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A group-control experiment for a period of 45 days was conducted in order to determine the effects of use of
®-3 fatty acids on the production and economic results of laying hens. A total of 1264 Lohmann Brown layers were
randomly devided into 4 experimental treatments with 79 replicates (4 per cage, 316 hens per treatment). The first
group was fed complete feed mixture for laying hens with standard raw material and chemical composition. The feed
mixtures for treatments 2., 3. and 4. were supplemented with ®-3 fatty acids. The source of -3 fatty acids was a mi-
croalgae Schizochytrium spp., commercial product “DHA Gold” (Martek, USA) in quantities of 0.5, 0.7 and 1.0%,
respectively. The use of ®-3 PUFA supplement in higher inclusion rates, had a positive influence on the laying inten-
sity, significantly higher (p <0.01) in the experimental groups supplemented in the amount of 0.7 and 1.0%. Layers of
all experimental groups fed supplemented feed mixtures had lower average egg weights (68.1, 68.7 and 68.4 g) com-
pared to the control group (68.8 g). However, supplementation with higher inclusion rates of ®-3 product resulted in
higher total egg mass during the experiment (743 and 764 kg) in the third and fourth experimental groups, compared
to the control group (691.9 kg). Experimental groups with a higher inclusion of ©-3 PUFA (0.7 and 1.0%), achieved
higher daily consumption of 0.16% and 0.51% in comparison to the control group, but the best feed conversion (2.38
and 2.32), while supplementation in the amount of 0.5% resulted in the weakest conversion in the experimental group
2 (2.63). The lowest feed cost per produced egg was achieved by the control group fed complete, unsupplemented
feed. Using supplemented feed with addition of ®-3 PUFA — DHA above the 0.5%, a significant difference was ob-
served regarding the productivity of laying hens.
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BJINJAHUE HA MACHUTE KUCEJIMHHU o-3 JOJAAEHHU BO XPAHATA
BP3 ITPOU3BOJHUTE NAPAMETPU HA HECUJIKUTE

Co men na ce yrBpaar eeKkTuTe o yrmorpebaTa Ha MacHUTE KHCEIMHHM -3 Ha IPOU3BOAHO-EKOHOMCKHTE
pe3yaTaTH Kaj KOKOIIKHTE HECHJIKH, CIIPOBEAEH € IPYMHO-KOHTPOJEH OIHT BO BpeMeTpacwke ox 45 mena. BxymHo
1264 necunku Lohmann Brown 6ea monenenu Bo 4 rpymu ox no 316 exmnku, cMecteHu 1o 4 Bo kadesn. [Ipara
rpyna € XpaHeTa CcO KOMIUICTHA KPMHA CMECKa 33 HECHJIKHM CO CTaHJAapJAEH XEMHUCKU M CypOBUHCKH cocTaB. Bo
KPMHHUTE CMECKH Kaj rpynute 2, 3 u 4 ce HoJaBaHM MacHU KuceanHH ©-3. Kako m3Bop Ha ®-3 e ymorpebena
MuKpoaira Schizochytrium spp., komeprmjaner npenapar “DHA Gold” (Martek, CAJl), Bo xommuectsa of 0,5, 0,7 n
1,0 %, xaj rpymure 2, 3 u 4. YrorpebaTa Ha IpenapaToT cO IMOBUCOKO YYECTBO BO XpaHaTa HA HECHJIKHUTE ITOKa)aa
TIO3UTHBHO BIIMjaHHE BP3 HECIMBOCTA, CO 3HAUUTEIHO IMOBHUCOK MHTeH3UTeT (p < 0,01) kaj omurHute rpymu 3 u 4. Kaj
HECWJIKUTE OJf CHTE TPYIH CO JOJATOK Ha IIPENapaToT ce yTBPAEHH IOHNUCKH IIPOCEYHN MacH Ha jajiara (68,1, 68,7 n
68,4 g) Bo cropenda co xoHTponHarta rpyma (68,8 g). Meryroa, BKIydyBameTO Ha IPENapaTtoT ®-3 BO HOBHCOKU
KOJIMYECTBA pe3yiTupalle co IorojeMa BKyIHaA jajieBa Maca 3a Bpeme Ha onutoT (743 u 764 kg) xaj Tperara n
YeTBpTaTa ONMTHA Tpyla, CIOpeAeHO co KoHTpoiHara rpyma (691,9 kg). Kaj ommTHHTE TpymM cO MOBHCOKO
BKIIydyBame Ha npemnapatoT ®-3 (0,7 u 1,0%) e yrBpieHa moroiema AHEBHA MOTpOILTyBayka Ha xpana 3a 0,16% u
0,51% Bo oxHOC Ha KOHTpOJHATa Ipyla, HO HCTOBPEMEHO € YTBpJCHa M HajaoOpa KoHBep3uja Ha XpaHara (2,38 u
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2,32) xaj UCTHTE TPyNH, AOJEKa JOAABAKETO HA IpenaparoT Bo KoimdectBo ox 0,5% pesynruparie co Hajcmada
KOHBep3Huja Kaj BropaTa orienna rpymna (2,63). Hajaucka neHa Ha 4uHEHe IO MPOM3BEACHO jajlie € MOCTHIHATA Kaj
KOHTpOJIHATA Tpyma, XpaHera 0e3 JOJATOK Ha mpenaparoT ®-3. IIpu KOpHCTemeTo Ha XpaHa cO JOJATOK Ha ®-3
PUFA-DHA nan 0,5% ce 3abene:xeHy 3Ha4ajHU Pa3iIMKU BO IIPOM3BOJHATE ITapaMeTpH Kaj HECHUIIKUTE.

