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Summary 

 
Our study focuses on a wild animal species which comes from Africa and is kept by 

circuses and zoos. The giraffe (Giraffa camelopardalis) is a ruminant with a very particular 
evolution leading to interesting morphologic traits which have not yet been well studied in our 
country. This research catalogues the main features registered in the thoracic limb skeleton 
of the giraffe, by comparing them to those of the bovines. The research was carried out in 
the Comparative Anatomy Laboratory of FMV Cluj-Napoca, on one giraffe skeleton, obtained 
through the usual procedures of dissection and treatment, and several cow skeletons from 
our museum collection. The most important differences between the two species were noted 
in the scapula, the humerus, the ulna, the radius and the metacarpal piece, with the giraffe 
skeleton on the whole being lean, delicate and elongated compared two that of the cow. 
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The present study proposes to highlight the main features of the thoracic 
member skeleton of the giraffe, compared to that of bovines. 

The giraffe (Giraffa camelopardalis) is one of the two species of the 
Giraffidae family, along with the Okapi. This family has been a lot more complex in 
the past, containing more that 10genera, now fossils described by modern 
archaeologists. 

The giraffe has evolved from one meter to three meters in height, and was 
similar to the antelopes that roamed across Europe and Asia approximately 30-50 
millions of years ago (4). An older giraffid, Climacoceras, was been known to exist 
in the early Miocene. It resembled a stag, having hornes as big as the antlers of 
modern days deer. Later periods include the genera Palaeotragus and 
Samotherium, which appeared in the middle Miocene. They had a great wither 
height and had developed simple ossicones (unbranched antlers), similar to those 
of the modern giraffe, but had a still relatively short neck. By the end of the 
Pilocene, the variety of giraffids was drastically reduced to only two surviving 
species.  

The modes genus Giraffa, which evolved from the Pliocene period, 
includes a number of other longnecked species, such as Jumae Giraffa, which did 
not survive to present days (3). 
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The giraffe (Giraffa Camelopardalis) is an ungulate African mammal, the 
tallest land animal of all existing species, and the biggest living ruminant. Its 
scientific name, which is similar with the archaic English name of camelopard, 
refers to its irregular spots of a darker shade on a light background, which can be 
compared to leopard spots.  
 

Materials and methods 
 
Investigations were made on the thoracic members from one giraffe 

brought in for treatment to the Faculty of Veterinary Medicine of Cluj-Napoca, by 
the Circus Globus, and which could not be saved.  

The thoracic members were detached from the trunk and then dissected in 
detail, followed by the removal of all the soft tissues from its bones. The 
mechanical cleaning was continued by the standard anatomical treatment of each 
osseous piece separately. Finally pictures of the bones were taken and the thoracic 
member skeleton was assembled.  

The bovine skeletons used for comparison belong to the Anatomy Museum 
of the Faculty of Veterinary Medicine of Cluj-Napoca All the studies were performed 
in the Comparative Anatomy Laboratory of FMV Cluj-Napoca. 

 
Results and discussions 

 
The skeleton of the thoracic member develops from a primordium which 

appears on the lateral sides of the embrio, at the level of the last four cervical 
segments - somites, and of the first thoracic somite.  

The scapula has the scapular spine slightly twisted, with a reduced and 
elongated tuberosity, ended ventrally by an acromion. The ratio between the two 
fossae is 1 to 3, and the surfaces of the serratus ventralis muscle, poorly 
underlined, delimit a wide and shallow subscapular fossa (1). The thoracic border, 
thickened and flattened cranio-caudally, presents surfaces for muscle insertion. 
The glenoid cavity is rounded with a large glenoid notch, and presents in its vicinity 
a reduced supraglenoid tubercle, with a reduced corracoid process. 
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Fig. 1.The scapula of the giraffe: A. Lateral view, B. medial view 

  
In the giraffe, the scapula presents an elongated body with a roughly 

triangular shape. The thoracic and dorsal borders are much more elongated and 
are not linear. The dorso-cranial border has a concave profile (Fig.1, A), and the 
thoracic border has a helicoidal shape. The scapular spine separates the lateral 
face in tow surfaces, with a 1 to 3 ratio. In the studied individual, the scapular spine 
rises and descends progressively, without a visible acromion. The glenoid cavity 
has an ovoid shape, similar to that of cows. The supraglenoid tubercle is simple 
and tuberous. On the medial side, the scapula presents well developed triangular 
surfaces for muscle insertion (Fig1, B). 

The bovine humerus distinguishes itself from that of the other large 
animals, having a very well developed cranial greater tubercle, is bent over the 
intertubercular groove (2). The lesser tubercle is poorly developed. The spiral 
groove is large and shallow; the deltoid ridge is reduced, continued proximally by a 
well shaped anconeal ridge. The insertion surface for the infraspinatus muscle has 
a circular contour. The distal articular surface is obliquely cut, the trochlea having a 
very large medial lip. The lateral epicondyle is very thick, and the olecranon fossa 
is large (1, 2). 

B A 
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Fig. 2. The humerus of the giraffe 
In the giraffe, the humerus is longer and thinner (Fig.2). The non articular 

elements are not shaped, underlining only a greater and a lesser tubercle and a 
relatively developed bicipital groove. The humeral head is well shaped, similar to 
that in bovines. On the diaphysys, we have noticed a poorly developed deltoid 
tubercle and of the teres tubercle. The spiral groove is also shallow. The general 
aspect of the distal epiphysis suggests an accentuated projection of the axis of the 
bone in the caudal direction, so that the trochlea and the condyles have a much 
more elongated basis compared to the axis of the bone. 

The radius presents a widened proximal extremity, with three glenoid 
surfaces sculpted on it: a very large medial one, a deep median one and a narrow 
lateral one. On its contour there is a well marked coronoid process, laterally flanked 
by a secondary coronoid process. The body of the radius presents on the lateral 
edge of the volar surface synostosis with the ulna, interrupted at the level of the 
arcades (1, 2). The neck of the radius appears polished on the medial side by a 
small tendon, and the bicipital tuberosity is long and faint. On the articular 
circumference there are two flat surfaces for the ulna. The distal extremity is 
obliquely cut and presents two glenoid fossae. Two inclined condyles and two small 
digital fossae situated in the back of the condyles. The tendinous grooves are pooly 
marked and the styloid process is well developed. 

 

 

Fig. 3. The ulna and the radius of the giraffe 
 

The ulna articulates to the radius on all of its length, forming two radio-
ulnar arches – proximal and distal – united on the lateral face through a groove (1, 
2). The olecranon is massif, long, with more pronounced tuberosity and its summit 
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is medially deviated. The styloid process is very well marked and exceeds the 
length of the radius. 

The radius of the giraffe has an elongated linear shape, compared to its 
proportions in the cow radius (Fig.3). On its proximal epiphysis there are 3 articular 
surfaces. The medial one is L shaped, different from that of the bovines, which is 
shaped as a crescent moon. The bicipital groove is shallow, which is also 
encountered in the large ruminants (a longer and poorly underlined groove). On the 
distal articular surface, there is a similitude of the placement of articular elements, 
in the sense of similar entities being present in both species: two glenoid fossae 
and two condyles obliquely placed. It also presents two small fossae placed 
towards the exterior, in a latero-medial direction, erasing the elongated aspect seen 
in bovines, and giving them the appearance of squarely shaped grouped surfaces. 
The tendinous groove of the cranial distal face of the radius is more strongly 
shaped, proportionally longer, limited by two roughly same sized lips. 

Because of the incomplete ossification of the tuberosity, we cannot 
distinguish the particular aspects of the ulna. The articular surface of the olecranon 
is similar to that of the bovines (Fig.3). The two surfaces corresponding to the 
olecranon fossa appear slightly different, in the sense that the lateral surface is 
much more broadened in the latero-medial direction (where we encounter an ovoid 
surface). This aspect conveys to it a rectangular aspect. 

The carpal bones are situated between the radius and ulna proximally, 
and the metacarpal bones distally. They are placed in two rows: scaphoid, lunate, 
triquetrum, pisiform, trapesium, trapezoid, capitate and hamate (1, 2). 

 

 
Fig. 4. The carpal bones of the giraffe 

 
In the giraffe, the carpal bones are very similar to those of bovines. We 

have noticed that from the point of view of dimensions, they are proportionally 
bigger, being twice as voluminous as those of bovines (Fig.4).  

The metacarpal bones 3 and 4 are developed, and 5 is rudimentary. The 
main metacarpal bones 3 and 4 are sutures to each other forming one osseous 
piece (1, 2). Along the intermetacarpal suture, we have distinguished a longitudinal 
groove (coalescence line). At this level, there are the openings of two interosseous 
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conducts – proximal and distal. The distal epiphysis presents two articular surfaces 
for the second row of carpal bones. 

 

 

Fig. 5. The metacarpal bone of the giraffe 
In the giraffe, the metacarpal bones are sutured to each other and appear 

as a single piece, proportionally much longer than wider, being twice as long as 
those of bovines (Fig.5). The diaphysis region is remarkably delicate compared to 
that of the cow. Also, the coalescence groove is less well marked than in bovines. 
The proximal and distal interosseous spaces are well contoured. The proximal 
surface is similar to that in bovines, but is more elongated in the antero-posterior 
direction. In the distal extremity, the giraffe presents the same four condylar 
formations, separated two by two,, by a medial element and a median separating 
groove. 

The thoracic acropodium of the cow comprises the phalanges which form 
the skeleton of the fingers. In principle there are 3 phalanges for each digit - 
proximal, middle and distal and other three palmar sessamoid bones (1, 2). 

The first phalanx is transversally flattened and presents a flat contact face 
for its neighbour, the eccentric and dorsal faces continuing it, the volar face 
irregular due to insertion surfaces. 

The second phalanx is prism shaped, with a triangular shaped section, its 
concentric face rugous, and the eccentric one smooth. 

The third phalanx presents 4 faces - concentric, eccentric, palmar and 
articular, having the processus extensorius flanked on each side by a vascular hole 
. The palmar face lacks the crescent ridge and the palmar notches. The axial face 
is relatively flat and perforated by vascular holes. It presents a superficial groove 
which ends at the level of a vascular hole. The abaxial face, porous and convex, 
presents a small prepalmar hole and a less visible prepalmar notch. The crescent 
sinus opens at the base of the processus extensorius, near the caudal angle of the 
phalanx.  
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Fig. 6. The phalanges of the giraffe 

 

Similar to the bovines, the giraffe presents two tows, each with three 
phalanges (Fig.6). The phalanges have no particular distinct features, the 
differentiation between the species requiring osteometry measurements. 

 
Conclusions 

 
The scapula of the giraffe has a triangular appearance, with its body and 

its thoracic and dorsal edges more elongated than in the bovines. Its edges are not 
linear, and furthermore, the cervical edge is concave. 

The proximal epiphysis of the humerus with its non articular elements is 
poorly outlined and small. The bicipital groove is less evident. The deltoid 
tuberosity and teres tubercle of the diaphysis, are poorly developed, almost wiped. 
The distal epiphysis presents a caudal pronounced projection of the humeral axis, 
so that the trochlea and the condyle have a much wider base. 

In the radius, the proximo-caudal articular surface is L shaped in the 
giraffe, while in the cow it is crescent shaped. The bicipital tuberosity is small. 
Distally, there are present two non-articular fossae with a latero-medial direction, 
which erase the elongated appearance of the distal epiphysis found in bovines,  

The ulna of the giraffe presents a lateral diarthrodial surface, 
corresponding to the olecranon fossa, is extended latero-medially and gives it a 
rectangular aspect. 

The carpal bones of the giraffe are in an equal number those of bovines, 
but almost twice as large.  

The metacarpal bones 3 and 4 are sutured all along their length, delicate 
and twice as long as those of bovines. The proximal and distal interosseous 
conducts are very well defined. 

The phalanges of the giraffe do not present distinctive features by 
comparison to those of bovines, differentiation between the two species requiring 
osteometry measurements. 
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Summary 
 

At the domestic fowls Harder’s gland represents the most important congestion of 
lymphoid tissue from the head’s level. This gland makes part of what we know as 
“conjunctive associated lymphoid tissue (CALT)” and is being structured since embryonic 
period. The researches were made on two domestic fowls species – domestic chicken and 
Japanese quail. The fowls’s age has been contented between 4 days and 52 weeks and has 
been used 5 samples from each species. The birds came from collectivities in which had 
been applied anti-infective prophylaxis national program (1,2,4,6,7,8). In order to study the 
morphotopography of the Harder’s gland at the domestic fowls there has been used the 
regional stratigraphic dissection and the microscopic research as investigation methods.  

Key worlds: Harder’s gland, chicken, Japanese quail, topography, morphology 
 
At the studied fowls species the Harder’s gland has an oval form, a color 

that is closed of the eyeballs musculature, but is differentiating from this at a 
carefully examination in that the gland has the surface easy bosel, the musculature 
appearing like a fibrillary structure, being longitudinally ribbed (3,5,9,10,11). The 
Harder’s gland at the domestic fowls appears like a tubulo-alveolar type of gland 
covered with a conjunctive smooth capsule. The capsule sends many septumes 
(bays) in parenchyma that delimitate spaces in which is found a reach vascular 
network. The glandular component is composed by tubulo-serous acinus grouped 
in lobules. The acinus epithelium is tall, prismatic, flanked by mioepithelial cells. 
The intra and interlobular canalicular system is represented by excretory channels 
lined with a cubic epithelium. The excretory channels are surrounded by 
lymphocytes and plasma. 

 
Materials and methods 

 
The researches were made on two domestic fowls species – domestic 

chicken (Gallus domesticus) and Japanese quail (Coturnix coturnix japonica). The 
fowls’s age has been contented between 4 days and 52 weeks. There were used 5 
samples from each species. In this study were used 10 fowls with different ages, 
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sex, maintenance and race, with origin so from intensive-industrial growth unites, 
and from particular breeders. For this study were used only conventional fowls 
which were subjected at the anti-infective prophylaxis actual program (only the 
chicken from intensive growth unites). 

The studies were made on fresh bodies come from this fowls that had been 
sacrificed by intrabulbar injection with Xilina sol. 4% and then blooded by vessels 
cutting from cervical section. In order to study the morphotopography of the 
Harder’s gland at the domestic fowls there has been used the regional stratigraphic 
dissection and the microscopic research as investigation methods. 

The studing, description and assimilation of the formations were done 
according with Nomina Anatomica Avium – 1993 and with Nomina Anatomica 
Veterinaria – 2005. 

 
Results and discussions 

 
At all studied fowls species the Harder’s gland has a particular topography 

and morphology, different from that of mammals (Fig. 1). 

 
Fig. 1. Harder’s gland topography (1) and lacrimal gland topography (2) at the 

Japanese quail (A) (authentic scheme) 
 

At the fowls the gland appears like the third eyelid different anatomical 
formation. Because of this aspect the name “gland of nictitating membrane” is 
unpropperly for fowls. From topographic side of view the Harder’s gland is deep 
situated in the orbital cavity came into contact with the orbit’s medial wall (through 
his medial face) and with medial right muscle and intern oblique muscle ( through 
his lateral face). The gland’s lateral face is intersected by the dorsal branch of the 
palatine nerve from the eight pair of the spinal nerves. The palatine nerve is the 
homologous of the superficial great rocky nerve from the mammals. Because of 
this deep position the Harder’s gland stays inside of the orbit when it proceed to 
eyeballs enucleated.  

At the studied fowls species the Harder’s gland has an oval form, a color 
that is closed of the eyeballs musculature, but is differentiating from this at a 
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carefully examination in that the gland has the surface easy bosel, the musculature 
appearing like a fibrillary structure, being longitudinally ribbed. From the rostral end 
of the Harder’s gland emerges an unique excretory channel with a medium length 
of 5-10 mm (according to species), channel that is opening in eye’s rhinal angle in 
the fornix delimitated by the conjunctive at its passing from the nictitating 
membrane in order to continuing with the anterior face’s epithelium of the cornea.  

The size of the Harder’s gland size are different at studied species. So that, 
at the adult chickens the gland is situated beside 1,7-1,8 cm length, 0,7-0,8 cm 
width and 0,2-0,3 cm thickness. At the Japanese quail the sizes are situated beside 
0,4-0,6 cm length 0,2-0,3 cm width and 0,2-0,25 cm thickness. The Harder’s glands 
color varies in relation to species, appearing pale-pink to yellow-pink at the chicken 
and red-pink at the Japanese quail. 

In order to open the orbital cavity and to enter in the deep is removing the 
eyelid by sectioning on the orbit bony contour, the third eyelid being kept intact. In 
this way the eyeball is mobilized and can be rostraly moved in order to enter behind 
it and to section the aboral insertions of the eyeballs muscles and the visual nerve. 
After this maneuvers the ocular bulb can be removed from the orbit and so is 
largely discovering her medial wall. It is examining the medial wall of the cavity and 
is identifying the Harder gland that can be in this way dissected and isolated from 
the muscular tissue, periorbite and the Tenon capsule and then harvested in the 
histological study. 

