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IIposedeno ananiz ocnosnux memooie mooeatosan-
HA peuenmyp 6GiAK0B0-IHCUPOBUX CYMiwel CneuianibHo-
20 NMpusHaueHHs. SHAUHY Y6azy NPUOileHO NUMAHHIO
eubopy cnocobie cmabinizauii ix ninionoi cknadoeoi
6i0 oxucnozo ncyeanns. Ilioxpecaeno axmyanvricmo
nioeumwenHa OKUCHOI CMAabibHOCME OIAK0B0-JICUPOBUX
cymiwell 3a paxyHox NpupooHUX AHMUOKCUOAHMIE,
002pynmosano 00UinbHICMb KOMNIEKCHUX 00CTI0NCEND
ix enauey na cmabiavnicmv 00 OKUCHEHHA HAUOLILWL
Na0inbHUX 0I071021UHO AKMUSHUX PeUOBUH OLIIK0BO-)ICU -
posux cymiweil.

Bcmanosneno emicm ypanosux anmuoxcuoanmie é
Hacinni kynxicymy copmis Inona, Kadem, Bospun, éusna-
UEHO KOPEeNAUTI0 MINC BMICHOM CE3aMOJIY BLIbHO20 i 3651~
3anoeo (cezamonuna). Taxoxc docaidxceno emicm o.-mi-
HOJIEH060I Kucaomu i moxkogeponié 6 AIAHOMY HACIHHI
copmis Iligdenna niu, Kisixa, Cumnamix. Q0zpynmosaio
eubip copmie Kymicymy i JAbony O0AL CMEOPeHHs Oi-
K0BO-ICUPOBOT CYMiWi CneuianviHozo NPuHaueHHs, wo
€ 0XcepesoM NONTHEHACUMEHUX HCUPHUX KUCJAOm 3- O
2pynu i aHMUOKCUOAHMIB CE3aMOTIY MA CE3AMOTIIHY.

Hocnioxceno enaue emicmy cezamoniny i 60J0-
2ocmi 8 HACiHHI KyHycymy copmy Lnona na cmiiixicmo
00 oxucHenns o020 ninionoi ckaadoeoi, ompumana
MamemMamuuna 3aneHCHICMs, W0 ONUCYE MAKUIL GNIUE.
Busenena 3axonomipnicmo 30invuenns cmabiaviocmi
00 OKUCHEHHA HACIHHA KYHICYMY npu nid8uueni iiozo
sonozocmi 3 4,0 00 9,5 %, w0 ModcHa nosacHumu inmen-
cugirxauicio 2idponizy cezamoniny 3 6UdiIEeHHAM anmu-
oxcudanmie cezamony i caminy.

Hocaidxceno epexm cmabGinizauii o-ninoneH060i
xucaomu ananozo nacinns (copm Iliedenna mniu) 6
0inK060-JICUPOGIIL CYyMimi CneuianrbHo20 NPUSHAUEHHS
8iioHUM cezamonom kynxcymy. /losedeno, ugo eazomuil
B6NIIUG HA NPOUEC 2ANbMYBAHNHA OKUCHEHHA INidie OiJ-
K080-2CUPOBOT CYMiuli CNeUianbHo20 NPUIHAMEHH Hece
pauionanvHe CniB6IOHOWEHHS 3-© HCUPHUX KUCAOM i
cezamony.

Memoodom cencopnoi ouinku o0rpynmosamno emicm
0iNK080-ICUPOBOT CYMimi Cneuianvioz0 NpusHaA“eH-
HA 6 conamnuxosii xanei na pieni 20 %, docaiodiceno
oKucHy cmabinvricmv, opzanonenmuuni i Qizuxo-xi-
Miuni noxasnuxie saxocmi npooyxmy. Busnaueno, wo
cmabinvicmo 00 oxucnenns (i, 36icno, npozno3osaii
mepminu 36epieanns) mMoOeIbHUX 3PA3KIE COHAUHUKO-
80i xaneu sanexncamo 6i0 emicmy 6 HUX 0INK060-IHCUPO-
801 cymiwti

Knrouoei cnoea: xynicym, n1von, cezamon, ceaamo-
M, o-NiHONEeH08a KUCOMA, GLK0BO-)HCUPOBA CYMIuL,
OKUCHE NCYBAHHA, AHMUOKCUOAHMU, COHAWHUKOBA
xanea
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1. Introduction

The newest and most promising direction in the oil and
fat industry is development and production of combined
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products of lipid-protein composition for special purposes,
that is, for nutrition of certain segments of population —
children, athletes, pregnant women, the elderly, etc. The
composition of such protein-fat mixtures (PFM) is consis-



tent with modern concepts of nutrition. Most often, the raw
materials for PFM are meat products, milk proteins (casein,
albumin and serum globulins), products of soybean process-
ing (soybean flour, isolates, concentrates, etc.), wheat glu-
ten, oils and fats of various fatty acid composition, etc. [1].
Their application allows food industry enterprises, in partic-
ular, confectionery enterprises, to unify production technol-
ogy and expand the range of products [2].

