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ABSTRACT

The aim of this work was to study the influenchpad oxidation on broiler breast meat (Pectoratisajor m) color
abnormalities. There were 27.0 % more lipid oxidatin PSE in relation to normal meat and 41.0 % enor
relation to DFD-like meat (10.05). The fatty acid profile was also significgndlifferent since the arachidonic acid
(AA) fraction increased 38.6 and 70.5 % in PSE noeatparing to normal and DFD-like meats, respedyivéhe
ratio PUFA/SFA changed in these three types of nte@86, 0.713 and 0.694 for PSE, normal and DHf&-Imeat
respectively, reflecting the highest productionpolyunsaturated fatty acids in the PSE meat sampesults
indicated that phospholipase A2 enzyme activitieygu a relevant role towards the development dt-Rigat
syndrome in a cascade of biochemical reactions ptorg the formation of free radicals from AA, whigtimately
damaged the muscle membrane systems.
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INTRODUCTION proteins (Strasburg and Chiang, 2003, Lara et al,
2003). Although much is known about pig PSE
The considerable variation in breast fillet comai and despite intensive scientific efforts, the
continuing problem for the broiler meat industriesfundamental biochemical cause of this syndrome
For example, in a recent survey carried out at & avian still awaits further confirmation.
Brazilian commercial plant a 20.0-25.0% of theResulting in their reduced acceptability, lipid
flock presented broiler breast PSE (Pale, Sofgxidation is the main cause of the deterioration of
Exudative) meat and 0.30-6.0% as DFD-like meameat and meat products. Rancidity starts soon
(Dark, Firm and Dry) (Soares et al, 2003a). Thessfter the death of the animal and affects meat
results are the consequence of several factoeslor, taste, texture and nutritive value (Morrisse
including pre-slaughtering management (Guarnie@¢t al, 1998, Soares et al, 2004). The main
at al. 2004), animal nutrition (Olivo et al, 2001)substrates involved oxidative decomposition of
and possibly poultry genetics related to theunsaturated fatty acids, components of
calcium channels through ryanodine receptophospholipids and triglycerides of cell membranes.
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Through the catalytic action of metal ions, in thecolor values were measured at three different sites

presence of various factors such as light, inckas®n the same sample from each group (n=15).

temperature and oxygen, these fatty acids increa3éese sites were the proximal and distal extremity

the unstable organic compounds in autoxidationf the muscle and medial side at the halfway point

reactions, involving the free radicals, which carbetween extremities (Olivo et al, 2001).

initiate the meat lipid oxidation cycle (St Angelo,

1996). Soares et al. (2003b) postulated thaBamples Classification

thermal stress promoted higher mitochondriaBamples were classified as PSE, DFD-like and

phospholipase A2 (PLA2) activity in the presencenormal meat samples based on the previous

of higher concentrations of €aand that this could established parameters associated to pH such as

be the triggering factor in initiating the L*>53.0 as PSE, I1£44.0 as DFD-like and 44.0<

characteristic symptoms, leading to broiler PSE.*<53.0 as normal group (Soares et al, 2002).

meat formation. PLA2 is a lypolytic enzyme

which acts upon phospholipid membranelLipid Oxidation

liberating arachidonic acid (Murakami and Kudo,This was carried out in 20 g of homogenized

2002). Thus, the aim of this work was to determinsample (in duplicate) in ten samples from each

quantitatively the lipid oxidation and fatty acid group randomly taken following the technique of

profiles of broiler breast samples either with PSHarladgis et al (1964). Results were expressed in

or DFD-like meat color characteristics. mg of TBARS (Thiobarbituric Acid Reactive
Substances)/kg of sample.

MATERIALS AND METHODS Fatty acid profile
Fatty acid profile was determined with five
Materials repetitions of each sample group through methyl

