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Omega-3 and -9 Fatty Acid Combination Effects on Broiler Chicks to Produce Chicks with
High in Omega-3 Polyunsaturated Fatty Acid
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ABSTRACT To evaluate the effects of n-3 and n-9 fatty acid combination on broiler chicks, diets containing the com-
binations of five different fat sources including flaxseed oil, fish oil, EPA, DHA and olive oil were provided, and all chicks
were processed at 4 weeks of growth. Liver, breast and thigh samples were collected and fatty acid composition and/or CIE
L", a" and b measurement were measured. Also, live chick and liver weights were weighed and the ratio was provided as
an evidence of fat accumulation in liver. No significant difference was determined in both live and liver weight ratio and
liver color. EPA was low in FHO as compared to livers from others. In contrast, DHA was significantly high in FHO. In
broiler breasts derived from FDO, AA and n-3 fatty acid content was high, but only numerical differences of EPA and DHA
were determined in breasts from FDO. The thighs from FHO showed high in EPA, DHA and n-3 fatty acid content but had
low in AA and n-6 to n-3 ratio. Therefore, the results indicate that broiler chicken diets containing either FDO or FHO may
be possible combination diets increasing n-3 polyunsaturated fatty acids in broiler chicks.

(Key words : n-3, eicosapentaenoic acid, eicosahexaenoic acid, flaxseed oil, fish oil)
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Table 1. Composition and calculated analysis of the basal diets

Item Starter Grower
(0~3 wk) 4 wk)
Ingredient (%)
Corn 52.81 60.88
Soybean meal 37.99 29.98
Biophos' 1.55 1.40
Limestone 1.68 1.58
i’ 5.00 5.07
Salt 0.49 0.44
Vitamin premix’ 0.25 0.25
DL-Methionine 0.18 0.22
Mineral premix* 0.05 0.05
Lysine - 0.13
Coban 60’ - -
Calculated nutrient content
Crude protein (%) 23.02 20.00
ME energy (kcal/’kg) 3,120 3,209
Calcium (%) 1.00 0.92
Available phosphorous (%) 0.45 0.41
Methionine (%) 0.53 0.52
Methionine + cystine (%) 0.90 0.85
Lysine (%) 1.25 1.14
Threonine (%) 0.87 0.74
Sodium (%) 0.21 0.19

'Biophos, 15.9% Ca and 21.2% P (Marchall Minerals Inc., Mar-
shall, TX).

%Qil, alone or combination, depending on the treatment, was from
the following sources: EPA (70% purity, Chemport Inc., Naju,
Republic of Korea), DHA (80% purity, Chemport Inc., Naju, Re-
public of Korea), flaxseed oil (Pizzey’s Milling Co., Gurnee, IL),
memhaden fish oil (Virginia Prime Silver. Omega Protein Inc.,
Hammond, LA), olive oil (Jedwards International Inc., Quincy, MA,
USA) and soybean oil (Central Soya, Gibson City, IL, USA).
3Vitamin Premix (Ib): vitamin A 2,000,000 IU, vitamin D; 700,000
U, vitamin E 8,333 IU, vitamin By, 3.0 mg, riboflavin 1,083 mg,
niacin 8,333 mg, d-pantohenic acid 3,667 mg, choline 86,667 mg,
K 267 mg, folic acid 317 mg, vitamin Bs 1,3000 mg, thiamine
533 mg, biotin 100 (Breeder turkey, DSM Nutritional Products,
Inc., Parsippany, NJ).

*Mineral Premix: Ca 1.20%, Mn 30.0%, Zn 21.0%, Cu 8500 ppm,
I 2,100 ppm, Se 500 ppm, Mo 1,670 ppm (Tyson Poultry 606
Premix, Tyson Foods, Springdale. AR).

*Coban 60, 132g/kg of monensin (Elanco Animal Health Division
of Eli Lilly & Co., Indianapolis, IN).



Shin et al.: Omega-3 and -9 Combination Effects on Broiler Chicks 3

Table 2. Dietary source of lipid added to the basal diets

Dietary lipid source’

Treat- - -
ment® Soyl?ean Oh've Flax'seed EPA  DHA F1§h
oil oil oil oil

CON 25%  2.5% - - -
FXO - 2.5% 2.5% - - -
FEO - 2.5% 2.0%  0.05% - -
FDO - 2.5% 2.0% - 0.05% -
FHO - 2.5% - - - 2.5%

'0il, alone or combination, depending on the treatment, was from
the following sources: EPA (70% purity, Chemport Inc., Naju,
Republic of Korea), DHA (80% purity, Chemport Inc., Naju, Re-
public of Korea), flaxseed oil (Pizzey’s Milling Co., Gurnee, IL),
memhaden fish oil (Virginia Prime Silver. Omega Protein Inc.,
Hammond, LA), olive oil (Jedwards International Inc., Quincy, MA,
USA) and soybean oil (Central Soya, Gibson City, IL, USA).
2CON=2.5% soybean oil +2.5% olive oil combination, FXO0=2.5%
flaxseed oil +2.5% olive oil combination, FEO=2.45% flaxseed
oil +0.05% eicosapentaenoic acid +2.5% olive oil combination,
FDO=2.45% flaxseed oil +0.05% docosahexaenoic acid + 2.5%
olive oil combination, FHO=2.5% fish oil +2.5% olive oil combi-
nation.
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Table 3. Effects of omega-3 and -9 fatty acids on liver to live
weight ratio and liver CIE L*, a* and b* of broiler
chicken fed with different fat sources and processed at
4 wk of growth

CON' FXO FEO FDO FHO SEM?