Kny4ynu 360poBu: ®-3; HECHIKH; THTEH3UTET HA HECIIMBOCT; jajlieBa Maca; KOHBEp3Hja Ha XpaHa

1. INTRODUCTION

Food today has one of the leading roles in
quality of life. It is not viewed only from the as-
pect of meeting the needs in basic nutrients, but
the raising awareness of people about caring for
health, directed the development of food industry
towards the production of foods that are proven in
more favorable health effects.

As a part of modern livestock production,
there is greater production of functional food,
which promotes the health benefits for consumers
of animal products. The concept of functional
foods was introduced in the eighties of the last
century and involves a modification of the nutri-
tive values of foods providing a healthier nutrition.
This concept is widely accepted, especially after
numerous investigations and confirmation by the
relevant authorities in the field of nutrition who
claim that functional foods have the potential to
provide a healthier population.

Nutritional value of products of animal origin
depends on multiple factors, but certainly the ani-
mal feed has most influence. Recently, increasing
attention is focused on the production of so called
designed eggs.

By nutritional treatment is almost impossible
to affect and change the total content of protein
and amino acids in the egg. However, with the use
of various ingredients in the laying hens’diet it is
quite easy to manipulate the content of lipids, fatty
acids (Meluzzi et al., 2000) vitamins soluble in fats
(Flachowsky et al., 2000) and minerals (Surai,
2002). Only 3—5% of the total world production of
eggs is produced in the form of designed products,
where the nutrient content is different from the
contents of regular table eggs (HE Shalom, Egg
Nutrition Center, Washington, DC). These design-
ned eggs are produced using nutritional solutions
that lead to the increase of various useful nutrients
such as omega fatty acids, folic acid, vitamin E,
selenium, iodine, chromium, etc. (Watkins, 1995).

Content and ratio of fatty acids in foods of
animal origin is usually observed through the as-
pect of human nutrition. One of the most important

fact is that the relationship omega-6/omega-3 fatty
acids should be as close to the relation 1:1 (Oku-
yama et al., 1997). In contemporary nutrition the
ratio of ®-6 : ®-3 PUFA is high (10-15 : 1) so that
today there are efforts toward the human diet to
enrich foods with ©-3 fatty acids.

In this respect special attention is given to
omega 3 PUFA (EPA and DHA) that are consi-
dered to have a stronger physiological effect than
their precursor a-LNA (Ollis et al., 1999).

Increasing -3 PUFA content in eggs conven-
tionally is achieved by adding flax oil or fish meal
in hens’ diet. However, the use of these two ingre-
dients manifests negative effects on production
parameters and sensory properties of eggs (smell,
taste), so that these sources of ®-3 PUFA have lim-
ited application.

