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Introduction

Use of antioxidants in poultry nutrition helps in eliminating the harm-
ful impact of negative factors of various etiologies. Application of natural
antioxidant supplements to feeding of birds has a number of advantages
over the traditional synthetic additives. Currently, scientists from all
around the world are drawing attention to the uniqueness of the complex
of biologically active compounds in the content of the common oat Avena
sativa (Singh et al., 2013; Montilla-Bascon et al., 2017; Jagr et al., 2020).
And there are good reasons for this. Among the well-known phenolic
compounds, avenanthramides, compounds with a broad range of bio-
chemical action found exclusively in oats, have become especially signifi-
cant in recent years (Aldubayan et al., 2019; De Bruijn et al., 2019; Su-
mayya etal, 2021). Avenanthramides are poly-functional compounds
because of their molecules that contain not only the phenol hydroxyl
group, but amino- and carboxyl-groups as well (Walsh et al., 2017; Pridal
etal., 2018; Chen et al., 2018). The presence of a single electronic chain of
benzol nuclei and double bonds in molecules of avenanthramides (Soycan
etal.,2019; Chen et al.,
ly high thermodynamic stability of their radicals. Antioxidant activity of
these substances was confirmed to be 10-30 times higher than that of
well-known bioflavanoids (Nie et al., 2006; Meydani, 2009; Antonini

etal, 2017).
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Among natural antioxidants, increasing attention is being drawn to avenanthramides - phenolic compounds of the common oat Ave-
na sativa (Linnaeus, 1753). Research has shown that avenanthramides have much higher antioxidant activity than well-known bioflava-
noids. Currently, a great deal of work is being conducted on the structure of these compounds and mechanisms of their effect on the or-
ganism of humans and animals. We explored the specifics of the influence of aqueous extract from A. sativa on the antioxidant activity
and fatty acid composition of lipids of histologically similar tissues of geese with different levels of acrobicity (muscles of the stomach and
cardiac muscle), dynamics of the birds” live weight and pterylographic parameters under physiological loading by the development of
contour and juvenile feathers. The addition of extract of oat to the diet of geese during growth of feathers was observed to increase the
antioxidant activity of their tissues. Physiological loading related to the development of contour feathers in the examined tissues of geese
significantly weakens as a result of selective inhibition of synthesis of unsaturated fatty acids, especially oleic acid, the content of which in
28-day old geese of the experimental group decreased by 31.7 in the cardiac muscle and 46.8 times in the stomach, compared with the
control. Further changes in fatty acid composition were characterized by lower number of differences between the control and experimen-
tal groups. Increase in antioxidant activity in these tissues during development of juvenile feathers (day 49) occurs as a result of activation
of alternative mechanisms of antioxidative protection, which take place with no significant changes in fatty acid composition. Further-
more, we determined that in the stomach and cardiac muscles of geese, the action of extract from common oat activated mechanisms of
antioxidative protection, which increased the level of correlation between the changes in fatty acid composition. The study confirmed that
the extract caused not only significant increase in the weight of geese at the end of the experiment, but also improved their pterylographic
parameters. Therefore, it is practical to conduct similar studies on wild species of birds grown for hunting, because this process of devel-
opment of feathers, particularly for such species of birds, is essential.

Keywords: stomach muscles; cardiac muscle; physiological pressure; level of correlation of changes in fatty acid composition; ptery-
logaphic parameters.

Fatty acids are the main components of cellular membranes, play a
key role in energy homeostasis and take part in oxidative response of the
tissues. Fatty acid composition of lipids in the tissues determines the
course of a number of metabolic processes in the organism, and the func-
tioning of cellular membranes, inter-cellular signalizing, regulation of gene
expression and energy potential of the tissues and the organism in general
depend to a high degree on it (Zazharska et al., 2018; Carter et al., 2019;
Sobolev et al., 2019). On the other hand, the ability of molecules of fatty
acids to oxidize and perform the signal functions is determined by the
level of their unsaturation and position of double bonds in these molecules
(Skrip & McWilliams, 2016; Carter et al., 2019). Changes in fatty acid
composition, in turn, may be caused by both exo and endogenous factors,
i.e. ingression of fatty acids to the organism from diet and transformation
of these compounds in the organism with participation of lipogenic en-
zymes (Shimozuru et al., 2012; Carter et al., 2019). One of the mechan-
isms of influence of antioxidants on the condition of pro-oxidant-
antioxidant balance is inhibition of the activity of certain enzymes.
The action of natural flavanoids inhibits the synthesis of fatty acids — mul-
tienzyme complex that catalyzes the de novo synthesis of fatty acids
(Brand et al., 2010; Vauzour et al., 2015; Zhang et al., 2016) and other
enzymes of lipid metabolism (Landberg et al., 2020). This may lead to
decrease in unsaturation of lipids, and as a result, increase in resistance of
the tissues to the action of free radicals.
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Research by Danchenko et al. (2020) revealed specifics of changes in
fatty acid composition in the tissues of the brain, liver and skeletal muscles
of geese consuming extract of common oat. The research found abnormal
fluctuations in fatty acid composition of lipids in these tissues during phy-
siological loading with feather development. However, determining tissue
specificity of the effect of the oat extract in this comparison is complicated
by presence of multiple factors, as the mentioned tissues differ both histo-
logically and by the level of aerobicity.

Therefore, the objectives of this study were the influence of the ex-
tract fiom common oat A. sativa on antioxidant activity and fatty acid
composition (FAC) of lipids in the histologically similar tissues of geese
which are characterized by different levels of aerobicity (muscles of sto-
mach and cardiac muscle), dynamics of live weight of this bird and ptery-
lographic parameters under physiological loading with growth of contour
and juvenile feathers.

