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ABSTRACT

The aim of this study was to investigate the influence of pre-slaughter transport duration, as a 
stress factor, on nutrient and fatty acid composition of broiler breast meat. The study was conducted 
on 48 breast muscles obtained from Ross broilers slaughtered at the average weight of 1.8 or  
2.6 kg, 36 and 46 days old, respectively. Transport duration was 1.5 or 3 h. Heavier broilers 
transported for longer duration had the higher protein content, while lighter broilers gave similar 
results. Lower moisture but higher lipid content was observed for the long transported broilers. 
Fatty acid composition was significantly influenced by body weight and transport duration: a lower 
content of PUFA was obtained for heavier broilers. Ratios of PUFA/SFA was lower in heavier 
broilers. A decrease in MUFA and a lower n-3/n-6 ratio was evidenced in the meat from broilers 
transported for longer duration.
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INTRODUCTION

Nutrient and fatty acid composition in meat has received considerable attention 
in recent years in view of its human health promoting properties and meat quality 
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characteristics (Wood et al., 2004). The ratio between polyunsaturated (PUFA) 
and saturated (SFA) fatty acids and the ratio between n-6 and n-3 fatty acids are 
considered two important indexes for nutritional evaluation of fat (Department of 
Health, 1994) due to their role in protecting the human body against cardiovascular 
related diseases. Several factors, including gender, age (DeSemet et al., 2004), 
diet (Szymczyk et al., 2001) and genotype (zanetti et al., 2010) affects nutrient 
and fatty acid composition of meat.

Stress experience by the animals was investigated as one of the factors 
affecting the quality the meat; during the transportation from the farm to the 
slaughterhouse, broilers are exposed to a variety of potential stressors, including 
thermal imbalances, vibrations, withdrawal of water, social disruption and noise 
(Mitchell and Kettlewell, 1998). A number of studies have focused on the effects 
of transport stress on physiological blood parameters (Yalçın et al., 2004; Nijdam 
et al., 2005). zhang et al. (2009) reported that transportation caused an increase 
in glycogenolysis and a decrease in glycogen in both breast and thigh muscles in 
broilers. Transport stress was in addition associated to enhanced skeletal muscle 
energy metabolism, to mitochondrial superoxide production, acceleration of lipid 
peroxidation, and to induction of cellular damage (zhang et al., 2010). Presently, 
however, data on effects of pre-slaughter transportation on fatty acid profile of 
breast meat of broilers slaughtered at differing body weights are lacking. The aim 
of this study was to investigate the influence of pre-slaughter transport duration, 
as a stress factor, on meat nutrient and fatty acid composition of broiler breast 
muscles.

MATERIAL AND METHODS

Broilers

The study was conducted at spring on Ross broiler stocks slaughtered at one of 
the commercial processing plants in Turkey. Broilers were reared under commercial 
conditions until they reached to average 1.8 (lighter) or 2.6 kg (heavier), 36 and 
46 days old, respectively. Broilers were fed by standard broiler rearing, growing 
and finisher diets. Feed was deprived 8 h before transport to slaughter. Transport 
duration was 1.5 h (short) or 3 h (long). Broilers were allowed to rest 1 h before 
being slaughtered.

All broilers were slaughtered in identical conditions; electrically stunned, 
bled, scalded, defeathered, eviscerated and pre-chilled before deboning. A total 
of 48 carcasses were randomly sampled, with an equal number of samples for 
each class (light weight and short transport, heavy weight and short transport, 
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light weight and long transport, heavy weight and long transport). Breast muscle 
was separated from the carcass and placed in plastic bags, coded and transported 
in ice to laboratory. Samples were stored in freezer at -20°C. The following day 
lyophilization was performed prior to nutrient content and fatty acids analysis.

Analytical measurements

Half of the samples were used for protein (Kjeldahl method), lipid and ash 
content determination according to AOAC (1990) methods. For the determination 
of total fatty acids composition, lipids were extracted according to the method of 
Folch et al. (1957). Briefly, 5 g homogenized meat sample was blended twice with 
extraction solvent chloroform/methanol (1:2, v/v), filtered, placed in separator 
funnels, and mixed with saline solution (0.88% KCl). After separation in two 
phases, the methanol aqueous fraction was discarded, and the lipid chloroform 
fraction washed with distilled water/methanol (1:1, v/v). Following a further 
filtration and evaporation by means of a rotary evaporator, lipid extracts were 
prepared for transesterification in n-heptane according to Christie (1982) and 
transferred to test tubes for subsequent gas chromatographic analysis, performed 
on a Thermo Quest (model 8000 Series Top, Milan, Italy) instrument equipped 
with a Omegawax 250 capillary column (length 30 m, internal diameter  
0.25 mm, Supelco, Bellafonte, PA, USA). The percentage of total saturated fatty 
acids (SFA), monounsaturated fatty acids (MUFA), total unsaturated fatty acids 
(UFA), polyunsaturated fatty acids (PUFA), ω3 and ω6 were calculated from 
individual fatty acid percentages.

