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SUMMARY

The aim of the study was to assess the effects olive leaves, pulp and their extract
supplementation on performance, antioxidant status and oxidative stability of eggs.
Oxidative stress was induced by the addition of 6% linseed oil in the feed. 94 indi-
vidually caged laying hens, 40 weeks old, were included in the study. Animals were
divided into 6 groups. The feed of each group was composed of a basic feed, sup-
plemented with: group Cont - no supplement, Vit E - 150 IU of a-tocopherol acetate
/kg, Olive L - 1% of olive leaves, Olive Ex - extract from olive leaves, the Pulp group
- 1% of dried and ground pulp and Pulp Ex - extract from pulp. Based on the results
we found out that supplementation of vitamin E, olive leaves, pulp and their extracts
had no effect on the performance of hens and showed neither a lymphocyte DNA
damage preventive activity nor influence malondialdehyde (MDA) concentration in
plasma. The results suggest that a-tocopherol acetate and olive leaves supplemen-
tation had significant effect on the MDA content of the stored eggs. Supplements,
except vitamin E had neither influence on antioxidant activity (ACL) in eggs nor on
n-3 PUFA in fresh and 40 days stored eggs.

Key-words: laying hens, nutrition, olive leaves, olive pulp, egg, oxidative stability

INTRODUCTION

Human dietary recommendations for general popu-
lation have been focussed on increasing the consump-
tion of polyunsaturated fatty acids (PUFAs), particularly
from the n-3 series and reducing the consumption of
saturated fatty acids (SFAs). It is also possible to
increase the n-3 content of the yolk by enriching hen
diets with flax oil. However, PUFAs are more prone
to oxidation. These phenomena can be prevented or
limited by enriching the eggs with antioxidants such as
vitamin E. Feeding trials have shown that vitamin E is
an efficient mean for improving the oxidative stability
of eggs (Meluzzi et al., 2000). On the other hand natural
feed additives in animal diets can also have antioxidant
properties (Florou-Paneri et al., 2005). Olive leaves are
agricultural residues from the beating of olive trees (Olea
europea L.) for fruit harvest. They contain many sub-
stances, the most important are oleuropein, tyrosol and
hydroxytyrosol (Silva et al., 2006). Most of the phenolic
compounds are potent antioxidants with anti-inflamma-
tory properties (Benavente—Garcia et al., 2000). Olive
pulp is the raw material resulting from extraction of
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olive oil containing important phenolic compounds. The
objective of the present study was to evaluate the effect
of n-3 enriched feed supplemented with olive leaves,
pulp or their extracts, on laying hen’s performance, their
antioxidant status and oxidative stability of eggs.

MATERIAL AND METHODS

The study included 94 Isa Brawn laying hens, 40
weeks old individually caged. The animals were randomly
assigned to five treatment groups (Table 1). Hens within
the control group (Cont) were fed a basal feed contain-
ing 6% linseed oil. Other five groups were fed the same
diet supplemented with 150 [U/kg feed of a-tocopheryl
acetate (Vit E), 10 g/kg of dried and ground olive leaves
(Olive L), 1 g/kg of extract prepared from 10 g/kg of olive
leaves (Olive Ex), 10 g/kg of dried and ground olive pulp
(Pulp), and 1 g/kg of extract prepared from 10 g of olive
pulp (Pulp Ex). The trial lasted for 6 weeks.
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Table 1. Composition of the hen diets (per kg)

Cont Vit E Olive L Olive Ex Pulp Pulp Ex
Maize (g) 250.00 250.00 250.00 250.00 250.00 250.00
Wheat (g) 252.53 252.53 252.53 252.53 252.53 252.53
Sunflower meal (g) 80.00 80.00 80.00 80.00 80.00 80.00
Soybean meal (g) 207.82 207.82 207.82 207.82 207.82 207.82
Linseed oil (g) 60.00 60.00 60.00 60.00 60.00 60.00
Wheat starch (g) 10.00 10.00 / 9.00 / 9.00
Vitamin E (IU) / 150 / / / /
Olive leaves and olive leaves extract (g) / / 10.00 1.00 / /
Olive pulp and olive pulp extract (g) / / / / 10.00 1.00

