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Extract of oats as a modulator of fatty acid
composition of geese tissues in the conditions
of physiological stress
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Feeding natural antioxidant supplements to animals and birds has
multiple advantages over traditional synthetic vitamins of the an-
tioxidant group. This study investigated the effect of the Avena
sativa extract on the antioxidant status and fatty acid composi-
tion of liver tissues, the brain, and skeletal muscles of geese, live
weight dynamics, and pterylographic parameters during physi-
ological stress of formation of contour and juvenile feathers.
It is confirmed that adding oat extract to the geese diet during
physiological stress increases tissue antioxidant activity. It was es-
tablished that during the formation of contour feathers (day 28),
the voltage of the antioxidant system is significantly weakened by
the action of the extract due to selective inhibition of the syn-
thesis of unsaturated fatty acids, in particular oleic. The synthesis
of palmitic and stearic acids is activated. The oat extract caused
the most remarkable changes in liver tissues. The subsequent pe-
riod of formation of juvenile feathers (49 days) is characterized by
equalization of the composition of fatty acids in the control and
experimental groups. At the end of the experiment, the mass of
the geese of the experimental group increased by 17.9% and their
pterylographic parameters improved.
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INTRODUCTION

The use of antioxidants in feeding birds helps to
eliminate the harmful effects of negative factors
of different aetiologies. The use of natural anti-
oxidant additives in feeding birds has a number
of advantages over traditional synthetic addi-
tives. In addition to the known compounds of
the phenolic nature of bioflavonoids, more com-
plex phenols — avenantramids, which are char-
acterized by 10-30 times higher antioxidant ac-
tivity than other natural antioxidants (Nie et al.,
2006; Viskupi¢ova et al, 2008; Skoglund,
2008; Meydani, 2009; Antonini et al., 2017;
Chen et al,, 2018) have been found in the grass
of oats. Fatty acids are the main components of
cell membranes; they play a key role in energy
homeostasis and participate in the antioxidant
tissue response (Danchenko et al.,, 2012). It is
also known that fatty acid synthase (FAS) is
a multienzymic complex that catalyses the syn-
thesis of de novo fatty acids. Inhibition of these
enzymes, in turn, may be subject to inhibition
by the action of natural flavonoids (Brand et al.,
2010; Vauzour et al., 2015; Zhang et al., 2016),
which may lead to a decrease in the unsatura-
tion of lipids and, consequently, increase tissue
resistance to the action of free radicals.

The purpose of this study was to find out
the effect of Avena sativa extract on the anti-
oxidant status and fatty acid composition of
the liver tissues of the liver, the brain, and skel-
etal muscles of geese, the dynamics of their live
weight, and the pterylographic parameters dur-
ing the physiological stress of the formation of
contour and juvenile feathers in these birds.

MATERIALS AND METHODS

The research was conducted on Legarth geese.
On the principle of analogues, two groups of
14-day-old geese (control and experimental),
26 birds in each, were formed. Throughout
the experiment, the birds of the control group
were kept on a standard diet balanced on ex-
change energy, protein, and vitamins in accor-
dance with the recommendations (Ryabokon,
2005). The geese of the experimental group

drank oat extract from day 14 to day 49. For
the extraction of bioflavonoids of the Avena
sativa, the aboveground part in the earing and
flowering phase was used. The removal of fla-
vonoids from the raw material was carried out
with the help of water (the ratio of the raw ma-
terial and extractant was 1:10, the extraction
time in the boiling water bath was 60 min) fol-
lowed by the extract diluted three times.

The slaughter of the geese and the selec-
tion of the biological material for biochemical
studies were carried out in compliance with
the standards of the Convention of the Coun-
cil of Europe on the protection of animals used
in scientific research. Research material was
the tissues of the brain, liver, and the muscle tis-
sue of geese. Determination of antioxidant ac-
tivity and fatty acid composition of these tissues
was carried out at physiologically grounded
terms: day 14 - completion of postnatal adap-
tation, day 28 — formation of contour feathers,
day 49 - formation of juvenile feathers, and day
56 — presence of the formed feathers and stabi-
lization of the prooxidant-antioxidant equilib-
rium (Khvostyk, 2013).