Materials and methods

All the studies were performed according to the requirements of the
European Convention for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes of 1985 and the Law of
Ukraine on Protection of Animals Against Abuse from 21.02.2006
No. 3447-1V. The schemes and methods of the studies were approved by
the Protocol of the Session of the Commission on Bioethics of Melitopol
State Pedagogic University named after Bohdan Khmelnytsky No. 1 from
19.09.2018.

For the studies, we used Danish Legart geese. Geese of this breed
have high taste and nutritive parameters of meat with low level of fat and
also high-quality and expensive down. These geese are notable for high
level of absorption of nutrients while consuming a lower amount of grain
fodder compared with traditional breeds of geese. The main mass of fat
depositions in Legart geese is located under the skin and does not mix
with the muscle fibers (Fedorovich & Zaplatinsky, 2015).

According to the analogue principle, we composed two groups of
geese aged 14 days (control and experimental) with 26 individuals in each.
Throughout the study, the birds of the control group were fed with the
standard diet, balanced according to the metabolic energy, protein and
vitamins according to the recommendations (Ivko et al., 2009).

The young geese of the experimental group were given oat extract
from days 14 to 49. To extract phenolic compounds, we used the above-
ground part of common oat A. sativa in the phase of ear formation and
blossom. These compounds were extracted from the raw material using
water in the proportion 1:10. Antioxidant activity and fatty acid composi-
tion in the muscles of the stomach and cardiac muscle were determined in
physiologically substantiated periods: day 14 — end of postnatal adaptation
of geese, days 28 and 49 — formation of contour and juvenile feathers
respectively, day 56 — presence of the developed plumage, stabilization of
pro-oxidant-antioxidant balance.

Intensity of the processes of lipid peroxidation (LPO) was evaluated
according to the content of the end products (TBARC) in homogenates of
the tissues and in the conditions of LPO of Fe*" (TBARCs) (Ionov et al.,
2011). As an integral parameter of the condition of the system of antioxi-
dative protection (AOS) of the organism of geese, we used coefficient of
antioxidant activity (C) (Danchenko et al., 2012). It was calculated as ratio
of TBARC to TBARC, because homogenates of the tissues contain not
only substrate of peroxidation, but components of the AOS system which
are able to inhibit lipid peroxidation.

Fatty acid composition of lipids was determined using the method of
gas-liquid chromatography on a Carlo Erba chromotograph manufactured
in Italy. Lipids were extracted using Blight and Dyer technique (Stinder-
mann et al., 2016), preparation of the samples for the analysis, hydrolysis
of ethers and methylation of FA were carried out according to the tech-
nique (Ichihara & Fukubayashi, 2010). As a carrier, we used Chromosorb
W/DP with phase Silar SCP (Serva, Germany) in the concentration of
10% in the temperature of 140-250 °C and increase rates equaling
2 °C/min (the temperature of the injector was 210 °C, and temperature of
detector equaled 240 °C).

Additionally to the overall content of unsaturated fatty acids (UFA),
we calculated the overall equivalent concentration of UFA in relation to

double bonds (unsaturation, N) (Danchenko et al., 2003). At the same
time, we controlled the dynamics of live weight of geese and their ptery-
lographic parameters.

The results of the study were statistically analyzed using software
packs SPSS 11.0 (IBM Corporation, USA). Multiple comparisons of the
mean values and inter-group analysis were performed using single-factor
dispersion analysis (ANOVA) with calculation of Fisher’s F-criteria and
application of Tukey test with Bonferroni correction, the differences were
considered significant at P < 0.05. Mean values and their standard errors
are presented in the text and tables in the format x + SE.

Results

From day 14 to day 28, in the tissues of geese of the control group (no
oat extract was added) we observed significant decreases in C, particularly
in the muscles of the stomach — by 26.0% (P < 0.05), in the cardiac mus-
cle — by 39.2% (P < 0.01, Table 1). Statistically reliably, C remained at
unchanged level in the stomach muscles of 49-day old geese. At the same
time, the cardiac muscle of geese of the control group was observed to
have a 51.2% (P < 0.01) increase in this parameter. Transition to day 56
was characterized by increases in C in both studied tissues: 59.3% (P <
0.01) in the stomach muscles, and 26.3% (P < 0.05) in the cardiac muscle.

In 28-day old geese, significant increase in C level caused by the im-
pact of the extract from oats (experimental group), compared with the
control was observed for the cardiac muscle (by 28.3%, P < 0.05) and the
stomach muscles (by 28.6%, P < 0.05). In 49-day old geese, increase in C
in both tissues of the experimental group compared with the control was
characterized by greater tissue specificity: by 61.3% (P < 0.01) in the
stomach muscles and 23.0% (P < 0.05) in the cardiac muscle. At the end
of the experiment, in 56-day old geese, addition of the oat extract in-
creased the C level in the stomach muscles compared with the control by
25.8% (P <0.05), and at the same time, increase in this parameter in the
cardiac muscle was less significant.

Analysis of fatty acid composition of lipids in the stomach muscles of
geese of the control group (Table 2) confirms that the overall content of
saturated fatty acids (SFA) of lipids in this tissue decreased by 24% (P <
0.05) from day 14 to day 28 and further remained at stable level till the end
of the experiment. The highest contents of saturated palmitic (16:0) and
stearic (18:0) acids were determined at the beginning of the experiment.
From day 14 to day 28, the contents of these acids in the stomach muscles
decreased by 30.7% and 38.1% (P < 0.05) respectively and further did not
change significantly.

