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CHANGES IN CRITICAL SLAUGHTER PROCESS VARIABLES AND THEIR EFFECT ON PORK QUALITY
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ABSTRACT:  To investigate the effect of changes in critical variables of the slaughter process on pork physiochemical characteristics, three experiments were conducted in summer and winter using 340 pigs. Experiment 1, effect of group-stunning: 30 animals were stunned in groups of five, and 30 were individually stunned; Experiment 2, effect of time between stunning and bleeding (4 vs 16 s): 30 animals were assigned to each treatment in each season; Experiment 3, effect of scalding time (5 vs 7 min): 20 pigs were assigned in summer and 30 in winter to each treatment. Animals were chosen and assigned randomly. Model adjusted for analysis of data included effects of treatment, season and their interaction. In both seasons, meat quality from animals stunned in groups was better (P < 0.05) than that of individually stunned animals, showing a favorable mean difference of 1.21 ± 0.33% for drip loss (DL) in summer and 1.24 ± 0.33% in winter; an average increase of 0.14 ± 0.03 in summer and 0.17 ± 0.03 in winter for pH at 45 min postmortem (pH45); faster cooling rate at 45 min and 24 h postmortem (T45 and T24, respectively; and a decrease of 0.98 ± 0.34 mS/cm in summer and 0.61 ± 0.31 mS/cm in winter for electrical conductivity at 2 postmortem (EC2). When time between stunning and bleeding was reduced from 16 to 4 s, DL showed an average decrease (P < 0.05) of 2.3 ± 0.64% in summer and 1.34 ± 0.52% in winter and meat physiochemical characteristics were improved in both seasons.  Similarly, when scalding time was reduced from 7 to 5 min, DL was reduced (P < 0.05) in an average of 1.21 ± 0.56% in summer and 1.54 ± 0.25% in winter. An average increase of 0.24 ± 0.04 in summer and of 0.25 ± 0.03 in winter was observed in pH45, as well as a reduction of 1.54  ± 0.15°C in summer and of 0.93 ±  0.18 °C  in winter for T24, and a decrease of 1.4 ± 0.38 mS/cm in summer and 1.82 ± 0.39 mS/cm in winter for EC2. Physiochemical characteristics of pork can be improved by stunning pigs in groups instead of individually, and reducing time between stunning and bleeding from 16 to 4 s, and scalding time from 7 to 5 min.
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Introduction

The present pork market motivates producers to breed animals that have maximum lean and weight gain (Aalhus et al.,1991). Unfortunately, this emphasis on leanness has resulted in high levels of pale, soft, exudative (PSE) pork (Grandin, 1994).  Meat quality is affected by factors including handling, management, transport, and nutrition.  Pigs have the ability to quickly respond to environmental stress prior to stunning and this can increases PSE even in pigs that do not have the stress gene  (Barton-Gade, 1985).  Rough handling during the last 5 min prior to slaughter increases PSE, because pigs become overheated (Grandin, 1994) and are more likely to produce PSE or dark, firm and dry (DFD) meat (Gariepy, 1989).  Bleeding a pig within 10 s after stunning will reduce bloodsplash and improve carcass and meat quality. Factors which delay carcass chilling and require special attention are antemortem handling, environmental temperature, and scalding (Tarrant, 1989). It has been observed that carcasses scalded at 60 ºC for 5.5 min give better results than those scalded for longer times  animal handling practices resulting in negative effects on meat quality and economic profits.  The highest losses in pig processing are those related to poor antemortem handling (Velazco, 2000), including stunning, bleeding, and chilling.  There have been no studies focused on the environment and handling of pigs prior to slaughter in Mexico and their effect on meat quality.  Therefore, the objective of this study was to determine the effect of changes in critical variables of the slaughter process on pork physiochemical characteristics.

Materials and Methods

Animals.  A total of 340 pigs at approximately 120 kg live weight, were selected randomly and used in this study. The pigs were produced on a modern farm located in central Mexico using genetics developed by Pig Improvement Company of Mexico. They were electrically stunned and dressed in a federally inspected commercial abattoir in central Mexico.

