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Effects of different dietary oil sources
on fatty acid composition and malondialdehyde levels
of thigh meat in broiler chickens!'

Einfluss verschiedener Futterfettquellen auf das FettsGurenmuster
und die Gehalte an Malondialdehyd im Schenkelfleisch von Broilern
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Introduction

Quite a number of laboratories carried out experiments to
enrich broiler meat with n-3 fatty acids (PHETTEPLACE and
WATKINS, 1989; CHANMUGAN et al.,, 1992; ScAIFE et al.,
1994; Lopez-FERRER etal.,, 1999, 2001a, 2001b; ABAS
etal., 2003; OzpPINAR et al., 2003). This was achieved by
including different oils, fish meal or full-fat oil seeds, e.g.
linseed, in the broiler diets (SCAIFE et al., 1994; AHN et al.,
1995). Main sources of a-linolenic acid (18:3, n-3) are
linseed and green leaves and for linoleic acids (18: 2, n-6)
sunflower seeds and soy oil (WISEMAN, 1997; KRASICKA
et al., 2000). The use of vegetable oils in dietary programs
for poultry to increase the ratio of polyunsaturated to satu-
rate fatty acids and to improve the nutritive value of meat
(by increasing the n-3 content) has been recommended
(MERCIER et al., 2001).

The most important n-3 long chain polyunsaturated
fatty acids (PUFA) are eicosapentaenoic acid (EPA, 20:5,
n-3) and docosahexaenoic acid (DHA, 22:6, n-3) (AN
etal.,, 1997; KrasiCKA et al.,, 2000; LoPEZ-FERRER et al.,
2001a and 2001b). Fish oils, which contain EPA and
DHA in abundance, have been shown to be effective in
reducing the risk factors of cardiovascular disease, cancer
and allergies in humans. However, due to the high unsa-
turation level, EPA and DHA are easily oxidized. In gen-
eral, oxidation is influenced by fat composition (HUANG
etal., 1990) and quality (SHEEHY et al., 1993) and by the
type of muscle involved (e.g. dark or white poultry mus-
cle) (AJUYAH et al., 1993).

The objectives of the present study were to determine the
effect of feeding various fat sources (fish oil, linseed oil,
sunflower oil and soy oil) and different oil supplementation
levels (2, 4 and 8%) on the fatty acid composition of chicken
muscles and, especially, on the n-6/n-3 ratio in broiler thigh
meat. Furthermore, the effects of the different fatty acid
sources on oxidative stability of broiler meat as indicated by
malondialdehyde (MDA) levels were investigated.
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Materials and Methods

Animals and Diets

Nine hundred and sixty one-day-old unsexed chickens of
the breed Cobb 500, obtained from a local hatchery, were
used in this experiment, which lasted for 6 weeks. At the
beginning of the trial, all chickens showed a similar aver-
age body weight (39.78-40.96 g). The chickens were di-
vided into twelve dietary groups of 80 chickens each, with
four replicates within each dietary group (20 birds per re-
plicate). Chickens were kept in a floor system in pens
with controlled environmental conditions. During the star-
ter period the chicks were housed in electrically heated
battery brooders placed in a temperature-controlled room.
Twenty-four hours of lighting per day was provided.

Diets were formulated to meet or exceed all the nutri-
tional requirements of the growing chick (NRC, 1994).
Birds were given access to water and diets ad libitum.
Diets were formulated by using fish oil (A), linseed oil
(B), sunflower oil (C) and soybean oil (D), singly or in
combination and by adding 2, 4 or 8% oil to a basal diet
(Table 1). Diet D served as a control. The diets were pre-
pared in mash form. All chickens up to the 3™ week of
life were fed a starter diet. Following this period until the
end of the experiment each group was fed an individual
grower diet with approximately similar contents of crude
protein and metabolizable energy.

Sample collection and laboratory analyses

Diets were chemically analysed for nutrients according to the
methods of the AOAC (1984). Determined levels of nutrients
and calculated metabolizable energy (ME, MJ/kg) are pre-
sented in Tables 2 and 3. The fatty acids profiles ((myristic
acid, C14:0; palmitic acid, C16:0; palmitoleic acid,
C16: 1n7c; stearic acid, C18:0; oleic acid, C18:1n9c;
linoleic acid, C18:2n6; a-linolenic acid, C18:3n3; ara-
chidonic acid, C20:4n6; eicosapentaecnoic acid (EPA),
C20:5n3 and docosapentaenoicacid (DHA), C22:6n3;
saturated (myristic acid, palmitic acid, and stearic acid);
MUFA (palmitoleic acid and oleic acid); PUFA (linoleic
acid, o-linolenic acid, arachidonic acid, EPA, and DHA);
n-3 (linolenic acid, EPA and DHA); n-6 (linoleic acid and
arachidonic acid)) of the starter and grower diets are pre-
sented in Tables 2 and 3.
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Table 1. Composition of broiler starter (0—-3 weeks) and grower (4-6 weeks) diets (%)
Zusammensetzung der Starter- (0—3 Wochen) und Grower-Rationen (4—6 Wochen) (%)

