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Abstract. Menhaden fish oil is commonly used as chicken feed mixture as cheap omega-3 source, plenty and
available over the year. Chicken feed containing menhaden fish oil can affect digestion, metabolism and
production of meat and egg. The research aimed to evaluate lipid biosynthesis on blood and egg yolk of local
chicken fed with feed containing menhaden fish oil as an omega-3 source. The research used 60 hens placed in
individual battery cages with four treatments and five repetitions. The treatments were R, = control/without
menhaden fish oil as omega-3 source; Ry = with 2.5%; R,= with 5.0% and R; = with 7.5% menhaden fish oils
respectively. Data analysis used analysis of variance continued with Duncan’s test. The result of the researh
showed that the treatments did not signifcantly affect lipid consumption, blood lipid content, blood and yolk
cholesterols. However, the treatment significantly affected yolk lipid. The used of menhaden fish oil in feed as
an omega-3 source was accumulated in yolk eggs as followed: C18:3 from 0.17% (R,) to 0.29% (R,); DHA
(C22:6) from 0.87% (Ro) to 3.12% (Rs); EPA C18:2 from 1.05% (R) to 1.85% (R,); EPA C22:4 from 0.77% (R,) to
0.88% (R,) respectively. It could be concluded that enhancement of omega-3 content in egg could be achieved
through addition of omega-3 sources in feed.
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Abstrak. Minyak ikan lemuru banyak digunakan dalam campuran pakan ayam sebagai sumber omega 3 yang
murah, mudah dicari dan terjamin ketersediaannya sepanjang tahun. Pakan ayam dengan penambahan
minyak ikan lemuru dapat mempengaruhi terhadap proses pencernaan, metabolisme dan produk yang
dihasilkan seperti telur dan daging. Tujuan penelitian untuk mengevaluasi biosintesis lemak pada darah dan
kuning telur ayam kampung dengan pemberian minyak ikan lemuru sebagai sumber omega 3. Penelitian
menggunakan 60 ekor ayam kampung betina yang ditempatkan pada kandang baterai individual, dengan
empat perlakuan dan lima ulangan. Perlakuan terdiri dari: Ry = kontrol/tanpa minyak ikan lemuru; R; =
penggunaan minyak ikan lemuru (sumber omega-3) sebanyak 2,5%; R,= penggunaan minyak ikan lemuru
(sumber omega-3) sebanyak 5,0%; R; = penggunaan minyak ikan lemuru (sumber omega-3) sebanyak 7,5%.
Analisis data dengan variansi serta uji lanjut dengan uji Duncan. Hasil penelitian menunjukkan bahwa
perlakuan memberikan pengaruh yang tidak nyata terhadap konsumsi lemak, kandungan lemak darah,
kolesterol darah dan kolesterol kuning telur, serta kandungan asam-asam lemak kuning telur tetapi
berpengaruh nyata terhadap lemak kuning telur. Penggunaan minyak ikan lemuru dalam pakan sebagai
sumber omega-3 akan dideposisikan dalam kuning telur sebesar : C18:3 dari 0,17% (R,) menjadi 0,29% (R,);
DHA (C22:6) dari 0,87% (Ro) menjadi 3,12% (R3); EPA C18:2 dari 1,05% (Ro) menjadi 1,85% (R;); EPA C22:4 dari
0,77% (Ro) menjadi 0,88% (R,). Kesimpulan penelitian bahwa asam lemak omega-3 dalam telur dapat
ditingkatkan dengan pemberian asam lemak omega 3 dalam pakan.

Kata kunci: minyak ikan lemuru, profil lemak, kualitas telur
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Introduction

Biological effect of egg containing omega-3
could be classified as functional food due to its
beneficial effect to reduce the problem in heart
diseases, prostate, breast cancer and immune
system failure (Lewis et al., 2000). The omega-3
content in egg merely derives from feed.
Grobas et al. (2001) mentioned that chicken
strain does not affect the fatty acids
composition in egg.