The Harder’s gland at the domestic fowls appears like a tubulo-alveolar 
type of gland covered with a conjunctive smooth capsule. The capsule sends many 
septumes (bays) in parenchyma that delimitate spaces in which is found a reach 
vascular network. The glandular component is composed by tubulo-serous acinus 
grouped in lobules. The acinus epithelium is tall, prismatic, flanked by mioepithelial 
cells. The intra and interlobular canalicular system is represented by excretory 
channels lined with a cubic epithelium. The excretory channels are surrounded by 
lymphocytes and plasma. The central channel is lined in the first portion with a 
bilayer epithelium, than squamous pluristratified type. This epithelium is crossed by 
lymphocytes and plasma. In the glandular interstitium are found lymphocytes, 
plasma, Langerhans cells, macrophages and mastocytes. Some plasmas cross the 
basal membrane and reach through the cells of the secretive epithelium and even 
in the alveoli’s lumen. 

It is noticed at chickens a lymphocytes and plasmas population growth, 
correlated with the actual vaccinations applied at this species, (ocular instillations 
and/ or vaccinations through aerosol with live strains). It is noticing at this species 
the organization of the germinating centers composed by lymphoblast. This 
germinating centers are surrounded by plasmas.  
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Fig 2. The Harder’s gland at the Japanese quail, six weeks old (H.E., ob.4). 

Lymphocyte infiltration under the central channel’s epithelium and interacinar 
infiltration (original) 

 
 

Fig.3. The Harder’s gland at the Japanese quail, six weeks old (H.E., ob. 20). 
Lymphocyte infiltration under the central channel’s epithelium and interacinar 

infiltration (original) 
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Fig. 4. The Harder’s gland at the chicken, three months old (H.E.A., ob.4). 
Lymphocyte infiltration under the central channel’s epithelium and interacinar 

infiltration (original) 

 
Fig. 5. The Harder’s gland at the chicken, three months old (H.E.A., ob.20). Central 

channel with vague lymphocyte infiltration (original) 
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Conclusions 

 
The Harder’s gland at the domestic fowls presents characteristic 

topography and morphology, different at all from the mammals, so that the glands 
name of the nictitating membrane (the third eyelid) is improper. The Harder’s gland 
at the fowls is much more developed than the lacrimal gland. 

The Harder’s gland appears like a tubulo-alveolar type of gland which, 
because of her development comparing with the lacrimal gland, has a major role in 
the production of the secretions that assuring the eye protection since hatching 
moment. 

The Harder’s gland populations of lymphoid cells, that start before the 
hatching and continue on the first weeks of life, give to the gland histofunctional 
aspect closed to lympho- epithelial organs. 

The numbering growth of the lymphoid cells is influenced by antigenic 
stimulation (especially after the vaccinations at the fowls with live vaccine strains by 
ocular instillations or by aerosol), situation in that starts to organize the germinative 
centers composed by lymphoblastes. 

The reactivity of the Harder’s gland of the antigenic stimulation allow at the 
fowls assessing of the effectiveness of some immunostimulating (vaccinations) by 
the fast making histological samples (smears, prints). According to position 
structure and activity the Harder’s gland does an important role in realizing the 
immune mechanisms at the domestic fowls’s cephalic segment, supplying the 
absence of lymphonodes. 
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Summary 
 

  The fish skin structure is different among the species and even between individuals. 
Fish do not have a keratin layer over the epidermis. A cuticle composed of mucus, 
mucopolysaccharides, immunoglobulins and free fatty acids covers these animals. 

The dermis is composed of an upper stratum spongiosum and a deeper stratum 
compactum. Numerous melanophores, xanthophores, and iridophores (give fish their silvery 
color) are observed scattered throughout the dermis. The trout skin indicated the 
cooperation between melanophores and iridophores in forming skin coloration. 
Melanophores in trout skin form complexes with globular and elongated iridophores. 

Scales are calcified plates originating in the dermis and covered by the epidermis. 
There are cycloid scales.  

Key words: rainbow trout (Oncorhynchus mykiss), skin, histology 
 
The fish skin in general is different from mammals as they are covered by 

thick epidermis, having or not scales and sebaceous glands. The dermis is 
composed by thick collagen sheaf, disposed perpendicular to the surface in many 
fish species (10, 11). 

The teleosteos dermis organization shows that this skin layer is 
constituded by a conjunctive tissue in which there are colagen fibers predominance 
(6). This skin shows in the majority of times two sublayers: the more superficial 
one, located under the basal membrane, which is made of a narrow connective 
tissue piece (superficial dermis) the internal layer, composed by conjunctive tissue 
modulated and dense in which collagen fibers are oriented in only one direction 
(compact dermis, deep dermis or reticular dermis) (2,3,6). 

 
Materials and methods 

 
Histological studies were made on 10 rainbow trout (Oncorhynchus 

mykiss), on skin samples from dorsal and ventral region. 
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Fragment samples from the skin were taken out and put in buffered formaline 10% 
solution for 24 hours. After fixation, the fragments were processed according to 
common methodology and included in parafin. The 5-7µm esperssura cuts were 
stained with Haematoxiline-eosine, Periodic Acid Schiff and Alcian blue - Periodic 
Acid Schiff, to describe the general skin histology. 
 

Results and discussions 
 

The epidermis from the dorsal region is composed of a stratified squamous 
epithelium of variable thickness (10-13 cells layers). The outermost epidermal cells 
(Malpighian cell layer) retain the capacity to divide. Other cells in the epidermis are 
goblet cells (responsible for secreting the cuticle), large eosinophilic club cells or 
alarm cells (present in most species of fish), eosinophilic granular cells (unknown 
function) leukocytes and macrophages.  

The dermis from the dorsal region is narrow with collagen fibers of medium 
size and parallels to the epidermis. Among the horizontal colagen fibers vertical 
fibers were observed that initiate in the dermis surface (near the frouxa dermis) and 
these fibers go until inferior region of it (fig.1). The medio-lateral line region 
epithelium had variable thickness (10-15 cells thick), dermis was thicker and the 
collagen fibers showed themselves in disorganized location, waved and from place 
to place vertical fibers were observed (table 1). 
 

Table1 
Skin thickness in rainbow trout (Oncorhynchus mykiss) (µm) 

  Epidermis Dermis Hypoderma Chromato-
phores 

Dorsally  45 - 56 98 -101 25 - 35 100 – 125 

Ventrally 35 - 50 100 - 115 45 - 55 106 - 115 

 
Under the dermis there is a laxe connective tissue and adipous tissue. 
The colour of fish may be structural or chemical. Structural colour is based 

on light refraction and reflexion, giving a green or blue colour. Chemical colour is 
gived by pigmentary cells and substances. Young pigmentary cells are able of 
amoeboidal, mouvements and shape changes.  
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Fig. 1. Trout skin. Epidermis, dermis and hypoderma from the dorsal (left) and 

ventral region (right). A layer of pigmentary cells at the jonction between dermis 
and hypodermis (1) HEA stain x60 (1), PAS stain x60 (2);. 

 
From pigmentary cells chromatophores give the brown-blackish colour 

(melanophores), red and yellow (xantophores), while iridophores – miror cells 
containing guanir, from lucophores, gave silverish colour. Pigments can be found 
into the skin but also in internal organs. Fish colour varies on the age, sex, health 
status and environmental conditions, including sun light. 

The ventral dermis region showed itself narrower in relation to the dorsal 
line dermis (fig. 2). These ones are disorganized, waved and there are few vertical 
fibers (fig. 2). 
 
 

  
Fig. 2. Trout skin from ventral region (left). Mucous cells generated from basal layer 

are increasing to the surface on dorsal region (right). Alcian blue-PASx60 (3). 
PASx400 (4) 

 
The examination of trout skin indicated the cooperation between 

melanophores and iridophores to generate skin colouration. Melanophores in trout 
skin form complexes with globular and elongated iridophores. The dendritic 
melanophore processes, which encompass the globular iridophores (fig. 3), absorb 
the incoming light before it reaches the reflecting platelets of iridophores and, in 
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consequence, the skin takes on a dark colouration. In the bright skin, clusters of 
globular iridophores are associated with aggregated melanophores, which results 
in the exposition of iridophores to light and producing of bright colours.  
Similarly to the melanophore, iridophores complexes present in the stratum laxum, 
the elongated iridophores in the hypodermis were also observed in close 
association with melanophores in various physiological stages (fig. 4). 
 

  
Fig. 3. Trout skin, dorsal (left) and ventral region (right). Many melanophores 

agregated in dermis (left) and intraepidermic (right). HEA x 200 
 

  
Fig. 4. Trout skin. A layer of pigmentary cells at dermo- hypodermal jonction (left). 

HEA x 90. A melanin vesicle in dermis (right). HEA x 400. 
 

Trout, similar to other salmonids, assume nuptial coat manifested as 
change of skin colour, just before and during the spawning season. The coloration 
of the skin is in this time darker and more intensive. Histological examination of 
skin samples collected during spawning season revealed increases in the 
concentration of chromatophores in the dermis (fig. 5). The pigment translocation 
could be under hormonal or neuronal control. 
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Fig. 5. Trout skin. Many elongated or globular iridophores and small xantophores at 

dermo- hypodermal jonction. PAS- Alcian blue x200.  
 

The skin fish is divided in two layers: the epidermis and the dermis (papilar 
and compact). The epidermis functions, according to many authors (3, 7) act as a 
protection barrier not allowing the organism invasion by different patogens (1); 
regulate the ions fluid permeability, reduce the water and body atrict, making it 
easier, in this way, the animal movements and protect the corporal surface from 
mechanic abrasion (2, 7, 8,12). These two last functions are related to the mucus 
production of the epidermis by mucous cells (8, 12). 

The fish skin structure is different among the species and betwen individual 
(9). The escama or skin fish compact dermis, is similar in different species, as 
these are composed by a dense conjunctive modelated tissue and the predominant 
collagen fibers generally are oriented and thick (3, 6).  

Dermal chromatophore units discovered in the skin of amphibians and 
reptiles consist of xanthophores, iridophores, and melanophores (4, 5, 12). 
According to the dermal chromatophore unit concept (6), the dispersion of melanin 
granules in melanophores may modify bright colors imparted by light reflecting 
iridophores through obscuring iridophore cells. In dispersion state of melanophores, 
the animal skin is dark (4, 6, 12). The aggregation of melanin granules in 
melanophores uncovers the iridophore cells, which scatter and reflect light to the 
xanthophore layer above. Xanthophores filter the light and create tones of the skin 
(4, 5, 6). The histological analysis revealed that the distribution and concentration 
of chromatophores in the trout skin depend on the location on the body area and 
physiological state of an individual. The highest concentration of the 
chromatophores was observed in the dorsal skin and the lowest one in the ventral 
skin. The fish, which manifested nuptial coat during spawnig season, had more 
chromatophores in the dermis. In skin samples collected during spawning season, 
there were observed increases in melanophore concentration in all body areas. 
The melanophores were seen mainly in a dispersion state and formed large 
clusters. These cells made up a continuous layer adjacent to basement membrane 
of the epidermis and were abundantly scattered in the stratum laxum of the dermis, 
where surrounded the blood vessels and the scale pockets. Numerous dispersed 
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melanophores were also seen in the complexes with globular iridophores in the 
upper dermis and with the elongated iridophores in the subcutis. 

In the skin samples collected after spawning season, there were relatively 
fewer melanophores and proportionally greater number of iridophores. The globular 
iridophores were present beneath the epidermis in four-seven cell complexes and 
were associated with singular melanophores in the aggregation state. The 
elongated iridophores were numerous in the hypodermis. 

Ctenoid scales of elasmobranchs have spicules extending from the 
external surface giving these fish rough sandpaper like texture (3). Cycloid scales 
of teleost fish have a smooth outer surface and are laid down in concentric a ring 
that makes them useful in determining the age of some fish (10). Scales also 
represent a source of calcium for fish; some fish will utilize the calcium in the scales 
in preference to the calcium in their skeleton during times of starvation or 
prespawning activity (11).  
 

Conclusions 
 

Epidermal and dermal thickness showed small variations between the 
regions studied. Proeminent cells have (club) or cup shape. 

Dermis consists from an external limitant layer, a laxe conjunctive one and 
a dense conjunctive one containing scales cavities. A layer of pigmentary cells and 
many iridophores was observed at dermo- hypodermal jonction. Melanophores 
were observed both in disperssion and in aggregation status. 
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Summary  

 
The purpose of this study was to present stages in bursa of Fabricius development 

in Cobb 500 embryos. Bursae were harvested from 120 embryos on days 6, 8, 10, 12, 14, 
16, 18, and 20 of incubation, and organs were weighed, measured and processed to obtain 
histological sections. Histological examination showed the beginning of bursal histogenesis 
on day 6 of incubation, the colonization with lymphoblasts starting on day 8, and the first 
organization of bursal follicles on day 12. The frame structure of the lymphoid organ was 
completed by day 18 the incubation. 

 Key words: bursa of Fabricius, development, Cobb 500 embryos 
 
The bursa of Fabricius is critical for normal development of the B 

lymphocytes. The bursa is unique to birds and was first described as having a 
role in the development, or generation, of antibody responses about 50 years ago 
with the discovery that surgical removal of the bursa from neonatal chicks 
impaired subsequent antibody responses to Salmonella typhimurium type O 
antigen (5). Since that time, it has become clear that the bursa is the primary site 
of B cell lymphopoiesis in birds, and that avian B cell lymphopoiesis has 
characteristics distinguishing it from pathways of B cell development in human or 
rodents (7, 9). 

The bursal epithelium develops as an outgrowth of the urodeal 
membrane early in embryonic life. It is colonized by B cell progenitors in a single 
wave during the second week of embryonic development and the colonization of 
the bursal microenvironment by B cell progenitors represents a critical stage in 
the development of the B cell lineage (10). 

In the following it will be presented stages of bursal evolution in Cobb 500 
embryos between 6th and 20th day of incubation. 

 
Materials and methods 

 
In this study were used 120 fertilized eggs of Cobb 500 hybrids obtained 

from Ave Impex Ltd, Satu Mare, Romania. The eggs were incubated in commercial 
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incubators (Eggs’ Incubator IO-1P TE, S.C. ELECTROARGES, Romania) 
according to temperature and humidity conditions recommended by producer 
(38oC, 70% relative humidity), while being rocked at an angle of 90o at 6h intervals. 

Every two day from 6-20 days incubation period, 15 embryos were 
weighed and from each of them bursa of Fabricius was harvested (exception were 
6 days embryos, in which, due their small size, entire caudal region was 
harvested). Fabricius bursae were also weighed and their weights were reported to 
embryos’ weight (exceptions were 8-12 days embryos in which small size and 
friability of the bursa allowed isolation of the organ only after keeping in ethanol 
80o; therefore, weighing bursae was not performed); the diameter of bursae was 
also measured. 

Entire bursae (n = 5 for each incubation day) were fixed in ethanol 80o, 
then were washed, dehydrated, embedded in paraffin, and sectioned in 5µm thick 
sections which were stained by hematoxylin-eosin (H&E) method, in standard 
technique (12). 

Sections examined under optical microscope Olympus CX41 (Olympus 
America Inc., USA), aiming morphological aspects for each bursae/evaluation day.  

The data obtained were processed and interpreted using Excel (Office 
2007) and SPSS 7.5 software (SPSS Inc., IBM Corporation, NY, USA), applying 
the t test and Pearson correlation coefficient (r). 

 
Results and discussions 

 
On the sixth day of incubation, bursa of Fabricius was identified in the 

caudal region of embryos as a compact bud with predominantly epithelial structure 
and almost circular or oval shape. 

Mesenchymal and epithelial structure was evident between days 8 and 12 
of incubation, simple columnar or, sometimes, pseudostratified epithelium covering 
developing folds and lining bursal cavity (Fig. 1). From the 8th day, the very 
basophilic lymphoblasts were identified in the bursa.  

Lymphoblasts were detected especially in peripheral mesenchyme (Fig. 1, 
a), near blood vessels and epithelia, and even in the epithelia (especially in the 
10th day of embryonic development). In the latter case, the pseudostratified 
epithelium acquired a pluristratified aspect, with 4-5 rows of cells, most intense 
basophils, lymphoblast seemed to push epithelial cells the bursal lumen (Fig. 1, b). 

Our findings concerning the bursa of Fabricius colonization are similar to 
those of Shiojiri and Takahashi (11) in Leghorn embryos, and tardier, with only one 
day, compared with the data presented by Oláh and Vervelde (6). Also, the same 
authors, along with Bellairs and Osmond (4) describe the first occurrence of 
follicular buds on the tenth day of incubation, which was not found in Cobb 500 
embryos. 
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Detail (1100x) 

 

 
Fig. 1. Predominantly mesenchymal histological structure of bursa of Fabricius in ten-

days-old Cobb 500 embryo; detail: a – basophilic lymphoblasts in bursal mesenchyme, 
b – basophilic limphoblasts in bursal epithelium. H&E stain, 100x and 1000x 

 
The first structures with an aspect of which can be deduced that there are 

future follicles were observed on day 12 of embryonic development (Fig. 2). Their 
location was strictly adjacent epithelium, and we concluded that originated in the 
intraepithelial lymphoblastic agglomeration described from the 10th day of incubation. 
Basically, we can say that lymphoblasts which colonize bursa of Fabricius leave the 
bloodstream, cross the basal lamina of the epithelium and begin to divide, causing 
intraluminal protrusion of the epithelium (Fig. 2, a). In the areas of protrusion it can be 
seen clearly that epithelium flattens, becoming almost simple squamous. 

In the following 4 days, follicles grow gradually, but it can be seen that 
their structure remains uniform, without demarcation of cortical and medullary area 
observed in adult birds. Also, there was observed a massive follicle development in 
folds axis, away from marginal epithelium, which acquired characteristic 
appearance, respectively pseudostratified. 