Ingredients Starter (0-3 weeks, %) Grower (4-6 weeks, %)

Groups [

A1, B, Ci, Dy Az By, Cy, D2 Az B3, C3, D3 Ay, By, Ci,Dy Ay By, Cy, D2 As, B, C3, D3

Corn 57.55 43.55 29.55 48.59 49.66 37.64
Wheat 1.00 10.00 13.00 10.00 10.00 10.00
Wheat bran 1.50 3.00 11.00 1.00 1.00 10.60
Extracted soybean 26.10 29.10 20.10 17.40 26.40 28.80

meal (45%)

Full fatt soybean - - - 17.90 5.80 1.80
Extracted corn meal 8.00 5.00 6.00 — — —
Meat and bone meal  0.50 2.00 9.00 — — —

Qil 2.00 4.00 8.00 2.00 4.00 8.00
Limestone 1.20 1.12 0.88 1.00
Dicalcium phosphate 1.10 0.80 1.06 1.00
Vitamin + mineral 0.20 0.25 0.25 0.25
premix )

Salt 0.25 0.30 0.27 0.25
DL-Methionine 0.20 0.19 0.19 0.19
L-Llysine 0.20 0.23 0.27 0.25
Anticoccidial @) 0.10 0.12 0.12 0.12
Antioxidant! 0.10 0.10 0.10 0.10

) Groups: A) fish oil (FO); B) 2/3 FO + 1/3 linseed oil (LO); C) 1/3 FO + 1/3 LO + 1/3 sunflower oil (SFO); D) soy oil (SO)

121 Composition of vitamin premix per kilogram of premix: vitamin A 30 000 IU; vitamin D3 7500 IU; vitamin E 50 mg; vitamin K3 12.5 mg; vitamin By 5 mg; vitamin B,
15 mg; niacin 75 mg; Ca pantothenate 25 mg; vitamin B 7.5 mg; vitamin By, 0.05 mg; folic acid 1.25 mg; D-biotin 0.2 mg; choline 10 mg

Composition of trace elements premix supplied per kilogram of premix: Mn 212.5 mg; Fe 125 mg; Cu 12.5 mg; Zn 150 mg; Co 1.25 mg; lodine 5 mg; Se 0.375 mg

) Anticoccidial — Narasin 70 g/kg premix

) Antioxidant — Oxistop® Premix (Etoxiquinin, BHT, citric acid mixture)

Table 2. Nutrients content (%), energy levels (ME MJ/kg) and fatty acid composition (% of total methyl esters of fatty acids) of starter
(0-3 week) diets

Néhrstoffgehalt (%), Umsetzbare Energie (MJ/kg) und Fettséuremuster (in% der Gesamffettséuren) der Starter-Rationen (0-3 Wo-
chen)

Groups!!

Al A2 A3 B1 B2 B3 Cl C2 C3 D1 D2 D3
(2%)  (4%)  (8%)  (2%) (%) (8% (2%)  (4%) (8%) (2%)  (4%]  (8%)

Dry matter, % 87.80 88.50 8990 88.20 88.80 89.70 88.10 88.50 89.50 88.30 88.80 89.40
Crude protein, % 22.70 2240 21.50 2230 2270 21.00 22.00 22.30 20.70 22.40 22.40 20.70
Crude fibre, % 280 300 430 280 400 430 3.00 330 440 3.10 3.40 4.00
Ether extract, % 490 6.70 1070 580 6.80 1070 560 630 10.60 500 6.40 10.50
Ash, % 510 460 6.10 460 460 6.00 490 510 620 420 460 5.50
Nitrogen free extract, % 52.30 51.80 47.30 52.70 50.70 47.70 52.60 51.50 47.60 53.60 52.00 48.70
Sugar, % 470 600 480 510 540 450 510 530 450 500 490 430
Starch, % 39.30 33.80 2950 37.30 33.70 31.30 37.40 3550 32.40 39.80 38.30 34.30
ME NU/kglz] 1237 1219 1255 1234 12.18 1274 1224 1223 12.84 1248 12.70 13.10
Fatty acid composition