Experiments.  Three experiments were conducted in both summer and winter.  In Experiment 1, effect of group-stunning: 30 animals were stunned in groups of five and bled horizontally, and 30 were individually stunned and processed conventionally (control);  inExperiment 2, effect of time between stunning and bleeding (4 vs 16 sec): 30 animals were assigned to each treatment in each season; and in Experiment 3, effect of scalding time (5 vs 7 min): 20 pigs were assigned in summer and 30 in winter to each treatment. Animals were chosen and assigned randomly.  Animals were transported to a commercial slaughter plant (Federally Inspected Plant) located approximately 245 km from the farm.  They were weighed on arrival and mixed in the lairage.  At the slaughter plant, the pigs were held for approximately 18 h prior to slaughter with access to water but no food.  Slaughter and carcass dressing was carried out using standard commercial procedures.

Meat quality evaluation.   Temperature and pH were measured at 45 min and 24 h postmortem in the M. Semimembranosus using a Delta-trak model ISFET pH 101 (Delta-Trak, Inc., Pleasanton, CA.), equipped with an insertion electrode.  Electrical conductivity was measured at 2 and 24 h postmortem in the same muscle using PQM meter, according to Alvarez and Torre (1997).  Color reflectance (CIE, 1976) L*, a* and b* coordinates were determined using a Minolta Model CM2002 in the M. Semimembranosus at 24 h postmortem after being cut and bloomed for 10 min.  Fifty grams were cut from the same muscle and used to determine water-holding capacity using the drip losses technique (Honikel and Hamm, 1994).

Statistical analysis. A model including fixed effects of treatment group, season and their interaction was adjusted with PROC GLM of SAS (SAS Inst. Corp., Cary, NC). Means for variables analyzed in each experiment were compared within season by Student’s t test.

Results and Discussion

Table 1 shows the physiochemical characteristics of meat from pigs stunned either in groups or individually. It is known that proper handling procedures that reduce stress prior to slaughter improve pork quality. Meat quality from animals stunned in groups was better (P < 0.05) than that of individually stunned animals in both seasons, showing a favorable mean difference of 1.21 ± 0.33% for drip loss (DL) in summer and 1.24 ± 0.33% in winter, an average increase of 0.14 ± 0.03 in summer and 0.17 ± 0.03 in winter for pH45, a faster cooling rate at 45 min and 24 h postmortem (T45 and T24 respectively), and a decrease of 0.98 ± 0.34 mS/cm in summer and 0.61 ± 0.31 mS/cm in winter for electrical conductivity at 2 h postmortem (EC2). pH at 24 h postmortem (pH24) was not affected (P > .05).  The low pH45 of individually stunned pigs could be a response to the stress on the animals when conducted to the stunning cage, contrarily to those stunned in groups. These results agree with reports showing that if animals are handled under stressful conditions the quality of their meat will be affected (Troeger and Woltersdorf 1989). On the other hand, the relative high pH45 values of the stunned in group animals indicate a low or normal pH decline resulting in meat with less DL, higher water retention and superior quality (Swatland, 1993).  Two suspected PSE carcasses were found in the individually stunned group and none in the animals stunned in groups using the criteria of Judge et al. (1989) who reported that meat with DL > 5 % is PSE.

Table 2 shows meat quality of animals with a period of time between stunning and bleeding at slaughter of 4 or 16 s in either summer or winter.  When time between stunning and bleeding was reduced from 16 to 4 s, DL showed an average decrease (P < 0.05) of 2.3 ± 0.64% in summer and 1.34 ± 0.52% in winter and meat from pigs in the 4-s group showed better physiochemical characteristics in both seasons compared to that of those pigs in the 16-s group.  The decrease in DL shown by the animals in the 4 s group is of great importance to the industry in Mexico.  The reduction in DL could mean a daily difference in meat yield of an average of 575 kg in summer and 325 kg in winter.  These findings agree with recommendations of Ring and Kortmann (1989), who mentioned that stunning as well as time between stunning and bleeding should ideally be as quick as possible to avoid reductions in meat quality.  The results for DL are reinforced by the slower pH decline in animals from the 4-s group compared to those of 16-s group. Shortening the time between stunning and bleeding showed important differences (P < 0.05) in DL, pH, temperature, and color, assuring meat quality.  According to the criteria of Kauffman (1991), three carcasses of this experiment could be classified as PSE in the 16-s group and one in the 4-s group, as well as six DFD carcasses in the 4-s group and seven in the 16-s group. 

