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INTRODUCTION 
The effects of the Rendement Napole (RN) gene on performance, carcass and muscle quality 
have been previously reported (Lundstrom et al., 1996; Enfalt et al., 1997ab; Lebret et al., 
1999) based on genotype estimates derived from the bimodal distribution of muscle glycogen 
content and extensive pedigree analysis. Research by Milan et al. (2000) identified the 
causative mutation site on pig chromosome 15 and provided DNA sequence information for 
direct RN genotype assessment. The focus of this research was to evaluate the effect of the RN 
gene on production, carcass, muscle quality and sensory properties of the longissimus muscle 
in a population of crossbred swine sired by purebred Hampshire sires in U.S. AI studs. 
 
MATERIALS AND METHODS 
Mating Plan.  Progeny from the mating of purebred Hampshire sires to Yorkshire x Landrace 
F1 females were genotyped for the Rendement Napole (RN) gene using PCR-RFLP procedures 
to evaluate the effects of the RN gene on performance, carcass and muscle quality attributes of 
pork.  A live animal longissimus muscle biopsy was obtained on the F1 females and RN 
genotype assigned using the bimodal distribution of glycolytic potential following procedures 
of Monin and Sellier (1985), Le Roy et al. (1990) and Lundstrom et al. (1996).   All mated 
females were classified as negative for the RN mutation based on the bimodal distribution of 
glycolytic potential.  Fifteen purebred Hampshire sires produced a total of 32 litters.  The data 
included 1 to 3 litters per sire and 3 to 24 pigs per sire. 
  
Management and Housing.  Pigs were provided 0.77 m2 of floor space in pens of either 20 or 
25 pigs from 33 kg until market weight at approximately 118.6 kg.  An ad lib offered corn-soy 
based phase feeding program providing a 17.5% CP, 1.15% lysine diet from 33 to 68 kg, a 
16.0% CP, 0.85% lysine diet from 68 to 91 kg, and a 15.0% CP, 0.70% lysine diet from 91 kg 
to market was fed. At weekly intervals, pigs reaching market weight were removed from test 
18 to 20 h prior to harvest.  After transportation to a commercial swine harvest facility, pigs 
were rested approximately 8 h at the abattoir prior to stunning and exsanguination. Pigs 
harvested in the study were randomly selected on a within litter basis for each sire with a goal 
of testing a minimum of eight progeny per sire.  Due to variable conception rates and litter size, 
sire progeny groups included as few as three pigs and one litter per sire.  
 
Carcass Measurements. At 24 h post-mortem, carcasses were ribbed between the tenth and 
eleventh ribs for estimation of longissimus muscle area and backfat depth.  Midline backfat 
depth was measured at the last rib and last lumbar locations. The 10 to 14th rib section of 
longissimus muscle were collected from each carcass for muscle quality assessment. 
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Muscle Quality Procedures.  At 8 h post-mortem, the four-rib section of longissimus muscle 
was deboned and cut into four, 2.5 cm thick loin chops.  After a 10-min bloom, subjective 
scores for color, marbling, and firmness/wetness were made on the cut surface.  Objective 
measures of reflectance and color (Y and L*) were collected by using a CR-310 Minolta 
Chromometer (Minolta Camera Company, Ltd., Osaka, Japan).  Ultimate pH was measured 
with a portable pH meter (pH Star, SFK, Co., Cedar Rapids, IA).  Drip loss was measured 
using the filter paper technique (Kauffman et al., 1986) on the fresh-cut surface of the 11 to 
12th rib section after a 10-min bloom.  The 10 to 11th rib section was used for estimation of 
intramuscular fat using a total lipid extraction procedure outlined by Folch et al. (1957). 
 
Sensory Procedures. Two vacuum-packaged loin sections per pig were stored for 7 to 10 d at 
0 to 4 C prior to sensory evaluation.  Purge loss during storage was measured as the weight of 
the vacuum-packaged loin prior to and after removal of the chop from the package.  Loins were 
cooked simultaneously to an internal temperature of 71 C in an electric oven broiler (Amana 
Model ARE 640).  Weighing loin chops prior to and following cooking determined percent 
cooking loss.  An objective, instrumental measure of instron tenderness was evaluated on one 
loin chop per pig by using a circular, five–pointed star probe attached to an Instron Universal 
Testing Machine (Model 1122). The measure of tenderness was the amount of force (kg) 
required to puncture and compress the chop to 80 percent of sample height.  Values reported 
are the mean of three observations per loin chop.  A three-member trained panel evaluated 
sensory attributes of the loin. hree, 1.3 cm cubes were taken from the center of the broiled loin 
chop and served. Samples were evaluated on a ten-point, end-anchored scale for juiciness, 
tenderness, chewiness, flavor and off flavor.  

  
Statistical Analysis. Mixed model procedures of SAS (1999) were used with fixed effects of 
gender (barrow vs gilt) and RN genotype (RN-/rn+ vs rn+/rn) and random effects of sire and 
litter.  Harvest date was included as a fixed effect for muscle quality measures.  Carcass data 
were regressed to the standard weight using a linear covariate for live weight and growth rate 
was adjusted to a starting weight of 36 kg prior to analysis.    

   
RESULTS AND DISCUSSION 
Genotype Results.  Thirty-seven of 118 pigs evaluated were genotyped as homozygous 
normal (rn+/rn+) and the remaining 81 were classified as heterozygous (RN -/rn+) carriers of 
the RN gene.  Of the fifteen sires tested, two were classified as rn+/rn+ with a probability of 
failure to detect the RN - allele of P < 0.02.  Two sires were estimated to be homozygous 
dominant (RN -/RN -) with a probability of failing to detect the rn+ allele of P < 0.05. The 
remaining sires were genotyped as RN -/rn+ based on progeny genotype results. Results of 
statistical analyses performed on traits of interest are summarized in Table 1.  
 
