute between April 2009 and March 2010 showed that 38,7% of the
consumers declared eating soups made from concentrates. The most
frequently chosen brands were: Winiary (43,7%), Knorr (29,5%)Aamino
(18,9%). 31,1% of the respondents consumed this type of food two or three
times a month. The results of MillwardBrown SMG/KRC research also show
that every year Poles eat 41 thousand kilograms of soups tliato&dng
(Dawiec 2010).

While choosing ready-made dishes consumers have little aflnence
on their nutritional value. That is why they have to trugirimiation presented
by the manufacturer on the label of packaging. Knowing the nutritional value
of the food is essential for constructing a proper diet, espetakling into
account the fact that right amounts of particular nutrientsrapertant to
ensure proper functioning of human body and prevent chronic diseases
(Krejéova,Cernohorsky & Meixner 2006).

However, thanks to education and promotion of healthy life style,
consumers are how more aware of the importance of proper nutritiahisT
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why more and more people are choosing products of good nutritional value
without the addition of preservatives and other artificial edgnts
(Kowalczuk 2004, Kémierczyk & Szepieniec-Puchalska 2008, Kociszewski
2007). In Poland and other well-developed countries consumers spend littl
part of their income on food. That is why they seek productsviianot only
satisfy their hunger but also fulfill other needs as safety,nizgarigin,
convenience, high nutritional value, eco-friendliness s(ierczyk &
Szepieniec-Puchalska 2008ywnos¢ wygodna... 2013). Consumers expect
natural flavorings, colorings, aromas and spices as webtlvasdntents of
sodium chloride and fat (Stowski and Remiszewski 1997). For some of the
producers consumer satisfaction is their top priority and thahystiey try

to meet these expectations (Tareya 2013). They alter products they make
to fulfill consumers’ needs. They produce soup concentrates usingalnat
ingredients and high meat stocks. Some of them are supplemented wit
vitamins Swiderski & Waszkiewicz-Robak 2006).

The aim of this study was to assess the quality of soup conesentrat
available on the Polish market as an example of convenieadeproducts.
According to Dawiec (2010) Polish consumers prefer traditicastes of
soups. Therefore a pea soup concentrates where chosen asch rasgerial.

Materials and methods

The research was conducted on 7 varieties of pea soup concentrates
produced by 6 different manufacturers, available on the Poliskemdre
samples were bought in supermarkets in Cracow. All the athlyamples
had original and tight packaging. The material comprised of faduyation
batches and was collected in 2013 and 2014. The samples were coded with
letters A-G. During the research one of the producers changeartip®sition
of the concentrate. The results of the examinations from tvathésmiof old
composition are coded with letter D and two batches of new one with D'.

The research program was prepared on the basis of Polish dt&htrar
A-79011:1998 “Food concentrates — testing methods” and was divided into
two stages.

The first stage of the study involved determination of chemical
composition of the soup powder and calculation of energy valiurecldided
examinations of: water - according to the oven-drying method atecording
to Soxhlet method, salt - according to Mohr's method, protein - accaiaing
Kjeldahl's method and total ash - by incineration in 600°C witlorpri
carbonization. Carbohydrates’ contents were then calculated ana ugthof
Atwater’'s coefficients energetic values of the product&dal units were
estimated. To compare the obtained data, the results were conventaah$o g
that should be dissolved in 100ml of water to prepare a ready-tow@a The
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exception was the water content which was presented @artaof the
concentrates’ powder.

In the second phase of the research, sensory analyses were performed by
a team of selected assessors. The assessors were cboseling to the
method presented by Turek (2011). They assessed appearance, color, odor,
texture and taste. Importance coefficients were deternonethe basis of
attribute relevance analysis and Sensory Quality Indicators werdatatt

Thus obtained data went through statistical analysis. Emipirica
distributions of continuous variables were summarized using maads
standard deviations. The hypothesis of equality of two meansestesl by
Student’s t-test. No correction for multiple testing was agp(@ustering was
performed on standardized group averages using Ward's hierdrcleited
with Euclidean distance. All data processing and statistadallations were
performed in Statistica 10.

Results and discussion

According to Douglas (1976) convenience foods are products tbat all
consumers spare some time needed for preparation of meakcks€2002)
on the other hand perceives convenience foods as ready-to+egfuaing
little culinary processing, portioned and packaged products that ar
particularly convenient for the consumer.

Soup concentrates are made from concentrated, dehydrated or processed
plant or animal material or mixtures of them, with or withantaddition of
natural spices, flavoring agents, flavor enhancers, substanmgesving
products’ structure and colorings (PN-A-94050). They are produced by
dehydrating a cooked soup or by mixing dry ingredients in appropriate
proportions (Kowalczuk 2004).

The main ingredients used in production of soup concentrates include:
dried vegetables, legume seeds, salt, fats, starch, flour, ,gdo@s meat,
meat extracts, flavourings, protein hydrolysates, glutamatast yextracts
(Swiderski & Waszkiewicz-Robak 2006).

The analysed soup concentrates comprised mainly of pea (flotato
starch, sodium glutamate and/or yeast extract, salt, sudeat flour,
vegetable and/or pork fat, vegetables, spices and in one case bacon.

Soup concentrates are believed to have low nutritional value due to th
use of high temperature. However, some of the producers lyophilize
ingredients so that they retain some of the vitamins. Moredwey,dontain
the proper levels of mineral salts. Consumers can incrbagenutritional
value simply by adding fresh vegetables (Dawiec 208Widerski &
Waszkiewicz-Robak 2006).
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The results of physicochemical analyses are presented in Table 1.

Table 1. The results of the physicochemical analyses

Product
A B C D D’ E F G
Parameter
Water, (%) 7.92 10.2 8.18 7.21 7.09 7.61 7.15 8.18
’ (0.52F | (0.31ycdefdl (0.28p"k | (0.24F" (0.30y" (0.32¢" (0.32fm | (0.13p™
Protein, 1.08 0.67 1.96 1.72 1.82 1.60 1.88 1.70
(g/200ml) (0.29y0cdf | (0.04pMK | (0.0779m™°| (0.00P"™ | (0.11F (0.18)n (0.17%% (0.11)°
Fat, (g/100mi) 0.08 0.05 0.10 1.05 0.63 0.72 1.19 0.57
' (0.03y°cde | (0.02)9" | (0.07)'™ | (0.03p™*erst| (0.06f9PY | (0.02F"™W | (0.03)"suwx| (0.11)ios
Carbohydrates, 4.34 2.96 9.12 5.47 5.80 4.89 4.96 5.33
(g/100ml) (0.36)°cdef9) (0.03pNkim | (0.22pnorrs| (0.08F™ | (0.18Y%° | (0.14F%' | (0.18)" (0.61p™
Total ash, 1.14 0.81 1.66 1.04 1.03 1.13 1.25 1.34
(g/100ml) (0.02)°cde | (0.02)9nik | (0.06P"™oP| (0.03¢" |(0.02F"™| (0.07)™* | (0.07)yow | (0.12FkPuw
Energy value, 22.4 15.0 45.3 38.2 36.2 32.4 38.1 33.3
(kcal/200ml) | (0.16}°def| (0.14)9NK | (0.22p9mnop (0.10FM™mst| (0.27)sW* | (0.30F1°WY | (0.34)P%2 | (2.91)“*
NaCl, (g/100ml) 1.05 0.77 1.86 1.01 1.03 0.94 111 1.29
' (0.10¥° | (0.06y°df | (0.37pcdnik| (0.13y (0.27) (0.05)" (0.07y" (0.24

Letter symbols were used to mark statistically gigant differences
Source: own research

Water content in soup concentrates is one of the factor influgnci
product’s quality. It should be on the optimum level. Low watewigtof
soup concentrates allows their long shelf-lifezé¥eska, Kulczak & Blasiska
2011,Swiderski & Waszkiewicz-Robak 2006) However, too little wateai
product causes hardening of the powder and facilitates fatsatmd Too
much water, on the other hand, can lead to negative physicalicahemd
microbiological changes in the soup concentrate (Ruszkowsk&i&cgek
2005,Swiderski & Waszkiewicz-Robak 2006).

In this study the statistically significant highest watentent was noted
in product B — 10.2%. All other pea soup powders contained from 7t69%
8.18% of water. Water content in pea soups examined by Ruszkewdka
Ocieczek (2005) varied between 5.23% and 6.63%.

Proteins play an important role in human nutrition as theyoparf
various, essential functions within the human body. The main eaafrc
protein in analysed material was pea flour. According toileztVillaluenga
et al. (2008) pea is a source of valuable proteins.

Statistically, significantly lowest protein concentratiovere detected in
products B (0.67 g/100ml) and A (1.08 g/100ml). In other samples protein
levels ranged from 1.6 g/100ml (product E) to 1.96 g/100ml (product C). The
results are similar to those received by Suwata (2011). Praegentrations
in various soup concentrates fluctuated between 0.59 g/100ml and 1.8
g/100ml.

Vegetable or animal fat is added to soup concentrates to enhaice the
sensory properties. Fat contents in analysed soups ranged frogiXD0&|
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(product B) to 1.19 g/100ml (product F). Almost all of the differermstween
products were statistically relevant. In research by Su(2&thal) fat levels
varied from 0.4 to 1.89 g/100ml.

Carbohydrates are the main source of energy for human body. In case of
soup concentrates, they mainly affect the energy values pfodects. The
highest contents was noted in product C (9.12 g/100ml) and the lowest
product B (2.96 g/100ml). The differences in concentrations of carbategdr
between analysed products were, however, significant in ofbtte cases
(see Tablel). Similarly, soups of various tastes analpye8Suwata (2011)
contained from 3.71 to 7.84 g/100ml of carbohydrates.

Similar situation was observed in case of energy valuexammed
samples. Again the highest value in this research wassesyiesl by product
C (45.3 kcal/100ml) and the lowest by product B (15 kcal/200ml). In ticly st
by Suwata (2011) energy value of examined products ranged between 23.84
and 46.58 kcal/100ml.

Minerals are a crucial element of human diet and play an important role
in the functioning of the human body. Total ash contents enabléizatsn
of their concentration in food product. Total ash concentration atysed
research material varied between 0.81 g/100ml (product B) and 1.66 g/100mi
(product C). Only in some cases the differences betweemebttzalues were
statistically insignificant (see Table 1).

Sodium is one of the macro-elements that are essentialifioan’s life.
It plays an important role in ensuring proper blood pressureoanubtic
balance in body fluids, regulates acid-base balance and fa&d in
transportation of amino acids ¢#svska, Kulczak & Btagiska 2011). Too
much salt, however, can cause excessive blood pressure. lfcatetlerate
the processes of fats becoming rancid and increase wataptidosdhat
results in powder agglomeration .

A daily intake of salt should be lower than 6 g. Snhacks aedlywy
Vardavaset al. (2007) had a very high salt content, ranging from 0.8 to 3.9 g
per 100 g of a product. Some of the Asian noodle soup concentrates contai
as much as 8 g of sodium chloride in one packaging (Nadolski 2012).

In this research, the statistically significantly higheshcentration of
sodium chloride was detected in sample C (1.86 g/100ml). Other soup
concentrates contained from 0.77 g/100ml (product B) to 1.29 g/100ml
(product G).

Soup concentrates tested byeleska, Kulczak and Btaska (2011)
contained from 8.87% to 18.14% of sodium chloride, depending on taste. The
average concentration of NaCl in soup powder in this studyufited from
10.01% (product D) to 15.38% (product B).

40



According to Zandstra, de Graaf and van Staveren (2001)ddiséemost
important factor influencing consumption of food. In other words, consumers
will not eat food products that they evaluate as not tasty.

According to female respondents surveyed by Kowalczuk (2004), the
most important reasons for eating food prepared from concentratteslittle
time needed for their cooking (91%) and convenience (78%). Teade
pointed out only by 18% of respondents and nutritional value by 3. T
results of that research also showed that the olderrtaddén the survey was,
the more appreciated was the taste of the meal. The mainsfatfiluencing
selection of food concentrates were: producer or brand (71%)(6&8%t¢ and
preparation method (55%). The price (39%), nutritional value (18%) a
promotion (13%) were less important in the opinion of surveyed. As many as
66 % of the respondents declared that they oftentimes cooked fsonps
concentrates. Older women, however, were less inclined tthesein their
kitchen.

The results of the sensory analysis are presented in Table 2.

Table 2. The results of the sensory analysis

Product A B c D D' E E G
Parameter

Appearance 3.89 3.01 3.23 4.47 452 4.15 4.30 3.05
(0.47} | (0.40%"4| (0.52f% | (0.28%" | (0.02f" | (0.88f | (0.48f" | (0.60)"
Color 4.00 3.03 2.99 4.33 4.53 3.98 4.26 3.03
(0.085" | (0.67)° | (0.62p%"| (0.64) | (0.21y% | (0.478" | (0.38f | (0.44p"

Odor 4.03 2.58 292 3.88 4.00 3.77 3.80 2.24
(0.295" | (0.587f| (0.41y" | (0.01f" | (0.18F™ | (0.43J" | (0.41y* |(0.54F™>

Texture 3.72 2.92 3.82 4.18 4.39 3.84 4.04 3.56
(0.61) | (0.84) | (0.50) | (0.54) | (0.20) | (0.58) | (0.47) | (0.44)

Taste 3.77 2.32 2.90 4.27 3.78 3.88 3.72 212
(0.27¢ | (0.88) | (0.60f | (0.57) | (0.21Ff | (0.15§ | (0.15F | (0.26)f*
sal 3.88 2.60 3.04 4.17 4.06 3.88 3.89 2.49
(0.24y | (0.71) | (0.49y% | (0.38f" | (0.18)y° | (0.23y" | (0.22)" | (0.35)"n

Source: own research

Product D and its modification - product D’ were of the highesssry
quality. They received the best scores in all of theyardlparameters, except
texture. Itis worth noting that the change in product’s re@gpelted in better
appearance, color, odor and texture but worse taste. Produnts G \&ere
assessed as being of the worst sensory quality.

However, in sensory analysis relatively large standard devgatvere
observed. The result of the analysis is, though, the aveatigg for the team,
not the individual. Even in a properly trained team the varialofigvaluation
results exists. It is associated with individual senseakttion, being an
inherent feature of the sensory apparatus of individual membetseof
research group (Barytko-Pikielna and Matuszewska, 2009). Therefdinis
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research only some statistically significant differencagarding analysed
sensory qualities were observed.

According to research by Koztowsksal.(2006) Polish older consumers
regard soups made from concentrates as less tasty and Healththeir
traditionally made equivalents. They also express neo-phobic ibehav
towards new tastes and retail packaging forms of soups.

Nutritional value of soup concentrates varies, depending on ingtsdie
used. In comparison to traditionally cooked soups they ar&éadthy due to
necessity of drying ingredients and using food additives. On the ludinel;
soup concentrates are rich in mineral saitgigerski & Waszkiewicz-Robak
2006).

14

12 +

Euclidean distance

G C B F F D' D A
Product
Figure 1. Visualisation of hierarchical clustering resultswith a use
of dendrogram
Source: own research

Comparing nutritional value of soups made from concentrate to the
traditionally cooked pea soup analysed by Kunachowical. (2005) it can
be stated that all examined commercial products haveHhasshalf of the
amount of nutrients that can be found in a self-made soup. Therenea
exception. Product C had similar carbohydrates’ content.

The results of hierarchical clustering prove that the aealyesearch
material can be divided into two groups of similar products Fsgere 1.).
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The first cluster is consists of products B, C and G andettensl of products
A, D, D', E, F. The differences between these two groups are mafabted
by their sensory properties. The first group stands for thedgpensive soup
concentrates in the research material. The cheapest procas Blso the
lowest nutritional value.

Conclusions

In today’s world consumers choose food that brings tangible benefits.
Soup concentrates are certainly very convenient and tiniegsadowever,
the results of this research prove that all analysed pea soagés from
concentrates have lower nutritional value than traditionalbked meals.
Yet, among commercially available products differencesrdigg quality,
nutritional value and sensory properties are to be found. The sensory
properties represent products of the lowest prices. The anditvalue varies
among products. Most certainly, products of well-known manufactarersf
the highest quality among analysed samples. One of the prodoaadgr to
enhance the nutritional value of the product, changed the reciperiguiee
content of fat and increasing concentration of protein. The noatddn
caused, however, some negative changes in taste. Unfortunatedpupll
concentrates contained large amounts of salt. One portion - 25@inhdst
all cases accounted for over 50% of maximum daily intakeditisn chloride.
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Introduction

Consumer interest in fermented milk beverages is based onghsarg
qualities, high nutritional and dietary value. These very comioaual
products are characterized by nutrient content similar to thefomék, but
due to the fermentation processes, their digestibility ineeeasd health-
oriented substances are produced.

Under the effect of microorganisms, proteins are decomposed to dbecom
easily digestible, low-molecular peptides and free amino atidstose
content is reduced, it is decomposed into simple sugars, lacdiard other
components (Jurczak 2003). Milk fermentation also contributasitoceease
in the bioavailability of calcium, phosphorus and iron, increase in the content
of certain vitamins, especially group B vitamin, and alsoptweluction of
antibacterial substances, such as lactic and acetic &datzyk, Gorecka,
Korczak 2011). The support of human intestinal microflora ancheatth
impact of lactic acid bacteria are especially important (Zelard010).

The quality of milk fermented beverages raises understanddbtest
(Jakubczyk, Kosikowska and Skgfiska 2004, Kudetka 2008, Stankiewicz
2009, RGj and Przybytowski 2012).

Among fermented beverages, yogurts are the ones characteriaegh by
consumption. The choice of natural yoghurts on the Polish marke¢as g
(Piekut 2011). Brand (manufacturer) strongly influences thesassent and
acceptance of yoghurts (Kabaska and Babicz-Zielinska 2009).

The aim of this study was to determine the organoleptic qualithasid
physicochemical properties of natural yoghurts available on tlihRoérket
from different manufacturers.

Material and methods
The material consisted of natural yoghurts on the market, matdetwe

manufacturers, from three different batches. In the paperpamymnnames
were replaced by numbers from 1 to 12. All the tested yogants a valid

47



expiry date. Thirty-six yoghurt samples were collected foryaigland each
of them was analyzed with a parallel repetition. The arititnmeean of the
two measurements of all three tested batches (test segeshssumed to be
the final results. Yogurts were purchased in retail in Krakbmalyses were
performed at the Department of Food Commodity Science aCrideow

University of Economics.

Table 1. Organoleptic evaluation sheet of yoghurts

Quality Coef;f:cment Number of points
differentiator importance 5 4 3 2 1
. uniform, . not uniform,
uniform, uniform, less a bit visible uryform, too thinned ,
dense, no i thin , chewy,
dense, no - grittiness, S large
L grittiness, . visible o
Structure 0.3 grittiness, no almost not slightly rittiness grittiness,
whey seep | .. tangled, ar ' | very strongly
visible whey| _. visible whey| -
out slight whey visible whey
seep out seep out
seep out seep out
typical, .
characteristig typical, white slightly changed, no Strongly
Color 0.15 intensely |to light cream yellow, not too typical changed, no
» INtENSely 9 very typical yp typical
white
typical of a
natural clearly
. changed and
yogurt, typical of a unusual, too| .
h . impure an
refreshing, natural typical, sour, too
slightly sour,| yogurt, less| slightly less | astringent, ol unusual
Taste 04 . ’ " ’ example of
slightly perceptible,| pure, less empty,

; : . ; the strongly
astringent, pure, harmonized | impure with g bitter, salty
hlgr;m)ure harmonized foreign flavor| sour or other
harmonized foreign
perceptible, shghtly . slightly t_JnusuaI,

. ..| perceptible, imper- ; impure,

Flavor 0.15 characteristi¢ " """ . ) impure, o,
ure distinctive ceptible chanaed modified,
P pure 9 strange

Source: own elaboration

The samples were properly packaged and labeled. Information on the

wrapping contained:

cultures
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manufacturer's name and address,

average nutritional value per 100 g, including: energy;
carbohydrates, fat, and calcium (% of the recommended daily intake),

ingredients: milk, skimmed milk powder, milk protein, livectexial

manner and conditions of storage,
expiry date,

net weight [g],
suggested price for yogurts no. 2, 6, 7 and 12.

protein,



Designations of qualitative characteristics of natural yaghuere made
in accordance with the Polish Standard PN-A-86130: 1975. Organoleptic
evaluations of smell, taste, color, structure and consisteroy performed
using a model sheet (Table 1)

Physicochemical studies included determining:

- color (L* a* b*) in the CIELAB system, with Minolta Spectropgbmeter
CM - 3500 d,

— fat content using Gerber method,

- dry matter content by drying in the oven,
— acidity by titration,

— pH using a pH meter.

Results and discussion

The results are shown in Table 2 and Figures 1 - 7.
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90 89,93
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gg 4 W U . L
1 2 3 4 5 6 7 8 9 10 11 12

Figure 1. Value the L parameter of natural yoghurts from different
manufacturers

Source: own research

Color is an important differentiator of consumer assessnitehgs a
significant impact on the feelings of organoleptic propewiethe finished
product. Dyes are compounds susceptible to various factors andténdic
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unfavorable processes. Analysis of L* a* b* allows to concthdéindividual
yogurts varied in terms of brightness. The greatest valtieedf* parameter
was shown by yoghurt No. 3 (91.55) and the lowest brightness was edbserv
in yoghurt No. 4 (89.93) - Table 2, Figure 1]. Another feature ofdbewas

the share of green in color samples (parameter a*). Théegtdane was
observed in the case of yoghurt No. 7 (-3.24) and the lowest in $keota
yoghurt No. 4 (-1.25). The share of yellow was defined using parabtete
The smallest value of the b* parameter was obtained in g afayoghurt
No. 10 (9.75) and the largest in the case of yoghurt No. 7 (13.01).

Organoleptic properties of food products are considered to be the ma
determinant of consumer choices. Yoghurt No. 10 was best rated by
respondents assessing natural yoghurts, its average raing.%8. Yoghurt
No. 2 was slightly less popular among the participants with the assesgment
4.31 and yoghurts No. 3, 8 and 9 were rated at the level 4.21. The $owes
(3.54) was granted to yoghurt No. 12 (Table 2, Figure 2). Therduest
yoghurt was above all characterized by its correct stre@nd consistency
and taste. The yoghurt assessed as the worst was mosthgtehaed by
wrong flavor. Natural yoghurts, the consistency of which is monselare
characterized by a greater degree of desirability amonguoars than
yoghurt being not very dense (thin).

5

4,5 411 431 4 411 416 414 421 421
: M : 401 7 '_ _ _ 4.02
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3.54
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2 1| -

1,5 4+ -

1 4 -

0,5 -
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1 2 3 4 5 6 7 8 9 10 11 12

Figure 2. Average values of organoleptic evaluation of natural yoghurts
from different manufacturers

Source: own research
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Fat content of milk fermented beverages should be normalized
accordance with the manufacturer's declaration and accotdirigolish
Standard (PN-A-86061: 2002), it should not exceed 10%. Yogurt made from
skimmed milk (thin) should contain a maximum of 0.5% fat, paiiynmed
yoghurt should contain a maximum of 0.5 - 3% of and yoghurt with a normal
fat content — a minimum of 3%. On the market there are adsorcand Greek
type yoghurts, their fat level reaches about 10%. Fat contelarelédy the
manufacturers of the tested yoghurts ranged between 0 and 2.88%. Th
highest fat content was observed in yoghurt No. 11 (2.81%) and the lowest in
the case of yoghurts No. 7, 8, 9 (0%) (Table 2, Figure 3).cbnéucted
analysis showed that most of the products contained a sligher |
percentage of fat than the declared by the manufacturers (Zgbl&he
differences were within the tolerance of the Polish stah@@N-A-86061:
2002).

Table 2. Average values of organoleptic evaluation and physicochemical
characteristics of natural yoghurts from different manufacturers

Manufacturers
Characteristicg

1 2 3 4 5 6 7 8 9 10 11 12

Organoleptic | 4 19 | 31| 421 41] 400 416 414 4Pl 421 45924354

evaluation
L* 90.19(91.29|91.55|89.93|91.30{ 90.09| 90.14| 90.50(90.97|91.22|91.18| 91.15
a* -2.61|-2.39(-2.12(-1.25(-2.40| -2.22| -3.24| -3.06| -2.04| -1.64| -1.76| -2.14
b* 12.15(11.45|10.79|12.59|11.44{ 12.34{ 13.01| 12.38| 10.72| 9.75| 11.1111.65

Fat (%) 152 168 223 178 202 154 D 0 0 2.5081 2.2.57

Declared fat

(%) 15 2 250 1.8 25 15 0 0 0 2% 3p0 25

Acidity (% of

) ; 0.90| 0.72| 090 099 10p 1.02 1.11 042 1215 1.0041[10.85
lactid acid)

pH 4.41| 470 458 456 4.48 439 4b2 447 43914.4.23| 441

Dry matter (%) 14.47| 14.57| 15.60| 14.93| 15.55| 14.43| 12.09| 13.14| 12.98| 15.85| 16.00| 15.90

Acidity (°SH) | 40.00 31.80| 39.93| 43.93| 44.80| 45.40| 49.33| 40.73| 51.20| 44.67| 46.07| 37.80

Price/100g 034 056 041 030 o046 129 047 0.43%1| 051 0.65 05

Source: own research
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Figure 3. Fat content (%) in the natural yoghurts from different
manufacturers

Source: own research

The tested yoghurts were varied with respect to values ratatile
acidity. According to the Polish Standard [PN-A-86061:2002] acadityilk
fermented beverages shall not be less than 0.6% of lactic acid. Ybdghut
was characterized by the lowest titratable acidity (58I, 0.72% of lactic
acid) and yoghurt No. 9 by the highest (51.20°SH; 1.15% of lactl} aEable
2; Figure 4.). According to the literature, titratabledayiof yoghurts is 36-
48°SH, and the pH should be kept within the range of 4.4 Adtéue acidity
(pH) of commercial yoghurts ranged from 4.23 to 4.70. The lowest walge
the pH of yoghurt no. 11 and the yoghurt with the highest value wa2 no.
(Table 2, Figure 5.).

Currently, the Polish standard does not specify the dodrycmatter
content or non-fat dry matter in milk fermented beveragesnidstimportant
component of dry matter is protein. The level of dry mattemnilk fermented
beverages is within fairly wide limits, from about 9 to 028%, with a
minimum content of non-fat dry matter from milk to be atlthel of 8.2%.
However, the most favorable level of dry non-fat matter inmajioghurts is
13 - 14%. (Dzwolak et al., 2000). The obtained results are ggnwithin
the ranges. The lowest dry matter content was observed tasleeof nonfat
yoghurts nos. 7, 8 and 9, it was, respectively, 12.10%, 13.15% and 12.98%,
while the highest dry matter content was noted in the case of yoghurtno. 11
16.00% (Table 2, Figure 6).
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Figure 4. Titratable acidity (% of lactid acid) of natural yoghurts from

different manufacturers
Source: own research
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Figure 5. Value the pH of natural yoghurts from different manufacturers

Source: own research

53



18

15.6 15.55 15.85 16 159

16 11447 1457 [ 493 5 1443 [ il

14 | 13.14 -

1O+14

12 = -

10 -

1 2 3 4 5 6 7 8 9 10 11 12

Figure 6. Dry matter content (%) in the natural yoghurts from different
manufacturers

Source: own research

Price of the tested natural yoghurts calculated for 100tgeoproduct
ranged from PLN 0.34 for the cheapest yogurt (no. 1) to PLN 1.28da@nost
expensive yoghurt (no. 6). Comparing the ratio of the price torganoleptic
evaluation (Table 2; Figure 7), none of the yoghurts matchedhibbiest and
lowest assessment. High price of the product is not adefuiiie assessment
of quality, as exhibited by consumers.

Conclusions

1. The quality of natural yoghurts available on the market is appropriate
level.

2. Analyses of yoghurts of different manufacturers on the manket
shown differences with respect to physicochemical properties.

3. The tested yoghurts meet the requirements for the content ofiattgr
and fat content and titratable acidity

4. It has been shown that, in some samples, fat content wasawobirdance
with the manufacturer's declaration set out on the packaging.

