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Abstract | The introduction of Pietrain breed into pig farming in Benin has resulted in a notable shift in the racial com-
position of the pigs being raised. The objective of this study was to describe the morphological and phenotypic charac-
teristics of local, improved, and Pietrain pigs, as well as the products of their crossbreeding. A sample of 178 pigs, aged 8 
months, were included in the study. The pigs were divided into the following categories: 48 improved pigs, 24 local pigs, 
16 Pietrain pigs, 40 pigs F1 crosses between the Pietrain and the improved, and 50 pigs crossed F1 between the Pietrain 
and the local pig. The data on morphometric measurements (body length, head length, ear length, pelvis length, pelvic 
width, chest girth, height at withers, the length of the tail, shoulder width and circumference of hock) were taken on 
the animals using a Animal Weigh Tape. The phenotype data (snout appearance, coat pattern, coat color, head profile, 
ear type, ear orientation, skin appearance, hair type and back line) were subsequently recorded following an observation 
of the animals. These data were subjected to analysis, and the impact of genetic type and sex on morphometric meas-
urements was evaluated using Fisher’s F-test. The Chi-squared test was employed to determine the impact of breed on 
phenotype data. The morphometric measurements were found to be lowest in local pigs and their crosses with Pietrain, 
highest in improved pigs, and intermediate in Pietrain and their crosses with improved pigs. There was a significant 
difference in coat color between the genetic types (p < 0.001). The prevalence of black coat was significantly higher (p < 
0.05) in local pig (100 %) and their crossbred(95 %), whereas white coat was more prevalent in improved pig (91.7 %) 
and their crossbred (90 %). Local and improved pigs exhibited a greater prevalence of long, thin snout (60 to 62.5 %), 
whereas the snout was shorter and cylindrical in Pietrain (100 %) and their crossbred (100 %) (p < 0.05). The findings 
indicate that local, improved, Pietrain, and crossbred pigs can be distinguished morphometrically and phenotypically.
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INTRODUCTION

Pig farming represents a significant source of income 
for the population of Benin and contributes to na-

tional food security (Djimenou et al., 2017; Dotché et al., 
2021). The estimated population of reared pigs is 910,477 
(FAOSTAT, 2024), comprising a variety of genotypes. The 
animals have been classified into three primary genotypes: 
local, improved, and crossbred (Youssao et al., 2018).

The local pig is a diminutive stature. The mean birth weight 
of the pigs in question is 531–658 g, with a mean age at 
puberty of 221–245 days (Dotché et al., 2020a). The num-
ber of piglets born in a litter varies between five and eight. 
The meat quality of the local breed is noteworthy, and the 
animals exhibit excellent resistance to disease and stress 
(Agbokounou et al., 2016a).

The term “improved pigs” is used to describe a variety of 
exotic breeds, as well as the offspring resulting from vari-
ous crossbreeding involving these original breeds (Youssao 
et al., 2018). This is the consequence of unregulated cross-
breeding by breeders. The potential breeds involved in these 
crosses and matings include Large White and Landrace, 
followed by animals crossbred from these different genetic 
types (Dotché et al., 2018; Youssao et al., 2018). The coat is 
predominantly white, with a variety of patterns. The head 
profile is concave, with a short, cylindrical snout (Youssao 
et al., 2018). The improved pigs are large animals, most of-
ten reared in confined settings (Dotché et al., 2018; Kiki et 
al., 2018). The mean birth weight is 1100 g, with a mean 
litter size of 9 piglets (Dotché et al., 2020b). These animals 
exhibit accelerated growth and demonstrate reduced dis-
ease resistance (Dotché et al., 2020b). 

Local pigs are typically reared in a more free-range manner 
within the traditional system due to their comparatively 
poor performance, which ultimately renders them less prof-
itable on improved farms (Agbokounou et al., 2016b; Dji-
menou et al., 2017). Improved pigs are reared in “improved” 
farms due to their superior performance compared to local 
pigs (Dotché et al., 2020b). From a quality perspective, the 
meat of local pigs is more highly valued by consumers than 
that of improved pigs, largely due to its lower fat content.

To enhance the productivity of local pigs, farmers have 
adopted a crossbreeding strategy involving the integration 
of local breeds with improved pigs exhibiting superior ge-
netic traits (Dotché et al., 2019). The crossbreeds allow for 
the creation of subjects that exhibit superior zootechnical 
performance compared to the local breed and greater dis-
ease resistance than breeds of improved genotypes (Dotché 
et al., 2019). One disadvantage of these crossbreeds is that 
their meat contains a considerable amount of fat, which 
limits its consumption. To reduce the fat content of cross-

bred meat, the Pietrain breed was introduced as a replace-
ment for the improved breeds in the crossbreeding scheme. 
The Pietrain is a pig breed of Belgian origin, distinguished 
by its high yield of lean meat and capacity to enhance car-
casses destined for lean pork markets (Leroy and Verley-
en, 2000; Youssao et al., 2002). Moreover, this breed has 
been employed in crossbreeding with the improved geno-
type breed, yielding highly favorable outcomes in terms of 
production performance and meat quality (Bankolé, 2019). 
Pietrain is choice by Beninese farmers for crossbreeding 
with locally pigs reared, as it has been shown to improve 
performance.

