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RESEARCH OF THE OILSEEDS RATIO
ON THE OXIDATIVE STABILITY

OF THE PROTEIN-FAT BASE FOR
SPORTSMEN

Jocnidnceno okucny cmabinviicms 00panozo oxiiUH020 HACIHHA 1 1020 CYMiuel npu PisHux cnieeio-
HOWEHHSIX KOMNOHEeHMI8. 30iliCHeHO PO3PAXYHOK 3 BUKOPUCTMAHHAM MEMOOY MAMEMAMUYHOZO NIAHY-
BAHHS eKCNEPUMEHTNY ONMUMAILHOZ0 BMICY ONIUH020 HACIHHS 8 OLIK0BO-JICUPOBIlL OCHOBI 3 MEeMmOo0
YNOBIIbHEHHS OKUCHUX NPOUECI8. Bukopucmanns maxoi 0CHOBU 8 MEXHON02ISAX XAPU0BOT, 30KPeMa KOH-
oumepcoKoi nPOMUCIOB0CMI, BIOKPUBAE WUPOKT MONCIUBOCTL ONLsL POSUUPEHHS ACOPMUMEHTNY NPOOYKUTT

CNeUianizo8an020 NPU3HAuens Ois CLOPMCMEHIE.

KmovoRi cnoBa: oJiiliHe HACIHHS, HE3AMIHHI AMIHOKUCIOMU, NOJIHEHACUUEHT HCUPHT KUCIOMU, OKUCHA

CMAabiLHiCMb, XapuyeanHs cnopmcMenie.

1. Introduction

The challenge with increase in physical working capa-
city and acceleration of recovery processes after physical
activities belongs to the most urgent problems within
work, medicine and sport. Nutrition is the main operatable
factor which provides health and human life’s quality,
active longevity, normal development of a human orga-
nism, working capacity. In modern conditions the product
assortment due to achievements of genetic engineering,
implementation of modern technologies, application of new
chemical compounds, cultivation of plants with changed
gene code extends. The main agents of negative impact
caused by such foodstuff on humans are the dangers of
a microbiological and technogenic origin connected with
environmental pollution and food components. It should be
noted that a daily diet, according to [1-3], can’t provide
a human organism, and in particular the athlete, with all
necessary biologically active substances in the required
quantity. Scientists [4, 5] consider that for acceleration of
organism’s recovery and active replenishment of the spent
energy resources and that needs for flexibility in sport it
is necessary to use the dietary supplements (DS). There
are statistical data [6] that from 59 to 88 % of athletes
in the world regularly use polyvitamins, mineral additives,
proteins and others active substances. Distribution and
impact of dietary supplements into sport is caused by
a number of circumstances. The athlete cannot always
fill up a disadvantage of vitamins and mineral substances
using just a traditional nutrition. These results caused
by the fact that during the daily trainings the speed of
a catabolism of muscle fibers proteins exceeds the speed
of normal digestion of food in an organism and therefore
it influences supply of necessary substances to all parts
and fibres of the human body. And the lack of necessary
substances leads to reduction in the rate of restoration
of energy and plastic resources in an organism, which is
reflected in sports working capacity [7, 8]. Authors [6]
consider that, despite the ambiguous attitude to dietary
supplements that both scientific, and ordinary people have,

the use of dietary supplements is necessary for maintenance
and health preservation for the persons playing amateur
or professional sports.

One of the perspective trends in efficiency improvement
of athletes’ implementation in diets is the introduction
qualitatively new foodstuff which meets requirements for
their organism. The products which are characterized by the
high caloric content, high content in carbohydrates, fats and
proteins, in particular candies, sweets sand confectionary
products can become an example of such products. But
modern confectioneries have two main shortcomings —
low expiration dates and compositional imbalance.

The increase in the shelf life is already solved today
by the introduction of antioxidants [9], most often of the
synthetic origin, but they can be replaced by natural. The
vegetable fats used in production of confectionery are
unbalanced in relation to composition of fatty acids [10, 11],
but this problem is solvable. So, having solved these two
problems, these products can already today become pro-
ducts for health purposes. Thus, study and development of
high-quality Ukrainian products with biologically valuable
components, such as polyunsaturated fatty acids (PUFA)
and full-fledged proteins, with long storage duration for
a daily diet of athletes, are urgent and reasonable.