5. Average assessment of organoleptic properties of the texjbdrys was
between 3.54 - 4.53 in a 5-point scale.
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6. Comparing the value for money of the tested yoghurts, it was foand th
the price of yoghurts is not always adequate to their qualigre was no
distinctive highest quality among the most expensive yogurisehsas
the cheapest ones were not characterized by the lowest quality.
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Figure 7. Price per 100 g of individual natural yoghurt (PLN) from
different manufacturers

Source: own research
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Introduction

The beginning of vodka production in Russia dates back to theStte 1
century. Commercial production of vodka's in Russia began in 1861 dAime
at removal of contaminants and, more importantly, fusel eiiag at this time
that mandatory dilution of distilled grain alcohol with water tomi. Russian
feature is the careful separation of pure ethanol from inigsiiit the cleaning
process distilled spirits (separated head and tail fractbuisstillate). It is
because of this important technological operation that theitmaali Russian
alcoholic beverage produced from grain alcohol was called vod&en (f
Russian “voda”, which means water). In light of both historical @rtlral
traditions and the technical backwardness of the country afirtietit was
this particular technological element common only to Russian vodka
manufacturers that indirectly established vodka as a unigRelysian
alcoholic beverage.

Material and methods

Objects of research included:

- factual data for the period 2000-2011 reflecting spirits productiuh
consumption volume in Russia and its regions, price levelerradks,
and peculiarities of ingredients and composition (Kazantcev, 2008);

* buyer preferences in spirits consumption among a select target buy
audience in supermarkets (Kazantcev, 2008);

» spirits distribution channels as well as individual memkewsing high
in the factors most influencing consumer demand (Mazanjko, 2009);
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» assortment lists of spirits retailers experiencing theelrgonsumer
demand (Kazantcev, 2008);

* spirits consumers in integrated product distribution channels (jkazan
2009);

» samples of the most popular spirits brands purchased in metaibrks
supermarkets during the 2011(Kazantcev, 2008).

Research methods

Market research was based on the following methods: quota,islect
standardized, structured (based on a number of features), combined and
personal observation of spirits retailers (Mazanjko, 2006).

Study of the product supply structure among homogeneous product
groups was conducted by market auditing of sales statisthsding product
turnover in physical and monetary terms, quantity of items (SKaus) retail
prices. Output data analysis was based on techniques suggestedarieur
studies (Kiselev, 2005).

Qualitative marketing research into consumer preferencesomasicted
by means of focus groups and panel discussions among the target buyer
audience in Novokuznetsk and Kemerovo (Kazantcev, 2008).

Analysis of theoretical data was conducted using methods for
registration, systematization, grouping, classification, contiparanalysis,
and summation of scientific and methodological publications, atmw
documents, statistics digests, periodicals, and Internet resources.

Statistical processing of experimental data was conducted thusegof
standard methods for statistical and correlation analy$#1$$S MS Excel
software).

Results and discussion

Product availability for the target consumer group is one ofabiifs
affecting the product selection. This property, in our opinion, inclies
major aspects: physical and economic availability.

With respect to the product group under consideration, these aspects can
be described by: the volume and quantity of the product supplyitgspir
assortment), the variety of consumer properties capabkatigfying the
diverse needs of the target buyer group (spirits assortmeictuse), and
finally, the product price levels.
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Product Volume

Today the global market for vodka is estimated at 4.5 billi@nsliper
year. Most of this consumption volume is consumed by Russians (57%). The
current status of vodka consumption, beginning in the first yedneoR1
century, is characterized by a steady decline (Figure 1).
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Figure 1. Vodka's consumption, per capita, liters
Source: Rosstat, 2011

The function of per capita consumption is a regressive form (1):
y = -0,005% + 0,148% - 1,291% + 3,909x + 11,32 (@D)

where: x- is the serial number of the calculation period, from 2001.

The tendency to reduce the consumption of vodka per capita has been
observed in Russia since 2004. According to Rosstat, this figalieeteover
the past seven years by 26%, from 15 to 11.1 liters of vodka pefioyeach
person, including women, children and the elderly. At the same iiaeket
experts say that the actual decrease in consumption of alcoRakisians did
not happen - the changes only affected the structure of consunipritrof
consumers switched to beer and wine.

The growth period in spirits consumption coincides with the ovieeait
in Russian economic development of the time. Increase in the cormmer
production of vodka corresponded to a growing consumer demand, which, in
its turn, was supported by a growth in the real income ofptplation.
Today, personal income growth rates among the Russian populatian rema
high, supported by a combination of varying sources of income including
wages, social benefits, income from property and entreprenectidities,
etc. At the same time, there is a noticeable downward tnensbirits
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consumption in Russia, mirroring reduced demand for the producttaGeve
non-economic factors have contributed to this phenomenon in modern
Russian history:

* The overall trend in consumer preferences away from spiiits high
alcoholic content towards lighter alcoholic beverages (winer;, bew-
alcohol carbonated drinks), a tendency common not only in Russia but in
other developed countries.

» Unigue to Russia, a growing mistrust of spirits quality (after a 2005 mas
poisoning that occurred through consumption of counterfeit alcoholic
beverages and resulted in an outbreak of toxic hepatitisimider of
regions of Russia). These events occurred as a resultdifthibution of
low cost spirits containing polyhex-amethylenguanidin hydrochlomnde a
capable of causing instantaneous damage to the liver. In respohise to t
a number of preventive measures were taken geared to shuilégah
spirits manufacturers in these regions.

* Increased consumer demand for expensive, brand-name spirits with a
stronger alcohol content (cognac, tequila, whiskey, etc.) and
manufactured by reputable licensed producers.

Despite growth in sustainable income among the Russian population, the
short-term prospective through 2012 is that of continued decline in consumer
demand for spirits. This tendency may be adequate to satisfent
governmental policies geared toward reduction of spirits consomiptithe
Russian population.

The development of the uniquely Russian trend of spirits quality distrust
can be largely explained by the large degree of fragmentatithe product
supply within the spirits market in Russia. According to the sttiay 10
largest producers of spirits account for only 50% of the product supghgi
Russian spirits market. The remaining 310 producers providetibe falf.
This makes quality control a challenge. This issue is dieafly illustrated
by the fact that one half of the consumed volume consists oflijiggaduced
spirits, unaccounted for by state control agencies. Since itsagiag is
marked with official excise stamps, this spirits, despitééigal nature, is still
included in the overall product supply structure of traditional product
distribution channels (stores licensed by local authorities topsetss

The authoritative American trade magazine Impact has suraméie
results of 2011 for the alcohol market, recognizing his year of «higweof
the world's leading brands after the crisis of 2008-2009 (Waaltistcs,
2011). Five of the world's leading manufacturers of distilledtspir the most
prestigious premium category, which includes the company DiagenodP
Ricard, Baccardi, Brown-Forman and Beam Global, showed saleshgirowt
2010, although the year before their values were in the negative zone.

Absolute market leader in the premium segment is a group Dia§&d8
million 9-liter cases, an increase of 1.6% over the previous year. Tategjre
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growths in sales have shown Beam Global (6,5%) and Moet Henessy (9,5%).
Has Russian roots SPI Group (owner of the Stolichnaya vodka bramabsin
international markets) entered the 20 largest internationati@eturers of
premium alcohol, despite falling rates by 3% to 3.1 million ca3éss
allowed the company to take 19th place in the list of leading manufacturers.

Five of the most successful premium spirits brands remain unettang
over the last few years. Is still the undisputed leaslevodka Smirnoff
(Diageo) from 24.8 million cases in 2010, followed by spirits, Absolun@e
Ricard - 10,9 million).

In the top 50 best-selling premium vodka were two Russian brands. But
if Stolichnaya (SPI Group) is gradually losing ground, havinigraior two
years from 31 th to 27 th place, «Russian Standard» everyhmas snore
and more steady growth and is located on the 39th place (44thvptagedrs
ago) with a score of 2.5 million cases, an increase of 13.4%lwerevious
year. If this growth trend continues, «Russian Standard», claimibg ta
major Russian vodka» on the international market will be tabyet ahead of
their historic rival Stolichnaya in the current 2012.

The most impressive growth over the last two years of premadkas
demonstrated French vodka brand Pinnacle (the company White Rock
Distilleries), vodka Eristoff (Bacardi), Svedka (Constellation).

In the top 25 fastest growing vodka brands no premium got the only
Russian vodka brand «Yamskaya», an increase of sales in 2010 o 21%
reaching 2.6 million cases.

Representation of Russia in the ranking of the top 100 best-sedlikgs
in the world, regardless of the price range has decreagdticsintly. In this
list there are no vodka brands of «Synergy» («Belenkaya» anaijkiij»,
«Beluga»), previously occupied space in the middle of the rankasgsell
as the brand «Slavic» (GK «Gross»), due to financial problensothpany
- holder, and «Zhuravli» (CEDC).

The most popular of Russian brands for two years, down from 11th to
15th place in the rankings, helped by a drop in sales in 2010 to 4.6%n«Gree
Mark» gave way to his 2nd fastest growing Ukrainian brandbityjeDar»
(company «Bajadera»), which has increased over the year is up t201293
million cases, despite the fact that last year expeetdigied that this brand
has reached the ceiling of growth. All presented in the rankirpmiestic
vodka brands in 2010 showed a negative trend.

Emerging trends of spirits production in Russia are mirroreds
regions. Buyer preferences established during Soviet timestitirquite
strong in favor of local vodka manufacturers. As exemplifiey vodka
production in the Kuzbass region local producers manufacture over trzdf
total volume sold in the region.
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Numerous findings by independent reviews geared towards assessing
critical quality indicators suggest that all companies produgh quality
spirits. In this case it is important to recognize that consuaerand is
influenced not so much by the producer’'s geographical locationisasyithe
image established by the company and its business reputatidee fdra
example a nationwide consumer poll conducted in 2007 where consumers
rated the following brands of spirits as being reliable (bageaiscale of 1 to
5): Absolut (4.5), Nemiroff (4.4), Russian Standard (4.4), Finlafdd8), Soft
(4.2). Ranked as unreliable were such brands as Poltina (2.3), Istok (2.5), and
Capital Doctor (2.5). This observation should be recognized as otie of
factors perceived by the target consumer group to be an indicaspirivé
quality.

Analysts estimate that existing production faciliies asggdly
underutilized, with only 35% of available production capacity actualiise.
However, the abovementioned trends toward repartitioning of theaRuss
vodka market among global and domestic producers, including aiggress
product distribution through regional channels and acquisition of local
producers, significantly impact the perception of the product supplpe
target buyer group. This situation also becomes one of thedauftguality
and value from the consumer standpoint.

Thus, our analysis of product distribution factors allowed us to make the
following generalizations conclusive to the goals of this mekeaamely
developing an integrated model for spirits quality:

e A trend has been recognized that reveals movement in consumer
preferences away from spirits towards drinks of lower al¢otwaintent
(wine, beer, low-alcohol carbonated drinks).

» A tendency peculiar to Russia, there is growing distrust towpirits
quality.

» Atrend has developed toward increased consumer demand for @epensi
brand-name vodka labels manufactured by reputable, licensed producers.

* The product supply structure for vodka will significantly chemg the
short-term prospective: 80% of Russia’s spirits sales volwitiebe
manufactured by 10 of the largest manufacturers by means reflsay@
product distribution via regional Distribution channels and takesowog
local producers.

* A spirits producer’s geographical location has been noted tdlberntial
to consumer demand.

* There is a push in Russian society toward lowering per capitibsss
consumption to 2 liters per year (in absolute alcohol equivaleével
considered to be safe.
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» Further in-depth study is needed in order to develop state jpoleyuate
to regulate alcohol consumption levels, including spirits, and deare
towards improvement of the quality of life and health of Russitizens.

Quantity of Product Supply (Vodka Assortment)

Saturation of product assortment is a crucial factor in custoalee
perception. It can be clearly seen in the analyzed product growpat®at
can be evaluated based on the number of items, or stock keepin&GKits (
within an analyzed homogeneous product grouping. With this in mind, we
examined the vodka selection within the retail sales network.

As shown by our study, the average saturation of alcoholic beverage
product assortment is 117 SKUs. For comparison, non-alcoholic beverag
saturation, which is 154 SKUs. At the same time, figures Herprimary
members in the analyzed distribution channel for alcoholic bgesrare 874
SKUs for the market leader and an average of 546 SKUshéoiclosest
contenders. By comparison, the non-alcoholic beverage assorahentisn
of the channel leader is only 560 SKUs, with contenders angrdg@9 SKUs,

i.e. 1/3 less compared to the group of non-alcoholic beverages.

Comparison of the most frequently encountered product assortment
saturation values for alcoholic and non-alcoholic beveragesiieea similar
difference (1/4). This illustrates the significance afo@iblic beverages for
product distribution channel members and should be noted as dhe of
factors in the comprehensive model for spirits valuation by suppdied
retailers. This indicator can also be indirectly applied consumers.

Based on study of product assortment saturation values it bears
mentioning that the most realistic value for this paramen the
comprehensive model for spirits quality should be the averalye of 275
SKUs.

It should be noted that the analyzed indicator reveals an expressed
dependence on amount of sales floorspace (the correlation mrefficr =
0.6 for the cumulative distribution channel and r = 0.58 for the rated
channel) and the price of the average receipt (r = 0.6 and0r45,
respectively). The largest channel members have an evatemgcerrelation
factor (r = 0.89 and r = 0.81, respectively, for floorspace aodipt value).
This last observation is crucial for the purposes of thesare$, as it indirectly
reflects the value of the assortment saturation factdnedarget consumer
group. For the non-alcoholic beverage assortment these oestficare
likewise meaningful: r = 0.64 and r = 0.7 respectively, whiarectly
confirms the validity of our conclusions.

These correlation coefficients illustrate the high leokldependence
between the customer flow indicator and assortment saturatchoaior.
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Thus, the higher the value of assortment saturation, theihaitects buyers
(correlation factor between these indicators is r = 0.6dr) cBmparison, the
value of this indicator for non-alcoholic beverages is r = Wb&h indirectly

confirms the validity of our findings and conclusions dravem our study of
spirits assortment saturation in the retail channels.

Spirits assortment  values for the largest members of ribkyzed
distribution channel substantially exceed the averaged value sisedasis
for the development of the integrated model for spirits quality (275 SKUS).

Retailers have cumulative alcohol product assortmentagainarvalues
of 784 to 3764, i.e. from 261 to 376 SKUs per retail outlet. This geyerall
meets the required conditions and supports the validity of tbelated value
of alcoholic beverage assortment saturation, 2/3 of which inchjpiléts, that
is, over 180 SKUs of spirits. This value has been adopted fauttpeses of
this research, namely for the development of a comprehensive noodel f
spirits quality.

Thus, our study of the product assortment saturation indicatahé
analyzed product group enabled us to define the most important chatiaste
of this indicator to the purposes of our re-search — namely, tretogenent
of a comprehensive model for spirits quality:

* Alcoholic beverages are significant to members of the iloigion
channel: the higher the value of the indicator, the more buyers a
attracted.

* There is a direct correlation between this indicator and botrsiace
and the aver-age price of a retail outlet sales receipt.

* The value of this indicator should be more than 180 SKUs for one point
of sale.

* There is high physical availability of spirits in the distribution chéne
Product Price Levels

The retail price of vodka is an important factor influengngduct value
as perceived by the tar-get consumer group. In the context of earahst is
one of the most important factors influencing the quality ef éif Russian
citizens since it impacts overall national health.

The question of the price of vodka is a historical one since many
milestones in Russian history are associated not only with rpegolitical
events but with the price of a bottle of spirits. Thus, theepof a bottle of
vodka during the Soviet era (forty years ago) was 3.62 rulblesninimum
monthly wage was 70 rubles and average monthly wage 125 rubles.
Consequently, the correlation between the price of a bottle of vatta
monthly wages at the time was 1:19 (minimum) and 1:35 (avefdgamum
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monthly wage today is 4 611 rubles (as of June 1, 2011) and aveleagefa
employees of the federal budget institutions is 30 474.6 rubless(Bezvice
of the Russian Federation Ministry of Public Health, 2011), whike
minimum retail price for a bottle of vodka (From 1 Janu2@l?) is the
cheapest bottle of vodka legally produced is estimated at dB@sr
Therefore, the current ratio is estimated at 1:35 (minimung £:234
(average). These results clearly illustrate the fatt tver the last forty years
of Russia’s development, vodka has become at least twice edaslfm and
for the average wage earner - six and a half times maredafile. Needless
to say, this inevitably effects overall national health.

We evaluated the influence of both sales floorspace andgeegeceipt
price on consumer behavior at points of sale. As illugtrbtethe results,
these factors have no effect on vodka retail prices (thelatan coefficients
werer =-0.06 and r = - 0.14, respectively). A similar concfusam be drawn
regarding the correlation between vodka retail price anwmes flow (r = -
0.01). We recorded the indifference price for buyers of cheap spirits.

At the same time it is worthwhile noting that the same maufers
produce vodka for different price categories. This is an indo@afirmation
of the desire on the part of the most active members in tissi& spirits
market to increase their market share by attractingpoests with differing
vodka price demands. Characteristic also is the presence afranfyroducer
in the “people’s vodka” segment (130 rubles), the Federal Statzpfse
“Rosspirtprom.” This is considered important to the purposes ofvouk,
namely, the modeling of a comprehensive consumer appraisal @6 spir
quality and the respective impact of other members of the prodticbdtion
system on that appraisal.

Buyers in the low-price level demonstrate high indifferenceptiver
words, these consumers choose spirits within this price segmgrdutv
regard to emotive qualities of the product, but based on their ownienxgee
and the particular purchase occasion.

Level of indifference in other price segments declinek aitincrease in
the absolute value of the retail price for spirits. The lovweasd|lof consumer
indifference is ob-served in the highest retail price segnie developing a
comprehensive model for spirits quality, this observation should ba tato
account in response to customer needs.

The estimated weighted average of the average marketfprivodka is
167 rubles.

Based on the study of spirits price levels in product digidbichannels,
the following conclusions can be drawn, each related to thes gdbabur
research:

e Over the last forty years, economic affordability of spiritseased by an
average of 6.6 times, a factor negatively effecting national health.
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» Consumer indifference to spirits price has been observed. Asult,r
customers often make purchases at prices 28,5% greater tHaweise
price for the exact same spirits sold elsewhere in the same city.

* Neither sales floor space nor average receipt price has an effgititsn s
retail prices.

e Spirits retail price, in its turn, has no impact on customer flow.

» Spirits producers supply product to different price categoties
attracting buyers with different spirits price preferences.

* Buyers of low price vodka make their purchase decision without
consideration as to the emotive qualities of the particular bbantased
on their own experience and particular purchase occasion. Buyers
preferring the premium vodka segment, on the contrary, exhilaié pri
indifference in favor of other factors unrelated to the pofdde product.

* The average weighted price of spirits in integrated prodwttilelition
channels has been estimated at 167 rubles ($5,35).

Diversity of Consumer Properties (Spirits Assortment Structure)

As a food product spirits does not have a complex formula. Howeve
consumers tend to attribute a specific set of unique propertiksit favorite
type of spirits; these properties are integrated into their patipuéferences
toward specific product brands and manufacturers. In order to investiga
these preferences we studied the spirits sales strugtumonetary and
physical terms) in Russia.

The structure of spirits consumption in the remote regions ofiiRisss
different from that of the central regions. The most significdifference
concerns so-called «local patriotism», implying consumer preferémc
locally manufactured spirits (Kiselev, 2006). It is a welbwn fact that
consumers give their preference to locally produced food prodbees. 40
% of the regional consumer demand for spirits is met by Sibpratucers.
In all other aspects the list of leading regional spiritelpcers is similar to
that of the national.

The above-mentioned consumer preference to regional brands remains
strong factor in competitive market conditions. This appdarde an
important factor influencing consumer selection of spirits &iodlsl be taken
into account in the development of a comprehensive model forssysiliie
(Erchak, 2004).

As mentioned before, local producers possess a number of psychological
advantages. They help buyers appreciate their local wayeofatitl also
promote responsibility of regional vodka producers for the qualittheif
product. In addition, regional producers possess significant itdist
advantages that are manifested in the economic affordabilttyeafegional
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product distribution channels. This factor has a positive impacthe
structure and size of their spirits assortment (Kiselev, 2006).

It is a well-known fact that there is an inverse relatiop between the
size of the product assortment and its efficiency (satabdif SKUs
constituting the assortment). This means that effective sales magraigean
only be achieved through limiting product diversity. In order to amatiie
efficiency of the spirits assortment we studied sales aofatéfferent spirits
brands in Russia.

Understanding the relevance of taste and of other usefukgpioperties
is crucial to under-standing consumer vodka preferences. Fputipigse, we
conducted a study of consumer demand for vodka with various flavoring and
physiologically active ingredients as compared to spirithout additives
(vodka).

Consumer demand for spirits with flavoring is estimated to bedf9%e
total cumulative demand in monetary terms and 23% in physicabtdt
points to the significant consumer interest in the taste piepemd variety
of spirits, as well as the presence of physiologicallywadngredients. It is
worthwhile mentioning that spirits producers have also takemntio account.
Thus, 28.4% of the product selection consists of flavored spirits.

Study of the consumer demand for flavored spirits revealed that th
highest consumer demand in monetary terms is associated with vodka
containing pine tree extract (4.1%), birch tree buds, etc. (2.4 %), hargy (1
lemon and blackcurrant (each 0.8%). The structure of demand incahysi
terms (number of purchases) includes the same components, exddatior
currant, which gave place to pantohematogen. In terms of thbemuvh
distinct SKU items, among flavored vodkas birch tree bud spaaidsl (4%),
followed by spirits with honey (3%), and then lemon, pine nut, and black
currant (each 2%). This indicates that consumer demand Yoréia vodka is
adequate to the product supply and directly dependent on the producers.

Conclusions

The following conclusions have been made based on the results of the
study:

* Compared to Russia as a whole, vodka production in the regions ch Russi
has greater consolidation and higher competitiveness in the produc
supply structure due to the presence of a large number afegamal
brands.

e Spirits consumption in the outlying regions of Russia differs fromahat
the central regions due to "local patriotism,” reflectingnsumer
preference to locally produced spirits.
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» Consumer preference to the regional vodka brands is stable iontiestc
of competitive market conditions.

* Regional producers possess a logistical advantage that pgsiffedts
the size and structure of the spirits assortment and likenfisences
consumer choice.

» Asignificant buyer interest has been observed in regard i@ty and
flavor of spirits, as well as the use of physiologicaltyive ingredients,
all of which have been taken into account by producers.

Acknowledgments

The authors are grateful for the participation at variougestaf this
study Andrey Kazantsev and Elena Mazanko, who worked at the Department
of Commodity and Quality Management in the Kemerovo UniversiydF
Science & Technology as candidates for a degree.

References

Epuak, A.W., 2004. O B3aMOCBSI3H LICHBI U KAYECTBA TOBAPOB B PO3HUYHON
TOProBiie U 000OCHOBAaHHOCTH €€ yueTa CO CTOPOHbBI MOTpeduTeleil. MapKeTHHT B
Poccun u 3a pyoexom, 5: 107-116.

Kucenes, B.M., 2005.MeTtomonorus accoprumenTa ToBapos, PhD thesis,
KemTUIIII, Kemeposo.

Kucenes, B.M., E.l. Ma3anbko, 2006.YnpaBieHre acCOPTUMEHTOM TOBAapOB.
Mocksa-KemepoBo: O0beIMHEHHOE U3IATEITHCTBO «POCCHICKIE YHHBEPCHTETRIY.

Kazanues, A.A., 2008.Pa3zpaboTka Moienn MOTpeOUTEILCKON OLIEHKN KadecTBa
BOJKH ¢ pa3BepThiBanueM ero Gpynkuun, PhD thesisKemTUIIII, Kemepogo.

Maszanbko, E.W. PernonansHbIe acmieKThl TOCYIapCTBEHHOTO PETYIHPOBAHUS
TOBapOIBMIKEHHS U KauecTBa ankoronbHoi npoaykiuu, 2009. PhD thesis,
KemTHIIII, Kemepogo.

MupoBoii Bogounsit peiituar. Date Views 3.03.2011 www.rbcdaily.ru.

68



QUALIMETRIC APPROACH TO OPTIMIZING
CONSUMER CHOICE OF SPIRITS

Vladimir Kiselev, Elena Zubareva, Tatyana Ponkratjeva

Plekhanov Russian University of Economics. Kemerovo Branch.
University Food Science & Technology. Kemerovo.
kisselev.vm@gmail.com;

Introduction

Consumer assessment of spirits’ quality is done directligarpoints of
sale of alcoholic beverages. This assessment is not acciathpay
mathematical calculation or comparison of the results, olatdinen various
stock-keeping units. Such an assessment is empiric in iterfatuhe most
part.

It is not a coincidence that primary attributes that impacswmer choice
are external attributes, some of which could be rational (retail pricenay
correlate with irrational (non-price quality attributes)he tatio of 1:9. Such
correlation is considered fair from the point of view of the copierary
theory of the “system of balanced indicators”, which was develbpdtie
specialists of Stockholm School of Economics Kaplan R.S. and NDrtn
(Kaplan and Norton, 1996).

The importance of external attributes of product value andebessity
of their consideration by manufacturers and retailersalgsnoted in the
research of Kiselev V.M (Kiselev, 2005). The fact of consumiexcgen of
specific spirits stock items from diversified family sifnilar products in
essence means a much higher assessment of this productexbhaptre
others, as observed by Savchuk S.I. (Savchuk, 2004).

In light of this, the process of spirits quality assessrimepoints of sale
involves identification of sum-total of exterior attributeshieh allow to
compare aggregate estimates of various stock keeping units of the gzame pr
level in view of their ability to satisfy the most sigoéint requirement in each
specific situation. In this context the requirements are defigetivarse life
values: security, comfort, and hedonism (satisfaction), dominéntyge
support), sociality (demonstration of your identification with a speaifiias
group), cognitivity (knowledge of the world) and, finally, coseefiveness.
Satisfaction of these requirements in its essence is the dégresfdness of
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spirits. The appropriateness of this statement has been tested Heriogus

group, which constituted of respondents representing various price sty

as reported earlier. This data agrees very well withee@ublished materials
regarding this subject (Voronov and Gusjkov, 2005).

Thus, multi-attributive model of spirits quality, which im@iguality
function deployment, involves its ability to satisfy not only individua
requirements, but also the social activity of the consumenther words,
activity carried out in specific social environment. In ttése, the economic
components of the suggested quality model, as well as its dthibutas,
change their significance on various price levels of thhegdeed consumer
value.

For consumers of the lowest price level economic attribuiébave a
much higher significance in their choice of spirits, as comptarede non-
price attributes. And on the contrary, for consumers choosinghaphice
level during their spirits quality assessment the importasfceconomic
attributes will be significantly less, as compared to the naemttributes
(image etc.). Price levels of consumer evaluation of vodkatyjaae not
directly related to consumer income level. To a larggreke they are
determined by the psychic archetype, which has been addressedernal
researches related to the subject (Russian Consumer Study, 2003).

Material and methods

A survey has been conducted to evaluate the significanceriousa
factors which impact consumer choice of specific tradaerks) types,
modifications and stock keeping units. The case study was baspiitsn &s
the most popular product among Russians, especially men, on tharwhe
and the most contradictory product in terms of customer asseisame
evaluation of public healthcare specialists. For this purpoastamer survey
was conducted in order to determine the significance obtlening factors:
grade of alcohol, which was used for spirits production, mikingavor,
color, trade mark and retail price.

Results and discussion

The results of the case study demonstrated a big significanttes of
analyzed factors for vodka consumers. The largest impact omumens
perception of spirits quality is produced by the grade of alc@@®I® of
respondents noted that they closely study the information regardingattes gr
of alcohol during their selection of each specific stock item.
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The next significant factor is organoleptic assessmenpioits quality.
40 % of respondents noted that their choice of each specific ilenbased
on the previous purchase experience. In cases when consumption of a well
known article allowed consumers to determine the mildnesisec$elected
vodka, the choice was considered to be a good one. At the same tingg in ca
of spirits, mildness is not considered to be the primary datergquality
factor: 60 % of respondents were indifferent to this attributies i€ especially
particular of Russian consumers who often prefer not the mildéther
strong flavor of spirits. This is well supported by theicinre of consumer
demand for spirits with various additives, among which theregpgrehorse
radish etc. (For example the most popular flavor is Gorilka with pepper)

Based on the case study of consumer preferences of spiriitieguhle
following conclusions can be made:

e There is an evident connection between consumption and knowledge of
spirits quality. Correlation ratio between this two indicsitisrestimated
at 2.3;

* Size and volume of packaging does not impact consumer perception of
spirits quality;

* The largest impact on consumer perception is rendered by theajrade
alcohol;

* The choice of a particular stock item is based on the previacbgze
experience of the consumer;

« The mildness of spirits is not an essential attribute of spirits gualit

e The label on the bottle should contain all information necessarthé
preparation of cocktails.

