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INTRODUCTION 

Cognitive processes such as perception, learning, 

memory and decision making play an important role in 

animal reasoning, mate choice, foraging and much other 

behaviors in animal (Shettleworth, 2010). Research 

carried out on pig proved that they are very intelligent 

and learn quickly (Pena, 2016). They pick up tricks faster 

than dogs. Pigs were ranked higher in animal intelligence 

behind Orangutans, chimpanzees, dolphins, and 

elephants (Viegas, 2015). Piglets also exhibit higher 

cognitive function by learning their names at about two 

to three weeks of age and responding when called 

(Marino and Colvin, 2015). Scientific studies of pigs 

demonstrate that they possess cognitive capabilities 

similar to dogs and young children, show self-awareness, 

form likes and dislikes, enjoy creative play, and 

experience emotions similar to humans (Marino and 

Colvin, 2015). In Nigeria, pigs are called Alade in Hausa 

language, Elede in Yoruba language, and Ezi in Igbo 

language. It has been shown that in a large number of 

socio-cognitive tests, dogs surpass their closest relatives, 

the wolves (Kubinyi et al., 2007; Gácsi et al., 2005). 

Moreover, in some five (5) cognitive abilities, dogs even 

outperform the primates and show considerable 

similarity to the cognitive skills of young children 

(Lakatos et al., 2009). Dog are called Aja in Yoruba 

language, Nkita in Igbo language, and Kare in Hausa 

language. The prefrontal cortex of the cerebrum (PFC) 

has key roles in defining personality and behavior(Yang 

and Raine, 2009). It also has many functions including 

maintaining attention, planning complex movements, 

controlling emotions, discriminating between good and 

bad, speech, memory, temporal perception and working 

memory(Watanabe, 2016; Kaminski  et al., 2017). The 

aim of the work was to compare the gross morphology, 

morphometry, and prefrontal cortex of pig and dog, and 

to relate the findings to their behavioral/functional 

differences with respect to cognition and learning. 

Generally, pig is seen mainly as a source of protein while 

dog is regarded as ‘man’s best friend. Therefore, it is 

very vital to provide a neuroanatomical basis for the 

higher ranking of pig on the intelligence scale compared 

to dog. This study will not only put the pig in a brighter 
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ABSTRACT 

Pig and dog are domestic animals that are useful to man. Dog is well known for its friendship with man while pig 

serves as a good source of protein to human. However, research has shown pig to have a higher Intelligence 

Quotient (IQ) than dog. What is the neuroanatomical basis for this difference in cognitive behavior? Five adult 

pigs and dogs each were used in this study. Gross morphometry and morphology were carried out on tissues of 

whole brain specimens of pig and dog fixed in 10% buffered formal saline solution. Histological analysis was 

done on their ventromedial prefrontal cortex which is responsible for higher cognitive functions. Both brains of 

pig and dog were gyrencephalic. There was a statistically significant increase in the number of sulci on pig brain 

compared to dog. Pig brain weighed 111.80±8.125g while dog brain weighed 65.52±3.352g. Also pig had longer 

right and left olfactory bulbs respectively (2.20±0.064cm; 2.27±0.078cm) than dog (1.43±0.133cm; 

1.43±0.129cm). These values were not statistically significant.  Pig paired olfactory bulbs were separated with a 

gap of about 0.5cm to 0.7cm which was absent in dog. There was a patent olfactory ventricle in pig olfactory bulb 

which was collapsed in dog. Betz cells of the ventromedial prefrontal cortex of pig had larger-sized cells, although 

the cells appeared to be more densely packed and smaller-sized in dog. Structural differences exist in the brains of 

pig and dog which could be related to their behavioral differences with respect to cognitive functions. 
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light but also improve the handling of these animals and 

increase their productivity.  

 

EXPERIMENTAL PROCEDURES 

MATERIALS 

Experimental Animals: Five (5) adult pigs (landrace 

breed) and Five (5) adult dogs (Mongrel breed) were 

used for the experiment. 

 

Equipments and Instruments: Dissection kit, specimen 

containers, glass slides, cover slips, buckets with cover, 

meter rule, graduated measuring cylinder and beaker, 

digital weighing balance, plane sheath, syringe and 

needle, hand gloves, vernier caliper, etc. 

