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SUMMARY OF RESEARCH

My major research interests have been concerned with aspects of antioxidant and polyunsaturated fatty
acid metabolism in relation to poultry nutrition and reproduction. The development of various
analytical techniques accompanied those investigations. Five Patents of the Ukraine and 19 Invention
certificates of the former Soviet Union protected results of this work.

Initial work centered upon studies of various aspects of vitamins A and E metabolism in a range of male
poultry species, in particular the changes that occur during the period of male use for semen collection
for artificial insemination. Vitamin E was found in the avian semen for the first time in the form of
a-tocopherol and was shown to be localised mainly in the spermatozoa. Its biochemical role was
studied. It was proposed that the function of vitamin E was to stabilise spermatozoa membranes. To
test this hypothesis the effect of various dietary levels of vitamin E on the biochemical composition and
functional properties of spermatozoa was studied. It was shown that cock and turkey spermatozoa with
high vitamin E concentrations were more resistant to damaging factors including sperm dilution, storage
and deep freezing. An increased vitamin E concentration in the spermatozoa was associated with
decreased spermatozoa susceptibility to lipid peroxidation.. These results were the first to show that
beneficial changes in the antioxidant status of poultry semen could be achieved by supplemental vitamin
feeding of the males. Further experiments with sperm obtained from cocks fed different levels of
vitamin E and selenium are in progress now. The system of antioxidant defence in the sperm (vitamins
E and C, activity of glutathione peroxidase, superoxide dismutase, catalase, accumulation MDA and
diene conjugates ) are being studied depending on vitamin feeding of males.

During the research in Biochemical Sciences Department, SAC (since 1994) the work has been mainly
concentrated on antioxidant systems of the developing chick embryo and avian semen. The idea
concerning 3 major levels of antioxidant defence in the cell was developed and the integrated
antioxidant system in the avian embryonic tissues and sperm was characterised. In particular, the levels
of vitamins A, E, C and carotenoids in different embryonic tissues during embryogenesis have been
studied. It has been shown that vitamin E and carotenoids are accumulated in the embryonic liver
during the last week of the development, which is considered as an adaptive mechanism to protect
highly unsaturated lipids from peroxidation. Some new features of antioxidant system of the embryonic
brain were found. The brain is shown to have very low concentrations of vitamin E and very high levels
of ascorbic acid. The distribution of antioxidants and activities of antioxidant enzymes in different
regions of the brain have also been studied. The system of antioxidant defence of embryonic brain has
been proposed. In vitro systems for the investigation of antioxidant properties of different substances
have been developed. Essential plant oils and some carotenoids have been tested.

Antioxidant enzymes (Glutathione peroxidase - GSH-Px), Catalase and Superoxide dismutase- SOD)
have been studied in embryonic tissues as well. Tissue specific distribution of Se-dependent and
Se-independent GSH-Px , Cu-Zn-SOD and Mn-SOD activities have been found. A comparative study
of species-specific features in fatty acid and antioxidant composition of avian semen has been
conducted. The results from the foregoing investigation may be considered as a biochemical basis for
improvements in the technique of artificial insemination of poultry.

The recent research is devoted to polyunsaturated fatty acids (PUFAS) and antioxidants and their role in
poultry reproduction. It includes the development of a special diluent with high antioxidant capacity to
increase sperm storage efficiency and manipulation of PUFA, vitamin E and selenium in the male diet
to increase the sperm membrane fluidity and as a result fertilising capacity of the spermatozoa,
including sperm storage and deep freezing. This work is also associated with study of the effect of
dietary manipulation of PUFAs and antioxidants (vitamin E, carotenoids and selenium) on the

4



development and functions of the antioxidant system in avian species as well as mechanisms of
absorption and delivery natural antioxidants in avian species. The European Patent N97929374.3-2107
“Improvement of male fertility with antioxidants and/or polyunsaturated fatty acids” protected the
results of this work. The molecular mechanisms of antioxidant system regulation were studied and
antioxidant system modulation by PUFA, vitamins A and E, and carotenoids were elucidated.

As a result of this work nutritive composition of the egg has been significantly improved by enhancing
levels of n-3 polyunsaturated fatty acids, vitamin E, lutein and selenium. All 4 nutrients are important
players in disease prevention and they are usually deficient in human diet. A designer egg can
substantially improve a human diet delivering these important nutrients. The clinical trial with
designer eggs, has showed that consumption of designer eggs significantly increase vitamin E, lutein
and DHA concentrations in human blood compared to people who were eating table eggs. At the
same time cholesterol level in the blood did not change in control or experimental group which
means that consumption of an egg a day is safe.

A comparative study of egg composition of chicken, turkey, duck, goose as well as from wild and
captive other avian species has been initiated. It has been shown that eggs from wild geese and
pheasants contained much higher proportions of n-3 fatty acids as well as vitamin E and carotenoids
compared to captive/housed birds. The same was found comparing wild and captive partridges and
American Kestrels. This rises the question concerning adequacy of lipid and vitamin nutrition of these
birds. It has also been found that in egg yolk from free range chickens the proportion of n-3 fatty acids
and levels of carotenoids were also significantly higher compared to commercial chickens. Therefore
these findings are important step in improving lipid and antioxidant composition of chicken eggs
obtained from breeders rearing on commercial diets. This could improve chicken hatchability and their
viability in early post-natal development.

Biological roles of carotenoids in avian embryo development have been studied and their antioxidant
protective effects have been shown. Carotenoid discrimination by avian embryo was found and
existence of lutein/zeaxanthin-binding protein has been suggested.

Roles of selenium and its central role in antioxidant defences has been studied. The development of Se-
enriched functional food was a priority area fro the last few years and Se-enriched eggs are produced in
more than 25 countries worldwide.

My recent research work has been devoted to understanding molecular mechanisms of stresses in
animal production and designing effective ways of fighting stresses by nutritional means.

For the last 15 years | have been extensively lecturing in area of natural antioxidants in more than 70
countries world-wide.

For the last two years | spent a lot of time visiting poultry production units in Ukraine and Russia and
helping them to improve efficiency of egg and meat production.

RESEARCH PUBLICATIONS

I have 707 research publications, including 129 papers in peer-reviewed Journals (in English), 142
papers in peer-reviewed Journals (in Russian), five American Patents, one Canadian and one
European Patent, five Patents of the Ukraine and 19 Invention certificates of the former USSR and 10
books.
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