As a result of the case study we may identify the followistgf various
requirements of distribution channels participants (productufaaturers,
retailers, consumers, regulatory government agencies supgrasiohol
production and consumption etc.):

* Reputation of the trade mark;

e Loyalty to spirits quality;

e Consumer experience based on the previous purchase;
¢ Reliability of the manufacturer;

* Geographic location of the manufacturer;

* Reduced volume of one-time spirits consumption;

e Size of the floorspace of the point of sale;

« Economic affordability of spirits (average weighted price @@k 167
rubles);

e Various price categories of spirits;

71



» Factors of non-price selection;

» Quantity of stock keeping units of spirits;

» Flavor variations of spirits;

* Presence of physiologically active ingredients;

* Grade of the alcohol;

* Availability of the necessary information on the label.

It is reasonable to systematize these requirements intdishof factors
related to product distribution channels:

Point of sale factors: deep assortment, positive experiested, price,
purchase conditions (floor-space of the point of sale of almhelerages,
economic affordability, quantity of stock keeping units, flavoriatens,
various price categories, factors of non-price selection).

Spirits production factors: counterfeit proof (loyalty to spirtsality,
reliability of the manufacturer), packing exterior (factors radn-price
selection, reduced volume of one-time consumption), image of therirark
(reputation of the trade mark, geographic location of the manufacturer)

Spirits consumption factors: no harm to human body (grade of the used
alcohol, availability of necessary information on the label), thelaénefit
(presence of physiologically active ingredients), tastelor, aroma,
(consumer experience with the previous purchase).

As it has been noted earlier, the interests of distributicanrotl
participants are often in conflict: the interests of onehefgarticipants are
ensured through the infringement of interests of the others. eXx@ample,
availability of flavor varieties forces spirits rdeas and manufacturers to
reduce the economic efficiency of the production.

In order to model the parity of requirements of various distdbuti
channel participants we have offered an expert evaluation oigtiécance
of the abovementioned factors for each category of the participante)Tab

As it is obvious from the table, consumers are concerned wilistat
spirits attributes. As a platform for the model we suggestegensational
model of quality deployment in which the lack of one of the atiebus
compensated by the advantages of another attribute.

Q= lirf ki * q; (1)
i=1

where: Q — comprehensive assessment of spirits quality; score;
n — number of attributes of spirits quality;
ki — ratio of significance of the i- attribute;
gi — consumer assessment of the i- attribute; score.
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At the same time the important feature of this model isttieavariety of
attributes may be differentiated based on their significancednsumers.
While evaluating the significance for consumers of analyatdbutes,
respondents were asked to evaluate each of these attribséesdrathe 5-
score scale. Respondents were selected from the target cormidiggrce.
Further on, consumer preferences were processed via mathstasistical
methods in order to determine their significance ratio.

Suggested model of spirits quality is, on the one hand, multi-atirehu
and, on the other hand, it has a deployed quality function. Quality dancti
deployment is carried out through all of the levels of qualitynédron and
assessment: product manufacturing, spirits distribution arek,sapirits
purchase and consumption. The influence of government regulatogiege
supervising spirits production, sales and consumption is one of theainte
limitations for many of the attributes such as retail pgcechase conditions,
counterfeit proofness, absence of harm for human health, healtht®enefi
exterior packing, information value of the label, flavor, colad a&pirits
aroma. The last statement shows that interests of thergoeat and society
are considered in this model indirectly.

As it can be seen from the suggested model, the most impamsumaeer
quality assessment is done by such factors as deep assomwsitite
experience of previous purchases, retail price, purchase icosdiabsence
of adverse effects on the human body, exterior packing and .flavor
Significance ratios of these attributes are the most high.

Despite the empirical nature of spirits quality assessipentided by
consumers in various points of sale of alcoholic beveragesathe of the
developed model also includes its ability to forecast consumeardkhor
specific types, varieties, and stock items based on consumessimEt
conducted during the focus group. Combination of focus group methods and
the multi-attributive quality model with quality function dephognt allows
manufacturers and retailers to forecast consumer evaluatigirits guality
in various points of sale.

Estimated compensational model of consumer assessment of spirit
quality must also consider the interests of other particgpahtintegrated
distribution channel. For this purpose a mathematical model of etvepsive
assessment of vodka quality with quality function deployment was caltulate
based on the parity of requirements.

It should be accepted that there is one and the best point ofwiiéetn
allows parity of the requirements of various participantsdistribution
channel (manufacturers, retailers, buyers, consumers, societyrngient
etc). In this particular point the expenses of each particgranininimal, as
compared to the expenses of these participants in any other poinf. Thus
optimal spirits quality is defined for this point in viewtb& opinion of all
abovementioned participants of the parity requirements. Gélous are
made on the bases of the formulas 2-9.
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Q=) ki~q, @

where:(Q — integral quality indicator at the point of requirements parity;
n — number of participants for whom parity of uiggments is formed;
i, ] — indices corresponding to the attributes and participants;
aj — criterial vector of the i—attribute and j-participant;
ki — coefficient of the significance of criterial vector.

A« (k=1...m) — alternatives of the participants
A{A; .. A, } 3)
Suppose, there is a set of criterial vectors which shoulddxtto select

the alternatives that satisfy the pointof requirements paaged on the
defined target functiog

{a, .4, } 4
AxA (5)
aj is accepted as functional of the total weighted R)?ss
i=n
P} = Zéij*pij (6)
i=1
where: B (p.... pm) - loss of the j- participant having reached
requirements parity

As the best solution that alternati%é is chosen which corresponds to
the minimal functional value of the total weighted IBgs
A* = argminP? (4;) (7)
ede: i{1..m} (8)

Similarly to this, usefulness function is calculatéd=@ Q¥ 1... Q¢n} of
the criteriaa for the alternative\ { A:...Am}. With that, the aggregation of the
basic criteria;j is done according to the formula 1.

For the purpose of planning of optimal decisions of distribution channels
participants, the following formula is used (9):

A" = Apoeen = f(Aucxzow)  (9)
Where:A;poeKT - projected alternative;

A}, - initial alternative;
T, ¢, ® — time and financial resources, etc.

74



With the help of formula 9 it is possible to design requiremeaitisy for
the near future, for example, if one of the participants intemdgnificantly
change the vector of his interest.

Conclusions

The following conclusions can be made as a result of the case study:

Spirits quality attributes that are considered by consumers dtiveng
evaluation of available variety of purchase options have lkmmified
and systematized; coefficients of their significance have bsenated;

The largest impact on consumer evaluation of product quality is rendered
by such factors as deep assortment, positive experienbe gievious
purchase, retail price, purchase conditions, lack of advens&ct on the
human body, packing exterior, flavor etc;

A multi-attributive model of consumer assessment of vodka guzdi
been developed with quality function deployment in which rational
attributes (retail price) are combined with irrational (nongrigiality
attributes) in 1:9 ratio. This being said, external value attritnftspirits
dominate over internal. Appraisal of the model was done duringatiee ¢
study;

The fact of consumer choice of specific stock keeping unpiatsfrom
the sum-total variety of similar proposal in its essengdi@s a higher
consumer evaluation of its quality as compared to other ahark
alternatives;

The process of consumer assessment of vodka quality in the psaie o
involves identification of some aggregate of externalbatteis, which
allows to compare cumulative assessment of various stocknkeepits
of the similar price level based on their capacity to satisé/ most
significant current requirement;

Satisfaction of these requirements which include variousdifiges such

as security, comfort, hedonism, (satisfaction), dominancy (image
support), sociality (demonstration of belonging to the speciitiab
group), cognitivity (knowledge of the world) and, finally, cost
effectiveness, in essence illustrates usefulness degreeits; spi

Multi-attributive model of spirits quality which implies quslifunction
deployment from the consumer point of view, describes not only the
satisfaction of individual consumer requirements, but also conssetie
identification in  specific social environment;

Combination of multi-attributive model with quality function deplagmh
and a focus group method will allow manufacturers and retditers
forecast consumer assessment of spirits quality in points of sale;
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* The interests of various channel participants are ofteromflict — the
interests of one of the participants are ensured at the expéribe
infringement of interests of the others;

* Model of requirements parity of various participants of theriigion
channel has been developed. The model took into consideration various
diverse requirements of manufacturers, agents, vodka saflesell as
consumers, society and government;

* Introduction of the multi-attributive model of consumer assess of
spirits quality in points of sale with quality function deploymalidws to
enhance consumer integral evaluation of spirits quality, whibgleet
will experience the increase of turnover, if measured in monetats,
and decrease — in case of the physical count with growth ofgidifi
of sales.
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Introduction

Fats are one of the key nutrients and perform a numberriolsaoles
in a human body, inter alia, they are a source of energy fordiasukorgans,
improve taste qualities of food, and build cell membranes. Fas a
indispensable in a diet; however, their impact on human healtksvari
Vegetable oils are rich in various fatty acids, including monduresizd fatty
acids (MUFA) and polyunsaturated fatty acids (PUFA) &&=t
Kondratowicz-Pietruszka 2011).

For health reasons, it is recommended to consume oils with low tonten
of saturated fatty acids (SFA) and high content of unsaturated deitis
(UFA). It has been determined that saturated fatty acidsilootgrto the
increase of the amount of cholesterol in blood and that tloegdse the risk
of atherosclerosis and of cardiovascular diseases. Unsatuiatty acids
(UFA), both monounsaturated (MUFA) and polyunsaturated (PUFA), protect
humans from cardiovascular diseases (Amaral et al. 200endag on the
type of oil, the ratio between the content of PUFA polyene asidsMUFA
monoene acids vary (Kondratowicz-Pietruszka 2010).

Edible vegetable oils are produced from various plants. The most
common oil plants in Poland are rape and sunflower. The qualitygefalale
oils depends on various factors, including their chemical compositia. |
affected by the type of oil plant, conditions of cultivation, amthtelogical
processes deployed (Miowski, Grzékiewicz, Jerzewska 2011). Oils are
traded either as refined or cold pressed. Due to cold pressingutdgttcess
of light and air, oils retain their qualities and biologicdhemess. Necessary
unsaturated fatty acids are not subject to decomposition, witsilestain in
full their nutrition values (Kondratowicz-Pietruszka 2012).

Edible oils are a source of necessary unsaturated fatky. #&cbasic form
of necessary UFA of the n-3 seriesiifinoleic acid (18:3, n-3) while of the
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n-6 series - gamma-linoleic acid (18:2, n-6). Simdmoleic and linoleic acid
are synthesised by plants, they must be ingested by humans in food.

The proportion between necessary fatty acids of the n-6 series ded of t
n-3 series in daily intake of food is important for human deveérpmand
health. This proportion should approximate 1, although some authars clai
that it should be between 4 and 1. Current publications on healthjion
give the border values between 4:1 and 1:1. The amount of the n-3 series fats
in the present-day diet is limited, while of the n-6 seriexcessive. This
results in immunological imbalance and extensive tendencgeti@lop
inflammations.

The key factors affecting the dynamics of oxidation changesil$n
include: fatty acids profile and contents of accompanying substance
(Szukalska 2003). Oxidative stability of oils can be asskeissearious ways
(Wroniak, tubian 2008, Zarena, Sankar 2009, Abramowic, Butinar, Nikolic
2007). Methods applied to analyse oxidation changes include, irtegas
chromatography, titration methods - including determination of pezoxid
value, anisidine value and Totox value. Stability of oils camldtermined
with the use of FRAP and of DPPH ratios (Kruszewski et al. 2013, Aeiara
al. 2003).

The objective of the tests was to present acid profiselgicted vegetable
oils, their anti-oxidant activity, overall anti-oxidant power, amhtent of
polyphenols.

Material and methods

The objects of the tests were the following oils: coldggdsapeseed oil
- from ecological and non-ecological cultivation and refinapeseed oil;
cold-pressed sunflower oil, from ecological and non-ecological atibiv
and refined sunflower oil. The samples were marked as follows:

A - cold-pressed rapeseed oil from ecological cultivation ECO, pexkag
dark glass

B - cold-pressed rapeseed oil, packaging: PET,
C - refined rapeseed oil, packaging: PET,

D - cold-pressed sunflower oil from ecological cultivation, pgokg clear
glass,

E - cold-pressed sunflower oil, packaging: PET,
F - refined sunflower oil, packaging: PET.

Samples of oils for testing were taken after purchase ofiroihops.
Chemical parameters, determined in line with the following ® standards
were taken into account during testing of oils: The peroxitieey®V (PN-
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EN ISO 3960:2010), The acid value, AcV (PN-EN ISO 660:2010), The iodine
value, IV (PN-EN ISO 3961:2011), The anisidine value, AnV (PN{&EQ
6885:2008), Totox value, (Totox=2-PV+AnV), (PN-93 A-86926:1996).

The peroxide value, PV. The value is determined by the reacfion
peroxide in a fat sample with potassium iodide, KI, which is oxidisdtee
iodine. The liberated iodine is titrated with standard sodium thgbate (V1)
NaxS0z and the peroxide value is expressed in (mEgd¥at).

The anisidine value, AnV. This is determined based on the oaaufi
aldehydes present in a fat sample with a solution of p-amésidnd
spectrophotometric measurement of absorbance of the solution at
a 3wavelength of 350nm.

The acid value, AcV. Determination is based on the neudtalisof free
fatty acids in a fat sample with a standard solution of potaskydroxide,
KOH. The acid value is expressed in (mg KOH/g fat).

The iodine value, IV. It is determined by binding halogiisto the
double bonds of unsaturated fatty acids. Excess halogen cagsisesddtion
of potassium iodide, Kl, to free iodine, which is titrated with standard
sodium thiosulphate (V1) N&Oz sodium. lodine number is expressed in (g
[,/100 g fat).

Based on the analysis of changes in peroxide value, oxidationeshang
were notices, taking place in rapeseed and sunflower oils duaraps for
33 days in the temperature of°@4 with access of dispersed light. The
intention was to create conditions resembling typical householdgst
conditions.

Acid profile of the tested oils was analysed. The content of fatty acids
all samples was determined by means of gas chromatograpimg with the
norm (PN-EN ISO 5508:1996), in the form of methyl esters in sample
prepared in line with the norm PN-EN ISO (12966-2:2011), with theotise
BFs. The analysis was performed with the use of gas chronzgiogsRI
9610C with Restek RTX-2330 column of a length of 105 m and diameter of
0.25 mm, with FID detector, using hydrogen as carrier gas. Useal as
gquantitative temple was AOCS Standard #3 by Restek, Cat. No 35024.
Additional template used for identification of components A@sd Industry
FAME Mix Cat. No 35077 by Restddeing a mixture of methyl esters of 37
fatty acids from C:4 to C:24.

Antioxidant power was determined with the use of FRAM method (umol
Fe/qg oil) (Ferric Reducing-Antioxidant Power) described by Benzi anthStra
(Benzie, Strain 1996). The method is based on the reduction of ferridljons
present in the combination with tripirydylostriasine (TPTZ) toi¢eions II.
Methanol extracts were prepared for each of oils testedhdiirgy samples
for an hour. Double-stage extraction was used. Methanol extracts so dbtaine
were poured into containers for storage until analysis. Thdtsewere
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calculated, based on the template curve. The analyses weramaefavith
the use of UV-VIS spectrophotometer by UNICAM.

To evaluate total anti-oxidative power of DPPH (% inhibitiotig
method using solution of a free radical 22,2-diphenylpicrylhydrazyPHDP
was used, described by Zych and co. (Zych, Krzepitko 2010). The analysis
was performed with the use of UV-VIS spectrophotometer by UNICFhe
results were calculated based on the template curve.

In order to determine the total content of polyphenols by means of
spectrophotometer, the method described by Singleton and Silinkdind, wi
minor modifications, was used (Singleton et Rossi 1965). Fotiodalieau
reagent was used, being a mixture of phosphomolybdic agM&12040)
and phosphowoframic acid §PW::,040). These components cause oxidation
of phenols and simultaneous reduction to blue molybdenum oxide®¢io
and wolfram oxides (\4Dz3), which absorb radiation of a wave lengthhef
760 nm. The basis for determination is the ratio between the abspnmue
and the concentration of polyphenols. The content of polyphenols ieat di
proportion to absorbency measured at a wave lengtk=of60 nm. The
analysis was performed with the use of UV-VIS spectrophotoniater
UNICAM. The results were calculated based on the template curve.

Results and discussion

Table 1 presents characteristic values, including the \adice AcV,
iodine value IV, anisidine value AnV, peroxide value PV (PW¥ 33 —
initial and after 33 days of storage peroxide value) and Totevat the
tested oils.

Table 1. Characteristic values of tested oils

oil AnV PV 33 Totox
AcV v PV O mEq mEq GQ/kg
mgKOH/g| g 1»/100g mEq Q/kg| OJkg

A 2.07 73 0.71 3.49 5.90 7.69
B 0.51 127 0.8¢ 3.85 5.39 8.56
C 0.24 76 1.1( 1.37 2.95 3.84
D 1.05 97 0.93 4.77 7.23 10.47
E 0.67 143 1.33 4.48 6.19 10.29
F 0.16 107 0.72 1.38 2.22 3.48

Source: own work.

Cold-pressed values are characterised by higher initial perozide
than refined oils. During the storage of rapeseed and sunmflmivsamples,
the peroxide value was subject to acceleration and increasee pilueesses
are characterised by low dynamics of changes and smalhges@APV.
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Peroxide value in these conditions of storage of oils doesoeéd the value
of 5 mEq Q/kg for refined oils (Oils marked C and F). In the caseobd-c
pressed oils PV exceeds 5 mEgKQ. Also interesting is the fact that the type
of oil does not significantly affect the oxidation processethé tested oils.
This is best depicted in the obtained curves presented in Fig. 1.

3 mEqO,/kg

0 5 12 19 26 33 doby

Figure 1. Contents of SFA acids in the tested oils
Source: own work.

Changes in the peroxide value during storage of all sampldestcebed
in the first approximation by means of aw-type first-order functior. the
order n =1aw, the formula for the rate constant of the charnme afide value
w; is as follows:

lelmL(t)

PV -t
t PV (0) (FV-1)

where: t-time
PV(0), PV(t) — peroxide value - initial and after t time.

General form of the descriptive function, for all samples, is as fellow

PV (t) = PV (0)e™  (1eq O2/kg)

Matching error for the aw type function is expressed.ase is the
deviation of theoretical valu@V (t) from the empirical PV(t). It is assumed

that when the valuew& 5%, the description of the set of empirical data by
means of the proposed function is very precise.
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PV (1) = PV (1)}, 0
PV (L) |

.|
| (%)

The results of the calculations are presented in Table 2.

Table 2. The rate constant of the change of peroxide value and
descriptive function

oil wi (PV -th) Descriptive Function (mEq £kg) an (%)
A 14.823-16¢ PV (t) = 3,49 0014823 1 2.23
B 9.701-16 =2V (t) = 385 @0,009701 @ 1.41
C 21.054-16 PV (t) = 1,37 0021054 4.23
D 13.235-164 P\;(t) = 4,77 0013235 O 1.48
E 8.287-16 P\i(t) = 4,48 0008287 O 1.40
F 13,640-16 P\i (t) = 1,38 @0,013640 1.45

Source: own work.

The calculated g values reflect the fact that the function of the order
n=1aw describes with high precision changes in the peroxide vatle oils
stored. In order to compare the dynamics of the process of chiantes
peroxide value, the rate constants of the processes in idfat®n should be

comparedKf . The processes can be compared only if their repscetigew

identical. In the case of a common order, in this case n=1aw, the dynamics of
the processes taking place can be compared.

KX = Wl,X

Y
Wl,Y

The ratio Kj( defines how many times the process X is faster than

process Y. The oxidation process was the fastest in the refipedeed oil
C, which is confirmed by the value of reaction rate constantSimilar
dynamics of the process was observed in the following oilst-messed
rapeseed oil from ecological cultivation A, cold-pressed sunfi@idrom
ecological cultivation D, refined sunflower oil F. The process afation was
the slowest in: cold-pressed rapeseed oil from non-ecolagittalation B,
cold-pressed sunflower oil from non-ecological cultivation E. piteeess C
was, on average, 1.5 times faster than the processes A, Daadd?F3 times
faster than the processes B and E.
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Determination of PV and AV enabled additional determination of Totox
value which is used to assess oil oxidation level. The Totox valuged
considerably between the initial value of 3.48 for F sample to 10r4D fo
sample. It is assumed that the border value of Totox for good qaditiie
oils is 10. As regards the tested oils, after 33 days of stateg@otox value
of 10 was exceeded in the samples D and E.

The chromatographic analyses performed produced fatty oils piafile
the tested oils, presented in table 3.

Table 3. Fatty acids profile in the tested oils, % (m/m)

Kwasy tluszczowe A B C D E F
C 16:.0 5.51 4.81 6.31 8.20 9.80 9.94
C 16:1 (cis-9) 0.64 0.41 0.43 - - -
C 18.0 1.66 1.83 1.58 2.57 3.46 3.29
C 18:1 (cis-9) 65.74| 66.14 61.20 32.60 22.80 23|02
C 18:2 (cis-9,12) 19.51 17.21 19.65 56.62 6394 743.

C 18:3 (cis-6,9,12) 045 047 0.36 - - -
C18:3(cis-9,12,15) | 6.48 9.12  9.72 - - -

C 20:0 - 0.27 ] i ;
C 20:3 (cis-8,11,14) - - 0.27 - i ]
C 20:3 (cis-11,14,17) - - 0.20 ] i }

Source: own work.

All tested pressed and refined oils contain saturated acids @mné:0
C18:0. Their contents, however, vary depending on the type .ofl lod
chromatographic analyses confirmed low contents of satufatgdacids
SFA in rapeseed oils, ranging between 6.64% and 8.16%. Sunflower oils are
slightly richer in saturated fatty acids SFA, with the eotd between 10.77-
13.26% (Fig. 2). Relative error in determining the contents of Gi@igCal8
acids was 3.7%.

The contents of monoene MUFA in the tested oils vary. Rapeseed oils
containing 61.63 - 66.65% of MUFA are close in the classificatiorndo t
group of oils with high degree of these acids. Currently, ssguksils intended
for consumption are manufactured in Poland mainly from low evacieties,
containing up to 2% of erucic acid (C22:1 (cis-13)), which was wuefi by
the chromatographic analysis (0.0%) performed during the tegts tive

83



relative error of determination of 0.1%. As regards suvél oils, they
contain considerably less MUFA - between 22.80 and 32.60 % (Fig. 3).
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A B C D E F

Figure 2. Contents of SFA acids in the tested oils
Source: own work.
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Figure 3. Contents of MUFA acids in the tested oils
Source: own work

Acid C 18:2 (cis-9,12) affects the level of PUFA contenthintested oils.
The contents of PUFA vary considerably, from 17.21% for rapeseed oil t
approx. 63.94% for sunflower oil (Fig.4). Average relative erior
determination of the contents of PUFA was 1.6%.
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Figure 4. Contents of SFA acids in the tested oils
Source: own work.
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As regards nutrition value of oils, the contents of una#tdrfatty acids UFA
is important. The highest concentration of unsaturated fattls dni the
rapeseed oil is approx. 93%, while in the sunflower oils - approx. 87%.
The calculated relations between unsaturated (UFA) and st (&FA) fatty
oils in individual tested oils vary. They range from 11.25 for sarGptample
to 14.06 for sample B. As regards sunflower oils, the UFA/&#aA was 6.54
to 8.28. This ratio does not allow for differentiating between seesand
refined oils or between ecological and non-ecological cultivation oils.
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Figure 5. XUFA/XSFA ratio in tested oils
Source: own work.
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YPUFAEMUFA ratio in tested oils ranges between 0.4 and 0.49. Greater
diversity was observed in sunflower oils, ranging between 1.74 and Zn80. T
calculated values f&PUFA/XMUFA ratio are presented in (Fig.6).
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Figure 6. XPUFA/ZMUFA ratio in tested oils
Source: own work.

C 18:2 (cis-9,12)/ C 18:3 (cis-9,12,15) relation values can be calculated
only for rapeseed oils. The values calculated for the n-6 @hdaids ratio
are: A=3:1,B=2:1, C = 2:1, respectively.

DPPH values in the oils are similar. The highest value of 2,563
Felg of oil) for FRAP was calculated for sample C. Thi&ans that refined
rapeseed oil has the greatest antioxidant power among all tested oils

Table 4. Antioxidant power and concentration of polyphenols

DPPH (% of inhibition Polyphenols
FRAP g gallic acid /100

oil 15 min. | 30 min.] 60 minl 24 h | (umol Fe/q) g

A 0.615 0.596 0.593 0.38p 1.002 0.160
B 0.619 0.599 0.589] 0.38p 0.350 0.120
C 0.587 0.569 0.544] 0.36p 2.567 0.346
D 0.622 0.595 0.576] 0.38]L 0.683 0.117
E 0.623 0.612 0.598 0.40p 0.800 0.122
F 0.610 0.611 0.590, 0.39B 0.430 0.162

Source: own work.

The content of polyphenols was determined with the use of
spectrophotometer. The concentration of polyphenols is in direpbgion
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to absorbency measured at a wave lengtkeof60 nm. The template curve
was prepared using a solution of gallic acid at a concentrdtior3 @/dm3.
The relation between absorbency and concentration was deduyilbegians
of the equation: y = 0.1245x - 0.0024, R2 = 0.9936. The calculation raseilts
the evidence of low content of polyphenols in the tested oils (Tab.4).

Conclusions

Changes in the peroxide value in the stored oils are verydestiribed
by the function of the order n+law. This is confirmed by caledlarror
values as regards deviation of the empirical values frometieal values =
from 1.40% to 4.23%. The oxidation process was the fastest in thedefi
rapeseed oil, which is conformed in the value of reaction rateactnst
21.054-16. The process was, on average, 1.5 times faster than in thefcase
pressed rapeseed and sunflower oils from ecological cidgtivand in the
refined sunflower oil, and 2-3 times faster than in the ohpeesses rapeseed
and sunflower oils from non-ecological cultivation.

As regards pressed sunflower oils, after 33 days of storagdotbr
value of 10 was exceeded, which is a sign of low resistem@idation
characteristic for sunflower oils.

The contents of monoene acids in the tested oils varied condidera
from between 61.63% and 66.65% in rapeseed oils to between 22.80% and
32.60% in sunflower ails.

The calculated UFA/SFA ratio in individual types of oilwarhe values
are higher (between 11.25 and 14.06) in rapeseed oils and sligivey |
(between 6.54 and 8.28) in sunflower oils. This relation does not allow fo
differentiating between pressed and refined oils or betweeogical and
non-ecological cultivation oils.

The contents of polyene acids in sunflower oils are approxiynatel
times bigger than in rapeseed oils. Sunflower oil is richinidic acid while
rapeseed oil contains both linoleic amdinoleic acids in proportions very
beneficial for humans, approximately 2:1.

Based on the results of the tests, it was determined thatlshare not
rich in polyphenols, nor are they highly anti-oxidant.
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Introduction

Curd cheeses are recognized as one of the oldest dairy procheys. T
were invented about 10000 years ago by Mesopotamian shepherds who
poured milk into bags prepared from sheep stomachs. Acceleratedrist
milk divided itself into curd and whey (G6rska 2014). In turnitBens (2008)
reports that cheese was known about 3000 years ago in timescaffien
stomachs were used to store and transport milk and natural enzymes included
in it (i.e. rennet) caused coagulation, thus turning the mhtettacurd and
whey. Curd cheese production dates back to about 3000 BC and itscevide
can be found on Sumerian carvings which present particalgesbf cheese
production. It is said that curd cheese was also a renowned aed pabduct
in Babylonia, yet because of its high prize it was availablly to few
connoisseurs. The beginnings of home production of cheese on a vailger sc
were connected with domestication and farming of horned ami(irska
2014). Curd cheeses, known as tvarogs, include both acid cheesesdand aci
rennet cheeses. The basis for the production of these cheesesd is
coagulation which results from oriented lactic acid fermesatoccurring
after adding lactic acid fermenting bacteria or lactidl@ennet fermenting
bacteria to milk, accompanied by a simultaneous activity diclaacid
fermenting bacteria and the coagulating enzyme.

