Effect of dietary lipid source on fatty acid profile, lipid oxidation and sensory
acceptability of broiler breast meat

Hugo A%, Els S.P%, Bothma C', De Witt F.-H?, Van der Merwe H.3.

'Food Science Division, Department of Microbial, &iemical and Food Biotechnology, University of
the Free State, Bloemfontein, South Africa
“Department of Animal, Wildlife and Grassland Sciendniversity of the Free State, Bloemfontein,
South Africa

Abstract— Dietary fatty acids are absorbed and deposited
in the tissue of monogastric animals without signi€ant
modification. The aims of this study were to inveggate
the effects of different dietary lipid sources andnclusion
levels on fatty acid profile, lipid oxidation and £nsory
acceptability of broiler breast meat. Eight isocalaic and
isonitrogenous diets were formulated, using sunfloar
oil, high oleic sunflower oil, fish oil and tallowat a 30
g/kg and 60 g/kg inclusion level. Eight hundred, daold
Ross 788 broiler males were randomly allocated tdé 8
treatments (n=100). Birds were slaughtered at a
commercial abattoir at 42 days of age. Chicken breas
(n=12/treatment) were used for fatty acid analysis,
assessment of lipid oxidation during storage and ssory
analysis. Fatty acid composition of dietary lipid eurces
were reflected in fatty acid profiles of breast met Birds
fed fish oil showed more (p < 0.0001) oxidation ibreast
meat than birds from any of the other treatments duing
storage. Meat samples of the high oleic sunflowerilo
treatment were preferred (p < 0.0001), while fish ib
samples were the least acceptable (p < 0.0001) toet
sensory panel. It was demonstrated that it is podse to
improve the health properties of chicken by the
inclusion of omega-9 (high oleic sunflower oil) comega-
3 (fish oil) in broiler diets. Dietary lipid sources could be
used to manipulate sensory characteristics of braf
breast meat but care must be exercised since dietar
lipid sources influence the lipid oxidation processs of
broiler meat.
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. INTRODUCTION

significant modification [1]. There is, therefore,
potential for the manipulation of the fatty acidfiles

of poultry tissue by dietary means to increase the
supply of omega-3 (n-3) polyunsaturated fatty acids
(PUFA) suitable for human consumption [2].

Eating quality traits (tenderness, juiciness, flavo
and overall acceptability) of pork were generally
improved as the concentration of MUFA (oleic acid)
increased and PUFA (linoleic acid) decreased [3]. |
was also demonstrated that sensory quality may be
adversely influenced by supplementation with figh o
or other omega-3 PUFA sources eg. linseed [4,5,6].

Increasing the unsaturation degree of muscle
membranes reduces the oxidative stability of the
muscle. The level of PUFA in n-3 enriched poultry
meat can, therefore, play an important role in the
susceptibility of poultry meat to lipid oxidatiohipid
oxidation can lead to discolouration, drip-lossiadgr
storage, off-odour, off-flavour development and the
production of potentially toxic compounds during
meat processing [7].

The aims of this study were to determine the effect
of different dietary lipid sources (tallow, sunflenoil,
high oleic sunflower oil and fish oil) and inclusio
levels on the fatty acid profile, sensory accejitgbi
and oxidative stability of broiler breast meat.

II. MATERIALS AND METHODS
A.  Broiler experiment

The experimental layout consisted of 4 dietarydlipi

Dietary fatty acids are absorbed by monogastrisources and 2 inclusion levels. 800 x day-old @&

animals and deposited

in their tissues withouroiler males were randomly allocated to 8 dietary



treatments (n=100/treatment). Each treatment was

further subdivided into 4 replicates. Birds receivae

commercial starter diet for the first 14 days, veher . RESULTS AND DISCUSSION

after the experimental diets were fed for 28 days.

Eight isocaloric and isonitrogenous diets were A. Fattyacid profileof breast meat

formulated, using sunflower oil (SO), high oleic

sunflower oil (HOSO), fish oil (FO) and tallow (B} The fatty acid profiles of the 8 experimental diets
a 30.0 g/kg and 60.0 g/kg dietary inclusion level. Wwere well reflected in the fatty acid profiles dfet

42 days of age, 3 birds/replicate (n=12/treatmeetle  breast meat (Table 1). This was best illustrated by
randomly selected, weighed, marked and slaughter&gvated C18:1 content in meat from the HOSO

at a commercial abattoir. treatments, elevated C18:2 content in meat from the
SO treatments and elevated C20:5, C22:5 and C22:6
B. Fatty acid profile of breast meat content in meat from the FO treatments.