Performance and Carcass.  No differences were found between the RN -/rn+ and rn+/rn+  
genotypes for growth rate, tenth rib backfat, last rib backfat, carcass length, or loin muscle 
area, but the rn+/rn+ genotype pigs had significantly less fat at the last lumbar location. These 
results are supported by research findings of Enfalt et al. (1997b) who observed no difference 
in carcass composition, but are refuted by reports of Enfalt et al. (1997a) that showed RN -/rn+ 
had less fat and higher lean content than rn+/rn+ pigs.  
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Table 1.  Least squares means and standard errors for performance, carcass, muscle 
quality and sensory attributes of Rendement Napole carrier (RN -/rn+) and normal 
(rn+/rn+) genotypes 
 

 Genotype  
 R N-/rn+  rn+/rn+  Prob 
Trait N=81 N=37  
Performance     

Average daily gain (g)  767.0 ± 21 783.0 ± 23.0 0.40 
Carcass    

Length (cm) 82.23 ± 0.33 81.95 ± 0.40 0.51 
Last rib backfat (cm) 2.69 ± 0.07  2.72 ± 0.09  0.81 
Last lumbar backfat (cm) 2.53 ± 0.05 2.35 ± 0.07 0.05 
Tenth rib backfat (cm) 2.45 ± 0.06 2.45 ± 0.08 0.97 
Loin muscle area (cm2) 40.34 ± 0.97 38.61 ± 1.12  0.10 

Muscle Quality    
Ultimate pH 5.53 ± 0.01 5.69 ± 0.02 0.001 
Drip loss (%)  2.78 ± 0.13 1.83 ± 0.17 0.001 
Minolta Y 23.41 ± 0.35 21.77 ± 0.46 0.01 
Minolta L* 55.37 ± 0.35 53.71 ± 0.47 0.001 
Visual Color (1 = pale, 5 = dark purple red) 3.20 ± 0.10 3.51 ± 0.13 0.05 
Marbling (1 = devoid, 5 = abundant) 2.26 ± 0.14 2.94 ± 0.17 0.001 
Firmness (1 = soft, wet, 5  = firm, dry) 2.73 ± 0.09 3.34 ± 0.12 0.001 
Instron (kg of pressure)  5.48 ± 0.14 5.50 ± 0.18 0.94 
Intramuscular fat (%)  2.16 ± 0.13 2.51 ± 0.15 0.03 

Sensory    
Cooking loss (%)  24.59 ± 0.45 22.08 ± 0.64 0.001 
Purge loss (%) 7.00 ± 0.57 4.75 ± 0.67 0.001 
Cooked moisture (%)  65.83 ± 0.27 65.86 ± 0.36 0.94 
Juiciness (1 = dry, 10 = juicy)  5.00 ± 0.17 4.49 ± 0.25 0.001 
Tenderness (1 = tough, 10 = tender) 6.86 ± 0.19 6.47 ± 0.25 0.18 
Chewiness (1 = not chewy, 10 = very chewy)  2.98 ± 0.15 3.34 ± 0.20 0.13 
Flavor  (1 = none, 10 = intense) 1.09 ± 0.07 1.43 ± 0.10 0.01 
Off flavor (1 = none, 10 = intense) 5.67 ± 0.27 3.36 ± 0.34 0.001 

 
Muscle Quality.  Highly significant differences were observed between RN -/rn+ and rn+/rn+ 
pigs for subjective and objective measures of muscle quality. The RN -/rn+ pigs had lower 
ultimate pH, paler visual and instrument color readings, and were less firm with more drip loss 
and purge than rn+/rn+ pigs. The differences between RN -/rn+ and rn+/rn+ genotypes for 
ultimate pH, drip loss and color agree with previous research reports (Fernandez et al., 1992 ; 
Lundstrom et al., 1996 ; Enfalt et al., 1997b ; Lebret et al., 1999). In addition, carrier pigs had 
less visual marbling and a lower percent intramuscular fat in the loin, in contrast to results 
reported by Bidner et al. (1999) who showed no genotype effect on intramuscular fat content.  
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Sensory Attributes. Instron tenderness values and subjective tenderness scores were not 
different among genotypes in this study, in contrast to previous reports by Enfalt et al. (1997b) 
and Bidner et al. (1999) who demonstrated improved Warner-Bratzler shear force values for 
the RN -/rn+ genotype pigs. The RN -/rn+ genotype produced loins that were juicier than 
normal pigs even though cooking loss was significantly higher in RN -/rn+ loins with cooked 
moisture not different among genotypes. Off-flavor scores were significantly higher in the  
RN -/rn+ genotype which may have been the result of the lower ultimate pH. 
 
CONCLUSION  
The results of this trial support previous research findings that identify the association of the 
RN - allele with lower ultimate pH and subsequent increases in drip and cooking loss. 
However, reported improvement in tenderness for the RN -/rn+ genotype, potentially as a result 
of protein degradation at low ultimate pH levels, was not observed in this study, while 
consumer driven qualities such as pork color, firmness and wetness were significantly inferior 
when compared with the rn+/rn+ genotype. These data support routine assessment of RN 
genotype status in breeding animals and a directed program to eliminate the detrimental allele 
from breeding programs focusing on muscle quality.  
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