Acid curd cheeses, also called “white cheeses”, are highly paputang
consumers due to a long tradition of their consumption, eating fzattta
low price (Gohbek 2011; Gorska-Warsewicz 2005). Depending on fat content
in dry matter tvarogs can be divided into: cream — containing 55+ 28t iof
dry matter (14.5% in total) and up to 74% of water, full-fat — doimg
42+2% of fat in dry matter (9.5% in total) and up to 77% of watar—f
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containing 30£2% of fat in dry matter (6.5% in total) and up to 89%ater,
semi-skimmed — containing 15+2% of fat in dry matter (3% ial¥@nd up

to 82% of water and skimmed — containing not standardized fatntcnrtd

up to 84% of water. In each group of cheeses we can distinguish wedge
cheeses and sliced cottage cheeses. It is difficulintb &n equivalent of
“white cheese” in the world. To some extent the Americaméas pressed
cheese and the German quark can be treated as its equiananowski

et al. 2011).

Similarly to milk, curd cheeses (tvarogs) are charasdriby a high
nutritional value but, unlike milk, they have a bigger concewtnaf
nutritional ingredients. First of all, they contain concenttaf@otein,
particularly casein (in the form of calcium phosphoparacaseinate), and ami
acids, fatty acids and vitamins. They are also a sounceneiral salts, mainly
calcium of high bioavailability (Kolanowski 2000; Szpendowskale 2005;
Marszatkowska-Jakubik 2011; Igras 2012). Unfortunately, compardd wit
ripening cheeses tvarogs contain about 8 to 10 times lessnsalasses arise
due to draining of whey which absorbs this component. The calciunntonte
can be increased by adding some enriching substances or introduciggsha
in the technology process. Moreover, the more skimmed the ckeheenore
calcium it contains (Marszatkowska-Jakubik 2011).

Curd cheese market in Poland

Cheeses are now one of the most important groups of dairy prawalucts
Poland. For many years consumers have perceived tvarogsrdntheeses
as attractive products, therefore these cheeses havepéition on the dairy
products market. In recent years the national production of chedses
maintained at the level of over 300 thousand tons and showed angrowi
tendency which results from bigger supplies of this product iteedeand
sustained demand for dairy products. This is proved by the indrease
production of curd cheeses throughout years 2006-2012 by 27.6 pp, that is the
rise from 302,4 thousand tons in 2006 to 385,8 thousand tons in 2012. To
produce cheeses, including tvarogs, almost half out of 12,7 million tdhe of
total amount of cow milk obtained in 2012 in Poland was used. In 2013 there
was also an increase in the production of milk for consumptiarbi.é.9%
as compared with the previous year) and cheeses (by 3.2%), indaliogs
— by 4.6% (Siemianowski et al. 2011, IERAIB 2013). Tvarogs are
offered by most of national dairies, therefore each produceo masnitor the
market and adjust their product range to the needs of more arel mor
demanding customers. Producers resign from traditional tvesolgs by
weight and focus on confectionery and introducing innovations connected
both with the product (flavoured, ecological, functional and culinary tvarogs)
and packaging (resealable packaging systems). According tGilERIB
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(2013) in Polish households the average annual consumption of ceskshe

in 2012 amounted to 6.60 kg per person and was lower by 1.8 pp as compared
with the previous year. As quoted by Bohdziewicz &ndetana (2007) and
Bohdziewicz (2009) about 1/5 of all the expenses for dairy produatsgmed

by an a average household are connected with the purchase of asdsche
The biggest amount of cheese was consumed by pensioners (0. pkgsper

per month on average) (IERIGPIB 2013). Uniqueness and a high quality of
Polish dairy products resulted in 130 thousand tons of cheeses and 4iAdhousa
tons of tvarogs being exported from Poland in 2Ggigielska 2013).

Production technology

Acid curd cheeses are produced by proper processing of curd ishich
formed as a result of acidification of lactic acid fermegtbacteria up to the
value of the isoelectric point of casein (pH=4.6). Palticstages of cheese
production are presented in scheme 1.

* Preparation of milk for processing
* Pasteurization (at 80-85°C for 15 s)

* Renneting and coagulation of milk

Curd treatment

* Curd draining

* Pressing and forming of curd

* Cooling

—r? ——? ) ) \——) \—r) \—)  \e—

+ Packaging

Figure 1. Production technology of acid curd cheeses
Source: own work based on Litfreizuk 2012

Raw material, compliant with applicable standards for milkchasing,
is subjected to pre-treatment. After heating up to 45°C thdaswi#ntrifugated
and standardized in order to obtain the required content of fat. After
standardization it is subjected to pasteurization at 80-83°C5fs. Next, the
thus prepared material is chilled to 20-26°C, then the sourdou@b-8t5%
of lactic acid producing cultures is added and the materilfi for 12-16
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hours for curd to be formed. Acid coagulation lasts until it remehpH of
4.5-4.6. In such conditions the electric charge of casein micelledsezgro,
they no longer have the ability to bind water and lose tingdration shell,
which in turn leads to aggregation and formation of curd. Mature boxdds
characterize by titration acidity of 32-34 °SH, jelly consisye it should not
have any cracks and slits or produce whey, whereas after behdmzuld
form a fracture with smooth walls. The next step in processingurd is
cutting it into a cuboid of 12x12cm, stirring it delicately andaiing it into
grain-sized granules of 1-5 diameter. While processing tlemgradual
draining of curd grain and separation of limpid whey whose actityld not
exceed 28 °SH (Litwiczuk 2012; Siemianowski, Szpendowski and
Bohodziewicz 2011). Draining of cheese mass is carried out withsihef
filter materials and perforated forms. The next stage is moutdirgyfor the
purpose of further drainage of cheese mass (hitzvik 2012; Siemianowski,
Szpendowski and Bohodziewicz 2011). This process should be carried out at
20°C within 2 hours from obtaining cheese of quite firm consiste
moderately paste-like but not greasy, with uniform colour, witlsoutdges
and marks. Tvarog is shaped into proper blocks, then cut andl ciman to
the temperature below 10°C. Currently there is a consideratdgegs in
production engineering of curd cheeses (scheme 2).

Increasing the
use of milk
proteins

Durability Form of
ex_tending by cultures of
using various lactic acid

packaging bacteria used

systems

Mechanization
and
improvement of
the production

Production of
products with
functional

properties

Figure 2. Progress in production technology of acid curd cheeses
Source: own work based on Siemianowski, SzpendoavskiBohodziewicz 2011
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One of possible directions of the progress are solutions whimiv &l
add whey proteins to cheese mass. It needs to be emphasiséd tthe
traditional method of tvarog production these proteins come frbrey.
Thanks to the use of the ultrafiltration method, the serwitowthade(the
calcium-thermal method, with the addition of Cai@lthe amount of 0.04%)
and the addition of whey protein concentrate and transglutamihase
possible to contain up to 100% of milk proteins in tvarog, as compa&s%
in the traditional method.

Quality requirements

Quality requirements for curd cheeses are specified byhPstendard
PN-A-86300:1991 (table 1). In the production practice most frequdrgly t
results of chemical analyses are documented, particutelgdntent of fat
and dry matter. The organoleptic properties of tvarogs laeimportant,
namely colour, structure, consistency, taste and smell. In mest gaality
deviations of tvarogs are connected with a bad quality of thenaterial or
a defective technological process.

Table 1. Requirements for acid curd cheeses
Acid curd cheeses

Features Full-fat Fat Sem- | skimmed
skimmed
Taste and smell clean, mild, a bit sour, with pastation aftertaste
Structure and uniform, firm, without lumps, a bit loose, a bitagny is
consistency acceptable in the case of skimmed tvarogs
Colour White to a bit creamy, uniform in whole mass
-0
Water content - %, no 70 70 73 79.75
more than
Fat content in dry 42+3 30+2 15+2 i
matter - %, no less than
1di _0
Acidity —°SH, not 80 90 100 110
higher than

Source: PN-A-86300:1991

The aim of the research was to evaluate the physicochequiakty of
acid curd cheeses available in retail sale in Lublin region.

Research material and methods

The research material was curd cheeses purchased in Lublin region,
produced by 5 local milk producers associations. For the purposstiofjte

95



they were marked anonymously with letters A, B, C, D and E. Three types of
tvarogs were examined: skimmed, semi-skimmed and fat. Tlesehevere
vacuum packed with the use of parchment and foil paper. The preducer
declared first class quality on the packages of all the prediable 2 gives
information about the nutritional value of tvarogs which watedtan the
labels of the analysed products.

Table 2. Nutritional value of tvarogs (in g/100g) as declared by the

producers
Dairy kJ/kcal Protein Carbohydrates Fat
Skimmed
A 366/86 18 4.2 0
B 419/98 18 3.5 0.5
C 366/86 18 3.5 0
D 419/98 19.8 35 0.5
E 366/86 18 3.5 0
Semi-skimmed
A 515/122 17 4.6 4
B 517/123 18 3.7 4
C 517/123 18 3.7 4
D 544/129 18.7 3.5 4.5
E 474/113 15.5 3.8 4
Fat

A 639/153 16 4.2 8
B - - - -

C 628/150 18 3.5 8
D 714/171 17.7 3.6 9.5
E 606/145 14.5 3.7 8

Source: own work

Three series of research in three types of acid curd chizgesedifferent
production batches (two trials in each series) were performedys®savere
done during the period of product shelf life. Contents of water (by drying
method at temp. 102, according to PN-73/A-86232), fat (by Van Gulik's
method, according to PN-73/A-86232) and protein (Kjeldahl's method,
according to PN-EN/ISO 8968-1:2004) were determined in each samples.

Fat content in dry matter of cheese (X) was calculatedrding to the
formula:
a*100

100-w

where: a — percentage of fat, read on the scale of fat,metewater content
in cheese ().
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The acidity of the acid curd cheeses was determined by measueging
total acidity (in Soxhlet-Hencle degrees — °SH) — by tdaraimethod (PN-
73/A-86232) and active acidity (pH value) — using digital pH/conductamete
CPC-501 (Elmetron) and combined electrodes ERH-12-6. Colour afgwar
were determined using a portable Minolta Chroma Meter CR-3idy{ag
illumination D65, geometry O projection angle and 50 mm measure @hen).
results were given in the color space CIE (CIE 1976), whére:lightness;

a* — redness and b* — yellowness.

The results obtained were analysed statistically usingsttativer. 6
(Statsoft Inc. 2003), on the basis of one-way analysis of vasardean
values and standard deviation for certain traits were givéhe table. The
significance of differences between means for analysedehess estimated
by NIR Fisher’s test.

Results and discussion

All of the analysed cheeses were compliant with the standpsatified
by PN as regards distinguishing features of the organolepdictyqun the
produced cheeses with the higher amount of the declared fat coonestt,
amount of water was noticed (table 3). It needs to be emphasiaedill
cheeses, with the exception of the skimmed cheese from Baiwere
compliant with standards as regards the content of thesetwgonents, that
is water and fat. The skimmed cheese from dairy B contained hbRg#and
77.1% of water. Moreover, the tests showed that the majorithiedses (fat
and semi-skimmed cheeses and the skimmed cheese from daogtBhed
the inflated fat content in 100 g of the product as compared witlettiared
quantity on the label. The biggest “in plus” deviations were noted in pioduc
offered by dairies A (2.15 pp) and C (2.61 pp). Also the content ofipsote
was incompatible with the declared amount, though the highest anfdhist o
component was in cheeses from dairy C (inflated even by 4.26 ppgirProt
constitutes the basic ingredient of dry matter in tvarog<allQhe analysed
cheeses semi-skimmed products proved to be the richest in thigcent —
20.37% on average, with 28.06% of dry matter content. The smallest amount
of protein was found in fat cheeses (18.56%), though they contaired th
biggest amount of dry matter (30.87%). It was connected with theedtig
percentage of fat in those tvarogs (29.92%). Similarly to our own réséarc
their analysis of cheeses offered in retail in Lublin redidgwinczuk at al.
(2003) also obtained the lowest content of proteins in fat ebg@8.76%),
whereas in skimmed cheeses the amount of this component waglthsthi
(19.76%). In turn, the research $ihietana et al. (2003) showed that semi-
skimmed tvarogs contained much less dry matter (24.6%), inclpditgins
(17.71%), as compared with our own research. Indicating acidity is ahe of
basic chemical analyses which are conducted when evaluating the quality of
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Table 3. Chemical composition and acidity of the analysed curd ceses

Fat in dry Fatin -
Dairy V\(l;t)e ' Protein(%) matter 100g of vg::e A(‘flsd;%/
0 (%) cheese
Skimmed
A x | 7263 19.23 0.00% 0.00 4.74 74.10
Sp 0.30 1.72 0.00 0.00 0.08 412
B x | 7712 19.31 1.58 0.70 4.54 73.04
Sp 0.82 0.98 0.98 0.44 0.11 8.37
c x | 7258 20.80 0.00% 0.00 4.79 72.00
Sp 0.21 1.52 0.00 0.00 0.10 5.82
5 x | 7394 19.24 0.00" 0.00 4.81 72.00
Sp 1.79 1.88 0.00 0.00 0.03 6.68
£ | x| raTre 19.42 0.00 000 | 457 82.33
Sp 0.06 0.33 0.00 0.00 0.08 3.06
Total 74.80 19.51 0.47 0.21 4.63 74.78
Semi-skimmed
A | x| 7279 19.0F 16.67 6.15 4.53 83.63
Sp 1.89 0.63 1.13 0.82 0.07 9.77
B X 72.88 19.2F 17.15 6.32 4.62 78.56
Sp 1.26 2.36 1.21 0.25 0.22 6.68
c X 71.15 22.26 16.10° | 5.58° 4.58 87.11
Sp 0.94 1.16 0.75 0.34 0.13 7.06
5 % 72.47 19.40 16.30 5.92 4.72 70.00
Sp 1.46 2.36 1.21 0.25 0.22 6.68
e | x | 7150 19.32 14.04 493 | 448 89.33
Sp 0.51 0.10 0.25 0.18 0.03 3.21
Total 71.94 20.37 16.06 5.75 4.57 83.38
Fat
X 68.92 18.21ab | 30.65B 9.88 4.52 83,24
A | $p 1.24 1.63 0.21 0.38 0.11 4,12
B | spD
c X 69.05 20.98b 32.83B | 1061 | 4.64 80.00
Sp 0.84 2.33 0.10 0.28 0.00 0.10
5 X 68.74 18.41ab | 29.26A 9.41 4.80 78.00
Sp 1.81 1.21 1.43 1.00 0.13 10.03
£ X 69.98 17.20a 28.31 9.43 4.68 82.00
Sp 0.36 0.15 0.34 0.23 0.00 2.65
Total 69.13 18.56 29.92 9.71 4.73 75.75

a, b — differences significant atg0.05
Source: own work

98



Table 4. Colour (according to CIE L*a*b*) of analysed acid curd cleeses

Dair Colour
y L* | a* | b*
Skimmed

X 90.54 158 3.43
b 1.04 0.25 0.05
X 91.54 1.26° 5.7g®
b 1.18 2.37 2.78
X 93.58 251 3.43
b 0.04 0.02 0.05
X 93.20 0.92% 7.450
b 3.61 1.91 3.38
X 89.92 -2.20: 10.4%
b 0.16 0.09 0.32

Total 92.20 0.75 6.78

Semi-skimmed

X 91.38 1.37 6.67
b 1.31 253 3.15
X 90.84 1.33 7.43
b 1.48 1.43 4.05
X 91.91 1.80 4.92
b 1.59 2.15 2.26
X 91.81 0.93 7.43
b 1.98 2.73 4.05
X 89.45 -1.36 9.34
b 0.79 0.10 0.41

Total 91.48 115 6.43

Fat
X 90.15" 112 6.34"
b 0.25 0.14 0.13
SD
93.28 317 455

b 0.03 0.02 0.08
X 91.97 0.29% 9.18
b 1.87 2.26 2.54
X 89.28 -0.97 8.85"
b 0.47 0.03 0.18

Total 91.61 0.70 7.94

a, b — differences significant atp0.05
Source: own work
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tvarogs. In all of the cases this indicator was within tlaedards PN-A-
86300, ranging from 70.00 (semi-skimmed cheese) to 89.33 °SH (semi-
skimmed cheese) (table 3). It was observed that chgese and dairies did
not influence acidity of the analysed cheeses, though regardléssirofat
content cheeses from dairy E had the highest acidity (over 80 T
research of Siemianowski et al. (2013) showed that the highmrraraf dry
matter there was the bigger titration acidity of curd cleeges observed.
Wiatr-Szczepaniak and Libudzisz (1997) explain the differenceshgm
acidity of the finished products by means of different lewedlsctivity of
starter cultures and the type of milk. According to Dnomet et al. (2011)
acidity is essentially connected with the duration of cheesage and types
of packaging.

One of the factors determining the choice of product by consuimer
colour. Among all types of acid curd cheeses, the highdstnégs (L*)
indicator and the highest share of red-green colour (a*) weraathéstic for
dairy products form dairy C. However, skimmed and semi-skimmidccacd
cheeses from dairy E had the highest share of yellow-blue@dyr (table
4). Similar results were obtained by Litwzuk et al (2003) for cheeses
available in Lublin region.

Conclusion

The general quality of curd cheeses available in retail isalaublin
region is satisfactory, though — because of the occurring abntemat a
systematic control should be conducted in order to check the quiatigiry
products as well as some corrective measures should bedakegrove their
quality.
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Introduction

Application of various taste sensors for the analysis of faéidsand
beverages has been widely described in the literature. (TokKp Ciifsek et
al. 2006, Szpakowska, Marjanska, & Lisowska-Oleksiak 2009, Winquist,
Wide & Lundstrom 1997). Among them taste sensors based on potenjiomet
have gained much attention. Potentiometric taste sensorsrenalgebased
on either ion selective electrodes (ISEs) containing innerrelge as
electron transducer or on all solid state electrodes (ApSkhere inner
electrolyte is replaced by electroactive polymer. In boslesthere are diverse
lipophilic compounds immobilized in the plasticized polymeric matri
responsible for mimicking the taste sensing ability efttingue of mammals.
The output of such systems are different electric potepaitiérns obtained
for chemical substances producing different taste qualities (Toko.2000)

A Japanese group has applied potentiometric multichannel tastessens
based on ISEs for discrimination of e.g. milk (Yamada et al. 198% xace
(liyama, Yahiro., Toko, 2000), wine (Baldacci et. Al. 1998), sakeafhig et
al., 1996). This scientific group has also investigated tastesos
potentiometric response for umami substances (e.g. monosodiumafie}a
(liyama et al. 2003) and for astringent and pungent substancearfeig.gcid
and piperine respectively) (liyama et al. 1995).

The collaborative research between Japanese sciefntatsAnritsu
Corp. and Kyushu University has lead to development of the dirstreercial
Taste Sensing System SA 401 in 1993. 10 units of this system were sold only
in Japan and production was discontinued. The newest commercal tast
sensor is called Taste Sensing System TS — 5000Z and isadtabby the
same scientific group. This model can be applied in quality control assvell
in laboratory. Since 2007 there have been 100 units of TS — 5000Z irgdoduc
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to laboratories in Asia and Europe. Commercial taste sengstgnss are
based on ISEs with polymer membranes containing various lipophilic
compounds (Insent Intelligent Sensor Technology, Inc. Web).

A Polish group lead by Szpakowska has applied taste sensonStith
as well as with ASSEs for discrimination and recognition ofious
beverages. Taste sensor with ISEs was successfully appliezhic waters
and orangeades (Szpakowska, Szwacki & Maka 2008). ASSE based taste
sensing system was used for discrimination of various &mtie solutions
(Szpakowska, Marjeska & Lisowska-Oleksiak 2009). Further investigations
continued by this group concern taste sensor with ASSEs.

Another Polish group has a significant contribution to the knowledde a
application of taste sensing systems. In 2004 this group has aplied
electronic tongue based on an array of ion selective electnatfegolymeric
membranes to qualitative analysis of milk, tonic and oranige j{Ciosek,
Augustyniak & Wréblewski 2004). This group has also applied minizdri
ASSEs to develop flow — through electronic tongue. Its performanse wa
tested with 83% of correct classifications in the qualtatnalysis of various
brands of beer (Ciosek, Wréblewski 2006). Some miniaturized tassing
technology has been applied by Japanese scientists (Tahhr204tl, 2013).

The percentage of the population of highly developed countriessthat i
overweight or obese is significant. In 2007 to 2008 in U.S. 68% of adults and
32% of children and adolescents were overweight or obese (Eteja2010).

This in consequence lead to type 2 diabetes and cardiovassekses. WHO
considers obesity as an epidemics of 2éntury. The main causes of this
epidemics are the change of life style and increasing consamggtiood with

high energy density including sugar sweetened beverages. digereany
policies and proposals aimed to combat the obesity epidemic. There is a need
to change the dietary habits of population especially in connection with suga
sweetened beverages. Polish Society of Obesity Researcblamd?abetes
Association have issued a document in which they recommend application of
low calorie sweeteners instead of sucrose for persons wittweight or
obesity problem. Hence, the market for sweeteners as diNerfar sucrose

is continuing to expand. Alternative sweeteners are sucdgsafpglied on

the condition that they match perfectly the taste quality absecThe studies
focusing on comparing the characteristics of various intense arid bul
sweeteners with sucrose present dissimilar sensory profiles (RoKiteast
1995). For example saccharin and acesulfame — K reveal agter(Horne et

al. 2002) whereas cyclamate reveals metallic afterif@etman, Kilcast
1995). It was also proven that bulk and intense sweetenersuergse and
aspartame) can be used in binary combinations bringing the beekdted

to taste quality as well as calories and processing cadistion (Hutteau et

al. 1997). It is obvious that the type of sweetening substance ukezhods
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the taste quality of the product, especially in case céfages. As the market
of artificially sweetened beverages is expanding theneeexd for further
investigation on their influence on taste quality.

The attempts to relate chemical structure to the sour dhdastng
compounds have met success. However, attempts to relate chemical structure
to the sweet taste have not been as successful. The mireycktemical
changes or the substitution of one atom for another in sugars sudtyimeghe
changing of taste. The sugar D- mannose is sweet, jiit- D- mannose,
which is very similar in structure is distinctly bitter. Téiegree of sweetness
is varying among different sugars. It is related to theenaical structure,
especially to sugar hydroxyl groups bonding with intromoleculardgeir.

This kind of bonding has also been identified in some sweetassegccharin

and cyclamates. (Shallenberger 1980). When hydroxyl groups, which are
inducing sweet taste, are hydrogen bonded, the ability to eliegtdaste is
restricted (Shallenberger 2008) literature there are many molecular theories
relating chemical structure of compounds to sweet taste. Thst m
comprehensive early attempt to relate chemical structutaste is that
associated with functional groups and structure of the saporouéCatib
1914).Some of the chemical and physical properties of sweet tasting
compounds have been related to their sweet taste, e.g. it wastlatirtide
relative sweetness of the sugars could be correlated witlatibeof the sum

of a sugars’ atomic volume to that of the molecular volume (Beck 1943). The
hydrogen bond theory of sweet taste proposes that sugar sweeinessely
related to the degree with which sugar hydroxyl groups are ablent
hydrogen intramlecularly (Shallenberger, Acree & Guild 1965). Tiesis

was developed into a general theory of sweet taste (ShallenpAgee &
Guild 1967). Basing on those first, principal theories furtherarebeon that
subject is being continued. One of the results of this refsearthe present
knowledge of the structural mechanism of the sweet taste response.

In order to define how sweet a product is in relation to sugardex of
relative sweetness is applied. The relative sweetnesbeaneasured by
comparing the threshold values for various types of sugars and suga
substitutes. Sucrose is the usual standard compound for determiaiingerel
sweetness scores. Relative sweetness index of sucnoseaailyy taken to be
unity or assigned a score of 100. Sucrose is used in swaettadies as a
standard because it is easily crystallized and hence aartdiaed in the high
state of purity. However, it has been reported that even theofemtierose is
“mixed”. At the threshold levels sucrose yields a tacteakation described
as medicinal. As the concentration is increased, the taste becomes bitter, th
bitter — sweet, and finally purely sweet (Beck 1956). The relativeetness
of sweetening compounds is estimated by a selected tastaipdaedefined
set of conditions. However, it should be remembered, that manyenees
potentiate others when used together and that usually sweetempgunds
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are consumed in a variety of circumstances. Naturally oogusugars have
much lower relative sweetness than artificial sweeteners.

The aim of this work was to examine if any relationship betwee
molecular structure of sweetening substances and the respbASSE taste
sensor exists. Six sweetening substances were investigated:accraies
(glucose and fructose), disaccharides (sucrose and lactodedrtificial
sweeteners (sodium cyclamate and aceulfame K). The mtieqpotential
responses of the sensor were discussed for each group efesing
substances in relation to their molecular structure, providingelarpnary
study on the actual mechanism of taste sensor response tianrétathe
chemical structure of sweet compounds. Principal component analysis (PCA)
was performed in order to verify the discrimination abilitghe taste sensor.

The results of PCA were associated with the indexes of relativérassef
studied compounds. This parameter is also somehow related to the
stereochemical structure of sweetening substances.

Materials and methods

Lipophilic compounds: dodecyltrimethylammonium bromide, palmitic
and stearic acids and phytol, plasticizing agent: dioctl phenyl phosighon
(DOPP), the monomer 3, 4 — ethylenedioxythiophene (EDOT) and poly
(sodium 4 — styrenesulfonate) (NaPSS, MM ~ 70,000) were fromcAldr
Anhydrous benzyldimethyltetradecylammonium chloride and high molecular
weight PVC were from Fluka. Tetrahydrofuran was used agisolAll the
chemicals used were of analytical grade. Distilled wates wsed to prepare
all tested solutions

PEDOT was deposited on GC working electrodes (area = 0?LBym
galvanostatic electrochemical polymerization from a deoxygensolution
of 0.01 M EDOT and 0.1 M NaPSS as supporting electrolyte ataunst
electric potential (850mV). Three - electrode electrochahtell was used
with GC working electrodes, platinum mesh auxiliary electrodiefgy / AgCI
/ CI' (0.1M KCI) reference electrode (Figure 1). GC working eleesoslere
polished with 0.05 pm alumina, rinsed with distilled water and cleaned
ultrasonically prior to polymerization. Polymerization chargel@inC was
produced, which refers to 0.5um thickness of PEDOT doped withl&®®s.

After deposition of PEDOT on the GC electrodes they were deeta
the PVC membrane with embedded lipophilic compounds of the following
composition: 150 mg PVC, 1.25 mg lipophilic compound, 242 mg DOPP in 5
mL THF. After drying electrodes were conditioned inflYOKCI for 24 hours
before measurement.

106



SWITCH

4 —~ COMPUTER

N

N

|1
/2

o e

oo,\
—~— 3

Figure 1. Experimental setup: 1 — reference electrode, 2 — tested
solution, 3 — lipophilic compound / PVC membranes immersed
in tested solution 4 — an array of 5 ASSE measuring electrodes.

Source: self elaboration

Results and discussion

The analysis of response pattern of taste sensor to aledt substances
of different chemical structure (sucrose, lactose, fructdsepge, sodium
cyclamate and acesulfame K) (Figure 2) shows the evideatdiite between
saccharides and artificial sweeteners. In particular, the resppreaded by
electrodes 1 , 2 and 3 for sodium cyclamate are different fhasetfor
acesulfame K. Electrodes 4 and 5 do not reveal any specidhsgfsir those
two sweeteners. On the other hand, no clear difference bethe@atterns
of mono and polysaccharides can be observed in Figure Zestt sweet
solutions show almost the same pattern.

In Figure 3 the radar plot in different than in Figure2 stajgresented
only for saccharides. It can be observed that disaccharided ednesst
exactly identical pattern for all five electrodes, whereamosaccharides
differ between each other. The greatest difference betweeto$e and
glucose can be observed for electrode 2. The very similpomes patterns
for both analyzed disaccharides impedes discrimination betweee to
compounds. The response patterns of monosaccharides (Figurer3yatiffe
each other. This difference in response for glucose and feuet@bles their
identification and discrimination by taste sensor. Focusing orgéhneral
patterns presented in Figure 3 clear difference between mehasaes and
disaccharides can be observed. Because of this differeneséasior has an
ability to distinguish between monosaccharides and disaccharides.
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Figure 2. Radar plot of five ASSEs responses for all tested sweet
substances of different chemical structure at concentration
of 10°M; electrodes: 1 - benzyldimethyltetradecylammonium
chloride, 2 - dodecyltrimethylammonium bromide, 3 — palmitic
acid, 4 — stearic acid, 5 — phytol.