The improvement work carried out on local breeds has re-
sulted in a change in the racial configuration of pigs reared, 
and it is essential to characterize them phenotypically for 
better management of pig resources in Benin. By charac-
terizing these breeds, it will be possible to select animals 
with characteristics that are similar to those of the improv-
er breed. The aim of this study was to characterize pheno-
typically pigs resulting from crossbreeding between local 
breeds and breeds improved with Pietrain, and to compare 
them with parent breeds with a view to enhancing their 
value. 

MATERIALS AND METHODS

Study Area 
The study was conducted at the piggery of the Animal 
Production Department of the Faculty of Agronomic 
Sciences and at the piggery of the Animal Biotechnology 
and Meat Technology Laboratory of the Animal Produc-
tion and Health Department of the Polytechnic School 
of Abomey-Calavi, both of which are situated within the 
University of Abomey-Calavi.

Animal Materials and Breeding Methods 
The study was conducted at the research station. The ani-
mal material is composed of subjects from various matings 
conducted to enhance the growth performance of local and 
improved Benin pigs through crossbreeding with Pietrain 
stress-negative pigs. Data were collected at eight months 
of age on 178 pigs, including 48 improved pigs (36 females 
and 12 males), 24 local pigs (8 females and 16 males), and 
16 Pietrain pigs (10 females and 6 males). A total of 40 
F1 crossbred pigs were produced by crossing the Negative 
Stress Pietrain boar with an improved sow (20 males and 20 
females). Additionally, 50 F1 crossbred pigs were produced 
by crossing the Negative Stress Pietrain boar with a local 
sow (26 males and 24 females). The age of eight months is 
equivalent to the age at which pigs are introduced into the 
reproductive cycle in Benin (Dotché et al., 2018). The Pie-
trains utilized in this study were imported from Belgium. 
The parents of the local pigs were procured from private 
farms in the commune of Ifangni, Benin. The crossbreeding 



Advances in Animal and Veterinary Sciences

January 2025 | Volume 13 | Issue 1 | Page 148

was conducted on-site at the University of Abomey-Calavi. 
The local, Pietrain, and crossbred pigs were reared under 
identical conditions. 

The reproducers were housed in well-constructed, solid 
buildings with solid feeders and troughs, which were main-
tained in a clean and hygienic condition. Each sow raised 
both male and female piglets in the same pen until they 
were weaned at six weeks of age. Subsequently, at the age 
of five months, the male and female piglets were relocated 
to separate pens.

The weaned pigs were fed a diet with a high protein con-
tent (20% protein, 3,000 kcal/kg) during the initial growth 
phase, from weaning to 2.5 months of age. The diet was 
provided ad libitum until the conclusion of the aforemen-
tioned period. Subsequently, the animals were provided 
with a growth-finish feed twice a day, spanning the period 
from 2.5 months to 8 months of age. The feed consisted of 
the following ingredients: corn, wheat bran, rice bran, soy-
bean meal, palm kernel meal, shell, salt, premix, and lysine. 
The feed provided 2,500 kilocalories per kilogram of me-
tabolizable energy and contained 16% protein. Water was 
provided in an unrestricted (ad libitum) manner.

Data Collection 
The phenotypic traits and morphometric measurements 
taken were selected in accordance with the instructions set 
forth by the FAO (2012).

Morphometric measurements: The body measurements 
were obtained using a Animal Weigh Tape. The data 
collection process was conducted in accordance with 
the procedures outlined by Youssao et al. (2018). The 
animals were maintained in a standing position on all 
fours throughout the duration of the measurements. The 
aforementioned measurements were conducted by the same 
operator on all animals. The body measurements were: body 
length (horizontal distance from the point of the shoulder 
to the pin bone), head length (distance between snout and 
forehead of pig), ear length (distance between the tip of 
the ear and the base), pelvis length (distance from hip tip 
to buttock tip), pelvic width (distance between the extreme 
lateral points of the hook bone of the pelvis), chest girth 
(largest circumference of the body immediately behind 
the shoulder), height at withers (vertical distance between 
the ground and the point of wither), the length of the tail 
(distance between the base and the end of the tail), shoulder 
width (horizontal distance between the points of the left 
and right shoulder blades) and circumference of hock.

Phenotypic parameters: In the case of phenotypic traits, 
the pigs were described on the basis of direct observation. 
The qualitative phenotypic characteristics described were 
related to hair (straight, shorts, long, dense, sparse), snout 

appearance (long and thin, short and cylindrical) coat 
pattern (uniform, magpie, spotted), coat color, head profile 
(concave, straight), ear type (semi-lop, droopy, prick), ear 
orientation (forward, backwards, upwards), skin appearance 
(smooth, wrinkled), hair type (straight, curly) and back line 
(straight, saddle). These parameters were described for each 
pig in the study. 

