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Abstract 
In this paper we described a morphometric comparison of lactating mammary glands of pigs, depending on their 
location. As experimental animals were used five pig breeds White Meat at the age of 24 months. Anatomical 
dissection and sampling of the mammary glands of thoracic, abdomen and pubic udders for histological processing 
and subsequent quantitative morphometric evaluation were taken after killing the animals. It was found that 
glandular parenchyma, stroma connective tissue and adipose tissue in the mammary glands of the thoracic, abdomen 
and pubic udders quantitative evenly distributed regardless of udder location. It was found that the epithelium, 
lumen, collagenous tissue and loose connective tissue in the mammary glands of the thoracic, abdomen and pubic 
udders of swine quantitative evenly distributed regardless of their location. The average size of glandular alveolar 
parenchyma varied from 122.46 μm ± 45.73 μm to 138.47 ± 33.16 μm, which were not found statistically significant 
differences of the average size of alveoli between udders. The average abundance of the alveoli in the 1 cm3 of tissue 
of the mammary glands was 226 933, 08 161 ± 136.27, because not all the alveoli were the same size. There was no 
difference in abundance of the alveoli between udders. It found the percentage of small, medium and large alveoli. 
Also, the relative volume of the walls (epithelium) and cavity (lumen) alveoli is balanced in all udders and unrelated 
to their location. Negative correlations between the abundance and size of the alveoli were found.  
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1. Introduction 
 
Pig udders (mammae suis) are located in two 
parallel rows on the ventral side of the body in the 
thoracic, abdomen and pubic area. In each row are 
6 to 8 udders, each containing 2 to 3 mammary 
glands [1, 2]. Histological structure of the 
mammary glands in pigs during lactation deal with 
some authors only marginally [3], most of the 
work deals with the metabolism [4] and diseases 
[5]. In pigs, the one not addressed by comparing 
the histological structure of the thoracic, abdomen 
and pubic mammary glands. These data are rare in 
other species except rabbit and domestic ferret [6]. 
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2. Materials and methods 
 
As experimental material five sows of White Meat 
breed at the age of 24 months were used. All pigs 
were at the stage of lactation (4 weeks after 
farrowing). Samples for histological and 
histochemical analysis of the glandular 
parenchyma of thoracic, abdomen and pubic 
udders were taken. Samples (size 1cm3) were 
frozen in liquid nitrogen and cut on freezing 
microtomes Cryo-Cut (USA). Slides thick 10 -15 
μm were stained by hemaxylín - eosin and oil red 
O to demonstrate neutral lipids [7]. Preparations 
were evaluated subjectively and quantitatively. 
Morphometric data were obtained using the TV-
camera system with Telemic and using the 
methodology developed by Uhrin and Kulišek [8]. 
The relative volume of glandular parenchyma, 
epithelium, lumen, connective stroma as a whole, 
collagenous, thin and adipose tissue in individual 
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udders according to their location were 
investigated. The average size of alveoli, their 
abundance and their relative volume and wall 
cavities were measured also. We have calculated 
the basic statistical parameters and correlations. 
The results were tested by two-factor analysis of 
variance, F-test and Scheffe test. 
 
 
 
 

3. Results and discussion 
 
Except of each structural components distribution 
of udders as a whole, which we described in the 
work of Hluchý et al. [6], we wonder whether 
there are differences between udders. Distribution 
of glandular parenchyma, connective tissue and 
adipose tissue in the mammary glands and 
thoracic, abdominal and pubic udders are shown 
in Table no.1 
 

Table 1. Relative volume (%) of glandular parenchyma, connective tissue and adipose tissue 
in the thoracic (T), abdominal (A) and pubic (P) udders in pigs during lactation 

 x (µm) ± s(µm) v % F - test Scheffe test 

G
la

nd
ul

ar
 

pa
re

nc
hy

m
a T 67.20 11.05 16.45   

A 63.63 14.44 22.70 0.37 - - 

P 63.7 13.45 21.11   

C
on

ne
ct

iv
e 

ti
ss

ue
 

T 31.68 9.50 29.98   

A 34.28 11.63 33.92 0.42 - - 

P 35.08 10.55 30.07   

A
di

po
se

 
ti

ss
ue

 

T 1.12 3.99 355.82   

A 2.09 5.51 263.97 0.20 - - 

P 1.22 4.09 334.87   

 
The table no. 1 shows the relative volumes of 
glandular parenchyma of udders are relatively 
balanced, although thoracic udders had the highest 
relative volume of glandular parenchyma.  
Analysis of variance, F-test and Scheffe test 
confirmed that differences between udders are not 
statistically significant. The relative amount of 
adipose tissue reached the lowest values, but again 
the differences between them were not statistically 
significant. It follows that glandular parenchyma, 
connective tissue and adipose tissue are 
distributed evenly regardless of location udders. A 
similar result was reached even in rabbits [9]. 
Relatíve volumes of each structural components in 
more detail we can see in Table 2. We conclude 
that the relative amount of epithelium is highest in 
thoracic mammary glands, towards the pubic 
gradually decreases. The differences are not 
statistically significant and we can conclude that 
the relative volume of epithelium in all the glands 

of the same, regardless of their location. Also, the 
relative volume of the lumen is highest in the 
thoracic mammary glands, while relative volumes 
in abdominal and pubic mammary glands are 
balanced. Differences between udders are not 
statistically significant, implying that the lumen in 
all udders had about the same size regardless of 
their location. Because the relative volume of the 
luminal epithelium is the largest in the thoracic 
mammary glands, it may mean that the size of the 
alveoli can be the greatest. The relative amount of 
collagenous tissue is highest in pubic mammary 
glands and the lowest in the thoracic mammary 
glands. Although there is between them quite a big 
difference, given the high coefficient of variation, 
this difference as well as differences between 
udders are not statistically significant, suggesting 
that the distribution of collagenous tissue is 
uniform regardless of location of udders.  
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Table 2. The relative amounts (%) of individual structural components in thoracic mammary glands (T),  
abdominal (A) and pubic (P) in porcine udders  in stage of lactation 