In these experiments, chickens (n=45) of Coblester preparation by transmethylation according to
lineage and 42 days old were used. All the birdthe procedure of ISO (1978), using 2 mol/L KOH
were sacrificed according to the commerciain methanol and n-heptane. Fatty acid methyl
routine plant procedures, i.e. electrical stunningesters (FAME) were analyzed using a Shimadzu
bleeding, defeathering, evisceration, carcass watédA (Japan) gas chromatograph equipped with a
cooling, deboning and refrigeration (Northcutt,flame ionization detector and a fused silica
2001, Guarnieri et al., 2004). The time from thecapillary column (100m x 0.25 mm) with 0.2
bleeding step to obtain the final breast musclef CP Sil-88. The column temperature was
samples was 90 min. The pH and the color valugsrogrammed at 10°C/min from 80 to 240. The

of samples were determined after 24 h storage @fjection port and detector were maintained at 200
4°C. Lipid oxidation and fatty acid profile analgse and 220° C, respectively. The carrier gas was
were carried out in samples after 30 days ofiydrogen (1.2 mL/min) and the make-up gas was

storage at —18°C. nitrogen (30 mL/min); and split used was 1/100.
The identification of fatty acids was based on
pH Measurement authentic standards (Sigma). The peak areas were

pH was measured by inserting the electrodes intgetermined by the CG-300 computing integrater
the breast muscle using a pH meter systeqCG Instruments, Brazil). The final results were
(Mettler — Toledo 345) in each sample groupexpressed as relative percentages of the fatty acid
(n=15). Analyses were performed in triplicate ondentified (Ruiz et al, 2005).

refrigerated samples 24 h postmortem as reported

in Olivo et al (2001). Statistical Analysis
Statistical analyses were performed using the
Color Measurement Statistica software packet (Oklahoma, USA 1995).

A Minolta CR10 colorimeter was used to evaluaterhe Tukey test was applied to compare the mean
the color, L*(lightness), a* and b*(CIELAB color values among three groups: PSE, DFD-like and
system) on the posterior surface of the intaghormal breast meats.

skinless breast muscles at 24h postmortem. The
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RESULTS Guarnieri et al, 2004, Fletcher, 1999, Alvarado and
Sams, 2004). The a* and b* a* values were
PSE meat characterization significantly lower for PSE meat samples in

In Table 1, the results of pH values and colorelation to normal and DFD-like meat while b*
measurements for characterization of PSE, normvalues did not show any significant difference
and DFD-like broiler breast meats are presente (p<0.05), similar to those reported by Fletcher
As expected, PSE meat samples had the lowest [(1999).

values; DFD-like samples had higher pH thai

normal meat samples £p.05). The Minolta L* Lipid Oxidation

values, which expressed the meat brightness, weképid oxidation in PSE, normal and DFD-like
highest in the PSE group, indicating paler meat ibroiler breast meat is shown in Table 2. PSE meat
comparison sequentially to that of normal measamples were 27.0% more lipid oxidized than
and DFD-like samples, thus confirming previoushormal samples and 41.0% more oxidized in
results (Olivo, et al, 2001, Soares et al, 2003belation to DFD-like meat 0.05).

Table 1 -pH and color values for PSE, normal and DFD-lik@ilbr breast meats.

Samples PH L* a* b*

PSE 5.9+0.1 57+4 1.9+11 73+22
Normal 6.0+0.1 49+ 2 3.8+15 6.6+1.9
DFD-like 6.F+0.1 43+1 42+07 58+15

Means within columns with different superscript significantly different (g0.05).

Table 2 -Lipid oxidation for PSE, normal and DFD-like biilbreast meats.

Samples TBARS (mg/kg of samples)
PSE 0.44+0.11*
Normal 0.32+0.07 *
DFD-like 0.26+0.04 *
* p<0.05.
Fatty acid Profile DISCUSSION

At least two fatty acid concentrations wereA proposed scheme to explain the relationship
different in relation to PSE and other meat samplelsetween PSE meat and development of lipid
(p<0.05). Myristic acid (14:0) and arachidonic oxidation is illustrated in Figure 1. Endogenous
acid (20:4 n6) were highest in PSE meat in relatiothermal stress promotes a higher intracellular
to normal and DFD-like meat samples. Howeverphospholipase A2 (PLA2) activity in the presence
myristic acid was only significantly different of micromolar elevation in intracellular €aas
between PSE and DFD-like samples (Table 3). originally proposed by Cheah et al (1986) in pigs
Table 3 also showed that the total saturated fatgnd by Soares et-2003b) in broiler. As these
acid (SFA) and monounsaturated fatty acichuthors originally hypothesized, this enzymatic
(MUFA) were not significantly different among reaction might be the triggering factor to initiate
the three samples. However, the content ohe formation of PSE meat by increasing
polyunsaturated fatty acid (PUFA) was higher insubstantially the peroxidation reactions, confirmed
the PSE compared DFD- like meat sampledy the results shown in Table 2. This higher lipid
(p<0.05), although there was a tendency to be alsaxidation (Table 2) and the relative excessive
higher comparing to normal samples. production of arachidonic acid in PSE meat
samples (Table 3) corroborated the previous
assumption that PLA2 activity was directly related
to PSE syndrome occurrence (Soares et al, 2003b).
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Table 3 -Fatty acid composition for PSE, normal and DFD-likeiler breast meat samples.