Statistical Analysis
The analyses were conducted in accordance with the guide-
lines set forth by the FAO (2012) for the phenotypic char-
acterization of animal genetic resources. The data were 
analyzed using R software, version 4.3.2 (2023-10-31 ucrt) 
and SAS (Statistical Analysis System, Cary, NC, USA, 
2006). In order to ascertain whether the quantitative vari-
ables (morphometric measurements) in question exhibited 
a normal distribution, the SAS Proc Univariate procedure 
was initially employed. A linear fixed-effects model was 
fitted to the body measurement data, including the fixed 
effects of genetic type and sex. The interaction between 
genetic type and sex was incorporated into the ANOVA 
model. The significance of each effect was determined using 
the Fisher F-test with the AovSum function in the Facto-
MineR library (Cornillon et al., 2018). Adjusted averages 
are presented in Tables 1 and 2. In the event of a significant 
genetic type effect, a Student’s t-test was employed to facil-
itate a comparison between two breeds. The mathematical 
model is as follows:

Yijk=μ+Ti+Sj + TSij+εijk

Where;
Yijk: the measure of pig k, genetic type i and sex j;
μ: the value of the overall mean; 
Ti: fixed effect of genetic type i (local pigs, Pietrain Stress 
Negative, crossbreeding between Pietrain and local pigs); 
Sj: fixed effect of sex j (male and female);
TSij: interaction between genetic type i and sex j of the an-
imal;
εijk: random residual effect.

Subsequently, the R’s factoextra library was employed for 
principal component analysis (PCA) on the measurements. 
The PCA analysis facilitated the visualization of the breed 
structure and genetic diversity resulting from the various 
crossbreeding operations.

In order to test the effect of the genetic type on the qualita-
tive variables, a chi-squared test was employed, utilizing the 
chisq.test function within the R statistical software. Subse-
quently, the CA function from the FactoMineR library was 
employed to conduct a factorial correspondence analysis on 
a contingency table that cross the individuals in rows (the 
distinct genotypes) and the variables in columns.
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Table 1: Effect of genetic type on morphometric characteristics (measured in cm) of local, improved and Pietrain pigs 
and the products of their crossbreeding.
Variable Improved (N=48) Local (N=24) PixIm (N=40) PixLo (N=50) Pietrain (N=16) F-Test

Average SE Average SE Average SE Average SE Average SE
Body length 69.8a 0.6 47.9c 0.8 60.5b 0.6 44.4d 0.5 60.1b 1 ***
Head length 28.2a 0.2 24.2c 0.3 25.6b 0.2 22.4d 0.2 23.6c 0.3 ***
Ear length 20.4a 0.2 11.5d 0.3 18.4b 0.2 13.3d 0.2 15.7c 0.3 ***
Pelvis length 20.5b 0.3 16.4c 0.4 23a 0.3 17.8c 0.2 21.6ab 0.5 ***
Tail length 28a 0.3 21.2cd 0.5 24.6b 0.3 19.9d 0.3 22.7c 0.5 ***
Pelvic width 16.2a 0.2 10.8c 0.3 11.4c 0.2 9.1c 0.2 13b 0.3 ***
Height at withers 65.4a 0.5 51.1c 0.7 59.3b 0.5 47.8d 0.4 58.5b 0.8 ***
Chest girth 86.1a 0.7 67.5c 0.9 77.7b 0.7 63.3d 0.6 76.8b 1.1 ***
Hock circumference 14a 0.1 9.8c 0.2 13.2b 0.1 10.3c 0.1 13.1b 0.2 ***
Neck circumference 64.5a 0.7 46.4c 0.8 56.5b 0.6 45.1c 0.7 57.9b 1 ***
Shoulder width 13.9a 0.2 9.6c 0.3 11.6b 0.2 9c 0.2 13.4a 0.3 ***
Snout circumference 32.6a 0.3 23.8c 0.4 29.2b 0.3 23.4c 0.2 28.8b 0.4 ***
Number of teats 14.3a 0.3 10c 0.7 15a 0.5 12.5b 0.4 14.8a 0.6 ***

ES: standard error; ***: p<0.001; a,b,c; means on the same line followed by different letters, differ significantly at the 5% 
threshold; PixIm: improved female x Pietrain negative stress male; PixLo: local female x Pietrain negative stress male. 

Table 2: Interaction between genetic type and sex on morphometric characteristics (measured in cm) of local, improved 
and Pietrain pigs and the products of their crosses.
Variable Improved Local PixIm PixLo Pietrain Root 