On day 18th of incubation, the follicles tend to occupy almost the entire 
surface of bursal folds, and are limited by loose connective tissue (Fig. 3). This time 
coincides with a clear separation of lymphoid follicles by undifferentiated epithelial 
cell layer (cubic or squamous cells, lighter than follicular lymphocytes, respectively 
acidophilous) (Fig. 3, a). 

Peripheral follicles appear delimited by typical pseudostratified epithelium, 
except the apical region, in which is organized the so-called "epithelial tuft", framed 
by two strictures (Fig. 3, b). Epithelial tuft is simple columnar is considered a typical 
morphological feature for mature bursa of Fabricius (3, 8). The structure was 
described also in Leghorn embryos, but earlier, on the 16th day of incubation (11). 

a 

b 
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Fig. 2. Cross section through bursa of Fabricius in 12-days-old Cobb 500 
embryo: a – follicular buds; b – bursal epithelium infiltrated by 

lymphoblasts. H&E stain, 400x 
 

 

Detail (1000x) 

 

 
 

Fig. 3. Histoarchitecture of bursa of Fabricius in 18-days-old Cobb 500 embryo; 
detail: a – undifferentiated epithelial cells bounding follicle medulla; b – apical 

epithelial tuft; c – pseudostratified epithelium. H&E stain, 200x and 1000x 
 
This histoarchitecture maintained in day 20th of incubation, indicating that 

follicle continues its development, and loose connective tissue remain better 

b 
a 

a 

a 

a 

c 
b 

c 
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represented strictly in the folds axis, similar situation being recorded after hatching 
(3, 8). 

Between days 14 and 20, the bursa of Fabricius represented from 0.09 to 
0.12% of embryos’ weight, the highest representation (0.12%) being recorded in the 
18th day (Table 1). 

 
Table 1 

Evolution of bursal diameter and weight in Cobb 500 embryos between 13 and 20 
days of incubation 

Day of 
incubation 

Bursa of 
Fabricius 
diameter 

(mm) 

Embryos weight (g) Bursa of Fabricius 
weight (g) % of bursal weight 

x ± Sx C.V. x ± Sx C.V. x ± Sx C.V. 

14 2-3 12.33±0.82 0.06 0.0147±0.0029 0.19 0.11±0.01 0.14 

16 3-4 20.42±1.04 0.05 0.0187±0.0013 0.07 0.09±0.00 0.07 

18 4-5 29.44±2.31 0.07 0.0353±0.0035 0.1 0.12±0.01 0.11 

20 6-7 36.55±1.87* 0.05 0.0371±0.0041 0.11 0.10±0.00 0.08 

Legend: x = arithmetic mean; Sx = standard deviation; C.V. = coeffiecient of variability 
*embryos were weighed without vitellus 
 
Comparing the values recorded in successive monitoring phases, 

significant differences (p<0.01) were obtained both in bursa of Fabricius weight, 
and embryos weight. 

The data obtained are comparable to those reported by Banga (2) for 20th 
day of incubation of broiler embrios (44.7 mg), but higher than the reported bursal 
weight on day 16 of development (18.7 mg compared with 9.8 mg). Also, 
Alboghobeish and Mayahi (1) report an average bursal weight of 22 mg in one-day 
old broilers, which is much lower than the value obtained in the present experiment, 
before hatching. 

Bursa of Fabricius weight was directly and significantly correlated with 
embryos weight, yielding the following values of the r coefficient: day 14 – 0.792 (p 
<0.01), day 16 – 0.407 (p <0.05), day 18 – 0.337 (p <0.05), and day 20 – 0.745 (p 
<0.01). The coefficient of variability values showed a high homogeneity of groups 
studied, respectively of Cobb 500 embryos in general. This may recommend the 
results of this study as reference values for bursa of Fabricius development in 
Cobb 500 embryos. 

 
Conclusions 

 
Bursa of Fabricius has a constant development from the moment of 

histogenesis until day 20 of incubation.  
Bursa of Fabricius colonization begins in 8th day of incubation in Cobb 500 

embryos. 
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The absence of cortical and medullary areas in the embryos bursal follicles 
shows that during the incubation is formed only the frame structure of the lymphoid 
organ, functional aspects being outlined after hatching. 
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Summary 

 
The object of our researches consisted in the macroscopic and microscopic 

morphology and topography of the retropharyngeal lymphocenter in the guinea pig. From 
this researches has use 10 adult guinea pigs, both sexes, the short hair English guinea pigs 
variety. The retropharyngeal lymphocenter is a muscular lymphocenter represented by 
medial and lateral retropharingeal lymphonodes. The retropharyngeal laterals lymphonodes 
are situated on the occipital artery traject, and the retropharyngeal medial lymph nodes are 
situated on the palatine ascending artery traject. The retropharyngeal lymphocenter size is 
2,5 mm length and 2 mm width. This lymphocenter is included in a reduced fat tissue 
quantity and is gray. Histologicaly, in the sub capsular zone is the sub capsular sinus, 
organized by reticulary connective tissue, being reticulary cells, macrophages and 
lymphocytes. 

Key words: guinea pig, lymphocenter, lymphonod 
 

The lymphatic system executes a major role in the organism’s defense. 
The lymphocytes are manufactured, stored and educated at the specialized 
lymphoid organs level (1). The guinea pig is a laboratory mammal very often used 
in order to test the drugs and for others experimental models in medicine. 

In the studied bibliography is missing the description of some particularities 
about the details of the lymphatic system at the guinea pig and the existent 
iconography is defective. Even in the monographies of the laboratory rodents, the 
morphotopographies and microscopics facts are very general (3, 4, 5, 6). 

The obtained facts in this dissertation check and complete the knowledge 
about the topography, relations, biometry, structure, vascularization, microscopic 
views of the retropharyngeal lymphocenter at the guinea pig (2,7,8). 

  

Materials and methods 
 
This researches has use 10 adult guinea pig, both sexes (7 females and 7 

males), the short hair English guinea pigs variety 
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Fig. 1. Retropharyngeal lateral lymph node (1) in guinea pig 

 

 
Fig. 2. Mandibular limph nodes (1) and retropharyngeal medial lymphnode (2) in 

guinea pig 

 
Fig. 3. Retropharyngeal lymph node, guinea pig ob 4X, col HE-A 
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The studies were made on fresh dead bodies, after they were injected with 
China ink solution 40% previously filtered. The injection was made to caudal face of 
the auricular concha. 

The animals were sacrificed by professional narcosis with ethyl ether, at 24 
h after the injection. After 24 hours the trajectories of the superficial lymphatic 
vessels were identified. For the highlighter of the retropharyngeal lymphocenter 
were dissected muscular, arterial families, were discovered lymphocenters and the 
properly lymphatic vessels keeping the topographic relations with formations 
around. The macroscopic study of this lymphocenter was made even with the 
stereomicroscope SMZ-2T Nikon. 

The histological researches were made of steady microscopical 
preparations with the Nikon- AFX- DX, Labophot 2 with shooting device with 
automatic exposure and computerized control microscope, being computerized 
processed by the “Lucia M” program. The samples were colored by the 
hemathoxylin-eozyn method and methylen blue method (Fig.3). 

The description and the approval of the formations were made respecting 
Nomina Anatomica Veterinaria and Nomina Embriologica Veterinaria. 

 

Results and discussions 
 

The retropharyngeal lymphocenter is a muscular lymphocenter, 
represented by medial and lateral retropharyngeal lymphonodes (Fig.1, Fig. 2). The 
medial retropharyngeal lymphonodes are represented by a lymphonode situated on 
the palatine ascending artery trajectory, are symmetrical and the afferent lymphatic 
vessels collect the lymph from the tongue, pharynx oral mucosa. The afferent 
lymphatic vessels reach in the tracheal trunk. The lateral retropharyngeal 
lymphonodes are situated on the occipital artery trajectory, underneath the 
sternocephalic and cleidomastoidian muscle at the caudal edge of the parotid 
gland. The afferent lymphatic vessels pick the lymph from the neck region and the 
parotidian region. The efferent lymphatic vessels converge and done the tracheal 
trunk that reaches in the right lymphatic conduct. 

The size of this lymphonode is 2.5 mm length and 2 mm width. The 
histologycal structure of the retropharyngeal lymphocenter is represented by an 
obvious organization of the lymphonode. It is notices a thickened connective 
capsule and fibrous connective tissue, with fibroblastes. It was noticed in 
subcapsulary region the subcapsuled sinus organized by reticulary connective 
tissue with dendritic reticular cells, macrophages, lymphocytes etc. 

 

Conclusions 
 

The retropharyngeal lymphocenter at the guinea pig respect the 
topography presented in specialized dissertations. 
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The retropharyngeal lymphocenter is enough developed in dimension (2.5 
mm length and 2 mm width) compared with other laboratory rodents. 

The retropharyngeal lymphocenter is gray-ash, being embedded in a small 
amount of fat tissue. 

The medial retropharyngeal lymphonodes are situated on the palatine 
ascendent artery trajectory and on the occipital artery trajectory (lateral 
retropharyngeal lymphonodes). 

The tracheal lymphatic trunk is originated from the efferent vessels of the 
retropharyngeal lymphonodes and accompanies the trachea. On the right side is 
discharging in the right lymphatic conduct, and on the right side in the thoracic 
conduct. 

The histological researches were revealed the following aspects: 
- the lymphonod’s organization is obviously. 
- in the cortical region the lymphocenter’s parenchyma is different 

structured than the standard, with the undeveloped subcapsular sinus and his the 
lymphatic nodules quasi central situated. 

- in the subcapsular region appears the subcapsular sinus organized by 
reticular connective tissue. The reticular cells, macrophages and lymphocytes 
appear. 
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Summary 

 
In this study it was determined the evolution of the biochemical blood profile in hens 

at the end of the first laying cycle, during the process of forced molting induced by the 
administration of hydrocortisone. A group of ten Hy Line Brown hybrid laying hens, aged 83 
weeks were treated with hydrocortisone with a dose of 10 mg / kg body weight, twice a day, 
for 12 days, during which the signs of molting and evolution of biochemical blood profile 
were monitored. The research has been conducted in parallel with untreated hens. The 
results show that the administration of hydrocortisone induces molting characteristic signs 
like feather fall and less egg production. Simultaneously, there is a significant effect on the 
evolution of biochemical blood profile by increased level of glucose, cholesterol and total 
protein and a low amount of triglycerides and total calcium. 

Key words: laying hens, hydrocortisone, stress 
   

It was reported high levels of corticosterone in hens subjected to moulting, 
it was showed that corticosterone levels is dependent on the method of shedding 
used, for example, methods that result in rapid and complete moult is characterized 
by a much higher of corticosterone. 

The research goal was to reveal the possibility of using hormones to 
induce molting in poultry, as alternatives to methods involving severe deprivation of 
food and water. It also aimed to identify the evolution of biochemical parameters 
(glucose, triglycerides, cholesterol, total protein, calcium) in laying hens in terms of 
treatment with hydrocortisone. 
 

Materials and methods 
 

Biological material was represented by two groups of laying hens, Hy Line 
Brown hybrid, clinically healthy, 83 weeks aged (at the end of the first laying cycle), 
as it follows: 

• a control group consisting in ten laying hens, which were fed with the 
receipt of complete feed (for laying hen production) containing 17.3% protein, 
technical fat 6-7% and ash 11%; 
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• an experimental group consisting in ten laying hens, which were fed with 
the same receipt of complete feed, receiving daily hydrocortisone solution 
administered intramuscularly at a dose of 10 mg / kg body weight twice a day. 
Treatment with hydrocortisone was interrupted after twelve days, when the clinical 
signs of molting status installed. 

Administered solution is represented by hydrocortisone sodium succinate 
and the solvent. 

Hens were further monitored after the end of administration with 
hydrocortisone, for an experimental period of 55 days, at the end of it occurring in 
the laying rate of 49%.  

Blood samples were taken from the axillary vein (6 ml per sample) on the 
first day, the fifth day and the twelfth day of hydrocortisone administration. Blood 
samples were collected randomly from each group of hens. To characterize the 
effect of hydrocortisone on blood biochemistry, the following blood biochemical 
parameters: glucose, cholesterol, triglycerides, total protein and total calcium using 
methods described by Manta et al. (9). 

The data obtained were processed statistically and expressed as mean ± 
standard error of the mean and the significance of differences between groups was 
evaluated based on Student’s t test. 

 
Results and discussions 

 
After 12 days of treatment with hydrocortisone, in the experimental group 

there were found signs of shedding phenomenon, consisting of feathers fall, 
reducing food consumption, decreasing of the rate of lay. They demonstrated that 
administration of hydrocortisone induced shedding phenomenon in a certain 
degree after 12 days of experimental treatment.  

Administration of hydrocortisone significantly decreased egg production.  
Etches et al. (6) have shown that corticosterone may modulate the 

responsiveness of the hypothalamus to gonadotropic stimuli and demonstrated that 
exposure to corticosterone can alter the responsiveness of some ovarian tissues to 
gonadotropins. 

In the evolution of investigated plasma parameters in the study, hens in the 
experimental group (who were given hydrocortisone) we found a statistically 
significant increase of blood glucose, compared to the control group (P<0.05) after 
five days of administration, decreasing slightly then, after ten days, compared with 
values recorded in hens in the control group, where the levels were constant 
throughout the all monitored period (Fig.1). 
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Fig.1. Evolution of blood glucose concentration values (in mg / dL) in laying hens 

experimentally treated with hydrocortisone to induce molting 
 

An increase of the glucose value helps bird to maintain blood glucose 
during this time by priming gluconeogenic mechanisms (protein catabolism). 

In birds, blood glucose concentration is decreasing at the beginning of food 
restriction, especially in young birds (5). Plasma glucose level is increasing in hens 
subjected in program of food and water restriction (1). It was reported a slight 
decrease in muscle glycogen from 24 hours to 6 weeks old birds, with a return to 
normal of glycogen after that. The authors concluded that muscle glycogen is 
mobilized in the metabolic changes that occur during starvation (5). 

Stress causes a decrease in welfare and normally causes a cascade, 
several adaptive physiological responses (11). Stress increases plasma 
corticosterone levels, which in turn increases the concentration of glucose and 
muscle protein catabolism. Increased glucose through gluconeogenesis priming 
increases the excretion of uric acid which is an indicator of protein degradation. 

Concerning the evolution of other plasma parameters investigated in this 
study, a small increase in plasma protein values was found in the hens of the group 
that was treated with hydrocortisone after five days of administration, compared 
with values recorded from hens that are part of control. In the control group, it was 
found a decrease in plasma proteins during monitored period, from the value of 7.1 
g / dL to the value of 6.2 g / dL after five days of treatment, reaching after that a 
minimum of 5.9 g / dL of blood. In the hydrocortisone treated group, the initial level 
was 7.1 g / dL and increased at 7.9 g / dL after five days of treatment, then there 
still was a slight increase to 8.6 g / dL after 12 days of treatment with 
hydrocortisone. Significant differences were found by comparing with control group 
(P<0.01) (Fig. 2). 
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Fig. 2. Evolution of blood plasma protein concentration values (in mg / dL) in laying 

hens experimentally treated with hydrocortisone to induce molting 
 

Payne (10) constated that the stress effects induced by molt lead to a 
decrease of energetic metabolism and to desorders (sometimes interrupting) of 
some hormonal secretions. 

Some authors concluded that all birds, regardless of species, respond to 
food elimination passing through three distinct phases. The first phase is to adapt. It 
only takes a few days, the birds passing the physiological state of starvation. In this 
phase, it was observed decrease in body weight and also lowers the temperature. 
Corticosterone serum level is growing; liver glycogen reserves are consumed quickly 
and gluconeogenesis starts. Nitrogen excretion falls, indicating a decrease in protein 
catabolism. In the second phase, which can take weeks, there is insignificant 
decrease in body weight and basal metabolic rate is constant. In this phase plasma 
corticosterone concentration is low and all the energy used is derived from lipid 
catabolism. Protein catabolism is minimal, indicating that the proteins are stored. The 
third phase lasts from several days to several weeks and during this phase weight 
loss is found as a result of increased protein catabolism (2). 

Physiological response to stress of the hens following adrenocorticotrop 
hormone administration induces an increase in plasma glucose, an increase of 
plasma cholesterol and a decrease of immune response (7). During this experiment 
there was a progressive increase of plasma cholesterol of treated group, compared 
with the control, in which cholesterol was maintained approximately constant in the 
first five days, followed by a significant decrease (P <0.05) in the twelfth day of the 
experiment (Fig. 3). 
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Fig. 3. Evolution of plasma cholesterol (mg / dL of plasma) in laying hens for a 
period of 12 days of administration of hydrocortisone to induce molting 

 
In the study, after administration of 20 mg hydrocortisone for 12 days, a 

significant decrease in triglycerides was found, from 867 mg / dl to 324 mg / dL in 
the first five days, continuing with a slight decrease in value up to 254 mg / dl 
towards the end; the final value being significantly lower statistically compared with 
control group (P <0.01) (Fig. 4). 
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Fig.4. Evolution of plasma triglycerides (mg / dL) in laying hens for a period of 12 

days of treatment with hydrocortisone to induce molting 
 

Serum total calcium level decreases 9-14 hours after ovulation (3). Also, 
hens that have a genetic predisposition for a thin shell egg production have high 
level of serum total calcium. It was found that the birds consumed more calcium on 
days when ovulation and oviposition occurs. Calcium absorption is increased on 
the day of ovulation, with peak absorption when the egg enters the uterus (8). 
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According to Ogle and Costoff cited by Dojana (4), in excess of glucocorticoids, 
bone formation is reduced and the amount of calcium is less absorbed and 
excreted at higher levels. 