Overall content of unsaturated fatty acids UFA in the stomach mus-
cles of geese of the control group during the first two weeks of the expe-
riment increased by 37.8%, and from the 28th day remained stable till the
end of the experiment. The total content of mono-unsaturated fatty acids
MUFA increased by 63.2% (P < 0.05) from day 14 to day 28 and had a
tendency towards growth until the end of the experiment. At the same
time, the content of oleic acid (18:1) increased by 55.4% (P < 0.05) in the
first weeks and the content of palmitic acid (16:1) increased by 2.72 times
(P <0.01). Coefficient of variation of the total content of poly-unsaturated
fatty acids PUFA equaled 14.2% throughout the experiment. The greatest
changes in this parameter (tendency towards increase) were observed in
the period between days 28 and 49. At the same time, the content of essen-
tial linoleic acid (18:2)w6 was at stable level throughout the study, and
arachidonic acid (20:4)w6 increased from day 14 to day 49 (by
2.13 times) to maximum level with subsequent 254% decrease in the
content by the end of the experiment. Content of linolenic (18:3)w3 acid,
with certain fluctuations (unidentified completely in the stomach muscles
of 28-days old geese), increased 4.97-fold from the beginning to the end of
the experiment. At the same time, the content docosahexaenoic acid
(22:6)®3 decreased by 6.13 times during the experiment. Maximum level
of the overall unsaturation with N UFA in the stomach muscles was also
determined in 56-day old geese.

In the stomach muscles of 28-day old geese of the experimental
group, SFA content was 71.1% (P < 0.05) higher than that of the control
group. At the same time, content of palmitic acid (16:0) increased by
80.3% (P <0.01), and stearic acid (18:0) by 2.28 times (P <0.01). At the
same time, UFA content was 2.98 times (P < 0.01) less than that of the
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control group, whereas MUFA in geese of this age in the experimental
group decreased by 7.46 times (P < 0.01). Content of oleic acid (18:1) in
the stomach muscles of 28-day old geese of the experimental group was
lower by an impressive 47.12 times; palmitoleic acid (16:1) — by 11.59;
and heptadecene acid (17:1) — by 12.46. PUFA in the stomach muscles of
geese of the experimental group was 40.2% (P < 0.01) lower compared
with the control. At the same time, content of linoleic acid (18:2) dropped

3.24 times, and docosahexaenoic acid decreased by 19.08 times. Compa-
rison of the general characteristics of fatty acid compositions (UFA,
MUFA, PUFA) of the control and experimental groups of geese on the
49¢th day of their life indicates that those differences were less significant.
We determined a tendency towards increase for ®3PUFA due to increase
in the contents of linolenic (18:3) (by 47.8%) (P < 0.05) and, to a lower
degree, docosahexaenoic acids (22:6).

Table 1
Change in coeficient of antioxidant activity (C) in the muscular tissues of Legart geese consuming extract of oat in their diet (x + SE)
Variant of the experiment ~ No oat extract No oat extract With oat extract No oat extract With oat extract No oat extract With oat extract
Age of geese, day 14" 28" 28" 49" 49" 56" 56"
n 6 6 6 6 6 6 6
Stomach muscles 0312+£0012° 02310009 029700107 0253+0.011° 04080012 04030012 0.507+£0.0107
Cardiac muscle 0459+0011° 0279+ 0.004° 03580015 0422 +0.008" 0.519+£0014° 053340016 0.589+0.031%
Note: different letters indicate values that significantly differ one from another within one line of Table 1 according to the results of comparison using the Tukey test (P < 0.05)
with Bonferroni correction.
Table 2
Dynamics of fatty acid composition in the stomach muscles of geese consuming oat extract in their diet (x + SE)
Variant of the experiment ~ No oat extract No oat extract With oat extract No oat extract With oat extract No oat extract With oat extract
Age of geese, day 14" 28" 28" 49" 49" 56" 56"
n 5 5 5 5 5 5 5
14:0 0371+0017 1.160+0.073 0429+0019°  0234+0011° 0221 £0.009" 02450010 03310012
15:0 0.079+0.003 0.080+0.002* 0.096+0.004° 0.098 +0.002° 0.046+0.001° 0.034+0.001° 0.048+£0.002°
15:1 o 0290+0.012° 0.130+0.005" o 0.042 0,002 0.054 40,001 0.105+£0.003"
16:0 32.51+1.05 2252+096" 406041345 2418+ 1.11 20.59 +0.89" 2327+£107 23.96+095
16:1 0.546+0.021 1483 +0.057 0.128+£0.004° 133940043 1.001 +£0.039° 1310+0.053¢ 2.046+0.092°
17:0 0202 +0.009" 0330+£0014° 0.110£0.004° 0.0850.003" 0.084 0,004 0.0880.002* 0.162+£0.005"
17:1 o 1.109+£0043" 0.0890.003" 0.062+0.002° 0.083 0.003 0.075+0.002" 0.036+0.001°
18:0 27.56+095 17.05+0.72" 3886+126" 17.59 +0.85 18.15+0.79" 17.76 +0.80" 18.93 +0.86"
18:1 13.55+0.77° 21.06+£093° 0447+0021° 22124097 2803+ 1.01° 25.79+099 25.54+0.82"
182 w6 9.606+0.037 10.13£034° 3.122+0014° 10.17 £043" 10.54 035 9.502 + 0407 8933+£0341°
183 @3 0.032 +0.006" 0’ 0275+0001° 0.069+0.003" 0.102+0.004° 0.159+0.006" 0.152+0.005"
20:0 0.345+0.013 044040019 0.548£0.024° 02580011 03720014 033440009 02560010
20:1 02680011 0.502+0.023" 0.290+0.009” 0430+0017° 0.380+£0.014° 0354+0013"
202 0.608 0,023 0311+£0012° 2.198+0.103" 0.110+0.004° o 0’ 0"
20:3 0.161 +0.007* 0217+0011° 0’ 03330014 0495+0.019 04380020 0302+0014°
20:4 w6 57070217 7.930+0305 5.581+0208" 12.15+0.50° 8.544+£0327 9.064 40401 9374+0315"
21:0 0414+0.02° 0.331£0015% 0 0.737+0.031° 0.741 £0.031 0.615+0.028" 0.558+0.023"
22:0 1.699 +0.06" 1.392+0.057 2237+0091° 1.647 +0.049 1.741 £ 0,054 1.963+0.072° 13440053
22:1 0.1320.004* 0.046 +0.002° 1.044 +0.047° o 0" 0.149+0.052° 0’
223 0.278+0013°  0363+0016" 03380015 0284 +0010" 04040019 04180020 0.240+0.009”
22:4 w6 0 0" 0" 2.070+0.098 2.820+0.113" 2.554+0.107° 1.900+0.073
22:6 03 1.809 +0.075 1.774+0.06% 0.093 +0.004° 0367+0012" 0427 +0.009 0295 +0.008 024740011
24:0 0.790+0.032° 14060057 0’ 2533+£0.103" 1728 £0.059 2.006+0073" 1.831£0077*
24:1 2.107+0.083" 1.726+0.073" 1756 +0.068" 2706+0.113 2.988+0.105° 295740089 2792+0.113
SFA, % 64214205 48.70+153" 8344+325 4753+201¢ 43794199 4644 +232° 47524202°
UFA% 3486+ 1.62 480242317 16.10+0.74° 5208233 5591 +2,04° 53.17£220° 5202+£2.71°
MUFA % 16.66+0.79" 27.19+1.05 3.646+0.129” 2652101 32.57+141° 30.74+138 30.87+132°
PUFA% 1820+0.73" 20.82 +1.00° 1245+0.54" 25.56+098" 23344097 2243 +099% 21.15+£096"
®3PUFA% 2.002+0.093° 1.990+0.071¢ 0.368+£0014° 0.769+0.031° 1.024+0.042° 0.892+0.038" 0.701 £0.032%
©6PUFA.% 1620 +0.82 18.83 +0.862° 1138 +049 2479 +1.00" 22314093 21.54+1.11° 20.45+096"
N UFA, mmol/g 24234113 3140+12.5 1339459 3632+153 3519+133 3395+£15.2° 3288+15.1