Table 3 shows the meat quality of animals with a scalding time of 5 or 7 min in either summer or winter.  When scalding time was reduced from 7 to 5 min, DL was reduced (P < 0.05) in an average of 1.54 ± 0.25% in winter but there was not (P > .05) a significant effect in summer. pH45 was higher for the 5-min group in both seasons with an average increase (P < 0.05) of 0.24 ± 0.04 in pH45 in summer and 0.25 ± 0.03 in winter. Pigs receiving 5-min scalding had a reduction of 1.54  ± 0.15°C in summer and 0.93 ±  0.18 °C  in winter for T24, indicating a faster carcass chilling rate, but did not affect ( P > .05) pH45,  a* and b*.  L* was higher in meat from animals scalded for 7 min indicating higher luminosity and inferior quality. It has been reported that scalding pig carcasses at 65 °C for short time (3 min) results in a lower luminosity at 20 h  postmortem than those scalded for longer times (Monin et al.,1995).  A decrease of 1.4 ± 0.38 mS/cm in summer and of 1.82 ± 0.39 mS/cm in winter was found for EC2.  In general, meat quality in summer and winter was improved by decreasing the scalding time from 7 to 5 min, with higher yields (low DL), a slow pH decline, a faster cooling rate and better meat surface color.

Implications

This data demonstrate that physiochemical characteristics of pork can be improved by stunning the pigs in groups instead of individually, and reducing time between stunning and bleeding from 16 to 4 sec, and scalding time from 7 to 5 min.
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Table 1.  Least square means (± standard error) of physiochemical characteristics of meat from pigs slaughtered in groups (GROUP) and individually (INDIVIDUAL) in two seasons.
    Summer 
             
                                                  Winter 

	ITEM(a)
	GROUP
	INDIVIDUAL
	
	GROUP
	INDIVIDUAL

	DL, %
	2.79 ± 0.24b
	4.00 ± 0.23a
	
	4.32 ± 0.24b
	5.56 ± 0.23a

	pH45
	6.43  ±  0.02a
	6.29 ± 0.02b
	
	6.49 ± 0.02a
	6.32 ± 0.02b

	pH24
	5.73 ± 0.02a
	5.74 ± 0.02a
	
	5.72 ± 0.01a
	5.76 ± 0.01a

	T45, ºC
	      36.83 ± 0.11a
	    36.62 ± 0.21a
	
	         35.18 ± 0.09b
	      36.45 ± 0.20a

	T24, ºC
	      10.58 ± 0.14b
	    11.63 ± 0.27a
	
	9.96 ± 0.11b
	      11.30 ± 0.11a

	EC2, mS/cm
	5.24 ± 0.22b
	6.22 ± 0.20a
	
	4.52 ± 0.35b
	5.13 ± 0.34a

	EC24, mS/cm
	7.98 ± 0.28b
	9.48 ± 0.26a
	
	5.66 ± 0.55b
	7.61 ± 0.54a

	L*
	      42.29 ± 0.64b
	    45.50 ± 0.64a
	
	         44.93 ± 0.59a
	      45.76 ± 0.59a

	a*
	5.80 ± 0.21a
	5.18 ± 0.21a
	
	2.52 ± 0.18a
	1.89 ± 0.18b

	b*
	7.76 ± 0.19a
	7.80 ± 0.19a
	
	         10.28 ± 0.17b
	      11.78 ± 0.28a

	n
	30
	30
	
	30
	30


 (a)PG = Drip loss. pH45 =pH at 45 min postmortem. pH24 =pH at 24 h postmortem. T45 =Carcass temperature at 45 min postmortem.  T24 =Carcass temperature at 24 h postmortem. EC2  =Carcass electrical conductivity at 2 h postmortem. EC24 =Carcass electrical conductivity at 24 h postmortem. L*=Luminosity. a* =Redness. b*= Yellowness. n =Number of carcasses

a,b Means of treatments with different letters within a season are different (P < 0.05)

Table 2. Least square means (± standard error) of physiochemical characteristics of meat from pigs processed with two times (4 or 16 s) between stunning and bleeding in two seasons. 