Healthy food should contain high poly
unsaturated fatty acids (PUFA) which is safe to
heart (Bhatnagar and Durrington, 2003; Erkkila
et al.,, 2003; Meyer et al., 2003).

fatty acids such as omega-3 supplementation in

Long chain

feed will be stored in various body tissues such
as meat, egg and muscle (Suarez et al., 1996;
Hulbert et al., 2002). Egg containing omega-3
could be produced by feeding the animal with
omega 3 enriched-feed 3 namely eico
sapentaenoic acid (EPA) and docosa hexaenoic
acid (DHA) such as fishmeal and fish oil which
could reach 22.08% omega-3 (Hulbert et al.,
2002).

Local chicken egg recently becomes the
main choice for Indonesian consumers
concerning the risk of cholesterol and heart
problems. An effort is therefore needed to
solve the problem through feed manipulation in
egg production to produce eggs containing

omega-3.

Materials and Methods

The research used sixty 22-week-old local
hens, kept in 60 individual bamboo battery cage
measuring 50x33x25 cm, with individual
drinking water and plastic feed bowls. The feed
ingredients contained menhaden fish oil, palm
oil, fish meal, soy flakes, rice bran, corn and
mixed minerals (Table 1). The feed composition
was formulated based on calculation from the
list of feed material composition according to

NRC (1994) and analysis result from Animal

Nutrition and Feed Laboratory, Faculty of
Animal Science, Jenderal Soedirman University.

The treatments of the research consisted of
four kinds of feed composition, each treatment
consisted of 3 hens and was repeated five
times. Experiment was done in vivo, in a
Completely Randomized Design (Steel and
Torrie, 1994). Data were analyzed using analysis
of variance and continued with Duncan’s test
(Gill, 1978). The feed trials were Ry = feed
without (0%) menhaden fish oil; R; = feed with
2.5% menhaden fish oil; R, = feed with 5%
menhaden fish oil; R; = feed with 7.5%
menhaden fish oil (Table 1).

The variables examined were 1) lipid profile
(feed, egg yolk and blood lipids or blood
triglyseride), 2) blood and yolk cholesterols.
Lipid analysis was done using soxhlet extraction
method (AOAC, 1995), cholesterol and blood
serum lipid/triglycerides (CHOD-PA method,
using Diasys, Diagnostic System Kits).
Measurement of blood and egg yolk cholesterol
used spectrophotometer at wave length of 500

nm (Tranggono and Setiaji, 1989).

Results and Discussion

Most lipids in poultry feed were in form of

fatty cholesterol acids, trigycerides and
cholesterols which got into intestine and
produce fatty acids and glycerols then
developed cyclomicron. Cyclomicron along with
protein (lipoprotein) was then absorbed in
blood circulation and transformed into VLDL,
HDL, LDL and cholesterol. Small amount of
lipids was in form of free fatty acids. Lipid
metabolism manifestation could be performed
as lipid and cholesterol contents in egg. The
performance of blood and yolk lipids profile
was showed in Table 2 and 3.

Table 2 shows that lipid consumption was
3.88-3.99 g/animal/day. Analysis of variance
indicated no significant effect (P>0.05) to lipid
consumption, blood lipid and cholesterol, and

yolk cholesterol, but there was significant effect
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(P<0.05) on the yolk lipid. This result indicated
that feed added with up to 7.5% menhaden fish
oil did not affect the palatability of chicken,
digestive processes and lipid metabolism.

Reduction of blood lipid followed by
reduction of blood and yolk cholesterols was
found at the used of menhaden fish oil in feed
up to 2.5% level while 5% level of use increased
blood cholesterol. This phenomenon indicated
that blood cholesterol was from feed and
cholesterol  synthesis from fatty acid
metabolism.

The use of menhaden fish oil at 5% (R;)
significantly resulted in the least yolk lipid and
blood cholesterol contents. Thus, it could be
used as indicator that the best concentration to
use animal lipid in poultry feed should be 5%
(v/w).