The mineral and vitamin calculated for the Isa Brawn hen’s requirements

Fresh olive leaves from ecological olive trees and
olive pulp were collected for extracts preparation in
November. Leaves were dried at 50°C and then ground
to pass 2 mm screen and stored at 4°C until used. Olive
pulp was obtained from local oil mill, lyophilized and

ground to pass 2 mm screen and stored as olive leaves.
The 70% ethanolic extracts prepared from olive leaves
and pulp including ethanol were evaporated. All diets
were prepared each week in mash form and stored at
4°C until use (Table 1).

Table 2. Chemical analysis of feed mixtures and n-3 fatty acids content (g/kg)

Dry matter Crude protein

Crude fat

Crude fibre Crude ash n-3 PUFA

Average + std 911 = 1.4 168 = 2.2

78.6 = 5.1

51.1 £ 2.2 1447 £7.4 422 1.0

Live weight gain was recorded at the end of the
experiment. Feed consumption was recorded weekly.
The number of eggs and egg weights were recorded
daily. At the end of the experiment, blood was collected
for the determination of DNA fragmentation of blood lym-
phocytes, malondialdehyde (MDA) and ACL in plasma.
The comet assay was performed by the method of Singh
et al. (1988), with slight modifications as described by
Rezar et al. (2003). The modified methodology of Wong
et al. (1987) was used to measure the concentrations
of MDA in blood plasma by HPLC. Plasma antioxidative
capacity of lipid-soluble substances (ACL) in egg yolk
was determined by the Photochem assay (Analytik
Jena, Leipzig, Germany). Data were analysed using
the GLM procedure of the SAS/STAT module (SAS 8e,
2000; SAS Institute Inc., Cary, NC). The study protocol
was approved by the Animal Ethics Committee of the
Veterinary Administration of the Republic of Slovenia.

Table 3. Results of hen's performance

RESULTS AND DISCUSSION

Poultry in intensive farming systems are frequently
exposed to oxidative stress which can result in dam-
age of the body proteins, lipids and DNA and can lead
to reduce performance and health (Lykkesfeldt and
Svendsen, 2007). The aim of the present study was to
evaluate different natural feed additives (olive leaves
and pulp) in preventing dietary-induced oxidative stress.
Oxidative stress occurs due to inclusion of large amount
of high-PUFA vegetable oils in animal feed for creating
poultry products with improved nutritional quality (Wood
et al., 2004). No differences between the groups were
observed in body weight, feed consumption (Table 3),
egg production and egg weight. The comparable data in
literature are scarce. Botsoglou et al. (2005) did not find
differences in egg weight and other egg quality charac-
teristics in the experiment with different aromatic plants
supplements. Also Jiang et al. (1994) reported no sig-
nificant effect on egg weight, when a-tocopherol acetate
was supplemented in hen diets at the level of 200 mg/kg.

Cont Vit E Olive L Olive Ex Pulp Pulp Ex p
Body weight (g) 2105.7 2162.1 2062.6 2059.3 2013.7 2092.4 0.61
Feed intake (g/day) 109.4 113.5 108.8 110.8 104.0 114.8 0.07
Egg production (%) 98.4 96.2 95.2 96.2 93.7 98.0 0.09
Egg weight (g) 64.3 64.5 62.9 63.7 62.6 64.5 0.63
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High concentrations of PUFA in the diet did not
significantly increase the formation of MDA in plasma
(Table 4). In contrast, Sahin et al. (2010) found out that
the inclusion of resveratrol into diets could enhance anti-
oxidant status in quails, as reflected by dose-dependent
decreases in serum MDA. Oxidative damage to DNA is
a useful index of oxidative stress. It was proposed that

DNA damage is caused by free radical generated as a
result of the high intake of PUFA. In our experiment no
significant differences between the groups in the rate of
lymphocyte DNA damage (head DNA percentage) were
observed. Study of Fabiani et al. (2008) showed a potent
DNA damage preventive activity of olive oil phenols in
humans, but no such studies exist on laying hens.