 x (%) ± s (%) v % F - test Scheffe test 

E
pi

th
el

iu
m

 H 19.47 3.27 16.79   

B 19.02 4.72 24.83 0.07 - - 

L 18.84 5.72 30.35   

L
um

en
 H 47.73 12.66 26.53   

B 44.61 15.,68 35.14 0.26 - - 

L 44.86 10.94 24.40   

C
ol

la
ge

no
s 

ti
ss

ue
 

H 5.08 6.28 123.69   

B 8.24 9.71 115.57 1.61 - - 

L 11.46 12.29 107.33   

L
oo

se
 

ti
ss

ue
 

H 26.60 10.01 37.62   

B 25.88 10.15 39.23 0.38 - - 

L 23.62 9.03 38.23   

A
di

po
se

 
ti

ss
ue

 

H 1.12 3.99 355.82   

B 2.09 5.51 263.97 0.20 - - 

L 1.22 4.09 334.87   

 
Relatively volumes of loose tissue are fairly 
balanced, although the largest relative volume 
reaches in thoracic udders and the volume 
gradually decreases towards the pubic. The 
differences are not statistically significant and 
therefore we can conclude that the distribution of 
loose tissue is uniform, regardless of udders 
location. Adipose tissue, as we mentioned 
previously, achieved very low relative volume 
during lactation, which is most represented in the 
mammary glands of abdominal and pubic udders 
and at least in thoracic mammary glands. The 
distribution of individual structural components in 

thoracic, abdomen and pubic udders is uniform 
and independent of their location also in rabbits 
[9] and domestic ferret. Also, we investigated 
what are the average size of alveoli and their 
abundance in each udder, the correlation between 
size and abundance as well as the relative volume 
of the alveoli. The average size is shown in Table 
3. We can see that tea biggest alveoli are present 
in thoracic mammary glands. However, 
differences were not statistically significant, 
therefore we can conclude that the size of the 
alveoli are not depends on the udders location. 

 
Table 3. The average size of alveoli (µm) in mammary glands thoracic (T), 

 abdominal (A) and pubic (P) udders in pig during lactation 
 x (µm) ± s v % min. – max. (µm) F - test Scheffe test 

T 138.47 33.16 23.95 84.64 – 192.25   

A 122.46 45.73 37.34 77.69 – 195.04 0.74 - - 

P 132.25 27.55 20.83 96.36 – 185.38   

min. – max. fluctuations of empirical values in µm. 
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The size of the alveoli is also related to their relative volume, which we see in Table 4. 
 

Table 4. Relative volume (%) walls (epithelium) and cavity (lumen) alveoli in mammary 
glands thoracic (T), abdominal (A) and pubic (P) in pig udders during lactation 

 Epithelium Lumen 
F - test Scheffe test 

x ± s x ± s 
T 30.04 8.12 69.96 8.12   
A 31.53 9.59 68.47 9.59 - - 
P 29.66 6.34 70.34 6.34   

 
The relative volume of the walls (epithelium) 
alveoli is relatively balanced and the differences 
are not statistically significant. The same is true 
for the relative volume of the cavity (lumen) 
alveoli. We conclude that the relative volume of 
alveolar epithelium and alveolar lumen is the same 
in all udders and therefore not related to their 
location. The percentage of small, intermediate 
and large alveoli is as follows. The thoracic 
mammary glands contain 23.53% small, 21.57% 

intermediate and 54.90% of large alveoli. The 
abdominal mammary glands contain 40.35% 
small, 17.54% intermediate and 42.11% of large 
alveoli. The pubic mammary glands contain 
13.46% small, 48.08% intermediate and 38.46% 
of large alveoli. 
The abundance of alveoli in each udder are not 
statistically significant differences, so the 
frequency of the alveoli is not affected by 
localization of udders (Table 5). 

 
Table 5. The abundance of the alveoli in 1 cm³ of thoracic mammary glands (T),  

Abdominal (A) and pubic (P) in pig during lactation 
 x ± s v % min. – max. F - test Scheffe test 

T 208855.81 141939.09 67.96 76831 - 610814   
A 257529.31 204972.06 79.59 75732 – 855549 0,40 - - 
PL 214414.13 133875.56 62.44 76678 - 536550   

min. – max.  … fluctuations of empirical values  
 
In either udder loses more alveoli in the 1 cm³ 
under 75 000 and not more than 860 000. Hluchý 
et al., [9] found statistically significant difference 
in abundance of alveoli between thoracic and 
pubic udders. This difference is also due for a 
significant difference in the size of the alveoli 
udders mentioned. 
 
 
4. Conclusions 
 
It was found that glandular parenchyma, stroma 
connective tissue and adipose tissue in the 
mammary glands of the thoracic, abdomen and 
pubic udders quantitative evenly distributed 
regardless of udder location. It was found that the 
epithelium, lumen, collagenous tissue and loose 
connective tissue in the mammary glands of the 
thoracic, abdomen and pubic udders of swine 
quantitative evenly distributed regardless of their 
location. There was no difference in abundance of 
the alveoli between udders. The relative volume of 
the walls (epithelium) and cavity (lumen) alveoli 
is balanced in all udders and unrelated to their 
location. 
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