Intensity of peroxide oxidation processes
was evaluated by the content of their end prod-
ucts (TBARC) in tissue homogenates and by
the initiation of Fe?* (TBARC:i) lipid peroxida-
tion (Ionov et al., 2011). As an integral indi-
cator of the state of the antioxidant protection
system (AOP), the coeflicient of antioxidant
activity (C,,) was used. It was calculated as
the ratio of TBARC to TBARCi, since tissue
homogenates contain not only the peroxida-
tion substrate, but also components of the AOP
system that can inhibit lipid peroxidation
(Danchenko et al., 2012).

The content of the fatty acids was deter-
mined by gas-liquid chromatography; lipid
extracts for analysis was carried out accord-
ing to E. G. Bligh and W. ]J. Dyer (1959) with
the recommendations of F. B. Palmer (1971).
In addition to the total content of unsaturated
fatty acids (UFA) (Zw, %), the total equiva-
lent concentration of fatty acids (FA) was cal-
culated for the multiple bonds (unsaturation,
2N, mMol/100 g) (Danchenko et al., 2003).
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In parallel, the dynamics of the live weight
of geese and their pterylographic parameters
were monitored. The statistical processing of
the results was carried out with Microsoft Of-
fice Excel 2013 and SPSS v.13 packages with
the Student t-criterion (Landau, Everitt, 2003).

RESULTS AND DISCUSSION

Eggshell hatching of the embryos at the end of
the embryonic period causes a transition from
hypoxia to hyperoxia of atmospheric respira-
tion. This is the genetically-programmed oxida-
tive stress (OS). The ability of the chicks to form
an adaptive response to OS at this age is deter-
mined by the initial quality of the hatching eggs
and the conditions of their incubation. A num-
ber of studies have shown that when the diet is
balanced and technological conditions are main-
tained, the postnatal adaptation of the geese is
completed by the age of two weeks (Sheremet,
Melnik, 2014). Formation of the adaptive re-
sponse to the conditions of postnatal existence
during the first two weeks of the life of the geese
is accompanied by an increase in the antioxidant
status of their organism (Pashchenko, 2013).
The results of the experiment confirmed a suf-
ficiently high level of C, | in all investigated tis-
sues of 14-day-old geese (Table 1).

From day 14 to day 28, the contour feath-
ers are formed, and in the birds of the control
group, the decrease in C, |, was observed in
all investigated tissues, namely: in the liver by

48.0%, the brain 57.6%, and in skeletal muscles
by 29.4%. At the same time, under the influence
of the oat extract, the reduction of antioxidant
activity significantly decreased in the tissues of
28-day-old geese of the experimental group.
Thus, the liver C, |, of this group decreased by
only 37.3% compared with the 14-day limit,
the brain C, |, by 15.8%, and skeletal muscles
by 25.0%.

It is known that one of the mechanisms for
increasing the antioxidant status of tissues of
a functioning organism during physiological
stress may be the reduction of the content of
the main substrate of peroxide oxidation of lip-
ids of unsaturated fatty acids and, accordingly,
of the ability of lipid of biomembranes to oxida-
tive damage. The determination of the changes
in the fatty acid composition during the forma-
tion of contour and juvenile feathers will allow
assessing their role in increasing the adaptive
potential of geese at this stage of development.

A comparative analysis of fatty acid com-
position (FAC) of the investigated tissues of
the geese of the control group on day 14 and
day 28 suggests the presence of certain changes
in the composition of fatty acids. However,
these differences are insignificant compared
with the difference in FAC of 28-day-old geese
of the control and experimental groups. First
of all, attention is paid to the sharp drop in
the total content of UFA under the influence of
the extract. Thus, in the liver tissues of the ex-
perimental group, this indicator decreased by

Table 1. Coefficient of antioxidant activity in tissues and live weight of geese (M + m, n = 6)

Tissue Group Age of geese, day
14 28 | 49 | 56
) control 0.57 0.42 0.40 0.42

Brain
. . experimental 0.57 0.48 0.51 0.53
Coefficient of . control 0.59 0.25 0.31 0.42
antioxidant activity ~ Liver -

C.) experimental 0.59 0.37 0.42 0.53
ot Skeletal  control 0.68 0.48 0.33 0.42
muscle  experimental 0.68 0.51 0.45 0.53

control 0.61+0.13 2.05+0.11 2.68+0.14 2.95+0.09

Weight of geese, kg

experimental 0.61+0.13 2.12+0.08 291+0.10 3.48+0.13*

Note: difference is probable relative to the control group: * — p < 0.05.
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18.3 times (Table 2), in the brain by 2.46 times
(Table 3), and in the skeletal muscle by 3.62
times (Table 4) compared with the control
group.