Note: different letters indicate values that significantly differ one from another within one line in Table 2 according to the results of comparison using the Tukey test (P < 0.05)

with Bonferroni correction.

At the end of the experiment, in the stomach muscles of 56-day old
geese of the experimental group, against the background of redistribution
of these acids, the content of long-chain acids decreased: behenic acid
(22:0) (by 31.5%, P <0.05) and to a less extent arachidonic acid (20:0) (by
23.4%); on the other hand, the content of SFA with shorter chain in-
creased: myristic acid (14:0) (by 35.1%), pentadecylic acid (15:0) (by
41.2%, P < 0.05) and heptadecanoic acid (17:0) (by 84.1%, P < 0.01).
At the same time, the content of palmitic acid (16:0) and stearic acid (18:0)
in the muscles of the stomach of the control and experimental groups did
not differ significantly. Similar dynamics was also observed among
MUFA: against the background of decrease in the content of heptadecene
acid (17:1) (by 2.08 times, P < 0.01), there occurred increases in the con-
tents of pentadecene acid (15:1) (by 94.4%, P <0.01) and palmitoleic acid
(16:1) (by 56.2%, P < 0.05). Comparison of the contents of all other
groups of fatty acids in the stomach muscles of geese indicates that the

difference between the parameters of the control and experimental groups
at the final stage of the experiment was not significant.

In the cardiac muscle of geese of the control group (Table 3), the level
of SFA underwent no significant changes. The highest content of stearic
acid (18:0) in the cardiac muscle was determined in 28-day old geese.
The following period of time was characterized by 33.8% (P < 0.05) fall
in the content of this acid (day 49) and its further stabilization at the end of
the experiment. Unlike stearic acid, the content of palmitic acid (16:0) was
stable throughout the experiment.

UFA content in the cardiac muscles of the control group during the
first two weeks of the experiment had a tendency towards decrease, and
increased from the 28th to 49th day to the initial level with following
stabilization during the last week. The lowest MUFA content was seen in
the cardiac muscle of 28-day old geese. From day 28 to day 56, there
occurred gradual increase in this parameter (55.1%) in the control group.
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The lowest amount of oleic acid (18:1) was also determined in 28-day old
geese, and from the 28th to 56th day the content of this acid in the cardiac
muscle increased by 52.1%. Content of palmitoleic acid (16:1) in the
cardiac muscle of geese of the control group decreased by 4.11 times (P <
0.01) from the 14th to 28th day, reaching minimum level, and from day
28 to day 49 increased by 4.58 times (P < 0.01) and stabilized by the end
of the experiment. PUFA in the cardiac muscle of geese of the control
group was characterized by even lower variability than in the stomach
(variation coefficient equaling 11.5%). The most significant changes in
this parameter were observed from the 49th to 56th day. Greatest changes
in ®3PUFA were determined from the 14th to 28th day (42.4% decrease)
(P <0.05), and ®6PUFA had a tendency towards decrease from the 49th

Table 3

to 56th day. Significant decrease in the content of essential linoleic acid
(18:2) (by 34.4%, P < 0.05) occurred from day 14 to day 28, and the con-
tent of arachidonic acid (20:4), by contrast, was from the 14th to 28th day
observed to have a tendency towards increase up to the maximum value
with subsequent decrease to the initial level on the last week of the expe-
riment. The lowest content of linolenic acid (18:3) was determined in the
cardiac muscle of 28-day old geese. From day 28 to day 49, the amount of
linolenic acid increased by 2.45 times and stabilized. The most significant
changes in docosahexaenoic acid (22:6) (35.4% decrease, P < 0.05) was
observed at the beginning of the experiment from day 14 to day 28. Maxi-
mum level of N UFA in the cardiac muscle was determined in 56-day old
geese.

