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SENSORIAL QUALITY OF MEAT FROM BROILERS SUBJECTED TO HEAT STRESS AND SUPPLEMENTED WITH ANTIOXIDANTs
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Summary

The objective of this research was to subject broilers to heat stress from 28 to 42 days of age, in order to induce meat sensorial quality trait alterations. At the same time, we intended to investigate if the supplementation of the diet with antioxidants (vitamins C and E, above the recommended levels) would reduce, or neutralize, these effects. A total of 144 Cobb male broilers were used under a completely randomized design, in a 2 x 3 factorial arrangement (feed supplementation with vitamins C and E above the recommended levels, and ambient temperatures associated to "pair-feeding") and 24 replicates. The chickens were fed corn/soybean meal-based diets formulated according to the production phase. At 28 days of age, the birds were allocated to 3 groups: heat stress (32°C), thermoneutrality (23oC), and thermoneutrality with pair feeding (23oC, restricting the amount of ration to the mean feed intake in the heat-stressed chickens). The sensorial quality traits of meat were evaluated in samples of the pectoralis major muscle collected at slaughter, on day 43. The meat of chickens maintained under heat stress showed higher pH values 24 h after slaughter, higher cooking loss, shear force and luminosity, but less redness, characteristic of poor meat sensorial quality. The dietary supplementation with vitamins C and E above the recommended levels did not reduce the negative effects of heat stress on meat sensorial quality. Further research on the proper supplementation levels of these vitamins to preserve broiler meat quality in tropical conditions is needed.
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Introduction
Yearly broiler meat production in Brazil is constantly growing, and its is characterized by a well organized productive chain serving not only the domestic market but also in the global arena (Avisite, 2009). The competitiveness of this sector demands constant technological improvement, standardization and, mainly, stringent product quality control. 
The effect of supplementing broiled feeds with vitamin C in excess to the recommended levels is controversial (Grau et al., 2001). Nevertheless, the addition of vitamin E reduces meat lipid oxidation thus extending shelf life (Villbirdrde et al., 2004; Grau et al., 2001). 

Maintaining thermal comfort in poultry farms is a problem faced by producers and, in addition, the microenvironment is not always compatible with the physiological needs of birds. The comfortable environment for broilers includes a temperature of 15 - 25ºC, with a relative humidity of 50 - 70% (Tinôco, 2001). The interactions between genetic factors and environmental stress can result in the development of pale, soft, exudative (PSE) meat. These conditions are reflected in a poor-yield product at processing, and low levels of acceptance by consumers. The causes of this problem in broilers are not totally clear, but they are in swine. Nevertheless, high ambient temperatures and poor management practices are know to contribute on the development of this condition. (Lara et al., 2008).

Our objective was subjecting broilers to heat stress (HS) during the period from 28 to 42 days of age, in order to induce alterations in meat sensorial quality traits. At the same time, we wanted to see if the supplementation of the feed with antioxidants (vitamins C and E), in excess to the recommended levels, could neutralize these effects. 

Materials and Methods
One hundred and forty four (144) 28-day-old Cobb male broilers were used. The birds were housed in 3 climate controlled rooms (5.00 x 3.00 x 2.65 m). In each room, 32 cages (0.60 x 0.50 x 0.45 m) were placed. Two thermoneutral rooms were maintained at 23°C, while the 3rd room was considered as the HS room, maintained at 32°C. The animals were distributed as per a completely-at-random design, with a 2 x 3 factorial arrangement (dietary supplementation with antioxidants and ambient temperatures associated with the “pair-feeding” system, with 24 repetitions (Translator's notice: a system that provides all animals with the same amounts of feed. The mean amount of feed [energy/calories] consumed by the group with the lowest feed intake is determined, and this is the amount of feed offered to all experimental groups).
The basal diets were formulated for broilers with an average performance (Rostagno et al., 2005). Half of the cages received the feed supplemented with both vitamin C (250 mg/kg feed) and vitamin E (225 mg/kg feed). The drinking water was provided ad libitum. In the HS room, the feed was offered ad libitum. In the two thermoneutral rooms, half of the cages got the feed ad libitum, while the other half received the restricted amount of feed, under the pair feeding system. These cages were distributed at random in each thermoneutral room. 

The mean ambient temperatures and relative humidity levels were recorded at 9:00, 14:00 and 21:00 hours in order to estimate the temperature/humidity index (THI). The lighting program was continuous, with 24 hours of artificial light).

At 42 days of age, the birds were euthanized by electric stunning followed by bleeding. The meat quality analyses were practiced on the dissected pectoralis major muscle, kept at 4°C for 24 hours. Muscle pH was recorded 24 hours after slaughter. The objective color was determined on two muscle portions using the Minolta (CR 400) colorimeter, through the CIELab system (Van Laack et al., 2000). Right after, the water retention capacity values were determined (Hamm, 1960), cooking weight loss (Honikel, 1987) and shear force in the cooked meat (AMSA, 1995).