The largest decrease of unsaturation of the FA
was in the liver (10.5 times) and the smallest in
the brain (1.85 times). Consequently, an increase
in antioxidant activity occurs both at the expense
of the reduction of the total content of UFA and

Table 2. The content (w, %) and total unsaturation (XN, mMol/100 g) of fatty acids in the liver of

selective metabolism of UFA aimed at reducing
the content of polyunsaturated fatty acids (PU-
FAs). Among all the differences in the UFA in
tissues of 28-day-old geese, attention is drawn to
the sharp drop in the content of oleic acid under
the influence of the extract: in the liver of the ex-
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Table 4. The content (w, %) and total unsaturation (XN, mMol/100 g) of fatty acids in the skeletal
muscle of the geese of the control (C) and experimental (E) groups (M + m, n =5)

perimental group of geese, this figure is 161.4, in
the brain 43.6, and in the skeletal muscle - 86.5
times smaller than the corresponding control

the geese of the control (C) and experimental (E) groups (M + m, n =5)

Age of geese, days

Age of geese, days
Acid 14 28 49 56
C c | E c | E c | E
(16:0) 29.13+1.32 21.09+1.03 38.64+1.17"* 2471+1.07 22.93+1.03 20.94+1.07  21.70 £1.02
(18:0) 18.13+£0.79 21.94+£0.98 4328 £1.38* 14.18+0.52 15.67 £0.48 16.39 + 0.35 14.69 + 038
(18:1) 30.27+1.18 2594 +1.04 030 £0.01** 38.24+1.14 3727+1.15 3371+1.52  39.53 +1.33*
(18:2) 12.35 £ 0.62 13.91 £ 0.52 330£0.12% 11.11+0.37 12.78+0.36 11.94 + 0.47 11.30 £ 0.41
(18:3) 0.15+0.00 0.09 = 0.00 0.15 + 0.00* 0.17 £0.01 0.24 +0.01* 0.19 £ 0.01 0.26 £ 0.01*
(20:4) 4.06 £0.14 8.61 £0.32 7.39+£0.28 5.56 £ 0.19 4.70 £0.21 9.60 £ 0.37 5.86 £ 0.17*
(22:3) 0.09 = 0.00 0.19 £ 0.01 0.21 £0.00 0.14 £ 0.00 0.17 £0.00 0.15 +0.00 0.09 + 0.00*
(22:4) - 0.20 £ 0.00 - 0.29 £ 0.01 0.29 £0.01 0.32£0,01 0.11 £0.01*
(22:6) 0.21 £0.01 0.15+0.01 - 0.21+£0.00  0.49 £0.02** 0.43 £ 0.02 0.29 + 0.00**
>w UFA 50.61 52.83 14.61 59.12 58.61 59.20 61.39
>N 273.21 326.44 142.82 314.54 312.67 356.74 324.02

Note: difference is probable relative to the control group: * - p < 0.05;** - p < 0.01.

Acid 14 28 49 56
C C | E c | E C E
(16:0) 28.76+123 2729+093 50.83+2.14* 27.11+1.09 2580+1.17 2421+1.07 19.07 +0.67*
(180) 19.87+094 2502+074 4227+132% 2251+173 2321+095 2293+099 2564+ 1.12
(181) 3445+125 29.05+082 0.18+001* 27.00+098 2573+1.03 2302+1.14 22.96+0.98
(182)  544+037  770+021  008+000% 869+027 791+024  888+031  848+039
(183) 0044000 0.04+000  004+000  008+0.00 007+000 0.29+0.09  0.13+0.00*
(20:4)  419+028 5434020  142+0.03%  7.66+028 9.77+029% 1245+042 16.66+ 0.58*
(22:4) 015000  032+001 - 0.55+0.02 0.86+003* 055+002 071 +003"
(22:6)  026+001  0.15+0.00 — 0.51+0.01 1.04+004* 1124003  1.48+0.06*
S UFA 47.8 45.88 251 47.47 48.17 49.70 52.56
SN 239.03 250.59 23.80 290.96 321.94 361.09 405.30

Note: difference is probable relative to the control group: * - p < 0.05;** — p < 0.01.

