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A b s t r a c t  
 

Currently, optimization of indoor microclimatic conditions in poultry houses is attracting 
considerable interest due to the intensification of broiler meat production. However, given the increase 
in flock sizes of broilers, little research has focused on the effect of microclimate parameters in poultry 
houses on the bird’s respiratory system. Insufficient air exchange in the premises can cause functional 
respiratory disorders in broiler chickens. This paper is the first to report that air circulation in closed 
poultry houses contributes to maintaining productivity and improves the histostructure and histochem-
ical properties of the tracheal wall in broiler chicks (Gallus gallus domesticus). Our work aimed to study 
the influence of different air circulation regimes in closed poultry houses on histostructure and histo-
chemical characteristic of the trachea in Ross 308 broiler chicks and their productive performance. 
The study was conducted in 2020-2021 at the LLC Chelny-Broiler poultry farm (Republic of Ta-
tarstan). Ross 308 cross broiler chicks were raised until 39 days of age in five closed premises under 
different airflow distribution and air circulation (five groups of 35 birds each). For morphometry, 525 
preparations of 175 trachea specimens from of all broilers (2500 g bodyweight) were measured. Trachea 
sections were stained by hematoxylin and eosin procedure. For histochemical studies of acidic and 
neutral mucins, sections were stained by a combined method for detecting polysaccharides using the 
Schiff-iodic acid (PAS-reaction) and alcian blue according to the manufacturer’s recommended (LLC 
Labico, Russia). In the control groups 2, 3, and 4, there was no air circulation; in the experimental 
groups I and V, circulation was provided by forced ventilation, capacity of 8.5 thousand m3/h (SF-
550-02, AgroKurs, Russia). Ventilation was run at the 10 day-age of the broiler chicks. Insufficient air 
circulation in the poultry rearing rooms caused destructive changes in the tracheal mucous membrane, 
i.e., its own lamina proliferation, edema, a decrease in the height of the epithelium, and destruction 
of cilia. This led to metaplasia of the epithelium and disruption of mucociliary transport. The thickness 
of the mucous membrane and its own lamina was minimum in the experimental group 1 (147.2±3.3 
µm and 129.1±3.1 µm, respectively) and maximum in the control group 3 (404.7±9.4 µm and 
395.7±9.4 µm) (p ≤ 0.01). The thickness of the tracheal epithelial layer significantly increased in the 
experimental groups 1 and 5 (by 14 % on average) compared to the control groups 1, 2, and 3 (p ≤ 
0.01). The lack of indoor air circulation led to a significant decrease in the height of cilia in the control 
groups 2, 3, and 4 (by 39.5, 58.1, and 67.5 %, respectively) as compared to the experimental groups 1 
and 5. The increase in birds’ bodyweight at 5 weeks of age in the experimental group 1 increased 
compared to the control groups 2, 3, and 4 by 6.5, 3.2, and 7.1 %, respectively (p ≤ 0.05). The 
histochemical characteristics suggests the presence of simple multicellular endoepithelial glands in the 
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tracheal epithelium layer of birds. Thus, with the provision of proper air circulation in an enclosed 
space, the thickness of the mucous membrane and its own lamina decreases, and the thickness of the 
epithelial layer and the height of the tracheal cilia increases. These characteristics are indicative of 
proper airexchange in the poultry houses.  

 

Keywords: Gallus gallus, trachea, histostructure, tracheal mucosa, ciliated epithelium, mi-
croclimate, air circulation, ventilation system, respiratory tract, histochemistry, PAS-reaction, al-
cian blue 

 

The morphofunctional structure of mammalian respiratory systems has 
been studied well, in particular the morphogenesis of ciliary and ciliated epithe-
lium [1-3], the mechanisms of the mucociliary apparatus [4, 5], whereas the res-
piratory anatomy of birds remains relatively understudied [6, 7]. Earlier research 
has covered the histological structure of respiratory tracts in various avian species 
[8, 9], including tracheal and laryngeal morphology of quails [10], broilers [11], 
turkeys [12], and guinea fowls [13, 14], as well as the lungs and air sacs of geese, 
turkeys, chickens, and ducks [15]. 