Table 4. Lymphocytes DNA damage and the marker of oxidative stress MDA in blood plasma

Cont Vit E Olive L Olive Ex Pulp Pulp Ex P
Plasma MDA (nmol/ml) 1.66 1.49 157 1.39 147 1,58 0.54
Head DNA (%) 79.47 76.41 79.59 80.58 76.44 80.56 0.69

The effect of dietary treatments on lipid oxidation of
egg yolk, fresh or stored for 40 days is shown in Table
5. The obtained MDA values were very low and confirm
generally high oxidative stability of fresh eggs (Cherian
et al., 1996). The extend of lipid oxidation differed among
the dietary treatments only in 40 days stored eggs and

reveals lowest lipid oxidation in groups Vit E and Olive
L. This is in agreement with Botsoglou et al. (2005) who
found out that natural supplements (rosemary, oregano,
saffron) improved oxidative stability of eggs in compari-
son to unsupplemented control group.

Table 5. MDA concentration (nmol/g egg yolk) in fresh and 40 days stored egg yolk

Cont Vit E Olive L Olive Ex Pulp Pulp Ex P
Fresh 1.08 0.82 1.54 1.04 1.47 1.06 0.12
40 days stored 1.822 1.06° 1.15 1.862 1.57% 1.42% 0.09

abed _ | east squares means within a row without the same superscript differ significantly (p<0.05)

Antioxidative capacity of lipid-soluble substances
(ACL) was measured in fresh and 40 days stored egg
yolks (Table 6). In comparison with all other groups only

vitamin E supplementation (group Vit E) significantly
improved ACL in fresh and stored eggs.

Table 6. ACL (nmol/g egg yolk) in fresh and 40 days stored egg yolks

Cont Vit E Olive L Olive Ex Pulp Pulp Ex p
Fresh 196.22 660.2° 226.5° 212.7° 215.72 224.4° <0.0001
40 days stored 232.7° 846.9° 266.8° 271.0° 288.72 271.3° <0.0001

abed _ | east squares means within a row without the same superscript differ significantly (p<0.05)

Table 7 shows that neither a-tocopherol acetate
nor any other supplementation exerted any significant
effect on the fatty acid composition of fresh eggs.
Nevertheless, the results are in agreement with the
previous studies reporting no effect of tocopherol

supplementation on the fatty acids profile of fresh n-3
enriched eggs (Qi and Sim, 1998). Also, Botsoglou et
al. (2012) reported that neither o-tocopherol acetate
nor olive leaves supplementation exerted any change in
fatty acids composition of eggs.

Table 7. Content of n-3 PUFA in fresh and 40 days stored egg yolk (% of total fatty acids)

Cont Vit E Olive L Olive Ex Pulp Pulp Ex p
Fresh 12.6 13.8 135 14.2 13.8 14.3 0.58
40 days stored 12.6 13.5 13.2 14.2 13.6 14.3 0.39

CONCLUSION

Based on the results we can conclude that sup-
plementation of vitamin E, olive leaves, pulp and their
extracts had no effect on the hen performance. The
parameters of oxidative stress (DNA damage and MDA
concentration in plasma) showed that there was no
effect of the supplements on the antioxidant status of
the hens. Vitamin E exerted higher antioxidant activity
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(ACL) of eggs than other feed supplements used in the
experiment. The results also show that the oxidative
stability of lipids measured as MDA content in egg yolks
was improved by vitamin E and olive leaves supplemen-
tation in 40 days stored eggs only, and did not change
in fresh eggs. There was no effect of any supplement on
the n-3 PUFA proportion in egg yolks.
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