It was possible to bring the n-6/n-3 ratio of lipiith

Total lipid was extracted from the breast meat [g]Preast meat within the ratio of 2:1 proposed [s}{re
Fatty acid methyl esters (FAME) were prepared usint§leal ratio to prevent Diseases of Western Civiiora
methanol-BF3 [9]. FAME were quantified using a
Varian GX 3400 flame ionization gas chromatograph, B. Sensory profile of breast meat
with a capillary column (Chrompack CPSIL 88, 100 m

length, 0.25 mm ID, 0.2pm film thickness). ~ The most preferred meat sample was from birds
Identification of FAME was made by comparing'eceiving the diet containing 60 g/kg HOSO (Fig. 1)
retention times with standards (SIGMA 189-19). which was in accordance with another study [3].
Meat samples of the FO treatments were the least
C. Sensory Profile of Breast Meat acceptable to the consumer panel which confirms

other findings [4,5,6]. It also demonstrated thae t

Breast muscle samples were lightly-salted angouth African consumer is sensitive to a fish_y off-_
steamed (200°C) in an oven, until a constant iaternodour becaus_e the_consgmer panel could pick inup i
temperature of 70°C was reached. 75 x untraindf€ meat at dietary inclusion levels of 30 g/kg.
respondents participated in the consumer acceptancelh€ sensory panel could not differentiate between
evaluation. The questionnaire consisted of a noiatp Preast meat from birds receiving T and SO diets.
hedonic scale [10,11].

C. Oxidative stability of breast meat

D. Oxidative stability of breast meat o o o
Results in Figures 2 and 3 indicate that lipid seur
Carcasses were cut into portions and left breastd especially a high inclusion level (60 g/kg), red
(n=12) were over-wrapped and stored & 4or 7 effect (p < 0.0001) on fat oxidation during refriged
days while right breasts (n=12) were vacuum packe¥forage for 7 days and frozen storage of 100 days f
and stored at -f& for 100 days. Meat samples frombreast meat. o _
each breast and thigh were used for the analygtseof ~ Breasts from birds receiving FO had higher TBARS

TBARS to determine lipid oxidation [12]. values compared to breasts from birds receiving T,
HOSO or SO. This confirms the findings that more
E. Satistical analysis unsaturated fatty acids have a faster rate of tigida
[15].

All data were subjected to analysis of variance Breasts from poultry receiving the FO-60 diet had
(ANOVA). The Tukey-Kramer multiple comparison TBARS values exceeding the value of 1 proposed [16]

test 6=0.05) was used to identify differences betwee@®S the cut-off pointin terms of rancid tastes.
treatment means [13]. TBARS values of breasts that were vacuum sealed

and stored at -8 for 100 days seems to be lower



Table 1 Intramuscular fat content (IMFC) and fattyd (FA) profiles of breast meat from differen¢®@diry treatments.
Means with different superscripts differ signifitlgn* = p < 0.05, ** = p < 0.01, ** = p < 0.001

Dietary Treatment: T-30 T-60 HOSO-30  HOS0-60 SO-30  SO-60 FO-30 FO-60 liiggl'
IMFC 1.6+04 14£027 15+03 14+0% 15+03 14£02° 12+02° 1.1+0.2 ok
C14:0 1.0+02 1.2z0.% 0.6+0.0 03+0.F 05+0.7 0.3+0.0 1.6+0.2 23+0.3 ok
C16:0 242+14 228+0¢ 212+1% 172+1% 216+1.6° 185+1.% 243+1.0 23912 ok
C16:1c9 35+048 33+058 31x038 1.9+0.4 31+10 1.4+038 3.9+0.6 40+£0.8 ok
C18:0 111+1% 112+x068 88+09% 85+06° 93+1.06° 98+08 10709 11.3x09 ok
c18:1 327+1% 34223 401%29 457+21 303+28 271+18 26517 226x24 ok
C18:2 (n-6) 158+10 153+1.6° 159408 17.8+0.68 245+13 33.0+23 141+11 126+1.2 ok
C18:3 (n-3) 09+02 08+0.f° 07x0f 07x0f 07+0f 08+0f 07+03 07zx0% *
C20:1 0308 03x06° 03206 04204 0206 02206 03z0.f* o04zo01 ok
C20:2 (n-6) 04+0% 04+0f 04x0f 05z0f 06£02 0.9+0.2 0.3£0.0 03+0.F ok
C20:3 (n-3) 06+0% 0.8+0.f 06+02° 06+02° 07+02 06+0f 05+0f 05+0.% ok
C20:49 (n-6) 29+0%8 38+08 30+08 48+08 37+£1.06° 61+14 21+0.3 22+0.4 ok
C20:5 (n-3) (EPA) 1.2+0% 1.0+02° 09+03 02z+0.f 0.7+0.% 0.0+0.1 3.6+0.8 49+08 ok
C22:5 (n-3) (DPA) 1.7+0% 1404 15+0.4 0.6+0.2 14+0.4 05+0.2 38+0.7 43+10 R
C22:6 (n-3) (DHA) 3.0+1B3 22+0.46 25+0.6 05+0.2 24+08 0.4+0.1 72+1.7 96+23 ok
SFA 369+1.8 360x12 308+18 263+18 316+16 288+17 369x18 379:x19 R
MUFA 36.7+1.9° 383+28 436+31 479+2% 337x3¢ 287x17 307+28 27.0+32 R
PUFA 265+19 25728 2560+1.9 258+1%f 348+28 425+14 324228 35140 ok
n-6 19.1+08% 195+18 193+08 23.1+08 289+18 402+14 166x1% 152+1.2 ok
n-3 7418 62:x12 63+x13 27x04 59:x1Ff 23:02 158+26 19.9+3.8 ok
PUFA/SFA 07+01 07+0.1f 08+0.F 1.0+0.1 11+0.1 15+0.F 09+0f 0901 ok
n-6/n-3 28+08 3208 32+0.8 87+11 51+1.0 17519 1102 0.8+£0.2 ok