Cl14:0 255 383 529 130 283 376 210 1463 207 031 — 0.26
C16:0 13.08 14.47 16.04 11.65 13.59 14.84 1226 1189 11.18 10.81 10.72 10.38
Cl6:1n7¢c 286 454 6.13 148 329 426 226 182 234 052 023 0.32
C18:0 263 351 401 297 362 416 3.03 367 347 286 335 387
C18:1n%c 18.99 1531 1440 21.70 1676 1693 18.66 2099 23.09 21.50 21.77 2177
C18:2né6c 33.09 22.65 1436 42.22 30.85 2630 3595 39.78 40.62 49.11 50.39 50.91
C18:3n3 176 179 137 265 3.15 288 268 289 300 399 526 6.21
C20:4n6 023 045 064 - 035 036 - — - — - -
C20:5n3 071 1.07 158 -— - - 0.18 — - — - -
C22:6n3 369 555 773 048 085 1.15 081 046 053 — - -
Total SFAB) 30.27 33.59 3291 28.23 36.60 37.68 33.87 2951 2523 2407 21.40 18.92
Total MUFA ¥4 23.57 2298 2477 2606 26.65 2979 2547 2659 2985 2251 2276 23.25
Total PUFA®P) 4582 4125 3935 4558 36.09 31.72 39.83 43.59 4448 53.10 55.65 57.22
Total n-6 33.21 23.16 15.17 4222 31.20 26.48 3596 39.79 40.63 49.11 50.39 50.91
Total n-3 12.61 18.10 24.18 336 489 524 3.87 3.81 3.85 399 526 6.31
n-6/n-3 264 128 063 1259 640 507 10.19 1045 1067 1232 958 8.07

) Groups: A) fish oil (FO); B) 2/3 FO + 1/3 linseed oil (LO); C) 1/3 FO + 1/3 LO + 1/3 sunflower oil (SFO); D) soy oil (SO)
2 ME MJ/kg (WPSA) = (0.03431 x g/kg fat) + (0.01551 x g/kg crude protein) + (0.01669 x g/kg starch) + (0.01301 x g/kg sugar)
) SFA = saturated fatty acid; “/MUFA = monounsaturated fatty acid; *)PUFA = polyunsaturated fatty acid
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Table 3. Nutrients content (%), energy levels (ME MJ/kg) and fatty acid composition (% of total methyl esters of fatty acids) of

grower (4-6 week) diets

Nahrstoffgehalt (%), Umsetzbare Energie (MJ/kg) und Fettséuremuster (in% der Gesamtfettsiuren] der Grower-Rationen (4—6 Wo-

chen)

Groups!!)

Al A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3

(2%)  (4%)  (8%)  (2%)  (4%)  (8%) (2%)  (4%) (8%  (2%)  (4%) (8%
Dry matter, % 88.70 88.80 89.30 88.80 88.50 89.80 88.60 88.50 89.90 89.10 89.20 90.30
Crude protein, % 20.20 20.30 20.20 20.40 20.50 20.70 20.40 20.40 19.80 19.80 20.90 20.00
Crude fibre, % 400 3.60 420 360 380 430 350 330 430 390 330 4.20
Ether extract, % 730 7.80 920 840 860 970 780 7.90 10.10 6.10 6.80 9.80
Ash, % 490 440 500 470 490 520 520 490 560 470 4.80 540
Nitrogen free extract, % 52.30 52.70 50.70 51.70 50.70 4990 51.70 52.00 50.10 54.60 53.40 50.90
Sugar, % 470 530 470 510 490 530 490 490 480 490 6.00 5.40
Starch, % 39.80 40.80 32.90 36.80 38.30 34.50 39.10 40.50 34.10 38.60 37.90 34.50
ME MJ/kg(Q) 12.89 13.32 1239 1285 13.16 1299 13.00 13.27 12.85 1224 12.68 1292
Fatty acid composition
Cl4:0 1.89 356 544 122 256 3.17 073 133 168 124 022 0.21
C16:0 12.41 13.99 16.10 11.94 1278 13.72 1137 11.19 11.97 11.57 10.85 10.72
Cl16:1n7c 212 4.15 6.03 1.37 291 3.71 0.89 156 1.92 1.42 0.28 0.19
C18:0 359 331 350 372 321 350 376 336 367 370 374 376
C18:1n%c 19.18 16.59 14.35 19.62 18.05 16.53 20.13 21.08 18.36 18.89 20.73 20.50
C18:2n6c 40.40 28.76 18.51 44.86 36.36 28.37 46.63 42.08 40.32 42.77 48.78 50.36
C18:3n3 438 267 188 503 370 324 531 351 482 489 538 6.31
C20:4n6 024 045 057 0.13 030 040 - 0.13 020 - - —
C20:5n3 0.17 034 048 0.15 0.18 739 137 322 412 -— - —
C22:6n3 283 548 754 193 387 -— 1.07 209 263 — - —
Total SFAR) 27.08 34.99 42.02 23.97 29.34 2835 23.54 23.88 24.04 2564 23.13 21.30
Total MUFA K 26.27 29.43 32.31 24.88 27.59 23.60 22.08 24.03 2225 21.92 2205 21.78
Total PUFA®) 46.24 34.45 2451 50.89 42.12 46.13 54.38 51.81 53.15 52.14 54.83 56.93
Total n-6 40.64 29.28 19.18 4497 3678 28.92 46.63 42.15 40.53 42.85 48.78 50.36
Total n-3 560 516 533 592 533 17.21 775 967 1262 929 591 6.57
n-6/n-3 726 567 360 760 690 1.68 602 436 321 476 827 7.68

