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Aim. The article deals with establishing the effect of food, enriched with antioxidants,

on people, practicing low-intensity sports, to forecast changes in homeostasis. Materials and
methods. We used the data obtained from participants aged 25-35 (40 persons), practicing low
intensity sports on a regular basis twice a week. As antioxidants, we used micronized taxifolin
(0.58 % to product mass), chaga extract (5.76 % to product mass), and fucoidan (0.5 % to product
mass). To assess the effect of enriched products on homeostasis, we performed the study of he-
matological and biochemical indicators with the help of non-contact blood analyzer. Results.
We performed the analysis of metabolism after adding in a person’s diet the products, enriched
with biologically active substances. We also wanted to study the metabolic effect of changing
a person’s diet. We established that, in general, the inclusion into a person’s diet of antioxidant
enriched products do not result in a decrease of lipid and carbohydrate metabolism. However,
antioxidant enriched products have a multidirectional influence on carbohydrate and lipid me-
tabolism and enzymatic activity. From the prognostic point of view, there is a minimization of
the risks of oxidative stress after the inclusion of food products, enriched with micronized taxi-
folin, into the diet of athletes from low-intensity sports. In comparison with other groups, there
are no changes in the concentration of acetylcholinesterase (248.70 + 2.4 umol/l; reference values
220-278 umol/l) after the decrease of amylase concentration. Conclusion. Homeostatic regula-
tion is provided by the inclusion of specialized foods, which minimize the risks of oxidative
stress, into a diet of athletes, involved in low-intensity sports.
Keywords: homeostasis, specialized foods, sport loads, non-contact methods.

Introduction. Homeostatic regulation is per-
fectly provided by the creation of an optimal diet
for people, involved in sports of various inten-
sity. There are different approaches to the regula-
tion of metabolism, including individualization of
a diet and changes in enzymatic activity that de-
termine the speed of the entire polyenzymatic
process. It was established that each person has
his own metabolic characteristics, associated with
the respective needs of energy food substrates,
compensating muscle activity.

There is a disturbance of the balance be-
tween the supply of energy enriched substrates
and their use at the adaptation stage during the
training. This results in the disbalance between
the production of active oxygen forms (AOF) and
adequate antioxidant protection [10]. The forma-

tion of high AOF concentrations leads to the ex-
haustion of the system of antioxidant protection
and intensifies destructive processes. It was
proved that the inclusion of biologically active
substances (BAS) of antioxidant activity into
a diet decreases destructive processes, inhibits
arrhythmia development, and stabilizes heart
rhythm [2—4, 6, 9].

There are various methods of studying
metabolism in the body and certain organs.
For example, there are the method of balance
experiments, method of isolated organs, method
of marked atoms, and angiostomy. The method
of balance experiments consists in determining
the amount of the organic substances received
and finished products obtained. Some works de-
scribe the application of non-contact methods
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for studying stress-induced changes in hormonal
and immune homeostasis [5]. Other works are
dedicated to assessing functional status in pediat-
rics using saliva indicators [1] and detecting bio-
chemical and hematological indicators in racing
skiers during adaptation [7].

The application of non-contact methods for
controlling metabolic changes can be of prog-
nostic value after the inclusion of innovative en-
riched products into a diet of people, involved
in sports.

Materials and methods. We used the data
obtained from volunteers aged 25-35 (40 per-
sons), practicing low intensity sports on a regular
basis twice a week. The program (fig. 1) was fo-
cused on apparently healthy volunteers, exposed
to various physical loads. We performed a ran-
domized double-blind placebo control studies
during March — April 2017 and May — June 2018.
We registered the data received from participants
during the entire period of the experiment
(1 month from the inclusion of the participant
into the program). All participants received bread
every day for 24 days (except for holidays and
weekends).

There are different approaches to minimizing
the risks of oxidative stress. The most interesting,
in our opinion, is the study of the participation of
soluble BAS in neutralizing oxidative stress.
In this case, BAS play a role of the low molecular
weight interceptors of oxygen active forms [12, 13].

Therefore, as adaptogens of antioxidant, immu-
notropic, antidiabetic, antibacterial, and antiviral
efficacy we used the following ingredients:

—sulfated heteropolysaccharide of brown
algae and some echinoderms — fucoidan extracted
from Kjellmaniella crassifolia brown algae in
the laboratory of Dalian University of Techno-
logy (PRC) [11];

— taxifolin powder extracted from the Dahu-
rian larch (Larixgmelinii) with a taxifolin mass
fraction of no less than 97.0 % (State Registration
Certificate Ne RU 77.99.11.003.E.018404.05.11
dd. 06.05.2011). Taxifolin was micronized by
ultrasound [17];

— dry water-soluble extract of Chaga mush-
room extract powder (produced by Ametis com-
pany, Technical Specification 10.89.19-035-
70692152-2016, State Registration Certifi-
cate Ne RU.77.99.11.009.E.006382.12.16 dd.
19.12.2016).