Dynamics of fatty acid composition in the cardiac muscle of geese under the effect of the oat extract in their diet (x + SE)

Variant of the experiment ~ No oat extract No oat extract Withoatextract ~ Withoatextract ~ With oat extract No oat extract With oat extract
Age of geese, day 14" 28" 28" 49" 49" 56" 56"
n 5 5 5 5 5 5 5
14:0 0431+£0021° 0.015+0,006" 0452+0019 02740011 0366+0015 0276+0.012° 0270+0.009"
14:1 0.011+0.000" 0 0.069+0.002° 0041£0002°  0.024+0001*  0.029+0.001° 0.031 +0.000"
15:0 0.079+0.002* 0.030+0.001° 0.049+0.002° 0.046 +0.001” 00580002  0.035+0.001 00300001
15:1 0.024 +0.001° 0.022+0.001° 02980014 o 0.032+£0.001 0.011+0.001 0
16:0 21.04+0.78 24,08+ 1.05% 214+1.18 23.06+0.89" 2203+093° 2430+095 21.68+1.04°
16:1 2.685+0.083" 0.654+0,022" 0291+0016" 2996+0.123 2970+0.127 2798 +0.133 2498 +0.128"
162 0.011 0.000" 0.066 +0.003 0.192+0071 o 0" 0.010+0.000" 0
17:0 0.101 £0.004 0.088 +0.003 0.120+0.005" 0075£0002°  0.096+£0003*  0.067+0.002° 0.068 0002
17:1 0.041 +0.002 0.067 0003 0.032+0.001 0.056 +0.002 0.064 +0.003 0.045 +0.002° 0.043 +0.002°
18:0 19.40+0.68 2345+107° 39.11+1.94 1553+ 063 17.35+0.82° 14.61+0.53¢ 13.99+048"
18:1 25.53+1.03 22.82+0.98% 0.717+£0.034° 29.66+1.07° 2897+ 107 34.71+1.03 36.59+ 125
182 w6 17.03+0.75 11.17+087 2479+0.136 12.68+0.301 16280274 1086041 10.75+£043¢
183 w3 0.540 0,023 0.146+£0.005° 0.070+0.002° 0357+0012° 0.713+0.021° 0.378+0017* 0.352+£0019"
20:0 0.515+0.002° 0.776+£0.032° 0.670+0.024° 0426+0019 0.372+0.009" 0.288+0011° 0.350+0017%
20:1 0.512+£0.021¢ 0.245+0.009 0’ 0302+0.014% 04570019 0259+0012% 0207 +0.008"
202 0.101 +0.003 0.166+0.005" 1480+0.061° 0.075+0.002° o 0’ 0
20:3 0281+£0011° 028940013 0288 +0.008 0243 £0012° 0.324+0.009" 024940011
20:4 w6 8.565+0341¢ 1138041 8908 +0322 11.08+027 7.535+0203 8417+0280° 1023+038
21:0 0.572+£0.021° 0.604 +0.029" 0’ 0.524+0.026" 0394+0019 0.438+0.020" 0328+0014°
22:0 0.641 £0.025° 0.990+0.038" 1.749 +0.059" 0.545+0.018 0426+0021 0469+0019” 0470+0.017"
223 w6 0.162 +=0.008 0246+0011 0.179+0.007° 0.129+£0.005 0.111 %0004 0.126 +0.006" 0.111£0.005
22:4 w6 02440011 0.536+0.023" 0 0443 +0.020° 0291 +0.008" 0.556+0.023" 0287+0012°
22:6 03 0.557+0.013¢ 0360+0010 0’ 0.524+0014° 0361 £0.009” 0.680+0.032° 0.578+0.024%
24:0 03480012 0468+0019 0’ 0349+0015"  0299+0009” 0356 £0011°  0328+0.014°
24:1 0450+0.021° 0.752+0.033" 0.502 +0024° 0223+0013 0.278 +0.008" 0.280+0.012* 0.225+0.007*
SFA, % 43.18+197° 50.73+238 84.49+3.76" 4093+ 1.85° 4145+1.79" 4089+1.71° 37.63+1.54"
UFA% 56.76+232° 4895+201° 1533+0.64° 58874239 5836+231¢ 5893 +242° 62.13+2.72
MUFA % 2027+121 24594132 2023 +0.098" 3330+ 1428 32.82+1.62 38.15+1.74° 39.60+1.82°
PUFA% 2749+097 24.36+098" 1331+051° 2557+1.11° 25.54+092° 20.78£092° 22.57+098%
®3PUFA% 1.378+0.068" 0.794+0032° 0.070+0.003" 1.169+0.048" 13170058 1383 +0.061 1.185+0.049"
©6PUFA.% 26.11+£093 23.57+093% 1324+0.59 24,40+ 0.98 2422+ 1,08 1940087 2138+095%
N UFA, mmol /g 362.0+14.2° 339.1+14.3¢ 155574 377.1+£165% 3533+ 134% 4064+£17.6" 3733+173%

Note: see Table 2.