() Groups: A) fish oil (FO); B) 2/3 FO + 1/3 linseed oil (LO); C) 1/3 FO + 1/3 LO + 1/3 sunflower oil (SFO); D) soy oil (SO)
2 ME Mi/kg (WPSA) = (0.03431 x g/kg fat) + (0.01551 x g/kg crude protein) + (0.01669 x g/kg starch) + (0.01301 x g/kg sugar)
) SFA = saturated fatty acid; ¥ MUFA = monounsaturated fatty acid;® PUFA = polyunsaturated fatty acid

At the end of starter and grower period, respectively (21%
and 42" day) two male broilers from each pen were ran-
domly selected and slaughtered. Their legs were separated,
vacuum packed and stored at —20 °C until analysis. The
meat samples were analysed with double replicates of the
same samples for fatty acids composition and lipid oxidation
(thiobarbituric acid reactive substances, TBARS) levels.

Determination of fatty acids

Fatty acid in the diets and muscle tissues were determined
by gas chromatography. For saponification and esterifica-
tion of lipids a modified method of FOLCH etal. (1957)
was used.

Exactly 1 g of diet and/or 1 g of meat were weighed
into an Erlenmeyer flask. After supplementation of 25 ml
chloroform: methanol mixture (2:1, v/v) the flask was
stirred for 50 min. Then the sample was filtered into a
50 ml centrifuge tube. The filtered sample was covered
with 5 ml H,O bidest., stirred with a glass bar and centri-
fuged for 20 min in a Heraeus Multifuge 3 L-R at
2200 rpm under cooling to 4 °C. After centrifugation the
solvent was removed and transferred to 100 ml gas bottle
including NS 14. The solvent was then removed under va-
cuum 45 °C in a rotation evaporator until a small residue
of 1 to 2 ml remained. The sample was dried in an excica-
tor under vacuum for 2 hours using phosphor pentoxide.

After drying, the extracted fat was dissolved in 4 to
5 ml diethylether and transferred to a 10 ml screw glass.
The solvent was removed under nitrogen. For derivatisa-
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tion samples were boiled for 30 min. and boiled to 30 to
40 °C under running water. Fatty acids were esterified
using boron trifloride-methanol (10%, Fluka Chemie,
Switzerland). Samples were boiled again for 15 min.,
cooled to room temperature, 1 ml n-heptane was added
and samples were vortexed twice. Samples were centri-
fuged for 1 min. at 4000 rpm and fatty acid methyl esters
dissolved in the n-heptane phase were transferred to the
glass vials. Samples were then frozen at —24 °C. An aliquot
of each sample was diluted by 1:5 with n-heptane. 1 ul of
this solution was injected manually into a Varian 3700 gas
chromatograph (Varian Inc., Paolo Alto, USA) equipped
with a DB 23 column (30 m x 0.25 mm X 25 um; J&W
Scientific, Folsom, USA). The stationary phase was (50%-
cyanopropyl)-methylpolysiloxan. Nitrogen 5.0 was used as a
carrier with flow rate of 1 ml/min. The temperature pro-
gramme was as follows: 140/224 °C held 5 min., rate of heat-
ing was 3 °C/min. Temperature of injector and Flame Ionisa-
tion Detector (FID) was 200 °C and 260 °C, respectively.

The chromatograms were evaluated using the software
Varian Star Chromatography Workstation Version 4.51.
Fatty acid methyl esters were identified by retention times
using Supelco 37 (Supelco, Bellefonte, USA) as an exter-
nal standard.

Determination of TBARS

Determination of TBARS was done according to a modi-
fied method of KORNBRUST and MAvis (1980). To 1 g of
pooled meat sample 9 ml of 1.15% KCl was added. The
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sample was shortly homogenized in an Ultra-Turrax T 25
at 9,000 rpm. 0.1 ml of sample homogenate was added to
a screw tube with 0.5 ml of 80 mM tris-malat-buffer (pH
7.4), 0.2 ml of 5 mM iron sulphate solution and 0.2 ml of
2 mM ascorbic acid. In two tubes 0.1 ml 1.15 of% KCl was
added instead of the homogenate for determination of blind
values. All samples were then treated in the same way. 2 ml
of TBA-TCA-HCI reagent (150 g trichlor acetic acid and
3.75 g thiobarbituric acid solved in 11 of 0.25 n HCI) were
added to each sample, tubes were closed and strongly vor-
texed for 30 sec. Samples were then boiled for 30 min.
and cooled in ice to stop the reaction. After centrifugation
of samples at 2200 rpm at 4 °C for 20 min., samples were
measured in a glass cuvette at a wave length of 535 nm
using a Zeiss PM 2 DL photometer. TBARS were calcu-
lated as nmol malondialdehyde (MDA)/mg of meat as
MDA = (6.4102 x 1000 x 3 x extinction)/100.