Source: self elaboration
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Figure 3. Radar plot of five ASSEs responses for monosaccharides
(fructose, glucose) and disaccharides (sucrose, lactose) at
concentration of 10°M; electrodes: 1 — benzyldimethyltetra-
decylammonium chloride, 2 - dodecyltrimethylammonium
bromide, 3 — palmitic acid, 4 — stearic acid, 5 — phytol.

Source: self elaboration

Since the sweet tasting saccahrides are nonelectrolytewdie@nism of
their interaction with the polymer membranes of taste sdaswt yet well
known. The hydroxyl groups of sweet tasting sugars seem to playpartant
role in the interaction with human taste according to the AHmd8el of
sweet taste (Nofre, Tinti, 1996) and to studies on structuractivity
relationships (SAR) (Meyers. Brewer 2008). The molecular strei¢Eigure
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4) and the number of hydroxyl groups as well as distance betwemiirt iee
particular molecule of sugar may also be important. Furthestigations are
conducted in order to verify if the same observation is valithlomteraction

of sweet tasting sugars with ASSE taste sensor. Accowaimige explanation,
the interactions between the hydroxyl groups of sugars and the lipophi
compounds embedded in the polymer membranes of taste sensor infheence
potential response. Probably those interactions appear at theesaf the
lipophilic compound / polymer membranes of the taste sensoo{@ &y al.
2011). However, it is still unknown how this interaction with sugaisgoe
nonelectrolytes causes the potential change. Analyzing this piotice
dimensions of the sugar molecules and the pores in polymeric suegsbr
need to be taken into consideration. Another concept to be verifiebésl

on the supposition that the mediating substance being electrolighs act
between the hydroxyl groups of sugars and the lipophilic compounds
embedded in the polymer membrane of the taste sensor. More studies
subject are still required.
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Figure 4 Molecular structure of analysed saccharides: A) suose,
B) lactose, C) fructose, D) glucose

Source: Sigma Aldrich Web

Figure 5 presents response patterns for artificial swestesedium
cyclamate and acesulfame K. It can be observed that thtieenpaare very
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similar for electrodes no. 4, 5 and different for electsoge. 1, 2 and 3. The
most significant response difference is for the electrode 2h®©uoontrary to
the analysed saccharides, both artificial sweeteners are pretfnsolution
in the ionic form with small sodium or potassium cation an taagens with
carbon chains (Figure 6). To explain the mechanism of tasg®sresponse
for such kind of substances hydrophobic and electrostatic intersibetween
ions in the solution and substances embedded in the polymebraream
should be considered. Those interactions are responsible for thgesha

electric responses.
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Figure 5. Radar plot of five ASSEs responses for artificial sweeters:
sodium cyclamate and aceulfame K at concentration of £®/.

Electrodes: 1 - benzyldimethyltetradecylammonium chloride,
2 - dodecyltrimethylammonium bromide, 3 — palmitic acid,

4 — stearic acid, 5 — phytol.

Source: self elaboration

Considering positively charged polymer membranes, i.e. electtaates
2 with benzyldimethyltetradecylammonium chloride and dodecyltrime-
thylammonium bromide respectively, artificial sweetener auesr with the
positive charge of the lipid by electrostatic forces. Thenlrdyhobic
interactions can be considered. Analysis of the negatitelsgged membranes
requires to consider the change in the surface charge deasised by
hydrophilic groups of the lipid embedded in the membrane that are in contact
with the aqueous phase. The application of Gouy — Chapman tbietrsg
electrical double layer is necessary to explain the influefidbe charge
density at the membrane surface on the taste sensor. Témpatceived for
artificial sweeteners differ significantly from thosee®@d for disaccharides.
This enables discrimination between sugars and artificieé®mers. Further

investigations are continued to explain this mechanism.
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Figure 6. Molecular structure of artificial sweeteners: A) soim
cyclamate, B) acesulfame K.

Source: Sigma Aldrich Web

Although the exact mechanism of applied potentiometric tastersens
with all solid state electrodes response to sweet subsisnmoat yet well
known, it could be stated that this sensor is able to discrienarabng sugars
and artificial sweetners. The results of PCA for invedéd compounds in
water solutions at concentration of2M are presented in Figure 7. First two
PCs explain 99.93% of variability, which suggests existerice distinct
pattern.
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Figure 7. PCA plot after varimax rotation for tested sugars and
artificial sweeteners by potentiometric taste sensor witASSEs.

Source: self elaboration

111



Explicit grouping of saccharides can be observed. However,
monosaccharides and disaccharides are grouped together. This doeieot
discrimination between those two groups of sugars. Artifgliaeteners are
not grouped. However, basing on these results it cannot staaely that this
taste sensor is not able to discriminate among artificial swees.

Basing on results in Figure 7 it cannot be clearly concludattaste
sensor has an ability to discriminate sweetening substavittesespect to
their chemical structure. However, a convergence between dbopigg of
tested compounds in Figure 7 and their indexes of relativetrsggsecan be
observed. Table 1 presents values of relative sweetness indexes.

Table. 1. Relative sweetness indexes of tested substances

SWEETENING RELATIVE SWEETNESS
SUBSTANCE INDEX
Lactose 0.15
Glucose 0.75
Sucrose 1.00
Fructose 1.70
Sodium cyclamate 40.00
Acesulfame K 200.00

Source: Shallenberger, 1980

Tested natural sugars have relative sweetness indexesramge of 0.15
— 1.70. Sodium cyclamate is almost 40 times and acesulfame K 289 tim
more sweet. Substances having similar relative sweeatEsses are grouped
together (Figure 7). Sodium cyclamate and acesulfame K haneg values
in different ranges are located in different parts of PC plot.

Conclusions

There is a distinct difference of the taste sensor resptrsesccharides
and artificial sweeteners. The way the points in the PC aietgrouped
converges with relative sweetness indexes of tested sulstéiniseknown
that there is a relation between sweet taste of a compouritsandlecular
structure. It seems that there is some relation betweescuoiat structure of
sweetening substances and the responses of ASSE taste sengeverd
further investigations on the mechanism of taste sensor respanses
necessary. Obtained results show that the taste sensor v8tBsAS able to
discriminate between natural sugars and artificial sweeteners.
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Introduction

Microwave heating of food products has been popular for many years.
This way of heating is an alternative for other cookinghmds, including
traditional frying. Fats undergo adverse transformations dumicgowave
heating, most importantly oxidation and hydrolysis. Oxidationtautiolysis
products formed during heating have adverse effect on human hegtn{€a
F. et al. 2002, Caponio F. et al. 2003). These transformations megh i
formation of primary and secondary oxidation products: hydroperoxiees, fr
fatty acids, ketones, aldehydes, in particalaf3-alkenes, conjugated dienes
and trienes, as well as of polymerisation products (EI-Moneim &l. 2009,
LukeSov4a, D. et al. 2009, Kkowski K. et al. 2010, Mikowski K. et al.
2011).

Qil in contact with atmospheric oxygen and high temperatures underg
qualitative changes. These changes in oils used as heatingmehlen using
microwaves is the object of research of many authors. Thésebtained
show that the type and number of the product formed depends,iculaayt
on the type of fat, microwave power applied and duration of theepsoc
(Ostasz L., 2007, Ostasz L., Buczek B., 2007).The use of medium power
microwaves (550W) for frying French fries in sunflower oil in seveyales
over 20 minutes may be an alternative to traditional frying.alitieors proved
that in these conditions the degradation of oil is limited duledder exposure
of oil particulars to hot temperature. The main products fdrane peroxides;
as regards changes in the structure of fatty acids -cdheentration of
saturated fatty acids increases. Furthermore, oil during nigeati such
conditions has longer induction period and lower contents of polar compounds
(Gharachorloo M. et al. 2010, Tan C.P. et al. 2001, Vieira T., Regitano
d'Arce M., 2001).
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In comparative analyses of qualitative changes in olivendiiced by
conventional and microwave heating, higher degree of degradassn w
observed in the case of microwave heating. Microwave powelO&f Wiwas
used and the heating time was 12-15 min. In these conditions higher
concentration of primary and secondary oxidation products asaweiblar
compounds was observed. The differences observed are the consequence of
the way the energy in transferred in the methods of heating usgdowdves
allow for achieving high volumetric density of energy, unactbkyaia other
methods of heating. Heating energy from inside a product ribditetd in all
directions in a relatively short time, thus ensuring evermivey (Ostasz L.,
Buczek B., 2006, Buczek B., Ostasz L. 2011). The likelihood of formation of
radicals during microwave heating is larger than in the oageaditional
heating. (Caponio F. 2002). When lower microwave power (500W) ek u
to heat up olive oil for 3 to 30 minutes, the resultant oxidationggmwere
much smaller than during traditional heating in ZDQEI-Moneim M. et al.
2009). Concurrently, research is conducted on achieving great&atiori
stability of microwave heated oils through the use of compountisasugrape
seed extract (GSE) or butylated hydroxytoluene (BHT), which postpene th
process of oxidation of lipids (Poiana M.A. 2012).

To determine the products of oxidation and fat degradation formed,
chemical analyses methods may be used. Qualitative changes induced
by microwaves are assessed on the basis of changes in gasarseth as
peroxide value, anisidine value, Totox value, contents offée acids, of
dienes and trienes, and of polar bondings (Cerretani, L. et al.2008]JdYast
J. et al. 2005).

The purpose of the research was to analyse oxidase changganroih
induced by microwave heating at a power of 200,400, 600 and 800 W.

Material and methods

The object of research was argan oil. It is a vegetdbteharacterised
by high content of tocopherols (vitamine E), phytosterols, NNKT gaxte
and omega-9. Argan oil comes from Morocco and is valuedsfauiritional,
pharmaceutical and cosmological qualities. The oil is derirad the seeds
of argan tree fruit. Culinary argan oil, traditionally mes from roasted
seeds, has nutty smell and taste. The oil contains 92% of fats altogether

Table 1 summarises the contents of fatty acids in freganaoil. It

presents the values for Saturated Fatty Acids (SMAjjounsaturated Fatty
Acid (MUFA) and Polyunsaturated Fatty Acids (PUFA).

50 g samples of oils were being heated up in microwaveoredit 800.
Microwave power used was 200, 400, 600, 800 W. Heating times for
individual oil samples were: 3, 6, 12, 18, 24, 30 minutes.
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Table 1. Summary of contents of fatty acids in 100 g of argan oil

Composition Content
Total fat, including: 92.0
SFA, g 18.0
MUFA, g 44.0
PUFA, g 30.0
Source: manufacturer’s data on the product label.

Oxidase changes taking place in fresh and heated oils wessecsdsy
means of the following parameters, determined on the basis oNth®d>
standards: peroxide value, anisidine value, Totox value, acid, aadeodine
value.

The peroxide valueRV, was determined according to ISO 3960:2010.
The peroxide value is the quantity of peroxide in a samplé woffieh oxidize
iodide potassium to free iodine. Fat sample is dissolvedaluam of glacial
acetic acid and chloroform. Derived iodine is titrated withaadsrd solution
of sodium thiosulfate. Peroxide value is expressed in millietgntsof active
oxygen per kilogram of fat (mEqABg fat). Peroxide value is calculated
according to the formula:

LN = (V1 _Vo) [C
m

1000,

where: \§ - volume of sodium thiosulfate solution used for the blank
sample, expressed in milliliters,
V1 - volume of sodium thiosulfate solution used to determine the
fat sample, expressed in milliliters,
C - the concentration of the sodium thiosulphate solution,
expressed in moles /litre,
m - mass of the test sample, expressed in grams.

Anisidine value is a hundredfold increased value of the absarluditice
test solution, which is reacted with p-anisidine. Sampldébaa measured at
350 nm in a cuvette 10 mm. The principle of determination anisidine value is
based on the reaction of aldehydes of fat present in the saitipke solution
of p-anisidine.Then the spectrophotometric measurement of absorbance is
execute in three solutions:

- reacted solution , that is, a solution of p-anisidine and fat sampl&gch
as A,

- unreacted solution, which is a solution of acetic acid and fat sample
marked as A

- blind sample, that is, a solution of isooctane and p-anisidinéechas
Ao
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Anisidine value (LA) is calculated from the formula:
Lpo 25002A - A) - A

m

where: A = absorbance of reacted solution at 350 nm,
Ao = absorbance of unreacted solution at 350 nm,
A,= absorbance of blind sample at 350 nm,
m - mass of the test sample, expressed in grams.

The acid value is the number of milligrams of potassium hydroxide
(KOH) needed to neutralize free fatty acids contained o df fat. The
determination is based on titration of a standard solution of KOHeofree
fatty acids contained in the fat sample dissolved in ethael.Indicator in
the titration is phenolphthalein - in case of clear fats layholphthalein - in
case of dark fats. The acid value, expressed as mg KOHHg (oig KOH/g
fat), is calculated from the formula:

_561IVIC
- m

LK

where: V -volume of standard base used for the determination of the fat
sample, expressed in milliliters,
C - the concentration of the base solution, expressed in moles/litre,
m - mass of the fat sample, expressed in grams.

The iodine value is the number of grams of halogen which waslad
to iodine. Halogens attach about 100 g of the tested fat. The detdom
consist in dissolving a fat sample in a mixture of glaciatia@cid and carbon
tetrachloride and adding iodide bromide to it. In these conditiatzgens
attach/join to the double bond of unsaturated fatty acids. Exedsgen is
determined by introducing to the mixture iodide potassium, whickidszed
to the free iodine. The released iodine is titrated withaadard sodium
thiosulfate solution. lodine value, expressed in graff0 g fat (94100 g
fat), is calculated from the formula:

| = 12691C1(V,-V)
m

L

where: \§ - volume of sodium thiosulfate solution used to titrate the blank
sample,
expressed in  milliliters,
V- volume of sodium thiosulfate solution used to titrate the test
sample, expressed in milliliters,
C - the concentration of the sodium thiosulphate solution,
expressed in moles/litre,
m - mass of the test sample, expressed in grams.

118



Results and discussion

The results of the experiments are presented in Figurdsahd Tables
2 - 4. During microwave heating of oil in timheil temperature was measured;
the results are presented in Fig. 1.

Maximum temperatures depended on the microwave power. The higher
the microwave power, the higher the temperatures observed. In the oil heated
at the power of 200 W, the highest temperatures recorded were 1%5-k88
the samples microwave heated at the powers of 400 W and 600 W, the
maximum temperatures were 180-184nd 198-20Z, respectively. While
in the oil heated at the power of 800 W, the temperatures recestednuch
higher and reached 226-280 The above-mentioned temperatures were
observed after heating up the samples for 18 minutes.

e Temperature
250
5 7\’\_ e i)
200 /f s
150 /) |
.4_0.___4
100
/.-
0 -
0 5 10 15 20 25 30 35 L, min.
—o—200 400 =d&=600 ===—B800W

Figure 1. Temperatures of oils microwave heated at various powers
Source: own research.

The findings of the analyses of changes in peroxide value obwawe
heated oils are presented in Fig. 2. This is the paramatdlirg the
assessment of initial oxidase changes taking place, nahelgresence of
primary products of oil oxidation, most importantly hydroperoxides.
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Figure 2. Changes of peroxide value in argan oil microwave heated at
various powers

Source: own research.

As a result of microwave heating, peroxide values increagthdtime.
In samples heated at the power of 200 W, the increase of peralite gave
an upward convex curve. The parameter values grew graduallytfrem
starting value of 0.68 mEq®g to 8.8 mEq @kg after approx. 30 minutes
of heating. The longer the heating time, the greater numibsdodperoxides
formed.

In the oil microwave heated at the power of 400 W, the maxinaloes
of this parameter were observed already after 12 minutésading. They
equalled 7.8-9.1 mEqgAXg. In the samples microwave heated at the powers
of 600 W and 800 W, lower hydroperoxide values were recorded. The lowest
values of the parameter, equalling 2.8-4.4 mktkd) were observed in oil
microwave heated at the power of 800 W. The above-mentioned vatues w
recorded already after 6 minutes of heating. Longer heating dig:swudt in
any considerable increase of the peroxide value. In sampteswvave heated
at the power of 600-800 W, hydroperoxides were produced during the first
stage of heating, lasting up to 6 minutes. Heating for more tham@esi
resulted in decomposition of hydroperoxides into secondary products.

Table 2 shows changes in anisidine values in the samplesdstiiiis
parameter is indicative of the presence of aldehydes - secqnuahycts of
oil oxidation. The values of the parameter increased with tira# analysed
oil samples.
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In the oil microwave heated at the power of 200 W, the changéssof t
parameter were the least observable. Only after 30 minutesitng was the
change in anisidine value of 3.0 recorded. Secondary products ofiaxida
were formed in samples microwave heated at the power of 400A800
Considerable increase in the parameter (25.3-48.6) was obsdreed &
minutes of microwave heating at the power of 400 W. In the sample
microwave heated at the highest power, the values of the gi@ranere even
higher and equalled:

e 22.8-64.0 after 12 minutes (600 W),
e 23.1-69.5 after 9 minutes (800 W).

Table 2. Changes of anisidine value in argan oil microwave heated at
various powers

AV

t, min. 200 400 600 800 W
0 0.62 0.68 0.63 0.88
3 0.64 0.80 1.18 12.61
6 0.66 1.04 481 14.73
9 0.67 1.72 14.49 23.07
12 0.73 6.41 22.81 34.37
15 0.87 12.93 27.82 41.12
18 1.12 25.28 37.47 43.65
21 1.47 31.69 46.93 50.00
24 1.97 35.98 52.89 58.65
30 3.04 48.56 64.02 69.46

Source: own research.

The amount of secondary products of oxidation formed depended on the
microwave power. The higher the power, the shortest wasrtbafter which
the secondary oxidation products were formed; while their amoww gr
proportionally higher to the increase of the microwave power (Fig.3).

Fig. 4 presents changes in Totox value with time. The valugkeof
parameter increased with time, similarly to the anisidine value.

The highest Totox values were recorded in oil samples microeated
at the power of 800 W, equalling 75.0 mEgkQ after 30 minutes. Slightly
lower values of this parameter were observed in oil saampierowave heated
at the power of 400 and 600W. They equalled:

e 22.0-65.9 mEq @kg after 12 minutes. (400 W),
e 24.2-70.3 after 9 minutes (600 W).
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Figure 3. Anisidine values in argan oil after 12, 21, and 30 minutes
of microwave heating at various powers

Source: own research.
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Figure 4. Changes Totox value in argan oil microwave heated at various
powers

Source: own research.
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The nature of the changes was similar in oils microwawateleat the
powers of 400, 600, and 800 W. In the oil microwave heated at the power of
200 W, oxidase changes were the smallest and increasedmetiréiaching
8.5-20.56 mEq @kg after 21 minutes of heating.

Changes in Totox value with time in the oil microwave heateitheat
power of 200 W are described by means of the following 2nd degree
polynomial:

y=bxX+cx+d

The polynomial parametegs b, cand the coefficient of determination
R2were determined. As regards the argan oil microwave heatbd power
of 200 W, the polynomial is:

y = 0.0346% - 0.4828x + 2.9889.

The coefficient of determination R? equals 0.9784.

Changes in Totox value with time in the oil microwave heateitheat
power of 400-800 W are described by means of the following 4th degree
polynomial:

y=aX+bxX+cxX+dx+e

The polynomial parametegs b, ¢, d, and as well as the coefficient of

determination Rwere determined. The values of individual parameters in this

polynomial for oils heated at the powers stated above andsiecte/e values
of coefficient of determination R? are presented in Table 3.

Table 3. 4th degree polynomial representing changes in Totox value

Moc,

W y=ax*+bx3+cx?+dx+e R?

400 | y=0,0003%-0,0207% + 0,5335% - 2,2854x + 2,9631 0,9967

600 | y =0,0002% - 0,0166% + 0,3961% - 0,1048x + 1,4154 0,9962

800 | y = 8E-05X% - 0,004% + 0,0124% + 3,3702x + 3,0415| 0,9933

Source: own research.

Another analysed parameters were: acid value and iodine vadbée (T
4). The acid value expressed as mg KOH/g indicates the defrés
hydrolyse, resulting in the formation of free fatty acids subsstyue
undergoing oxidation processes. The value of this parameter dudatigghe
remained at a stable level of 0.7-0.8 mgKOHY/g in the examinaglea of
argan oil .
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The value of iodine number, expressed #s100g in oils is, most

importantly, indicative of the degree of unsaturation of fatigsaéorming

these oils. The parameter is also used to determine theseffeckidation
reactions taking place with the participation of mono- and pehfatty acids.
In the samples of microwave heated argan oil, a slight dexirdhe iodine
value of 1-3 g4 100g was observed.

Table 4. Changes of acid value and iodine value in argan oil microwave

heated at various powers

AcV, mgKOH/g
t, min. 200 400 600 800 W
0 0.755 0.757 0.762 0.760
6 0.705 0.736 0.735 0.721
12 0.714 0.729 0.734 0.772
18 0.693 0.735 0.726 0.784
24 0.736 0.751 0.763 0.782
30 0.701 0.707 0.735 0.765
IV, g I/ 100g
t, min. 200 400 600 800 W
0 106.76 107.45 107.45 107.72
6 107.09 104.18 103.64 102.60
12 103.67 103.92 103.41 102.16
18 106.86 108.43 102.64 103.64
24 101.89 105.02 103.83 100.46
30 105.84 107.34 103.08 104.32

Source: own research.

Conclusions

1.

Microwave heating of oil samples results in increase of dile
temperature. Maximum temperatures observed depended on the
microwave power. The higher the microwave power, the higher the
temperatures of oil samples. For example, 13343200W) and 226-
230°C (800W).

As a result of microwave heating, peroxide values increagedtime.

The longer the time of heating, the larger the number of hydropesoxide
formed in the samples microwave heated at the power of 200 W. The
values recorded ranged between 0.68 and 8.80 rpEg.Qonger heating

at higher powers (400-800 W) for a period exceeding 6 minutes did not
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result in any considerable increase of peroxide value.iShlse to the
decomposition of hydroperoxides into secondary products.

3. The presence of secondary products of argan oil oxidation was detdrm
on the basis of changes of the anisidine value. The amosgetohdary
products of oxidation formed depended on the microwave power. The
higher the power, the shortest was the time after whicls¢bendary
oxidation products were formed; while their amount grew proportionally
to the increase of the microwave powklicrowave heating at higher
powers caused formation of secondary products of oxidation aledtzdy
6 to 12 minutesin the oil microwave heated at the power of 200 W, the
changes of this parameter were the least observable. Secpna@ducts
of oxidation were formed in samples microwave heated at the pmfwer
400-800 W. The values of this parameter were much higher and equalled
25.3-48.6 after 18 minutes. (400 W), 22.8-64.0 after 12 minutes. (600 W),
23.1-69.5 after 9 minutes. (800 W).

4. The Totox values increased with time, similarly to the ameidialue.
The changes in Totox with time were described by meansdirit and
4th degree polynomial. The coefficient of determination fohesanple
ranged between 0.9784-0.9967.

5. The acid values and iodine values in the samples of argahasiged
insignificantly throughout the heating process.
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Introduction

Ice cream is a product obtained by freezing pasteurizedabed liquid
mixture, produced on the basis of milk or cream, or fruit jbased with
sugar, emulsifier, stabilizer, which also contains flavousshS mixture is
usually aerated during freezing, with the result that the finishaaupt in its
volume has a rather large amount of air. Given the chemiraposition of
ice cream, one can say that they are a frozen mixturetphda-fat solids
derived from dairy products, sugars, water, stabilizer, enerisifid flavoring
additives. The amount of the individual components and their proportions
depend on the type of ice cream (Graska 2004, Marshall & Arbuckle 2000,
Oziemkowski 1997).

Characteristic overrun of ice cream depends on the amountaxfded
to the mixture during the manufacturing process. Aeration anzdfiigeef pre-
mix is an important issue in the production of ice cream. BExeesr too low
overrun are among the disadvantages of ice cream. In coiftthsete were
no aeration, frozen dairy desserts would be hard, icy aradsstCampbell
& Marshall 1982, Rakowska 1985).

The degree of aeration is essential not only for the orgarolepues of
ice cream, but also the ease of heat transfer or coblninterior of the ice
cream. Air is a very good thermal insulator, which affects not onlyatieeof
melting of the ice, but also on the rate of freezing.

Sweetening agents play an important role in ice cream, notamly
constituents of suitable for sweet taste. They increasevidtosity of the
mixture and the dry matter content and lower the freezing poiwet teoft and
smooth product at low temperature (Polak 2005).

Fat is an important component of the ice cream, shaping kiesilogical
properties, creating a coherent, stable consistency. Fatgnh@&sthness and

127



creaminess of ice creams, stabilizes small ice ce/&iaied during freezing.
It facilitates aeration of mixture of ice, as increases the number lodilalbles
in the ice. Optimal fat content in ice cream is about 8 pérdee addition of
a smaller amount of fat increases aeration. Too large amaus¢€ reduced
aeration. By connecting to the proteins contained in the ficenits molecular
structures through which ice obtain a coherent and stablastznty.
Furthermore, fat reduces the tendency of ice cream to anelincreases the
viscosity of the mixture (Czeriska 2006, Dzwolak & Ziajka 1998, Polak
2005, Polak & Katuziak 2000b, Soukoulis Ch. et al. 2010).

Milk proteins contained in the ice-cream mixture play an ingmtrole
in ice cream technology, they bind free water, fulfilling mikr role that
stabilizers play. Because of emulsifying properties thi, rttiey improve
viscosity mixture of ice and facilitate aeration (Pa&k5, Polak & Katuziak
2000a, Polak & Katuziak 2000b).

An extremely important factor determining the quality of thec@am
is the selection appropriate stabilizers and emulsifiersy Tinerease the
viscosity of the mixture of ice, facilitate the absorption ofgive the product
a soft, firm texture resistant to melting, they prevent atlysation in the case
of temperature fluctuations. Emulsifying agents in the proceks
homogenization allow for stable placement of the fat phase aobtam a
sustainable mixture with better taste (Polak & Katuziak 20@ikowska
1985).

Material and methods

Family ice cream with vanilla flavor in packs of 500 ml wekamined.
Purchased research material was stored for 360 days undfiiteng
conditions: variable temperature (-14 + -22°C), temperatureufition in the
cycle of 48 hours, constant temperature of -18°C, constant tanmgeod -
30°C. In the studied ice cream after every 30 days of steragedetermined:
overrun (according to the method given in PN 67/A-86430) and melting
behavior (melting resistance) - according to the method developdte
Central Laboratory of Refrigeration in Lodz (Bergamn-Spemék &
Katuziak 1988).

Results and discussion

Ice cream should have desirable characteristics: excelbardr fand
aroma, smooth texture, moderately firm texture, smooth uniforoughout
the mass, no ice crystals, the optimum overrun (air voluresjstance to
changes in temperature, attractive appearance, ease aigshagi reaping,
uniform appearance after melting, normal freezing point (mejtmgjitional
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and refreshing properties. They should be clean, with no signs o
contamination, and a whole bunch evenly frozen. Good ice creaafilyre
dissolve in the mouth, have a pleasant taste and aroma typitat mix
(Campbell & Marshall 1982, Hartel 1996, Rakowska 1985).

The primary direct indicators of the quality of ice crearmude the
structure and consistency. Ice cream should be charadiéyzhe structure
and consistency of fluffy, uniform throughout the mass, smooth, withou
noticeable crystals of frozen water or crystallizeddsetand concise. The
consistency of the ice cream with additives should be chasditief these
additives, and unaerated ice cream - smooth and compact.

Physicochemical features which greatly determine ice sensory
impressions are overrun, viscosity and melting behavior. Teeserés and
their values are specific to particular types of ice mreend are mainly
determined by the compaosition of the ice-cream mixture, andtlree of the
process. Ice cream as an article consists of watesindisolid components,
and therefore the stability of the system is determined, atiger by the size
of air bubbles and their stability. Too big bubbles cause dedéido of the
structure and texture of ice cream.

Overrun of ice cream is important for their quality. A sigmiht
influence on the overrun of ice cream have mutual proportionthef
individual components of ice-cream mixture, mainly fat and driteanahe
addition of stabilizers of a suitable amount and the additiorsabid
components, such as fruits, chocolate, etc. Overrun is one of theantpor
quality characteristics of ice cream, since it determimestructure of the and
the consistency of ice cream and has a significant impabearorganoleptic
assessment.