 

Reagents: 10% Buffered formal saline solution, 

Heamotoxylin and Eosin stain, Nissl stain (Toluidine 

blue), Golgi silver stain, Graded Alcohol solution (70%, 

80%, 95%, 100%), DPX (distyrene, plasticizer, and 

xylene). 

 

METHOD 

Ethical approval for this research was soughted and 

obtained from the Research Ethics Committee, 

University of Port Harcourt, Choba, Rivers State, with 

reference number UPH/CEREMAD/REC/MM54/004. 

The guiding principles for research involving animals as 

recommended by the Declaration of Helsinki and the 

Guiding Principles
 

in the Care and Use of Animals 

(American Physiological Society, 2002) were adhered to. 

Animals were obtained from slaughterhouses in 

Abakaliki, Ebonyi State, Nigeria. They were decapitated 

at the occipito-atlantal junction. Perfusion fixation was 

done using 10% buffered formal saline solution through 

the carotid artery. The scalp tissue layers were removed 

using forceps thereby exposing the skull. The skulls were 

opened up in order expose the brain tissues and to 

facilitate penetration of the fixative into it. Then, the 

open skulls were immersion-fixed in a bucket containing 

ten (10) litres of the fixative and transported to the 

Department of Anatomy, Faculty of Basic Medical 

Science, College of Medicine, Alex Ekwueme Federal 

University, Ndufu Alike Ikwo, Ebonyi State. The tissues 

were washed with the fixative so as to remove debris and 

blood, and allow to fix for one (1) week in freshly 

prepared 10% buffered formal saline solution. All the 

tissues were subjected to the same condition of fixation 

to reduce tissue shrinkages resulting from use of 

fixatives. Afterwards, the fixed brain tissues were 

carefully removed from the skull using forceps. The 

dural covering of the intact brain were removed 

completely, thereby exposing the brains. Then gross 

morphological and morphometric studies involving 

observation of differences and similarities on brain 

shapes and sizes, measurement of brain weight and 

volume, olfactory bulb length and width, cerebral and 

cerebellar length and width measurement, and counting 

of number of gyri and sulci were carried out on the 

brains. Also, photographs of the brains were taken. Using 

a scalpel, the brain structure of prefrontal cortex of pig 

and dog were dissected out. All the dissected sections 

were kept in a well labelled separate specimen container 

containing 10% buffered formal saline solution. 

Harvested prefrontal cortex tissues were processed 

histologically and stained using haematoxylin and eosin 

stain, toludine blue stain, and golgi silver techniques. 

 

RESULTS 

GROSS MORPHOLOGY OF DOG AND PIG BRAINS 

 
Figure 1: Dorsal view of dog brain (D) and pig brain (P). Dog cerebrum shows the coronally transversing 

cruciate sulcus (red line) and ansate sulcus (green line) which are absent in pig cerebrum. However, the anterior 

lateral sulci (yellow line) present in pig cerebrum is absent in dog. White arrow on dog frontal lobe shows the 

presylvian sulcus which is absent in pig. Both brains present a posterior lateral sulcus (blue line) and a median 

fissure(white line) which is wider on the posterior aspect of pig cerebrum compared to dog. + on dog cerebrum 

represents cerebral length and width measurement while + on pig cerebellum stands for the measurement of 

cerebellar length and width.  
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Figure 2: Ventral View of dog brain (D) and pig brain (P). Some features seen on the ventral aspect are: OB-

olfactory bulb, ON-optic nerve, OC-optic chiasma, PT-pituitary gland, PL- pyriform lobe, L -occulomotor 

nerve, MB-mamillary body,  MBR -midbrain, PO-pons, MDL-medulla, + represents olfactory bulb length and 

width measurement. White triangle shows the longitudinal fissure/ gap between the olfactory bulbs of pig brain 

which is absent in dog. 

 

 
Figure 3. Coronal section through the olfactory bulbs of pig (P) and dog (D). Large olfactory ventricle observed 

in pig (black arrow) was collapsed in dog (red arrow). 
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GROSS MORPHOMETRY OF DOG AND PIG BRAINS 

Table 1: Gross morphometric differences in variables obtained from pig and dog. 