A tendency of animal proteins replacement with com-
bined vegetable protein mixtures has been observed in food
production recently [4, 5]. Their use is due to technological
properties, which are understood as proteins behavior in
food systems: ability to form emulsions, gels, foams, absorb
and retain fat, water, play the role of binding agents, etc. [6].
These semi-finished products can improve technological in-
dicators, replace scarce animal raw materials and enrich food
products with essential nutrients (essential amino acids, ®-3
polyunsaturated fatty acids, vitamins, minerals, carotene,
chlorophyll, phytosterols, etc.). Studies aimed at the PFM
oxidative stability increasing due to natural compounds
with antioxidant activity are relevant taking into account
the low oxidative stability of most lipophilic biologically
active substances of the PFM.

2. Literature review and problem statement

The results of development of the PFM with fatty acid
composition of lipids shifted towards saturated fatty acids
are presented in [7]. It was found that the duration of prod-
uct storage was longer than control sample storage. The
reason of this was significantly higher lipid component oxi-
dative stability. This method of products shelf life increasing
has a disadvantage. It excludes the ability of products to
have nutritional and biological values in addition to techno-
logical value.

The results of development of the PFM with a balanced
ratio of fatty acids, reduced to a natural level content of
fatty acids trans isomers and vitamins A and E content are
presented in [8, 9]. The authors propose using the developed
mixtures as enrichment, improvers or substitutes in the pro-
duction of new or traditional food products, in particular,
in meat processing products and in ice cream technology.
A drawback of these developments is obtained food systems
stabilization by synthetic antioxidants, in particular, butyl
hydroxytoluene (BHT) and butyl hydroxyanisole (BHA).
So it is advisable to search the natural antioxidants to stabi-
lize unsaturated lipids of the PFM.

This problem was partially solved in [10]. The possi-
bility of products lipid component stabilizing by complex
antioxidants, which include such compounds as synthetic
BHA, BHT, propylgallate, and as natural ones — tocopherols
and ascorbyl palmitate, was shown. The weak side of this
approach is associated with potential toxicity of synthetic
compounds for the human body.

The work [11] describes a method of fat-containing prod-
ucts quality improving by incorporating tocopherol of plant
origin. It was found that this provides products shelf life and
biological value increasing. But it is worth noting that it is
more advisable to use not individual antioxidants, but their
mixtures, in oil and fat products production taking into
account the increase in their effectiveness due to synergistic
interaction.

A method of fat-containing food products stabilizing
with a complex natural antioxidant of plant origin was pro-
posed in [12]. The effectiveness of such mixtures is much
higher due to the synergism than the use of individual anti-
oxidants. But such additives have a rather high cost, which
negatively affects the production cost, which means that the
circle of its consumers is reduced.

The use of plant materials rich in antioxidants in PFM
technology was described in [13, 14]. A PFM for special
purposes, which contains flax, sesame, sunflower seeds
and refined corn oil was developed. The product contains
®-3 polyunsaturated fatty acids (PUFAs), vitamins, trace
elements, and is resistant to oxidative damage due to plant
antioxidants presence. In addition, this PFM contains
essential branched-chain amino acids (BCAAs) and can
be recommended for athletes as a source of BCAAs. The
authors proved that the substantiated component com-
position of the PFM determined its high biological value
and long shelf life. The high biological value is due to the
content of flaxseed in the PFM, which is the source of
®-3 PUFA. The long shelf life of the product is ensured
by the content of sesame seeds, which is a source of furan
lignans, some of which (sesamol, samin) have antioxidant
properties [15, 16]. In addition, tocopherols are present
in sesame oil. As is known from studies [17], sesamol is a
synergist of tocopherols, and therefore these substances
can be considered as a complex antioxidant. In addition,
the aforementioned scientific papers [13, 14] describe
the positive effects of adding the developed PFM to the
confectionery product (cream sweets) for the rational
nutrition of athletes.

It should be noted that dependence between the shelf
life of the PFM, which contain sesame seeds, and mutual
influence of factors affecting this process has not been
revealed at present. For example, such factors are content
of free and bound sesamol of sesame seeds, moisture and
PUFA. Accordingly, the shelf life of the PFM is directly
related to the oxidation stability (induction period) of its
lipid component. This suggests the need for research in
this area.

3. The aim and objectives of the study

The aim of the work is to study the oxidative stability of
a protein-fat mixture based on sesame and flax seeds for use
in halva technology. This will increase the biological value of
the PFM and products based on it, as well as increase their
shelf life.

The following tasks were set to achieve this aim:

— to identify and select raw materials for PFM for special
purposes — sesame variety with the most effective antioxi-
dant complex and flax variety with a maximum content of
®-3 polyunsaturated fatty acids;

— to investigate the effect of bound sesamol (sesamolin)
content and moisture on seeds lipid component resistance to
oxidation in sesame seeds;

— to investigate the effect of stabilization against oxida-
tive damage of o-linolenic acid of PFM for special purposes
by free sesamol of sesame seed;

— to substantiate the confectionery product formulation
with the addition of PFM for special purposes and determine
its organoleptic and physicochemical parameters.