e 180
160 p<0.001 o
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Fig. 1 The effect of different dietary lipid souscand Fig. 2 TBARS value (mg malonaldehyde / kg meat) of
inclusion levels (30 and 60 g/kg) on the resporslémt75)  chicken from different dietary treatments stored’at for 7

preferences of chicken breast meat days



080 monounsaturated fat diet: Part 1 — Whole muscle

p<0.001 b products. Meat Sci 27:339-341

2. Coetzee GJM, Hoffman LC (2002) Effects of various
dietary n-3/n-6 fatty acid ratios on the performamnd
body composition of broilers. S Afr J Anim Sci 2951
184

3. Cameron ND, Enser MB (1991) Fatty acid composition
of lipid in Longissmus Dorsi muscle of Duroc and
British Landrace pigs and its relationship withiegt
quality. Meat Sci 29:295-307

4. Gonzalez-Esquerra R, Leeson S (2000a) Alternafies

mg malonaldehyde/kg meat

T-30 T-60 HOSO-30 HOS0-60 $0-30 $0-60 FO-30 FO-60

Dietary T enrichment of eggs and chicken meat with omegdt@ fa

acids. Can J Anim Sci 81:295-305
5. Gonzalez-Esquerra R, Leeson S (2000b). Affects of
menhaden oil and flaxseed in broiler diets on sgnso
quality and lipid composition of poultry meat. Bourt
Sci 41:481-488
than that of thighs and breasts that were store&l Surai PF, Sparks NHC (2001) Designer eggs: From
under oxygen permeable overwrap film a€4or 7 improvement of egg composition to functional food.
days for all treatments. In the case of the FO Trends Food Sci Tech 12:7-16

treatments this packaging effect was especially ver’- Tang Sz, Kerry JP, Sheehan D, Buckley DJ, Morrissey
PA (2000) Dietary tea catechins and iron inducedl li

Fig. 3 TBARS value (mg malonaldehyde / kg meat) of
vacuum sealed chicken breast from different dietary
treatments stored at —28 for 100 days

noticeable. AT . )
oxidation in chicken meat, liver and heart. Meai Sc
56:285-290
IV. CONCLUSIONS 8. Folch J, Lees M, Sloane-Stanley GH (1957) A simple

method for the isolation and purification of toligides
. o . from animal tissue. J Biol Chem 226:497-509
This research demonstrated that it is possible 1§ gioyer HT, Lanza E (1979) Quantitative analysisoafd
utilize dietary intervention to improve the health fatty acids by capillary gas chromatography. J Aih O
properties of chicken breast meat by the inclusibn Chem Soc 56:933-943
omega-9 (HOSO) or omega-3 (FO) in poultry diets. 10.Lawless HT, Heymann H (1998) Sensory evaluation of
Dietary inclusion of HOSO was the most preferred, food: principles and practices’2dn. Chapman & Hall,
while the inclusion of FO was the least preferred, New York, USA _ _
irespective of dietary inclusion level. These tesu 11.Stone H, Sidel JL (2004) Sensory evaluation prastic
suggested that dietary lipid sources could be tsed _ 3 €dn. Elsevier Academic Press, London
manipulate the sensory characteristics of broiteagt  12-Raharjo S, Sofos JNS, Schmidt GR (1992) Improved
. speed specificity, and limit of determination of an
meat'accordlng to consumer pr('-:‘ference's.' aqueous acid extraction thiobarbituric acig-@ethod
Thigh and breast cuts from birds receiving satdrate

) for measuring lipid peroxidation in beef. J Agriodd
(T), mono-unsaturated  oils (HOSO) and chem 40:2182-2185

polyunsaturated SO (n-6) were more stable than cut3.NCSS (2007) Statistical System for Windows. Number
from birds receiving polyunsaturated FO rich in3)n- Cruncher Statistical Systems, Kaysville, Utah, USA
fatty acids as part of their diet. These resulticate 14.Okuyama H (1997) Recommended lipid intake-
that dietary lipid sources and inclusion levels do President's summary from the Japan Society fordipi
influence the lipid oxidation processes of broiesat Nutrition. J Lipid Nutr 6:5-42

and consequently the storage period of chicken.meat 1°-Horwitt MK (1986) Interpretations of requirementsr f
thiamin, riboflavin, niacin-tryptophan, and vitamia

plus comments on balance studies and Vitamin Brf. A
J Clin Nutr 44:973-985

_ o 16.Buckley J, Connolly JF (1980) Influence of alpha-
1. Rhee KS, Davidson TL, Cross HR, Ziprin YA (1990)  qcopherol (vitamin E) on storage stability of raark
Characteristics of pork products from swine fedighh and bacon. J Food Prot 43:265-267

REFERENCES