Changes of overrun of vanilla ice cream during storage laersin
Figure 1. Over the entire storage period, these changesstiamhg decreasing
trend. Ice cream stored at the variable temperatureatbered the highest
dynamics of changes. Ice cream overrun was best presehesdstored at -
30 ° C, because it remained at a level above 100%.

The initial a storage period the content of air was about 1B0&te final
stage of storage different values of fluffiness were found, dipgmon the
storage temperature. The overrun of vanilla ice creanheesafter 360 days
of storage of the value of 104.53% at -30 ° C, 84.11% at -18 ° C, and 66.82%
in variable temperature. Ice cream stored in variablditions of temperature
characterized the greatest rate of overrun changes.

The air in ice cream provides a a light and soft textureadiedts the
physical properties of ice cream such as hardness and meltiege
parameters are influenced not only the amount of air, or tireelef aeration,
but also the size and dispersion of air bubbles (Sofjan & Hartel 2004).
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Figure 1. Changes of overrun of vanilla ice cream at a temperature of -
18°C, at a constant temperature -30°C and under conditions of
temperature fluctuations -14 + -22°C during 360 days storage

Source: own research.

Aeration of in a mixture results air bubbles dispersed phase, thenfjeezi
causes the formation of a dispersed second phase - the ptieseeftrystals.
Bubbles and crystals are usually the size of 20 to 50 microns (Goff 2001).

Aeration has a significant influence on the ice crystal\szmtion, and
therefore also on the microstructure of frozen desserts. Hajheontent
causes in fact the formation of a of non-frozen, dispersed ardendirt
bubbles thin layer. This results in smaller ice crysizé¢ ¢Flores & Goff
1999a).

The air content in ice cream at 70% is quite sufficient tpedie the ice
crystals well (Flores & Goff 1999a). Smaller overrun resiudt larger ice
crystals and also leads to a reduction in hardness (Abd Eld&teénal. 1997,
Prindiville et al. 1999). Increasing overrun in ice creaanfi80% to 100%
or 120%) leads to the formation of slightly smaller air bubbled ice crystals.
Increasing the overrun makes the ice cream softer and nsistarg to
melting (Sofjan & Hartel 2004).

The size of air bubbles in the ice is influenced by many facgtirring
during the freezing causes the larger bubbles are dividednrdbes ones.
The surfaces of air bubbles are covered with large amotfattgfglobules.

Fat creates a network on the surface of the bubble, whitacpgdim from
connecting with other bubbles (Chang & Hartel 2002a, Chang & Harte
2002b, Marshall & Arbuckle 2000, Sofjan & Hartel 2004, Walstra 1989,
Wildmoser H. et al. 2004).
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During storage of ice cream in the air cells changes oscarrasult of
three basic mechanisms: disintegration, merger and losatef.Whe rate of
change of air cells is dependent on the technological prottesstorage
temperature, as well as the composition of the ice-creanumix$lowdown
of deterioration of the dispersion of air bubbles in the i@amor can be
achieved by the use of emulsifiers, stabilizers and a dechedke storage
temperature. Ice storage for 4 months at -15°C causes thatfon of
connections and channels between the air bubbles, resulting in arsbdd t
the formation of air bubbles of irregular shape, and evehadds inside the
ice cream (Chang & Hartel 2002a).

Connecting of single cells leads to the formation of gas chsramel
removing air from the deeper layers of the ice creamdmutside. This leads
to the collapse of the surface of the ice, particularielavated storage
temperatures. Air bubbles connecting is an important mechafosm
destabilizing the structure of ice cream and occurs whendhing cracks
and bubbles join. Air bubbles combining leads to shrinkage otéheream,
irreversible changes in the volume of the product. This procassbea
minimized using the appropriate storage temperature (Barfod Z0€dn et
al. 1999).

During storage of the ice cream in a variable temperagmulsifiers
increase thermal shock resistance and melting by reducing hgafwice
crystals and bubbles. Emulsifiers improve the stabilithefdir bubbles and
give better their distribution. The use of higher aeratioregjimore air
bubbles. High air content protects ice cream against buitd ige crystals in
the presence of emulsifiers during thermal shocks (Barfod 2001).

The most preferred method of long term storage of ice craimawigh
fat content is to store them at temperature as low sslpge. The benefits of
such a method of storage must be proportionate to the cost ajestdine
indicated temperature during long-term storage in order to aiaitite high
quality of the products is the temperature of -30°C or lowerr(l&y et al.
2002).

The purpose of a neutral substance is to provide ice creacatdeEmear
and smooth texture. Thanks to them ice cream obtain the correct consistenc
which is reflected during consumption. During storage of icentribay are
exposed to temperature changes every time you open and closeothihdid
freezer or the automatic defrost. The stabilizers extend andi@tpe process
of melting of the ice crystals during temperature variatiovhich results in
fewer large ice crystals. The presence of neutral sulestso reduces the
sensation of cold when the ice cream melting in the mouth, andiakpec
promotes aeration device, in fact ice-cream mix to become danse, has
the capacity to absorb a greater amount of air.
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Resistance to change in the quality of the product taking place tede
influence of temperature fluctuations during transport and stosages
distinct feature. Ice exposed to a fairly short period of ttna temperature
above the melting point will deform, change not accepted by theuouer
(Palich & Switka 1987).

Well-known characteristic ice cream feature - meltingvait-in - is
dependent inter alia on the stabilizers and emulsifiers. Tsieedeproduct
melts at a moderate speed, the resulting liquid form has the appeafdahe
original mixture. Commonly known disadvantages are excessivairiga
shear and too slow melting.

The temperature at which ice cream begin to melt setyaelated to the
temperature of the freezing mixture of ice-cream. Theitingebehavior of
ice cream is very important feature and depends on the cdropasdithe ice-
cream mixture, and additives, as well as the size of trgddhules (Koxholt
et al. 2001). The network formed by agglomerates of fat prettemisss of
the shape of the ice cream. Storage conditions of ice cesamhrelated
recrystallization, are also very important in the cafsmelting. The rate of
melting and the shape of ice cream are also influencedebiyple and the
added amount of emulsifier (Bolliger et al. 2000, Granger C. et al. 2005).

Changes of melting of ice cream studied are shown in Figure 2
Determination of melting of ice cream was made by the metbeeloped by
the Central Laboratory of Refrigeration. According to thisthod, leakage
after 60 minutes less than 3 ml indicates a high resistancelting of ice
cream.

—— -18°C

Melting [ml]

—— -30°C

—=fluctuation

O 30 60 90 120 150 180 210 240 270 300 330 360

Time of storage [days]

Figure 2. Changes of melting of vanilla ice cream at a temperature of -
18°C, at a constant temperature -30°C and under conditions of
temperature fluctuations -14 + -22°C during 360 days storage

Source: own research.
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This feature deteriorated in proportion to the passage ofdirsmrage.
Dynamics of melting changes depended on the temperature of & cre
storage and increased with increasing storage temperature.

The initial value of melting of ice cream was 1.0 ml. Mgjtbehavior of
ice cream throughout the storage period showed a rising tendemamis
of changes depended on the storage temperature. The greatett gf
melting was found in ice cream stored in the variable temtyes. Differences
were found in the values of final melting of ice cream stonedifferent
conditions. Melting behavior of ice cream exceeded the critadake of 3 mi
after 60 days of storage at a variable temperature, aratéam stored at -18
° C after 150 days of storage. The ice stored at -30°€ thidn't exceed 3 ml
at all.

Melting behavior of ice cream, the ability to liquefaction ie thouth
and at room temperature is important for the consumer chastctévielting
behavior depends on the fat content in ice cream. Ice creamfastdr if they
contain little fat. With the increase of the fat content thadting time is
increased. The fat content has an impact on many chdstcgeof ice cream,
including hardness. Ice cream with a fat content of 10% |Idogeelt and are
softer than ice cream with a fat content of 7%. Withlceease in fat content
the organoleptic assessment, the creaminess and softness of tkancae
also increasing. The optimal formation of the fat in tleedeam structure is
responsible for many desirable features, including the ahilitgtain a shape,
and the slow pace of melting and smooth texture during meFiogt et al.
2005, Goff 1997, Roland et al. 1999).

Fat plays an important role in stabilizing the structuréhefite cream.
Partially agglomerated fat globules are mainly respong&ibline stabilization
of air bubbles and foam structure. The destabilization oflfztules and
resistance to melting of ice cream depends on the ice-craature
homogenizing, the agglomerates of fat are formed then. Depending on
mechanical failure of the fat globules the air bubble suriaerore or less
covered by the partially destabilized fat agglomerates. Meryehere are
areas stabilized by the intact of fat globules in milk aratgim. With this
structure of the air bubble surface which protects it fcoftapsing there can
be obtained ice cream with a stable structure, with a bijhtance to melting.
An important element is the size of the agglomeratestadrfd air bubbles
(Koxholt et al. 2001).

The melting behavior of ice cream is influenced by the diyaneontent,
fat, sugars, and the use of stabilizers. In order to impitwreuality of ice
cream and reduce the calorific value, fat contained in ieanc can be
replaced completely with use of inulin, while maintaining eaany, soft,
proper fats taste. Moreover, inulin, acting to stabilize gnés/the formation
of a rough, "cold" texture when the temperature changes datdrege of ice
cream (Wouters, 1998).
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Conclusions

During storage of ice cream changes resulting in detéoaran the
guality of ice cream occurred. Long-term storage of iceneriead a negative
impact on their quality. Storage temperature fluctuation enasgnificant
impact on increasing the dynamics of changes in the qualignolyf traits of
ice cream, reducing their storage stability. Ice kept theatb$greater than
100%) degree of aeration during the 150 days of storage at @bleari
temperature, and during 210 days at -18°C. Only those stored &t had°
appropriate overrun throughout storage. Ice cream storedeirvatiable
temperature kept high resistance to melting for 60 daly#e whose stored at
-18°C remained the same during 120 days. Ice stored at the tewgerature
of -30°C kept corresponding melting resistance throughout the wstorbge.
Based on the survey, it was found that the family ice cretomed at the
recommended temperature of -18°C retain good quality for aboee th
months. The best of family of ice cream storage temperiattire temperature
-30°C instead of two years recommended by producer.
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I ntroduction

The European Union, seeking the preservation of cultural identity,
including culinary heritage, has introduced a system of regamairaditional
products. This system is based on three categories: Proteceph@ion of
Origin, which refers to products very closely related to tiee ahich name
they bear; Protected Geographical Indication, which, in a specified
Geographic Area, will concern production or processing or réparand
Traditional Speciality Guaranteed, a necessary condition ofhwisi to
describe the traditional character of the product (Boro@8kO, Szteyn &
Wiszniewska-Laszczych 2010, Tyran 2007). We are witnessingsaegion
of foods with local and regional identities. Guerrero et 2010) studies
showed that southern European regions tended to associate the cdéncept o
"Traditional" more frequently with broad concepts dry asthge, culture or
history, and Central and Nordic European regions tended to foqradical
issues, mainly dry as convenience, health or appropriatemeske IEU
Member states we may observe a strong trend to stresotineiregional
affiliation. Local and regional food are valuable assets irbalito develop
the kind of tourism and recreation that are associated witinenanhd culture
(llbery et al. 2000, Makata et al. 2006, Parrott et al. 2002, Sreako et al.
2011).

National tastes and preferences play a important role imtaeest in
authentic local produce. More leading manufacturers will needdtim istrong
local food production activities to give that preferred lotavdur to their
ranges (Lehtinen 2012). The system of protection and promofiregional
and traditional products is one of the most important factorsending
sustainable development of rural areas. Producers of food cant pihatiec
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articles on the European level (Council Regulations No 2081/920B2/92)
or they can label their products with the promotion sign whichagee the
traditional character of the production such as “Quality Tiadit "Culinary

Heritage Warmia Mazury Posle”.

In many scientific studies, both in the field of food and wie@iresearch,
special attention is paid to the role of minerals content irhthmean diet.
Calcium presents a number of different functions in the metapodicesses.

It is an activator or an inhibitor of several enzymes, butaladivt is the main
component of bone tissues (Bréchard et al. 2013; Numaga - Tomita and
Punchline 2013; Parnis et al. 2013). Calcium is necessary to maitinéa
proper water-electrolyte and acid-base balance but also ulelen nerve
excitability (Berchtold et al. 2000; Urena et al. 2013). The adecuaount

of calcium in the human body decreases the risk of ischemait tiseases
and the formation of kidney stones (Hamdani et al. 2013). Phosph&gus, li
calcium, plays a number of important functions in the organismigiatlal.
2013). It is found in all cells of the body and affects the meishobf
proteins, fats, and carbohydrates. Additionally, it provides ttzenbe of acid-
base system [Finlay et al. 2013; Geddes et al. 2013; Oliveitaviachado
2013]. Magnesium, like calcium and phosphorous, is involved in the proper
formation of the bone tissues structure (Louvet et al. 2013, \AMu2013). It

is also essential for the normal functioning of the cardiowkar system
(Shechter and Shechter 2013) and many enzymes (e.g. kinasesh) avéhi
involved in numbers of metabolic pathways in the body (Eshkoli 2048,
Song et al. 2013; Vadivel et al. 2013). Potassium, present in alfloaas; is
responsible for the proper functioning of nerves and muscles, andtfon

of Na'/K* and ATP.Potassium, like calcium and magnesium, is involved in
the transmission of nerve impulses (Brunt et al. 2013; Npgtta. 2013;
Urrego et al. 2014). Iron is a component of hemoglobin, myoglobin,
respiratory enzymes and many coenzymes. It participates in tampor
organism activities, such as ATP formation (Ekiza et al. 28t8|ing & Lill
2013; Vashchenko & MacGillivray 2013, Ye et al. 2013).

The aim of the study was to determine the differences in therdooit
iron, magnesium, calcium, potassium, and phosphorus in processed pork
products from small local manufacturers and large producers.

Experimental procedures

The study was carried out on raw pork, pork ham and sausage produced
by: a) small-scale producers (meat processing plants)ldbatled their
products with the sign “Culinary Heritage Warmia Mazury Rt
(CHWMP); b) small-scale producers that declared the uskaall raw
materials and methods for producing traditional products (L);rgg lplants
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that manufactured products with names related to the follaemgs: “rural”,
“peasant”, “traditional”, and “for generations” (C). The resbamaterial
(CHWMP and L) was selected on the basis of previously coedwsttidies
(Radzymhska et al. 2009; Staniewska et al. 2009) that focused on the
identification of meat products which, in the opinion of the prodycer
demonstrated exceptional quality, resulting mainly from the tozadik

method of production and from raw materials (of local origin).

Each sample of raw meat, ham and sausage (from different preduc
about 1500 g) were homogenized to study. To analyze were taken three
replicate of every meat and meat products samples.

Meat were mineralized in a mixture of nitric and perchlocidsi(3:1) in
an electric aluminium heating block with temperature programif\d P
DK 20, manufactured by VELP Scientifica, Italy), within 4-6 hogradually
increasing the temperature from 120 to ZDResidue was transferred to 50
cm® measuring flasks and filled up with deionised water. Ca, Mand Fe
contents were determined using flame atomic absorption spmEgisos
(acetylene-air flame) using atomic absorption spectrometigialh 939 Solar
(Great Britain), equipped with an Optimus data station, backgl correction
(deuterium discharge lamp) and an appropriate cathode lamp. A 10&uaque
lanthanum chloride solution, in amounts ensuring a final coratént of L&*
at 1%, was added to all measured solutions for determining @ay/dn?
concentration standards of calcium and magnesium, diluted with 0.1M
solution of HNQ, were prepared on the basis of the BDH standards
(Germany).

The concentration of phosphorus in the mineralizates was determined
with colorimetric method with ammonium molybdate (VI1), sodium sukphat
(IV) and hydroquinone (transformation of phosphates in sulphuric adid wit
ammonium molybdate (V1) into phosphomolybdates which following
reduction with sodium sulphate (IV) and hydroquinone to phosphomolybdic
blue). Absorbance was measured at the wave léngt610 nm with the use
of a spectrophotometer VIS 6000, KRUSS OPTRONIC, Germany.

The differences in the tested elements between the examingdriage
of meat products (CHWMP, L, C) were determined with a one-walysisa
of variance (ANOVA). The significance of differences wested at the 0.05
significance level.

Results
An analysis of iron concentration in the tested products (Table 1)

revealed the statistically significant content of thenent in sausage. This
product, labelled with the sign “Culinary Heritage Warmia Mazury Eletyi
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had a significantly higher concentration of iron (2.060 mg/g+0.950 mg/100 g
in comparison with sausage produced by other local manufacturers
(1.541+0.072 mg/100 g) and large-scale producers (1.450+£0.433 mg/100 g).

Table 1. Iron and phosphorus content in the meat and meat products,
depending on its origin (mg/100Q)

P Fe
products origin — —
X SD ANOVA X SD ANOVA
L (n=9) 212 8 0.871 0.405
- F=1.17; F=0.16;
Raw pork| CHWMP (n=5) 209 19 0=0.33 0.967 0.196 p=0.85
C (n=9) 205 6 0.823 0.201
L (n=9) 255 96 1.080 0.218
— F=0.39; F=0.36;
Ham CHWMP (n=7) 242 60 0=0.68 1.031 0.263 p=0.70
C (n=13) 266 34 0.984 0.268
L (n=9) 209 37 1.541 0.072
_ F=0.86; F=5.87;
Sausage| CHWMP (n=5) 244 26 p=0.46 2,060 0,950 p=0.04
C (n=9) 226 34 1,450 0,433

n- samples;X -mean; SD — standard deviation

L — traditional products; CHWMP — Culinary Heritagéarmia Mazury Povile

C - large plants that manufactured products witinesrelated to the following
terms: “rural”, “peasant”, “traditional”, and “fggenerations”

Source: own research

The average phosphorus content (Table 1) was similar in meaguih
sausage and ranged from 205+6 mg/100 g (in conventionally produced meat)
to 266+34 mg/100 g (in conventionally produced ham). The differences
between particular categories of products were statlgti@asignificant
(p>0.05).

An analysis of product origin and type showed that the content of
magnesium was similar (Table 2) and ranged from 20.9+3.2 mg/10ehg i
conventional ham to 25.2+1.3 mg/100 g in CHWMP-labelled sausage. The
concentration of calcium did not differ statistically (p>0.05)a as the origin
of raw material was concerned. The sausages had a higher conteniuafi calc
(on average 14.008 mg/100 g) in comparison with meat (on average 2.960
mg/100 g) and ham (on average 9.086 mg/100 g).
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Table 2. Magnesium, calcium, potassium, content in the meat and meat
products, depending on its origin (mg/100g)

Mg Ca K
productg origin = - -
X SD |ANOVA x SD |ANOVA y SD |[ANOVA
L (n=9) 238 11 2.630 | 1.739 323 31
CHWMP F=0.96 F=0.30 F=1.44
Rawpork (n=5) 23.7 11 p=0.40 2.942] 1.55] 0=0.75 295 23 p=0.27
M (n=9) | 22.9 1.2 3.308 1.93 324 19
L (n=9) 22.6 4.4 9.941| 4.070 342 63
CHWMP F=1.38 F=0.39 F=0.04
Ham (n=7) 239 45 p=0.27 8.427] 5.59( 0=0.68 339 74 p=0.96
M (n=13)| 20.9 3.2 8.891| 5.003 335 27
L (n=9) 225 5.3 14.853| 1.506 376 8
| CHWMP F=0.45 F=0.32 F=1.26
Sausage (n=5) 25,2 13 P=0.65 13,87¢ 2,129 0=0.73 310 80 p=0.34
M((=9) | 24,6 2,7 13,297 3,904 347 26

n- samples;X -mean; SD — standard deviation

L — traditional products; CHWMP — Culinary Heritagéarmia Mazury Powile

C - large plants that manufactured products witnemrelated to the following
terms: “rural”, “peasant”, “traditional”, and “fagenerations”

Source: own research

The origin of meat products (p>0.05) did not influence the corkn
potassium in the tested samples. The average concentratidns efietnent
were similar in different types of products and ranged betva&#323
mg/100 g in meat from the producers united in the culinary heritageike
and 3768 mg/100 g in sausages produced by small local manufacturers.

Discussion

Meat is a rich source of minerals in the human diet. Irorigeity causes
anaemia, which is one of the major health problems. The stodieied out
by Jimenez-Colmenero et al. (2010b) showed that the average tratioan
of this element amounted to 0.79 mg/100 g in raw pork sausage and 0.54
mg/100 g in cured smoked sausage. Chen et al. (1997) determined #m cont
of iron in smoked ham at 1.0 mg/100 g.

During adulthood, iron stores gradually increase in men; in women,
stores start to increase after menopause. Total body iron averages.algput 3
in men and 2.3 g in women (Yip 2001). The extraordinary capacity of the
human body to retain iron (15-40 @) is exhibited in individuals with
hemochromatosis (Bothwell and MacPhail 1998). About one thitteaiotal
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body iron is bound to storage proteins, primarily ferritin or hedassi in the
liver, spleen, and bone marrow. About two thirds of the total badyserves
metabolic or enzymatic functions. For example, the body requiresoiroinef
synthesis of the oxygen transport protein hemoglobin and the oxygegestora
protein myoglobin. Iron is required for the formation of iron-containing
enzymes, which participate in electron transfer and oxidation— treduc
reactions. Ironically, the toxic potential of iron derives fras primary
biologic property, the ability to exist in two oxidation states. &aeuox
reactions, when not properly modulated by iron-binding proteins or
antioxidants, can damage cellular components, including lipids, psoteid
nucleic acids (Brody 1994). Although iron is known to be an essentiamiy

it is not widely appreciated that iron deficiency anemidgnésmost common
nutritional deficiency. Continued depletion of iron stores leadsrdn
deficiency anemia and serious biologic impairment. Iron deficianeynia is
related to delayed cognitive development and intellectual mmeait
(Grantham-McGregor and Ani 2001). Given the critical roleard in oxygen
transport and storage in muscle, it is not surprising thatdeficiency anemia
also leads to reduced work capacity (Haas and Brownlie 200fce $P43,
the Food and Nutrition Board of the Institute of Medicine hasbéshed
guidelines for recommended dietary allowances (intakes)of (Bwanson
2003). In general, individuals at greatest risk of iron defigiememia are
those with increased iron needs.

Meat and meat products are one of the main sources of potasdiuen
human diet. This element plays an important role in energy csioweand
membrane transport in the body. The studies conducted by([Jimenez-
Colmenero et al. 2010a) found the average concentration of potassium in raw
pork sausage to be 278.35 mg/100 g and 487 mg/100 g in cured smoked
sausage. Based on the studies by Chen et al. (1997) gumed that the
content of this element in smoked ham averages 120mg/100 g.

Traditional meat products may differ in composition depending on the
origin and processing method (Borowski 2007, Gandemer 2009, Jiménez-
Colmenero et al. 2001). Jiménez-Colmenero et al. (2010a) presésted t
components of dry-cured ham. According to these authors, dry-cured ham is
a good source of iron (between 1.8 and 3.3 mg/100 g) and has considerable
concentrations of phosphorus (157-180 mg/100 g), potassium (153-160
mg/100 g) and magnesium (17 and 24 mg/100 g). Chen et al. (1997) studies
show that the average concentration of magnesium in raw saisage
17mg/100 g and in cured smoked sausage it is 18.97mg/100 g. The cbntent o
calcium reaches 6.80mg/100 g, in cured smoked sausage it reaches
10.95mg/100 g (Jimenez-Colmenero et al. 2010b) and in smoked ham it
averages 3.7mg/100 g (Chen et al. 1997). The content of selected elements in
meat and meat products changes with the region where thegvigshben
reared and depends on feeding and animal age as well as on additives used in
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the processing of pork (Hansen et al. 2006). Thus, the concentration of
microelements and essential elements may vary significantly.

Consumers consider meat to be a healthy and important component of
the diet. According to Fernandez-Ginés et al.(2005) future tramdke
traditional meat industry direct it more and more to the deaigl production
of functional foods. Consumers support the development of technologies that
can improve the health attributes of meat products and guaranieg eat
quality (Resurreccion 2004, Verbeke et al. 2010). According to Andetsen
al. (2005) a better understanding of consumer expectations irometati
perceived meat quality and their relation to existing and neactbg quality
control tools are areas that deserve further attention if the prodwftmeat
shall fulfil the demands of tomorrow.

Conclusions

It was found that the quality of meat and meat products manuvéaict
both in small local companies and large-scale integrated plahtsot differ
in the concentration of phosphorus, magnesium, calcium and potassium.
Anyway, the sausages labelled with the sign “Culinary telgei Warmia
Mazury Powéle” had a significantly higher content of iron in comparison with
products from other manufacturers.
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Introduction

The contemporary understanding of the concept of quality inclwdes
aspects: quality as a feature (conformity with requires)eantd quality as a
relation (customer satisfaction). An analysis of the d@fimof quality reveals
the three most common aspects (Zigti G. 2010): characteristic features of
a product (P.B. Crosby, J. Lock), satisfying the customer's needfs (
Feigenbaum, J. Juran, K. Ishikawa, ISO 9000), as well as impropiraglact
in order to satisfy the future needs of a customer (W.E. Demi@gkland).
This is reflected in the practical operation of businessesntithich deal with
food production. When the needs, expectations and behaviours of customers
towards a product are known, as are its individual features, its ttrastige
parameters can be constantly improved and emphasised (Li Y, 202).
However, food consumers and producers pay attention to diffanalitieg.
Consumers expect the food they buy to meet their needs — produtt igual
associated with its consumption-related value. On the other &lémoligh a
manufacturer makes efforts to meet the customers' needschespe quality
as a vehicle which brings profits to his production companynfidbA. 2007).
The quality of raw material is determined by its usability pooduction.
Efforts made by food producing companies in order to gain prafis
associated with outlays for research and development, ingluthe
development and launch of new products as well as perfecting iimgx
ones. Marketing activities, which include market researdierdising and
promotion of product consumption, are an inseparable element (Pk¥ssak
200, Urbaniak M. 2007, Karaszewski 2006).

The main factors which determine the customer's choice of meat include
organoleptic qualities, such as colour, smell, texture aniddatt. It is also
important where the meat was bought — its cleanness and expositi
products, as well as the price (Potom, Barytko-Piekielna 2004, Ratizyeni
Smoczyski 2008, Pospiech, et al. 2014). Studies conducted by Ozimek
(Ozimek 1. 2006) have shown that consumers understand quality as
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organoleptic attractiveness (freshness — 36.9%, tastiness — dg&3tral
appearance — 9.7%). Furthermore, these included health quakesjated
with food and nutrition safety, of which the most important weutitional

value — 21.5%, health aspects — 18.2% and shelf life — 16.5%.

The food crises which have occurred in recent years haeetetir
consumers' attention towards food safety. Consumers now requitergrea
transparency in the food chain and require more information ateguility
characteristics of food, such as its nutritional value, origih methods of
production (Mora C. et al. 2006).

Meat from different animals is not perceived by consumers isdhe
manner. Schroeder has shown that over 80% of consumers in Canada and the
USA regard pork, beef and poultry as safe. The Japanesetheemaost
sceptical when it came to the evaluation of meat safetyr¢®der et al. 2006).

In further studies, Schroeder showed that the perception dfsafey by a
consumer depends not only on the meat type, but also on a spedfictpro
Unlike respondents from Spain and Ireland, Swedish, English andhFrenc
consumers have concerns about the environmental hazards. According to
respondents, serious hazrds include those which originate dumang t
production process. Consumers in France, Belgium and Greecthe/enest
concerned about the hazards caused by the use of hormones antianitib
animal breeding (Berg 200@zimek et al. 2004). Microbiological hazards
were also regarded as important in food safety assessmentur@ers are
aware of the importance of microbiological contamination of food,they

do not fully realise the hazard that such contaminations pospoiEnts
frequently express concerns about GMO, which are often assbaidth
adverse effects on health. The lowest concerns in regard to dotairing
GMO were expressed by the Spanish, the Dutch and the Finns ag/ltleee
lowest trust concerning GMO food was expressed by the Austriaas, t
Danish, the Greeks and the French (Jakubowska et al. 2010).

The perceived safety of meat products depends on a number o factor
A study conducted by Jakubowska et al. (2010) showed it to beicagiy
affected by demographic characteristics. The respondentagingvstrongest
differentiating factor. Rudy et al. (2011) showed the effectonisumer age
on their purchase preferences regarding different kinds of mesppoRdents
aged 55 and more choose pork more frequently than the othersasvkieze
younger generation chooses poultry more frequently.