4. Materials and methods for studying the influence of
sesame antioxidants on oxidative stability of PFM for
special purposes

4. 1. Materials and equipment used in the experiment

The following materials were used for research:

— sesame seeds according to DSTU 7012;

— flax seeds according to DSTU 4967,

— granulated sugar according to DSTU 4623;

— syrup according to DSTU 4498;

— soap root extract according to regulatory documents.

PFM for special purposes is a mixture of dried ground
flax and sesame seeds in different ratios. The following ratio
of PFM components (flax seeds — 50+2.0 %; sesame seeds —
50£2.0 %) was selected to develop a confectionery product.

Photographs of obtained PFM samples are shown in
Fig. 1.

a b c

Fig. 1. Photographs of PFM samples with different content of
components: a — flax seeds — 70 %, sesame seeds — 30 %);
b — flax seeds — 50 %, sesame seeds — 50 %; ¢ — flax
seeds — 30 %, sesame seeds — 70 %

Grinding of seeds was carried out on a Glasser vertical
blade chopper (Infel, Russian Federation) (rotation speed is
about 7,000...10,000 rpm). The resulting mixture had a thick
paste consistency. Glasser vertical blade chopper allows you to
grind raw materials to a particle diameter of 150...200 microns.

4.2. Method of determining the content of antioxi-
dants in oilseeds

Lipids were preliminarily extracted from oilseeds to de-
termine the fat-soluble antioxidants in oilseeds. The content
of tocopherol in seed lipids was determined by the spectro-
photometric method. Analysis of seeds lipids containing
free sesamol included extraction of sesamol from oil with an
aqueous alkali solution, colorimetric reaction with aqueous
sulfuric acid with furfural presence, and spectrophotometric
determination. Analysis of seed lipids containing bound
sesamol (sesamolin) was carried out in an oil solution af-
ter isolation of free sesamol from it. The analysis included
measuring the absorption spectrum of the oil solution in the
range of 250—320 nm. Sesamolin does not give a purple-col-
ored product of a colorimetric reaction with these reagents.

4. 3. Method of determining the moisture content in
oilseeds

Moisture determination of sesame seeds was carried out
according to standard methods. The essence of the method is
to dehydrate a sample of ground seeds in an air-heat cabinet
at fixed parameters (temperature — 110 °C, drying time —
10 minutes) and determine its weight loss.

4. 4. Method of determining the stability to oxidation
of oilseeds, PFM and model samples of sunflower halva

The oxidative stability of ground flax and sesame seeds,
as well as their mixtures, was studied using the acceler-

ated “active oxygen” method. This method is based on
the exposure of the ground seeds at a constant elevated
temperature and determination of the degree of oxidation
of oil in it at regular intervals, which is characterized by
the peroxide value. 50 g of the studied sample was intro-
duced into the weighing bottle and placed in a drying
cabinet heated to a temperature of 85+2 °C. Samples of
ground seeds for peroxide value (PV) determining were
taken with a spatula in the amount of 5.0+0.02 g in a
pre-weighed ground-glass stopper flask; the flask was
re-weighed after cooling the sample. The oxidation indi-
cators were determined according to the mass difference
of the taken sample. The oil was extracted and the PV
was measured. The oxidation of oils was carried out to
the PV equal to 10 mmol % O/kg, taking into account the
inappropriateness of further oxidation. The values of the
induction period were determined graphically from the
curves of peroxide values growth.

4. 5. Method of determining the o-linolenic acid con-
tent in oilseeds

The fatty acid composition of the oils extracted from oil-
seeds was determined by the standard method of gas-liquid
chromatography on a Shimadzu chromatograph (Japan).
Evaporator temperature — 240 °C; detector temperature —
250 °C; speed of carrier gas (hydrogen) — 1.0 ml/min., flow
division — 1:60. Fatty acids were identified by comparing
their retention times with the retention times of reference
samples. The content of fatty acids, in particular c-linolenic,
was calculated as a percentage of their total.

4. 6. Method of sunflower halva obtaining

Sunflower halva obtaining included the following stages:
obtaining caramel mass from granulated sugar and syrup,
obtaining whipped caramel mass from the original caramel
mass and soap root extract, and actually mixing the whipped
caramel mass with the mass of fried ground sunflower seeds,
to which a certain amount of the PFM for special purposes

is added.

4.7. Methodology of the study of sunflower halva
quality indicators

Sensory evaluation of halva samples was performed by
experts according to ISO 8586-1 and ISO 8586-2. The ol-
factory, gustatory, tactile sensitivities of the experts were
determined in accordance with ISO 5496: 1992, ISO 3972:
1991 and ISO 11036. A special system of scoring for sensory
assessment was used. Scoring quantitatively expresses a
number of quality indicators of the studied halva samples.
The organoleptic evaluation of halva samples was determined
according to DSTU 4188. The mass fraction of moisture in
halva samples was determined according to GOST 5900,
the mass fraction of fat — according to GOST 5899, the mass
fraction of total sugar — according to GOST 5903.