Lipid consumed as triglyceride would be
hydrolyzed in the digestive system to
monoglycerides, free fatty acids and glycerols.
Free fatty acids re-esterized into intestine cells
before excreted into blood (Linder, 2006).
Esterized fatty acids would produce triglyceride,
cholesterol and cholesterol ether. However,
non-esterized fatty acids would produce free
fatty acids (Martin et al., 1985). Essential fatty
acids found in cell lipid structure, connected
with integrity of mitochondrion membrane
structure and found at high concentration in
reproduction organs, phospholipids and roled
as cholesterol development precursor (Harper
et al., 1985). The used of omega-3 rich material
reduce the risk of

in ration could

arteriosclerosis in  experiment  animals.
According to van Elswyk (1997), fish oil could
reduce very low density lipoprotein (VLDL)
cholesterol and triglycerides contents in
cockerel blood.

Lipid and cholesterol concentration in yolk
was 9.26-11.25% and 0.17-1.30 g/100g
respectively from layers fed whole cia and
whole flake sheed (Ayerza and Wayne, 2000).

In addition, feeding layers with 5% menhaden

fish and 5% palm oils resulted in 95.8 mg/dl
blood cholesterol (Iriyanti, 2006).

The effect of omega-3 fatty acid could
reduce blood and vyolk cholesterols, and
influenced egg fatty acids content (Caston and
Leeson, 1990; Cherian and Sim, 1991; Jiang et
al., 1991; Herber and van Elswyk, 1996;
Hammershgj, 1997; Niemiec et al., 1997).
Addition of menhaden fish oil up to 1.5% could
produce cholesterol 12.56-13.1 mg/g yolk, free
fatty acids 0.4+£0.07-0.48 +0.08%, reduction of
blood cholesterol total from 223.30£3.63 mg/dl
(in control) to 125.83+4.23 mg/dl (Chashnidel
et al., 2010). Fish oil could reduce lipogenesis in
liver and VLDL secretion (Du and Ahn, 2002;
Tabeidian et al., 2005), suppress lipid synthesis
2005),
regulator of lipid oxidation and fatty acids
synthesis (Clark, 2001). Fish oil also controlled
hepatic enzymes concentration in glucose

(Cortinas et al.,, coordinator and

metabolism and fatty acids biosynthesis. Those
enzymes were glucokinase, pyruvate kinase,
glucose-6-phosphate dehydrogenase, citrate

lyase, acetyl-CoA carboxylase, fatty acid
synthase, stearoyl-CoA desaturase and the D-6
and D-5 desaturase. Omega-3 could reduce
triacylglycerols, cholesterol and lipoprotein
levels in blood serum (Aydin et al., 2005). It also
increased B-oxydation and receptor expression
for LDL (Belzung et al., 1993). Result of analysis
on fatty acids content was shown in Table 3.
Table 2 showed that higher concentration of
menhaden fish oil in ration could produce
higher DHA in yolk, but the highest EPA could
only be reached by feeding with 5% menhaden
fish oil (R,).

poultry feed after

It indicated that oil or lipid in
metabolism could be
deposited in yolk before in adipose cells. As
mentioned by van Elswyk (1997) that nutrition
manipulation for layers containing omega-3
could be deposed in yolk, feeding with 15g
menhaden fish oil/kg of feed was the most
palatable by consumer respondents and length

of storage time. The content of linolenic
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Table 1. Ration composition

Feed ingredients Ro Ry R, R;
Corn 49 40.5 30 27
Rice bran 26 33 40.5 41
Soy flake 14 13 13.5 13.5
Fishmeal 9 9 9 9
Menhaden fish oil 0 2.5 5 7.5
Palm oil 0.2 0.2 0.2 0.2
Lime 2 2 2 2
Premix 0.3 0.3 0.3 0.3
101.5 101.5 101.5 101.5
Chemical composition
Protein (%) 17.12 16.85 17.39 17.322
Energy (cal/kg) * 2709.1 2745.45 2757.3 2880.5
Crude fiber (%) 5.015 5.5125 6.105 6.085
Crude fat (%) 6.62 8.42 8.60 6.85
Ca (%) ** 2.4547 2.4547 2.4547 2.4547
P (%) ** 1.2273 1.2273 1.2273 1.2273