Variable Pig Dog 
Weight (g) 111.803 ± 9.951 65.518 ± 3.747 
Volume (cm

3
) 108.400 ± 10.904 66.000 ± 4.00 

Right cerebral sulci number 23.667 ± 2.906* 16.750 ± 1.652 
Left cerebral sulci number 20.333 ± 2.028* 14.500 ± 1.756 
Right olfactory bulb length (cm) 2.1967 ± 0.078 1.434 ± 0.149 
Left olfactory bulb length (cm) 2.265 ±0.095* 1.427 ± 0.144 
Right olfactory bulb width (cm) 0.825 ±0.0218 1.066 ± 0.344* 
Left olfactory bulb width (cm) 0.843 ±0.015 1.03 ± 0.282 
Right cerebral length (cm) 6.735 ± 0.138 6.094 ± 0.100 
Left cerebral length(cm) 6.715 ±0.133 5.991 ± 0.160 
Right cerebral width (cm) 2.100 ±0.087 1.973 ± 0.095 
Left cerebral width (cm) 1.938 ±0.194 1.944 ± 0.076 
Full cerebral width (cm) 5.301 ± 0.303 4.531 ± 0.126 
Cerebellar length (cm) 2.380 ± 0.160 1.912 ± 0.050 
Cerebellar width (cm) 4.142 ± 0.236 3.119 ± 0.123 

Data are expressed as mean ± standard error of mean (Mean ± SEM). T test was done to compare the mean of the 

groups and determine level of statistical significance. *=p≤0.05. 

 

HISTOMORPHOLOGY OF THE PREFRONTAL CORTEX OF DOG AND PIG 

 
Plates 1 & 2: Photomicrographs of dog (D) and pig (P) prefrontal cortex layer V (Betz) cells. Larger Betz cells 

were observed in pig, while dog had smaller-sized and more densely packed cells. H and E stain. X400.  

 

 
Plates 3 & 4: Photomicrographs of dog (D) and pig (P) prefrontal cortex showing layer V (Betz) cells. Larger 

Betz cells were observed in pig, while dog had smaller sized and more densely packed cells. Toluidine blue stain. 

X400.   

D P 
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Plates 5 & 6: A section through layer V of dog (D) and pig (P) prefrontal cortex indicating larger-sized Betz cells 

(Red arrows) in pig when compare to dog. Golgi silver stain. X100. 

 

DISCUSSION 

Changes in parameters of certain brain parts have been 

attributed either to an increase in the number of neurons, 

the size of such neurons and/or their connectivity (Kaas, 

2000). These changes in brain parameters were observed 

as differences in measured values of same brain 

structures of dog and pig as shown in table 1. 

Morphometrically, it was observed in this study that pig 

had higher cerebellar length and width values which 

were not statistically significant. This could suggest that 

the number of cerebellar cells may be more in pig 

compare to dog. The result of brain weight and volume 

in this study revealed that pig had larger brain size and 

volume with more intricate foldings of the cerebrum 

compare to dog (Table 1, Fig. 1), thus indicative of larger 

brain surface area on the cerebrum. Olopade et al. (2011) 

determined the brain weight to body weight ratio of local 

breed pig to be 1: 226 while data obtained from Igado 

(2011) showed the brain weight to body weight of 

Mongrel breed of dog in Nigeria to be 1: 271. This 

showed the brain weight of dog in relation to body 

weight to be smaller in comparison with pig. Therefore, 

it could be said that pig has a relatively larger brain than 

dog. Similar results were observed in table 1 in which the 

weight and volume of pig brains were more than those of 

dog, although the results were not statistically 

significant. This study also revealed that increase in the 

number of gyri and sulci (gyrification) essentially depend 

on the size of the brain. As the brain size increased, 

gyrification also increased which is in agreement with 

work done by Ibegbu et al. (2014), Pillay and Manger 

(2007), and Kiho et al. (2008). Sulci count indicated that 

pig had more sulci on its cerebrum than dog. Studies 

have shown that animals with brains having intricate 

convoluted cerebral neocortex were more intelligent as 

well as perceptually and behaviourally more complex. 

This result is in accordance with works done by Welker 

(1990), Nieuwenhuys et al. (1998), and Zilles (2013). 