Table 3. The content (w, %) and total unsaturation (XN, mMol/100 g) of fatty acids in the brain of

the geese of the control (C) and experimental (E) groups (M * m, n = 5)

Age of geese, days

Acid 14 28 49 56
C c | E C | E C E
(16:0) 2939+135 32.67+1.17 4404+ 157 2588+1.17 2504+1.03 2566+1.12  21.95+096
(18:0) 25.17+1.08 2524+ 1.04 3817+ 1.05% 22064093 21824097 2251+093 2121+ 108
(18:1) 2202+089 18034072 042+001* 21954102 21734083 21.85+1.05  21.23+0.83
(182)  0.67+002 095+003 148+003*  146+0.04 115+004* 070+002  1.04+0.03*
(18:3) _ 0084000  0.37 +0.02** _ _ _ _
(20:4)  687+031 685+0.16 846+027*  745+027 630+0.19* 698+024  9.26+0.27*
(223)  075+028 0.66+002 0.06+0.00%* 093+003 105+006 0.88 +0.03 1.07 % 0.03
(22:4)  1.66+005 211+008 0.17+001* 3314013 3.11+005 364+0.11 563 +0.18*
(22:6)  3.99+009  3.68+0.12 _ 6564022 7114028 7.65%0.29 7.15 402
SoUFA  39.68 36.66 14.93 45.77 45.74 45.83 49.68
TN 287.45 275.77 148.89 368.10 364.39 379.16 42695

Note: difference is probable relative to the control group: * - p < 0.05;** — p < 0.01.

group indicator. At the same time, a significant
increase in saturated palmitic and stearic acids
(the smallest — in the brain, and most — in CM)
is established. Attention is drawn to the high
tissue specificity of changes in the content of
essential linoleic acid (LA). Thus, under the in-
fluence of the extract in the liver tissues, the con-
tent of LA was reduced by 96.3 times, in skeletal
muscles — by 4.2 times, and in the brain even
increased by 55.8%. The content of the second
essential linolenic acid in the liver remained
at the level of the corresponding indicator of
the control group, in the skeletal muscle it in-
creased by 66.7%, and in the brain by 4.6 times.
The content of essential arachidonic acid (AA)
significantly decreased in the liver and the skele-
tal muscle, but in the brain it increased by 23.5%.
Under the influence of the extract, most unsatu-
rated w-3 docosahexaenoic acid disappeared al-
together in all tissues.

Consequently, under the influence of the oat
extract, the physiological tension in the organ-
ism of geese associated with the formation of
contour feathers is significantly weakened by
the inclusion of regulatory mechanisms that se-
lectively inhibit the synthesis of UFA (Danchen-
ko et al., 2003). In the first place, this concerns
A-9 desaturase, which is involved in the synthe-

sis of oleic acid. At the same time, elongases,
which participate in the synthesis of palmitic
and stearic acids, are activated. A comparative
analysis of FAC changes in the investigated tis-
sues suggests that the most dramatic changes
under the influence of the oat extract occurred
in liver tissues. By the level of UFA falling,
the investigated fabrics can be placed in a row:
the liver — the skeletal muscles — the brain.

Subsequent changes in FAC, which ac-
company the formation of juvenile feath-
ers in 49-day-old geese, are characterized by
(1) equalization of FAC of control and experi-
mental groups, (2) an increase in the content of
OA and, conversely, (3) a decrease in the con-
tent of palmitic and stearic acids. The most sig-
nificant differences in the tissues of 49-day-old
geese are set for PUFA of liver tissues (AA, doc-
osatetraenoic, docosahexaenoic) and skeletal
muscle (docosahexaenoic).

Consequently, the antioxidant effect of
the extract is also manifested in the formation
of juvenile feathers. However, this influence at
the stage of formation of juvenile feathers is re-
alised through another mechanism, which is
confirmed by the absence of a significant differ-
ence in FAC of 49-day-old geese of the control
and experimental groups.
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The completion of feathering processes of
56-day-old geese is accompanied by the stabi-
lization of the prooxidant-antioxidant equilib-
rium in the tissues. The transition to this state
is characterized by a gradual increase in the to-
tal content of UFA and unsaturation of FA. In
the liver, the increase of unsaturation occurs
mainly due to AA and docosahexaenoic acid.
In the brain, it occurs due to LA, AA, and doco-
satetraenoic acid.

In the skeletal muscle, a certain tendency of
an increase in the total content of UFA was ob-
served at the expense of OA and linoleic acid
against the background of reduction of the con-
tent of other PUFA, and this was accompanied
by a decrease in the unsaturation of FA.

Thus, the antioxidant activity of the oat ex-
tract at the earlier stages of the development
of the bird organism is manifested by selective
modulation of the synthesis of fatty acids.