MSE
Test 
de FMale Female Male Female Male Female Male Female Male Female

Body length 69.8a 69.7a 45.6d 50.2c 61.6b 59.3b 44.4d 44.3d 58b 62.2b 3.9 **
Head length 28.3a 28.1a 24.1c 24.2c 26.3b 24.9c 22.5d 22.3d 23.2cd 23.9c 1.3 *
Ear length 21a 19.9b 11.5f 11.5f 19.2b 17.6c 13.2e 13.4e 15.2d 16.3d 1.2 ***
Pelvis length 20.6c 20.4c 15.9e 17be 22.9a 23a 17.8d 17.7d 20.9bc 22.2ab 1.8 *
Tail length 27.1b 28.8a 21.3de 20.9ef 25.8c 23.4d 19.7f 20f 22.2de 23.1d 2.1 ***
Pelvic width 16.4a 15.9a 10.2d 11.2cd 11.3c 11.5c 9.3e 8.9e 12.7bc 13.3b 1.3 *
Height at withers 66.4a 64.4a 50.7e 51.5e 60.7b 57.8cd 47.6f 48f 56.9d 60.2bc 3.2 **
Chest girth 86a 86.1a 63.8e 71.2d 76.1c 79.4b 63.2e 63.3e 74.2cd 79.5b 4.3 ***
Hock circumference 14.3a 13.6b 9.9e 9.6e 13.6b 12.7c 10.5d 10.1e 12.8c 13.4bc 0.7 *
Neck circumference 66a 63.1b 44.2e 48.5e 58.3c 54.6d 46.1e 44e 55.2cd 60.6bc 4 ***
Shoulder width 14.5a 13.3b 8.3e 10.9d 11.9cd 11.2c 8.7e 9.3e 13.2ab 13.7ab 1.2 ***
Snout circumference 32.9a 32.3a 24.6d 23.1de 30b 28.5c 24d 22.7e 28.7bc 28.9bc 1.7 *

*: p<0.05; **: p<0.01; a,b,c: means on the same line followed by different letters, differ significantly at the 5% threshold; 
PixIm: improved female x Pietrain negative stress male; PixLo: local female x Pietrain negative stress male. 

RESULTS

Morphometric Parameters of Local, Improved 
and Pietrain Stress-Negative Pigs and the 
Products of Their Crossbreeding
The morphometric measurements differed significantly ac-
cording to the genetic type (p < 0.001). The lowest meas-
urements were observed in local pigs and their crossbred 
with Pietrain, while improved pigs exhibited the highest 
measurements. Pietrain and their crossbred with improved 

pigs demonstrated intermediate measurements (Table 1). 
Local pigs and their crossbreeds with Pietrain exhibited 
morphological similarities for the majority of morpho-
metric measurements, except the head length, body length, 
height at withers, and the chest girth. The local pigs ex-
hibited higher values for all four parameters (p < 0.05). 
Moreover, Pietrains and their crossbred with the improved 
breed exhibited similarities in most morphometric meas-
urements, except the head length, ear length, and the tail 
length. The crossbred exhibited higher values for all three 
parameters (p < 0.05). 
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The mean body length of local breed females (50.2 cm) was 
significantly (p < 0.05) longer than that of males (45.6 cm). 
The ear length, head length, and snout circumference of 
males crossed F1 improved pig x Pietrain were observed to 
be greater (p < 0.05) than those of females. Similarly, the 
improved breed’s ear length and snout circumference were 
observed to be longer in crossbreds between the local breed 
and Pietrain. As with ear and head length, male crossbreeds 
(improved pig x Pietrain) exhibited significantly higher 
neck circumferences (58.3 cm) than females (54.6 cm). A 
similar observation was made with regard to the improved 
genotype. Withers height exhibited sexual dimorphism in 
the Piétrain breed and F1s (improved pig x Piétrain), with 
females displaying the greatest values. Of the four genet-
ic types under study, three demonstrated sex-dependent 
variations in thoracic perimeter, with females exhibiting 
significantly higher measurements than males. The upper 
shoulder value was significantly higher (p < 0.05) in males 
of the improved breed (14.5 cm) than in females (13.3 cm). 
In contrast, the opposite was observed in the local breed. 
With regard to the limbs, males of both the improved 
breed and the product of crossbreeding with the Piétrain 
exhibited a significantly greater hock circumference than 
females. 

Figure 1: Principal component analysis of morphometric 
measurements of different pig genotypes.

Principal component analysis of morphometric measure-
ments was employed to differentiate the five genetic types, 
as illustrated in Figure 1. The majority of variables were 
represented on axis 1, which explained 82.9% of the varia-
tion observed, while axis 2 accounted for only 5.3% of the 
variation and axis 3 for 3.2%. In terms of contribution to 
axis composition, improved and Pietrain x local crossbred 

pigs are situated in axis 1, local pigs in axis 2, and Pietrain 
and Pietrain x improved crossbred pigs in axis 3. The vari-
ables associated with the axis are height at withers, thorac-
ic perimeter, girth of jowl, neck circumference, snout cir-
cumference, and scapulo-ischial length. The variables head 
length and pelvic length are most accurately represented 
on axis 2, while ear length, hip width, and shoulder width 
are more closely associated with axis 3. In comparison, lo-
cal pigs and F1 crossbreeds (local female x Pietrain male) 
exhibited morphometric measurements that were relatively 
similar. In contrast, Pietrains and F1 crossbreeds (improved 
female x Pietrain male) exhibited comparable morphomet-
ric measurements. The improved pigs, represented on Axis 
1, exhibited morphometric measurements that were large-
ly aligned with those of the Pietrains and F1 crossbreeds 
(improved female x Pietrain male). However, they diverged 
significantly from the local pig and F1 crossbreed groups 
(local female x Pietrain male).