Avian respiratory systems maintain gas exchange and temperature home-
ostasis in the body. The trachea carries air from the larynx to the lungs, moistens 
and warms up such air while also removing mechanical particles, bacteria, and 
viruses from it. Like mammals, birds’ trachea consists of a mucous membrane, 
submucosa, fibrocartilage, and adventitia [9, 16]. The mucous membrane is lined 
with multirow ciliated epithelium that consists of several cell types. Those are 
mainly tall ciliated cells that reach the edge of the layer and bear cilia on the 
apical pole. Epithelial cells also include goblet cells, which are simple unicellular 
glands that produce a mucous secretion [1].  

The ratio of cell types depends on the species, age, health status, and 
environment. Matveev et al. [11] studied the trachea in Ross 308 broiler chicks 
and found the goblet cells to be in a 1:10 ratio to the rest of the epithelial cells. 
Lamina propria, made of loose connective tissue, underlies the epithelium. It con-
tains collagen, elastic, and reticular fibers with the amorphous ground substance 
in-between [12]. Then goes the submucosa, also of loose connective tissue. Some 
authors refer to lamina propria and the submucosa as dense connective tissue [9]. 
Then follows fibrocartilage consisting of hyaline rings with dense connective tissue 
in-between. Birds have closed overlapping tracheal cartilages that can ossify in 
some species [12, 16]. The mucus secreted by goblet cells and tracheal glands is 
viscous and contains PAS-positive glycoproteins and glycosaminoglycans that are 
stained with Alcian blue [1]. Glycosaminoglycans are highly sulfated polysaccharides 
that form proteoglycans with protein molecules [17]. This mucus is on top of the 
cilia and catches mechanical particles and bacteria carried by the inhaled air. The 
ciliated apparatus, goblet cells, and tracheal glands operate in sync and make the 
mucociliary transport system in the trachea and in the bronchi, thus completing the 
defense system. Abnormalities in this system cause inflammation [1].  

As a defensive mechanism, the trachea is the first to suffer the effects of 
environmentally induced changes in, or damage to, the histological structure. 
Thus, the ciliated epithelium has been found to be able to convert into typical 
multilayered epithelium when exposed to aggressive external effects (toxic vapors, 
mechanical or thermal effects) [1]. There are reports on the suppressive effects of 
radiation on all tracheal wall elements [7], as well as on the negative carbon di-
oxide effects that cause mucosal edema [2]. Some papers note the effects of low 
temperatures on the anatomy and histology of the trachea [4, 18, 19]. 

In most cases, failure to comply with the physiological standards of poultry 
farming contributes to non-infectious respiratory diseases in broilers [20]. Respir-
atory allergies in birds might be caused not only by pathogenic microflora in the 
air-dust bioaerosol [21, 22] but also by insufficient air circulation in enclosed 
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facilities [23, 24]. 
As of today, the histological structure of the respiratory system in poultry 

has been studied well in the context of resistance to respiratory diseases [25], 
infectious bronchitis in chickens [26, 27], and laryngotracheitis virus [28, 29], air 
contamination [20], microclimate uniformity [30, 31], harmful gas concentrations 
[32, 33]; however, the histological and histochemical structure of tracheal walls in 
birds grown in enclosed facilities with different air circulation rates has not been 
studied yet.  

This paper is the first to report that air circulation in enclosed poultry 
houses contributes to maintaining productivity and improves the histological struc-
ture and histochemical properties of the tracheal wall in broiler chicks.  

The objective hereof was to determine the histological and histochemical 
structure of the tracheal wall, as well as the dynamics of live weight in Ross 308 
broiler chicks (Gallus gallus domesticus) kept in ventilated vs. non-ventilated fa-
cilities.  

Materials and methods. The research was carried out in 2020-2021 at 
Chelny-Broiler LLC (Republic of Tatarstan), which has a good epizootic status. 
Ross 308 cross broiler chicks were raised until 39 days of age in five enclosed 
facilities under different airflow distribution and air circulation conditions (five 
groups of 35 birds each, sampled by the analog-pair method). The poultry was 
kept on a deep litter. It was fed in seven phases with an all-in-one formula. Live 
weight was recorded specimen-by-specimen during Weeks 3, 4, and 5. 

Tracheae were sampled from all 35 broilers (2500 g live weight on average) 
in all of the five groups, a total of 175 samples. The samples were fixed in 10% 
formalin, then washed and poured into paraffin. Five-micrometer-thick tissue sec-
tions (three for each sample, a total of 525 preparations) were made per the stand-
ard guidelines [17], stained with hematoxylin and eosin to make review prepara-
tions. For histochemical studies of acidic and neutral mucins, sections were stained 
by a combined method for detecting polysaccharides using the Schiff-iodic acid 
(PAS-reaction) and Alcian blue staining (acidic glycosaminoglycans are stained 
blue whereas PAS-positive glycoproteins are stained purple) [17]. For more accu-
rate differentiation of glycoproteins and acidic glycosaminoglycan-containing pro-
teoglycans, sections taken from the same samples were stained with the PAS reac-
tion only. The researchers used reagent kits from Labico LLC and followed the 
manufacturer’s manuals.  