Statistical Analysis

Data were analysed by ANOVA, using two-way procedure
of General Linear Model’s (MINITAB, 1991). Differences
between means were determined using the TUKEY (HSD)
multiple range test. All statements of significance are
based on a probability of less than 0.05 (SNEDECOR and
COCHRAN, 1980).

Results

Analysed nutrients, calculated metabolizable energy (ME
MlJ/kg) levels of broiler diets are shown in Tables 2 and 3.
The differences in contents of crude protein, ether extracts
and ME of starter and grower diets probably occurred by
random. A clear increase in ME contents was observed
for increasing oil supplementation levels only for treat-
ment D (soybean oil). The fatty acids profiles of the star-
ter and grower diets varied in the expected way according
to the dietary oil source and levels (Table 2 and 3, respec-
tively). Only diets with fish oil contained some relevant
proportions of EPA and DHA.

The profiles of fatty acids determined in broiler thigh
meat are summarized in Table 4 for the 21% day and in
Table 5 for the 42" day, respectively. Effect of fat source
on lipid composition of thigh meat was more pronounced
than the level of fat supplementation (2, 4 and 8%). Fatty
acid profiles in thigh meat differed significantly on the
21% day (Diet A, B and C) and on the 42nd day (Diet A,
B and D) (p < 0.05). The effects were greater on day 42
than on day 21. Fatty acid profiles in thighs were similar
to the respective profiles in diets. According to both fat
source and fat level, the broiler group fed with 8% oil
(A3, B3, C3 and D3) showed the highest n-3 fatty acid
content in thigh meat in comparison to the other oil levels
(2 and 4%). Important statistical differences (p < 0.05) for
the thigh meat were observed between treatments for myr-
istic acid, palmitic and EPA on day 21 and myristic acid,
linoleic acid, linolenic acid, EPA, DHA, n-6, n-3 and
PUFA on day 42. Furthermore, there were statistical dif-
ferences between palmitic acid, stearic acid, and oleic
acid, MUFA and PUFA on day 42 depending on the fatty
acid source added to the diet.

Linoleic acid, linolenic acid and arachidonic acid levels
in the thigh meat samples taken at the 21° and 42" days
from the groups fed the diet with soybean oil supplemen-
tation (Diet D) were statistically higher (p < 0.05) than
the other groups (A, B and C). Generally, broilers fed with

diets including fish oil (A, B and C) had statistically high-
er EPA and DHA levels in thigh meat than broilers fed
with soybean oil (Diet D). Also, thigh meat of the soy-
bean oil group (Diet D) showed a high level of n-6 fatty
acids and thigh meat of the fish oil group showed a high
level of n-3 fatty acids. Due to this, the ratio of n-6/n-3
PUFA was found to be lower at the 21% and 42" day for
broilers fed with diets including fish oil with different le-
vels (p < 0.05).

The results on lipid peroxidation as indicated by the le-
vel of malondialdehyde (MDA, nmol/mg) are presented in
Table 6 for the 21% and 42" day. The fatty acid profile of
the dietary fat as well as the level of fat supplementation
was important for the MDA level. Thigh meat from birds
fed with diets including fish oil showed higher MDA le-
vels than thigh meat of the soybean oil fed chickens. This
effect was more evident in thigh meat taken at the end of
the experiment. In most cases treatment as well as incuba-
tion time were revealed statistical differences (p < 0.05).
In-group A3, where 8% of fish oil alone was used, the
oxidation levels were quite high from the beginning of the
test on day 21 and on day 42. The critical level of
1 nmol/mg meat, which is indicates rancidity, was not
reached on day 21 in the soybean oil treatment with a
supplementation level of 2% (D1). For the fish oil treat-
ments the critical level was achieved already with 15 min.
of incubation for all supplementation levels. A very early
onset of oxidation was also observed for the combination
of fish oil, linseed oil and sunflower oil. In general, oxida-
tion levels after 150 min. of incubation on day 42 were
lower than on day 21 for almost all treatments.