Phenotypic Parameters of Local, Improved and 
Pietrain Stress-Negative Pigs and the Products 
of Their Crossbreeding
There was a significant difference in coat color between the 
different genetic types (p < 0.001). The prevalence of black 
was significantly higher (p < 0.05) in local pigs (100 %) 
and Pietrain x local crossbred (92%), whereas white was 
more common in improved pigs (91.7 %) and Pietrain x 
improved crossbred pigs (90 %) (Table 3). Finally, the black 
spotted coat was observed to be more prevalent in Pie-
trains. The snout of local (60 %) and improved (62.5 %) 
pigs was observed to be longer and thinner (p < 0.05), while 
in Pietrains (100 %), Pietrain x local crossbred (100 %) and 
Pietrain x improved crossbred (100%), it was noted to be 
shorter and cylindrical. The same results were observed with 
regard to the appearance of the hair, which was markedly 
longer and denser in local (100 %) and improved (75 %) 
pigs, but shorter and sparser in Pietrains (100%) and their 
crossbred with Local, Improved pigs. The improved pigs 
exhibited a greater proportion of concave heads (66,7%) 
and droopy ears (p < 0.05) compared to the other genetic 
types, which displayed straight, short heads (80 to 100 %) 
and prick ears (90 to 100 %) (Table 3).

The results of the factorial correspondence analysis were 
interpreted across three axes (χ² = 408.85; p < 0.0001). The 
three factorial axes collectively contributed 97.2% to the 
total inertia, with 70.27% attributable to axis 1, 17.33% to 
axis 2, and 9.59% to axis 3 (Figure 2). The CA revealed that 
Pietrain exhibited a white coat with black, sparse hair and 
forward ears. The improved pigs exhibited a concave head, 
long, dense hair, saddleback, long, thin snout, wrinkled 
skin, and droopy ears. The local pigs were distinguished 
by a uniform black coat, upward ears, and dense hair. F1 
crossbreeds (improved female x Pietrain male) exhibited a 
distinctive set of characteristics, including a short head, a 
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short, cylindrical snout, smooth skin, and short, sparse hair. 
Finally, F1 crossbreeds (local female x Pietrain male) were 
distinguished by a number of distinctive physical charac-
teristics, including a straight head, a short cylindrical snout, 
short hair, a straight back line, and erect ears. 

Figure 2: Spatial distribution of phenotypic traits in 
improved, local, Pietrain, PiXIm (improved female x 
negative stress Pietrain male) and PiXLo (local female x 
negative stress Pietrain male) pigs; Hstiffr: straight hair; 
Hshort: short hair; Hlong: long hair; Hdense: dense hair; 
Hsparse: sparse hair; Slong: long, thin snout; Sshort: 
short, cylindrical snout; Uni: Uniform coat pattern; Pie: 
piebald coat pattern; Mottled: spotted coat pattern; 
White: white coat; Black: black coat; Red: Red coat; 
Concave: concave head profile; Straight: straight head 
profile; Short: short head profile; OrSeT: semi-drooping 
ear; OrTom: drooping ear; OrDreS: upright ear; OoAV: 
forward-facing ear; OrAR: rear-facing ear; OrHA: 
upward-facing ear; Smooth: smooth skin; Wrinkled: 
wrinkled skin; QuDR: straight tail; QuTB: corkscrew tail; 
Straight: straight topline; Ensille: enseled topline.

Figure 3: Pietrain (a); improved (b) and local (c) pigs.

Description of Each Breed According to 
Phenotypic and Morphometric Parameters
Improved pig: The improved pig was, in general, 
distinguished by a concave profile head (66.7 %), which was 
observed in 66.67% of the specimens, with an average length 
of 28.2 ± 0.2 cm. The majority of pigs (62.5%) exhibited a 
long, thin snout (62.5 %), with an average circumference of 
32.6 ± 0.3 cm. The ears were observed to measure 20.4 cm 

in length and were found to be generally pointed forward 
(58.3%) (Table 1). Additionally, a lesser proportion of the 
subjects exhibited ears that were drooping or semi-lop, 
pointing backwards or upwards (Table 3). The majority of 
pigs exhibited a predominantly white coat (91.7%) (Figure 
3b). The hair was long and dense, with a smooth surface. The 
majority of the subjects exhibited a predominantly straight 
tail (54.1%), rather than a corkscrew-shaped tail (45.8%), 
with an average length of 28 ± 0.3 cm. The mean height at 
withers was 65.4 ± 0.5 cm, and the mean body length was 
69.8 ± 0.6 cm. With regard to the morphology of the back, 
58.3 % of the pigs exhibited a straight back, while 41.7% 
displayed a saddle-shaped back. The mean length of the 
pelvis was 20.5 ± 0.3 cm, with a mean width of 16.2 ± 0.2 
cm for the hips. The mean chest circumference was 86.1 ± 
0.7 cm, while the mean distance from the shoulder width 
was 13.9 ± 0.2 cm. The mean circumference of the hock 
and neck was 14 ± 0.1 cm and 64.5 ± 0.7 cm, respectively. 