This experiment reveals a slight decrease in total plasma calcium (from 
14.72 to 14.01 mg / dL) after the first five days of hydrocortisone administration, 
which decrease remains constant until the end of the administration of 
hydrocortisone. In the same time it was observed a significant decrease in the 
percentage of laying (Fig. 5).  
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Fig. 5. Evolution of total calcium in blood plasma (mg / dL) of laying hens over a 

period of 12 days of administration of hydrocortisone to induce molting 
 

In parallel, in the control group, values of serum calcium remained within 
relatively constant limits and higher values compared with experimental group. 

 
Conclusions 

 
Research conducted on laying hens at the end of the first laying cycle 

demonstrated that administration of hydrocortisone induces characteristic signs of 
molting, without affecting the welfare of hens (respective, main blood biochemical 
parameters). 
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Summary 
 

Research has been conducted on Hy Line Brown hens group, 83 weeks of age, to 
whom it was administered 100 mg/capita of thyroxine, for 10 days, during which molting was 
induced. Main blood biochemical parameters evolution were monitored, following the 
administration of thyroxine (levothyroxine sodium) to induce molting process. The results 
demonstrate that forced molting was induced by administration of thyroid hormone. 
Simultaneously there are significant effects on the evolution of the main blood biochemical 
parameters, such as lipid content, total protein content, glucose, cholesterol and calcium. 
Administration of thyroxine to reproduce forced molting reveals indirect involvement of this 
hormone in reproductive development, as the experimental treatment caused stoping the 
process of laying.  

Key words: thyroxin, forced molting, blood biochemical parameters, hen 
 
Thyroid hormones are important for development processes like hatching, 

molting and laying in birds. Molting is due in restoration of the reproductive system 
of old hen, preparing them for a new laying cycle. Increased concentration of 
thyroid hormones in the period before brooding stimulates some metabolic 
processes which are necessary for a successful laying cycle.The aim of the 
research was to reveal the possibility of using thyroxin to induce molting in adult 
hens, as an altenative of methods, which involve severe starvation of food and 
water, and reveal the metabolic changes that accompany the biological process. 

Research conducted untill present in wild and domestic birds indicating a 
close relationship between thyroxine and natural molting process. 

 
Materials and methods 

 
Laying hens were the biological material, hybrids Hy Line Brown clinically 

healthy, aged 83 weeks (at the end of the first laying cycle) divided in two groups 
as it follows: 

• A control group (CG) consisting in ten laying hens, which were fed with the 
receipt of complete feed (for laying hen production) containing 17.3% protein, 
technical fat 6-7%, ash 11%; 
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• An experimental group (TG) consisting in ten laying hens, which were fed 
with the same receipt of complete feed, receiving daily per os Euthyrox 100 
mg/capita. 

Euthyrox is a pharmaceutical preparation containing levothyroxine sodium 
100 mg and excipients. 

Hens were fed ad libitum for a period of 55 experimental days, at the end 
of this 49% of them returned to laying. Blood samples were taken from the axial 
vein (6 ml per sample) on the first day. At the beginning of the experimental 
treatment and on the fifth and tenth day of treatment, blood samples were collected 
from all laying hens of each group. To characterize the effect of thyroxine on 
different metabolisms, it was considered appropriate to determine the evolution of 
the following biochemical parameters: glucose, cholesterol, triglycerides, total 
protein and total serum calcium, according to Manta et al. (5). 

The data were statistically processed determining the mean and the 
standard error of mean, and the differences between the groups were assessed 
based on t test (Student's t test). 
 

Results and discussions 
 

In clinically terms, by the end of the ten days of treatment with thyroxine, at 
the experimental group they were found fallen feathers and the percentage of 
laying was reduced. In the next period it was also found that hens have reduced 
food consumption. These demonstrated that the administration of thyroxine was 
able to induce moulting phenomenon after five days of experimental treatment. 

About the evolution of plasma parameters, investigated in this study, it was 
observed in the laying hens from TG group a slight decrease of protein values in 
the plasma compared with the values recorded in CG. A decline of values during 
the monitoring was observed in CG. Starting from a value of 7.1 g/dL, after a five 
day period it reached the value of 5.2 g/dL, reaching a minimum level of 4.9 g/dL of 
blood after ten days of treatment. The TG had an initial level of 7.1 g/dL that 
decreased down to 4.9 g/dL after five days, maintaining its value at 4.9 g/dL after 
ten days of treatment (Fig. 1). 

Statistical analyses reveal no significance differences regarding the level of 
plasma proteins between the two groups after the ten days of monitorization and 
experimental treatment (P>0.05). 

Müller and Seitz (6) found that serum protein is slightly reduced or 
unchanged in hyperthyroidism. Increased turnover induced by thyroid hormones on 
the total protein from the body is part of the increased metabolism seen in 
hyperthyroidism. The reduced effect of thyroxine on the plasma protein 
concetration can be explained by keeping a balance between anabolic processes 
and protein catabolized processes. 
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Fig. 1. The evolution of the plasma protein values (in mg/dL of blood) in laying hens 
for a 10 days period of thyroxin (Levothyroxine) administration to induce a moulting. 

Legend: CG= control group; TG = thyroxine treated hen 
 
It is known that thyroid hormones increase intestinal absorption of glucose 

and facilitates passage of glucose in the muscle and adipose tissue. This would 
mean a faster turn-over, which might reflect the decrease or increase in blood 
glucose concentration.  

Also, just as it was shown, thyroid hormones facilitate taking over insulin-
mediation of glucose by the cells. High doses of thyroid hormones stimulate the 
hepatic gluconeogenesis and glycogenolysis. Elevated T3 values in 
hyperthyroidism exacerbates diabetes symptoms according to Dojana (2) 

In the evolution of blood glucose concentration it was found an increase in 
glucose in the first five days of thyroxine administration, with a slight decrease in 
the coming days, but with similar values found in the control group values (Fig. 2).  
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 2. Evolution of blood glucose concentration values (in mg/dL) in laying hens 
experimentally treated with thyroxin (Levothyroxine) to induce molting. Legend: 

CG= control group; TG = thyroxine treated hen group 
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During the monitoring of blood glucose concentration, the higher difference 
was found between groups after five days of treatment. After ten days, the 
differences between groups were eliminated. Regarding the evolution of this 
parameter in hens, Brake and Carey (1) found that plasma glucose levels is 
growing in hens under program with restriction of food and water. Edwards et al. (3) 
reported a slight decrease in muscle glycogen for the first 24 hours of food 
restriction in 6-week-old birds, with a return to normal glycogen afterwards. 

Regarding the evolution of plasma triglycerides and cholesterol over a 
moulting, decreased triglyceride levels and increased cholesterol levels were found 
when compared to values of hens that are subject to production and they are not 
under moulting programs. This is because while working in the reproductive period, 
triglyceride levels are increased due to their migration from the liver to the 
developing follicles (7). Because follicular development is stopped during the 
periodicity of moulting due to significant decrease in circulating gonadotropins, 
follicular atresia will occur. As a result it will produce an absorption of lipoproteins in 
the follicular blood flow, that leads to a higher level of cholesterol. Increased 
cholesterol and decreased triglycerides values can be interpreted as a sign of 
reproductive involution and cessation of follicular development, whose result is a 
successful moulting. From the research conducted in laying hens a marked 
decrease in triglycerides was found, from 1456.43 mg/dL to 247.03 mg/dL to 
undergo moulting hens (4). In our study, after administration of levothyroxine 100 
for ten days a significant decrease in triglyceride values was found, from 873 mg/dl 
to 681 mg/dl, with a slight increase in value toward the end but it remained low in 
comparison with the control group values (Fig. 3). 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3. Evolution of plasma triglycerides (mg/dL of plasma) in laying hens for a 
period of 10 days of treatment with thyroxin (Levothyroxine) to induce forced 

molting. Legend: CG= control group; TG = thyroxine treated hen group 
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the values obtained in the CG after the first five days of taking levothyroxine. A 
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slight increase of its value can be observed after the tenth day but they are still 
close to the values obtained in the CG (Fig. 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Evolution of plasma cholesterol (mg/dL of plasma) in laying hens for a 
period of 10 days of administration of levothyroxine to induce forced molting. 

Legend: CG= control group; TG = thyroxine treated hen group 
 

Calcium is an important element for maintaining the production of eggs, not 
only because of the very large amount that is needed for the shell formation but 
also because of the role it plays in gonadotropic hormone secretion. The level of 
calcium in the body of birds greatly influences the pituitary gland activity, calcium 
being more important in terms of the number of eggs, then in terms of the shell 
quality. After the administration of thyroxine a very pronounced decrease in total 
serum calcium in the first five days occured, at which there was a drop in egg 
production, with a slight increase in the tenth day (Fig.5) . 

 
 
 
 
 
 
 
 
 
 
       

 
 

Fig. 5. Evolution of total calcium (mg/dL of plasma) in laying hens over a period of 
10 days of administration of levothyroxine to induce forced moulting. Legend: CG= 

control group; TG = thyroxine treated hen group 
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Conclusions 
 

Research conducted on laying hens at the end of the first laying cycle 
demonstrates that molting could be induced by the use of thyroxine. Main blood 
biochemical parameters were not modificed over the physiological limits.  
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Summary 

 
To evaluate the effects of some by-products of biofuel industry on production and 

health of broiler chickens we add 3-5% of secondary products derived from oil production for 
bio-fuel on 360 broilers, Ross 308 hybrid. It was observed that food supplementation with by-
products from the biofuel industry has positive effects on productive performance of 
chickens. 

Key words: by-products, biofuel, broiler chicken 
 

In search of new energy sources biofuel have become an alternative to 
consider in recent years (1, 2). For that crops have undergone some changes as 
rape crops have expanded at the expense of others, including that of soybeans. 
Some of the secondary products obtained in the process of extracting biofuels have 
nutritional value (3, 6). The aim of this paper is to highlight results of the use in 
animal feed of some by-products of biofuel industry on production and health of 
broiler chickens. 
 

Materials and methods 
 
Experiments were conducted on 360 broilers, Ross 308 hybrid divided into 

four homogeneous groups. The chicks were fed commercial feed that have added 
supplements (groups 2-4) in the range of 3-5% of secondary products derived from 
oil production for bio-fuel: Group 2 - Soybean meal, group 3 - rapeseed meal, 
group 4 - sunflower meal, compared with group 1 considered a witness. To monitor 
the results of the experiment, the followings were determined: the evolution of 
average body weight, specific consumption and regular clinical examinations were 
performed in the experimental chickens. 

 
Results and discussions 

 
Analyzing the evolution of average body weights in experimental groups, in 

starting and growing periods, it can be observed that the addition of soybean meal 
and rapeseed grist has beneficial similar effects. Average body weight of groups 2 
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and 3 in the fourth week (1340 g and 1345 g respectively) was superior to other 
groups and those provided by hybrid standard (1330 g) (table 1). 

 
Table 1  

Evolution of the average body weight of broilers 

Group 
Initial 

weight 
(g) 

Week 1 
weight 

(g) 

Week 2 
weight 

(g) 

Week 3 
weight 

(g) 

Week 4 
weight 

(g) 

Week 5 
weight 

(g) 
Group 

1 88.43 140.86 387.86 848.62 1311.64 1735.1 

Group 
2 88.3 144.5 386.96 873.16 1340.16 1831.89 

Group 
3 

87.8 143.48 387.29 868.67 1345.58 1777.25 

Group 
4 87.03 139.22 369.61 863.96 1333.13 1797.8 

 
Except control group, all groups recorded an average body weight that 

exceeds recommended values of literature (4, 5, 7). Groups 2, 3 and 4 recorded 
higher average body weight up to 5.57% compared to the control group. During 
finishing period, the best effects it has on chickens the supplementation of the diet 
with soybean meal.  

All experimental groups recorded a feed consumption ratio from 2.3 to 
5.6% lower than the control group (table 2). 

 
Table 2  

The individual feed consumption 

Group Period 1 Period 2 (Periods 1+ 2) Period 3 Total 

Group 
1 

0.943 1.034 1.977 1.037 3.014 

Group 
2 1.064 1.031 2.096 0.917 3.013 

Group 
3 1.019 1.018 2.037 0.977 3.015 

Group 
4 1.053 1.051 2.104 0.962 3.066 

 
Between feed consumption and feed consumption average individual is not 

significant differences between groups. Average individual consumption of feed 
had higher variation in the first period of growth, followed then by the end of the 
experiment, values to be uniform. Average consumption slightly increased 
throughout the period recorded only food group which was introduced in sunflower. 
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 It is noted that only the control group recorded a value of 1.83 comparable 
to the recommended one, between 1.80 and 1.85 (table 3). All other groups have 
achieved lower specific consumption (consumption index), demonstrating the 
efficiency of introducing in feed of by-products of oil production industry for biofuels.  

 
Table 3  

Consumption index n the three periods of offspring in experimental groups 
Group Period 1 Period 2 Period 3 (total) 

Group 1 1.24 1.61 1.83 
Group 2 1.35 1.67 1.72 
Group 3 1.30 1.61 1.78 
Group 4 1.35 1.68 1.79 

 
Regular clinical examinations of the experimental chickens did not reveal, 

in general, special events. However were reported: partially plucked areas under 
the wings and on the sides of the body, a tendency to  
decubitus and some cases of around-joint fluid accumulation. 
 

Conclusions 
 

Food supplementation with by-products from the biofuel industry has 
favorable effects on productive performance of chickens.  

Supplementing the diet with rapeseed meal in the first 4 weeks of life has 
determined a similar evolution of average body weight compared with the group fed 
with soybean meal, demonstrating the possibility of substitution.  

Substituting soy grits with rape grist can achieve significant savings 
because the market price of rape grits is lower than that of soy grist. 
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Summary 
 

In carnivores, the cavitary effusions (the pericardial, pleural and abdominal 
effusions) that are isolated or that appear consecutively to pathologic estates are frequently 
observed no matter the age of the subjects.  

The research has been made on 29 effusion tests that were taken from dogs and 
cats, through the punction of the serous cavities, between 2010 and 2011. The studied test 
probes were analysed from a physical (the color, the transparency and the consistency of 
the punctional liquid), a chemical (the complete protein concentration inside the liquid) and a 
microscopic point of view. 

During the cytologic examination for the determination of the neoplastic nature of 
the liquids that were obtained, there were identified several cytologic criteria of the nuclei-
baring cells of diverse origin, belonging to different cellular series: the basophil cytoplasm 
containing vacuoles, a foamy aspect, an irregular shape with multiple large nuclei, an 
increased nucleo-cytoplasmatic ratio and a fine, reticular nuclear chromatine, a medium or 
increased mytotic index etc. 

Key words: effusion, cytology, carnivores  
 
The difficulty of a certain cytologic diagnostic consists in the absence of 

some constant cytologic criteria and the differentiation between the reaction of an 
irritative process and a malignant lesion (1, 3).  

The malignant tumors, from a pathological point of view, are the base of 
the initiation of an effusion, in two situations: either the infasion of the serous 
cavities through a metastasis using the implantation (an ovarian or a mammary 
carcinoma), the desquamation of the malignant cells inside the effusion liquid being 
often massive, either through the contiguity of the serious tumors, in which case the 
neoplastic cells are spread in a very variable number inside the body cavities. In 
the case of circulatory or secondary inflammatory disorders that are associated to 
the particular transsudate (blood leaks, mesotelial hyperplasias or submesotelial 
lymphangitis) these will cause the absence of malignant cells from the effusion, 
leading to a negative cytologic diagnostic (1, 5). 

The carcinomas are the second cause of the cancerous effusions in 
domestic carnivores, especially in cats, after malignant lymphomas, whereas in 
dogs these are firstly incriminated (2, 4). 
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Materials and methods 
 
After the regular clinical investigations that were made inside the clinics of the 

Faculty of Veterinary Medicine from Iasi, having been performed on the 29 cases of 
cavitary effusions related to neoplastic processes, there was performed the punction of 
the serous cavities (pericardic, peritoneal and abdomina) with a fine needle. The 
product was then spread on a smear using the sanguine smear method, that was later 
on colored with the May Grünwald- Giemsa technique, for the obtaining of the results.  

The punction was made without a previous anesthesia, the area punction 
having been shaved and disinfected. There were used needles of 22-23 Ga, attached 
to 5 ml seringes. The prelevation was made using sterile tubes with an anticoagulant 
solution (EDTA), for the determination of the physical, chemical and microscopical 
characteristics. The microscopical analysis was initially made using a small lens (x10, 
x40) and later on an immersion lens (x100) (2, 4).  

There were followed the identification, the morphology and the proportion of 
the mail normal cell types and the emphasis of the cytological criteria of the abnormal 
nuclei-baring cells of diverse origin, that belong to different cell lines (1, 3, 5). 

 
Results and discussions 

 

The cytologic exam. From the total of 29 cats and dogs that were 
investigated, 23 were diagnosed with neoplastic processes from the pleural cavity, 
4 from the abdominal cavity and 2 from the pericardic cavity, that were associated 
to neoplastic processes of a malign epithelial type.  

The identification and the analysis of the neoplasms were made 
considering the cytologic criteria of malignancy (Table 1) (4). 