Liver/Live Wt (%) 223 239 210 211 2.00 0.05
Lightness (L*) 37.60 36.06 3292 34.13 36.84 0.79
Redness (a*) 1824 17.07 16.69 16.14 1751 035

Yellowness (b*) 576 433 343 378 443 034

'CON=2.5% soybean oil + 2.5% olive oil combination, FX0=2.5%
flaxseed oil +2.5% olive oil combination, FEO=2.45% flaxseed
oil +0.05% eicosapentaenoic acid +2.5% olive oil combination,
FDO=2.45% flaxseed oil +0.05% docosahexaenoic acid +2.5%
olive oil combination, FHO=2.5% fish oil +2.5% olive oil com-
bination.

2SEM=Standard error of the mean.
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Table 4. Fatty acids profiles of broiler chicken liver fed with different fat sources and processed at 4 wk of growth (mg/100 g of
fresh tissue)

CON' FXO FEO FDO FHO SEM’
Cl14:0 16.55° 3.17° 0.00° 0.00° 11.07° 220
C16:0 1,067.40 654.56 542.69 511.47 696.92 74.69
Cl6:1 148.67 73.82 49.34 45.62 78.63 1428
C18:0 758.69 674.08 664.36 650.76 590.68 29.46
C18:1¢9 1,419.85 868.02 656.66 601.31 906.76 12457
Cl8:Icll 104.64 64.78 50.23 55.94 64.49 7.60
C18:2 513.13 525.72 557.19 47226 570.84 26.71
C18:3 33.81 78.55 134.11 82.32 115.88 12.13
€203 15.79 19.27 15.98 17.08 13.12 0.97
C20:4 15.47 12.34 15.60 15.76 10.43 0.85
C20:5 283.40° 309.56 273.54° 249.78" 178.84° 14.20
C22:4 10.27¢ 77.74° 155.38° 148.98° 269.10° 21.20
C24:0 23.40° 19.83° 13.70° 14.01° 9.93 1.29
C22:5 29.21° 68.52° 73.12° 61.34° 96.15° 5.70
C22:6 134.96° 169.23% 219.23° 22226 410.83° 23.16
Delta-5 desaturase? 0.99 0.75 1.00 0.97 0.82 0.06
Delta-6 desaturase’ 0.03 0.02 0.03 0.03 0.02 0.01
Delta-9 desaturase’ 0.18 0.11 0.07 0.07 0.13 0.01
Elongase’ 0.79° 107 1.27° 1.29° 0.89° 0.06
Overall n-3 index® 5.61 2.25 1.89 2.82 447 0.56

*dMean values within a row followed by the same letter are not significantly different (p>0.05).

'CON=2.5% soybean oil +2.5% olive oil combination, FXO =2.5% flaxseed oil +2.5% olive oil combination, FEO=2.45% flaxseed oil +
0.05% eicosapentaenoic acid +2.5% olive oil combination, FDO=2.45% flaxseed oil +0.05% docosahexaenoic acid +2.5% olive oil
combination, FHO=2.5% fish oil +2.5% olive oil combination.

Delta-5 desaturase index=C20:4/C20:3.

*Delta-6 desaturase index=C20:4/C18:2.

“Delta-9 desaturase index=C16:1/C18:0.

>Elongase index=C18:0/C16:0.

SOverall n-3 index=C22:6/C18:3.

'SEM=Standard error of the mearn.
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Table 5. Fatty acids profiles of broiler chicken breast muscle fed with different fat sources and processed at 4 wk of growth (mg/100

g of fresh tissue)

CON' FXO FEO FDO FHO SEM"
C16:0 204.01 216.65 335.57 223.79 268.39 2131
Clé:1 27.86 27.28 49.76 30.38 36.68 3.89
C18:0 70.17 94.84 138.17 117.40 86.24 10.13
C18:1¢c9 258.40 311.82 513.45 384.97 367.60 4047
Cl8:1cll 23.74 27.49 38.01 31.54 2228 3.60
C18:2 117.05 157.50 21291 194.04 151.19 16.65
C18:3 0.00 36.37 53.71 62.69 0.00 8.14
C20:4 5.70° 36.09® 8.78° 5221° 472 6.17
C20:5 14.60 31.44 6.25 16.24 30.46 4.08
C22:5 0.00° 22.74° 16.24° 4439 4.13° 4.79
C22:6 6.71 18.24 5.69 37.21 16.66 4.08
SFA? 274.19 311.48 473.74 341.19 354.62 30.52
UFA’ 442.19 643.82 855.99 846.08 622.58 74.93
MUFA* 298.13 359.72 579.28 439.30 415.42 46.34
PUFA® 144.05 284.10 276.71 406.78 207.16 33.39
n-3° 21.30° 90.50 55.03° 160.53" 51.25° 14.76
n-6’ 122.75 193.59 221.68 246.25 155.91 19.92
n-9* 258.40 311.82 513.45 384.97 367.60 40.47
n-6/n-3 ratio’ 542 2.66 2.96 1.51 3.12 0.42