In the cardiac muscle of 28-day old geese of the experimental group,
SFA was 66.5% (P < 0.05) higher than that of the control. At the same
time, the concentration of palmitic acid (16:0) increased by 75.0% (P <
0.01), and stearic acid (18:0) — by 66.8% (P < 0.05). Moreover, there
occurred statistically significant increases in the contents of myristic acid
(by 30.13 times), pentadecylic acid (by 63.3%, P < 0.05) and heptadeca-
noic acid (17:1) (by 36.4%, P <0.01). At the same time, UFA in the car-
diac muscle of 28-day old geese of the experimental group was 3.19 lower
compared with the control, and MUFA of geese of this age in the experi-
mental group decreased by 12.15 times. Content of oleic acid (18:1) in the
stomach muscles of 28-day old geese of the experimental group was
lower than that in the control by 31.83 times; palmitoleic acid (16:1) — by
2.24; and heptadecene acid (17:1) — by 2.09. PUFA of the experimental
group was by lower 45.4% (P < 0.05) than the corresponding parameter
of the control group. At the same time, the amount of linoleic acid (18:2)
decreased by 4.51 times, linolenic acid (18:3) — by 2.09 times, arachidonic
acid (20:4) had a tendency towards decrease, and docosatetracnoic (22:4)
and docosahexaenoic (22:6) acids were not identified at all. At the same
time, in the cardiac muscle of the experimental group, ®3PUFA was
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11.34 lower than the control, and ®6PUFA — by 43.8% (P < 0.05). In the
cardiac muscle of 49-day old geese of the control and experimental
groups, we determined no significant differences between the general
parameters of fatty acid composition (UFA, MUFA, PUFA, ©3PUFA
and @6PUFA). However, within ®3PUFA and w6PUFA, there occurred
certain redistribution of acids towards increase in linolenic (18:3) (by 2.00
times) acid and linoleic acid (18:2) (by 28.4%, P < 0.05) and decrease in
the content of acids with longer chains: arachidonic (20:4) (by 32.0%, P <
0.05) and docosahexaenoic (22:6) (by 31.1%, P < 0.05) acids. At the end
of the experiment, in the cardiac muscle of 56-day old geese of the expe-
rimental group, the general characteristic of fatty acid composition had no
significant differences. Within SFA, against the background of tendency
towards decrease in the content of arachidonic (20:0) and behenic (22:0)
acids, no significant differences were determined for the contents of pal-
mitic (16:0) and stearic acids (18:0) in the control and experimental gro-
ups. At the level of P < 0.05, the difference between the abovementioned
general parameters of fatty acid compositions of the control and experi-
mental groups was not significant. Among all the changes in the content
of individual PUFA under the effect of the extract, at the end of the expe-
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riment, the decrease in the content of docosatetraenoic acid (22:6)
(by 48.4%, P <0.05 ) was significant, though it made no significant differ-
ence between @6PUFA of the control and experimental groups.

Comparative analysis of the changes in fatty acid composition at the
inter-tissue level confirms that in the cardiac muscle of 14-day old geese of
the control group, both UFA (by 62.8%, P <0.05) and MUFA (by 75.7%,
P < 0.05) content exceeded that in the stomach muscles. Furthermore,
PUFA in the cardiac muscle was 51.6% (P < 0.05) higher, and ®6PUFA
was 61.2% (P < 0.05) higher within PUFA. In 28-day old geese of the
control group, significant difference in fatty acid composition at inter-
tissue level was determined only for ®3PUFA (2.41 higher than the sto-
mach muscles). In 49 and 56-day old geese of the control group, no signi-
ficant difference between the fatty acid composition of the stomach mus-
cles and cardiac muscles were determined.

a

Fatty acid composition of the stomach muscles and the cardiac mus-
cle in the experimental group of 28-day old geese was significantly differ-
ent by MUFA content (44.5%, P < 0.05), especially @3PUFA (5.26
times). Tissue specificity was seen in the changes in the content of linolen-
ic acid (18:3): in the cardiac muscle of 28-day old geese its content de-
creased by 2.14 times, whereas in the stomach muscles this parameter
significantly increased. In 49-day old geese, at inter-tissue level, no signifi-
cant differences in the fatty acid compositions were determined, and in 56-
day old geese, only 69.0% (P < 0.05) excess of ®3PUFA in the cardiac
muscle was significant.

The results of the correlation analysis we performed indicate that the
extract increased the number of significant correlation relationships bet-
ween fatty acid composition parameters by 33.4% in the stomach muscles
and 2.42 times in the cardiac muscle (Fig. 1, Fig. 2).

b

Fig. 1. Clusters for the control group of geese: a — the cardiac muscle, b — the stomach muscles; complete lines — positive correlation; dash lines — negative
correlation; fat lines — level of significance of the relationships P < 0.05, thin lines — level of significance in the relationships P < 0.10; indication of fatty
acids: (16:0)—1; (16:1)—2; (18:0)—3; (18:1) — 4; (18:2) - 5; (18:3) — 6; (20:4) — 7; (22:4) — 8; (22:6) — 9; (24:1) — 10; UFA— 11; N UFA - 12

o

Fig. 2. Clusters for geese that received oat extract: a — the cardiac muscle, » — the stomach muscles; complete lines — positive correlation; dash lines —
negative correlation; fat lines —level of significance of the relationships P < 0.05, thin lines— level of significance of the relationships P <0.10; indications
of fatty acids: (16:0)—1; (16:1)—2; (18:0)—3; (18:1)—4; (18:2)—5; (18:3) — 6; (20:4)— 7; (22:4) - 8; (22:6) —9; (24:1)— 10; UFA— 11; N UFA - 12

