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Data from fifty-four pigs: twenty-five Duroc, twenty-one Large White and eight crosses of Duroc and 
Large White (Hybrid) were used to quantify and mathematically describe the performance traits of pigs. 
The aim of this study was to investigate the effects of genotype, sex and their interaction on the 
performance characteristics of three pig genotypes. The pigs were 30 kg of body weight and 70 days of 
age at the beginning of the study. Records for body weight (BW), body length (BL), feed intake (FI), feed 
conversion ratio (FCR), rump and back fat thickness, trunk length(TRL), height at withers (HW), chest 
girth (CG),tail length (TL), shoulder to tail length (STL) were used for the analysis. The results of the 
least squares means analysis on the performance traits showed that genotype and sex were important 
sources of variation for traits such as feed intake (FI), feed conversion ratio (FCR), rump and back fat 
thickness. Also, the linear body traits namely; body weight (BW), body length (BL), trunk length (TRL), 
height at withers (HW), chest girth (CG), tail length(TL) and shoulder to tail length (STL) were 
significantly (P<0.05) influenced by genotype and sex. The male sex and the hybrid had better 
performance traits at various stages. 
 
Key words: Pig, genotype, sex, hybrid, duroc, Large White. 

 
 
INTRODUCTION 
 
Genotype, sex and genotype-sex interaction (G×S) is 
increasingly important, because breeding programs 
depends on the selection of good genotype and the sex 
through which the effort will be concentrated for the 
propagation of the next generation. The main objective of 
the production of slaughter pigs is undoubtedly profit 
which is a function of the whole complex of characters, 
that is, qualities characterizing reproduction and 
production traits. Production traits in farm animals are the 
resultant of an additive effect of the genes. The 
quantitative qualities are influenced by the genotype and 
environment.  As   a   result,   production   traits   may  be 

improved both by genetic and non-genetic measures 
(Sprysl et al., 2005).  

In pig production, selection is performed in purebred 
lines and the final product is a crossbred animal; also, 
there is an anticipated benefit of using crossbred 
information for estimating breeding values of purebred for 
crossbred performance (Hidalgo et al., 2015; Lopes et al., 
2017). 

The choice of a suitable genotype for the particular 
conditions of commercial breeding is a decisive step for 
pig breeders. Performance and suitability of various 
genotypes are verified by tests of populations. 
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Most important traits have an economic and a 
noneconomic value and are sufficiently heritable for 
effective genetic selection (Kanis et al., 2005). The 
phenotypic value (P) of an individual is the combined 
effect of the genotypic value (G) and the environmental 
deviation (E): P = G + E, while the genotypic value is the 
combined effect of all the genetic effects, including 
nuclear genes, mitochondrial genes and interactions 
between the genes (Knap et al., 2003). 

Nevertheless, Whittemore and Green (2001) worked on 
the use of Gompertz growth function to describe the 
potential growth rate in pigs, which animals desire to 
achieve. Moreover, there have not been many studies on 
the effects of genotype, sex and their interaction on the 
growth and carcass characteristics of different pig 
genotypes in the humid tropics. Linear body 
measurements provide good information on performance, 
productivity and carcass characteristics of animals (Ige et 
al., 2006). So many researchers had used linear body 
measurements to predict performance characteristics in 
poultry (Oni et al., 2001; Adenowo and Omoniyi, 2004), 
goats (Ozoje and Mbere, 2002), sheep (Salako and 
Ngere, 2002; Salako, 2004) and cattle (Mbap and Bawa, 
2001; Olutogun et al., 2003). However, there is a paucity 
of reported work on the use of linear body measurements 
as tools for pig improvement in Nigeria (Egena, 2010). 
Hence, the findings from this study will serve as 
complementary information to pig improvement and 
production. 
 
 
MATERIALS AND METHODS 
 
The experiment was carried out at the Piggery Unit of the Teaching 
and Research Farm, Federal University of Technology, Akure, 
Nigeria. A total of 240 pigs of three genotypes: Duroc (DU), Large 
White (LW) and Hybrid (HY); averaging 30 kg weight at the time of 
the trial were used to conduct the experiment. The animals were 
sourced from the Livestock Department of the Ministry of 
Agriculture and Natural Resources, Ondo, Ondo State, Nigeria. 
They were allotted into clean pens, and feed and water were 
supplied regularly. The weights of the animal and linear 
measurements were taken on weekly basis while the feed intake 
was taken daily. The composition of the experimental diet is 
presented in Table 1. The diet satisfied the nutrient requirements of 
the animals at the various physiological phases as recommended 
by NRC (1998). 

