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Thermoregulatory capacity and muscle membrane integrity are 2 compromised in broilers compared with layers at the same age or 3 body weight 4 5
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The effects of acute heat stress (2 h at 32°C and 75% RH) on body temperature 20 and indices of respiratory thermoregulation and skeletal muscle function were examined in two 21 divergently selected male grandparent lines of broiler and layer-type chickens at two ages (35 and 22 63 d), or at a similar body weight (~2.2 kg). 23 2. The two chicken lines exhibited markedly different base-line blood acid-base and skeletal 24 muscle characteristics. At the same age or liveweight, birds from the broiler line had significantly 25 higher venous blood carbon dioxide tensions associated with lower blood pH. Plasma creatine 26 kinase (CK) activities reflecting muscle membrane damage were also greatly elevated in the 27 broiler line. 28 3. Exposure to acute heat stress caused an increase in deep body temperature, panting-induced 29 acid-base disturbances and elevated plasma CK activity in both lines of chicken, an effect that 30 increased with age. The extent of disturbances in acid/base regulation and heat stress-induced 31 myopathy were more pronounced in the broiler than the layer line at the same age or similar 32 liveweights. 33 4. It is suggested that genetic selection for high muscle growth in broiler lines has 34 compromised their capacity to respond to an acute thermal challenge, leading to detrimental 35 consequences for muscle function. This reduction in heat tolerance may have important 36 implications for bird welfare and subsequent meat quality.

Table 1 .

 1 Thermoregulatory capacity and muscle membrane integrity are compromised in broilers compared with layers at the same age or body weight Plasma CK activities were significantly higher in B-compared with L-line before and after HS at 181 both ages (Line × Age × Time interaction P<0.01). Exposure to HS at 35 and 63 d respectively 182 was associated with increases of 28 and 25% in CK in B-line and 12% and 24% in L-line birds. Mean rectal temperature, venous blood pCO 2 and pH ,and plasma creatine kinase
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41 yields have resulted in birds that grow up to 4 times faster than layer strains and exhibit 8-fold 120 Heat stress protocol 121 At 35 and 63 d of age (same age) and at 35 (B) and 105 (L) d (same liveweight), 24 birds from 137 at -20°C pending enzyme analysis. The activity of CK was assessed using a commercial kit 138 (Biotrol CK Monoreactif, Alpha Laboratories, Hants, UK) modified for use with a multi-well 139 plate spectrophotometer (MR 5000, Dynatech Laboratories, West Sussex UK) as previously 140 described (Mitchell et al., 1999). 141 Statistical analyses 142 The first experiment (comparing two lines at two ages) was a 2 4 factorial design (Line × 143 Treatment × Time × Age). Blocking factors were pen within crate and bird as a split-plot effect. 144 The second experiment (comparing two lines at the same body weight) was a 2 3 factorial design 145 (Line × Treatment × Time) with the same blocking factors. Standard analysis of variance 146 methods were used to assess the treatment effects using Genstat (http://www.vsn-147 intl.com/genstat/). For analysis at the same age, p v CO 2 and plasma CK were transformed by 148 taking natural logarithms to obtain residual errors that were normally distributed. 149 RESULTS 150 The thermal conditions experienced by birds of the two lines were similar at the two ages for both 151 control (C) and acute heat stress (HS) treatments. Mean ambient temperatures (°C) and RH 152 respectively were 22.5 °C/29.1 % RH at 35 d; 21.3 °C/30.5 % RH at 63 d for C and 32.5 °C/67.1 153 % RH at 35 d; 32.1 °C/75.5 % RH at 63 d for HS. For birds compared at the same liveweight, 157 body weights of B at 35 and 63 d, respectively, were 2.27 and 5.58 kg compared with 0.41 and 158 0.98 kg in L (sed 0.027). Both lines exhibited significant (P<0.001) increases in liveweight with 187 Rectal temperature 188 Acute heat stress increased rectal temperatures in both lines (P<0.001). The extent of the change 189 was significantly greater in B-line than in the L-line birds, reflecting a mean increase in rectal 190 temperature compared with controls of +1.55 ºC in the B-line and +1.16 ºC in the L-line 191 (Treatment × Line × Time interaction P<0.05). 192 Venous blood carbon dioxide (p v CO 2 ) 193 The Treatment × Line × Time interaction for p v CO 2 was significant (P<0.001). Baseline p v CO 2 194 measurements were greater in B-line and increased in the control whereas p v CO 2 declined in L-195 line control and in both lines subjected to HS. Exposure to acute heat stress reduced blood p v CO 2 196 in both lines and the extent of the reduction was much greater in the B-line compared to the L-E-mail: br.poultsci@bbsrc.ac.uk URL: http://mc.manuscriptcentral.com/cbps

Table 2 .

 2 Mean rectal temperature, venous blood pCO 2 and pH, and plasma creatine kinase 491 activity (CK) in a divergently selected male broiler and layer lines under control (C) and acute 492 heat stress (HS) conditions at the same approximate live weight (~2.2 kg). T0 is pre-treatment

	493					
	494	sample and T1 post-treatment sample	
	495					
	Trait	Treatment	Broiler (35 d)	Layer (105 d)	Sed 1	Sed 2
			T0	T1	T0	T1
	Rectal temperature (°C)	C	41.5	41.7	41.5	41.8
							0.11	0.10
		HS	41.3	43.2	41.4	42.9
	Plasma p v CO 2 (mm Hg)	C	40.4	44.8	37.6	33.1
							1.47	1.49
		HS	44.1	27.9	37.0	27.9
	Plasma pH v	C	7.37	7.41	7.39	7.41
							0.016 0.017
		HS	7.35	7.51	7.38	7.46
	Plasma CK (IU l -1 )	C	782	878	428	503
							45.2	32.6
		HS	798	1046	437	597

Standard error of a difference between means across rows (Line vs. Time).
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