The preparations were then inspected with a Biolam M-3 optical micro-
scope (LOMO JSC, Russia) using different magnifications (15½8, 15½20, 15½40), 
photographed, and described. Epithelial thickness and tracheal cilia were counted 
using an ocular micrometer; relative values were then converted into absolute val-
ues using an object micrometer. 

In all facilities where poultry was kept, air exchange was provided by a 
supply-and-exhaust ventilation system using negative pressure. SF-550-02 circu-
lation axial fans (AgroKurs, Russia), each rated at 8.5 thousand m3/h (total ca-
pacity of 42.5 thousand m3/h) in Chambers 1 (Group 1) and 5 (Group 5) were 
installed at the same height as gas generators and placed 10.8 m away from the 
gas generator outlets, sloped at 5° down towards the poultry. Circulation fans were 
powered together with the gas generators so that air heating and circulation would 
start simultaneously. In Chamber 1, air flow from the fans went towards the ex-
haust vents whereas in Chamber 5, it went from the exhaust vents. Circulation fans 
were started once the broilers reached 10 days of age. Facilities with the control 
groups (2, 3, and 4) had no air circulation. Control groups differed in the age of 
parent flocks that the broilers were brooded by: 28 weeks in Group 2, 47 weeks in 

http://lomo.ru/
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Group 3, and 38 weeks in Group 4.  
The experiments were in line with the Guide for the Care and Use of 

Agricultural Animals in Research and Teaching, 3rd edition (Federation of Animal 
Science Societies, 2010). Everything was done to minimize the birds’ suffering and 
the number of euthanized specimens.  

Data were processed by variational statistics using Student’s t-test in Mi-
crosoft Excel 2010. For processing, the researchers calculated the means (M) and 
standard errors of the mean (±SEM). Significance thresholds were p ≤ 0.01 for 
biological values, p ≤ 0.05 for zootechnical values. 

Results. In Ross 308 chicks, tracheal morphogenesis ends on Day 35 of 
postnatal ontogenesis [11]; thus, none of the histological structure changes ob-
served were age-related. Tissue samples taken from Groups 1 and 5 differed from 
those of Groups 2, 3, and 4: they had thinner mucous membranes and laminae 
propriae. 

1. Thickness of tracheal mucosa layers (μm) in Ross 308 broilers (Gallus gallus do-
mesticus) as a function of air circulation in the facility (M±SEM, poultry house 
conditions, Chelny-Broiler LLC, Republic of Tatarstan, 2020-2021) 

Tracheal wall 
Group (n = 105) 

1 2 3 4 5 
Mucosa 147.2±3.3 267.5±4.1*  404.7±9.4* 298.1±10.5* 161.2±2.9*  
Lamina propria 129.1±3.1 253.9±4.2*  395.7±9.4*  285.3±10.4*  144.8±2.9*  
Epithelial layer 16.1±0.4 16.2±0.3  13.2±0.3*  15.1±0.3*  18.4±0.4*  
Cilia 4.3±0.1 2.6±0.1* 1.8±0.1*  1.4±0.1*  4.3±0.1*  
N o t е. See the description of groups in the "Materials and methods" section. 
* Differs statistically significantly from Group I at p ≤ 0.01. 

 

Group 1 birds had minimum mucous membrane and lamina propria thick-
nesses (147.2±3.3 and 129.1±3.1 µm, respectively), whilst Group 3 had the max-
imum values (404.7±9.4 µm and 395.7±9.4 µm, respectively) (p ≤ 0.01). The ep-
ithelial layer was significantly thicker in Groups 1 and 5 by an average of 14% 
than in Groups 2, 3, and 4 (p ≤ 0.01). Lack of air circulation in the facilities 
resulted in a statistically significant reduction in cilia height in Groups 2, 3, and 
4 by 39.5%, 58.1%, and 67.5%, respectively, against Groups 1 and 5 (p ≤ 0.01), 
see Table 1. 