The analyses of variance were performed using the GLM procedure by SAS (2003). The fixed effects of dietary supplementation, the environmental temperature associated to pair feeding, and their interaction were taken into account in the model, in addition to the random error.

Results and Discussion
Temperature, relative humidity and THI (daily means) were 22.6°C, 78.5% and 71 in thermoneutral room 1; 22.5°C, 71.3% and 70.3 in thermoneutral room 2; and 31.7°C, 59.1% and 82 in the HS room (Figure 1). The mean temperature was maintained within the desired band for a comfortable environment, while relative humidity showed large variations, since we did not have the resources necessary for relative humidity control inside the rooms. In the thermoneutral rooms, the THI was considered as normal while for the HS room the THI was high, meaning a thermally-uncomfortable environment for the birds, as planned.

Figure 1. Mean temperature values (left) and temperature/humidity index (THI, right) in the thermoneutral rooms 1 and 2, and in the heat stress room during the period from August 16 to 31, 2010.
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No effect was seen of the dietary vitamin supplementation x thermal condition interaction, or of the supplementation alone, on meat quality traits (P>0.05).
Pectoralis major muscle pH, 24 hours after euthanasia, was higher in the HS group (Table 1). This result differs from Debut et al. (2003) who subjected French label chickens to acute HS prior to slaughter (35°C for 2 hours) and found lower pH values after slaughter in the breast meat. It is important to point out that the duration of HS could have influenced this result.

An effect of temperature on meat color was seen. The birds maintained under thermoneutrality associated with pair feeding and HS, had higher luminosity and lower redness values.
Higher cooking weight loss values and higher shear force values were found in the meat of HS broilers. A higher cooking weight loss value is expected to result in less juicy therefore stiffer meat, thus revealing higher shear forces. The results from this study confirm this hypothesis. We must emphasize that shear force values obtained in all 3 temperature conditions remained within the variation band considered normal for tender meat, in agreement with the standards reported by Simpson and Goodwin (1974), and Liu et al. (2004) who used values of 8 Kgf.g-1 and 7.5 Kgf.g-1, respectively as a reference for the shear force limit to consider breast meat as tender.

Evidently, in addition to temperature effects, an effect of feed restriction occurred on meat consistency, since the thermoneutral and HS conditions resulted in increased shear force values as compared to pair feeding-associated thermoneutrality.
Table 1. Least square means (standard errors) of meat quality traits, as per feed supplementation and temperature conditions
	Trait1
	Diet 2
	Temperature condition3

	
	Control 
	Suppl.
	Prob.4
	TN
	TNP
	HS
	Prob. 4

	pH, 24 h
	5.81 (0.02)
	5.83 (0.02)
	0.4684
	5.78 (0.02)a
	5.77 (0.02)a
	5.92 (0.02)b
	<0.0001

	L*
	44.17 (0.32)
	43.60 (0.32)
	0.2082
	42.76 (0.39)a
	44.67 (0.39)b
	44.22 (0.39)b
	0.0021

	a
	4.43 (0.11)
	4.68 (0.11)
	0.1206
	5.12 (0.14)b
	4.29 (0.14)a
	4.25 (0.14)a
	<0.0001

	b
	1.40 (0.14)
	1.30 (0.15)
	0.6590
	1.17 (0.18)
	1.37 (0.17)
	1.50 (0.18)
	0.4254

	WRC (%)
	58.12 (0.66)
	58.17 (0.68)
	0.9606
	58.04 (0.83)
	58.05 (0.81)
	58.34 (0.83)
	0.9569

	CWL (%)
	27.73 (0.27)
	27.47 (0.28)
	0.4953
	26.70 (0.34)a
	27.35 (0.33)a
	28.74 (0.34)b
	0.0001

	SF (Kgf/cm2)
	3.70 (0.11)
	3.80 (0.12)
	0.5490
	3.91 (0.14)b
	3.44 (0.14)a
	3.89 (0.14)b
	0.0288


1 pH 24 h = pH in the pectoralis major, 24 hours after slaughter; L* = luminosity; a* = redness; b* = yellowness; WRC = water retention capacity, %; CWL = cooking weight loss, %; SF = shear force, in Kgf/cm2. 2 Control = non vitamin supplemented feed; Suppl. = vitamin-supplemented feed. 3 TN = thermoneutral; TNP = thermoneutral with pair feeding; HS = heat stress. 4 Prob = probability of type I error. a, b, c: Means followed by different letters are different, as per Tukey´s test (P<0.05)
Conclusions
The supplementation of broiler feeds with vitamins C and E in excess to the recommended levels was not enough to reduce the negative effects of heat stress on broiler meat quality. Further studies are needed using different levels of supplementation of these vitamins, mainly in tropical countries.
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