One of the important factors in ensuring food safety is the sisjpaTv
over all the stages of the food chain; in the case of prodtietsimal origin
— from rearing to distribution. Responsibility for meat qualitpasne by the
breeder, the producer, the distributor and the consumer. By iraptamg and
observing the rules of GHP and GMP as well as the HA§GEm, and the
requirements of voluntary systems of quality management, gamm
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confirms that it cares about the safety and quality of itslymis. Some
manufacturers of meat products also implement systems at@cdpecific to
their branch of industry: QAFRQuality Assurance for Food Produgter
PQS Pork Quality SystejnThe aim of the QAFP is to obtain meat which is
characterised by high, guaranteed quality which meets the reguitehaid
down in the standard. It includes control from the moment when the ahimal
welfare has to be assured so that the meat is safe agdodf quality
(Obiedziiski et al. 2009). Unlike QAFP, PQS focuses on pork only. The aim
of the system is to obtain pork of above-standard quality, fanpbea by
guaranteeing a lower content of intramuscular fat (approx. 215k€)QAFP,
PQS also covers all the stages of the production procedflirfg the
conditions of the PQS system guarantees that pork obtainedprottess is

of better quality, from the point of view of both consumers pratiucers
(Hammermeister 2011, Mocarski 2011).

These considerations lead one to the conclusion that developing modern
perception of food quality is dominated by two aspects: improvement of
sensory qualities and a guarantee of the safety of the dthiphoduct.
Companies can analyse the effectiveness of the quality maeagsystem
based on customer satisfaction (Pawlowska, Strychalska - RudZ8G¢y.

The aim of this study was to determine consumer satisfacticegard
to pork offered for sale, to determine the decisive fagtotise purchase and
consumption of pork and the respondents' perception of the re§steims of
food safety management (HACCP, ISO 22000, QAFP, PQS) and quality
marks ("Poznaj DolgrZywnos¢”, "Jakasé i tradycja”, mark of compliance
with the Polish Standard), as well as their concerns aboutdsatmaifood
safety, which may be present in pork products.

Material and methods

The research method applied in the study was a two-part questonna
The first part included multiple choice questions regardingsemption of
pork, factors which affect the consumer’s decision to buy porgldbe where
the consumer buys meat, the perception of systems of food safety and quality
marks and knowledge and concerns regarding hazards to food sdiety. T
other part contained sociodemographic questions.

The study was conducted in the first half of 2013 on a group of 165
consumers. The subject of the study were students of Polish tidgelia
various years of regular and extramural studies. The method eandom
sample choice ("convenience sample") was applied. There8@étefemale
and 14% male participants. 60% of them were regular studentstdiog to
their statements, the study major of 33% of them was assbeidtte food
production or safety. Residents of rural areas accounted fr &f8the
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respondents, 36% lived in cities with the populations exceeding 100,800 an
the remaining 36% lived in smaller towns. The respondents repedssdhthe
provinces of Poland.

The results were encoded in the Statistica 10 programme. Ek&aqs
to which they could give one answer were encoded by the arithmetic method,
whereas those to which several answers could be giveneweoeled by the
binary method. The relationship between the variables and theitgs of a
group was determined by conductingatest at the level of significance
0=0.05.

Results and discussion

The highest percentage of the respondents eat pork once &H2d¥k).
Pork is eaten once a month by 22.2% of the respondents and every day by
16.3%. The other respondents consume pork less than once a month. In order
to investigate the factors which affect students' decisionbuy pork,
respondents were asked to choose 4 out of 8 variants of anratesdare,
previous experience, brand, colour, appearance of a package, daperypf
price, quality mark (ISO, QAFP, etc.). The majority of respotsiéaver
82.3%) chose expiry date, colour of pork (70.6%), price (about 64%jopsev
experience (42.5%) and texture (31.4%). The other options, suclaras br
(21.6%), package appearance (9.8%), or quality marks (10.5%) esse |
important to the respondents.

The respondents' opinions were significantly varied for firevious
experience" option, where they were differentiated by the stuglyr ipd =
5.02 and p=0.03). Students of non-food-related subjects chose it more
frequently (49%) than those who studied subjects relatiesddo(about 30%).
The type of studies differentiated the students' opinions wghpect to the
"package appearance" optioff<4.47; p=0.03). The respondents in regular
studies pay attention to the package appearance less freqi@8&9y than
those in extramural studies (97%). The place of residenca difisrentiating
factor with respect to the opinion on the importance of qualitksria buying
pork (>=11.43; p=0.009). The respondents — residents of villages and towns
with a population below 50,000) declared that they paid attention tdyquali
marks more frequently than the inhabitants of bigger cilié& students'
opinions that the price is the most important factor in buying poak
differentiated by the average per capita income in a houseltioddhigher the
income, the lower the percentage of respondents who claim that ipric
important to them when they buy megd=(12.5; p=0.006).

Assuming that a customer sees a difference in the qualipyoafucts
depending on the place where they buy them, respondents were asked whe
— in their opinion — one can buy high quality pork. The responses are shown
in Fig. 1.

152



%STTT | %00°ST | %vV'6T | %LV | %00TE | %L8°BT | %EBTT | %IBTE | %L99V | %TL'SE | %00°0T |42onpoud jeaw e wouy Ajpdasip SuiAng B
%C6'T | %00°S | %L99T | %TLT'T | %00°T | %ULT'ET | %T9°L | %SSV | %000 | %¥I’'L | %000 $31190043 ||ews m
%ET69 | %0008 | BTT'TY | %688V | %0009 | %C6L9 | %6ELI | %60°6S | %EEES | %VTLS | %00°0S sdoys s,Jayding @
%69°L | %000 | %8LT | %00TT | %009 | %000 | %LIT | %SSV | %000 | %000 | %000 s1ysewadns/syaysewsadAH O
90UapISal JO de|d wwww_mwﬁvﬂww Apns jo 1eal ayl
syueyqeyu;

a8e||IA

%0

%01
%0¢
%0€
%01
%08

%09

%0L

%08

%06

sasuodsal jo afejuadiad

Figure 1. The factors significantly differentiating opinions regardng

places for buying pork.

Source: own research.
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The respondents’ opinions were differentiated statistically by:

« the year of studyyf=25.6; p=0.012) — as many as 30% of first-year
students responded that good quality meat can be bought at supermarkets

e studying at a food-related majoy?$13.099; p=0.004) — none of the
respondents — students of food-related majors — were of the offiaion
good quality meat can be bought at a supermarket; moreover, the
responses given by these students indicated "butcher's shops" more
frequently than any other places. Furthermore, students of non-food-
related majors also chose butcher's shops, but a high percehtagmo
chose buying meat directly from a meat producer (Fig. 18).

» place of residence?=24.14; p=0.004) — students who live in the country
have a similar opinion about butcher's shops and buying pork directly
from meat producers as a source of best quality pork; on therathdy
city dwellers mostly chose butcher's shops as places thbiest quality
pork.

Respondents were asked why they ate pork. They were allowed te@ choos

2 possible responses out of 5: eating pork as a habit, becausaastets
because it can be cooked in many ways, because of its prizeiskeeof its
availability. The respondents chose mainly the multitude ofingodptions
(69%), taste value (40%) and high availability of pork (28%). fibguency

of choosing the "eating pork as a habit" option was differedtgitificantly

by the study majoryf=6.27; p=0.012). Only 7.5% of the respondents —
students of food-related majors — chose a habit as the ohes¢ing pork,
whereas the other group of students chose this response twickegasntly.

In order to investigate the knowledge and perception of spegifitity
systems and marks, which have food safety as their maintigbjestudents
were asked about their knowledge of the HACCP, ISO 22000, QAFP, PQS
systems, the "Poznaj Dalrywnaos¢” (“Experience Good Food”), ,Jaké i
tradycja” (“Quality and Tradition”) quality marks and the coraptie with the
Polish Standard. The respondents chose "I know" or "I don't knoweyf
chose "I know", then they had one of three options to choose: "&mjeas
food safety”, "it doesn't guarantee food safety", "I've heard athdwt | don't
know if it's effective”.

When asked about systems which guarantee meat safety and high qual
the respondents declared the highest knowledge of the HAC@#nsgsad
the 1ISO 22000 food safety assurance system. 62% of the respondemsl cla
to know the HACCP system, but only 37% thought it was effecBirailar
results were obtained in regard to the ISO 22000 food safetyassigystem.
The QAFP and PQS systems were the least well-known of thesgoned.
60% of the respondents claimed that they did not know them, but nadit is
effective” responses were given.

These systems were significantly differentiated by (Tab. 1):
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- the study major — students of food-related majors in theirntha{@0%)
think that the HACCP system and a ISO 22000 certificate guaréoad
safety, whereas for the QAFP and PQS systems, over 30 % lof suc
responses were given. On the other hand, respondents studying non-food-
related majors usually declared ignorance of those systems;

- type of studies — students of regular studies were abpirdéon that the
systems are effective more frequently — this appliedogspeto HACCP
and the 1ISO 22000 certificate, for which this opinion was espedy
40% of the respondents. On the other hand, extramural stutieststbe
"I don't know" option for each of them.

The findings regarding the quality marks are very similaedch case,
the majority of the respondents (over 40%) claimed not to knowjubkty
marks. A high percentage of the respondents declared thairibeya quality
mark, but that they could not say whether it was effectivey @d% of the
respondents claimed that the "Poznaj Rolywnos¢” and "Jakéd i
Tradycja” marks were a guarantee of food safety.

Table 1. Results of theg? test and probability at the level of significance
of @=0.05 in regard to the knowledge of safety systems in meat
product manufacture

Systems | Marks
L Poznaj | Jaka¢ | Comp-
Criteria | | accp 2'250%0 QAFP | PQS | Dobr i liance
Zywnoié | tradycja| with PS
cox || 086 | 239 | 331 305 223 140 0.65
p | 081 | 049 | 019| 022] 052 070 0.88
Yearof | ;2 | 6159 | 44.38| 22.36] 2309 1560 1241  24.43
study | p | 0.000 | 0.000| 0004 0003 021 030 0.02
Food- | 2 | 6858 | 5649 17.67| 3429 8.3l 774 4541
rg':jtgrd p | 0000| 0000| o0.000 0000 0.04 005  0.000
Typeof | 2 | 13.28 | 12.36| 9.88| 833 1.8 3.7 754
studies | p | 0.004 | 0.006] 0.007] 0.01§  0.73 020 006
Placeof | 2 | 28.02 | 12.89| 446| 577| 832  7.16  17.04
residencep 0.00L | 017 | 061 | 045| 050| 062 004

Source: own research.

Respondents' opinions were differentiated statistically only binba
study major related to food. The majority of respondents — studénisn-
food-related majors — responded that they did not know any quaditls.

For the "Poznaj DolarZywnos¢” mark it was over 55% responses, for "Jako

i Tradycja’- over 46%, and for compliance with the Polish Standawder

63% of the responses. The respondents — students of food-related -majors
declared a slightly higher level of knowledge of the qualityksdvlioreover,
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Fig. 2 Opinions regarding perceptions of food safety hazards in pork
156



a higher percentage of them think that the marks are argearaf food safety:
"Poznaj Dobg Zywnos¢” (26%), "Jakd¢ i Tradycja” (34%), the mark of
compliance with the Polish Standard (28%).

One of the objectives of implementation of food quality and wafet
systems is to meet the customers' needs and to increasasatisf@ction.
Quality marks are placed on food products to inform a custonagrthe
manufacturer guarantees the high quality of its products. Tdnerethe
students' attitudes to quality marks placed on pork products wersigated.
Opinions on the link between high quality and a quality mark placea on
product were divided. Nearly 44% of the respondents were of theophat
a quality mark is a guarantee of high quality. About 25% of thparedents
did not think that the products bearing such marks were of higlatity, and
it did not matter to over 32%. Statistically, the respondempisions were
differentiated by a link of their study major with foog<522,66; p=0.000).
Nearly 70% of students of food-related majors declared haviiagourable
attitude towards quality marks placed on fork products. On the btret,
opinions were divided among students of non-food-related majors — the
presence of such marks did not matter to 42% of them.

Furthermore, the respondents were asked to express their opinions about
selected hazards to meat product safety with 4 possible resptmnshoose
from: | am afraid, | am neither afraid nor not afraid, | afittle afraid, | am
not afraid. The results are presented in Fig. 2. Each of thedsagaa source
of concern for the respondents. The greatest reason for cas¢eenhazard
which arises from providing a wrong date of product expiry on the produc
package and from an improper package of a meat product (in etietsef
cases, over 50% of the respondents chose "l am afraid very mitig")
source of the smallest concern was the potential presémsavy metals or
foreign bodies in meat (about 20% of the responses). Statistithdy
respondents’ opinions were differentiated by a link betweenstiuely majors
and food in regard to such hazards &atmonella sp(y*=9.82; p=0.02),
residues of veterinary medicinal producig=9.96; p=0.000) and food
additives ¢?=15,46; p=0,001).

Conclusions

This survey has led the author to the following conclusions:

1. Students readily eat pork and its products. The majorityeofdspondents
(over 59%) eat pork once a week. The factors indicated as decisive in the
choice of pork suggest satisfaction in regard to the pork preodifered
on the market.

2. The main criteria in buying decisions were the price and exjaity of
products.
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3. Respondents thought that the quality of pork varies depending on the place
of sale. Trusted sources of pork include butcher's shops and meat
producers, as opposed to supermarkets and small round-the-corner shops.

4. The students did not demonstrate a knowledge of quality marks or
systems. Moreover, they did not think that such quality mar&saar
guarantee of high product quality. This results from ignorance amd lo
awareness of the actions taken in order to ensure food.sHfetyevel of
recognition is the highest for HACCP and the lowest for PQeit
comes to quality signs, "Jaléoi Tradycja” is the most frequently
recognised sign and the mark of compliance with the Polish Sthilar
the least frequently recognised sign.

5. Students expressed the greatest concern in regard to regtheezards
associated with providing a wrong expiry date and those arising from
giving false information about ingredients. Among microbiological
hazards, the respondents expressed their concern reggstihgrichia
coli and Salmonella more frequently than regardind.isteria
monocytogenes.

6. Statistically, the respondents' opinions were the most diffieted by
their study major. The knowledge and awareness of studeritooadf
related majors regarding the issues under study is higher.
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Introduction

Sensors belong to fast methods of instrumental analysis. Bl toode
of operation they can be divided into two groups: on-line andat-Tihe first
ones may be used in some technological processes for direstingr@ants.
The advantage of such sensors is the possibility of obtainirgyqdizta in
short time, which allows improving the process parameters immediatedy
at-line sensors have longer time responses and they are usdy ima
laboratory scale for research purposes.

Taking into account the mechanism of action on-line and at4inscss
they may be classified into the following groups according tco@ean
Concerted Action (ASTEQ) (Holm 2005):

* biosensors — sensors which contain some biological material (e.g.
enzymes, antibodies);

* potentiometric chemical sensors, - sensors using an elsignal as a
detection, e.g. metal oxide semiconductors, field effect transjst
conducting polymer sensors, lipid/polymer membrane sensors;

* NIR, NIT, FTIR, thermography, nuclear or electron magnetic resonance
— sensors using interaction with electromagnetic waves;

* sensors using interaction with ultrasonic waves (100 kHz-1MHz);

e sensors using changes in frequency, e.g. quartz crystal micrafalanc
surface acoustic wave.

Potentiometric sensors belonging to the on-line sensor groupfdwnc
application in the evaluation of the quality different food prodyttko
1998; Szpakowska, Magnuszewska & Szwacki 2006; Lvova et al. 2002;
Ciosek, Augustyniak & Wroblewski 2004). The reason for using swahete
in food industry was to make quality foodstuffs estimation mojectibe then
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by organoleptic methods (Szpakowska, Miasja & Tymoszuk 2013). There

are two approaches: organoleptic testing and sensory analysiSQPAL21:

1998). The first one is fully subjective method and may be useddly e
consumer. Sensory analysis is done by experts in standard conditions and is a
more objective method of food quality estimation. However, bothoastare

based on human taste reception, which depends on many conditions (e.qg.
nature of a human being, health of experts, intensity of tastejtiom of
testing).

The mechanism of taste perception in human beings is a comglicate
process. Vivid organisms have the capacity of distinguigshiegroperties of
chemical substances, which are present in food products. Duringcjibey
are dissolved in the saliva. Then taste molecules are chydhaiste buds,
situated in gustatory cells on the surface of tongue. Theebateg 2000 taste
buds on the tongue (Villee 1990). Each of taste buds contains aboute50 tas
cells. Taste substance reaching the internal surfacstefliads through ionic
channels or directly, leads to the excitation of taste recg@pesent in the
biological membrane (Barytko — Pikielna 1975). These substanees ¢
associated with receptor proteins and they provoke the emiskfignals to
the cell interior where electric impulse is generated.rAfftat this information
is transmitted by the nerve fibers to the brain where initieity of cordex
the perception and association reactions take placesstépxs identification
of these substances and determination of taste impression. It blecadidied
that taste recognition by potentiometric sensors in which thebnagwas of
the electrodes contain artificial lipid compounds is directiyrelated with
human taste reception. Such sensor can detect tastes itea siamner to the
human sense of taste. The electrodes play role of trangtasorming taste
information generated by chemical substances into electric sigradts are
analyzed by a computer.

The substances responsible for taste may be divided into six groups.
There are six kinds of basic qualities of taste: sweetisa#ines, sourness,
bitterness, umami and, recently described, fatness.

Sweet taste is produced by different types of sugars (e.gossc
fructose, maltose, lactose) or artificial sweet substanegs aspartame,
cyclamate, acesulfame K). Some ketones, esters, alcamigp acids,
glycols are also sweet (Skolik 2011). However, they are not uséubd
technology for larger scale.

Salty taste is caused by cations of inorganic salts susddasm chloride,
potassium chloride or ammonium chloride. In food industry mainly sodium
chloride is used.

Sour taste is produced by organic or inorganic acids, e.g. hydraghlori
nitric, phosphoric, acetic, citric, lactic, tartaric acids. kengral in food
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products organic acids are used. Intensity of sour taste depends on the proto
concentration.

Bitter taste is caused by some alkaloids (e.g.quinine, naffei
strychnine), electrolytes (e.g. magnesium sulphate) or sonaks giytosides,
ketones, aldehydes.

Umami taste resembles meat taste. It is produced maimhphgsodium
glutamate. This compound is a component of the seasoning kitcheta(veg
kucharek, magi), which improves a taste of meat or other faibdst
(Szpakowska, Tymoszuk 2012).

Recently fat taste was described and added to the tasse<lgStewart
et al. 2010). This taste is produced by fat acids present in fmdge.g.
butter, margarine, lard).

There are such gustatory expressions as astringency. hen@used by
tannins present in red wines, tea or unripe fruits.

Global taste of a given food product is a composition of taste substances
present in this product. Therefore, elaboration of potentiomette sagsors
with global selectivity has been a great challenge fansists (Toko 1996).
Taste sensors contain a set of lipid-polymer electrodeseéer@nce electrode
immersed in a given taste substance solution. Two types idfplgpymer
electrodes have been used: lon Selectice Electrode (ISE) b8dlill State
Electrode (ASSE). The first one contains a polymer membrayer |
composed of polyvinyl chloride, lipophilic compound and plasticizer. This
electrode is filled with KCI solution of given concentratiolfS2E consists of
a layer of an electro active polymer covering glassgaradisc and an outer
layer made from polyvinyl chloride with lipophilic compound and ptazsr.

ISSEs or ASSEs with different lipophilic compounds have been used in
the polymer membrane of sensors proposed by various scientifipgr
(Hayashi et al. 1990; Toko 1998; Szpakowska, Magnuszewska & Szwacki
2006; Lvova et al. 2002; Ciosek, Augustyniak & Wréblewski 2004). The
potentiometric taste sensors were applied for controlling foodityua
product recognition from various branches such as beer (Kobayashi et
2010), green tea (Hayashi et al. 2008; Nobuyuki 2013), coffee (Fukwatag
al. 1996), milk (Ciosek, Wréblewski 2007), soya sauce (liyama, rgahi
Toko 2000), tomato (Beullens et al. 2008), soft drinks (Szpakowska,
Magnuszewska & Szwacki 2006; Szpakowska, Maia 2007). Some
electronic tongue was applied also for evaluating the qualityvofalcohol
content drinks (Baldacci 1998).

The potentiometric taste sensor with five ISEs containipgphylic
compound-polymer membranes (Szpakowska, Szwacki & Lisowskai@keks
2004) were tested in sour solutions (hydrochloric, citric and aaetifs). It
was found that the electrode responses containing positively echarg
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membranes (bezylhexadecyldimethylammonium chloride monohydrate or
hexadecylamine) decreases with increasing of acid concentnaig@mwhile

the effect is opposite in case of negatively charged or alemembranes
(elaidic acid, 1-dodecanol or cholesterol). In case of ASSBEad found that
electrodes with positively, negatively charged and neutralbreames behave
similarly in contradiction to ISEs (Szpakowska, Maska & Lisowska-
Oleksiak 2009). Moreover, straight line relationship of E =) ffGr
hydrochloric acid was found suggesting that such electrodelsecased for

pH determination.

In this work a new potentiometric taste sensor containing ssohdl-
state electrodes with lipophilic compounds — polymer membranebdwams
proposed. The following lipophilic compounds were used in the polymeric
membrane: hexadecyltrimethyloammonium bromide, hexadecyl amine,
palmitic acid, lauric acid, decanoic acid and cholesterol.bBmavior of this
potentiometric sensor in acid solutions (hydrochloric and tarteid) of
different concentration was examined.

Since such sensor has a concept of global selectivity, whigesrthe
ability to classify chemical substances into few groupfoasd in real taste
reception in biological systems, it is planned to apply this@eior quality
control of red wines produced in Poland. However, it should be taken in
account that the evaluation of wine quality is a complicatedlem due to
the great variety of chemical compounds present in their comgrositiine
is made up of water (60 - 90%), ethanol (9 - 18%) as well as @frsug
dyestuff, polyphenols, tannins, mineral salts, vitamins, azocompounds,
organic acids and aromatic substances in form of esters, aldemgds
polyphenols (Gawlik, Nowak & Baran 2008). Also some organic acids
(tartaric, lactic, malic, succinic and acetic acidsd present in a red wine
(Pandell 1999; Tymoszuk, Matiska 2013).

Material and methods
Materials

Poliy(vinylchloride) high molecular weight (PVC), hexadecyl amine
were from Fluka. Dioctyl phenylphosphonate (DOPP) — 99,5%, hexadecyl-
trimethyloammoniumbromide, palmitic acid - 99%, lauric acid - 99,5%,
decanoic acid 99+%, cholesterol, 3,4-ethylenedioxythiophene (EDOT) and
poly(sodium 4-styrenesulfonate) (NaPSS) were from Aldrichad3aim
chloride, tetrahydrofuran were from POCH. All other chersicakre of
analytical grade. The aqueous acids solutions were preparediisiiled
water.
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The PEDOQT preparation

The PEDOT was obtained by electrochemical synthesis. Thp s®@t
synthesis consists of three electrodes: Ag/AgCI@D™M KCI) glass
reference electrode, platinum mesh as auxiliary electrode amiding
electrode with glassy carbon (GC) disc (area = 0.07%).cPrior to
polymerization GC working electrodes were polished on the motsteitk
0.3um alumina. Then these electrodes were rinsed using distillext euad
cleaned in ultrasonic bath. The PEDOT was obtained by dissaldhdy
EDOT, 10 M NaPSS in redistilled water. Then, solution of PEDOT was
deposited on the glassy carbon disc working electrodes by galeanost
electrochemical polymerization as conducting electrolytoastant electric
potential (850 mV). Potential charges of 5.89 mC give 0.5 thickages of
PEDOT.

ASSEs and aqueous solutions preparation

Each of working electrode consists of two layers. The inyer laas the
conductive polymer PEDOT. The outer layer was lipophilic compound /
polymer membrane containing wt. 61 % PVC, wt. 38.5 % plasti€zaPP
and wt. 0.5 % of appropriate lipid compound. All substances weselded
in 5 ml THF. After drying, the electrodes were conditioned in temuof
potassium chloride at concentration*M during 24 h.

The lipophilic compound /polymer membranes were prepared with the
following reagents: poliy (vinyl chloride) (PCV), plasticizedioctyl
phenylphosphonate (DOPP), tetrahydrofuran (dissolvent) and appropriate
lipophilic compound. The following lipophilic compounds were used:
hexadecyltrimethyloammonium bromide, hexadecyl amine, palmitic acid,
lauric acid, decanoic acid and cholesterol. The acid solutieed in the
experiments contain hydrochloric or tartaric acid in the concemtredinge of
10° - 10°M.

The solution of 18M chloride potassium was used for conditioning the
electrodes.

Experimental setup

The experimental setup consists of six ASSEs, Ag/AgQigitrence
electrode and voltmeter Atlas (Sollich Company) connected withngputer
(Fig. 1). The following ASSE were used: el - hexadecyltrimegmmonium
bromide, e2 — hexadecyl amine, e3 - palmitic acid, e4 — launt; abi —
decanoic acid, e6 — cholesterol.
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Atlas Sollich ——
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Figure 1. Experimental setup: 1 — six ASSES, 2 - Ag/AgCl/Qleference
electrode, 3 — lipophilic compound / polymer membrane,
4 — aqueous solution of acid substance

Source: self elaboration.

The working ASSEs were conditioned in*M KCI during 24 h prior to
and between measurements. After that these electrodes mmersed in
appropriate aqueous solutions of sour substances at in the rat@@\bto
102M concentrations. The electrodes’ responses were measured using hig
input — impedance voltmeter of Atlas Solich Company.

Results and discussion
Sensitivity of ASSE

The sensitivity of six ASSEs of three types: positivelyarged
(hexadecyltrimethyloammonium bromide, hexadecyl amine), negatively
charged (palmitic, lauric, decanoic acids) and neutral (dieotd}s ones of
elaborated potentiometric taste sensor in the concentratige of 10 M to
102M in hydrochloric and tartaric acids solutions was examined.

The results obtained in appropriate acid solutions for thesetreties:
hexadecyltrimethyloammonium bromide, palmitic acid and cholesteeol a
presented in Fig. 1. In all cases the relationships E = f(laggl)near. In case
of electrodes containing polymeric membrane with palmitic aadid o
cholesterol immersed in hydrochloric acid solution (Fig. 1ajl#termination
coefficients are quite good (0.9869, 0.9945, respectively). This ib@obke
of electrode with hexadecyltrimethyloammonium bromide in the membrane
where the value of determination coefficient is much lower.

In case of the solutions containing tartaric acid the determmati
coefficients for these three electrodes are again quite good:
hexadecyltrimethyloammonium bromide — 0.9582, palmitic acid — 0.9693,
cholesterol — 0.9978 (Fig. 2b).
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Taking into account the results obtained for all six electrodekatbe
slope of E =f(logC) was obtained for negatively chargettreldes containing
decanoic or palmitic or lauric acid in polymeric membrane (57.3858\87
mV, 54.35 mV, respectively) immersed in hydrochloric acid (Fig. Thg
same electrodes immersed in tartaric acid gave the foltpvasults (56.76
mV, 42.26 mV, 40.78 mV, respectively). Comparing this two seriessofits
it can be established that when negatively charged elecmogl@amersed in
a less dissociated acid they are less sensitive than imgare immersed in
fully dissociated acid solution.

Interesting enough is that much smaller slopes of the E = f{lag@e
obtained for cationic membrane component (hexadecyltrimethyloammonium
bromide, 1.66 mV, hexadecyl amine 5.13 mV) both in HCI solutions. In
tartaric acid we have the following values: - 5.08 mV and 5.58 mV,
respectively. This shows that electrodes with positivelyggth membranes
are less sensitive to concentration variation.
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Figure 2. Electric potential (E) changes of ASSEs (el — hexade-
cyltrimethyloammonium bromide, e3 - palmitic acid,
e6 — cholesterol) with electrolyte concentration,
a) hydrochloric acid, b) tartaric acid.

Source: own research.

Polymeric membranentaining cholesterol are also less sensitive to the
same solutions (1.99 mV in hydrochloric acid, 1.97 mV in tartaric) éEid.
2).