To determine presence and the pattem of the integrated structure of
FAC, we performed cluster analysis, the results of which clearly demon-
strate the correlation of the dynamics of individual fatty acids (the most
content-rich, saturated and unsaturated, essential, ®-3 and m-6 PUFA)
within the studied tissue. Therefore, clusterization of these parameters of
the cardiac muscle of the control group geese and the number and density
of correlation relationships between them at the level of significance P <
0.10 allowed us to identify two clusters (Fig. 1a). Within the basic cluster
comprising seven parameters, we should note absence of direct relation-
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ships with essential fatty acids (5, 6, 7) for the general unsaturation (12),
separation of palmitic (1), linoleic (5) and docosatetraenoic (8) acids into a
separate cluster and complete absence of significant bonds between lino-
lenic (6) and arachidonic (7) acids. Clusterization of the parameters of the
cardiac muscle of the experimental group (at the significance level of P <
0.10, Fig. 2a) allowed us to determine that specificity of FAC content
dynamics in the cardiac muscle of geese of the experimental group mani-
fested in unification of fatty acids into a single cluster. However, this clus-
ter did not include arachidonic (7) and nervonic (10) acids. In the case of
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presence of significant correlation relationships, FAC parameters in the
stomach muscles of geese of the control group were gathered into a cluster
(Fig. 1b), which included 11 parameters except linoleic (5) acid. In the
stomach muscles of the experimental group, the assemblage of fatty acids
into the integral balanced structure remained (Fig. 2b), though linoleic (5),
linolenic (6) and docosahexaenoic (9) acids were separated from this
cluster. It has to be noted that all four clusters had one common structural
group of five FAC parameters, namely: palmitoleic (2), stearic (3) and
oleic (4) acids and the total content of UFA (11) and overall unsaturation
of fatty acids (12). Insensitivity to the extract of common oat was exhi-
bited by linoleic (5) acid in the stomach tissues (Fig. 1b, 2b) and arachi-
donic (7) acid in the cardiac muscle (Fig. 1a, 2a). A peculiarity of the
dynamics of these acids was absence of statistical relationships with other
parameters of FAC in both the control and experimental groups of the
geese. Therefore, the action of oat extract activated such mechanisms of
antioxidative protection in the cardiac muscle in geese, which increased
the level of correlation between changes in fatty acid composition.
Comparative analysis of the general condition and process of the de-
velopment of feathering of geese of the control and experimental groups at
the end of the experiment (at the age of 56 days) revealed the following.

Fig. 3. General view of a wing of a 56-day old goose
of the control group (a) and one that received oat extract (b)

In the control group, plumage of the birds look untidy, the growth of
the feathers of the wings was especially uneven (Fig. 3a). The develop-
ment of feathers was somewhat slowed, especially in first-row and se-
cond-row flight feathers and tail feathers compared with contour feathers,
and moreover, the growth of feathers was retarded on the thighs and sides
of the torso.

In the experimental group, the plumage in general and some pterylae
look healthy and harmoniously developed (Fig. 3b). Nonetheless, flight
and tail feathers, as well as feathers on the back, continued to grow.
On other pterylae, the development of the feathers was completed, includ-
ing down feathers and “brush feathers” on the tailbone (coccyx).
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Discussion

Adaptation of geese to the conditions of postnatal existence takes
place during the first two weeks of life. The following processes of the
formation of first the contour and then juvenile feathers that need signifi-
cant expenditures of amino acids, including sulfur-containing ones, cause
physiological load on the organism of birds and shift in pro-oxidant-
antioxidant balance towards pro-oxidants. The determined decrease in C
from days 14 to 28 in the both studied tissues indicates decrease in the
activity of endogenous antioxidants. Completion of feather development
in 56-day old geese was accompanied by recovery of the balance between
pro- and antioxidants.

The use of antioxidant supplements in the diet is known to significant-
ly weaken the load on the organism of poultry in this period (Ionov et al.,
2011; Yakoviichuk et al., 2018). Subject to oat extract, the decrease in
antioxidant activity in the tissues of 28-day old geese of the experimental
group was less significant. Addition of oat extract led to significant in-
crease in C in the stomach muscles until the end of the experiment, while
increased antioxidant activity was observed in the cardiac muscle
throughout the experiment. One of the mechanisms of increasing antioxi-
dant status of the tissues of a functioning organism under physiological
loading may be the decrease in the content of the main substrate of peroxi-
dation of lipids of unsaturated fatty acids, and therefore, increase in resis-
tance of lipids of biomembranes to oxidative damage (Zdorovtseva et al.,
2012). Identification of changes in fatty acid composition during growth
of contour and juvenile feathers allowed us to determine the level of effect
of this mechanism on increase in adaptive potencies of geese in the indi-
cated period of their development.

Analysis of fatty acid composition of the examined tissues of 14 and
28-day old geese of the control group confirms the presence of certain
changes throughout the third and forth weeks of postnatal development,
but these differences were insignificant compared to the difference bet-
ween fatty acid compositions in 28-day old geese of the control and expe-
rimental groups. First of all, we should note rapid decrease in the total
content of UFA and unsaturation of fatty acids under the effect of the
extract in both studied tissues of 28-day old geese. Therefore, increase in
antioxidant activity occurs as a result of fall in the total content of UFA, as
well as selective metabolism of UFA, oriented towards decrease in the
content of poly-unsaturated fatty acids (PUFA) and likely implemented
through inhibition of synthesis of fatty acids and blocking of the expres-
sion of genes of other enzymes of lipid metabolism (Tian, 2006; Damiano
et al,, 2019). Rapid decrease in the content of oleic acid (18:1) in the car-
diac muscle and the stomach muscles of 28-day old geese of the experi-
mental group may be considered as a mechanism of reducing the content
of the substrate of peroxidation. Most cells of eukaryotes are able to
denovo synthesize fatty acids from glucose (Gula & Margitich, 2009).
Palmitic acid (16:0), which is a product of such a synthesis, under the
effect of stearoyl-CoA desaturase (A9-desaturase) and elongase Elovl-6,
transforms into one of the main components of triacylglycerols of fatty
tissues of animals — oleic acid. Malfunctioning of oleic acid synthesis
caused by defects of A9-desaturase is known to have negative effects such
as inhibition of triacylglycerols synthesis, activation of processes of oxida-
tion of fatty acids, etc. However, short term inhibition of synthesis of oleic
acid may be the mechanism of reducing the content of substrate of lipid
peroxidaton, and therefore ability of the tissues to undergo this type of
oxidation.