 
Table 1 

The main cytologic criteria of malignancy (4) 
Cytologic criteria Benign Malign 

Cell groups  Cell monomorphism  Cell pleomorphism  
Cell size  
Nucleus size  Normal Anisocytosis 

Anisocariosis 
Mitosis Normal Aberrant 
Macrocitosis 
Rap. N/C Usual Increased 

Hypercromatism 
Condensed irregular cromatine  

Absent Present 

Nucleolar volume  Not evident Evident 
Nuclei – multiple, polilobed, irregular  No Yes 
Cytoplasm – hyperbasophilic, 
vacuolisations  No Yes 

Abnormal secretions  - Present 
Loss of differentiation  No Yes 
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The table no. 2 represents the nature of the neoplasms that are associated 

to the identified effusions inside the serous cavities (Table 2). 
In the case of the effusions associated to the pulmonary carcinoma, 

diagnosed both in cats and dogs, on a hemorrhagic and inflammatory background, 
there were remarked two types of cell populations: the inflammatory and the 
proliferative types.  

The inflammatory population predominates (95%), being formed by 
undegenerated neutrophilic granulocytes (80%), active and foamy macrophages, 
sometimes baring multiple nuclei (10%), with a cytoplasm that presents remains of 
haematids and mature lymphocites (10%). 

Table 2 
Neoplasms associated to the identified effusions at the level of serous 

cavities 
The nature of the 

neoplasm associated to 
the effusion 

Serous cavities 

Pleural Cavity 
Abdominal 

Cavity 
Pericardic 

Cavity 
Pulmonary carcinoma  14 draws - - 
Pleural carcinoma  4 draws - - 
Pulmonary adenocarcinoma  2 draws - - 
Pleural mesothelioma  2 draw - - 
Mediastinal lymphoma  1 draw - - 
Splenic mastocytoma  - 1 draw - 
Abdominal lymphoma  - 1 draw - 
Abdominal carcinoma  - 2 draws - 
Pericardic carcinoma - - 2 draws 
Total 23 4 2 

 

The tumoral population is formed by big cells (50µm), round and prismatic, 
isolated or under the form of cell placards. The ratio between the nucleus and the 
cytoplasm is approximately 1. The nucleus is excentrical, round and about 25 µm in 
diameter; it presents a reticular and irregular cromatine, with a big and voluminous 
nucleolus in the centre. The cytoplasm is moderately abundent, dense, and in 
spots it presents a perinuclear halo. Some cells have two nuclei. The anisocytosis 
and the anisocariosis are moderate (inside the cell); the nucleolus has an irregular 
shape.  

The mitotic index is low. There were no pathogens observed (Fig. 1).  
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Fig. 1. A neutrophilic pleural effusion in a dog. 
Activated mesothelial cells. Carcinomatous exsudate. 

MGG stain x400. 
 

The microscopic-cytologic analysis of these pleural draws indicates the 
presence of modified transsudates and of exsudates, containing an atypical 
epithelial population, a macrophagic and neutrophilic cell population and slight 
signs of an intracavitary hemorrhage. These cytologic characteristics orient the 
diagnosis towards tumoral processes of an epithelial origin.  

For the effusions that were associated to pulmonary neoplasms, all the 
smears that were made present the same homogenous cytologic aspect and are 
rich in cell material. On a slightly hemorrhagic background, there can be seen a 
tumoral population, composed of young epithelial cells, with visible limits (20-40 µm 
in diameter). The nucleus is round and oval, placed in the centre, with one or more 
nucleoli with fine cromatine. The cytoplasm is moderately basophilic and finely 
vacuolised. The anisocytosis and the anisocariosis are moderately observed. The 
mitotic index is low. Young cells that are multinucleated are also present. (Fig. .2). 
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Fig. 2. A pulmonary carcinoma from a pleural tumoral 

effusion in a dog 
Young epithelial multinucleated cells. MGG stain x400. 

 
The cytological exam for these draws in the favor of a malignous tumoral 

epithelial proliferation (carcinoma) with a pulmonary localization. 
For the pleural liquids that came from two cats, the cytologic diagnosis of 

pleural effusion of a neutrophilic inflammatory type, associated to the pulmonary 
adenocarcinoma, was established on the basis of the presence of a cell population 
formed by neutrophilic granulocytes that were slightly macerated (80%), activated 
mesothelial cells (10%), macrophages (10%) and 5% cells of epithelial origin. 

The mesothelial cells present an abundently vacuolised cytoplasm. There 
can be noticed normal erythrocites that are associated to the erythropoesis and 
numerous images of neutrophilic phagocytosis. The epithelial cells have a large 
active nucleus and a basophilic cytoplasm. There were not observed any pathogen 
inside or outside of the cells. (Fig. 3).  

In the case of two European cats, both aged 11 and presenting inspiratory 
and expiratory dispnea for 2-3 days, anorexia, at the microscopic examination there 
was observed a sanguine thoracic liquid containing numerous large tumoral cells, 
with a basophilic cytoplasm that is finely vacuolised. Most of these cells have 
multiple nuclei, they are expholiated and are probably of mesothelial origin. The 
mitotic index is moderate but the cells are intensely modified (abnormal).  

The cytologic exam is relevant for the serohemorrhagic exsudate, associated 
with numerous cells that bare multiple nuclei and have a mesothelial origin. (Fig. 4) 

In the case of an abdominal effusion analysed from an European 8 year old 
cat, clinically diagnosed with anemia and vommiting for 1,5 months, an ecographic 
diagnosis of a voluminous, ecogenic formation and a splenomegaly (a 
heterogenous aspect of the spleen) there were observed a moderate quantity of 
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cells, represeted by degenerated neutrophilic granulocytes. Red cells can also be 
remarked as well as numerous macrophages with figgures of erythrophagocitosis 
(hemorrhage) and some mastocites with voluminous nucleoli. The absence of 
visible pathogens in the standard MGG stain was obvious. 
 

 
Fig. 3. A tumoral inflammatory pleural 
effusion in a cat. Adenocarcinomatosis 

epithelial cells. MGG stain x400. 

Fig. 4. A pleural tumoral effusion in a 
cat. Modified mesothelial cells. 

Abnormal mitosis. MGG stain x400. 
 

The cytologic exam shows a splenic mastocytoma, associated to a 
hemorrhagic neutrophilic exsudate of a tumoral origin (Fig. 5). 

 

 
Fig. 5. Abdominal effusion in a cat. A tumoral 

neutrophilic abdominal exsudate. 
Mastocytes. A mastocytoma of the spleen.  

MGG stain x400. 
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In the case of an abdominal effusion associated to a lymphoma that was 
diagnosed in a European 12 year old cat with clinical signs of anorexia, diarrhea, 
vomiting and an abdominal mass, there were identified macerated neutrophilic 
granulocytes on a hemorrhagic background and the presence of an abundent 
population of large mononucleated blastic cells, intensely anisocitary and 
anisocary, with voluminous nuclei, a clear cromatine, large nucleoli, a specific 
aspect of the blastic and lymphoblastic hematopoetic tumoral population. The exam 
of the draw is clear in the diagnosis of an abdominal lymphoma with a great degree 
of malignity (Fig. 2.6). 

 

  

Fig. 6. A lymphomatous abdominal effusion 
in a cat. Young lymphocytes 

(lymphoblasts). An abdominal lymphoma. 
MGG stain x400. 

Fig.7. A sero-hemorrhagic tumoral 
effusion from the pericardic cavity of 

a cat. A placard composed of tumoral 
epithelial cells. MGG stain x400 

 
 

On the level of the pericardic cavity, the cytologic interpretation of the draws 
was difficult, because of a mesothelial hyperplasia. The atypical mesothelial cells can 
hide the existence of a malignous proliferation, presenting cell characteristics that are 
hard to differentiate from the cytologic criteria of malignancy: anisocytosis, 
anisocaryosis, mupltiple nuclei, cells that are disposed under the form of placards of 
various sizes (3, 4, 6) (Fig. 2.7). 

 
 Conclusions 

 
The chemical and cytological examination of the 29 draws from the cavitary 

effusions in this study has permitted the following main conclusions:  
From a total of 29 analysed effusion tests, at the level of the pleural cavity 

there were 23 draws diagnosed that were associated with neoplastic processes, at 
the level of the abdominal cavity there were diagnosed 4 draws of a neoplastic type 
and at the level of the pericardic cavity there were diagnosed 2 draws of a 
neoplastic type. 
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For the effusions that are associated to neoplastic processes, there was 
emphasised the malignancy criterias of the tumoral cells: anisocytosis, 
anisocaryosis, large multiple nuclei and an intense vacuolisation of the cytoplasm.  

29 neoplastic draws were categorized: 22 cases of carcinoma, 2 cases of 
adenocarcinoma, 2 cases of mesothelioma, 2 cases of lymphoma and a 
mastocytoma.  

The diverse classes of neoplasms that were diagnosed in this study have 
secondarily shown the accumulation of effusion liquid in the respective cavity.  

Through the analysis of the cell form and of the main malignancy cytologic 
criteria, the diagnosis of a malignous effusion liquid can be sustained.  
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Summary 
 

Ultrasound examination is a modern diagnostic tool in veterinary medicine and can 
be completed by collecting biopsies for histology. Appropriate stains to examine liver 
biopsies are Hematoxilin-Eosin (HE), Gordon & Sweet reticulin stain and PAS stain. They 
allow to highlight the most important findings in hepatic pathology: inflammation, 
degeneration and fibrosis. In the present study, 36 ultrasound-guided canine hepatic 
biopsies were obtained, routinary processed for histology and stained with HE, PAS and 
Gordon & Sweet stain, in order to highlight inflammation, degeneration and fibrosis. To 
assess lesion severity, a score system (0 negative; 1 low; 2 moderate; 3 severe; 4 very 
severe) has been prepared and applied.  

Key words: dog, ultrasound biopsies, histology, histochemistry, pathology 
 

Ultrasound examination is a modern diagnostic tool in veterinary medicine. 
Ultrasound diagnosis can be completed by collecting biopsies for histological 
evaluation1. For this reason, and to be helpful for clinical colleagues, pathologists 
need to increase skills in the examination of very small samples and to improve 
histological and histochemical techniques. This latter in order to perform the 
appropriate stains allowing the identification, organ by organ, of peculiar 
histological findings that could be useful for clinicians to substantiate 
haematological findings and to delineate therapy.  

As far as the liver is concerned, in pet animals, as in human beings, 
inflammatory, degenerative and fibrotic changes are the most important findings. In 
human medicine, in the histological examination of liver biopsies Hematoxylin-
Eosin (HE) and Gordon & Sweet reticulin stain are the most employed1. The former 
to evaluate inflammatory cell populations and the latter to highlight fibrosis and 
reticulin fibres collapse, due to hepatocyte loss. PAS stain is also helpful to 
highlight fibrosis and glycogen accumulation as well1,2. In addition, in human 
medicine, several methods have been proposed to assess lesion severity and to 
score the most important lesions: inflammation, degeneration and fibrosis 3-5. All 
these methods were mainly proposed to score human infective hepatitis, and 
maybe for this reason they have never been employed in veterinary medicine. 
However, scoring the lesions in order to define their severity is an important help 
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that pathologist can give to clinicians. So that, to define a simple method of 
histological lesions assessment and scoring is mandatory also in veterinary 
medicine. In the present study, based on the collaboration between clinicians and 
pathologists, ultrasound-guided canine hepatic biopsies were obtained and 
histologically examined and scored in order to highlight the most common 
pathological changes in the dog. 
 

Materials and methods 
 

The present study is based on 36 hepatic biopsies obtained during 
routinary ultrasound diagnostic examination of 36 dogs belonging to different 
breeds and ranging in age from 4 months to 14 years. For each dog, AST (GOT), 
ALT (GPT), ALP and GGT haematic values were available.  

Before biopsy, all dogs were evaluated for hemostatic disorders by means 
of platelet count, prothrombin time, partial thromboplastin time and plasma 
fibrinogen. Dogs were sedated with propofol, placed on a right lateral recumbency 
and the skin over the biopsy site was prepared aseptically. An ultrasound-guided 
freehand biopsy technique using a 14 Gauges tru-cut needle was performed. After 
the puncture, dogs were examined every fifteen minutes for at least 4 times in 
order to exclude haemorrhage. 

For histological examination, bioptic samples were fixed in 10% buffered 
formalin, passed trough graded alcohols, clarified in xylene and embedded in 
paraffin wax. From each paraffin block, 3 serial sections were obtained and stained 
with HE, Gordon & Sweet reticulin stain and PAS stain respectively. Slides were 
observed microscopically and evaluated for the 3 main findings: inflammation, 
degeneration and fibrosis. To better address the final diagnosis, an evaluation 
score was prepared and each lesion were defined as follow: 0 (absent); 1 (low); 2 
(moderate); 3 (severe); 4 (very severe). In addition, for inflammation leucocytic 
population was indicated (lymphocytes/plasmacells, neutrophils) and for 
degeneration, the type observed was reported (hydropic degeneration, lipidosis, 
glycogenosis etc.). 

 
Results and discussions 

 
One or more of the hepatic serological values, were altered in all the cases 

examined. ALT was altered in 28 patients, AST in 14, ALP in 21 and GGP in 5 
patients. 

Histological results regarding inflammation, degeneration, fibrosis and 
related scores are summarized in table 1. 
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Table1 
Histological results . Scoring of the lesions in the 36 hepatic biopsies 

examined 

SCORE INFLAMMATION 
(no. of cases) 

DEGENERATION 
(no. of cases) 

FIBROSIS 
(no. of cases) 

0 13 1 2 
1 13 7 12 
2 4 18 12 
3 3 6 4 
4 3 4 6 

 
Inflammation was observed in 23 cases and was generally low or moderate 

and inflammatory cells were mainly represented by small and scattered periportal 
aggregates of lymphocytes, plasmacells and rare neutrophils. Neutrophils were 
mainly present in cases of cirrhosis. Hepatocytic degeneration was observed in all 
but one cases examined. Hepatic degeneration was generally moderate while very 
severe cases were only 4 (fig.1).  

 

 
 

Fig.1. Canine liver biopsy. Case of cirrhosis. Note on the right a portion with low 
degenetarion while on the left very severe fibrosis is present,  associated with mild 

inflammation. Hematoxylin and Eosin 100X 
 

Hydropic degeneration, lipidosis and glicogenosis (PAS +) were the most 
common features, frequently associated in the same sample (table 2).  
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Table 2 

Degenerative changes in the 36 liver biopsies esamined 
DEGENERATION NO OF CASES 

HYDROPIC 5 
LIPIDOSIS 0 
GLICOGENOSIS 4 
GLICOGENOSI + NECROSIS 1 
HYDROPIC + GLICOGENOSIS+ NECROSIS 1 
HYDROPIC + LIPIDOSIS 3 
HYDROPIC + GLICOGENOSIS 12 
LIPIDOSIS+ GLICOGENOSI  4 
LIPIDOSIS+ GLICOGENOSI + NECROSIS 2 
HYDROPIC + LIPIDOSIS + GLICOGENOSIS 3 
 

Fibrosis was present in all but 2 samples. In most cases it was low or 
moderate, but in all cases with fibrosis Gordon and Sweet stain showed collapse of 
reticulin fibres demonstrating hepatocytes loss, even if with various degree of 
severity. Large hepatic fibrotic bundles, with severe collapse of reticulin fibres were 
mostly observed in cirrhotic cases (fig.2).  
 

 
 

Fig. 2. Canine liver biopsy. Case of cirrhosis. Note on the left and right corner the 
collapse of reticulin fibres as a sign of hepatocitic loss. Gordon & Sweet reticulin 

stain 100X 
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The results obtained demonstrated that all cases examined showed altered 
serological hepatic values. Also in clinically asymptomatic dogs, these alterations 
were always associated to hepatic histological lesions. Degenerative changes were 
more frequent than inflammatory ones, this mean that the application “tout court”, in 
veterinary, of human scores is difficult because they are prepared mostly to 
evaluate infective hepatitis and to monitor its stage and progression. For this 
reason is important to create a simple score useful in veterinary medicine. We 
propose a 4 degrees score that allowed to obtain consisting results. In fact, for all 
lesions considered, for most of the samples 1-2 score were assigned, while the 
minority of cases were graded 0 or 3-4 respectively. This means that samples were 
distributed following a Gauss curve, demonstrating the consistence of the score 
proposed. Regarding the score obtained, it seems useful for clinicians to receive it 
in the pathological report. So that, in the pathological report, after some diagnostic 
sentences describing the presence of inflammation and related inflammatory cells, 
the presence of degeneration and related type and the presence of fibrosis, it could 
be useful to put the value of the score (example: inflammation 0; degeneration 2; 
fibrosis 1). 

As far as histological stains are concerned, PAS and Gordon & Sweet stain 
demonstrated to be an useful help in the examination, highlighting glycogen 
accumulation and reticulin collapse respectively. Glicogenosis is generally 
associated to corticosteroid drugs but, in our cases, none of patients had in the 
anamensis such a treatment so that we hypothesize that, in our cases, glycogen 
accumulation could be possibly related to high energetic diets associated to 
sedentary life. Regarding Gordon and Sweet stain, it allows to highlight reticulin 
collapse, that is a sign of hepatic loss, also in case of very low degree of fibrosis. 
This finding was not recognizable with HE stain.  