The assessment of antioxidant activity of
the BAS used revealed that the total concentra-
tion of antioxidants varies in a significant range
from 4.90 £ 0.3 to 114.30 £ 0.3 mg of ascorbic
acid.

To perform studies in laboratory conditions,
we baked 4 samples of tin bread using the recipes
developed: wheat-rye bread without BAS (pla-
cebo); wheat-rye bread enriched with fucoidan
(0.1% to flour weight); wheat-rye bread enriched
with chaga extract (0.576% to flour weight);

Number of participants at the beginning of the experiment (n = 43)
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Fig. 1. Scheme of the study about the effect of BAS enriched products on homeostasis*

*The study was approved by the ethical committee of South Ural State University. Participant inclusion criteria: age of
18-50 years; informed consent provided in compliance with the Law; participants should be apparently healthy (absence
of chronic diseases and medical contraindications to participation). Participant exclusion criteria: age of less than 18 years;
participation in other clinical studies; chronic diseases; failed medical examination and laboratory tests.
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wheat-rye bread enriched with micronized taxi-
folin (0.058% to flour weight).

To assess the effect of enriched products on
homeostasis, we performed a hematological and
biochemical study of blood indicators in volun-
teers before and after consuming enriched pro-
ducts. We conducted the study at the premises of
Scientific and Research Center for Sports Science
(Institute of Sports, Tourism and Service). We
used a non-contact blood analyzer (AMP, Ukraine,
registration certificate No. @C3 2008/02305).

Results and discussion. Having studied
blood indicators, which characterize carbohydrate
metabolism, we obtained the following data:
in volunteers from the control group at the end of
the experiment we registered decreased values
of lactic acid (0.99 £+ 0.20 mmol/l) and glucose
concentration (4.02 = 0.15 mmol/l) in compa-
rison with the data obtained at the beginning of
the experiment. We obtained the same results in
terms of lactic acid and glucose concentration
in the first and in the third groups. The first group
received bread with fucoidan, the third group
consumed bread with chaga extract. In the second
group, which received bread enriched with mi-
cronized taxifolin, the indicators of lactic acid
(0.99 = 0.14 mmol/l) and glucose (4.55 + 0.36
mmol/l) at the beginning and at the end of the
study remained almost the same.

Glycogen concentration (14.90 + 0.25 mg %)
in the control group also remained unchanged.
In the first and in the third groups, we did not re-
veal any statistically significant changes in glyco-
gen concentration in comparison with the second
group, which consumed bread enriched with mi-
cronized taxifolin. This group demonstrated in-
creased values of glycogen from 13.16 & 0.40 mg
% to 14.29 £ 0.21 mg % both within the group
and comparing with the control group. At the same
time, all indicators remained within reference
values for this age group before and after the ex-
periment.

During the analysis of lipid metabolism, we
revealed that at the end of the experiment total
cholesterol concentration and low-density lipo-
proteins in the control group demonstrated
an upward trend. At the same time, high-density
lipoproteins and triglycerides had a downward
trend.

The first group, which consumed bread en-
riched with fucoidan, demonstrated a downward
trend for all indicators of lipid metabolism.
In the second group, we registered multidirec-
tional changes in the indicators of lipid metabo-

lism. In particular, by the end of the experiment,
there was an upward trend for total cholesterol
concentration, low-density lipoproteins, and
triglycerides, under the decrease of high-density
lipoproteins. In the third group, which consumed
bread with chaga extract, there was an increase of
total cholesterol (up to 5.07 £ 0.12 mmol/l) and
low-density lipoproteins (2.31 + 0.02 mmol/l)
under the decrease of high-density lipoproteins
and triglycerides (1.07 = 0.10 mmol/l).

The indicators of lipid metabolism were
within reference values for this very age group.
The only exception is low-density lipoproteins,
which were below the reference values in all
groups at the beginning and at the end of the ex-
periment.

Having studied blood indicators, which cha-
racterize enzymatic activity, we received the fol-
lowing data: in the control group, we registered
an upward trend for acetylcholinesterase (256.15 +
+ 2.5 umol/l) and amylase concentration (17.30 £+
+0.75) in comparison with the beginning of
the experiment.

In the first group, which consumed bread
with fucoidan, we registered the same tendency
but less pronounced than in the control group.