 
 
Statistical analysis 

 
Data generated from the trial were subjected to analyses of 
variance using SAS (version 9.2). The effects of genotype, sex and 
genotype-sex interaction on body weight at 21, 35 and 56 days of 
the trial were estimated from least squares procedures of unequal 
sub-class numbers (SAS, 2008). Where significant differences were 
observed, differences between means were tested using Duncan’s 
multiple range test outlined in the SAS statistical package. The 
factors were defined as shown: 
 

Genotypes: Duroc (DU), Large White (LW) and Hybrid (HY) 
Sex: Male and female. 

 
 
 
 
The models used for individual weight at 21, 35 and 56 days of age 
were: 
 
Yijk = U + Bi + Cj + (BC)ij  + Eijk 
 
where Yijk = the observation of the dependent variable on the l

th 
genotype and the j

th sex of the pigs. 
U = overall mean of all observations; Bi = effect of the genotype of 
pig, i = 1, 2, 3, (DU, LW and HY) 
Cj = effect of the j

th sex of pig; j = 1, 2 (male, female); (BC)ij = effect 
of interaction between ith genotype of pig and j

th sex of pig; Eijk = 
random error. 
 
 
Linear body measurement 
 
The body weight was obtained preferably in the morning before 
feeding the pigs. The pigs were restrained in a sack attached to a 
hanging scale. All linear measurements and weights were recorded. 
Live weight (kg) which is the actual body weight of the animals was 
obtained using livestock scale. Body length (cm) was taken from the 
base of the ear to the base of the tail. The heart or chest girth (cm) 
was recorded at the chest area just behind the forelegs. The initial 
body weights of the pigs were taken on day 1 of the trial and 
subsequently on weekly basis. Feed intake record was taken on 
daily basis. Feed conversion ratio was calculated as ratio of 
feed/gain. Measurements of chest girth (cm), scrotal size, rump 
depth, trunk length, tail length, back fat thickness, shoulder to tail, 
height at withers (cm) and body length were taken as earlier 
described by Onyimonyi (2002). 
 
 
RESULTS 
 
The estimated least-squares means of performance 
characteristics and linear body measurements by 
genotype and sex for days 35 and 56 of the experiment 
are presented in Tables 2 to 6. 

The least squares means of analyses of variance for 
performance characteristics at 35 days of the experiment 
namely; body weight, feed intake, feed conversion ratio, 
rump, teat number and scrotal size are shown in Table 2. 
Genotype differs significantly (P<0.05) for body weight, 
feed intake and feed conversion ratio. The Hybrid 
showed the best performance among the three 
genotypes for body weight, feed intake, feed and rump 
depth with the following means 44.11±1.83 kg, 
12.78±0.46 kg and 52.28±2.10 cm accordingly. Duroc 
showed the best performance for feed conversion ratio 
(5.05±1.37). Sex significantly (P<0.05) influenced feed 
intake where the female recorded the highest means 
(12.44±0.58 kg) and the male sex recorded the lowest 
means (9.72±1.15 kg). Genotype-sex interaction was not 
significantly different (P<0.05) for all parameters on 
performance characteristics at 35 days of the study. 

Least squares means of performance characteristic at 
56 days is shown in Table 3. Genotype was a major 
source of variation where the highest means for body 
weight, feed intake, feed conversion ratio and rump depth 
which were observed for Hybrid (HY): 67.61±4.87 kg, 
13.06±1.14 kg, 4.20±0.25 and 51.41±1.22 cm 
respectively;  Duroc  had  the  highest  means  for  scrotal  
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Table 1. Dietary composition of feed (g/100g) for the experimental pigs. 
 

Ingredient  Composition (%) 

Maize 35.25 

GNC 16.75 

PKC  25.00 

Cassava peel 20.00 

Bone meal 1.50 

Oyster shell 0.50 

Vitamin premix 0.50 

Salt 0.50 

Total 100.00 

  

Calculated composition  

C.P (%) 18.03 

ME (kcal/kg) 2900.30 

C.F (%) 6.35 

 
 
 

Table 2. Least squares means for performance characteristics at 35days. 
 