Local pigs: The local pigs were of a diminutive stature 
and exhibited a predominantly uniform black coat color 
(Figure 3c). Their height at the withers was recorded at 
51.1 ± 0.7 cm. The head was generally straight, with an 
average length of 24.2 ± 0.3 cm. The snout was long and 
thin, with an average circumference of 23.8 ± 0.4 cm, and 
the ears were 11.5 ± 0.3 cm long and oriented upwards. The 
predominant characteristics of the skin were smoothness 
(73.3%), while the hair was observed to be short (60%) and 
dense (100 %) (Table 3). The backline of the animal was 
predominantly straight, with mean measurements at the 
with at the shoulder, the width at the hips, and the length of 
the pelvis recorded as 9.6 ± 0.3 cm, 10.8 ± 0.3 cm, and 16.4 
± 0.4 cm, respectively. The mean of body length was 47.9 
± 0.8 cm, while the mean of the chest girth was 67.5 ± 0.9 
cm. The mean neck circumference was 46.4 ± 0.8 cm, while 
the mean snout circumference was 23.8 ± 0.4 cm (Table 1). 
The tail was observed to be straight, with an average length 
of 21.2 ± 0.5 cm. The mean number of teats was 10 ± 0.7.

Stress-negative pietrain: The Pietrain is a breed of 
medium-sized pig with a notably muscular physique 
(Figure 3a). The animal stood at a height of 58.53 ± 0.8 
cm at the withers and exhibited a distinctive piebald-black 
coat. The head was characterized by a straight and short 
profile, with erect, forward-pointing ears. Additionally, 
the snout was observed to be of a short, cylindrical nature 
(Table 3). The mean values for the head length and snout 
circumference were 23.6 ± 0.3 cm and 28.8 ± 0.4 cm, 
respectively. The mean length of the ears was 15.75 ± 0.3 
cm. The hair was short and sparse, covering a smooth skin 
surface. The Pietrain exhibited a broad, straight back, with 
average measurements of 13.4 ± 0.3 cm for the width at the 
shoulder, 13 ± 0.3 cm for the width at the hips, and 21.6 
± 0.5 cm for the length of the pelvis (Table 1). The mean 
values for chest girth and body length were 76.8 ± 1.1 cm 
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Table 3: Effect of genetic type on phenotypic characteristics of local, improved and Pietrain pigs and the products of 
their crosses.
Variable Improved (N=48) Local (N=24) PixIm (N=40) PixLo (N=50) Pietrain (N=16) Chi²

% CI % CI % CI % CI % CI
Hair
Straight 25a 12.3 0b 0 0b 0 0b 0 0b 0 **
Shorts 20.8c 11.5 60b 19.6 100a 0 100a 0 100a 0 ***
Long 79.2a 11.5 40b 19.6 0c 0 0c 0 0c 0 ***
Dense 75b 12.3 100a 0 35b 14.8 44b 13.8 0c 0 ***
Sparse 20.8c 11.5 0c 0 65ab 14.8 56b 13.8 100a 0 ***
Snout
Long and thin 62.5a 13.7 60a 19.6 0b 0 0b 0 0b 0 ***
Short and cylindrical 37.5b 13.7 40b 19.6 100a 0 100a 0 100a 0 ***
Coat colour patterns
Uniform 66.7a 13.3 73.3a 17.7 55a 15.4 68a 12.9 0b 0 ***
Magpie 25b 12.3 26.7b 17.7 25b 13.4 20b 11.1 100a 0 ***
Spotted 8.3b 7.8 0b 0 20b 12.4 12b 9.0 100a 0 ***
Coat color
White 91.7a 7.8 26.7b 17.7 90a 9.3 32b 12.9 100a 0 ***
Black 41.7b 13.9 100a 0 35b 14.8 92a 7.5 100a 0 ***
Dark red 0a 0 0a 0 10a 9.3 8a 7.5 0a 0 NS
Light red 0a 0 0a 0 15a 11.1 4a 5.4 0a 0 NS
Head profile
Concave 66.7a 13.3 20b 16 0c 0 0c 0 0c 0 ***
Straight 33.3b 13.3 80a 16 100a 0 100a 0 100a 0 ***
Ear type
Semi-lop 16.7a 10.6 0b 0 10ab 9.3 0b 0 0b 0 *
Droopy 29.2a 12.9 0b 0 0b 0 0b 0 0b 0 ***
Prick 54.1b 14.1 100a 0 90a 9.3 100a 0 100a 0 ***
Ear orientation
Forward 58.3b 13.9 26.7b 17.7 80a 12.4 72a 12.4 100a 0 **
Backwards 12.5a 9.4 13.3a 13.6 15a 11.1 0a 0.0 0a 0 NS
Upwards 29.2b 12.9 60a 19.6 5c 6.8 28b 12.4 0c 0 **
Skin 0
Smooth 75b 12.3 73.3b 17.7 100a 0 100a 0 100a 0 **
Wrinkled 25a 12.3 26.7a 17.7 0b 0 0b 0 0b 0 **
Tail type 0 0
Straight 54.2b 14.1 73.3ab 17.7 70ab 14.2 64ab 13.3 100a 0 NS
Curly 45.8a 14.1 26.7a 17.7 30a 14.2 36a 13.3 0b 0 NS
Back line 0 0
Straight 58.3b 13.9 80ab 16.0 100a 0 100a 0 100a 0 ***
Saddle 41.7a 13.9 20a 16.0 0b 0 0b 0 0b 0 ***