Discussion

It is well known that the dietary fat content affects the de
novo synthesis of triglycerides and hence influences the
fatty acid pattern of adipose tissues. The determined fatty
acid composition of diets reflected the composition of the
supplemented oils (Table 2 and 3). In our study, linoleic
acid in broiler starter feeds varied between 14.36—50.91%
and in grower feeds between 18.51-48.78%, respectively.
High-level linoleic acid diets increase the degree of unsa-
turation in tissues and by this increases the oxidation sen-
sitivity of meat (LoPEZ-BOTE et al., 1997; ZOLLITSCH et al.,
1997; Sanz etal., 1999). In our study the corn content
was 29.55-57.55% in the starter diet and 37.64—-49.66%
in the grower diet. The wheat contents were 1.0-13.0%
and 10.0% in starter and grower diets (Table 1). Corn oil
has more than 50% linoleic acid compared to wheat and
for this reason linoleic acid level was higher in corn based
broiler diets (WISEMAN, 1997). Saturated fatty acids levels
in starter diets were determined as 18.92 to 37.68% and in
grower diets this level varied between 21.30 and 42.02%.
As expected, the profile of the dietary oils was reflected
by the fatty acid composition of the various lipid fractions
in the thigh meat of broiler chickens (Table 4 and 5). Fat
source influenced lipid composition of thigh meat more
than level of dietary fat (2, 4 and 8%). According to the
fat source added to the diet on day 21 (Diet A, B and C)
and on day 42 (Diet A, B and D) significant differences
of thigh meat fatty acid levels (p < 0.05) were observed.
The broiler group fed with 8% oil (A3, B3, C3 and D3)
showed fatty acid profile in thigh meat different from the
other oil levels (2 and 4%). Oils added to broiler diets
influence carcass fat quality due to their fatty acid content
(PHETTEPLACE and WATKINS, 1989 and 1990; SKLAN and
AvAL, 1989; FRITSCHE et al., 1991; OLoMU and BARACOS,
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1991; CHANMUGAM et al., 1992; ScAIFE et al., 1994; SaNz
etal., 1999; OzPINAR et al., 2003). Especially vegetable oil
improves the quality of meat (LOPEZ-FERRER et al., 1999)
due to the desaturation and elongation occurring during
lipid metabolism for membrane formation (YAU etal.,
1991).

Meat samples taken at the end of the starter period (21%
day) showed statistically significant differences between
the groups (p < 0.05) for myristic acid, palmitic acid and
EPA in respect of fatty acid level. Also, at the end of the
experiment (42" day), fatty acids composition of thigh
meats was significantly different between the broiler
groups, especially for content of myristic acid, linoleic
acid, linolenic acid, EPA, DHA, n-6, n-3 and PUFA
(p < 0.05). In this experiment, the highest linoleic acid
(C18:2n6) level was found in broiler meat of the soybean
oil groups (p < 0.05). It is known that arachidonic acid
(C20:4n6) is a specific component of animal tissues,
whereas, linoleic acid is mainly found in vegetable oils,
especially in soy oil (WISEMAN, 1997). The arachidonic
acid content in the thigh meat was higher than in the diet,
although this finding was not closely associated with the
linoleic acid content in the diet, as suggested by LOPEZ-
FERRER et al. (2001a), ScAIre et al. (1994) and YAU et al.
(1991). A minimum of arachidonic acid might remain
constantly in tissues to ensure certain metabolic processes
(LOPEZ-FERRER et al., 2001a).

On day 42 of the experiment, n-6 fatty acids and n-6/n-3
ratio in thigh meat of group A, B and C, where fish oil
was used in the diet, was lower, and n-3 level was higher
than in the group D. This result is in accordance with the
study of HARGIS and VAN ELswYK, 1993. They found out
that if poultry is fattened with diets containing fish oil, n-6
fatty acids and n-6/n-3 PUFA ratio decreased significantly
and n-3 PUFA content increased in comparison with the
soy oil group (Diet D).

Many studies have examined the effects of dietary long
chain polyunsaturated fatty acids (PUFA), supplied by fish
oil or fish meal, on the fatty acid composition of broiler
carcasses (PHETTEPLACE and WATKINS, 1989; LOPEZ-FER-
RER et al., 1999). These studies have clearly demonstrated
that muscle tissues can be enriched by n-3 PUFA.

It was found that if linseed oil (Diet B and C) is used
instead of only fish oil (Diet A) in the diet, the amount of
n-6 fatty acid in meat’s increase. Also, when the propor-
tion of fish oil decreased and vegetable oil was added to
the diet, the saturation of meat fatty acids decreased. Re-
lated to this, in another study (LOPEZ-FERRER et al., 1999
and 2001b) where linseed oil was used instead of fish oil
in the diet, n-6 fatty acids in meat increased and saturation
decreased. Using different levels of linseed oil in the diets,
CHANMUGAM et al. (1992) found that fatty acid composi-
tion in meat was altered significantly. In the present study,
according to the type of oil and the level of supplementa-
tion, the highest n-6/n-3 fatty acids ratio was observed at
the highest supplementation level. This was primarily due
to a considerable accumulation of a-linolenic acid in the
birds fed fish oil and linseed oil (Diet B and C).