The thickness of the epithelium and height of the cilia correlate positively 
with the ability of the mucosa to retain particles of inhaled air. As organelles of 
movement, cilia have an important role to play in protecting the respiratory tract 
from exogenous particles; they are also involved in nonspecific immune responses 
[1]. A statistically significant increase in cilia size in the air-circulated groups was 
a sign of better growth conditions. The cilia size did not correlate with the thick-
ness of the epithelium.  

Micrographs of the tracheal wall histostructure are shown for Groups 1, 
5, and 3 based on the minimum and maximum values.  

Histological testing confirms the existing data on the tracheal wall struc-
ture (mucous membrane, submucosa, fibrocartilage, and adventitia [9, 16, 34]. 
The mucosa, in turn, consisted of multilayer ciliated epithelium and lamina pro-
pria of loose connective tissue. Beside the fibrous component and the amorphous 
ground substance, it also contained cellular forms characteristic of this tissue type, 
as well as leukocytes. The submucosa consisted of loose connective tissue, the 
fibrous component being predominant, which is also in line with earlier reports 
[9, 11-13]. Fibrocartilage consisted of closed hyaline cartilage rings and dense 
connective tissue in-between. Due to the anatomical overlapping of tracheal rings, 
sections (cuts) of two adjacent rings were visible in the preparation. Adventitia 
consisted of loose connective tissue, see Fig. 1.  
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Fig. 1. Histological structure of the tracheal wall in Ross 308 chicks (Gallus gallus domesticus) of Group 
1 kept in a ventilated facility (A), and Group 3 kept in a non-ventilated facility (B): 1 — the mucous 
membrane; 2 — the fibrocartilage; 3 — the tracheal lumen; 4 — mucous glands; 5 — epithelium; 6 — 
lamina propria (poultry house conditions, Chelny-Broiler LLC, Republic of Tatarstan, 2020-
2021). Staining with hematoxylin and eosin, magnification ½15½20, a Biolam M-3 micro-
scope (AO LOMO, Russia).  

 

Complex PAS reaction and Alcian blue staining of sections made it pos-
sible to trace the distribution of acidic glycosaminoglycans and PAS-positive gly-
coproteins in the structures of the organ wall, see Fig. 2. 

 

 

Fig. 2. Histological structure of the tracheal wall in Ross 308 chicks (Gallus gallus domesticus) of Group 
5 kept in a ventilated facility (A) and Group 3 kept in a non-ventilated facility (B): 1 — the glands; 
2 — epithelium; 3 — lamina propria; 4 — the submucosa; 5 — the fibrocartilage (poultry house 
conditions, Chelny-Broiler LLC, Republic of Tatarstan, 2020-2021). Staining with Alcian 
blue + Periodic Acid — Schiff (PAS) reaction, magnification ½15½8, a Biolam M-3 microscope 
(AO LOMO, Russia). 

 

An additional PAS reaction confirmed the localization of neutral muco-
polysaccharides, as they would sometimes be overlapped by a brighter Alcian blue 
stain. Thus, acidic mucopolysaccharides containing sulfated glycosaminoglycans 
and stained bright blue in the preparation were mainly localized in the cartilage 
and were part of the mucus secreted by both unicellular and multicellular glands. 
Additional PAS-enabled identification showed that purple-stained neutral glyco-
proteins were present in the maximum concentration in the gland secretion yet 
were much less stained in the cartilage region. In the fibrocartilage, they were 
mainly localized in the perichondrium and in the young cartilage region. The 
observed distribution of chemical groups showed the chondromucoid to consist 
more of sulfated (acidic) mucopolysaccharides rather than their neutral counter-
parts. Gland-secreted mucus was composed of acidic and neutral mucopolysaccha-
rides in an even distribution. The distribution of these substance categories in 
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other structures of the wall showed that both acidic glycosaminoglycans and neutral 
glycoproteins were present in the intercellular substance of loose connective tissue 
in moderate amounts. 

Group 5 birds had no pathological changes in the ciliated epithelium. 
Lamina propria had visible fibrocyte nuclei, a fibrous component, and an amor-
phous ground component. Single-layered multirow ciliated epithelium had tall 
cylindrical tells with cilia on the apical pole, as well as cambial cells that were 
located near the basal membrane without reaching the edge of the layer. The apical 
pole of the cells was not destroyed, see Fig. 1. In some places, the epithelial layer 
had mucus-secreting goblet cells. Beside goblet cells, the epithelial layer also con-
tained simple endoepithelial glands (see Fig. 3) as noted in [9, 12, 13]. Their 
contents had both a PAS-positive reaction and Alcian blue staining. Goblet cells 
were found as single cells and clusters alike, see Fig. 4; some studies report the 
same [4, 12]. 