In the second group, which consumed bread
enriched with micronized taxifolin, we registered
that acetylcholinesterase concentration remained
almost unchanged, amylase concentration in-
creased insignificantly, but this was less pro-
nounced than in the control group. However,
in the third group, the indicators studied were
different as there were no changes in acetylcholi-
nesterase concentration under the decrease of
amylase concentration by the end of the study.

The study of lipid and carbohydrate me-
tabolism and enzymatic activity in four groups
(Table 1) revealed that consuming bread en-
riched with various BAS of antioxidant activity
demonstrated differences in homeostasis in com-
parison with the control group (placebo con-
trolled).

Therefore, in the control group, we revealed
tendencies to a decrease of lactic acid and glu-
cose concentration under the absence of changes
in glycogen, increased values of total cholesterol,
low-density lipoproteins, cholinesterase, and
amylase, and decreased values of triglycerides
and high-density lipoproteins.

In the first group, which consumed bread
with fucoidan, there was a downward trend in the
indicators of carbohydrate metabolism. In par-
ticular, there was a decrease of lactic acid and
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Table 1
Dynamics of blood indicators for groups, which consumed various enriched products
(direction of changes in concentration)
RIeI}S;ZiE:(;ri;a(isés Control group Group 1 Group 2 Group 3
Carbohydrate metabolism
Lactic acid concentration l | — |
Glucose concentration l | — |
Glycogen (mg %) — — T —
Lipid metabolism
Total cholesterol 1 | 1 1
Low-density lipoproteins 1 | i i
Very low-density lipopro- — l 1 —
teins
High-density lipoproteins l | | |
Triglycerides l | 1 |
Enzymatic activity
Acetylcholinesterase 1 1 — —
Amylase 1 i i |
*— — no changes in concentration by the end of the experiment in comparison with initial values; | — down-

ward trend at the end of the experiment in comparison with initial values; 7 — upward trend at the end of the ex-

periment in comparison with initial values.

glucose under the absence of changes in glyco-
gen. There was also a downward trend in the in-
dicators of lipid metabolism under a relative acti-
vation of enzymatic activity and cholinesterase,
but this was less pronounced than in the control
group.

The study of lipid and carbohydrate metabo-
lism and enzymatic activity in the second group,
consuming bread enriched with micronized taxi-
folin, revealed that there is an upward trend in
glycogen concentration under the absence of
changes in glucose and lactic acid concentration.
This occurred under multidirectional changes in
lipid metabolism in comparison with the control
group. In particular, there was an increase in total
cholesterol concentration, low-density lipopro-
teins, and triglycerides under the decrease of
high-density lipoproteins and amylase.

The study of lipid and carbohydrate metabo-
lism in the third group, which consumed bread
with chaga extract, revealed an upward trend in
lactic acid and glucose concentration under the
absence of changes in glycogen and acetylcholi-
nesterase concentration, the increase of choles-
terol and low-density lipoproteins, and the de-
crease of high-density lipoproteins, triglycerides,
and amylase.

Conclusion. The data obtained allow us to
conclude the following:

Food products enriched with antioxidants do
not worsen the indicators of lipid and carbohy-
drate metabolism. At the same time, food prod-

ucts enriched with BAS influence multidirection-
ally carbohydrate and lipid metabolism and en-
zymatic activity. In all participants the indicators
studied remained within the reference values for
a corresponding age group, except for low-
density lipoproteins. Low-density lipoproteins
were below the reference values in all partici-
pants during the entire experiment.

Food products enriched with BAS minimize
the risks of oxidative stress in athletes, receiving
moderate loads.

The application of non-contact methods re-
mains relevant for controlling metabolism of
BAS enriched products of antioxidant activity in
athletes.

The article was prepared with the support of
the Government of the Russian Federation (Act
No 211 dd. 16.03.2013), Contract No 02.A03.21.0011,
and the financial support of state assignments
No 40.8095.2017/64 (2017123-1'3), No 19.8259.2017/b4
and RFBR grant No 18-53-45015.
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BO3MOXHOCTHU PEINYNINPOBAHUA NMPOLIECCOB TOMEOCTA3A
NMPU BKNIOYEHUU B PALMOHbI MUTAHUSA NIOOEWN,
3SAHUMAIOLLIUXCA CNOPTOM MANION UHTEHCUBHOCTWN,
NMPOAYKTOB, OBOIrAlLLEHHbIX AHTUOKCUOAHTAMU

WU.B. Kanununa', U.10. Momopoko’, H.B. Monoea’, []. UeaHoea’, A.B. HeHawesa'

'HOxHO-Yparnbckutli 2ocydapcmeeHHbill yHusepcumem, 2. YensbuHek, Poccus,
2MeduyuHckuli yHusepcumem, 2. BapHa, Goneapusi