Statistical analysis 

Data were subjected to ANOVA by the GLM procedure with a model including 
the combined effect of age and slaughter weight (ASw), transport duration (Td) 
and interaction between them using SAS® software (2008). When significant 
differences occurred for a response (P<0.05), Tukey was performed to separate 
treatment means.

RESULTS AND DISCUSSION

Effects of slaughter weight and transport duration on meat nutrient composition 
are given in Table 1. No significant differences were found among the ASw 
groups regarding moisture, ash, protein and lipid content, while transport duration 
affected moisture, protein and lipid content. When considering ash, protein and  
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Table 1. Effect of slaughter weight and transport duration on meat nutrient composition
Nutritrients
%

ASw Td ASw x Td
light heavy P short long P P

Moisture 74.21 73.98 N.S 74.45 73.74 <0.001 N.S
Ash  1.15  1.14 N.S   1.13   1.15 N.S N.S
Protein 23.27 23.34 N.S 23.15 23.46 0.017   0.005
Lipid  0.72  0.83 N.S  0.62   0.92 0.027 N.S
NS - not significant; ASw - combined effect of age and slaughter weight; Td - transport duration

 
lipid content calculated on dry matter, no differences were detected among the two 
groups (data not shown). Lower moisture but higher lipid content was found in the 
broilers transported for longer duration.

Interaction ASw x Td indicated that heavier broilers transported for longer 
duration had the higher protein content (23.7%) than those transported for  
shorter duration (23.0%), while lighter broilers had similar protein content 
regardless of body weight (data not shown in the Table). 

Least square means of the fatty acids analysed are presented in Table 2. The 
main component of SFA was palmitic (16:0), while oleic (18:1cis n-9) acid was 
the main MUFA. Linoleic acid (C18:2cis n-6) formed as a major component of  
PUFA in the breast meat. The 20-carbon family (long chain) of n-3 PUFA 
was mainly docosapentaenoic (DPA, C22:5 n-3) and docosahexaenoic (DHA,  
C22:6 n-3) fatty acids. Fatty acid composition was significantly influenced by the 
combined effect of age and slaughter weight (ASw). Heavier broilers produced 
breast meat with a lower content of pentadecanoic (C15:0), margaric (C17:0) 
and C16:0 n-9 fatty acids. However, a significantly higher content of palmitic 
(C16:0) acid resulted a higher content of SFA in heavier broilers breast meat. 
Although lighter broilers had lower palmitoleic (C16:1 n-7) acid content, total 
MUFA was similar between body weight groups. The lower content of PUFA 
obtained for heavier broilers was mainly due to lower content of a-linoliec  
(C18:3 n-3), 4,7,10,13,16-docosapentaenoic (C22:5 n-6) and decosahexaenoic 
(C22:6 n-3) acids. Thus, ratios of PUFA/SFA was lower in heavier broilers. Total 
n-3 was significantly higher in the meat from lighter broilers than those from 
heavier.

There was no effect of transport duration on total SFA. The decrease 
in MUFA by longer transportation was due to a decrease in the C16:1 n-9 
content. While there were significant decreases in dihomogammalinoleic 
(C20:3cis n-6) and 4,7,10,13,16-docosapentaenoic (C22:5 n-6) content by lon-
ger transportation, a-linoleic acid (C18:3 n-3) increased. These differences, 
although significant, were not large in magnitude to result in significant 
difference in the total PUFA. Transport duration had no effect on PUFA/ 
SFA. A higher n-3/n-6 ratio in the meat from broilers transported for longer 
duration was obtained compared to those transported for shorter duration. 
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Table 2. Least square means of raw breast (without skin) fatty acid composition

Fatty acids ASw Td ASw x Td
light heavy P short long P P

SFA C14:0   0.60    0.61 NS   0.62   0.59 NS <0.001
C15:0   0.14    0.12 0.010   0.13   0.14 NS NS
C16:0 17.80  19.18  <0.001 18.64 18.33 NS NS
C17:0   0.18    0.15  <0.001   0.16   0.17 NS <0.001
C18:0   5.93    5.91 NS   5.96   5.87 NS NS
∑ SFA 24.65  25.97 0.030 25.52 25.10 NS NS

MUFA C16:1 n-7   2.33    2.74 0.009   2.64   2.43 NS NS
C16:1 n-9   0.41    0.38 0.003   0.41   0.38 0.003 NS
C17: 1 n-9   0.12    0.12 NS   0.12   0.12 NS NS
C18:1trans(n-9)   0.14    0.12 NS   0.13   0.12 NS NS
C18:1cis n-9 23.47  23.99 NS 24.1 23.36 NS NS
C18:1cis n-7   1.59    1.60 NS   1.60   1.58 NS NS
C20:1 n-9   0.19    0.19 NS   0.19   0.19 NS NS
∑ MUFA 28.25  29.14 NS 29.21 28.18 0.042 NS