 
Conclusions 

 
Hepatic ultrasound-guided biopsies represent a valid diagnostic tool in 

veterinary as in human medicine. In the examination of bioptic samples, 
pathologists must apply appropriate stains to facilitate the recognition of 
inflammatory cells, hepatocytes degeneration and fibrosis. HE, PAS and Gordon & 
Sweet stains are most employed. In addition, and this could concern future studies, 
Rodanin stain for Copper accumulation could be added in the staining protocols. 
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Summary 

 
The avian colibacillar septicemia was diagnosed through macroscopic and 

microscopic examination in 40 chickens, 4-36 days of age, obtained from an intensive 
breeding farm. Macroscopic and microscopic, there have been distinguished characteristic 
and uncharacteristic lesions. Characteristic lesions: fibrinous polyserosotis (pleuritis, 
pericarditis and perihepatitis), catarrhal enteritis and intraepithelial, intestinal and renal 
hyalinosis.Uncharacteristical lesions: circulatory modification (ectasia, congestion and 
hemorrhage) and cardiac, hepatic, splenic and renal dystrophic processes; active 
pulmonary congestion and catarrhal bronchopneumonia. The morphopathological 
diagnosis for colibacillar septicemia was established on the basis of fibrinous polyserositis, 
but most of all on basis of fibrinous perihepatitis accompanied by intraepithelial renal and 
intestinal hyalinosis. 

Key words: chickens, avian colibacillar septicemia, morphopathological aspects. 
 

Colisepticemia is a conditional disease, common in chickens and turkeys 
in the etiology of which are incriminated, in addition to determinant factors 
(colibacilli) and a number of factors favoring infection (primary infection 
mycoplasma, infectious bronchitis virus, Newcastlle disease virus, vaccine virus) 
or noninfectious (overpopulation, deficiencies of ventilation, humidity and 
generally unsuitable microclimate) (1, 2, 4, 8).  

Pleuritis, pericarditis and perihepatitis fibrinous are characteristic lesions 
for avian colibacillar septicemia, but especially the presence of a fine thin 
fibrinous film non adherent to the Glisson capsule (3, 4, 5, 6, 7).  

 
Materials and methods 

 
The research was made between October 2009 and April 2011 through 

necropsy, at the forensic discipline, on 40 chicken corpses of different breeds, 
aged between 4-36 days, in order to establish the cause of death through 
macroscopic and microscopic examination. 

The suspicion of colibacillar septicemia appeared during the necropsy, 
when the internal examination of the bodies revealed fibrinous polyserositis, with 
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a fermentative smell, catarrhal enteritis and catarrhal bronchial pneumonia. After 
thorough macroscopic examination of each tissue and organ samples were taken 
from the lungs, heart, liver, spleen and intestine in order to carry out the 
histopathological review. Samples have been processed through the paraffin 
technique, sectioned at 6 µm and colored by HEA technique. Histopathological 
preparations thus obtained were examined and interpreted under the microscope, 
and the characteristical lesions were microfotografiated.  

For bacteriological examination samples were harvested from liver and 
long bone and were dispatched to the discipline of infectious diseases, who 
established the etiologic diagnosis of colibacillar septicemia. 

 
Results and discussions 

 
The interior examination of the thoraco-abdominal cavity has revealed the 

presence of a citrine-red liquid with grayish-yellow deposits of fibrin in the mass 
of exudates - serofibrinous peritonitis. The lungs, air sacks, heart, ovary and 
salpinx were covered by o pseudomembrane that is grayish-yellow, brittle and 
can be easily detached- fibrinous polyserositis (Fig.1). 

At the opening of the pericardic cavity, the thickening of the pericardial 
sack could be seen. Fibrinous exudates, under the form of yellowish floaters non-
adherent on the epicardium, was found in the pericardial cavity. The floaters were 
floating in a liquid mass- these aspects match the diagnostic of fibrinous 
pericarditis. Macroscopically, the heart was increased in volume and weight, the 
color was grayish-white at the surface and on section with the aspect of boiled 
meat. The consistency was friable - protidic myocardosis.  

The lungs of eight chickens, at the age of four days, were increased in 
volume and weight, the colour was bright red at the surface and on section, with 
the expression of blood of the same colour as the surface. Negative docimasy – 
active pulmonary congestion. The lungs of 12 broiler chicken were burgundy-red 
at the surface and on section, with wet look. In the parabronchii a grayish liquid 
was leaking. The docimasy was positive. This morphopatological aspect matches 
the catarrhal bronchial pneumonia (Fig. 2).  

The liver was increased in volume and weight. The two hepatic lobes 
were covered by a grayish-yellow membrane, wich surrounded almost the whole 
liver. The fibrinous pellicle is about 1 mm thick, following the shape of the livers 
surface. The detachment of the fibrin is easily done, the hepatic capsule is intact 
and the hepatic parenchyma is grayish-yellow on the surface and on section, 
friable with the aspect of boiled meat- fibrinous perihepatitis and protidic 
hepatosis. 

 
 
 
 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(1), 2012, TIMIŞOARA 
 

 70 
 

 

Microscopic examination: 
The lungs of broiler chicken had on the surface of the pleura fibrin under 

the form of different thicknesses, made out of parallel fibril that were attached 
here and there on the pleura. In the fibrin mashes, macrophages and 
microphages were present. In the lung parenchyma, the microscopic examination 
revealed in the pulmonary alveolar lumen and in the parabronchii the presence of 
desquamative catar, as a result of the detachment of the pneumocyte from the 
alveolar septs, respectively the tracheal, bronchic epithelium and the collapse in 
the lumen- fibrinous pleuritis and catarrhal bronchopneumonia (Fig.3).  

The heart of the twelve chickens in age of three weeks, presents a pellicle 
of fibrin partially detached from the myocardia. The epicard is tumefied, with 
edema, and the mesothelioma has in some places bridges that connect to the fibrin 
network- fibrinous pericarditis and protidic myocardosis. 

The broilers fibrin network from the surface of the epicardia forms bigger or 
smaller mashes in which there are present a great number of micro- and 
macrophages. In both sheets of the epicardial serous (parietal, visceral) stands 
congestive processes, edema and inflammatory cell infiltration. The subepicardic 
tissue has hyperplasia and different conjunctive cells and a rich limfohistiocitar 
infiltrate can be seen in its structure- fibrinous pericarditis and limfohistiocitar 
myocarditis. These cardiac lesions causes the disruption of the cardiac activity, 
manifested through passive congestion and heart failure, incompatible sometimes 
with life. 

The broiler chicken liver shows exudative inflammation of the serosa 
manifested morphopatologicaly through fibrinous perihepatitis. The liver capsule 
was swollen, with edema and cell infiltrated. In close contact with serosa, a 
fibrinous exudate was found, consisting of parallel layers. In some areas, the fibrin 
deposits were removed from serous, resulting in optically empty spaces varying in 
size. In the liver parenchyma, necrotic areas were found with altered congestivo-
haemorrhagic areas of red color. These facts suggest that the first reaction of the 
liver in avian colibacillosis is a vascular-congestivo-haemorrhagic reaction. The 
process cand be explained by the colibacilar toxins on the sfincter devices of the 
sinusoid capillary, causing tightness and sector sinusoidal dilatations. These 
processes follow the more or less pronounced migration of the eosinophil, 
elements with pinocitar function. Hepatocytes attached to the congestive-exudative 
focus undergo destructive phenomena and release of nucleic acids and other 
biochemical factors stimulate the reticuloendothelial system response. As the 
prcess evolves the eosinophilis degranulate and the necrosis extends with a 
predominantly lesion appearance. The necrosis is accompanied by a large number 
of germs, which sometimes form thrombosis of the sinusoid capillars, possible 
starting point of new necrosis. We can conclude that the necrotic outbreaks in 
collibacilar septicemia can be the result of cytolytic, toxic phenomena or the 
consequence of posttrombotic hypoxia. This hepatic morphological changes define 
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the fibrinous perihepatitis associated with circulatory changes, dystrophies and 
parenchymal necrosis (Fig.4).  

The kidneys. In the structure of kidneys in chickens up to three weeks, 
prevailed circulatory and degenerative changes. Circulatory disorders are 
represented by congestion and hemorrhage. Congestion affects the blood vessels 
of all sizes (capillaries, medium and large vessels), being increased in volume and 
filled with red figurative elements. Renal bleeding are noticeable with increased 
frequency in renal cortex and in the interstices of both areas and the results are the 
distruction of structures. Degenerative processes are evident and manifested 
morphologically by granular and epithelial dystrophy, both detected in renal tubule 
structures. Also, in the renal epithelium, granulations and oxyphile balls, and 
oxyphile masses in the lumen- hialin nephrosis, intra- and extracellular hialinosis  
(hialin cilinders) (Fig.5). 

The intestine in most of cases regarding the chicken three weeks old was 
the cause of a exsudative inflammation : the intestinal wall is increased in volume 
and especially what consists in lining, through we can observe the main 
caractheristics of the inflammation, the cell scalling; inside the cytoplasm of the 
cover intestinal and glandular epitellium,we can stand out for oxiphile hyaline 
granulations ;in submucos we can observ the hyperemia in all type of blood 
vessels, plasmexody, leucocyte diapedesis, causing the edematiationsubmucos, in 
one of the punctiform small hemoragies which goes in mucose-cataraleenteritie 
and intraepitelialhyalinosis (Fig.6). 

The tissue and organic lesions identified by us, on which was established 
the morphopathological diagnosis of avian colibacillosis septicemia are reproduced 
in Table 1. 

 
Table 1 

Morphopathological changes in avian colibacillosis septicemia  
No 

cases 
Age Characteristic 

lesions  
Uncharacteristical 

lesions 
% 

8 4 days - - active pulmonary 
congestion 

- cardiovascular, 
hepatic and splenic 

protido-lipidic 
dystrophies 

- catarrhal enteritis 

 
20% 

10 3 weeks - fibrinous 
pericarditis and 

perihepatită 
- enteric and renal 

intraepithelial 
hyalinosis 

- catarrhal 
bronchopneumonia 

- pluriorganic protido-
lipidic dystrophies 

 
25% 
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22 4-5 weeks - fibrinous 
polyserosotis 

(pleuritis, pericarditis 
and perihepatitis), 

- intestinal and renal 
hyalinosis 

 

-pulmonary congestion 
and edema 
- catarrhal 

bronchopneumonia 
- protidic myocardosis, 
hepatosis and nefrosis 

 
55% 

  
Fig. 1. Avian colibacillosis 

septicemia, fibrinous polyserositis 
Fig. 2. Colibacillosis septicemia, broiler, 

catarrhal bronchopneumonia 

  
Fig. 3. Avian colibacillosis 

septicemia – fibrinous pleuritis and 
catarrhal bronchopneumonia: 

desquamative catar in the pulmonary 
alveolar lumen and in the 

parabronchii the presence of fibrin 
networks on the surface of lungs. 

Col. H.E.A x 40 

Fig. 4. Avian collibacilar septicemia,3-5 
weeks: fibrinous perihepatitis 

associated with circulatory changes, 
dystrophies and parenchymal necrosis. 

Col. H.E.A. x 100 
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Fig. 5. Avian colibacillosis 

septicemia, 3-5 weeks – hialin 
nephrosis, intra- and extracellular 

hialinosis (hialin cilinders) .Col. 
H.E.A. x400 

Fig.6. . Avian colibacillar septicemia, 3-
5 weeks - catarrhal enteritis and 

intraepithelial hyalinosis. Col. H.E.A. 
x200 

 
Our identification during the microscopic and macroscopic exams of 

fibrinous pleuritis, pericarditis and especially perihepatitis lesions are consistent 
with the characteristics of the disease described in the literature (2, 4, 7, 8).  

The presence of intraepithelial hyaline in the kidneys and intestine may be 
attributed to various pathological situations, including colibacillar toxiemia. These 
aspects are also specified by other authors (3, 4, 5, 6). 

 
Conclusions 

 
The avian colibacillosis septicemia was diagnosed with 40 chicken, at the 

age of 4-36 days, coming from an intensive growth system, through macroscopic 
and microscopic examination. 

Macroscopic and Microscopic: Characteristic lesions: fibrinous polyserositis 
(pleuritis, pericarditis, and perihepatitis), catarrhal enteritis and intraepithelial, 
intestinal and renal hyalinosis 

Uncharacteristically lesions: circulatory modification (ectasia, congestion 
and hemorrhage) and cardiac, hepatic, spinal and renal dystrophic processes; 
active pulmonary congestion and catarrhal bronchial pneumonia. 

The morphopathological diagnosis for colibacillar septicemia was 
established on the basis of fibrinous polyserosotis, but most of all on basis of 
fibrinous perihepatitis accompanied by intestinal and renal intraepithelial hyalinosis. 
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Summary 

 
Carré disease was been diagnosed morphoclinic to five dogs, aged 4 months - 1 

year, identifying cutaneous form (one case), digestive form (two cases), respiratory and 
nervous form (two cases).  

Macroscopically we have been identified: exanthema pustulo-crust and bilateral 
purulent rhinitis, progressive bronchopneumonia, tracheo-bronchial and serous mediastinal 
lymphonoditis, serous myocarditis. Microscopically were detected:  

- specific lesions: hyperkeratosis and exanthema vesicular-pustular-crust and 
intracytoplasmic viral inclusions in center-epidermal layers, lympho-histiocytic 
bronchopneumonia with viral intranuclear inclusions (Lentz's-Sinigaglia corpuscles) in 
syncytial epithelial alveolar, bronchial and alveolar macrophages ; lympho-monocytic 
meningoencephalitis, demyelinating translated by perivascular lympho-monocytic sleeves, 
neurodystrophy, neurolysis and perineural edema and lysis of the myelin sheath. 

- nonspecific lesions: : mediastinal and tracheo-bronchial serous lymphonoditis, 
serous myocarditis and lien-hepato-renal dystrophies. Identification of viral inclusions in 
center-epidermal layers, in syncytial epithelial alveolar, bronchial and alveolar macrophages 
allowed us to establish with certainty the diagnosis of disease Carré. 

Key words: dog, Canine distemper (Carré disease), morphological changes. 
 
Carré disease, known as the jerk, is a disease infecto-contagious, 

endemic-epidemic, such as viral (Canine distemper virus classified in the family 
Paramixoviridae), evolving hyper-acute, acute and sub-acute, specific to 
carnivores, morphoclinically characterized by fever syndrome accompanied by 
catarrh mucosa, which may be associated with eye, gastrointestinal, lung, skin and 
nerve disorders, with variable intensity (2, 4, 5). 

Macroscopic morphological changes of the disease are generally 
uncharacteristic, being dependent on the virulence and tropism of virus strain, the 
host immune status, and can be distinguished: lung, eye, digestive, skin and 
nervous lesions (1, 3, 6). 
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Materials and methods 
 
The research was conducted from November 2008 - April 2010 by 

performing necropsy on five cadavers of dogs, aged 4 months - 1 year, half-breeds, 
two males, one female and two cubs, in order to elucidate the cause of death. 

 Epidemiological investigation in conjunction with clinical and anatomo-
pathological (macroscopically) allowed for the presumptive diagnosis of disease-
Carré. The necropsy was performed after carnivores’ specific technique. 

After evisceration, was performed thorough macroscopic examination of 
tissues and organs studied. From skin, lungs, stomach, bladder and encephalon 
samples for histopathology exam were taken. 

Samples were fixed in formaldehyde ground. 10%, processed by the technique 
in paraffin, sectioned at 6 µm, and stained by Masson trichrome method (HEA). 

Histological samples obtained, were examined under the optical 
microscope with increasing objective (x10, x20, x40, x100), interpreted, and then 
by microphotography. Bacterial examination performed at the Department of 
Infectious Diseases was negative, and viral nature of the disease was suspected. 

 
Results and discussions 

 
External exam. Bodies were in a state of mediocre to bad maintenance, 

with apparent cyanotic mucous membranes, wet and covered by a semifluid 
exudate, gray, seromucous. Subcutaneous tissue in the cervical region, especially 
around the larynx was infiltrated with serous effusion (subcutaneous edema), and 
retropharyngeal and cervical lymph nodes were increased in volume and gray 
section of various shades and wet look that expresses compressive semifluid 
liquid, gray - serous lymph-nodes inflammation. In two cases, muzzle skin was 
thickened, swollen and covered with brownish-gray scales, crossed by crevasses, 
and nasal mucosa was covered with pus, more or less dehydrated - purulent 
rhinitis and exanthema vesicular - crust (suspected distemper). 

The skin. Macroscopically the skin eyelids, nose and lips, were much 
thickened, and swollen. The skin blisters and numerous pustules were present, 
which in some areas connected and in other areas there were gray-brown crusts 
with numerous crevices. Also were identified numerous scars. Pustule is formed by 
vesicle invasion by granulocytes, exudates from dermal vessels. Under fluid 
pressure on the one hand and the action of proteolytic leucocytes enzymes on the 
other, pustule opens out. The liquid part evaporates and the solid part joins existing 
dust and grease on the skin surface forming a film which is yellowish or brownish 
representing the crust. Under its protection, epidermis is regenerated, in a time 
more or less long, epithelization occurs. These structural changes define 
exanthema (dermatitis) vesiculous - pustular. 

 Microscopically, there is: in epiderma: horny layer hyperplasia, 
degeneration of distending cells in center-epidermal layers, epithelial hyperplasia, 
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intracytoplasmic viral inclusions, integrity and disintegrating (Fig. 1), in dermia: 
hypertrophy and swelling of endothelium capillary, fibrinoid capillary obliterans 
accompanied by thrombosis, edema and inflammatory cell infiltration (erythrocytes, 
leukocytes, lymphocytes and rare eozinocutes) – hyperkeratosis and exanthema 
vesicular-pustular. 