Recent approaches to this problem involve
the use of marine microalgae having satisfactory
FA composition, and do not affect the sensory
characteristics of products.

Table eggs are a good source of PUFA n-6,
but on the other hand are poor in PUFA n-3.
Therefore, the design of the eggs generally is di-
rected to enrichment of egg with n-3 fatty acids.
Change of the relationship of omega n-6: omega n-
3 PUFA in the production of eggs is achieved
mainly by adding flax oil and rapeseed oil for hens
(Jiang et al., 1991; Ceylan et al., 2004; Mirghelenj
et al., 2004), and rarely with use of ingredients of
animal origin (Simopoulos, 2000; Cherian et al.,
2002).

When manipulating the content of fatty acids
in feed we should take into account the amount of
added oils or fats to feed for laying hens as a
higher energy value would not adversely affect the
production and quality of eggs (Goencueoglu and
Erguen, 2004); (Sari et al. 2001).

Gonzalez-Esquerra and Leeson (2000) inves-
tigated the influence of different quantity of fish
oil (0%, 2%, 4% and 6%) in production results and
the composition of fatty acids in eggs. Egg weight
linearly decreased, and the content PUFA n-3 in-
creased linearly with increasing content of fish oil
in feed.
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Whitehead et al., (1993) and Marshall and
Van Elswyk (1994) highlighted the negative im-
pact of fish oil on production results, especially in
the reduced weight of eggs.

Abril et al. (2000) used marine microalgae
(up to 4.3% included in hens’ diet), where they
didn’t determine negative impact on health and
production parameters of laying hens. Gonzalez-
Esquerra and Leeson (2000) also confirmed the
above data in their works.

2. MATERIAL AND METHODS

The experiment was conducted in field condi-
tions. For the experiment layers Lohmann Brown
Classic, a total of 1264 laying hens divided into
four equal groups of 316 individuals were used.
Hens were kept in cages (4 groups of 79 cages) of
4 layers. The first group (control) was fed a com-
plete feed mixture for laying hens with standard
raw material and chemical composition. The feed
mixtures for treatments 2., 3. and 4. were supple-
mented with ®-3 fatty acids (Tabs. 1, 2). The
source of ®-3 fatty acids was a microalgae
Schizochytrium spp., commercial product “DHA
Gold” (Martek, USA) in quantities of 0.5; 0.7 and
1.0%, respectively. During the experiment clinical
examinations were performed, all individuals were
healthy, vital and in good condition. All groups
were of equal weight.

The treatment during the experiment regard-
ing the applying of preventive measures, housing,
and feeding was adapted to the cage system. Feed-
ers and drinkers were filled automatically, with
feed and fresh water ad lib. Daily light duration
was 16 h.

The experiment lasted 45 days. Control
measurements of body weight were performed at
the beginning and the end of the experiment, and
the quantity of feed consumed was determined.
The rate of lay (%) and egg weight (g) were fol-
lowed daily. The value of feed consumed per pro-
duced egg was calculated for each group sepa-
rately. Obtained from data on consumption and
egg mass, the conversion of feed was calculated,
separately for each group. On the basis of price of
used raw materials differences in the cost of eggs
with and witut addition of algae supplement were
determined.
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Table 1

Ingredient composition of the diets, %

Groups in the experiment

Ingredent -~~~ 0 ——
Control 2 3 4
DHA Gold - 0.5 0.7 1
Corn 57.72  57.22  57.02 56.72
Wheat bran 5.5 5.5 5.5 5.5
Soybean meal 2334 2334 2334 2334
DL methionine 0.09 0.09 0.09 0.09
Choline chloride 0.05 0.05 0.05 0.05
Limestone 9.70 9.70 9.70 9.70

Monocalcium phosphate  0.77 0.77 0.77 0.77

Salt 0.33 0.33 0.33 0.33
Sunflower oil 2 2 2 2
Vitamin/mineral premix
for layers 0.5 0.5 0.5 0.5
Tot\al: 100.0  100.0  100.0 7 100.0
3. RESULTS

During the experiment there were no health
disorders, and mortality ranged in the technologi-
cal norms, while differences between groups were
not significant.