Source of variation Body weight (kg) Feed intake (kg) Feed conversion ratio Rump (cm) Scrotal size (cm) 

Genotype 

DU 42.24±4.58
b 

10.22±1.41
b 

5.05±1.37
a 

51.16±1.77 20.50±0.12 

HY 44.11±1.83
a 

12.78±0.46
a 

3.70±0.05
b 

52.28±2.10 19.00±0.84 

LW 42.40±1.91
b 

10.24±0.80
b 

4.32±0.21
a 

50.16±1.36 17.67±0.33 

       

Sex 
M 42.14±3.55 9.72±1.15

b 
5.15±1.04 52.25±1.51 

18.44±0.91 
F 43.69±1.66 12.44±0.58

a 
3.57±0.14 50.15±1.19 

       

Genotype×Sex 

DU×M 46.00±16.00 7.35±2.56 7.99±4.96 54.50±2.50 
20.50±0.27 

DU×F 41.20±4.09 12.18±1.36 3.40±0.07 49.20±1.98 

      

LW×M 39.00±2.88 8.85±1.22 4.58±0.31 50.00±1.83 
17.67±0.4 

LW×F 45.43±2.13 11.63±0.85 3.99±0.25 50.14±2.12 

      

HY×M 50.00±0.12 14.65±0.32 3.41±0.14 56.00±0.05 
19.00±0.22 

HY×F 42.67±0.67 13.06±0.33 3.27±0.04 50.33±2.19 
 

Means with different superscripts in the same column are significantly different (P < 0.05). 
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Table 3. Least squares means for performance characteristics at 56 days. 
 

Source of variation 
Body weight 

(kg) 
Feed intake 

(kg) 
Feed conversion 

ratio 
Rump 

depth (m) 
Scrotal size 

(cm) 

Back fat thickness 

(cm) 1
st

 rib 

Back fat thickness 

(cm) 10
th

rib 

Genotype 

DU 58.74±6.09 12.36±1.47 4.04±0.11 49.07±1.43 20.50±0.12 2.83±0.12 2.08±0.39 

HY 67.61±4.87 13.06±1.14 4.20±0.25 51.41±1.22 19.00±0.26 3.38±0.39 0.62±0.38 

LW 61.90±3.30 12.05±0.71 4.13±0.10 50.83±1.46 17.67±0.22 6.79±0.33 2.32±0.57 

         

Sex 
F 67.03±2.42 13.49±0.62 3.97±0.08

b 
51.61±0.93 - 3.22±2.95 1.54±0.55 

M 58.47±5.42 11.49±1.09 4.27±0.12
a 

49.27±1.83 18.44±0.39 2.46±2.20 1.31±0.32 

         

Genotype×Sex 

DU×M 64.00±24.00 13.75±5.09 3.93±0.00 48.00±4.00 20.50±0.19 2.75±0.25 2.25±0.25 

DU×F 59.20±4.32 12.40±1.35 3.99±0.16 50.20±1.53 - 2.90±0.10 1.90±0.90 

        

LW×M 51.83±2.74 10.04±0.53 4.32±0.15 49.17±2.54 17.67±0.43 2.90±0.10 1.36±0.41 

LW×F 71.14±2.51 13.92±0.72 3.94±0.10 52.43±1.57 - 3.00±0.00 2.00±1.00 

        

HY×M 79.00±0.40 13.40±0.18 4.63±0.92 53.00±0.11 19.00±0.72 3.00±0.10 0.5±0.19 

HY×F 66.67±5.33 13.62±1.61 3.96±0.27 51.67±1.67 - - - 
  

Means with different superscripts in the same column are significantly different (P < 0.05). 

 
 
 
size (20.50 cm). Moreover, Large White (LW) had 
the highest means for back fat thickness at 1

st
 rib 

and 10
th
 rib with 6.79±0.33 cm and 2.32±0.01 cm 

accordingly. 
The sex effect was not significantly varied 

(P<0.05) for all the parameters except for feed 
conversion ratio with highest mean of 4.27±0.12 
recorded for male sex while female has the lowest 
mean value of 3.97±0.08. The genotype-sex 
interaction was also of no significant variation 
(P<0.05) for all performance characteristics at 56 
days. 