Analysis from Animal Feed and Nutrition Laboratory, Faculty of Animal Science, Jenderal Soedirman University (2011),
*)analysis from Animal Feed Material Laboratory (2011), **)values based on NRC (1994). R, = feed without (0%) menhaden
fish oil; R, = feed with 2.5% menhaden fish oil; R, = feed with 5% menhaden fish oil; R; = feed with 7.5% menhaden fish oil

Table 2. Average of lipid profile in blood and yolk of experimental hens

RO Rl R2 R3
Lipid consumption (g) 3.99 3.97 3.96 3.88
Blood lipid (%) 22.00 16.00 14.00 12.00
Blood cholesterol (mg/dl) 16.2 13.80 10.80 15.60
Yolk lipid (%) 4.40 5.57 3.63 4.16
Yolk cholesterol (g/g) 10.13 8.51 7.20 6.68

R, = feed without (0%) menhaden fish oil; R; = feed with 2.5% menhaden fish oil; R, = feed with 5% menhaden fish oil; R; =

feed with 7.5% menhaden fish oil

Table 3. Average of fatty acids content in yolk

Fatty acids content in yolk Ro Ry R, R;

C18:2 1.05 1.75 1.85 1.63
C18:3 (linolenic acid) 0.17 0.24 0.29 0.27
C20:3 0.12 0.14 0.16 0.17
C20:6 0.24 0.26 0.27 0.24
C22:4 0.77 0.74 0.88 0.71
C22:6 (DHA) 0.87 2.04 2.74 3.12

Ro = feed without (0%) menhaden fish oil; R; = feed with 2.5% menhaden fish oil; R, = feed with 5% menhaden fish oil; Ry =

feed with 7.5% menhaden fish oil

(C18:3), arachidonate (C20:4) acids, and DHA
(C22:6) in egg could be increased by feeding
with feed material sources containing omega-3
fatty acids and essential fatty acids (Gao and
Charter, 2000). The use of other feed materials
such as flaxseed, safflower oil, perilla oils, algae,
fish oil, plant oil could increase omega fatty
acids content in egg (Jiang et al., 1991; Herber

and van Elswyk, 1996; Kim et al., 1997; Chae et
al., 1998). Feeding with feed containing 6%
menhaden fish oil could produce egg containing
linoleic acid (C18:3) as much as 0.96 mg/g; EPA
(C20:5) 1.41 mg/g; DHA (C22:6) 11.47 mg/g; LA
(C18:2) 25.62 mg/g; AA (C20:4) 1.07 mg/g
(Kralik et al., 2008). In addition, Laca et al.
(2009) reported that omega-3 enriched egg
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contained EPA 0.48+0.22 mg/g and
15.9140.57 mg/g of yolk.
The use of higher level of fish oil in ration

DHA

could lead to higher omega-3 fatty acids
deposit in yolk. Omega-3 fatty acids content in
yolk was dominated by DHA as a result from
source of fish oil i.e. tuna as reported by
Ackman (1982). Domination of omega-3 DHA in
by
transformation of linoleic acid and EPA to DHA
1994). The

mechanism was due to influencial activity of

yolk was also caused metabolic

(British Nutrition Foundation’s,

linoleic acid by increasing desaturation.
According to Raes et al. (2002) omega-3 and
omega-6 synthesis depended on feed’s fatty
acids profile.