N: Number; CI: Confidence interval; NS: Not significant; *: p<0.05; **: p<0.01; ***: p<0.001; percentages of the same 
line followed by different letters differ significantly at the 5% threshold; PixIm: improved female x Pietrain negative 
stress male; PixLo: local female x Pietrain negative stress male.

and 60.1 ± 1 cm, respectively, while the mean values for the 
hock and neck circumference were 13.1 ± 0.2 cm and 57.9 

± 1 cm, respectively. The tail was 22.7 ± 0.5 cm in length. 
The mean number of teats was 14.8 ± 0.6.
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F1 hybrid (improved female x Pietrain male): The pigs 
resulting from crossbreeding between Pietrain boars and 
improved sows were observed to exhibit predominantly 
uniform (55%) and less spotted (20%) or magpie (25%) 
coat patterns (Table 3). Pigs with uniform patterns (55 
%) were typically white (Figure 4b), whereas those with 
spotted or magpie coats exhibited magpie-black, white 
spotted with black, or, in a minor proportion, russet with 
black spots. The skin was observed to be smooth and covered 
with short, sparse hair. All crossbreeds exhibited a short, 
straight head measuring 25.6 ± 0.2 cm in length, with ears 
positioned erect and forward, measuring 18.4 ± 0.2 cm in 
length. The snout was of a short, cylindrical configuration. 
The mean height at the withers was 59.3 ± 0.5 cm, while 
the mean chest girth was 77.7 ± 0.7 cm. The mean values of 
tail length, pelvic length, and pelvic width were 24.6 ± 0.3 
cm, 23 ±0.3 cm, and 11.4 ± 0.2 cm, respectively (Table 1). 
The mean values for the measurements of the neck, snout, 
and hock were 56.5 ± 0.6 cm, 29.2 ± 0.3 cm, and 13.2 ± 0.1 
cm, respectively. The backline and tail profile were straight. 
Additionally, 30% of the subjects exhibited a curly tail. The 
mean tail length of male (25.8 ± 1.8 cm) was found to be 
significantly greater (p < 0.05) than that of females (23.4 ± 
2.4 cm) (Table 2). The same results were obtained for neck 
circumference. The mean ear length of males (19.2 ± 0.99 
cm) was found to be significantly longer (p < 0.05) than 
that of females (17.6 ± 1.4 cm).

Figure 4: Pietrain-local sow crossbred pig (a); Pietrain-
improved (b).

F1 hybrids (local female x Pietrian male): The average 
height at the withers and body length of F1 crossbred pigs 
between Piétrains boars and local sows was 47.8 ± 0.4 cm 
and 44.4 0.5 cm, respectively (Table 1). The predominant 
coat color was black (92%), and the coat was more uniform 
(68%) (Figure 4a). The head was typically straight in profile 
(100 %), with an average length of 22.4 ± 0.2 cm. The ears 
were observed to be forward (72 %) and 13.3 ± 0.2 cm in 
length. The snout, with an average circumference of 23.4 ± 0.2 
cm, was of a short, cylindrical shape. The hair was observed 
to be significantly sparser (56%) than dense (44%) on a 
smooth skin surface (Table 3). The tail was predominantly 
straight (64%) and 19.9 cm in length. All pigs exhibited a 
straight back line (100 %), with an average shoulder width 
of 9 ± 0.2 cm, hip width of 9.1 ± 0.2 cm, and pelvis length 
of 17.8 ± 0.2 cm. The mean snout and hock circumferences 
were 45.1 ± 0.7 cm and 10.3 ± 0.1 cm, respectively. 
The mean number of teats was 12.5 ± 0.4 (Table 1).