Table 2
Chemical composition of the diets, (%)

Chemical analysis ~ ——————
1 (control) 2 3 4

Moisture 114 1142 113 114
Ash 13 13 13 13
C. protein 155 1544 1542 154
C. fat 494 492 5 5
C. fibre 3.5 3.47 347 347
Nitrogen-free extracts 51.66 51.75 51.81 51.73
Ca 3.8 3.8 38 3.8
P 0.54 054 054 0.54
ME, MJ/kg 10.5 10.5 10.5 10.5
Methionine + cystine 0.61 06 0.6 0.6

®-3 PUFA C22:6n3 (DHA) 0.09 0.126 0.18
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The hens at the beginning and the end of the
experiment had adequate body mass for the hybrid,
and differences in body weight between groups at
the beginning and the end of the experiment were
not statistically significant (p > 0.05). An impact
of addition of microalgae to body mass during the
investigated period is also not determined.

Consumption of feed is shown in Table 3,
from which it can be seen that it was similar for all
experimental groups. Hens from the group with the
highest level of added supplement of algae in diets
had the highest daily consumption (122.16 g).

Table 3
Feed consumption, hen per day (g)

Groupl Group2 Group3  Group 4

121.54 120.77 121.74 122.16
Index 100 99.37 120.16 100.51
Difference, % —0.63 0.16 0.51

The laying rate is shown in Table 4, from
which a positive impact of use of the supplement,

which was most pronounced in the experimental
group 4 is observed.

Table 4
Rate of lay (%)
Group 1 Group 2 Group 3 Group 4
69.44+6.33 67.41+5.34 74.55+6.88 76.88+6.32
abAB cdCD acAC bdBD
Index 100 97.08 107.36 110.71
Difference -2.92 7.36 10.71

X £8Sd; a,b,c,d p<0.05 AB,C,D p<0.01
Mean values having the same superscripts are significantly different
(Tukey's HSD, P < 0.05 and P < 0.01)

Hens fed the diet where was algae supple-
ment included achieved somewhat lower average
weight of eggs in relation to the control group
(Table 5), but taking into account the overall Egg
mass throughout the experiment (Table 6), adding
higher quantities of algae resulted in greater Egg
mass of 7.21%, and 10.14% in the third and fourth
experimental groups, compared to the control

group.

Table 5
Egg weight (g)
Group 1 Group 2 Group 3 Group 4
68.77+0.54%8 68.060.57%AC 68.66+0.36"C 68.38+0.60"°
Index 100 98.97 99.84 99.43
Difference, % -1.03 -0.16 -0.57

X +Sd;a,b,c,d p<0.05;A,B,C,D p<0.01

Mean values having the same superscripts are significantly different (Tukey's HSD, P < 0.05 and P < 0.01)

Table 6 Table 7
Total egg mass, kg Feed conversion
Group 1 Group 2 Group3  Group 4 Group 1  Group 2 Group 3 Group 4
691,9 664.8 743.0 764.0 2.54 2.63 2.38 2.32
Index 100 96.08 107.38 110.42 Index 100 103.54 93.70 91.34
Difference, % -3.92 7.38 10.42 Difference, % 3.54 -6.30 -8.66

Despite the slightly higher average daily con-
sumption, the best feed conversion was achieved
in hen groups whose diet was supplemented to a
larger amount of algae (3. and 4. experimental
groups) for 6.3 and 8.66% compared to the control
group (Table 7).

It can be seen Tables 8 and 9that there are
significant differences in the cost of feed pro-
duction and the price of eggs with the use of feed
with the addition of algae.
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Table 8
Feed per egg (2). Raw material feed cost (Mkd den.)

Group 1 Group2  Group3 Group 4
Feed per egg 175.03 179.16 163.30 158.90
Feed cost 10.71 15.67 17.66 20.63
Index 100.00 146.31 164.89 192.62
Difference, % 46.31 64.89 92.62
Table 9

The share of feed cost in the egg cost , (Mkd den.)