Besides, lamina propria had simple tracheal mucous glands that had the 
same staining. The cilia region had more intense Alcian blue staining whereas the 
gland-secreted mucus was equally well-stained by both methods. Perhaps the near-
cilia mucus, being a more liquid fraction [4], contained more acidic mucopoly-
saccharides. Mucosal and submucosal connective tissue consisted mainly of acidic 
mucopolysaccharides, see Fig. 2. Histostructural examination of the trachea in 
Group 1 birds made findings similar to those of Group 5. 

 

 
Fig. 3. Histological structure of the tracheal wall in Ross 308 chicks (Gallus gallus domesticus) of Group 
5 kept in a ventilated facility (A, B) and Group 3 kept in a non-ventilated facility (C, D): 1 — the 
glands; 2 — epithelium; 3 — the cartilage; 4 — the cilia; 5 — lamina propria (poultry house 
conditions, Chelny-Broiler LLC, Republic of Tatarstan, 2020-2021). PAS reaction to the left, Alcian 
blue staining + PAS reaction to the right, magnification ½15½40, a Biolam M-3 microscope (AO 
LOMO, Russia). 
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Group 3 birds had noticeably thinner tracheal epithelium, see Fig. 1. 
The epithelium had local signs of metaplasia; elsewhere, it was significantly 
lower (p ≤ 0.01) than in Groups 1 and 5, with local sites of the near-complete 
absence of cilia. The tracheal lumen sometimes contained cell clusters or singular 
cells including erythrocytes, macrophages, and leukocytes that had migrated from 
lamina propria to the epithelial surface. This is in line with the reports on conges-
tion in the avian respiratory systems due to insufficient air circulation [4]. Partial 
deficit of air exchange results in an excess concentration of harmful gases, as well 
as in increased dustiness, which may cause inflammation of the tracheal wall. A 
similar effect was observed when growing broilers from 42 days of age in a poultry 
house where the air contained 100 ppm NH3/l (the experiment lasted 1 week) 
[32], as well as in an experiment where turkeys were kept in a poultry house where 
the air contained 10 ppm NH3/l [33]. The experimenters did not report on damage 
to the ciliated epithelium or goblet cells in the trachea; however, the trachea had 
suppressed mucociliary apparatus in turkey: the cilia were tangled, and some sites 
were deciliated [32, 33].  

 

 
Fig. 4. Endoepithelial glands and goblet cells in trachea of Ross 308 chicks (Gallus gallus domesticus) 
of Group 5 kept in a ventilated facility: 1 — the submucosa; 2 — endoepithelial glands; 3 — epithe-
lium; 4 — lamina propria; 5 — goblet cells; 6 — the cartilage (poultry house conditions, Chelny-
Broiler LLC, Republic of Tatarstan, 2020-2021). PAS reaction, magnification ½15½40, a Biolam M-
3 microscope (AO LOMO, Russia). 

 

The data collected in this experiment is partly consistent with the reports 
on the pathologies that are sometimes encountered in infected chicks. Thus, 
restructuring of the ciliated epithelium, catarrhal inflammation, and epithelial 
edema in the mucous membrane due to lymphocyte infiltration are observed in birds 
affected with an avian influenza virus isolate or with laryngotracheitis [28, 29]. 
Deciliation, desquamation, and alteration of ciliated epithelium cells in the trachea 
are observed in chickens infected with the infectious bronchitis virus [26, 27, 35].  
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Intense PAS reaction and Alcian blue staining of the epithelium were ob-
served when trying to identify mucopolysaccharides in Group 3, which did not 
happen in Groups 1 or 5. Lamina propria of the tracheal mucosa in Group 3 
consisted mainly of the cellular component; fibers were few. Leukocyte (mostly 
lymphocyte) infiltration of the mucous membrane was observed. The loose con-
nective tissue of the mucosa and submucosa had more glycoproteins in Group 3 
than in either Group 1 or 5, see Fig. 2. The epithelium was not intensely multirow; 
deciliation and metaplasia sites were observed. Groups 2 and 4 had a similar 
tracheal histostructure to Group 3. 

Increased concentrations of carbon dioxide in inhaled air may cause mu-
cosal edema as confirmed earlier in [2]. Mucous membrane layers in the tracheae 
of chickens infected with infection bronchitis virus strains of various serotypes 
have moderate lamina propria edema and delamination of tracheal cells with an 
increased quantity of goblet cells [26, 27].  