**Mean values within a row followed by the same letter are not significantly different (p>0.05).

ICON=2.5% soybean oil +2.5% olive oil combination, FXO =2.5% flaxseed oil +2.5% olive oil combination, FEO=2.45% flaxseed oil +
0.05% eicosapentaenoic acid +2.5% olive oil combination, FDO=2.45% flaxseed oil +0.05% docosahexaenoic acid +2.5% olive oil

combination, FHO=2.5% fish oil +2.5% olive oil combination.
“Saturated fatty acid(SFA)=C16:0+ C18:0.

*Unsaturated fatty acid(UFA)=C16:1 + C18:1¢9 + C18:1cl1 + C18:2 + C18:3 + C20:4 + C20:5 + C22:5 + C22:6.
“Monounsaturated fatty acid(MUFA)=C16:1 + C18:1c9 + C18:1cl1.

*Polyunsaturated fatty acid(PUFA)=C18:2+ C18:3 + C20:4 + C20:5 + C22:5 + C22:6.

%0mega-3 fatty acid(n-3)=C18:3 + C20:5 + C22:5 + C22:6.
"Omega-6 fatty acid(n-6)=C18:2 + C20:4.
fOmega-9 fatty acid(n-9)=C18:1c9.

90mega-6/0Omega-3 ratio(n-6/n-3 ratio)=(C18:2 + C20:4)/(C18:3 + C20:5 + C22:5 + C22:6).

YSEM=Standard error of the mean.
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Table 6. Fatty acids profiles of broiler chicken thigh muscle fed with different fat sources and processed at 4 wk of growth (mg/100

g of fresh tissue)

CON' FXO FEO FDO FHO SEM"
C16:0 169.33 166.22 169.72 155.79 166.81 7.03
C16:1 25.70 15.86 15.56 18.44 20.59 1.78
C18:0 83.02 95.76 90.80 86.74 83.30 4.03
C18:1c9 215.88 229.98 249.17 259.00 22847 15.15
Cl8:1cll 24.10 23.07 20.33 19.54 20.78 1.22
C18:2 163.55 175.47 167.31 160.19 141.25 8.99
C18:3 5.80° 28.95® 36.74" 41.22° 16.70™ 3.57
€203 9.80 10.16 9.74 8.21 7.14 0.71
C20:4 44,02 47.64* 32.16® 31.51% 24,63 2.88
C20:5 2.40° 10.44° 14.13° 12.29° 2433 1.79
C22:5 1021° 28.89° 29.13° 2237 28.94° 1.94
C22:6 15.19° 24.89 20.40° 21.63° 53.44° 3.49
SFA? 25235 261.97 260.52 242.53 250.10 10.77
UFA® 511.76 595.36 594.67 594.40 566.27 31.03
MUFA* 265.68 268.92 285.06 296.98 269.84 17.29
PUFA® 246.08 326.44 309.61 297.42 296.43 15.03
n-3° 33.61° 93.18" 100.41% 97.51% 123.41° 7.92
n-6’ 212.47 23327 209.20 199.91 173.02 11.63
n-9* 215.88 229.98 249.17 259.00 228.47 15.15
n-6/n-3 ratio’ 447 2.54® 2.08" 2.05® 1.40° 0.28

*Mean values within a row followed by the same letter are not significantly different (»>0.05).
ICON=2.5% soybean oil +2.5% olive oil combination, FX0=2.5% flaxseed oil +2.5% olive oil combination, FEO=2.45% flaxseed oil
+0.05% eicosapentaenoic acid +2.5% olive oil combination, FDO=2.45% flaxseed oil + 0.05% docosahexaenoic acid +2.5% olive oil

combination, FHO=2.5% fish oil +2.5% olive oil combination.
“Saturated fatty acid(SFA)=C16:0+ C18:0.

*Unsaturated fatty acid(UFA)=C16:1 + C18:1¢9 + C18:1c11 + C18:2 + C18:3 + C20:4 + C20:5 + C22:5 + C22:6.
“*Monounsaturated fatty acid(MUFA)=C16:1 + C18:1c9 + C18:1cl1.
*Polyunsaturated fatty acid(PUFA)=C18:2+ C18:3 + C20:4 + C20:5 + C22:5 + C22:6.

%0mega-3 fatty acid(n-3)=C18:3 + C20:5 + C22:5 + C22:6.
"Omega-6 fatty acid(n-6)=C18:2 + C20:4.
fOmega-9 fatty acid(n-9)=C18:1c9.

90mega-6/Omega-3 ratio(n-6/n-3 ratio)=(C18:2 + C20:4)/(C18:3 + C20:5 + C22:5 + C22:6).

"SEM=Standard error of the mean.
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