Table 4 shows the estimated least-squares 
means with their corresponding standard errors 
for the linear body measurements at 35 days of 
the experiment. The analyses of variance 
indicated  strong   significant   (P<0.05)  effects  of 

genotype on all the linear parameters. It exerted 
significant (P<0.05) influence on tail length, 
shoulder-tail and body length with the highest 
mean from HY: 111.01±3.63 cm, 65.27±1.51 cm 
and 129.90±11.54 cm, respectively. Sex effect 
and genotype-sex interaction had no significant 
influence (P>0.05) on most linear measurements 
at 35 days of experiment. 

Table 5 shows the least squares means for 
linear measurements at 56 days of the experiment. 
Sex effect exert no significant influence (P>0.05) 
on all the linear parameters. Genotype effect was 
significantly varied (P<0.05) for trunk length and 
body length with HY having highest mean value of 
27.10±1.25 cm and 130.48±10.75 cm, respectively 
and the lowest mean value for trunk length being 
observed  in  DU  (22.53±1.14 cm)    and   that   of 

body length in LW (121.22±8.81 cm). However, 
the genotype-sex interactions had no significant 
variation (P>0.05) on the parameters at 56 days of 
the study. 
 
 
Analyses of variance for the pig body weights 
at various stages 
 
The least squares mean of analyses of variance 
for the pig body weights at 21, 35 and 56 days of 
the experiment are shown in Table 6. The 
genotype had significant (P<0.05) influence on the 
body weight at different ages. The Hybrid showed 
a higher body weight at 21, 35, 56 days of the 
experiment with mean values of 40.06±2.24, 
42.81±2.49 and 52.00±3.24 kg respectively, while 



Morenikeji et al.         131 
 
 
 

Table 4. Least squares means for linear measurements (cm) at 35 days. 
 

Source of variation 
Body-weight 

(kg) 
Height at wither 

(cm) 
Trunk length 

(cm) 
Tail length 

(cm) 
Shoulder-tail 

(cm) 
Chest-girth 

(cm) 
Body length 

(cm) 

Genotype 

DU 42.14±1.78 82.75±1.31 21.36±1.03 104.11±1.34
b 

64.28±1.11
b 

79.23±1.57 126.04±4.28
b 

HY 42.78±2.49 83.53±1.56 27.48±2.35 111.01±3.63
a 

65.27±1.51
a 

79.72±2.22 129.90±11.54
a 

LW 38.21±1.67 81.05±2.10 24.96±0.79 106.02±2.57
a 

58.40±3.01
ab 

72.43±3.90 119.63±8.74
ab 

         

Sex 
F 41.12±1.52 83.13±1.50 23.90±1.06 107.02±1.91 61.86±2.30 76.93±2.89 122.89±6.44 

M 40.97±1.65 81.76±1.37 25.30±0.96 107.07±1.81 63.44±1.00 77.33±1.44 127.48±5.49 
         

Genotype×Sex 

DU×M 40.17±2.81 80.92±2.03 22.58±0.67 103.50±1.69 64.42±1.42 75.17±2.45 109.25±6.36 

DU×F 41.69±2.31 82.77±1.73 19.92±1.84 102.69±2.11 64.54±1.75 78.69±1.98 118.00±5.75 
        

LW×M 38.00±1.84 79.80±2.05 23.80±1.05 103.60±2.57 60.60±1.48 74.50±1.74 126.30±8.13 

LW×F 39.64±2.79 83.18±3.58 26.09±1.10 109.27±4.28 56.09±5.64 72.82±7.48 125.91±15.42 
        

HY×M 46.75±3.25 86.50±4.50 33.50±8.50 120.00±13.00 64.50±0.50 81.00±2.00 142.00±36.00 

HY×F 41.50±3.08 83.00±1.61 25.00±1.37 108.00±2.46 65.00±2.05 79.17±2.96 124.33±12.10 
 

Means with different superscripts in the same column are significantly different (P < 0.05). 
 
 
 

Table 5. Least squares means for linear measurements (cm) at 56 days. 
 