Internal examination.Inside the trachea and bronchi was present mucous-
cell exudate, semi-viscous and less adherent to the mucosa congested and edema 
tracheitis and bronchitis, catarrhal-purulent.  

Inside the chest cavity was reported the presence of a reddish liquid, the 
amount of 200-300 ml, which stirring produce turbidity serohemoragic exudate. 

The lungs. Macroscopically the lungs were greatly increased in volume, 
weight and rounded edges. The pleura was tense and transparent, allowing 
visualization on red – purple fond, on the ribs face of the diaphragm lobes, of a 
otherwise normal lung parenchyma. In two cases, the lungs were poorly collapsed, 
bulky, elastic consistency, with whitish areas around outbreaks, fluffy, crackles, 
compensatory alveolar emphysema. The docimasis of the lung parenchyma of red 
cherry part- was positive, productive bilateral bronchopneumonia hyperplasia 
(Fig.2). Attention is retained by the lung tissue density, body weight increased from 
170-300 g, as is normal at 430 - 580g. 

Microscopically. In histological sections obtained from samples of lung, 
diaphragmatic lobes, examined with increased objects, we observed hyperplasia 
limpho-hystiocytic predominantly perivascular and alveolar septs, swelling of the 
bronchial epithelium, followed by detachment and fallen into the lumen accompanied 
by the formation of syncytial giant cell and intracytoplasmic and intranuclear 
inclusions in bronchial and bronchiolar epithelium in pneumocytes as in 
macrophages and giant cells in alveolar lumen bronchopneumonia limpho-hystiocytic 
(Fig. 3 and 4). These syncytial giant cells are formed by merging bronchial and 
epithelial cells, translated by predominant pneumocyte hyperplasia type II (4), fusion 
of cytoplasm and nucleus agglomeration of several cells in the same cytoplasmic 
mass, which is bounded by a single cell membrane (4). It is so syncytial giant that 
can include hundreds or even thousands of nucleus (policariocytes). Protein'' F'' 
exercises merged his role only if it’s contained in the host cell plasmolema and is 
maintained in close contact with them through the hemoagglutinin, Zarnea quoted by 
Paul (4). The specialized literature mentions the ephemere existence of intranuclear 
and intracytoplasmic inclusions in bronchial and bronchiolar epithelium in 
pneumocytes as in macrophages and giant cells in alveolar lumen. Their ephemeral 
existence reduces the diagnostic importance. In some microscopic fields we have 
identified whole or disintegrated intranuclear inclusions in macrophages and alveolar 
pneumocyte fallen into the lumen. 

Associated with these histological changes were detected: hyperplasia of 
all components of the lung tissue, especially sharp increase fundamental 
substance and in a certain measure the reticulin fibers, especially hyperplasia of 
smooth muscle and local active mesenchyme, the presence of alveolar 
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macrophages with intranuclear inclusions in the lumen, swelling granular 
pneumocyte, their separation from vascular-conjunctive to alveolar septs, falling 
into the lumen and the formation of syncytial giant-cell. These syncytial giant cells 
with pneumocyte origin type II flaky, are typical cells in viral infections, present in 
early stages of disease, with cytoplasmic basophilia, PAS positive. 

The Stomach. After the mandatory section on stomach on the greater 
curvature and the removal of gastric contents, we found the presence of gray-
whitish catarrhal exudate, semifluid with flow trend. Histopathological examination 
performed from taken samples showed the presence of intracytoplasmic inclusions 
in the epithelium of fundic glands (sagittal section, cross section). 

The encephalon. Macroscopically brain lesions are uncharacteristic common 
to all encephalitis- meninges hyperemia, of brain capillaries, bleeding and increase 
the amount of cerebrospinal fluid. Microscopically lesions were found features of 
lympho-monocytic and demyelinating meningoencephalitis (Fig. 5, Fig. 6): the ectasia 
of blood capillary, layered limpho-monocytes sleeves peri- and endocapilar (peri- and 
endovascular) in cross section, oblique or longitudinal ; neurodystrophy, satellitose 
(glial hyperplasia around dystrophic neurons), neuronofagia (microglial penetration 
inside a dystrophic neuron in order to phagocyte it), glial nodules (clusters of glial 
cells placed on phagocytosed neurons) mononuclear infiltrates, predominantly 
lymphocytes, plasmocytes and macrophages in meninges; neuronal necrosis, 
malacia, demyelination of nerve zonal mass. 

Botteron quoted  by Paul,(4), demonstrated that the presence of immune 
scumballs complexes, stimulated macrophages release toxic factors that cause 
degeneration of oligodendrocytes, which decrease in number of mechanisms may 
occur in demyelination (4). 

  
Fig.1. Carré disease- Section through 

epidermis - intracytoplasmic viral 
inclusions. 

Fig.2. Carré disease (respiratory form) 
- bronchopneumonia productive, 

hyperplasia, bilateral. 
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Fig.3. Carré disease - lympho-histiocytic 

bronchopneumonia- intranuclear viral 
inclusions in macrophages.  

Col. H.E.A. x 400. 

Fig.4. Carré disease - lympho-
histiocytic bronchopneumonia-

syncytialization of alveolar epithelium 
and presence of intracytoplasmic viral 

inclusions. Col. H.E.A. x 400. 
 

 
Fig.5. Carré disease (nervous form) - 
lympho-monocytic and demyelinating 

meningoencephalitis: lympho-monocytic 
perivascularitis, neurono dystrophies and 

neurono lisis. Col. H.E.A. x 100. 
 

Fig.6. Carré disease (nervous form)- 
lympho-monocytic 

meningoencephalitis : glial nodules 
(glial hyperplasia instead of 

phagocytosed neurons). Col. H.E.A. x 
200. 

 
The highlighted viral inclusions in the cytoplasm centroepidermic cells in 

scyncytial alveolar epitehelium and macrophages nucleus are cytological changes 
that led to a microscopally diagnosed Carré disease. These morphological changes 
we identified are reported in the literature (1, 2, 3, 4) as pathognomonic lesions in 
histopathological diagnosis of Carré disease. Lympho-monocytic 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(1), 2012, TIMIŞOARA 
 

 80 
 

 

meningoencephalitis lesion identified by us is a nonspecific lesion, being recorded in 
the specialty literature as a lesion seen in all neurotropic virosis (3, 4, 5, 6,) .  

 
Conclusions 

 
Carré disease was diagnosed pathologically to five dogs, aged 4 months - 

1 year, identifying cutaneous form (one case), digestive form (two), respiratory and 
nervous form (two cases). 

 Identified macroscopically were: exanthema pustulo-crust and bilateral 
purulent rhinitis, progressive bronchopneumonia, tracheo-bronchial and serous 
mediastinal lymphonoditis, serous myocarditis. 

Microscopically were detected: specific lesions: hyperkeratosis and 
exanthema vesicular- pustular-crust and intracytoplasmic viral inclusions in layers 
centroepidermice, bronchopneumonia limphohystiocytes intranuclear viral 
inclusions highlighting (Lentz's corpus-Sinigaglia) in syncytial epithelial alveolar, 
bronchial and alveolar macrophages; lymphomonocitar demyelinating 
meningoencephalitis translated by perivascular limpho-monocytes sleeves, 
neurodystrophy, neurolysis and perineuronale edema and lysis of the myelin 
sheath; nonspecific lesions: mediastinal and tracheobronchial serous 
lymphonoditis, serous myocarditis and lien-hepato-renal dystrophies. 

 Identification of viral inclusions in center-epidermal layers, in syncytial 
epithelial alveolar, bronchial and alveolar macrophages conclusively established 
the diagnosis of disease Carré. 
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Summary 
 

The clinical evolution of some pathological processes expressed through 
developments that have a tumoral substrate inside the abdominal and the pelvine cavities of 
the dog is, most of the times, insidious; the veterinary practician, according to the 
suspicioned diagnosis, must quickly make use of paraclinical methods such as the imagistic 
exam or the biopsic punction with a fine needle.  

According to some data from the speciality literature, there must be specified the 
fact that the most frequent formations identified in the areas upper-mentioned could be the 
following: inside the stomach – the adenocarcinoma, the leiomyoma or the leiomyosarcoma, 
the lymphoma, from which the carcinoma and the sarcoma are most frequent; inside the 
mesentery – the lipoma; inside the intestines – the adenocarcinoma, leiomyosarcoma, the 
leiomyoma and the limphoma; inside the pancreas – the rather recent insulinoma, inside the 
female genitalia – the fibroma, the lipoblastoma, the liposarcoma and the lipoma, the 
leiomyoma and the leiomyosarcoma; inside the urinary bladder – the carcinoma, the 
leiomyosarcoma, the leiomyoma and the rhabdomyosarcoma and inside the prostate the 
adenocarcinoma and the leiomyosarcoma.  

 The paper evaluates the value of the diagnosis of the imagistic exams and of the 
paracentesis in the case of some pathologic processes such are the ones that were 
mentioned above.  

Key words: tumors, imagistic, histopathologic, diagnosis 
 

The literature shows that the incidence of tumors in pets is more and more 
frequent. Considering this, the digestive system of dogs seems to be affected by 
neoplastic formations such as adenocarcinomas, leiomyomas, leiomyosarcomas 
and lymphomas.  

Of the epithelial tumors, the adenomas and the adenocarcinomas can be 
discovered in the stomach, the liver and inside the intestines, according to data 
presented by Rassnick and colaborators (6). From a macroscopical point of view, 
they are characterized by diverse aspects, having a small or a large basis and 
different sizes, some of them reaching such large volumes in order to obstruate the 
lumenus of the colon (7). From a histological point of view, the adenomas present a 
large number of mitosis, which are absent in the case of the hepatocellular 
adenoma, where the mitosis are absent but 2 or 3 nucleoli are present. The 
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presence of other types of tumors is also indicated by the speciality literature, but 
the case frequency indicates the fact that the epithelial neoplasms are the most 
commonly met in practice.  

Considering the female genitalia, the tumors of the ovary have a slightly 
high incidence in female dogs, affecting both the epithelium and the subepithelium 
of the organ, as well as the beginning of the oviduct. The adenocarcinoma, while 
present in most other locations, is an exceptional neoplasm in the case of the 
uterus, but this organ is more frequently affected by mesenchimal tumors, of which 
the most frequent one is the leiomyoma. From a histological point of view, the 
leiomyoma is contains smooth muscle fibers, disposed anarchically or in nests, 
covered by normal epithelium (1,2). In the same measure, the leiomyoma is 
frequently discovered in the female dog at the level of the vulva and the vagina.  

The urinary apparatus is also dominated by the pathology of the epithelial 
tumors, out of which the carcinoma is the most frequent malignous tumor that 
occurs in dogs, both in the kidney and in the urinary bladder. In spite of the 
incidence of this type of neoplasm, a differential diagnosis is necessary, towards 
the leiomyosarcoma, the leiomyoma and the rhabdomyosarcoma (4). Thus, the 
veterinary practician must consider the local invasion (to the prostate) or the 
metastatis action (in the case of a hemangiosarcoma or a lymphoma), especially 
when the urinary bladder is affected.  

 
Materials and methods 

 
The studies were made on 3 dogs of breeds and various ages: an 8 year 

old male German Shepherd, an 11 year old female Rottweiller and an 8 year old 
male crossbred Terrier.  

The study methods consisted of the clinical and the imagistical 
examination, completed by the necropsic and the histopathologic examination, 
according to the techniques specified in the speciality literature (3, 2, 5). The 
imagistic exams that were applied used classical, tomographical and echographical 
techniques.  

 
Results and discussions 

 
The studies led to the diagnosis of the following types of tumors: a hepatic 

carcinoma (in the case of the 8 year old German Shepherd), a colorectal fibroma 
(in the case of the 11 year old Rottweiller) and a bladder carcinoma (in the case of 
the 8 year old crossbred Terrier). The hepatic carcinoma was discovered using the 
echographic exam as well as the abdominal punction, used for the draw of an 
effusion (Fig. 1).  

The clinical exam emphasized an enlarged abdomen and various hepatic 
disorders, accompanied by an intense alteration of the general state and the 
presence of the icterus and of the discolored and diarrheic feces. After the 
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abdominal punction, the draw was converted into a cytologic examination. The 
direct radiographic exam emphasised only the increase in volume of the liber and 
the echographic examination pointed some hyperecogenous areas that existed in 
the mass of the liver and that had already merged. Thus the suspicion of several 
tumoral formations was elaborated.  

 

 
 

Fig. 1. A tumoral effusion in a dog. Erythrophagocytocis images. Young epithelial 
cells. Col. MGG, x400 

 
During the cytological interpretation of the draw that was taken from the 

abdominal cavity, there was observed a finely granullar and proteic background 
(amphophilic), a moderate quantity of inflammatory cells represented by slightly 
macerated neutrophilic granulocytes, active mesothelial cells, macrophages and a 
foreign cell population of an epithelial type. There were remarked images of 
neutrophilic fagocytocis (Fig.2.1.). 

The epithelial cells are disposed isolately, baring a large and active 
nucleus and having a basophilic cytoplasm. There were not noticed any pathogens 
inside or outside of the cells. The mitotic index is moderate but the cells are 
modified (abnormal).  

The cytologic diagnosis: a tumoral effusion. The cytological aspect of the 
cell population and the inflammatory character of the effusion are typical for a 
carcinoma.  
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In the case of the necropsic examination, the abdominal cavity was opened 
and the liver was isolated, making possible for the examinator to remark a poorly 
defined formation on the organ’s surface, with a clear infiltrative type of growth. 

During the microscopic examination, multiple pleomorphic, anaplastic and 
gigantic cells were observed, some of which were grouped in nests. Rare areas of 
necrosis were also remarked, in the case of which the lack of blood vessels is 
evident.  

The colorectal fibroma was discovered using a clinical and an imagistical 
examination.  

In the clinical examination, the Rottweiller female presented tenesmus 
during the defecation and during the rectal palpation, the examinator felt a 
formation having an increased consistency that was placed in the dorsal area of the 
colon. The formation was well delimited and progressing through the anterior half of 
the pelvis. In the case of the direct radiographic examination and the one using a 
contrast substance (a barium sulphate), there were not obserbed any lesions of the 
colorectal mucous membrane; the presence of a fecaloma and an increased area 
of radio-opacity that suggested a compressive formation on the colon were seen, in 
the area of the cranial aperture of the pelvis (Fig. 2.).  

The suspiciously tumoral formation was isolated during a surgery, that was 
difficult because of the presence of a large quantity of fat, on the surface of the 
neoplasm (Fig. 3.).  

 

  
Fig. 2. A lateral radiographical image of 
the pelvis and of the abdomen (in the 

Rottweiller female). A large fecaloma in 
the colo-rectal area and an increased 
radio-opacity right before the cranial 

aperture of the pelvis. 

Fig. 3. An 11 year old female dog. 
Colorectal fibroma 

 
Through the histopathological examination, a diagnosis of a colorectal 

fibroma was established, while identifying multiple collagen fibers that enclosed 
young populations of fibroblasts (Fig. 4.).  
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Fig. 4. A colorectal fibroma in an 11 year old female dog. Col. HEA, x40. 
 
The bladder carcinoma was discovered in a crossbred 8 year old Terrier, 

that had radiographs (both directly and using a contrast substance), as well as a 
tomographic examination. The indirect radiologic examination used a double 
contrast through a pneumocystography and an ascendent urography. An unusual 
radio-opacity was observed in the posterior half of the urinary bladder and an 
unusually patchy aspect of the bladder mucous membrane that suggested a 
possibly tumoral formation (Fig. 5). The tomographic examination was edifying, 
showing thickness and developments of the mucous membrane that were 
characteristic to a carcinoma (the case was examined inside the Internal Medicine 
and Radiology Clinic of the Veterinary Medicine Faculty in Naples) (Fig.6.).  

 In the surgical exploring laparatomy, the examinator observed the 
advanced tumorisation of the urinary bladder, the aspect being quite characteristic 
for an epithelial formation (Fig. 7). The palpation revealed the existence of 
microcarcinomas inside the bladder, on the interior part of the mucous membrane.  

The histopathologic examination that was made using a biopsy confirmed 
the diagnosis of bladder carcinoma, through the presence of numerous abnormal 
epithelial cells that had diverse ages.  
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Fig. 5 ( A direct radiography of a 

suspicious formation inside the urinary 
bladder in a 8 year old terrier. 

Fig. 6 A catscan in a 8 year old Terrier 
with a suspicious formation thought to 
be a tumor inside the urinary bladder. 

 

 
 

Fig. 7. A tumoral formation in the bladder of an 8 year old male crossbred Terrier 
  
In the examination of any suspicious tumoral formation of organs that are 

inside of the abdominal or pelvine cavity of dogs, the examinator must begin with a 
clinical examination, followed by an imagistic examination that differs according to 
the nature of the tumors. If the neoplasms have their origin (or present metastasis 
action) inside the digestive mucous membrane, the radiologic examination using a 
contrast substance can bring precious data towards the diagnosis. In the case of 
the urinary apparatus, the intravenous urography or the ascendent urography on 
the urethra and the bladder can have an important part in the emphasis of tumoral 
formations at this level. Surely, the CT brings edifying data for the formations that 
are suspected through a radiologic or an echographic examination, but the 
economical aspect can still limit the diagnosis methods. For the parenchymatous 
organs (the liver, the kidney, the spleen etc) and especially in the case of cystical 
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or pseudocystical formations, the most efficient method of diagnosis is the 
ultrasound, which is less invasive for the body and can be repeated multiple times 
and also does not represent an important financial issue.  