Fatty acid PSE Non PSE DFD-like
Myristic acid (14:0) 0.61+ 0.06 0.58°+0.02 0.52+0.03
Palmitic acid (16:0) 25. 72 1.15 24.33+0.53 24.58+ 0.63
Palmitoliec acid (16:1 n7) 4.7%1.26 4.61+0.28 4.92+0.192
Stearic acid (18:0) 6.3 1.03 6.45+0.64 6.28+0.36
Oleic acid (18:1 n9) 37.0%3.10 40.23+ 0.67 40.28+ 1.96
Linoleic acid (18:2 n6) 19.991.13 19.93+1.03 19.82+0.30
a-Linoleic acid (18:3 n3) 0.64+0.32 0.79+0.32 1.05+0.18
Gondoic acid (20:1 n9) 0.4% 0.07 0.406+0.08 0.406+ 0.07
11,14 Eicosadienoic acid (20:2 n6) 0:50.20 0.56+0.18 0.36+0.09
Dihomo+-Linolenic acid (20:3 n6) 0.5% 0.20 0.334+0.05 0.56+0.10
Behenic acid (22:0) 0.3@ 0.02 0.234+0.05 0.35+0.02
Arachidonic acid (20:4 n6) 2.120.39 1.38+0.04 0.65+0.25
Adrenic acid (22:4 n6) 0.7&0.29 0.42+0.10 0.46+0.18
SFA* 32.38+2.55 31.42+0.91 31.48+0.45
MUFA** 42.08%+ 4.79 45,28+ 0.92 45,94+ 2.05
PUFA*** 24.15%+ 0.77 22.7%+ 0.56 21.79+0.72
PUFA/SFA 0.74+0.01 0.7#+0.01 0.69+0.01

Means within lines with different superscript amgnificantly different (x0.05).

*SFA — Saturated fatty acid = (C14:0 + C16:0 + C18022:0).
*MFA — Monounsaturated fatty acid = (C17:1 + C18:1C20:1).

*»**PEA — Polyunsaturated fatty acid = (C18:2 + C18:820:2 + C20:3 + C20:4 + C22:4.
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Figure 1 — Proposed scheme for arachidonic acid metabolisougih phospholipase A2 action

over muscle cell membranes.
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The ratio of PUFA/SFA was highest in PSEao normal e 41,0% em relacdo ao analogo DFD
compared to normal and DFD-like meat of 0.736(p<0.05). O perfil dos acidos graxos foi também
0.713 and 0.694, respectively. These results wesignificantemente diferente desde que a fracédo do
consistent with those reported by Duthie et afcido araquidénico (AA) aumentou 38,6%
(1992) and Cheah and Cheah (1981), a high&0,5% em carnes PSE em comparacédo as carnes
percentage of this fatty acid being found innormais e analogas ao DFD, respectivamente. A
malignant hyperthermia-susceptible pigs muscleazdo PUFA/SFA se alterou nos trés tipos de
homogenates compared to resistant pigs. Thiarne, 0,736, 0,713 e 0,694 para carnes PSE,
enzyme acts upon phospholipid membranesormal e andlogo ao DFD, respectivamente,
liberating arachidonic acid and lysophospholipidsefletindo a maior producdo dos &cidos graxos
(Murakami and Kudo, 2002) which may influencepolinsaturados em amostras PSE. Esses resultados
the sarcoplasmic reticulum Carelease (Cheah corroboram os nossos anteriores, indicando que a
and Cheah, 1981, Cheah et al., 1986). In fact, thigividade da enzima fosfolipase A2 tem um papel
area has been shown ultramicroscopically to bgelevante no desenvolvimento da sindrome do PSE
one of the most affected areas within the chickeem uma cascata de reacGes bioquimicas
PSE muscle sarcomere with a profound alteratiopromovendo a formacdo dos compostos radicais
during its hyper contraction (Guarnieri et allivres do AA que finalmente compromete os
2004). sistemas das membranas celulares do musculo
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