4. 8. Experiments designing and statistical processing
of research results

Mathematical methods were applied to plan the experiment
and process the data using the software packages Microsoft
Office Excel 2003 (USA) and Stat Soft Statistica v6.0 (USA).
We used a three-level plan for the two-factor response func-
tion to study the dependence of the induction period of lipid
oxidation of oilseed and PFM samples at the temperature of
85%2 °C on the content of free and bound sesamol (sesamo-



lin), a-linolenic acid and the mass fraction of moisture. The
studies were carried out in triplicate. For a given degree of
probability P=95 %, the relative error did not exceed:

-~ 2% in determining the tocopherol fraction of seed
lipids;

— 4 % in determining the content of free and bound ses-
amol in oilseeds;

-0,5% in determining the fatty acid composition of
oilseed lipids;

— 4 % in determining the peroxide value of lipids of oil-
seed and the PFM;

— 5% in determining the induction periods of lipids oxi-
dation of oilseed and the PFM,;

—0.25 % in determining the mass fraction of moisture of
oilseeds and sunflower halva;

—0.5% in determining the mass fraction of fat in sun-
flower halva;

— 1% in determining the mass fraction of sugar in sun-
flower halva.

5. Results of the study of sesame antioxidants effect on
oxidative stability of the PFM for special purposes

5. 1. Study of the target components of raw materials
for the PFM for special purposes

Samples of sesame seeds of Ilona, Kadet and Boyarin
varieties were studied to determine the content of tocoph-
erols and the sesamol specific antioxidant — free and bound
(sesamolin). The results are presented in Table 1.

Table 1
Content of antioxidants in sesame seeds of different
varieties
Sesame Tocopherols, Sesamol, mg/100 g of lipids
variety | mg/100 g of lipids free bound (sesamolin)
Ilona 35.5 15.3 1,130
Kadet 30.2 10.1 880
Boyaryn 36.0 12.6 1,050

It has been established that sesame seeds contain to-
copherol from 30.2 mg/100 g of lipids (Cadet variety) to
36.0 mg/100 g of lipids (Boyaryn variety). The largest
amount of free and bound sesamol was recorded in Ilona
variety — 15.3 mg/100 g of sesamol and 1130 mg/100 g of
sesamolin.

A correlation between the content of free and bound ses-
amol in sesame seeds of different varieties was established.
This is graphically shown in Fig. 2. The equation describing
this dependence is as follows:

Con(Cs)=79.428-cy +4.672, (R=1) 1)

where ¢y — content of free sesamol in sesame seed samples,
mg/100 g (in the range of ¢g=10.1..15.3 mg/100 g); ¢y —
content of bound sesamol (sesamolin) in sesame seed sam-
ples, mg/100 g (in the range of ¢,=880...1,130 mg/100 g).

Samples of flax seeds of Southern Night, Kivika and
Sympatik varieties were studied to determine the content of
o-linolenic acid (w-3 groups PUFA) and tocopherol antioxi-
dants. The results are presented in Table 2.
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Fig. 2. Dependence of bound sesamol (sesamolin) content
versus free sesamol content in various types of sesame
seeds

Table 2

Content of o-linolenic acid and tocopherols in flax seeds of
different varieties

Flax variet Content of a-linolenic Tocopherols,
y acid, % of total fatty acids | mg/100 g of lipids
Southern
Night 55.9 40.7
Kivika 50.3 38.1
Sympatik 54.1 35.9

It has been established that flaxseed contains tocoph-
erol from 35.9mg/100g of lipids (Sympatik variety) to
40.7 mg/100 g of lipids (Southern Night variety). The high-
est amount of a-linolenic acid (55.9 %) was recorded in
Southern Night variety. It should be noted that the higher
the o-linolenic acid content in flaxseed samples, the higher
the tocopherols content in them.

3. 2. Study of the effect of physicochemical composi-
tion of sesame seeds on oxidation stability

We studied the change of induction period of lipid ox-
idation of ground sesame seeds of selected varieties with
different moisture contents in the next stage of the work.
The research results are shown in Fig. 3.
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Fig. 3. Dynamics of the induction period of lipids oxidation of
sesame seeds with different moisture contents

It is known that with increasing moisture content of
fat-containing raw materials, oxidative damage processes
are intensified, which leads to a decrease in the induction
period of lipid oxidation. A different dependence is observed
in the case of an increase in moisture content in samples of
sesame seeds of all varieties. As can be seen from Fig. 3, an
increase in moisture content in sesame seed samples from 4
to 9 % leads to an increase in the induction period of lipid ox-
idation. The induction period practically does not decrease



with an increase in seeds moisture from 9 to 12 %. It has
been revealed that sesame seeds of Tlona variety are charac-
terized by the highest oxidative stability (560 minutes at a
moisture content of 9 %).

We used the multivariate regression method with
the construction of response surfaces to determine
the dependence between the induction period of lip-
id oxidation of samples of sesame seeds of Ilona,
Kadet and Boyarin varieties at the temperature of

its critical tabular value F..,(2, 6)=5.14 with the significance
level p=0.05 and the number of freedom degrees df;=2 and
dfy=6. This result allows us to reject the null hypothesis and
recognize significance of determination coefficient value
R?=0.91 and the model with a probability of 0.95 (or 95 %).