Goblet cells and tracheal glands are believed to secrete viscous mucus 
when exposed to local irritants; they are not innervated with adrenergic and cho-
linergic receptors [35]. Besides, goblet cells are short-lived (2 to 4 days [1]), which 
causes increased sensitivity to external effects. Thus, various local effects on the 
mucosa may cause qualitative and qualitative changes in these glands.  

The research team discovered the presence of both tracheal glands and 
goblet cells in the initial segment of the trachea in Groups 1 and 5; however, the 
balance was shifted towards the glands. These findings are in line with the earlier 
reports [9, 12, 13] that the glands are dominant in the initial sections whereas the 
goblet cells dominate the caudal trachea. The goblet cells were found as both 
isolated and clustered cells. Hystochemical staining revealed cells fully filled with 
mucous secretion; some rare goblet cells had weak staining, presumably due to 
generalized production of granule secretion, see Fig. 4. Human goblet cells have 
been described similarly [1]. Some authors note an increase in goblet cells when 
the tracheal epithelium is exposed to adverse environmental factors [4, 7, 26, 27].  

In this research, Groups 2, 3, and 4, which had insufficient ventilation, had 
less goblet cells, perhaps due to structural epithelial changes; however, they had 
more tracheal glands. This was confirmed by the increased amounts of PAS-positive 
mucopolysaccharides in the loose connective tissue around the glands. Notably, the 
control groups had significantly more acidic and neutral mucopolysaccharides than 
the experimental groups. Such histochemical and morphological changes in the tra-
cheal wall of birds whose facilities were not sufficiently ventilated could be a com-
pensatory mechanism for the recovery of mucociliary transport.  

2. Live weight (g) dynamics in Ross 308 broilers (Gallus gallus domesticus) as a func-
tion of air circulation in the facility (M±SEM, poultry house conditions, Chelny-
Broiler LLC, Republic of Tatarstan, 2020-2021) 

Group (n = 35) Week 3  Week 4 Week 5 
1 test 1047.6±10.6  1712.2±12.4  2366.9±19.2  
2 control 1080.9±10.2  1602.0±19.2* 2214.1±29.1* 
3 control 1149.3±11.7  1688.2±15.5  2290.7±18.5*  
4 control 1110.4±10.3  1591.1±10.4* 2198.2±21.0* 
5 test 1159.6±11.2  1690.1±16.5  2317.6±20.0  
N o t е. See the description of groups in the "Materials and methods" section. 
* Differs statistically significant from Group I at p ≤ 0.05. 

  

Live weight gain in broilers as affected by different air circulation con-
ditions was also studied, see Table 2. At five weeks of age, Group 1 had gained 
more weight than the birds in Groups 2, 3, and 4 by 6.5%, 3.2%, and 7.1%, 
respectively (p ≤ 0.05). At four weeks of age, Group 1 differed from Groups 2 
and 4 by 6.4% and 7.1% (p ≤ 0.05), whereas no statistically significant differences 
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had been observed until 4 weeks of age. 
These findings confirm the fact that air circulation in enclosed facilities 

affects the histostructure and the histochemical status of the tracheal wall in Ross 
308 broilers. Insufficient air circulation in growing chambers causes destructive 
changes in the tracheal mucosa, which manifest as the growth of lamina propria, 
edema, reduced epithelium height, destruction of cilia, and lower productivity. 
This causes epithelial metaplasia and disrupts mucociliary transport. Air circula-
tion in enclosed facilities reduces the thickness of the mucous membrane and 
increases the height of the epithelial layer and tracheal cilia. The benefits of air 
circulation in enclosed poultry houses are reliably evidenced by a 2.6x reduction 
in tracheal mucosa thickness (by 61.9%), a 2.9x reduction in the lamina propria 
thickness (by 65.4%), a 1.3x thickening of the epithelial layer (by 23.3%), and a 
3.1x increase in cilia height (by 67.5%), as well as an up to 7.1% increase in live 
weight gain. The obtained histological preparations suggest that the epithelial layer 
in birds contains simple multicellular endoepithelial glands. The described changes 
in the tracheal wall histostructure could indicate unfavorable poultry house con-
ditions. Broiler crosses do not take long to grow; thus, investigations of longer-
term effects of high gas and dust concentrations in the air need to involve other 
poultry groups, e.g., the parent flock.  
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