The reason for significant decrease in the content of linoleic acid
(18:2) in both the studied tissues of 28-day old geese subjected to effect of
the extract may be the activation of the processes of synthesis of arachi-
donic acid from it (20:4) with participation of elongases (Elovl-2 i -5) and
desaturases (AS- and A6-desaturases), because this acid (20:4) is a prede-
cessor of eicosanoids that are important regulators of metabolic processes
in the organism. This presumption is supported by the relatively small
amount of arachidonic acid in both studied tissues against the background
of physiological loading with contour feather formation.

Moreover, tissue specificity was seen in changes in the contents of li-
nolenic (18:3) and docosahexaenoic (22:6) acids. While the content of
linolenic acid in the cardiac muscle of 28-day old geese decreased by
2.14 times, in the stomach muscles this parameter significantly increased.
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Subject to the effect of the extract, the content of docosahexaenoic acid in
the stomach muscles decreased by 19.7 times, and vanished entirely in the
cardiac muscle. Nonetheless, comparison of the changes in fatty acid
compositions in the stomach and cardiac muscles of the experimental
group of geese indicated that the mechanism of antioxidant effect of the
extract within the conducted experiment was not tissue-specific, for the
main orientations of the changes in the fatty-acid content during develop-
ment of feathers in 28-day old geese were determined in both examined
tissues.

Thus, physiological loading on the organism of geese related to the
growth of contour feathers was significantly reduced by the influence of
the oat extract through activation of regulatory mechanisms that had selec-
tively inhibited UFA synthesis. First of all, this was relevant for A-9-
desaturase that takes part in the synthesis of oleic acid (Dalla et al., 2019).
At the same time, the activation of elongases involved in the synthesis of
palmitic and stearic acids may have occurred. Comparative analysis of
changes in the overall content of UFA in the examined tissues of 28-day
old geese consuming oat extract indicates their similarity. Nonetheless, at
the level of individual acids, first of all, essential, the research confirmed a
certain tissue specificity of those changes which lies in the differently
oriented changes in the content of linolenic acid in the context of decreases
in the amounts of linoleic and arachidonic acids in both examined tissues.

Further changes in FAC, accompanied by growth of juvenile feathers,
in 49-day old geese were characterized by equalizing of the fatty acid
contents in the control and experimental groups, first of all, through in-
crease in the content of oleic acid, and by contrast decreases in the content
of palmitic and stearic acids. More significant differences in the tissues of
49-day old geese of the control and experimental groups were determined
for PUFA in the cardiac muscles (increases in the contents of linoleic and
linolenic acids and decreases in the levels of arachidonic and docosahex-
aenoic acids). It has to be noted that according to the results published
earlier, a similar effect of the extract was seen in the liver tissues as well
(Danchenko et al., 2020).

Thus, antioxidant action of the extract also expressed during the
growth of juvenile feathers. However, the mechanisms of this effect at the
stage of the development of juvenile feathers are different, as confirmed
by the great decrease in the significant difference between the fatty acid
composition in the stomach and cardiac muscles of 49-day old geese of
the control and experimental groups.

Recovery of pro-oxidant-antioxidant balance in 56-day old geese,
which indicates the completion of the processes of development of feath-
ers, was characterized by gradual stabilization of the total content of UFA
and unsaturation of lipids in the studied tissues. Therefore, antioxidant
activity of the oat extract at earlier stages of the growth of bird organism
manifested in selective modulation of synthesis or oxidation of fatty acids.

According to domestic and foreign biochemists (Rostova, 2002; Dan-
chenko, 2009; Yakoviichuk et al., 2018), one of the mechanisms of in-
creasing the efficiency of functioning of any system of the organism,
including antioxidant, may be increasing the level of balance in the dy-
namics of its parameters.

The results of the conducted correlation analysis confirmed that the
amount of significant correlation relationships between the FAC parame-
ters of geese in the experimental group increased by 33.4% in the stomach
muscles and 2.42 times in the cardiac muscle compared with the control.
Thus, in the stomach and cardiac muscles of geese, extract of oat activated
mechanisms of antioxidant protection, which increases the level of corre-
lation between the changes in fatty acid composition.

Control of the dynamics of weight of geese throughout the experi-
ment indicates a certain tendency towards increase in the weight of geese
of the experimental group compared with the control. Nevertheless, the
mass of the geese of the experimental group became significantly greater
(by 17.9%) compared with the control only at the end of the experiment at
the age of 56 days and this is further evidence of activation of antioxida-
tive protection of geese which consume oat extract.

Conclusions

Thus, subject to the influence of oat extract, physiological loading in
the stomach muscles and the cardiac muscles during the growth of con-
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tour feathers significantly weakens through selective inhibition of synthe-
sis of unsaturated fatty acids. Increase in antioxidative activity in these
tissues in geese during the development of juvenile feathers occurs as a
result of activation of altemative mechanisms of antioxidative protection,
which are implemented without significant changes in the fatty acid com-
position. Components of the oat extract activated antioxidative protection
mechanisms that increase specifically the level of correlation between
changes in the parameters of fatty acid composition. Extract of oat statisti-
cally significantly increased the weight at the end of the experiment and
improved their pterylographic parameters. Therefore, it is recommended
to use oat extract in feeding both poultry and wild species grown for hunt-
ing, which is perfectly suitable for their further release into the wild.

The studies were carried out within the Program of Scientific-Research Work
No. 01180004186 “Biochemical and technological aspects of the protection of the
environment and its computer monitoring””.
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