Table 3

Data and conclusions regarding determination of coefficients

significance of the regression equation (2)

852 °C and bound sesamol (sesamolin) and mois- Estimated

ture content. The method of full factorial experi- Coef- Coef- probability of

ment was used to build the model. The content of ficient | oL null hypoth- Conclu-
bound sesamol (sesamolin) in sesame seeds samples ofthe | iein ©6) | tctv(6) esis for the sion about
was varied in the range of 880..1130 mg/100 g in |Te8reSSIONY pogon) coefficient of | - coefficient
increments of 125 mg/100g. The moisture content equation | © it the regres- significance
in sesame seeds samples was varied in the range Sloa)i%lizgon

of 4.0..12.0% in increments of 4.0%. The obtained I ee T 3 356890 0017073 | Significant
values of the induction period of lipid oxidation of ——
sesame seeds samples were within 300...560 minutes. ot 4 719402 | 2.45 0.000365 S%gn%f%cant
The surface of this dependence is shown in Fig. 4. we 532 | 291529 0.026795 Significant

The equation of the two-factor polynomial regres-
sion model of the second degree, describing this depen-
dence and obtained using mathematical processing of
experimental data has the next form:

Ti(Csny WC)=-2131.4+4-cept
+53.22WC-0.002-csn-WC-2.92-WC2,
R?=0.91, (2

where 7;(cg;, WC) — induction period of accelerated oxida-
tion of sesame seeds samples at 85 °C, min.; ¢y, — content
of bound sesamol (sesamolin) in sesame seeds samples,
mg/100 g (in the range of ¢;,=880...1130 mg/100 g); WC —
moisture content in sesame seeds samples, % (in the range of
WC=4.0..12.0 %).

The coefficients of this regression equation were de-
termined using the least squares method. The significance
of individual regression coefficients was determined using
Student’s criterion ¢ by testing the hypothesis that the corre-
sponding equation parameter is equal to zero. The calculated
absolute value of Student’s criterion #(6) was compared with
its critical tabular value ¢.,(6)=2.45 at the significance level
p=0.05 and the number of degrees of freedom for multiple
regression df=6 when assessing individual regression coef-
ficients. If the calculated absolute Student’s criterion was
greater then its tabular value, the null hypothesis was rejected
and the value of the corresponding coefficient of the regres-
sion equation was considered significant with a probability of
0.95 (or 95 %), otherwise the regression coefficient was rec-
ognized insignificant and excluded from the equation. Data
and conclusions regarding the determination of coefficients
significance of the regression equation are given in Table 3.

The determination coefficient R?> was determined to
assess the quality of the model and the completeness of se-
lected factors influence. The obtained value R?=0.91 allows
us to conclude that there is a very significant effect (more
than 91 %) of variations in bound sesamol (sesamolin) and
moisture content on variations in the induction period of lipid
oxidation of the studied sesame seeds samples. The Fisher-test
Fwas calculated to establish the significance of the regression
model based on the assumption that the equation is statistical-
ly insignificant (R?=0 — the null hypothesis). The calculated
value of Fisher-test was F(2, 6)=30.13 and was greater than

Based on the obtained results, it can be stated that there
is a regularity of increasing the induction period of PFM ox-
idation with increasing moisture content from 4.0 to 9.5 %.
This can be explained by bound sesamol hydrolysis inten-
sification. But there is a decrease in the induction period
of PFM lipid oxidation with a further increase in moisture
content from 9.5 to 12.0 %, which can be explained by an in-
crease in triglycerins hydrolysis rate with the formation and,
correspondingly, faster oxidation of free fatty acids.
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Fig. 4. Dependence of the induction period of lipid oxidation
of sesame seeds samples versus sesamol bound (sesamolin)
and moisture content

As can be seen from Fig. 5, hydrolysis of bound sesamol
(sesamolin) is accompanied by release of substances with an-
tioxidant activity (proton donors) — free sesamol and samin,
which inhibit lipid oxidation.
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Fig. 5. Scheme of hydrolysis of bound sesamol (sesamolin) (1)
with free sesamol () and samin (lll) release



5. 3. Investigation of stabilization effect of o-linolenic
acid in the PFM for special purposes with sesame free
sesamol

It is known that ®-3 PUFAs (so-called vitamin F) are
extremely deficient in the body. It is difficult to overes-
timate their biological value [3,5, 15], but resistance to
oxidative damage of these compounds is extremely low.
Therefore, a study of mutual influence of sesamol anti-
oxidant content of sesame seeds and o-linolenic acid of
flax seeds on the induction period of the PFM for spe-
cial purposes (source of ®-3 polyunsaturated fatty acids)
was conducted. As you know, the induction period of
fat-containing products is proportional to their shelf life.