Omega-6/omega-3 ratio was lowest for fish oil
(p < 0.05) and the PUFA level changed depending on the
type of oil and dietary level. In the study, birds supple-
mented with linseed or fish oil showed a significant de-
crease in the n-6/n-3 fatty acid ratio in thigh muscle lipids
compared to the Diet D. BOUDREAU et al. (1991) has indi-
cated that the dietary n-6/n-3 fatty acid ratio may be more
important than the absolute amount of dietary n-3 fatty
acids in the inhibition of arachidonic acid metabolism. A
high n-6/n-3 ratio leads to a high level of arachidonic acid

production, which may inhibit the synthesis of eicosanoids
of the n-3 fatty acid family and restrict the conversion of
a-linolenic acid to long-chain n-3 fatty acids (EPA and
DHA) (AJuyaH et al., 1993).

Oxidation of lipid components in muscle tissues is a
major cause of quality deterioration and short shelf life
after slaughter. The TBARS values, expressed as MDA
concentration, are a good index reflecting the degree of
oxidation (Guo etal., 2001). In this study tissues from
broilers fed fish oil diets had a statistically higher lipid
peroxidation level (p < 0.05). The high lipid peroxidation
level (MDA) determined at the 21% days in Group A and
B. At the 42" day in the groups’ (A, B and C) thigh
meat lipid peroxidation level was higher than in soybean
oil group (D) because fish oil is rich in unsaturated fatty
acids (Table 6). This fact can be attributed to the polyun-
saturated fatty acids content of which are known to be
very prone to oxidation. It is reported that a high level of
linoleic acid in the ration causes a higher degree of unsa-
turation in the fat tissue and increases the oxidation sensi-
tivity of meat (LoPEzZ-BOTE et al., 1997; ZOLLITSCH et al.,
1997).

On the other hand, EPA is among the most biologically
important fatty acids included in the human diet. A high
EPA content would improve not only the meat but also
the regulation of human lipid metabolism (KINSELLA et al.,
1990; Knapp, 1991). This improvement requires assess-
ment of the oxidative control of the n-3 long chain PUFA
enriched meat; highly polyunsaturated meat is highly sus-
ceptible to oxidative processes, which may harm human
health (HAMILTON, 1989).

The results of the current study indicate that feeding a
diet containing an oil source leading to a desired fatty acid
composition of the resulting tissue might customize the
fatty acid profiles of broiler tissues. But, using fish oil and
vegetable oil rich in long chain unsaturated fatty acids in
broiler diets may result in an increased fatty acid oxidation
in meat compared to dietary oil sources.

Summary

The aim of the experiment was to determine the effect of
feeding various fat sources (fish oil, linseed oil, sunflower
oil and soy oil) and different oil levels (2, 4 and 8%) on
the fatty acid composition of chicken muscles and, to raise
the content of long chain n-3 PUFA (EPA and DHA) to
decrease the n-6/n-3 ratio in broiler carcasses. Further-
more, the effects of the different fatty acid sources on oxi-
dation stability of broiler meat as indicated by malondial-
dehyte (MDA) levels should be investigated.

Nine hundred and sixty one-day-old unsexed chickens
of the breed Cobb-500 were used this experiment, which
lasted for 6 weeks. The chickens were divided into twelve
dietary groups, 80 chickens in each, with four replicates
(20 birds per replicate). Birds were given access to water
and diets ad libitum that were formulated adding 2, 4 and
8% oil to a basal diet. Four dietary fat sources or combi-
nations were applied: 1/1 fish oil (FO; diets Al, A2, A3);
2/3 FO + 1/3 linseed oil (LO; diets B1, B2, B3); 1/3
FO + 1/3 LO + 1/3 sunflower oil (SFO; diet C1, C2, C3);
and 1/1 soy oil (SO; diets D1, D2, D3) were used.

Fat source influenced lipid composition of thigh meat
more than level of fat (2, 4 and 8%). According to the fat
source added to the diet at the 21% day (diet A, B and C)
and at the 42 day (A, B and D), significant differences
of thigh meat fatty acid levels were observed (p < 0.05).
Thigh meat from broiler groups fed with 8% oil (A3, B3,
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C3 and D3) showed a different fatty acid profile to the
other oil levels (2 and 4%).

Broilers fed with fish oil (A, B and C) had statistically
higher EPA and DHA levels in thigh meat (p < 0.05) than
broilers fed with soy oil (Diet D). Also, thigh meat of the
soybean oil fed group (Diet D) showed a high-level n-
6 group fatty acid and the fish oil group’s thigh meat
showed high-level of n-3 fatty acids. The n-6/n-3 ratio
was lowest for fish oil (p < 0.05) and the PUFA level
changed depending on the type of oil and dietary level.