DISCUSSION

The study on the phenotypic and morphometric charac-
terization of local, improved, Pietrain pigs and the prod-
ucts of their crossbreeding permitted the discrimination 
of these genetic groups. In terms of phenotype the char-
acteristics of the local and improved pigs in the present 
study were found to be consistent with those of local and 
improved pigs in Benin (Djimenou et al., 2018; Youssao et 
al., 2018). Similar results were also observed in local pigs 
from Nigeria, Ghana, and Togo (Adeola et al., 2013; Ad-
jei et al., 2015; Alenyorege et al., 2015; Somenutse et al., 
2019). The observed traits in the Pietrain are consistent 
with the description provided by Piedboeuf (2014) for this 
breed. This description characterizes the Pietrain as having 
a white coat spotted with black, a short, straight head bear-
ing small, erect, forward-facing ears, and moderately long 
legs with well-developed, broad hams. The characteristics 
exhibited by the two crossbreeding groups (improved fe-
male x Pietrain males) and (local female x Pietrain males) 
were largely in line with those of the Pietrain, with the ex-
ception of the appearance of the hair. The hair was slightly 
denser than that of the Pietrain, and the coat was more 
uniform, with the crossbred offspring from the local pig 
displaying a much darker hue and those from the improved 
genetic type a much lighter one. The prevalence of black 
pigmentation in crossbred offspring between the local pig 
and the Pietrain is likely attributable to the coat color of 
the maternal (local) sow, which is predominantly black, 
and the presence of a black spot in the sire (Pietrain). This 
observation confirms the findings of Legault and Char-
don (2000) on coat coloration in pigs, which demonstrat-
ed that F1 animals resulting from crossbreeding between 
sows with a black phenotype and spotted Pietrain boars 
were all black. This suggests that the gene coding for black 
color is dominant over the gene coding for spotted Pietrain 
color. Legault and Chardon (2000) demonstrated that all 
F1 hybrids resulting from crossbreeding white sows with 
Piétrain boars exhibited a white coat, a finding that is con-
sistent with the results of the present study. These findings 
also indicate that the gene responsible for the white color is 
dominant over the gene that causes the spotted pigmenta-
tion observed in the Pietrain. Therefore, crossbreeding the 
improved, white-colored sow with the Pietrain boar result-
ed in a predominantly white coat coloration. From a phe-
notypic perspective, the resemblance between crossbreds 
(improved x Pietrain, local x Pietrain) and Pietrain with 
regard to hair type (short and sparse), snout type (short and 
cylindrical), profile (straight), ear type (erect), ear orienta-
tion (forward) and tail type (straight) would assist breed-
ers in making an initial selection of crossbred reproducers 
that are closely aligned with Pietrain. This initial selection 
could be enhanced by the inclusion of data on morphomet-
ric measurements.
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The influence of genetic type on the morphometric meas-
urements documented in this study has been previously 
reported by Okoro et al. (2015). These include parameters 
such as ear length, tail length, chest girth, snout circum-
ference, snout length, height at withers, and body length 
at birth, weaning, and 20 weeks of age in local pigs, Large 
White and Landrace pigs, as well as crossbred derived from 
them. Additionally, Youssao et al. (2018) observed an in-
fluence of genetic type on morphometric measurements of 
pigs in Benin, while Karnuah et al. (2018) did so in Liberia. 
The genetic types in question included local pigs, exotic 
pigs (Large White, Landrace, and Hampshire), and those 
of crossbred. In comparison to the improved and Pietrain 
genotypes, the local pigs exhibited the lowest morphomet-
ric measurements, as documented by Youssao et al. (2018) 
in Benin in their investigation of local, improved, and 
crossbred genotypes. The cross between local and Piétrain 
pigs exhibits a close proximity to the local genotype for the 
majority of the measured traits. However, these two gen-
otypes diverge in head length, ear length and number of 
teats, and these traits could be employed in the sorting of 
crossbred reproducers in order to obtain the most optimal 
reproducers that are closely aligned with the Pietrain phe-
notype. The improved pig x Pietrain crosses exhibited mor-
phometric measurements, including basin length, height at 
withers, thoracic perimeter and neck circumference, that 
were similar to those observed in the Pietrain. These traits 
could be employed by farmers to identify the most suit-
able reproducers in proximity to the Pietrain phenotype 
following a crossbreeding event involving the Pietrain and 
an improved pig genotype. The improved breed exhibits 
similarities to the Pietrain with regard to criteria such as 
pelvis length and shoulder top, which could assist farmers 
in the selection of improved reproducers before crossing 
them with the Pietrain. 

In contrast to the findings of the present study, which indi-
cate a significant impact of sex on morphometric measure-
ments, particularly in local pigs and improved pigs, cross-
bred between improved genotypes and Pietrain, Adjei et 
al. (2015) observed no effect of sex on the measurements 
of local Ghanaian pigs and their crossbreeds with exotic 
breeds. The absence of a sex effect in the Adjei et al. (2015) 
study may be attributed to the diversity in breeding prac-
tices observed across the study’s various locations. Indeed, 
the study of Adjei et al. (2015) was conducted in multiple 
regions with diverse farmers. In light of the aforementioned 
considerations, it is plausible that males and females are 
not reared under identical conditions. Consequently, the 
elimination of the sex effect observed in females and males 
may be attributed to this variability in rearing practices. As 
in the present study, the sex effect has been demonstrated 
in body measurements of local pigs in Burkina Faso (Tap-
soba et al., 2023) and crossbred and local pigs in Nigeria 
(Oluwole and Omitogun, 2015). The effect of sex is ad-

vantageous for the local female in parameters such as chest 
girth and shoulder width, which are skeletal and muscu-
lar development regions in farm animals (Youssao et al., 
2018). This demonstrates significant body development in 
females to enable them to withstand reproduction, despite 
the fact that the age of the animals used corresponds to 
the age at which pigs start reproduction in Benin (Dotché 
et al., 2018). In the other breeds, no significant differences 
between the sexes were observed for these parameters si-
multaneously. However, the trends indicate an advantage 
for females compared to males. 

CONCLUSIONS

The study employed a phenotypic characterization ap-
proach to identify and differentiate five distinct genetic 
types of pigs: local, improved, Piétrain, and the products 
resulting from their crossbreeding. The lowest measure-
ments were observed in local pigs and F1 crossbreds (lo-
cal female x Piétrain male), while the highest were seen in 
improved pigs. Intermediate measurements were exhibited 
by Piétrain genetic types and F1 crossbreds. Local pigs and 
crossbreds from the latter exhibited black coats, whereas 
improved pigs and crossbreds from the former displayed 
white coats. The coats of local and improved pigs were ob-
served to be longer and denser, while those of Pietrains 
and their crossbred offspring were noted to be shorter and 
sparser.
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