The control of the weight dynamics of
the geese during the experiment indicates a cer-
tain tendency of weight increase in the geese of
the experimental group compared with the con-
trol one (Table 1). However, a significant weight
increase in the geese of the experimental group
compared to the control group (17.9%) was
observed only at the end of the experiment, at
56 days of age, and this was an additional con-
firmation of the activation of the AOP of geese
under the influence of the oat extract.

During the comparative analysis of the plum-

age stage in the geese of the control and ex-
perimental groups at the end of the experiment
(Figure), it was found that in the control group
the birds™ feathers — especially the fly feathers
that were in the process of formation - looked
sloppy. The development of feathers was some-
what delayed (Figure), especially the primary
and secondary flywheel and steering feathers
compared to the contour; in addition, the growth
of feathers on the hips and the sides of the trunk
was delayed.
In the experimental group, the plumage, over-
all and on individual parts, looked healthy and
fresh. The flywheel and steering feathers on
the back continued to grow. On other parts,
the growth and development of feathers was
complete, including feathers and feather-brush
on the fifth point.

Consequently, the addition of oats to the diet
of geese during the formation of feathers in-
creased the antioxidant activity of geese tissues.
Increasing the antioxidant activity in geese tis-
sues contributes not only to a significant increase
in the weight of the geese at the end of the exper-
iment, but also to the improvement of their pter-
ylographic parameters. Therefore, in subsequent
studies it would be advisable to carry out simi-
lar studies on wild species of birds in wild game
nurseries, since the process of feather formation
is of fundamental importance for these birds.

Figure. The condition of feathers of the wings of the geese of the control (a) and experimental (b) groups at

56 days of age
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CONCLUSIONS

Inclusion of the oat extract in the diet of geese
stabilizes the prooxidant-antioxidant balance
in their tissues, and provides an increase in
the antioxidant activity of these tissues during
physiological stress the formation of feathers.
Under the influence of the oat extract, the phys-
iological tension associated with the formation
of contour feathers is significantly weakened in
the geese organism by the inclusion of regulato-
ry mechanisms that selectively inhibit the syn-
thesis of NLCs and thus weaken the ability
of peroxidation. Forming juvenile feathers is
characterized by a lack of significant difference
FSW 49-day-old geese control and experimen-
tal groups. Increasing the antioxidant activity
in geese tissues contributes not only to a sig-
nificant increase in their mass at the end of
the experiment, but also to the improvement of
the pterylographic parameters.
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AVIZU EKSTRAKTAS KAIP ZASU AUDINIU
RIEBALUY RUGSCIU SUDETIES MODULIA-
TORIUS FIZIOLOGINIO STRESO SALYGO-
MIS

Santrauka
Augintiniy maitinimas natiiraliais antioksidanty
papildais yra kur kas pranasesnis, palyginti su tra-
diciniais antioksidanty grupés vitaminais. Siame ty-
rime buvo tiriamas avizy ekstrakto ,,Avena sativa“
poveikis Zasy kepeny, smegeny ir griau¢iy raume-
ny audiniy antioksidanty buklei bei riebaly ragsciy
sudédiai, gyvojo svorio dinamikai, taip pat pterilo-
grafiniams parametrams formuojantis konttrinéms
ir jauniklio plunksnoms. Tyrimas patvirtino, kad j
Z3sy mitybg jtrauktas avizy ekstraktas padidina au-
diniy antioksidantinj aktyvuma fiziologinio streso
metu. Nustatyta, kad formuojantis konttrinéms
plunksnoms (28-0ji diena) minétas ekstraktas, se-
lektyviai slopindamas nesociyjy riebaly ragsciy,
ypa¢ oleino, sintezg, gerokai sumazina antioksidan-
ty sistemos jtampg. Aktyvuojama palmitino ir ste-
arino ragscéiy sintezé. Ryskiausius pokycius avizy
ekstraktas sukélé kepeny audiniuose. Vélesnis jau-
nikliy plunksny susidarymo laikotarpis (49 dienos)
pasizymi panasia riebaly rags$c¢iy sudétimi kontroli-
néje ir eksperimentinéje grupése. Eksperimento pa-
baigoje bandomosios grupés zasy masé buvo 17,9 %
didesné, pageréjo pterilografiniai parametrai.
RaktazodZiai: Zasys, antioksidantinis aktyvumas,
avizy ekstraktas, riebaly rugsc¢iy sudeétis, plunksnos
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