The MDA level in the thigh meat was more affected by
the dietary fatty acid source than by the level of fat. MDA
level in thigh meat was increased (p < 0.05) with the in-
creasing of the percentage of the dietary oil.

The results of the current study indicate that feeding a
diet containing an oil source leading to a desired fatty acid
composition of the resulting tissue might customize the
fatty acid profiles of broiler tissues. But, using fish oil and
vegetable oil rich in long chain unsaturated fatty acids in
broiler diets may result in an increased fatty acid oxidation
in muscle tissues.

Keywords

Broiler, nutrition, linseed oil, fish oil, sunflower oil, soy-
bean oil, fatty acids, malondialdehyde, TBARS

Zusammenfassung

Einfluss verschiedener Futterfettquellen auf das Fettsduren-
muster und die Gehalte an Malondialdehyde im Schenkel-
fleisch von Broilern

Das Ziel der Untersuchung war die Bestimmung der Auswirkung
verschiedener Futterfettquellen (Fischol, Leindl, Sonnenblumendl,
Sojaol), die den Rationen in unterschiedlichen Kombinationen und
Mengen (2, 4, 8%) zugesetzt wurden, auf das Fettsduremuster der
Muskelgewebe von Broilern im Hinblick auf eine Erhohung des
Gehaltes an langkettigen, mehrfach ungesittigten Omega-3 Fettsédu-
ren (EPA und DHA) und auf eine Verminderung des Omega-6/
Omega-3-Verhiltnisses. Ferner sollten die Effekte der Fettsduren
auf die Oxidationsstabilitit des Fleisches anhand der Gehalte an
Malondialdehyd (MDA) untersucht werden.

In dem Versuch wurden 960 unsortierte Eintagskiiken der Her-
kunft Cobb 500 verwendet. Der Versuch dauerte 6 Wochen und
umfasste 12 Behandlungen. Jede Behandlung umfasste 80 Tiere,
die auf je vier Wiederholungen a 20 Tiere aufgeteilt waren. Die
Broiler erhielten Wasser und Futter ad libitum. Folgende Fettquel-
len bzw. Kombinationen von Fettquellen, die in der Hohe von 2,
4 und 8% eingemischt wurden, wurden eingesetzt: 1/1 Fischol
(FO) (Rationen Al, A2, A3); 2/3 FO + 1/3 Leinol (LO) (Ratio-
nen B1, B2, B3); 1/3 FO + 1/3 LO + 1/3 Sonnenblumendl (SFO)
(Rationen C1, C2, C3); 1/1 Sojadl (SO) (Rationen D1, D2, D3).

Die Fettquelle wirkte sich stéirker auf die Lipidzusammensetzung
im Schenkelfleisch aus als die Hohe der Fettzulage (2, 4 oder 8%).
Signifikante Unterschiede (P < 0,05) im Fettsduremuster des Schen-
kelfleischs wurden am 21. Lebenstag fiir die Rationen A, B und C
und am 42. Lebenstag fiir die Rationen A, B und D registriert. Das
Schenkelfleisch der Tiere, die eine 8 %ige Fettzulage zur Ration (A3,
B3, C3, D3) erhielten, wies im Vergleich zu den anderen Fettzulage-
stufen (2 und 4%) ein unterschiedliches Fettsduremuster auf.

Mit Fischol (Rationen A, B und C) gefiitterte Broiler wiesen
signifikant hohere Gehalte an EPA und DHA im Schenkelfleisch
auf (P < 0,05) auf als mit Sojadl gefiitterte Broiler (Ration D).
Das Schenkelfleisch der mit Sojadl gefiitterten Tiere hatte einen
hoheren Gehalt an Omega-6 Fettsduren und das Schenkelfleisch
der mit Fischol gefiitterten Tiere einen hoheren Gehalt an Omega-
3 Fettsduren. Das geringste n-6/n-3 Verhiltnis wurde fiir Fischol
(P < 0,05) registriert. Der Gehalt an PUFA variierte in Abhéngig-
keit von der Futterfettquelle und der Zulagenhohe.
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Die Fettquelle hatte einen groferen Einfluss auf den MDA-Ge-
halt im Schenkelfleisch als die Zulagenhohe. Dennoch nahm mit
der Hohe der Fettzulage im Futter der MDA-Gehalt im Schenkel-
muskel zu.

Die Ergebnisse der vorliegenden Untersuchung deuten darauf
hin, dass durch eine entsprechende Wahl der Futterfettquelle das
Fettsduremuster in den Geweben in einer positiven Richtung ver-
dndert werden kann. Allerdings erhoht die Verwendung von
Fischol oder Pflanzenélen mit hohen Gehalten an PUFA das Risi-
ko der Fettoxidation in den Muskelgeweben.

Stichworte

Broiler, Fiitterung, Leindl, Fischol, Sonnenblumendl, Sojadl,
Malondialdehyd, TBARS
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