2. The ohject of research and its
technological analysis

The object of this research is the composition of a protein-
fat basis for a balanced diet for athletes. This product will
promote decrease in deficit in quantity of nutritional sub-
stances, including PUFA and irreplaceable branched-chain
amino acid (BCAA) amino acids — leucine, isoleucine, valine.
In order to obtain this basis, we used oil-containing raw
materials, namely seeds of sunflower, flax and sesame. In the
previous work, the authors of [12] substantiated the choice
of this basis using an integrated approach based on modern
knowledge in the field of food chemistry and nutrition.

However, the greatest problem of the product obtained
remains low shelf life. The problem of extending the shelf
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life can be solved not only by the addition of antioxi-
dants. The optimum ratio of oil seeds in the product can
significantly increase its shelf life.

3. The aim and ohjectives of the study

The aim of research is assessment of triglycerides oxi-
dation processes in a protein-fat basis which can be used
for the development of the balanced diet of athletes.

For effective achievement of this aim it is necessary
to solve the following:

1. To investigate the oxidative stability of sunflower,
sesame and flax seeds.

2. To investigate the oxidative stability of seed mix-
tures with different component ratios.

3. To determine the influence of the mixture com-
ponents ratio during the oxidation induction period and
establish a range of ratios for the selected oil seeds in the
mixture, at which a high period of induction of oxidation
is observed.

4. Research of existing solution of the
prohlem

The key point of the athlete’s working capacity is the
optimal energy supply for the muscular activity. The main
material for muscle work is proteins that give them the
flexibility [13]. Protein provides growth and renewal of
muscle fibers. The average daily physiological quantity
of proteins that a person need is constantly investigated
for 150 years and periodically highlighted in decisions
of FAO, WHO and national organizations of different
countries [14].

For 1991, according to [13], the recommended norms
of protein intake are 2.4-2.8 g per kg of body weight
for athletes within certain sport disciplines (in particular
speed-strength). For women, the protein intake per day as a
whole is somewhat lower and amounts to 1.0-1.5 g per kg
of body weight [13]. At present, scientific views on the
challenge to meet the increased needs of athletes in the
protein are far away from the notion of the benefits of
diets with a very high its content. The results of stu-
dies carried out by scientists [15] indicate that with an
increase in the amount of protein in the diet to 2.4 g/kg
of body weight, further increase in protein synthesis no
longer occurs.

Today, there is no unequivocal answer to the question
about the «norm» of protein for athletes. It is considered
that in order to meet the increased needs of athletes it is
enough to increase consumption of protein by 50-125 % in
comparison with the standard norms. There are the following
recommendations for protein intake for athletes per day:

— 1.2-1.4 g per kg of body weight within sport dis-

ciplines that require endurance [16];

— 1.7-1.8 g per kg of body weight within power sport

disciplines [17];

— up to 2 g per kg of body weight in speed-strength

sport disciplines [18].

Regardless of scientific views, athletes often practice
the use of protein in amounts of 300-775 % of the recom-
mended intake rates [18]. In power sports opinion roots
for a long time and firmly on the benefits of diets with
very high protein content in order to increase muscle
mass and, accordingly, strength.

There are many different types of components which
can use in creating special purpose foods for athletes.

A composition for the production of fitness sweets is
prOVIded in [19, 20], containing the following components:

succinic acid,;

— L-carnitine;

— buckwheat flakes;

— starch syrup;

— dry whey protein concentrate;

— cake from pine nut kernels;

— hemoglobin powdery;

— powder of pomegranate seeds;

— citric acid;

— glycerin;

— a sweet component consisting of erythritol with

sugar 1:20.

This invention makes it possible to improve the or-
ganoleptic and ergogenic properties of the product, to
reduce the sugar content of the composition. The object
of the invention is to create and expand an assortment
of food products for athletes in the form of fitness sweets
that have excellent consumer properties.