                                                                                   Summer                                                                                      Winter

	ITEM(a)
	4 s
	16 s
	
	4 s
	16 s

	DL, %
	4.09 ± 0.46b
	6.39 ± 0.45a
	
	4.02 ± 0.37b
	5.36 ± 0.36a

	pH45
	6.53 ± 0.03a
	6.27 ± 0.03 b
	
	6.51 ± 0.07a
	6.24 ± 0.07b

	pH24
	5.68 ± 0.01a
	5.64 ± 0.01a
	
	5.86 ± 0.03a
	5.87 ± 0.03a

	T45, ºC
	      35.06 ± 0.30b
	      36.76 ± 0.30a
	
	        35.43 ± 0.14b
	      36.58 ± 0.15a

	T24, ºC
	      11.66 ± 0.08b
	      12.91 ± 0.07a
	
	9.10 ± 0.07b
	      11.04 ± 0.08a

	EC2, mS/cm
	4.08 ± 0.10b
	5.19 ± 0.10a
	
	4.38 ± 0.08b
	5.26 ± 0.08a

	EC24, mS/cm
	5.04 ± 0.14b
	6.99 ± 0.14a
	
	4.96 ± 0.12b
	5.99 ± 0.12a

	L*
	      45.15 ± 0.70a
	      45.05 ± 0.65a
	
	        37.36 ± 1.37a
	      42.72 ± 1.37b

	a*
	5.82 ± 0.57a
	3.57 ± 0.57b
	
	4.90 ± 0.28a
	3.67 ± 0.26b

	b*
	8.19 ± 0.21b
	      11.49 ± 0.22a
	
	8.99 ± 0.18b
	9.80 ± 0.18a

	n
	30
	30
	
	30
	30


 (a)PG = Drip loss. pH45 =pH at 45 min postmortem. pH24 =pH at 24 h postmortem. T45 =Carcass temperature at 45 min postmortem.  T24 =Carcass temperature at 24 h postmortem. EC2  =Carcass electrical conductivity at 2 h postmortem. EC24 =Carcass electrical conductivity at 24 h postmortem. L*=Luminosity. a* =Redness. b*= Yellowness. n =Number of carcasses

a,b Means of treatments with different letters within a season are different (P < 0.05)

Table 3. Least Square Means (± standard error) of physiochemical characteristics of meat from pigs processed with two scalding times (5 or 7 min) in two seasons.

                                                                           Summer                                                                           Winter

	ITEM(a)
	5 min
	7 min
	
	5 min
	7 min

	DL, %
	5.40 ± 1.10a
	6.61 ± 1.10a
	
	4.06 ± 0.89b
	5.60 ± 0.88a

	pH45
	6.60 ± 0.03a
	6.36 ± 0.03b
	
	6.57 ± 0.02a
	6.25 ± 0.02b

	pH24
	5.82 ± 0.05a
	5.92 ± 0.05a
	
	5.74 ± 0.03a
	5.69 ± 0.03a

	T45, ºC
	      35.09 ± 0.27a
	      35.15 ± 0.27a
	
	        34.99 ± 0.16b
	      36.90 ± 0.31a

	T24, ºC
	8.27 ± 0.19b
	9.81 ± 0.24a
	
	8.93 ± 0.11a
	9.86 ± 0.12a

	EC2, mS/cm
	3.41 ± 0.39b
	4.88 ± 0.51a
	
	4.03 ± 0.23b
	5.93 ± 0.25a

	EC24, mS/cm
	6.10 ± 0.43b
	7.50 ± 0.56a
	
	5.16 ± 0.25b
	6.98 ± 0.27a

	L*
	      46.38 ± 1.15b
	      50.58 ± 1.15a
	
	        40.04 ± 0.75b
	      42.30 ± 0.98a

	a*
	2.49 ± 0.33a
	2.77 ± 0.33a
	
	2.03 ± 0.23a
	2.29 ± 0.23a

	b*
	      12.13 ± 0.61a
	      12.15 ± 0.79a
	
	        12.49 ± 0.35a
	      13.51 ± 0.38a

	n
	20
	20
	
	30
	30


 (a)PG = Drip loss. pH45 =pH at 45 min postmortem. pH24 =pH at 24 h postmortem. T45 =Carcass temperature at 45 min postmortem.  T24 =Carcass temperature at 24 h postmortem. EC2  =Carcass electrical conductivity at 2 h postmortem. EC24 =Carcass electrical conductivity at 24 h postmortem. L*=Luminosity. a* =Redness. b*= Yellowness. N =Number of carcasses

a,b Means of treatments with different letters within a season are different (P < 0.05)