A method of multivariate regression with the
construction of response surfaces was chosen
to determine the dependence of the induction
period of lipid oxidation of PFM samples at the

than 98 %) of variations in free sesamol and o-linolenic
acid content on variations in the induction period of lipid
oxidation of the studied PFM samples. The Fisher-test F
was calculated to establish the significance of the regres-
sion model based on the assumption that the equation is
statistically insignificant (R>=0 — the null hypothesis). The
calculated value of Fisher-test was F(2, 9)=240.74 and was
greater than its critical tabular value F.(2, 9)=4.26 with
the significance level p=0.05 and the number of freedom
degrees df;=2 and dfy=9. This result allows us to reject
the null hypothesis and recognize significance of deter-
mination coefficient value R?=0.98 and the model with a

probability of 0.95 (or 95 %).
Table 4

Data and conclusions regarding determination of coefficients significance

of the regression equation (3)

temperature of 85+2 °C versus antioxidant sesa- .
. . . o Estimated
mol and o-linolenic acid content in it. A method - - Ry )
. . . Coefficient | Coefficient probability of null Conclu-
of full factorial experiment was used to build the of the value in hypothesis for the | sion about
model. Free sesamol content in PFM samples | regression | physical 1O €etvO) | Coefficient of the | coefficient
varied in the range of 0...15.3 mg/100 g. a-lino- | equation at units regression equa- | significance
lenic acid content in PFM samples varied in the tion (p-level)
range Oé 0-%~~~55-? /h of éotal fatty afildsé 1Th§ Intercept | 13571 | 11.48667 0.000001 Significant
o : ) . -
obtained values of the induction period of lpt osl 2638 |16.27938| 245 0.000000 Significant
oxidation of sesame seeds samples were within o
65...475 min. The equation of the two-factor cla ~143 | 535396 0.000460 Significant
polynomial regression model of the second de-
gree obtained using mathematical processing of The surface of the dependence of the induction period of
experimental data has the next form: PFM oxidation of the PFM based on flax and sesame seeds
versus sesamol and a-linolenic acid content at the tempera-
t,(¢y,6,)=135.71+26.38 ¢, ~1.43-¢, — ture of 85+2 °C is shown in Fig. 6.
-0.26-¢2-0.29-c, -c, +0.003-c;,
60
R?=0.98, 3)

where 1,(cy, ¢,) — induction period of accelerated oxidation
of the PFM at 85 °C, min.; ¢y — free sesamol content in the
PFM, mg/100 g (in the range of ¢4,=0.00..7.65 mg/100 g);
¢l — o-linolenic acid content, % of total fatty acids (in the
range of ¢,=0.1...55.9 % of total fatty acids).

The coefficients of this regression equation were deter-
mined using the least squares method. The significance of
individual regression coefficients was determined using
Student’s criterion ¢ by testing the hypothesis that the
corresponding equation parameter is equal to zero. The
calculated absolute value of Student’s criterion #(9) was
compared with its critical tabular value ¢.,(9)=2.26 at
the significance level of p=0.05 and the number of degrees
of freedom for multiple regression df=9 when assessing
individual regression coefficients. If the calculated ab-
solute Student’s criterion was greater than its tabular
value, the null hypothesis was rejected and the value of
the corresponding coefficient of the regression equation
was considered significant with a probability of 0.95 (or
95 %), otherwise the regression coefficient was recog-
nized insignificant and excluded from the equation. Data
and conclusions regarding the determination of coeffi-
cients significance of the regression equation are given in
Table 4.

The determination coefficient R? was determined to as-
sess the quality of the model and the completeness of select-
ed factors influence. The obtained value R?=0.98 allows
us to conclude that there is a very significant effect (more
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Fig. 6. Dependence of the induction period of lipids oxidation
of the PFM based on flax and sesame seeds versus sesamol
and o-linolenic acid content

The graph in Fig. 6 illustrates the mutual influence of
sesamol and o-linolenic acid on the values of the induction
period of lipids oxidation of the PFM based on flax and sesa-
me seeds with different proportions of components.

3. 4. Substantiation of halva formulation with the
PFM for special purposes and study of halva quality pa-
rameters

The next stage of research was development of the for-
mulation of confectionery with addition of the PFM for
special purposes (sample 2, Fig. 1). The indicated ratio of
components (50 % of each flax and sesame seeds) makes the
product a source of a-linolenic PUFA (23.0+0.7 % of total



fatty acids), which is stabilized against oxidative damage by
free sesamol effective concentration (10 0£0.3 mg/100 g).
The PFM can be used both in daily nutrition and as part of
confectionery products for the rational nutrition of athletes,
hard physical workers (for example, miners, geologists), and
military personnel. Sunflower halva was chosen as such con-
fectionery product. Usually this product is consumed during
tea drinking, and its components (not only carbohydrates, but
also proteins with dispersed lipids, vitamins, minerals, etc.)
enter the body in the form of a warm concentrated aqueous
solution. This speeds up their metabolism in the body. Due
to the high energy value of halva (more than 520 kcal /100 g),
athletes often eat it as a snack between workouts and competi-
tions. Therefore, it makes sense to increase the biological val-
ue of this confectionery product by introducing into its com-
position m-3 group polyunsaturated fatty acids, stabilized by
a complex of natural antioxidants. The formulations of model
samples of sunflower halva with the PFM are given in Table 5.

Table 5

Formulations of model samples of sunflower halva with
different contents of the PFM

Raw material content, kg
Component
a b ¢ d
Sunflower
510.0 460.0 410.0 310.0
mass
PFM - 100 200 300
Syrup 330.0 330.0 330.0 330.0
Granulated |5, 7 150.7 150.7 150.7
sugar
Soap root 9.0 9.0 9.0 9.0
extract
Vanillin 0.3 0.3 0.3 0.3
Total, % 1000.0

Photos of model samples of sunflower halva are shown
in Fig. 7.

masw

Fig. 7. Photos of model samples of sunflower halva:
a — without PFM addition; b — with 10 % of PFM content;
¢ — with 20 % of PFM content; d — with 30 % of PFM
content

The obtained halva model samples were subjected to ther-
mal oxidation at the temperature of 85+2 °C. The induction
periods of lipid oxidation of halva samples are shown in Fig. 8.