The results obtained for all the six electrodes immersed iroblgtliric
or tartaric acid solutions of M to 102M concentration range are presented
in Fig. 3. As it can be seen the radar plot patterns areasimiboth cases.
However, the el to e4 electrode responses are slightly lowerimhersed
in hydrochloric acid then in tartaric acid. It is probably due taker
dissociation of tartaric acid in comparison to HCI. It seemsttiexe is a
difference between electrode responses to strong or weak acids.
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It should be noted that the cholesterol — polymer electrode resspares
very small in comparison to other ASSE in both acid solutions (Fig. 3).

Considering the whole system of the six electrodes the fallpwi
decreasing order of selectivity can be established:

decanoic acid > palmitic acid > lauric acid > hexadecylnan®
hexadecyltrimethyloammonium bromide > cholesterol.

Figure 3. Potentiometric six-channel taste sensor responses jaartaric
acid b) hydrochloric acid in given concentrations. ASSEs:
le - hexadecyltrimethyloammonium bromide, 2e - hexadecyl
amine, 3e - palmitic acid, 4e - lauric acid, 5e - decanoic acid
and 6e - cholesterol.

Source: own research.

It should be noted that ASSEs with negatively charged membranes
proposed in this taste sensor are much more sensitivedonidentration that
for other ASSEs in previously examined taste sensor (Szpakpwska
Marjanska, & Lisowska-Oleksiak, 2009). Straight line relationshif=of
f(C)) for HCI solution suggest that such electrode mayubed for pH
determination prior to calibration.

The preliminary studies reveal that proposed in this work potentimmetr
sensor with ASSEs containing liphophilic compounds in the membrage m
be used for quality control of red wines.

Stability of ASSE

Stability of ASSEs was investigated in hydrochloric acitutsmn of
concentration equal to 20 during 7 days. The results obtained for three
electrodes (el, e3, e6) are presented in Fig. 4. The most stabl¢hey
electrode containing cholesterol in the polymeric membrane Té@) other
electrodes were reasonably stable only for three or four daysatisrihat in
these cases stability should be improved.
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Figure 4. Stability of ASSE with: el — hexadecyltrimethyloammonium
bromide, e3 - palmitic acid, e6 — cholesterol during 7 days.

Source: own research.

Conclusions

The results obtained in this work show clearly that electrodes cmgtain
negatively charged membrane (with anionic lipophilic compounds in the
polymeric membrane) have higher sensitivity than the electrodeseuthnal
or positivekly charged membranes. Straight line relationship off(€) for
HCI solution suggests that such electrode may be used foytieakl
application e.g. pH determination prior to calibratibrappears also that the
electrode potential responses depend strongly on the structlipemfilic
compound present in the polymeric membrane. It was found also that the
stability of lipophilic compound- membrane electrodes proposdusrsix -
channel taste sensor should be improved.

More research is necessary to confirm and generalize these conclusions.
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Introduction

Honey is a natural food produced by bees from nectars of blossom or
from honeydew. There are numerous health benefits of honey which since
ancient times has been known in many cultures. It has antimicrobial
antibacterial and antifungal properties, is a rich source ofjg@d bioactive
substances. Honey is known also as a source of antioxidants suckegluc
oxidase, ascorbic acid, catalase, carotenoid derivativeshiorgeids,
Maillard reaction products, amino-acids and proteins, howewerniain
components responsible for the antioxidant activity of honey amopbg —
flavonoids and phenalic acids. (Aljadi & Kamaruddin, 2004; Al-Mamalty, A
Meeri & Al-Habori, 2002; Gheldof & Engeseth, 2002; Gheldof et241Q2;
Weston, 2000; Kuguk et al., 2007). Antioxidants play an importanarotng
the components influencing the health properties of honey.

Numerous factors affect the quality of honey and thus its health
properties, including the blending process, storage conditions, aherm
treatment, etc. The most discussed topic relating to honey Ygualiteating.
Thermal treatment is applied to the honey in order to slow dowetediization
and fermentation processes and ensure stability during its aonatrige. It
may lead to drastic changes in honey’s chemical compositionitaaity f
heating to high temperatures may reduce the health benefits ey.hbo
minimise the effect of thermal treatment on the quality of hptley lowest
temperatures and shortest periods of heating are suggestedh&utthe
heating is conducted incorrectly (too slow or too high temperaturiag
pasteurisation or re-crystallisation), it can accelerateesthemical reactions.
The heating affects colour - stimulates darkening because eémaymatic
browning, including Maillard reaction and formation of HMF (lbarzakt
2000; Tosi et al., 2002). During heat treatment the activity of eezyis
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observed to decrease. The flavour and sugar compositions arenchasgi
well (Escriche et al., 2009; Karabournioti and Zervalaki, 2001j &bal.,
2008). Those changes are proportional to the temperature and haaéng
The other effect of heating are changes in the antioxidawitaaif honey.
The antioxidant activity has been reported to be strondéciad by floral
origin (honey type), especially by phenolics contents (Aljadi and Kizohdan,
2004; Bertoncelj et al., 2007; Blasa et al., 2006; Kigcuk et al., 2007}h8
studies did not preclude a potential contribution of other hoomponents
to this activity. The level of the natural antioxidantsdecreasing during
heating, but the losses could be minimised or compensated for by the
formation of the Maillard reaction products (Turkmen et al., 2Bo&gzynski
and Miotto, 2011). However, there are very limited data indicativamges in
colour and antioxidant activity during heating.

The aim of this study was, therefore, to assess the coinbaf two
factors, i.e.: botanical origin and heating, to the vaiigbih colour and
antioxidant activity in order to verify the thesis that thefrtneatment affect
these selected quality factors of honey.

Materials and methods
Samples

82 raw, unprocessed honey samples gathered in 2009 and 2010 flowering
seasons were obtained directly from beekeepers. The floral ofigamples
was specified by beekeepers regarding hive location and aeaiflabél
sources and confirmed by melissopalynological analysis (Loveau.,
1978). Monofloral honeys were considered as such whenever the dominant
pollen was found at over 45% of the total pollen (except the limaecaca
honeys, for these honeys the content of dominant pollen ought to be > 20%
and >30%, respectively), and multifloral honeys were considereda thibe
content of dominant pollen was lower than 35%. Among studied were: 17
multifloral, 8 fir, 4 acacia, 3 goldenrods, 22 rape, 7 phacelia, 4 8eather,
4 mixed nectar-honeydew and 10 buckwheat honeys. Each sample was
divided into 5 100 g parts: one of them was analysed in its tai® s
(unheated) and four were analysed following heat treatment at 50, 60, 70 and
80° for 72 hours in a temperature-controlled oven. Immediately aftengeati
the honey samples were rapidly cooled down and kept in dark, at a room
temperature (20°C) before analysis, maximum for 10 days.

Physicochemical analysis

Colour parameters (L*, a*, b*) were established in the CIE systeng
a Minolta CR-400 Chroma-meter (Konica-Minolta, Japan). In order to
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evaluate the colour differences among honey samples due ttav&cors
(type, heating)AE* = ((L1*-L 2*) >+(a*-a2*) >+(bi*-b2*) 22, was calculated.

Antioxidant activity

The antioxidant activity was measured using two assayssdawenging
activity against 1,1-diphenyl-2-picrylhydrazyl hydrate (DPPlsadical of
honey was estimated according to the procedure described byérugiral.
(2005) with some modifications. The 2-g honey sample was dissoivE0
mL of distilled water, centrifuged and filtered by a papierfi Then 0.75 mL
of the solution was mixed with 2.25 mL of 0.1mM methanol solution of
DPPH 1,1—-diphenyl-2-picrylhydrazyl (Fluka, Germany). The control test w
made with distilled water in place of the honey solution. Theti@amixtures
were vortex-mixed well and left at a room temperature in daegk for
incubation for 60 min. Absorbance was measured=&l7 nm against
methanol, using a UV-VIS spectrophotometer Unicam. The antioxidant
activity was expressed as a percentage of inhibition of DRPdtical and
calculated from the equation:

AA[%] :(Abscontr'AstampIQ/AbS:ontr' 100%

The antioxidant activity of honey samples in the reaction wibls
ABTS" radical cation was determined according to Baltrugagtyal. (2007).
ABTS* was obtained in the reaction of a 2 mM stock solution of&zRio-
bis-(3-ethylobenzothiazoline-6-sulfonic acid) diammonium saltuk@;l
Germany in phosphate-buffered saline with potassium persulfat€ HPO
Poland). The mixture was left to stand for 24 h. Prior to arslyis2 ABTS
solution was diluted with phosphate buffer saline (AppliChemnfaay) to
produce a solution with absorbance of 0.80+0.03-@B4nm. The 2-g honey
sample was dissolved in 10 mL of distilled water, centrifugedittaced by
a paper filter. Then 0.1 mL of the solution was mixed with 6 mRABTS*
solution, vortex-mixed well and after 15 min absorbance was mezhat a
wave length of 734 nm. The control test was made with distileger in place
of the honey solution. The antioxidant activity was expressedrasrpage
inhibition of ABTS', calculated from the same equation as for DPPH.

To determine the total phenolic content of honeys, the methocedadM
et al. (2005) was employed. Honey solutions with the concentration of
1g/10mL were centrifuged, filtered by a paper filter. Aftards, 0.5 mL of
the resultant solution was mixed with 2.5 mL of 0.2N solution ofnFoli
Ciocalteau reagent (Fluka, Germany). Then 2 mL of sodium carbonate
solution (75g/L, POCH, Poland) was added. After incubation in dzakaa
room temperature for 2 h, absorbance of the reaction mixture wasimaéa
atA=760 nm using a Unicam UV-VIS spectrophotometer. The standard curve
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was produced for gallic acid within the concentration rainge 0 to 200
mg/L. The total phenolics content (TP) was expressed asc gatid
equivalents in mg/100g of honey sample (mgGAE/100g).

Statistical analysis

One-way and two-ways analysis of variance (ANOVA) weredu®
examine the effects of botanical origin and heating on colour pteesne
antioxidant activity and phenolics content of honey samples. Thet ks
used to estimate the statistically significant differen{fessalue <0.05).
Correlation coefficients (r) were calculated additionallydietermine the
correlation between the particular parameters. The lesilmos were
performed with statistical software package StatisticaB&t$oft Inc. Tulsa,
USA).

Results and discussion

Table 1 shows the initial colour parameters of honey samptierent
types (measured at 20°C) and their changes after thermailghaab0-80°C
for 72 hours. The colour depends on the biological origin of hondyisa
related to the content of phenolics, pollen, minerals and pigmAs it can
be seen, the raw honeys with the greatest lightness we@cttia honeys
(L*=40.4). Buckwheat honeys exhibited the least lightness of theuc
(L*=22.02). In turn, a* values (redness) were the highest invblie&t honeys
and the lowest (negative values — green direction) in adamneys. The
highest b* values were observed in the samples of mullitioichlime honeys.
The buckwheat honeys had the lowest b* values. These valuem are
agreement with those found by other researchers (Popek 2002).

It could be seen that heating had a considerable influence on ¢he col
of the investigated honeys. L* was found to decrease in all typbeney
during thermal treatment. The higher the temperature wastrtreger the
impact on lightness was.

Finally, in all types of honey heated at 80°C, the L* fluctuatedind 20.
Values of a* and b* were also changing under heating, but thoseediftes
was rather negligible. Generally, it could be seen that afevalised in pale
honeys, while in dark honeys (buckwheat, heather and fir) it dectebs
comparison with the initial value, in most honey types the b* wahghigher
after heating at 50 and 60°C, and lower after heating atd/8@&#?C. Table 2
presents the colour differences calculated between thendweated honeys
at the range of four kinds of temperatures.
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Table 1. Colour parameters of different types of honey and their
changes during thermal heating

Honey Temp. L* ar b*
type (n) X SD min max X SD min max X SD min Max
- 4040 | 257| 37.28] 4354 08§ o7 148 o02b 2121 3ps 114 4488
_ 50 37.26 | 280| 3438 4063 369 340 -0d6 848 2340 39  1B67  37.47
éc)ac'a 60 3086 | 203| 2796 3259 563 383 22h odo 1942 3b3  1b12  24.34
70 2643 | 452| 2033 3126 847 4ds 10 1173 1430 73 a7 0.38
80 2073 | 205| 17920 2279 606 249 36 od2 sls8 1p1 35 d27
- 2002 | 1.79| 2006 2584 451 268 15 oot ado 29 20 de3
50 2120 | 1.99| 1988 2597 201 149 o4 sd8 231 ob7  1le3 469
?luoc)k""hea‘ 60 2063 | 034 2035 2121 151 o097 o052 33 222 ops 173 454
70 2017 | 018| 1987 2046 o044 odr o1k ods 199 opo 165 430
80 1977| oe66| 1818 2024 o042 o043 o1 ods 191 ops 156 .26
- 2040 | 7.97| 21.02| 425 212 248 -3d7 575  13)81  9.p4 354 3174
_ 50 3220 | 846| 2047 4268 237 292 =248 s5ds  1do2 1937 es 8.73
?:)aw"a 60 3044 | 712| 2063 397] 477 342 146 oo 1ds0 1]oo 221 1.35
70 2565 | 427 2003 3164 649 437 04 113 103 6o 177 0.04
80 2154 | 216| 1998 2626 340 345 o04b 100 3b5 202 175 Jous
- 2850 | 111| 27.65| 208 o098 ods 02 20p 1134  op7  1ps7  Jres
50 3038 | 7.12| 2251 3631 157 143 o04f 281 1764 10.72 578 6.62
g??'de”mds 60 3231| 7.31| 2405 379 307 246 14 540 2050 1240 660 0.44
@ 70 2782 | 133 26.71] 2030 1285 140 11p1 1437 1471 2e2  qJre3 7.7
80 2261 | 017| 2243 2274 7739 odo 73F 838 512 ops 4fs3 452
- 2381 | 145| 2091 2549 484 170 29 62p 643 2b5 shis 1034
50 2003 | 268 1911 24338 195 1d6 07 200 sft  2bo  2es  da42
?:)ather 60 2280 | 274| 2098 2596 3560 440 o8 8% 563 4k0 285 qo.s2
70 21.95| 144| 2100 2361 345 432 06} 843 435 287 235 1.79
80 2086 | 057 2051 2152 205 148 06 3t 3f4a  obo  2ar 4o
- 2324 | 289| 2088 2061 260 228 04 72 et 3b2  3psa  dha
50 2279 | 331 2053 307 2260 140 040 526 565 sp7 206 947
honeydew g § g
® 60 2408 | 506 2070 3619 334 341 040 833 o6$0 8pa 10 2576
70 2077 | 089| 1915 2217 112 142 012 435 294 1p3 179 496
80 2062 | 091] 1906 2163 1260 148 043 3140 3]1 ops 251 ds4
- 3218 | 345| 2862 368 o052 o076 041 177 1484 2p7  1p32  Jo.72
_ 50 3464 | 439 2734 39018 409 493 -0fs 1079 24a4 4lss 195 5.0
'('::;e 60 3237| 798| 21017 4059 463 240 18 763 2185 1023 g23 0.51
70 2836 | 572| 2294 3713 698 1d1 43 082 1501 8p7 648 4801
80 2271 | 143| 2094 2450 647 241 18l 878 547 2p5 34z doa
- 27.42 5.56 19.91 33.31 4.12 4.07 1.1 9.8B 14|91 5.42 9l45 21.85
mixed 50 27.67| 292| 2330 2033 <751 od4 67 793 1457 4o 728  {7.60
honeydew | 60 2760 | 389 2425 3164 o044 261 58)  11ls 1463 660 858 2116
@ 70 2218 | 132| 2030 231] 604 345 o04f o 8 2ps 240 116
80 2164 | 098] 2073 2304 a77] 340 18 od3 438 13 286 ds5
- 3222 | 499| 2216 407 053] 128 187 225 1471 ape  4st  dp.27
_ 50 3221 | 553| 2108 4073 411 3d8 1fa 1057 1d37  7po 26 2.06
(“l“;')“ﬂora' 60 3047 | 7.97| 2111 4594 407 3d2 144 11fi7 1988 1958 qo7 0.31
70 2621 | 617 20200 4114 560 447 042 1213 1179 o3 1|96 4.29
80 2300 | 336 2070 3169 618 540 -0d2 1779 eb7  eb2 235 4170
- 3265 | 466| 2547 4304 o052 100 1d2 34p 1324 ap1 767 4233
50 3334 | 365| 2580 3908 328 340 =243 1200 1daz sk gls8 6.96
I;;’f 60 3150 | 615 2023 4154 463 343 043 140 1437 sis 343 0.87
70 2765| 512| 2000 3683 804 343 ool 12la 1400 s8fz7  1lo3 8.70
80 2337 | 236| 2043 2737 749 346 o02p 131 7h7  3b7 220  fa03

Source: own research.
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Table 2. Colour differences AE ) between raw and heated honeys

Honey type AE (CIE L*a*b*)
50°C 60°C 70°C 80°C
rape 6.79 6.66 9.07 13.00
lime 8.76 8.14 7.51 14.34
acacia 5.94 11.67 19.01 26.30
honeydew 0.72 1.37 4.28 4.20
buckwheat 3.69 4.25 5.33 5.54
multifloral 5.12 4.11 8.38 13.46
heather 3.84 2.08 3.32 5.54
mixed 3.41 5.33 10.96 12.03
phacelia 5.11 5.32 6.40 12.76
goldenrods 6.58 10.11 12.08 10.62

Source: own research

These differences were more noticeable in the samples hee866Ca
than in those treated at 50 and 60°C, which indicates a great depeatlenc
colour on temperature of heating. Greater colour differencagrmed in the
pale honeys, especially in acacia honeys.

Table 3. The impact of honey type and heating on selected parameters,

0=0.05
Parameter Heating Type
F(1,164) p F(1,164) p

L* 9.12798 0.000000 15.51410 0.0000p0
a* 5.28501 0.00000( 4.17240 0.0000B87
b* 7.55151 0.00000( 15.83027 0.000000

AApppPH 4.02227 0.00000( 3.39733 0.000409

AAaBTS 12.30281 0.000000 14.33236 0.000000
TP 15.41343 0.000000 42.17375 0.000000

Source: own research

As seen from the statistical analysis (ANOVA, F-Testga] table 3),
the type of honey and temperature of heating as well hachificagt effect
on the colour parameters.

The ability of honey to scavenge free radicals was evalusied the
DPPH and ABTS assays. The results obtained for the antioxidant activity are
shown in table 4. In the raw honeys the average antioxidanityaatloPPH
reaction system varied from 47.2% in acacia to 83.4% in heatmey$io
Generally, it could be said that this activity decreased in hesweyples heated
at 50 and 60° and increased in these treated at higher tamgerahere were
some exceptions, e.g. in heather and fir honeys the radicedraging activity
in the samples heated at all temperatures was lower thdme isatme raw
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honeys. Heather and fir honeys showed the highest starting wélue
antioxidant activity.

As well as antioxidant activity in DPPHEssay, in ABT Sreaction system
the highest average antioxidant activity was shown for thehdarkys — e.g.
buckwheat honeys (50.17%). The antioxidant activity increased stk
heated samples and reached the highest values in the honelydiez@eC -
in most honey types average value was around 70% (table 4iltifiaral,
mixed (nectar-honeydew), lime and rape honeys heated at 50 andl&d °C
scavenging activity against ABT8ee radicals decreased in comparison with
the unheated honeys. However, at higher temperatures the asesagaging
activity in those types of honey raised significantly.

The lowest average total phenolics content was observegéarhaney
(47.5 mg/kg) and increased in the following order: lime (49.0 mg/kgghiaa
(51.3 mg/kg), acacia (53.1 mg/kg), nectar-fir (54.8 mg/kg), multiflggal5
mg/kg), goldenrods (80.7 mg/kg), honey dew (87.4 mg/kg), heather
(155mg/kg) and buckwheat (177 mg/kg) (table 4). As it was expebtedark
honeys had the greater phenolics content. Similar results oléagned by
Bertoncelj (Bertoncelj et al., 2007), Blasa (Blasa eR@l6), Meda (Meda et
al., 2005) and Lachman (Lachman et al., 2010).

It could be seen that in all honeys, except for the heatheriotal
phenolics content was increasing continuously during heat-treatment.

It is worth noting that the type of honey and thermal treatm8nenced
all parameters (table 3). Different trends in changes iartiexidant activity
and total phenolics content as affected by the heating processstét from
differences in the formation of Maillard reaction products (MRPThe
increase of MRP’s is the more noticeable in the highepéeatures (Turkmen
et al, 2005).

According to previous studies (Brudzynski and Miotto, 2011;
Wilczynska 2010) the antioxidant activity measured using two assays was
higher in the honeys with higher phenolics content and of darkerrcdiou
this study, buckwheat honeys were the most active honeys agaesidicals
and contained the higher level of total phenolics.

The correlations between colour parameters, antioxidantitgcéiad
total phenolics content were studied as well (table 5).

Statistically significant (p<0.05) linear correlations wérend between
L* and b* values (r=0.86) and between antioxidant activity in ABfE&ction
system and total phenolics content (r=0.83). A strong negativeaioon was
found between L* value and antioxidant activity in ABTS reat8ystem and
total phenolic content (r=-0,69 for L*/TP, r=-0,71 for L*/Aérs, p=0.05). It
means that changes in the total phenolics content and antioxudiarty @are
strongly connected with the formation of products of Maillaakctions. The
latter play an essential role in honey darkening undertresment; the loss
of natural antioxidants (polyphenols) is compensated for by the fiomuait
the Maillard reaction products.
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Table 4. Antioxidant activity (AA) determined by ABTS and DPPH
assays and total phenolic content (TP) in different honey types.
Changes during heat-treatment

Honey type Temp. Aloppr. [%] AA pets+{%)] TP [GAE/100g]
(m) X SD min max X SD min max X SD min max|
~ | 3133| s578| 2559 3670 604 60L 249 1263 3571 H40 2974 4055
_ 50 | 48.39| 1088 3350 5724 787 548 467 1545 3602 3.38 323 39.06
ac(z)c'a 60 | 2593| 11.75| 1464 3699 1341 844 898 20009 3791 78 3423 4487
70 | 61.00| 1226 4434 7364 3247 1112 2345 45083 6455 4760 4310 Je182
80 | 6228| 1522| 3090 735§ 6744 1456 4923 89|13 7438 .59 @424  Bo.oL
~ | 7a11| 1713| s32q 1000p 5047 30p4 10jos oils5 14855 H98.34 47.25  422.98
50 | 58.82| 2089 17.24 8131 649d7 12b4 47)44 8131 18b21 4857 1636  258.09
b“cﬁ"éhea‘ 60 | 57.42| 2433 2624 8664 9943 041 9946 10400 19B.38 4951 4534  280.00
@0 70 | 6479| 2025 1209 1004 9940 044 ool46 10400 2480 4767 16703 $00.15
80 | 68.17| 2624| 158] 8561 9843 082 979 99]30 24h82 {818 1p0s2  305.12
~ | 6050| 15.39] 3114 76.3d 3930 2609 9]0 7669 7773 Su78 2719 1e8.34
_ 50 | 60.50| 1539 3114 76.3] 4248 2968 4b5  74lea 8412 43.73 2561  410.57
pha;e"a 60 | 57.07| 2120 200] 8664 493 34p7 1005 9932 8308 4032 4547 {87.17
o 70 | 7058| 10.10] 525§ 8514 5849 30f2 20003 10400 1125 $6.91 4884  $69.16
80 | 6858| 16.78] 3694 8561 7843 22p9 3352 9873 1579 46.73 6.43  301.55
- |'5337| 311| 5019 5640 409p 3331 219 7986 8067 776 356 171.56
50 | 5337| 311| 5019 564d 1101 323 7450 1385 3605 06 3503  37.15
9°'d53"'°d5 60 | 5597| 352| 5284 597 2074 305 1739 2387 3802 45 372 8.53
® 70 | 79.46| 127| 7824 808 4643 4dl 4181 50j6 7139 469 6704 1636
80 | 7359| 344| 7063 7734 4983 343 4732 5352 9432 486 8840  97.76
| 9516| 839| 8547 1000 327p 1795 21j42  53p6 12365 6006  ALol  189.52
50 | 8547| 000| 8547 85471 2241 o0do 22001 2201 1077 doo4 4382  135.69
heag‘her 60 | 4314| 000| 4314 4314 6591 o000 6501 65001 108.63 JL64 §3.79 12337
® 70 | 57.40| 225| s58] 589 77.d2 o0do  77)e2 7762 14935 156 d7.08  400.18
80 | 5354| 218| 511d 5530 7845 000 7845 7845 17186 d6.49 1B6.99  207.17
~ | 6774| 1599 3793 835] 3108 1761 960 5443 6083 20 4b4d4 12,95
50 | 66.06| 1141 4164 8059 2949 504 2628 35001 6428 1407 4352  Bo.s3
honzdew 60 | 4435| 27.58| 812 7531 5448 298 5Lp2 57007 7076 1312 4614 $7.20
70 | 55.78| 1945 2020 6974 7943 1582 6854 90[92 14559 {310 4207  250.00
80 | 5349| 2022| 1184 7204 816 0do 8113 82j39 12p10 1910 4587 15103
~ | 6269| 984| 5197 771d 2347 631 1780 30B3 4498 463 3B06  40.56
_ 50 | 58.96| 12.37| 458] 7714 1943 1114 11)s6  27j61 5183 1348 4127 a5
"Te 60 | 54.04| 1407| 412] 7294 3041 108 2351 37/o1 5487 1629 49.41  [9.68
@ 70 66.06 12.13 51.74 76.64 48.04 5.715 43[97 5211 64.23 .94 57.03 4.67
80 | 6270| 13.35| 4433 7779 8547 598 s81s3 8972 1087 4756 €292  148.45
~ | 6a00| 2768] 238] 8284 37.856 14%4 213 563 6470 o4l 4870  $1.20
mixed 50 | 67.53| 22.47| 3434 8284 2649 10f2 2002 3833 6981 1337 49.06 p9.35
hgﬁ;;fgew 60 | 71.56| 7.47| 6409 789 4919 1596 3655 67j12 6400 1373 5733  B7.05
® 70 | 6550| 1218] 5184 8149 s84do 748 76j53 o092 1459 7017 97.88  350.00
80 | 60.77| 475| 5494 6619 7848 2161 5451 95449  1d61 4579 1p7.23  160.31
~ | e116| 1617| 383 s8L19d 2544 1635 443 60Bo 4843 1pi2  3pol  {1.88
) 50 | 57.73| 1521 383 8Lod 1647 109 4k  30l65 5417 1326 3070  B2.25
m”'"lf';”a' 60 | 4868| 2028] 901 7374 3432 1690 1535 59009 6083 4461 3052  116.87
@n 70 | 68.25| 1056 431 8211 5140 13h8 3396 6886 129 4178 4636  250.00
80 | 6423| 997| 421d 7931 7363 2060 45835 96]34 1455 d158 191 8412
~ | 4945| 1015| 3684 7847 17.78 445 9843 2643 3495 454  1f57  4s.98
50 | 51.36| 11.02] 1969 66581 69f 369 13 1243 3809 190 2p20 7045
'(azg‘j 60 | 37.82| 17.15| 3.40| 6974 1043 4ad4 o7 2462 4056 1ea Arse 1273
70 | 66.71| 945| 4679 8199 3391 1605 245 56j18  6J6l .83 d6.23 13232
80 | 7217| 828| 4504 8324 46d4 706 3507 5845 7934 1737 49.09 12139

Source: own research.
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Table 5. Correlation matrix

L* ax b* AApppr | AAnsts P
L* 1.00 - - -0.30a -0.59a -0.63a
a* - 1.00 - 0.21a 0.13a -0.18a
b* - - 1.00 -0.19a -0.52a -0.62a

AAoper | -0.30a | 0.21a | -0.19a | 1.00 051a | 0.32a
AArsrs | -059a | 0.13a | -0.52a | 05la | 1.00 0.66a

TP -0.63a | -0.18a | -0.62a | 0.32a | 0.66a | 1.00
Source: own research.

Conclusions

This study indicates that the dark honeys (buckwheat, fir,hbBat
showed the highest antioxidant activity and total phenolic content, while pale
honeys (rape, acacia, lime) demonstrated the lowest respective.value

It was found that heating led to significant variationsewels of these
quality parameters. Heat treatment leads also to an incieatbe total
phenolics content and antioxidant activity due to the formation aifldvid
reactions products. It causes also the darkening (browning) of hanpiesa
which may contribute to the approval by the consumers.
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