Henb. Ananu3 BO3IE€HCTBUSL HA OPraHU3M JIIOJIEH, 3aHUMAIOLUXCS CIIOPTOM MaJIOll MHTEH-
CHUBHOCTH, TIPOJTYKTOB MTUTAaHMUs, 0OOTAIlEHHBIX aHTHOKCHIAHTAMH, JUIsl IPOTHO3UPOBAaHUS U3Me-
HEHUH mpoleccoB romeocraza. Marepuaa u Meroabl. [lpeacraBieHbl JaHHbIE HCCIEA0BaHUN
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UCTBITYEeMBIX B Bo3pacTe 25-35 mer (Bcero 40 4enmoBek), 3aHUMAIOIIUXCS CIIOPTOM CTaOMIIBHO
(TpeHHPOBKHN MaJIOi MHTEHCHUBHOCTH 2 pa3a B HEAENTI0). B kauecTBe aHTHOKCHIAHTOB MPUMEHS-
JIM: MUKPOHM3UPOBaHHBIN nuruapoksepuetrd (0,58 % k Macce mpoaykTa), SKCTpakT 4yaru (5,76 %
Kk Macce) u ¢pykounan (0,5 % k macce). sl OLIGHKH BIIUSHUS BKJIIOYEHUSI OOOTAIIEHHBIX PO-
JIYKTOB Ha IPOLECCHl TOMeOCcTa3a ObUIO NPOBEACHO HCCIIEI0BAHUE TeMATOIOINYEeCKUX U OMOXH-
MHUYECKHX T0Ka3aTeslell ¢ MOMOLIbI0 HEMHBAa3UBHOTO aHaju3aTtopa KpoBu. PesyabraTsl. [Ipose-
JICH aHaIu3 XapakTepa MeTaboIn3Ma NpU BKIIOYCHUH B PAIlMOHBI IMUTAHUS MPOAYKTOB, oOora-
IMIEHHBIX PAa3HBIMH OWOJIOTHYCSCKU akTHUBHBIMH BemlectBamu (BAB), ocoOeHHOCTEH BIUSHUS
N3MEHEHHBIX PallMOHOB Ha 3HEpreTHYecKnii 0OMeH. Y CTaHOBJIEHO, YTO NIPUMEHEHHE B PALlOHE
MUTAHUS TPOTYKTOB, OOOTAIIEHHBIX AHTHOKCHAAHTAMH, B LIEJIOM HE MPHBOINT K YXYAIICHHUIO
MoKa3aTesiel JIUIMUIHOTO, YTIIEBOJIHOTO OOMEHOB, HO OKa3bIBaeT Pa3HOHAIPABICHHOE BIUSHUE
Ha YIICBOJHBIN U JIMOUIHBIA OOMEH, a Takke Ha (hepMEHTaTUBHYIO aKTUBHOCTh. C MPOTHOCTH-
YEeCKON TOYKM 3PEHUS NMEET MECTO MUHMMH3AIU PICKOB OKCHAATHBHOTO CTpecca MpH IMpHuMe-
HEHWH MPOAYKTOB IUTaHMUS, 000TAIlIEHHBIX MUKPOHU3UPOBAHHBIM auruapoksepernHoM (MII'K),
B pallMOHE y CIIOPTCMEHOB, MOJIYYaIONIMX yMEPEHHbIE (H3UYEeCKUe Harpy3KH. Y CTAHOBJIEHO OT-
JIMYME OT ITOKa3aTeseH B Apyrux rpynmnax OTCyTCTBUEM MU3MEHCHUSA KOHLCHTPpAIUU all€THIIXOJIN-
Hacrepassbl (248,70 + 2,4 mxmounb/n ipu HopMme 220278 MKMOIIB/JT) PU CHHKEHUH KOHIIEHTpa-
LMK aMIIa3bl. 3ak/oueHne. BkioueHne B pallOHbI IUTaHUS JIIOAEH, 3aHUMAIOIINXCS CIIOPTOM
MaJIOl MHTEHCHBHOCTH, CHCHUAIA3HPOBAHHBIX MPOIYKTOB MUTAHUS JJII MUHAMU3AI[UA PUCKOB
OKCHIATHUBHOTO CTpecca, 00eCeYrBaeT PETYISIHIO IPOLIECCOB FOME0CTasa.

Knroueevie cnosa: comeocmas, cneyuanusuposanHvle NPoOyKmMvl, CHOPMUBHLIE HASDY3KU,
HEeUHBA3UBHbLE MEMOObL.

Crarbs BoinoHeHa npu noajaep:xkke Ipapureancrsa PO (Ilocranosinenue Ne 211 ot 16.03.2013 r.), co-
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