The diagram in Fig. 8 shows that oxidation of the lipid
component of halva samples is significantly inhibited when
the PFM content is from 20 to 30 % (induction period values
are 460 and 480 minutes in comparison with 270 minutes in
the control sample).

A sensory assessment of organoleptic parameters of mod-
el halva samples was carried out. The products were evaluat-
ed by such indicators as appearance, taste, smell, texture and
appearance in the break. The results of sensory evaluation
are reflected in the profilogram, which is presented in Fig. 9.

600
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400 ~
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200 ~
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Induction period, min

0 10 20 30

PFM content, %
Fig. 8. Induction period of oxidation of sunflower halva model
samples at the temperature of 852 °C

appearance

=0 % PFM
appearance in the === 10 % PFM
break —— 20 % PFM
—*=30 % PFM

Fig. 9. Profilogram of organoleptic parameters of
sunflower halva model samples with of PFM different
amounts addition

The analysis of profilograms of organoleptic param-
eters of halva samples has shown the advantage of a
sample containing 20 % of the PFM, mainly in terms of
taste, smell and appearance in the break (5 points versus
4..4.5 points). In particular, piquant nutty aroma and
taste typical of sesame seeds are evident in the halva sam-
ples with 20 and 30 % content of the PFM. But, the scores
for taste (a feeling of “powderiness”), smell (“fishy” smell)
and consistency (“powdery”) were reduced for the sample
with 30 % of the PFM. Thus, the results of profilograms
confirm the choice of the PFM content in sunflower halva
at the level of 20 %.

The physicochemical parameters of the halva model
sample with 20 % of PFM addition were studied in compar-
ison with the halva sample without the PFM. The data are
presented in Table 6.

Table 6
Physicochemical parameters of the studied halva model
samples
Sunflower halva
Physicochemical control . .
(0 % PFM) ° 0
MOVISUVH‘OC 3.40 3.15 less than 4 %
content, %
Fat content, % 32.80 32.60 28-34 %
Total sugarin 1 7o 42.30 25-45 %
terms of sucrose, %

As can be seen from Table 4, the physicochemical param-
eters of the halva sample with the PFM do not differ from
the control ones and meet the requirements of regulatory
documentation.



6. Discussion of results of the study of sesame
antioxidants effect on oxidative stability of the PFM for
special purposes

The results of the study of samples of sesame seeds of
domestic varieties (Ilona, Boyarin and Kadet) indicate a
rather high content of tocopherols, sesamol and sesamolin.
Inclusion of tocopherol-rich sesame seeds in daily diet will
help increase the body’s antioxidant status. Obviously, inclu-
sion of sesame seeds as a raw material in the PFM for special
purposes is a factor in regulating the shelf life of a product
due to effective antioxidant complex. It is seen that between
the samples of different sesame varieties with approximately
the same tocopherols content, a significant difference in free
and bound sesamol content is observed by analyzing the
antioxidant composition of sesame seeds. Given the above,
Ilona variety sesame having the most effective antioxidant
complex has been selected as a raw material for the PFM for
special purposes.

The analysis of the induction periods of lipid oxidation
of sesame seeds with different contents of moisture, free and
bound sesamol and a-linolenic PUFA allows us to state the
following:

—increase in moisture content in the PFM containing
sesame seeds plays a double role — on the one hand, the
process of hydrolysis of triacylglycerols is intensified, which
initiates their oxidative damage, and on the other hand, the
process of release of antioxidants — free sesamol and samin
from sesamolin (Fig. 5), whose action leads to inhibition of
PFM lipid oxidation, — is accelerated. This can make certain
adjustments to the technological process of production and
storage;

— rational moistening of raw materials has a significant
impact on production and storage of the PFM with sesame
seeds. This will ensure the prolonged release of antioxidant
complex (Fig. 5) to inhibit the oxidation of labile biologically
active compounds in the product;

— correct variation in the content of -3 fatty acids and
sesamol in the product has a significant effect on lipid oxida-
tion inhibition of the PFM for special purposes.

These conclusions may be appropriate from a practical
point of view, as they allow to determine the ratio of com-
ponents in the PFM. From a theoretical point of view, the
feasibility of conclusions is to determine the fundamental
possibility of the process of hydration of pro-antioxidant
compound in the PFM with active antioxidants formation
(Fig. 5). These are the benefits of the research. However,
it is worth noting that the mathematical dependence (1)
analysis indicates an ambiguous effect of moisture content
on product oxidative stability. In the framework of this
study, this ambiguity is not resolved. This is the task of
further research, which, in particular, should be focused on
identifying the equilibrium value of moisture content of the
system. The rate of inhibition of oxidation of sesamol and
samin formed as a result of hydrolysis of sesamolin is equal
to the oxidation rate of free fatty acids formed as a result of
triacylglycerols hydrolysis at this point. The results of such
a study will significantly streamline the storage processes
of raw materials and finished products. The obtained data
should be of interest to both oil and fat and confectionery
enterprises producing the PFM and confectionery products
with its addition.