Gross morphology of dog cerebrum showed coronally 

transversing cruciate sulcus and ansate sulcus which 

were absent in pig cerebrum (See fig 1). The anterior 

lateral sulci present in pig cerebrum were not observed in 

dog. Dog frontal lobe showed presylvian sulcus which 

was not present in pig. Both brains presented a posterior 

lateral sulcus and a median fissure which was wider on 

the posterior aspect of pig cerebrum compared to dog 

(See fig 1). In pig and dog, the caudal poles of the 

medially flattened cerebral hemispheres were wider than 

the rostral poles. However, it was observed that pig had 

the most cerebral width (See table 1). The olfactory bulb 

length of pig was significantly longer in pig, while the 

width was wider in dog and this was also statistically 

significant. The olfactory bulbs in both animals were 

paired. However, those of pig were separated by a slight 

gap of 0.5-0.7cm (Figure 2). Similar result was also 

confirmed by Schmidt (2014). This was observed also in 

African giant rat and wistar rat by Crosby and Humphrey 

(1939) and David, (2015). There was no gap between 

dog olfactory bulb pair. There was also the presence of 

dilated olfactory ventricle in pig which was collapsed in 

dog (Figure 3). This is in agreement with the findings of 

Brunjes et al. (2016). Therefore, the olfactory ventricle 

remains open throughout life in pig while in dog it 

collapses with maturation. However, there are no 

reported functional olfactory differences between 

animals with either patent or collapsed olfactory 

ventricle (Peter et al., 2016). According to Ahn et al., 

(2012) pig has been found to have the largest repertoire 

of functional olfactory receptor genes when compare to 

other species including the canine. Nguyen et al., (2012), 

reported that the swine olfactory gene repertoire 

comprises of 17 families and 349 subfamilies and is the 

largest amongst mammals with 1,113 functional genes, 

whereas a canine has 872 functional genes, respectively. 

According to Soucek et al., (1999), it was observed that 

pig had a cartilaginous connection between the ventral 

lateral nose and the vomeronasal which suggested 

another transport mechanism for odors which might be 

indicative of more olfactory functions as seen in the 

larger olfactory bulb of pig when compared to dog. Due 

to the sensitivity of dog olfactory bulb and its system in 

the detection of cancer, drug, explosive materials, and 

others, studies carried out by Sigler (2016) has shown 

that pig can work alongside with scent detection canines 

D P 
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(dog) or replace them completely in scent detection field 

because of their complex olfactory system. In dog brain, 

there was a slight overlapping of the cerebellum by the 

cerebrum which is a feature of the human brain. Pig on 

the other hand had little or no overlap of their cerebellum 

by cerebrum. This feature is also seen in rodents. The 

Betz cells of the cerebral cortex are the largest in the 

central nervous system found in layer V of the cerebral 

cortex. They are characterized by large somata and 

extensive basilar dendrites (Purves et al., 2008). 

According to Claire et al., (2003) and Lassek (1939, 

1940, and 1954), betz cells distribution/ functionality can 

be considered according to three different characteristics: 

volume, degree of clustering and the length of their 

projections. In this study, the betz cells of the prefrontal 

cortex of pig were observed to have larger soma size in 

comparison with dog. This was observed in stained 

sections of photomicrographs (Plates 1-6).  

 

CONCLUSION 

The degree of gyrification essentially determines the 

intelligence quotient of gyrencephalic mammals. As the 

brain size increases, the number of gyri and sulci 

increase and so do the cognitive functions of the animal. 

The prefrontal cortex of the cerebrum is responsible for 

higher cognitive functions. Although there were more 

intricate folding of gyri and sulci on the brains of pig and 

larger neurons in layer V of its prefrontal cortex, dog 

appeared to have more densely packed, smaller-sized 

Betz cells. Studies have shown pig to possess a more 

sophisticated olfactory system than dog. These 

differences could be related to their behavioral 

differences with respect to cognitive functions. 

Therefore, structural differences exist in some structures 

involved in cognition and learning in pig and dog. It is 

recommended that histomorphological and 

histomorphometric studies of other structures that play 

roles in cognition and learning should be studied and 

compared in dog and pig such as the hippocampus, 

olfactory bulb, the retina, etc, as these structures could 

give more insight into the neuroanatomical basis for the 

higher IQ of pig compared to dog. 
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