The composition for the production of a cereal sweet
is presented in [21]. Such a preparation includes:

— autolysate of brewer’s yeast;

— vitamin premix;

— calcium lactate;

— magnesium citrate;

— succinic acid;

— L-carnitine;

— buckwheat flakes;

— extruded rice;

— nuts roasted and crushed;

— starch syrup;

— honey;

— granulated sugar;

— citric acid;

— glycerin;

— flavoring «vanilla».

This product serves as a source of irreplaceable and
substitutable amino acids for athletes and people with
the active lifestyle, and also allows expanding the range
of confectionery products with improved quality indices
and high nutritional properties.

In composition for the production of sweets for athletes
with improved organoleptic and ergogenic properties [22]
include the following components:

— autolysate of brewer’s yeast;

— succinic acid;

— L-carnitine;

— a mixture of flour from chick pea and COj-coffee

cake in a ratio of 7:1;

— starch syrup;

— hemoglobin powdery;

— dihydroquercetin;

— dry licorice roots extract;

— citric acid;

— glycerin;

— sugar.

This base can be used for the production of sugar
confectionery for people engaged in fitness and experien-
cing low power loads.

The main source of proteins in Ukraine can be the
seeds of oilseeds, namely sunflower, flax and sesame.
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Sunflower is the most widespread oilseed crop, both
in Western and Eastern Europe, particularly in Ukraine.
Sunflower seeds contain 13-20 % of protein and a large
amount (about 65 %) of linoleic acid (®w-6 PUFA). In
addition, it contains a great number of useful nutrients.
Seeds are used in both raw and roasted form in the food
industry, not only for the production of oil, but also, for
example, as a component of dough for the production of
bread. Sunflower seeds have found their application in
medicine: a decoction of sunflower seeds is used to clean
blood vessels, improve blood circulation. The sunflower
seed protein is relatively easily digestible, highly valu-
able and fairly balanced in amino acid composition [14].
However, in comparison with soy protein, it is character-
ized by a lack of lysine and a number of essential amino
acids, but much richer in sulfur-containing amino acids.
In its composition, the protein of sunflower seeds does
not contain significant anti-nutrients. A large set of use-
ful nutrients has also affected the use of seed processing
products in cosmetics, for example, in the manufacture
of various creams [13].

Flax seeds have a high content of a-linolenic acid (about
60 %) and are practically the only source of -3 PUFA.
This fatty acid increases the intensity of metabolism and
normalizes it in much pathologies, increases oxygen uptake
by tissues. The protein content of the seeds is approxi-
mately 25 % [23].

Sesame seeds contain antioxidants, sesamol and sesamo-
lin, which increase the resistance to oxidation not only of
sesame seeds but also of other seeds in the mixture [24].

It should be noted that the proteins of sunflower seeds
and sesame seeds are the most valuable in the content of
essential amino acids. According to the fatty acid com-
position the most valuable are flax seeds.

5. Methods of research and
experimental part

The following materials were used for research:

— sunflower seeds according to DSTU 7011:20009;

— flax seeds according to GOST 4967:2008;

— sesame seeds according to GOST 7012:2009.

Organoleptic and physicochemical parameters of protein-
fat basis, fat content in seeds are determined by standard
methods, given in DSTU 7011:2009. The amino acid com-
position is determined according to the recommendations
of ISO 13903:2005. Oxidative stability is determined by
the accelerated method of <active oxygen» at a tempera-
ture of 85°C [25]. The induction period is determined
graphically from the peroxide number change curves.

For the planning of the experiment and data proces-
sing, mathematical methods have been applied using the
software packages Misrosoft Offset 2003 (USA) and Stat
Soft Statistica v6.0 (USA). In order to calculate the re-
lationship between oil seeds in the base, simplex-lattice
Sheffe plans have been used.

6. Research results

Flax seeds, because of the content of w-3 PUFA, are
prone to rapid oxidation, and this may affect the shelf life
of the final product. In order to determine the optimum
content of oilseed seeds to reduce the degree of oxidation
of the protein-fat basis, the method of mathematical experi-

ment planning (the plan of the three-factor experiment)
has been used on the basis of 10 experiments.