Yannakopoulos et al. (2005) reported that
concentration of a-LNA, EPA and DHA in yolk
increased during the growth of layers from 22
to 32 weeks old. Feed manipulation using
omega fatty acids determined omega-3 content
in egg (Yannakopoulos et al., 2005; Sari et al.,
2002; Boruta and Niemiec, 2002). Simopoulos
(2003) reported that increasing omega-3 PUFA
could reach 20 times compared to ordinary
feed. Galobart (2002) mentioned fatty acids
content in yolk consisted of SAFA 29.83-32.27%,
MUFA 38.80-43.36% and PUFA 26.81-29.20%.
Schreiner et al. (2004) stated that chicken egg
yolk contained fatty acids SAFA 36.12-36.87%,
MUFA 47.48% and PUFA 12.55%. Chapman
(1980) mentioned that lipid in layer hen was
synthesized in liver then transferred to yolk as
lipoprotein. Lipoprotein is precursor of yolk
lipid, VLDL and the biggest portion of yolk.
During the development of chick embryo, the
major metabolism was conducted in yolk
(Noble and Connor, 1984; Noble and Shand,
1985). The development of embryo was started
from desaturate enrichment and carbon chain
elongation from linoleic and a-linolenaic acids
as PUFA supply (Bordoni et al., 1986; Budowski
and Crawford, 1986).

10

Conclusion

Enhancement of omega-3 fatty acids

content in eggs could be achieved through

addition of omega-3 sources in feed.

Acknowledgement

This research was funded by Professorship

Acceleration Research Scheme, Jenderal

Soedirman University.

References

Ackman RG. 1982. Fatty Acid Composition of Fish
Oils. In: SM Barlow and ME Stasty Eds.
Nutritional Evaluation of Long Chain Fatty Acids
in Fish Qil. Academic Press, London. Pp. 25-88.

AOAC. 1995. Official Methods of Analysis. 16th Ed.,
AOAC, Washington DC, USA.

Aydin R, M Karaman, HHC Toprak, AK Ozugar and T
Cicek. 2006. The effect of long-term feeding of
conjugated linoleic acid on fertility in Japanese
quail. South Afr. J. Anim. Sci. 36:99-104.

Ayerza R and W Coates. 2000. Omega-3 enriched
eggs: The influence of dietary a-linolenic fatty
acid source on egg production and composition.
Can. J. Anim. Sci. 81:355-362.

Bhatnagar D and PN Durrington. 2003. Omega-3
fatty acids: Their role in the prevention and
treatment of atherosclerosis related risk factors
and complications. Int. J. Clin. Pract. 57:305-14.

Belzung F, T Raclot and R Groscolas.1993. Fish oil n-3
fatty acids selectively limit the hypertrophy of
abdominal fat depots in growing rats fed high-fat
diets. Am. J. Physiol. 264:1111-1118.

Boruta A and J Niemiec. 2002: The effect of storage
of hen eggs enriched in PUFA on their quality and
composition of fatty acids in yolks. In: 11"
European Poultry Conference, 6-10 September
2002. Bremen, Germany.

Bordoni R, A Richmond, E Balentien, HG Thomas, G
Flaggs, D Barton, J Spiess, R Bordoni, U Francke,
and R Derynck. 1986. Molecular characterization
and chromosomal mapping of melanoma growth
stimulatory activity, a growth factor structurally
related to beta-thromboglobulin. EMBO J.
7(7):2025-2033.

Budowski P and MA Crawford. 1986. Effect of
dietary linoleic and - linolenic acids on the fatty
acid composition of brain lipids in young chick.
Prog. Lipid Res. 25:615-618.

British  Nutrition  Foundation’s (BNF). 1994.



N Iriyanti et al/Animal Production 14(1):6-12, January 2012

Unsaturated Fatty Acid, Nutritional and
Physiological Significance. The Report of the
British Nutrition Foundation’s, Task Force.
Chapman and Hall, London. Pp 35-39.

Caston L and S Leeson. 1990. Research Note: Dietary
flax and egg composition. Poult. Sci. 69:1617-
1620.

Chae HS, CN Ahn, BH Paek, DW Kim, WT Chung, SC
Kim, and JS Sim, 1998. Effect of feeding level of
full fat flax seed on immune response and fatty
acid composition in egg’s RDA. J. Livest. Sci.
40:145-151.

Chashnidel H, Y Moravej, A Towhidi, F Asadi and S
Zeinodini. 2010. Influence of different levels of n-
3 supplemented (fish oil) diet on performance,
carcass quality and fat status in broilers. African
J. Biotechnol. 9(5):687-691

Chapman TG. 1980. Entropy as a measure of
hydrologic data uncertainty and model
performance. J. Hydrol. 85 111-126.