Source of variation 
Body-weight 

(kg) 
Height at wither 

(cm) 
Trunk length 

(cm) 
Tail length 

(cm) 
Shoulder-tail 

(cm) 
Chest-girth 

(cm) 
Body length 

(cm) 

Genotype 

DU 50.20±2.09 85.50±1.17 22.53±1.14
b 

108.02±1.28 65.98±1.00 81.51±1.64 127.84±4.22
a 

HY 51.91±3.24 84.08±1.51 27.10±1.25
a 

111.17±2.45 66.47±1.31 81.12±2.39 130.48±10.75
a 

LW 43.33±2.88 82.46±1.34 26.18±0.85
a 

108.64±1.93 60.49±3.09 74.85±4.18 121.22±8.81
b 

         

Sex 
F 48.66±2.36 85.11±1.00 24.82±1.13 109.93±1.51 63.38±2.32 79.17±3.03 124.80±6.49 

M 48.31±1.98 82.91±1.21 25.71±0.72 108.63±1.32 65.25±0.83 79.15±1.57 128.22±5.23 

Genotype×Sex 

DU×M 46.92±3.27 84.08±1.70 23.66±0.79 107.74±1.38 65.57±1.30 76.25±2.47 110.50±5.92 

DU×F 49.88±2.71 85.85±1.65 21.15±2.06 107.00±2.17 65.77±1.55 80.77±2.08 120.00±5.92 
        

LW×M 43.55±2.11 80.30±1.84 25.40±1.20 105.70±2.35 63.00±1.12 76.70±2.22 128.20±8.49 

LW×F 44.95±5.25 85.09±1.73 27.00±1.20 112.09±2.78 53.36±5.87 76.18±7.92 127.45±15.41 
        

HY×M 56.50±5.50 85.50±2.50 28.50±3.50 115.00±6.00 65.50±0.50 83.50±3.50 136.00±29.00 

HY×F 50.50±3.97 84.00±1.88 28.33±1.36 110.33±2.78 66.17±1.78 80.33±3.06 127.50±12.49 
 

Means with different superscripts in the same column are significantly different (P < 0.05). 
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Table 6. Least squares mean of individual pig weights at 21, 35 and 56 days. 
 

Genotype 21 day weight (kg) 35 day weight (kg) 56 day weight (kg) 

Duroc 39.24±1.78
a 

40.96±1.78
a 

48.46±2.09
a 

Large White 36.38±1.61
b 

38.86±1.67
b 

46.24±1.83
b 

Hybrid 40.06±2.24
a 

42.81±2.49
a 

52.00±3.24
a 

 

Means with different superscripts in the same column are significantly different (P < 0.05). 
 
 
 
the Large White (36.38±1.61, 38.86±1.67 and 46.24±1.83 
kg) had the lowest mean weight among the three 
genotypes under study. Duroc performed averagely 
among the three genotypes with the mean values of 
39.24±1.78, 40.96±1.78 and 48.46±2.09 kg

 
for days 21, 

35 and 56 accordingly. Hence, the three pig genotypes 
were statistically different. 
 
 
DISCUSSION 
 
Performance characteristics at various stages 
 
From this study, it was observed through the analytical 
results that there were differences in body weight, feed 
intake, feed conversion ratio, rump and scrotal size of 
genotypes of the pigs at different days considered in the 
study. These differences in genotype performance were 
due to genetic makeup of the individual pigs and 
environment provided for gene expression. This is in line 
with Johan (2004) who stated that genotypes differed in 
their mature composition and how they developed 
towards it. This study is also in concord with the result of 
Yoosuks et al. (2012) who studied the effects of genotype 
and sex on predicted feed intake and performance of 
growing pigs. Fleming et al. (2018) also stated that 
genetic differences could be found between breeds, 
between genetic lines within a breed and between 
individuals within a line. The cross bred pig (Hybrid) 
showed the best performance among the three breeds for 
body weight, feed intake and feed conversion ratio. This 
showed that the Hybrid has harnessed the best gene 
from the two parents of different genotypes in order to 
improve their performance. Fitzhugh et al. (1975) and 
Fleming et al. (2018) remarked that crossbreeding 
combined differences in genetic merit for specific 
characters to synchronize effective performance 
characteristics and adaptability resources that were most 
economical. 