Oxidative stability of triacylglycerols in ground oil seeds
and their mixtures is determined by the method of «active
oxygen» at a temperature of 85 °C. The experiment has been
carried out in a bubbling type reactor with a constant rate
of supply of oxygen of air with mixing and free access of
light. The experiments have been carried out in accordance
with the «composition — property» plan (Table 1). The
factors were the content of selected oil seeds (cy, ¢, cf)
in samples of their mixtures. The response function is the
induction period (IP) of the samples.

Tabhle 1
The period of induction of oxidation of selected seeds
and their mixtures
The content of seeds in the mixture, mass fractions Period of
Sample . .
induction, IP,

No .

sunflower, ¢, SESaMme, Cg flax, cf minutes
1 1 0 0 136
2 0 1 0 473
3 0 0 1 64
4 0.66 0.33 0 248
5 0.33 0.66 0 361
6 0 0.66 0.33 274
7 0 0.33 0.66 148
8 0.66 0 0.33 82
9 0.33 0 0.66 76
10 0.33 0.33 0.33 267

The regression equations, which are the dependence of
the induction oxidation period on the content of selected
oil seeds, have the form:

IP=123.9714-¢,+462.2571- ¢, +58.6857 ¢, +

+114.4286-¢, - ¢, +7.7143-¢,-¢; —159.4286 ¢ - ¢/, @))
where ¢, — content of sunflower seeds in the mixture, % of
the mass; ci; — content of sesame seeds in the mixture, %
of the mass; ¢ — content of flax seeds in the mixture, %
of the mass; IP — period of induction, minutes.

The verification of the coefficients significance, which
has been carried out by the Student’s test using three
parallel experiments, has showed the significance of the
coefficients presented in the polynomial (1). Based on
the conducted experiments, the regression equation was
calculated and tested for adequacy by the Fisher crite-
rion (at significance level 0.=0.05).

Fig. 1 shows the dependence of the induction period
for oxidation of the mixture on the mass fractions of seeds,
namely flax seeds, sunflower seeds and sesame seeds.

It can be seen from Fig. 1 that with the increase in
the content of sesame seeds in the mixture, its induction
oxidation period increases. This can be explained by the
action of sesamol, which is a potent plant antioxidant.

;10
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Fig. 1. Dependence of the induction period for oxidation on the content
of oil seeds in the mixture

On the basis of the analysis of equation (1) and the
graphical dependence for the purpose of reducing the degree
of oxidation processes, the optimum content for each oil
seed species was established: sunflower seed — 20+ 5 %, flax
seed — 50+£5% and sesame seed — 30+ 5 %. The period
for oxidation induction of this mixture is within the range
of 175-195 minutes, which exceeds the period of induc-
tion of sunflower seeds by approximately 1.3-1.4 times
and the induction period of flax seed is approximately
2.7-3.0 times.

7. SWOT analysis of research resulis

Strengths. Among the strengths of this study, it is nec-
essary to note a well-founded calculation of the optimal
content of components in the protein-fat basis for athletes’
nutrition in order to improve its shelf life. According to
the analysis of modern scientific literature, today such
data are not available. The obtained mixture of oil seeds
for the protein-fat base has a high content of essential
amino acids BCAA and a balanced composition for essen-
tial PUFA. In addition, this mixture has a large induction
period of oxidation, and as a result — increased shelf life.
The nutritional value of the final product is also enhanced
by the fact that in the manufacture of the seed mixture,
its components are not subjected to prolonged temperature
treatment. The use of such basis in food technology, in
particular confectionery industry, opens up wide oppor-
tunities for expanding the range of specialized products
for athletes, because at present such a kind of domestic
products on the Ukrainian market is almost absent.

Weaknesses. The weak side of this development can
be considered a choice for the protein-fat basis of such
expensive component as sesame seeds, which contain
sesamol and sesamin. These antioxidants slow oxidative
processes of triacylglycerols of oil seeds. This component
of the mixture of oil seeds can be replaced by a cheaper
one, for example, pumpkin seeds. But then in order to
prevent oxidative processes in the mixture it is necessary
to additionally introduce an antioxidant of natural origin.