Clark SD. 2001. Polyunsaturated fatty acid
regulation of gene transcription: a molecular
mechanism to improve the metabolic syndrome.
J. Nutr. 131:1129-1132.

Cherian G and JS Sim. 1991. Effect of feeding full fat
flax and canola seeds to laying hens on the fatty
acid composition of egg, embryos and newly
hatched chicks. Poult. Sci. 70:917-922.

Cortinas L, A Barroeta, C Villaverde, JF Guardiola and
MD Baucells. 2005. Influence of the dietary
polyunsaturated level on chicken meat quality:
lipid oxidation. Poult. Sci. 84:48-55.

Du M and D Ahn. 2002. Effect of dietary conjugated
linoleic acid on the growth rate of live birdsan on
the abdominalfat content and quality in broiler
meat. Poult. Sci. 81:428-433.

Diplock AT, PJ Aggett, M Ashwell, F Bornet, EB Fern
and EB Roberfroid. 1999. Scientific concepts of
functional foods in Europe: consensus document.
Brit. J. Nutr. 81(Supl. 1):1-27.

Erkkila AT, S Lehto, K Pyorala and Ml Uusitupa. 2003.
n-3 Fatty acids and 5-y risks of death and
cardiovascular disease events in patients with
coronary artery disease. Am. J. Clin. Nutr. 78:65-
71.

Fujieda N, N Tsuse, A Satoh, T Ikeda and K Kano.
2005. Production of completely flavinylated
histamin  dehidrogenase, unique covalenty
bound flavin, and iron-sulfur cluster-containing
enzyme of Nocardiodes simplex in Escerichia coli,
and its properties. Biosci. Biotechnol. Biochem.
69(12):2459-2462.

Gill JL. 1978. Design and Analysis Experiment in The
Animals and Medical Sci. Vol.2. The lowa State
University of Florida.

11

Galobart J, AC Barroeta, MD Baucells, R Codony and
W  Ternes. 2002. Effect of dietary
supplementation with rosemary extract and
tocopheryl acetate on lipid oxidation in eggs
enriched with T3-fatty acids. Poult. Sci. 80:460-
467.

Gao YC and EA Charter. 2000. Nutritionally
important fatty acids in hen egg yolks from
different sources. Poult. Sci. 79:921-924

Grobas S, )] Me’'ndez, R La’zaro, C de Blas and GG
Mateos. 2001. Influence of source and
percentage of fat added to diet on performance
and fatty acid composition of egg yolks of two
strains of laying hens. J. Poult. Sci. 80:1171-1179

Hammershgj M. 1997. Effect of dietary vegetable
oils for egg laying hens on yolk fatty acid
composition and other quality traits in a phase
feeding program, 292-298, Proc. VII European
Symp. Quality of Eggs and Egg Products, 21-26
September 1997, Poznan, Poland. 366 pp.

Herber SM and ME Van Elswyk. 1996. Dietary
marine algae promotes efficient deposition of n-
3 fatty acids for the production of enriched shell
eggs. Poult. Sci. 75:1501-1507.

Hulbert AJ, S Faulks, WA Buttemer and Pl Else. 2002.
Acyl comparison of muscle membranes varies
with body size in birds. J. Exp. Biol. 205:3561-
3569.

Harper HA, VW Rodwel and PA Mayes. 1985.
Review of Physiological Chemistry. 20™Ed. Large
Medical Publications. Los Altos, California 94022.
U.S.A.

Iriyanti N, T Yuwanta, Zuprizal and S Keman. 2006.
The Egg Quality of Native Chicken’s with Vitamin
E Supplementation in Ration Containing
Menhaden Fish Oil and Kernel Palm Oil.
Supporting Paper. November 8-9, 2006. The 4"
International Seminar on Tropical Animal

Production. Animal Production and Sistainable
Agriculture in The Tropic. Part 2. Faculty of
Animal Science. Gadjah Mada University,

Yogyakarta. Pp. 589-596.