Moreover, Duroc had the highest means for the feed 
conversion ratio. This means that they utilized feed better 
than the Large White and the Hybrid. This is in line with 
the result of Debreceni et al. (2018). These authors 
reported highest feed intake and feed conversion ratio in 
Mangalitsa breed of pig with better average daily gains in 
Large White and Hybrid (crossbred of Mangalitsa and 
Duroc). Also, at 56 days of the study,  Large  White  (LW) 

had the highest means for back fat thickness at 1
st
 rib 

and 10
th
 rib. This implies that the genotype has the ability 

to deposit fat compared to others and this could be 
improved upon during breeding programmes. 
Furthermore, sex was also a major source of influence on 
the performance characteristics of the three breeds 
especially for feed intake and feed conversion ratio. The 
study showed that the female ate more than the male and 
had a higher feed conversion ratio than the male. This 
might be attributed to differences in the physiological 
processes in the two sexes. 

The female ate more feed to regain losses during 
estrus, production of eggs and fat deposition; hence they 
were good feed converter. This observation agrees with 
Chineke (2005) and disagreed with the report of Ozimba 
and Lukefahr (1991) on the study of rabbit performance 
and Yoosuk et al. (2012) on the effect of sex on pig 
performance. The effect of sex for other traits at various 
ages was similar. The females had heavier body weights 
than males which disagreed with the findings of Hanne et 
al. (2018). 
 
 
Linear body measurements (cm) at various stages 
 
Genotype strongly influenced linear traits at various 
stages of the experiment. There were consistent 
increases in linear measurements from day 35 through 
56 days. This was expected since breed combinations 
promote growth, which is in turn associated with increase 
in mature body size. In general, each measurement 
studied increased with increase in age in each genotype. 
Ozoje and Herbert (1997) reported similar findings in 
crossbreeding experiments involving goats and observed 
further that these increases, calculated as a percentage 
of their values at birth, were at different rates. The 
significant effect of genotype on the growth of the pigs is 
in line with the result of Rauw et al. (2017) who reported 
significant effect of genotype in pig growth performance, 
when they studied the effects of diet and genetics in 
growth performance of pigs. Among the genotypes, 
Hybrid was generally superior in linear traits over other 
genotypes.  Differences in linear traits reflect useful 
measures that depict the size and shape of animal 
(Chineke, 2005). The Hybrid showed the best 
performance for body length, shoulder to tail and tail 
length among  the  three  breeds. This could be attributed  



 
 
 
 
to the contribution of genes from the two parents that 
enhanced a better performance of the cross bred and 
made it more superior to the parents. 

Sex exerted no significant influence on all the body 
measurements considered at various stages of the study; 
though, the male was observed to have the highest mean 
values for all the linear measurements except for the 
height at wither where the dam had the highest mean. 
Similar results have been reported by Chineke et al. 
(2002a). The male had bigger and longer body in most 
measurements taken than the females and was contrary 
to the findings of Akpan (2000) and Chineke et al. 
(2002b). The significant effect of sex on linear body 
measurement of growing pigs from this study was in 
concord with the result of Onyimonyi et al. (2010) and 
Egena et al. (2010). These authors reported that body 
linear measurements were influenced in growing pigs that 
are males. 
 
 
Body weights at various stages 
 
The genotypes showed significant differences among the 
individual pig weights at different stages of the study. The 
Hybrid showed a higher body weight at 21, 35 and 56 
days of the experiment. Similar observation was recorded 
for Thapa and Timsina (2018) for production 
performances of crossbred pigs. These authors attributed 
the higher performance to heterosis. Thus, cross 
breeding would lead to improvement in production traits. 
Moreover, Duroc showed a better performance in body 
weight as compared with the Large White at all stages of 
the study. This could mean that the Duroc had more body 
conformation and feed utilization than the Large White. 
 
 
Conclusion 
 
The performance traits, linear body measurements were 
influenced differently by factors considered in the study. 
The genotype and sex were the main source of variation 
in almost all the traits studied. The body weights and the 
other measurements considered in this study increased 
with increase in age, implying a better performance in the 
long run and heavier market weights and sizes. Further-
more, improvement in the production characteristics of 
the pigs is feasible through genotype manipulation. The 
crossbred pig had the best performance in terms of the 
measurements considered in this study. 
 
 

RECOMMENDATIONS 
 

From this study, it could be recommended that 
crossbreeding programs for pigs will improve the existing 
genotypes and this should be embarked upon. Also, 
provision of suitable environment such as housing and 
nutrition will enhance pig production in Nigeria. 
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