PUFA C18:2cis n-6 36.79  35.81 NS 35.55 37.05 NS NS
C18:3 n-6   0.25    0.26 NS   0.26   0.25 NS NS
C18:3 n-3   3.83    3.71 NS   3.59   3.95 0.009 NS
C20:2 n-6   0.49    0.44 NS   0.46   0.47 NS NS
C20:3cis n-6   0.48    0.44 NS   0.49a   0.40 0.041 NS
C20:4 n-6   2.50    2.13 0.05   2.4   2.24 NS NS
C20:5cis n-3   0.19    0.17 NS   0.17   0.18 NS NS
C22:5 n-6   0.12    0.09 0.029   0.12   0.09 0.044 NS
C22:5 n-3   0.44    0.41 NS   0.46   0.45 NS NS
C22:6 n-3   0.36    0.30 0.033   0.34   0.32 NS NS
∑ PUFA 45.45  43.76 0.034 43.84 45.37 NS NS
∑ ω3   4.82    4.59 0.043   4.56   4.85 0.015 NS
∑ ω6 40.63  39.17 0.045 39.28 40.52 NS NS
MUFA/PUFA   0.62    0.67 0.030   0.67   0.62 NS NS
PUFA/SFA   1.84    1.69 0.026   1.72   1.81 NS NS
∑ ω3/∑ ω6   0.118    0.117 NS   0.116   0.119 0.041 NS

NS - not significant; ASw - combined effect of Age and Slaughter weight; Td - transport duration. 
SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty 
acids

Interaction ASw x Td was significant only for myristic and margaric acids. 
However, 2.6 kg broilers transported for 3 h had significantly higher myristic and 
lower margaric contents, compared with 1.8 kg broilers transported for 1.5 h.

The results support the hypothesis that nutrient composition of the broiler 
breast meat is not influenced by body weight. This is in agreement with findings 
reported in literature (Berri et al., 2001) showing that experimentally selected 
broilers for body weight had similar protein and dry matter contents of breast meat 
to birds that were not subjected to this selection.
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On the other hand, the composition of breast muscle changed due to transport 
duration. The higher lipid obtained by longer transportation was mainly due to 
lower moisture content. The longer transport may have caused dehydration of the 
birds, being no able to restore from water lost due to the normal physiological 
activity. Previous studies suggested that longer transportation results in higher 
plasma corticosterone concentration (zhang et al., 2009; Vošmerová et al., 2010). 
King (1997) reported that stress created by adrenocorticotropic hormone treatment 
increased lipid and decreased moisture content. A positive correlation between 
carcass fatness and cortisol was also reported in pigs (Foury et al., 2005).

Fatty acid composition of the meat affects meat quality, in particular shelf 
life and flavour (Wood et al., 2004). The increase in total SFA detected for heavy 
broilers could be related to their fatness, as previously reported from other authors 
(DeSmet et al., 2004). However, total lipid content in the breast meat of heavy 
broilers was slightly, but not significantly, different from lighter broilers, so this 
statement cannot be confirmed here. The level of PUFA in poultry meat can play an 
important role in the susceptibility of poultry meat to lipid oxidation which leads 
to discoloration, increase in drip loss during storage, decrease in shelf-life and off 
flavour development. Rymer and Givens (2005) reported that higher concentration 
of n-3 PUFA, particularly a-linoleic acid, is associated with oxidative instability.

The higher levels of a-linoleic acid obtained from broilers transported for 
the longer duration may indicate that 3 h of transportation could increase lipid 
oxidation in breast meat. Thus, protection against oxidation may be necessary 
by increments in the transport duration. It was also reported that n-3 PUFA 
accumulation and higher levels of arachidonic acid (C20:4 n-6) is related to PSE 
syndrome occurrence (Soares et al., 2003; Betti et al., 2009). Because lighter 
broilers had significantly higher arachidonic acid (C20:4 n-6), n-3 fatty acids 
and total PUFA content, we may conclude that slaughter weight and age may 
contribute to the occurrence of PSE syndrome.

CONCLUSIONS

The obtained results indicate that transport duration affects only moderately 
the fatty acid composition of poultry meat; in particular heavier weights and a 
longer transport duration have unfavourable effect of fatty acid composition, by 
increasing total saturated and monounsaturated and by decreasing polyunsaturated 
fatty acids. The reduction of the impact of stress related to transport duration is 
now, and it will be even more in the future, a strategic issue, as the number of 
authorized poultry slaughterhouses is decreasing all over in Europe.
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