Jiang Z, A Dong and JS Sim. 1991. Effect of feeding
flax and two types of sunflower seeds on fatty
acid compositions of yolk lipid classes. Poult. Sci.
70:2467-2475.

Kim EM, JH Choi and KM Chee. 1997. Effect of
dietary safflower and perilla oils on fatty acid
composition in egg yolk. Korean J. Anim. Sci.
39:135-144.

Kralik ZG, Skrti¢, P Suchy, E Strakova and ZGajéevic.
2008. Feeding fish oil and linseed oil to laying
hens to increase the n-3 pufa of egg yolk. ACTA
VET. BRNO 77:561-568.



N Iriyanti et al/Animal Production 14(1):6-12, January 2012

Laca B, A Paredes and M Diaz. 2009. Quality
characteristics of n-3 polyunsaturated fatty acid-
enriched eggs.J. Anim. Feed Sci. 18:101-112.

Linder. MC. 2006. Biokimia Nutrisi dan Metabolisme
dengan Pemakaian secara Klinis. Ul Press. P.69

Lewis NM, S Seburg and NL Flanagan. 2000. Enriched
eggs as a source of N-3 polyunsaturated fatty
acids for humans. Poult. Sci. 79:971-974.

Martin DW, AM Peter, DK Granner and VW Rodwell.
1985. Lipid. In: Review of Physiological
Chemistry. 20™Ed. Large Medical Publications.
Los Altos, California 94022. U.S.A.

Meyer BJ, NJ Mann, JL Lewis, GC Milligan, AJ Sinclair
and PR Howe. 2003. Dietary intakes and food
sources of omega-6 and omega-3
polyunsaturated fatty acids. Lipids. 38:391-398

Niemiec J, M Stepinska, E Swierezewska, J Riedel, R
Kakowska, A Siennicka and A Grzyboska. 1997.
Effect of diet on fatty acid composition in the
egg. Proc. VII. European Symp. Quality of Eggs
and Egg Products, 21-26 September, Poznan,
Poland. Pp. 239-243.

NRC (National Research Council For Poultry). 1994.
Ninth Revised Edition.National Academy Press.
Washington DC.

Noble RC and Connor. 1984. Lipid Metabolisme in
Chick Embryo of Domestic Fowl. (Gallus
domesticus). World's Poultry Sci. 40:114-120.

Noble RC and JH Shand. 1985. Unsaturated fatty
acids compositional changes and desaturation
during the embryonic development of the

12

chicken (Gallus domesticus). Lipids. 20(5):278-
282.

Raes K, G Huyghebaert, S De Smet, L Nollet, S
Arnouts and D Demeyer. 2002. The deposition of
conjugated linoleic acids in eggs of laying hens
fed diets varying in fat level and fatty acid
profile. J. Nutr. 132:182-189.

Sari M, H Aksit, M Ozdogan, H Basmacioglu. 2002.
Effect of addition of flaxseed to diets of laying
hens on some production characteristics, levels
of yolk and serum cholesterol, and fatty acid
composition of yolk. J. Arch Geflugelkd. 66:75-79.

Schreiner M, HW Hulan, E Razzazi-Fazeli, ] Bohm,
and C lben. 2004. Feeding laying hens seal
blubber oil: Effects on egg yolk incorporation,
stereospecific distribution of omega-3 fatty
acids, and sensory aspects. Poult Sci. 83:462-
473.

Simopoulos AP. 2000. Role of poultry products in
enriching the human diet with n-3 PUFA. Poult.
Sci. 79:961-970 .

Suarez A, MDC Ramirez, MJ Faus, and A Gill. 1996.
Dietary long chain polyunsaturated fatty acids
composition in rats at weaning. J. Nutr. 126:887-
897.

Steel RGD and JH Torrie. 1994. Principles and
Procedures of Statistics. Mc Graw-Hill Book Co,
Inc. Pub. Ltd. London.

Tranggono dan B Setiaji. 1989. Kimia Lipida. PAU
Pangan dan Gizi Universitas Gadjah Mada,
Yogyakarta.