Opportunities. In the future, it will be expedient to
conduct more detailed studies on the development of for-
mulations of sugar confectionery for athletes. In addition,
it is necessary to consider other variants of protein-fat
bases in the future, including using pumpkin seeds or
walnuts. Such a replacement will further expand the range
of products for athletes.

The introduction of this product into the production
at the enterprises of the food industry in Ukraine will
help to reduce the import of similar goods and the growth
of domestic production.

Threats. Difficulties in implementing the results can
be associated with the reorientation of enterprises from
products for mass consumption to specialized products for
a single layer of the population, in particular athletes. In
addition, manufacturers, involving medical experts, must
prove that the designed protein-fat basis has a positive
effect on the athlete’s body. This will entail additional
costs for businesses.

Thus, SWOT analysis of research results allows to
determine the main directions for achieving the aim of
research, namely:

— to develop scientifically grounded recommendations

on the selection of ingredients for the creation of en-

riched foods for athletes not only of high biological
value, caloricity, but also an extended shelf life;

— to evaluate the effectiveness of the use of new food

products and develop a diet for athletes, including

using the developed products;

— to develop technical documentation for the enriched

protein-fat basis;

— to develop technological solutions for obtaining an

enriched protein-fat basis for athletes.

1. The oxidative stability of crushed sunflower seeds,
sesame seeds and flax has been studied. It has been es-
tablished that sesame seeds are the least susceptible to
oxidation, and flax seeds are the most unstable to oxida-
tive damage.

2. The oxidative stability of crushed seeds mixtures has
been studied at different component ratios. It has been
established that the mixture with the seeds of flax and
sunflower is the most prone to oxidation. When adding
sesame seeds to the mixture, the oxidative stability in-
creases sharply.

3. The influence of the components ratio in the mixture
on its oxidation induction period has been determined
mathematically. The optimal content for each type of oil
seeds is established, namely sunflower — 20+5 %, flax —
50+5% and sesame — 305 % of the mixture weight.
The period of induction of oxidation of this mixture is
in the range of 175-195 minutes, which exceeds the pe-
riod of induction of sunflower seeds by approximately
1.3—-1.4 times and about 2.7-3.0 times of flaxseed.
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HA OKMCIMTENLHYI0 CTABM/ILHOCTE EENKOBO-MHPOBOMH
OCHOBBI A/l MUTAHKA CNNIOPTCMEHOB

I/Iccneuosaﬁa OKUCJIUTEIbHAS CTaOUILHOCTD Bbl6p3.HHb[X Mmac-
JIMUHBIX CEMSIH U MX cMecel IIpyu pa3jiMYHbIX COOTHOUICHUAX
KOMIIOHEHTOB. Hposeueﬁ pacyeTr ¢ MUCIHOJb30BaHUEM METOda Ma-
TEMATUYECKOTO IVIAaHUPOBAHUA IKCIICPUMEHTA OITHUMAJIbHOIO CO-
JA€pKaHuA MACJIMYHBIX CEMAH B 66./11{030-}1{[/11)030171 OCHOBE C IIeJIbIO
3aMeJieHnA OKUCJIUTEJIbHBIX IMPOIECCOB. Wcrnonb3oBanue Takoit
OCHOBbBI B TEXHOJIOTHAX Ill/lLIJ,GBOﬂ, B YaCTHOCTH KOHLLMTCPCKOI‘/JI,
HNPOMBIIIJIECHHOCTH, OTKPbIBACT HIMPOKUE BO3MOKHOCTHU [Jd pac-
HINPEHUA aCCOPTUMEHTA HPOAYKUUUN CIIEHNUAJTIU3UPOBAHHOIO Ha-
3Ha4YCHUA [JidA CIHOPTCMEHOB.

Kniouessie cmoBa: MacjuyHbIE CceMeHa, He3aMeHHMbI€ aMM-
HOKHCJIOTBI, IMOJIMHEHACBIIIECHHDbIC JKUPHbIE KUCJIOTDI, CTOUKOCTH
K OKHUCJIEHUIO, TTUTaHWEe CIIOPTCMEHOB.
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