Group 1 Group2  Group3 Group 4
Share of feed
in egg cost 1.87 2.81 2.88 3.28
Index 100.00 150.27 154.01 175.40
Difference, % 50.27 54.01 75.40

4. DISCUSSION

The task of this study was to examine the im-
pact of using ®-3 fatty acids on production and

economic results. Oils derived from algae, rich in
omega-3 PUFA are approved for use in food in-
tended for human nutrition in the United States
and Canada.

The purpose of adding DHA Gold is a modi-
fication of fat (FA profile) of eggs, with no nega-
tive impact on production parameters of laying
hens and sensory properties of the obtained prod-
ucts — eggs. Unlike previous research (Herber and
Van Elswyk, 1996.) where they established the
negative effect of adding marine algae on the
weight of yolk, the results obtained in this experi-
ment indicate a positive impact of added w-3 fatty
acids (DHA Gold) to the production results and
quality of eggs, which agrees with the findings of
Abril et al. (2000). Using ®-3 PUFA in the larger
inclusion rate had a positive effect on the percent-
age of lay, so that the experimental groups with
algae ®-3 PUFA added to the amount of 0.7 and
1.0% achieved significantly higher (p < 0,01) per-
centage of lay (Fig. 1)

Group 1

O Rate of lay, %

Group 2

Group 3 Group 4

[l Index [] Difference, %

Fig. 1. Rate of lay

Experimental groups fed -3 PUFA supple-
ment diets achieved less average weight of eggs
(68.1, 68.7 and 68.4 g) compared to the control
group (68.8 g), but taken into account the total
mass produced during the experiment, adding hig-
her quantities of the supplement -3 PUFA re-
sulted in a greater Egg mass (743.0 and 764.0 kg),
which was 7.38% and 10.42% higher compared to
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the control group (691.9 kg) (Fig. 2). When using
microalgae in high concentrations (2.57 and
4.29%) in hens’ feed, Abril, Barclay 2000 ob-
served a further reduction of weight of eggs, up to
1 g average differences compared to the control
group, which is explained by the decline of ®-6
PUFA (at higher concentrations of ®-3 PUFA),
which positively affects the eggs weight.
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Experimental groups of hens that were fed
the supplemented diets, but in larger quantities
(0.7 and 1.0%), achieved higher daily consumption
(121.8 and 122.2 g) of 0.16 and 0,51% compared
to the control group.

It has been shown that the addition ®-3 PUFA
showed a positive effect on feed conversion (Fig.
3), at hen groups fed diets in which ©-3 PUFA was
added in the highest quantity. They achieved the
best conversion (2.320 g), which is in accordance
with the results obtained by Abril et al. (2000).

Group 1 Group 2

O Total egg mass, kg

B Index

Group 3 Group 4

O Differnce, %

Fig. 2. Total egg mass
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Fig. 3. Feed conversion

The lowest feed consumption per egg (158.9
g) was accomplished by the group of laying hens
fed the feed mixture with the addition of 1% DHA
gold ( group 4), but that experimental group also
had the highest share of feed price in the price of
the product.

Although the less consumption of feed (g) per
egg was at the experimental groups with the hig-
hest inclusion of microalgae DHA Gold, the share
of feed price is much higher in the production cost
of eggs, as a result of high raw material prices of
produced feed with a higher portion of algae DHA
Gold, because of the relatively high price of the
supplement.

Nevertheless, this production price could be
worthwhile, taking in consideration that the higher
selling price could be achieved for such a designed
product — omega-3 egg.

5. CONCLUSIONS

Based on the results obtained in the experi-
ment, the following conclusions can be drawn:

1. During the experiment there was not obser-
ved occurrence of any clinical symptoms of health
disorders of laying hens fed diets with the addition
of -3 PUFA.

Maced. J. Anim.Sci., 1 (1), 139-145 (2011)
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2. Using supplemented feed with addition of
®-3 PUFA — DHA above the 0.5%, a significant
positive effect was observed regarding the pro-
duction parameters of laying hens.

3. Using -3 PUFA as feed supplement for
laying hens has its nutritive and economic justi-
fication.
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