Rational concentrations of biologically active compounds
in the PFM for special purposes were selected by experiment

results analyzing (Fig. 4, 6, eq. (3), (4)). They are as follows:
o-linolenic PUFA content is 20..23 % of total fatty acids,
free sesamol — 10...12 mg/100 g, bound sesamol (sesamolin) —
740...890 mg/100 g. The ratio of components is 35...50 % of flax
seeds and 50...65 % of sesame seeds at the same time.

The studies have shown that the antioxidant complex of
sesame seeds has a stabilizing effect on the lipid component
of the product with PFM addition. Fig. 8 shows that the
oxidation stability (and, of course, predicted shelf life) of
sunflower halva model samples depends on PFM content in
them. The induction period of sunflower halva lipids with
10 % of PFM exceeds the induction period of the control
sample by only 19 %, but the induction periods of halva
samples containing 20 % and 30 % of the additive exceed
the control sample induction period by 70 % and 78 %, re-
spectively.

It can be seen from the profilogram of organoleptic pa-
rameters of sunflower halva model samples with different
PFM content (Fig. 9) that the use of the PFM in product
composition has a significant effect on taste and smell or-
ganoleptic indicators values, which are higher in experimen-
tal samples with 10 and 20 % of PFM, than in the control
sample. A further increase in PFM content more than 20 %
leads to the appearance of “mealy” flavor and “fishy” smell
of ground flaxseed. Thus, PFM effective concentration in
sunflower halva was chosen at the level of 20 % based on the
results of sensory analysis.

The results of determining the physicochemical quality
parameters of halva model samples (Table 4) indicate that
when 20 % of the PFM is added to this confectionery prod-
uct, there are practically no changes in moisture, fat and
sugar content.

7. Conclusions

1. The content of tocopherols, free and bound sesamol in
sesame seeds of Ilona, Kadet, Boyarin varieties was estab-
lished in the study. It was determined that the Ilona variety
sesame seeds samples contain the largest amount of free and
bound sesamol (15.3 mg/100 g and 1130 mg/100 g, respec-
tively). Due to this, it can be argued that the Ilona variety
sesame seeds in the PFM will exhibit a high ability to inhibit
oxidative damage, thereby reducing the amount of this type
of raw material. The content of a-linolenic acid and tocoph-
erols in samples of flax seeds of Southern Night, Kivik,
Sympatik varieties was also established. It was determined
that Southern Night variety flax seeds contain the highest
content of o-linolenic acid and tocopherols (55.9 % and
40.7 mg/100 g of total fatty acids, respectively). Thanks to
this, it can be argued that Southern Night variety flax seeds
as part of the PFM will carry the greatest biological value.

2. The mathematical dependence of the induction pe-
riod of lipid oxidation of sesame seeds samples versus
the content of bound sesamol (sesamolin) in the range of
880...1130 mg/100 g and moisture content in the range of
4.0...12.0 % was obtained. This dependence has shown that
the factor of increased moisture of the PFM (from 4.0 % to
9.5 %) leads to an increase in the induction period of prod-
uct lipid oxidation due to sesamolin hydrolysis mechanism
with sesamol and samin antioxidants release. The described
dependence was not observed with a further increase in
moisture. This indicates the prevalence of hydrolysis of tria-
cylglycerols and oxidation of free fatty acids.



3. The mathematical dependence of the induction period
of lipid oxidation of samples of the PFM for special pur-
poses versus the content of free sesamol in it in the range
of 0.00...7.65 mg/100 g and a-linolenic acid in the range of
0.1..55.9 % of fatty acids amounts has been obtained. The
calculated dependence has proved the possibility of direction-
al regulation of the process of oxidative damage by adjusting
these factors, which, in turn, can significantly simplify the
selection of rational storage conditions for the PFM for special
purposes with a given composition of ®-3 fatty acids. Rational
concentrations of biologically active compounds have been
selected: a-linolenic PUFA content is 20...23 % of total fatty
acids, free sesamol content is 10...12 mg/100 g, bound sesamol
(sesamolin) content is 740...890 mg/100 g.

4. The formulation of sunflower halva with the addition
of the PFM for special purposes has been scientifically sub-

stantiated. It has been determined that the PFM contributes
to an increase in stability to oxidative damage of sunflower
halva, and it positively affects such organoleptic parameters
as taste and smell when added in an amount of up to 20 %.
The organoleptic and physicochemical parameters of the de-
veloped confectionery product have been determined (mois-
ture content is 3.15 %, fat content is 32.60 %, total sugar
content in terms of sucrose is 42.30 %), they are within the
limits defined in DSTU 4188. Based on the obtained results,
it can be argued that the studied sesame antioxidant com-
plex and the revealed dependences of its stabilizing action
are promising for oil and fat and food industries, as well as
for producers of biologically active additives. However, it is
necessary to continue further studies of sesame antioxidant
complex effect on the oxidative damage stabilization of other
biologically active substances labile to oxidation.
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