The importance of the punction can be emphasised, in the case of 
effusions inside the abdominal cavity and the cytologic examination that can lead 
the diagnosis for instance in the case of small-sized formations such as the 
peritoneal microcarcinoma. Finally, the decision of the clinical doctor in choosing 
the special methods that can be applied in the diagnosis of the neoplasms that 
were mentioned above, both for the reducing expenses supported by the owner as 
well as the decrease in the effort made by the owner and the dog, because of 
multiple and long examinations is most important.  

 
Conclusions 

 
The echographic method has a high value of diagnosis in the case of the 

parenchymatous organs.  
The radiographic method (possibly using a contrast substance) has a high 

value of diagnosis in the case of neoplasm inside the digestive mucous membrane 
and a moderate value in the case of urinary growths.  

The CT has a high diagnosis value and its’ recommendation is based on 
applying the first imagistic methods mentioned above. 

The clinic doctor is the decisive factor in choosing the imagistic 
examination plan as well as a technique with an increased value of diagnosis.  
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Summary 
 

Ten dogs were kept in veterinary hospital in individual cages for 84 days. Blood 
samples were collected and analyzed on days 0, 14, 28, 42, 56, 70, and 84 for the following 
blood parameters: leukocytes, neutrophils, lymphocytes, eosinophils, monocytes, 
erythrocytes, packed cell volume (PCV), hemoglobin, mean corpuscular volume (MCV) and 
Mean erythrocyte hemoglobin concentration (MEHC). The results revealed the following 
variation of blood parameters: leukocytes were significant reduced in day 28 ( =9.1 K/µL), 
day 56 ( =9.1K/µL), and day 84 ( =8.9K/µL); neutrophils were significant reduced only in 
day 14 ( =60.45%); lymphocytes weren’t significant modified; eosinophils were significant 
reduced in day 56 ( =3.49%), and day 70 ( =3.78%); monocytes were significant increased 
in day 28 ( =10.79%), day 42 ( =11.44%), and day 84 ( =10.05%); erythrocytes weren’t 
significant modified; PCV was significant increased in day 14 ( =50.66%), day 42 
( =49.68%), day 56 ( =50.01%), day 70 ( =51.32%), day 84 ( =52.13%), hemoglobin was 
significant increased in day 70 ( =16.04 g/dL), MCV was significant increased in day 14 
( =79.44fL), day 28 ( =75.69fL), day 42 ( =77.42fL), day 56 ( =75.46fL), day 70 
( =74.45fL), day 84 ( =75.14fL); MCHC was significant reduced in day 14 ( =30.48g/dL), 
and day 28 ( =32.01g/dL). The assessing of dog welfare by hematological parameters is 
somewhat difficult, because almost in all parameters were obtained discordant results due to 
the discrepancy between the results for almost all the parameters. Our results suggest that 
only PCV, hemoglobin and MCV could be investigated in future for utility in dog welfare 
evaluation. 

Key words: animal welfare, stress, dogs, hematology 
 
The spatial area and activity are not likely to be the most important factors 

to be considered when evaluating welfare of dogs housing in the cages, social 
isolation may be more harmful than spatial restriction (4). Usually, evaluation of 
welfare in dogs is based on behavior modification such as vocalisation, movement, 
sleep, lying down, object manipulation, jumping and fence running (4, 5, 6, 7).  

Since there are only few published data regarding total blood count and 
immune activity of dogs exposed to different environmental stress, analysis of the 
hematological responses in dogs housed in cages, in veterinary hospital, could 
provide valuable information. This paper's objective is to confirm whether some 
haematological parameters are useful in evaluation of chronic stress or not. 
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Materials and methods 
 

Biological material 
Ten dogs, aged between 2 and 10 years, were kept in veterinary hospital in 

individual cages for 84 days. Each dog was kept in individual cage. The contact 
Interaction with other dogs was accepted for only 30 minutes, daily, in the paddock. 
The cages were made of stainless steel, with an area of 120×150 cm, equipped 
with disposable absorbent bedding and stainless steel bowls for food and water. 

Blood samples were collected and analyzed on days 0, 14, 28, 42, 56, 70, 
and 84. Blood samples were taken from the cephalic vein or the lateral saphenous 
vein in accordance with the Directive 2010/63/EU of the European Parliament and 
of the Council. All blood samples were collected in one ml IDEXX VetCollect tubes 
and stored in the fridge at ~4°C. All samples were analyzed in the same day. The 
first blood samples (day zero) were collected before introducing dogs inside the 
cages, and the rest of the samples were collected throughout the cage keeping 
dogs in the veterinary hospital. 

Method used for complete blood count 
The following parameters were quantitative determinate: red blood cells 

(RBC M/µL), hematocrit (HCT%) or packed cell volume (PCV%), hemoglobin (HGB 
g/dL), mean corpuscular volume (MCV fL), mean corpuscular hemoglobin (MCH 
pg), mean cell hemoglobin concentration (MCHC g/dL), red cell distribution width 
(RDW %), reticulocyte (%RETIC, RETIC K/µL), white blood cell (WBC K/µL), 
neutrophils (%NEU, NEU K/µL), lymphocytes (%LYM, LYM K/µL), monocytes 
(%MONO, MONO K/µL), eosinophils (%EOS, EOS K/µL), basophils (%BASO, 
BASO K/µL), platelets (PLT K/µL), mean platelet volume (MPV fL), platelet 
distribution width (PDW %) and percent volume of the blood occupied by platelets 
(PCT %). Complete blood count in dog was done with VetTest-Chemistry Analyser 
(IDEXX Laboratories, USA). Physiological limits of the species used in evaluation 
of dog blood are listed in table 1. 

 
Table 1 

Reference values used in complete blood count with VetTest-Chemistry 
Analyser (IDEXX Laboratories, USA) in dogs  

Parameter RBC M/µL HCT % HGB g/dL MCV fL MCH pg MCHC g/dL RDW % 

Reference 5.50-8.50 37.0-55.0 12.0-18.0 60.0-77.0 18.50-30.00 30.0-37.5 14.7-17.9 

Parameter WBC K/µL NEU K/µL LYM K/µL MONO K/µL EOS K/µL BASO K/µL PLT K/µL 

Reference 5.50-16.90 2.00-12.00 0.50-4.90 0.30-2.00 0.10-1.49 0.00-0.10 175-500 

 
Statistical validation of results 
The regression analysis of data was performed with ANOVA single factor. 

Analysis of Variance (ANOVA) provides information about levels of variability within 
a regression model and forms a basis for tests of significance. Standard error ( ) 
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was calculated with formula  = s / , where s = standard deviation and n = 
number of animals in experiment. 

 
Results and discussions 

 
The variation of the mean values of RBC M/µL, HCT %, HGB g/dL, MCV 

fL, MCH pg, MCHC g/dL, RDW %, %RETIC, RETIC K/µL, WBC K/µL NEU K/µL, 
LYM K/µL, MONO K/µL, EOS K/µL, BASO K/µL, PLT K/µL, MPV fL, PDW % and 
PCT % is shown in table 2 and the temporal evolution of the blood parameters 
which were statistically significant variations is illustrated in fig. 1. 

 
Table 2 

Mean values of the haematological parameters in dogs housed 12 weeks in 
veterinary hospital, in individual cages 

 Day 0 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 
RBC M/µL 5.97 5.34 5.12 5.77 6.20 6.64 6.56 

HCT % 41.42 50.66* 49.16 49.68* 50.01* 51.32* 52.13* 
HGB g/dL 13.83 14.7 14.25 14.95 15.58 16.04* 15.7 

MCV fL 68.27 79.44* 75.69* 77.42* 75.46* 74.45* 75.14* 
MCH pg 23.96 24.93 25.24 26.07* 25.51 25.20 24.79 

MCHC g/dL 33.13 30.48* 32.01* 32.38 32.23 32.22 31.8 
RDW % 16.53 17.02 16.67 16.63 16.52 16.45 16.35 
%RETIC 0.86 1.23 0.84 0.9 0.9 0.66* 0.69* 

RETIC K/µL 54.08 50.75 44.54 48.79 49.05 40.71 42.09 
WBC K/µL 13.77 10.00 9.09* 10.44 9.06 * 9.19 8.92 * 
NEU K/µL 8.89 7.63* 7.89 8.68 7.99 8.27 7.96 
LYM K/µL 2.47 1.72 1.22 1.38 1.25 1.45 1.72 

MONO K/µL 1.15 1.32 1.02* 1.21* 0.92 0.93 0.95* 

EOS K/µL 1.16 0.38 0.41 0.43 0.32* 0.38 * 0.40 

BASO K/µL 0.06 0.06 0.05 0.05 0.05 0.05 0.06 
PLT K/µL 367.80 180.80* 265.90 265.90 251.20* 268.00 259.30* 

MPV fL 7.26 8.62* 8.97* 8.40* 8.12 7.73 7.56 
PDW % 19.53 19.70 18.98 18.79 19.28 19.14 19.24 
PCT % 0.3 0.13* 0.17* 0.21* 0.2 0.19* 0.2* 

*significantly variation proved by ANOVA single factor 
 

Statistical analysis of values obtained in hematological parameters, 
evaluated seven times in the 12 weeks, revealed that only a small part of them 
have been modified. 

RBC, RDW, LYM, BASO and PDW weren’t significantly modified, but 
neutrophils, monocytes and eosinophils were modified in several samples. Similar 
discordant results were reported by Beerda et al. (1) which conclude that the 
peripheral leucocytes and lymphocyte proliferation measures require further 
investigation (1). 

MCH was significant increased in day 42 ( =26.07pg, p<0.05). 
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MCHC was significant reduced in day 14 ( =30.48g/dL, p<0.05), and day 
28 ( =32.01g/dL, p<0.05). 

 

(a)    (b) 
 

 (c)    (d) 
 

 (f)   (g) 
Fig. 1. Temporal evolution of the blood parameters with statistically significant 

variation in dogs housed 12 weeks in veterinary hospital, in individual cages. The 
red lines are the reference values used in ANOVA single factor analysis. The blue 

lines with the values displayed are blood parameters with relevant variation. 
 

RETIC was significant reduced in day 70 ( =40.71 K/µL, p<0.05), and day 
84 ( =42.09 K/µL, p<0.05). 

WBC was significant reduced in day 28 ( =9.1 K/µL, p<0.05), day 56 
( =9.1K/µL, p<0.05), and day 84 ( =8.9K/µL, p<0.05).  

NEU was significant reduced only in day 14 ( =60.45%, p<0.05). 
MONO was significant increased in day 28 ( =10.79%, p<0.05), day 42 

( =11.44%, p<0.05), and day 84 ( =10.05%, p<0.05). 
EOS was significant reduced in day 56 ( =3.49%, p<0.05), and day 70 

( =3.78%, p<0.05). 
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PLT was significant reduced in day 14 ( =180.8 K/µL, p<0.05), day 56 
( =251.20 K/µL, p<0.05), and day 84 ( =259.3 K/µL, p<0.05). 

MPV was significant increased in day 14 ( =8.62 fL, p<0.05), day 28 
( =8.97 fL, p<0.05), and day 42 ( =8.4 fL, p<0.05). 

PCT was significant reduced in day 14 ( =0.13%, p<0.05), day 28 
( =0.17%, p<0.05), day 56 ( =0.2%, p<0.05), day 70 ( =0.19%, p<0.05), and day 
84 ( =0.2%, p<0.05). 

HCT was significant increased in day 14 ( =50.66%, p<0.05), day 42 
( =49.68%, p<0.05), day 56 ( =50.01%, p<0.05), day 70 ( =51.32%, p<0.05), day 
84 ( =52.13%, p<0.05). 

The variation of HCT found within each animal is shown in table 3 and the 
temporal evolution of HCT in dogs housed 12 weeks in individual cages, in 
veterinary hospital, is illustrated in fig. 1(a). 

 
Table 3 

Hematocrit (HCT%) or packed cell volume (PCV%) values in dogs housed 12 
weeks in veterinary hospital, in individual cages  

Animal 
code 

HCT (PCV) % 
Day 0 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 

A1 40.3 42.1 36.3 36.4 46.5 49.4 52 
A2 44.5 60.7 52.5 55.6 54.1 54.8 55 
A3 28 35.3 41.4 43.4 44.2 48.8 54.8 
A4 30.5 37 38 43.4 44.2 48.1 42.6 
A5 38.4 49.4 43.4 47.6 47.5 48.8 53.3 
B1 51.5 60.5 57.2 53.8 52.5 54.2 52.5 
B2 52.1 58.2 61.8 59.4 55.6 53.5 55.8 
B3 45.9 52.8 54.2 49.8 46.9 47.2 46.8 
B4 37.4 54.8 57.5 55.2 54.8 55.2 54.9 
B5 45.6 55.8 49.3 52.2 53.8 53.2 53.6 

 41.42* 50.66* 49.16 49.68* 50.01* 51.32* 52.13* 
s 8.09 9.43 8.91 7.02 4.56 3.12 4.21 

 2.56 2.98 2.82 2.22 1.44 0.99 1.33 

* significantly variation in ANOVA single factor;  = mean; s = standard deviation;  = standard error 
 

Mean corpuscular volume was significant increased in day 14 ( =79.44fL, 
p<0.05), day 28 ( =75.69fL, p<0.05), day 42 ( =77.42fL, p<0.05), day 56 
( =75.46fL, p<0.05), day 70 ( =74.45fL, p<0.05), day 84 ( =75.14fL, p<0.05). 
Hemoglobin (HGB g/dL) was significant increased in day 70 ( =16.04 g/dL, 
p<0.05). 

The variation of the MCV and HGB found within each animal is shown in 
tables 4 and 5 and the temporal evolution of the MCV is illustrated in fig. 1(b) and 
1(c). 

Specific changes in the number of peripheral neutrophils and eosinophils 
may indicate acute stress in dogs (2), but many environmental factors can generate 
stress in dogs housed in veterinary hospitals that may disturb their homeostasis. 
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Also, the degree of stress and the impact on the animal welfare depends on a 
variety of factors such as amount, period, and newness of stimulus (3). 

 
Table 4 

Mean corpuscular volume (MCV fL) in dogs housed 12 weeks in veterinary 
hospital, in individual cages  

Animal 
code 

MCV fL 
Day 0 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 

A1 69.8 79.2 79.5 83.2 81.2 77.4 78 
A2 69.5 77.9 75.4 79.2 78.2 77.4 79.4 
A3 64.4 75.1 72.9 75.4 74 73.5 74.5 
A4 73 81.5 79 81.2 74 77.9 79.7 
A5 67.4 77.5 75.5 79.2 77.7 77.2 78.1 
B1 71.1 79.6 75.5 76.8 75.2 74.9 75.2 
B2 77.2 89.7 82.2 79.5 76.2 72.7 72.2 
B3 61.3 81.1 79.2 77.3 76.6 72.5 72.2 
B4 59.8 79.2 65.9 68.2 64.9 63.2 63.9 
B5 69.2 73.6 71.8 74.2 76.6 77.8 78.2 

 68.27 79.44* 75.69* 77.42* 75.46* 74.45* 75.14* 
s 5.28 4.37 4.70 4.19 4.27 4.50 4.82 

 1.67 1.38 1.49 1.33 1.35 1.42 1.52 

* significantly variation in ANOVA single factor;  = mean; s = standard deviation;  = standard error 
 

Table 5 
Hemoglobin (HGB g/dL) values in dogs housed 12 weeks in veterinary 

hospital, in individual cages  
Animal 
code 

HGB g/dL 
Day 0 Day 14 Day 28 Day 42 Day 56 Day 70 Day 84 

A1 13.6 12.8 11.8 11.4 14.3 14.9 15.5 
A2 14.1 17.5 16.7 18 18 17.9 16.6 
A3 9.4 10.4 12.9 13.5 14 15.5 15.9 
A4 10.2 12.4 12 14.3 14 15.4 14.8 
A5 13.1 15.1 14.1 15.3 15.5 15.1 16.2 
B1 15.9 17.8 16.5 16.9 17.2 17.7 16.2 
B2 18.7 14.8 11.6 12.5 14.2 15.8 14.3 
B3 15.3 16.9 17.8 16.6 16.8 15.8 15.5 
B4 15.3 14.8 15.9 16.7 16.9 17.2 16.6 
B5 12.7 14.5 13.2 14.3 14.9 15.1 15.4 

 13.83 14.7 14.25 14.95 15.58 16.04* 15.7 
s 2.73 2.35 2.30 2.12 1.52 1.13 0.75 

 0.86 0.74 0.73 0.67 0.48 0.36 0.24 

* significantly variation in ANOVA single factor;  = mean; s = standard deviation;  = standard error 
 
Poor housing conditions and an uncontrollable social environment are 

situations that may seriously affect the welfare of dogs (2). In this context, it’s 
important to predict the stressful experiences to which the animal may be exposed. 
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Changes in white blood cells could sustain chronic stress, but the results were 
discordant because results obtained in days 42 and 70 weren’t significant modified 
but in days 28, 56 and 84 were significant reduced. Beerda et al. (2) reported that 
acute stress induces an overall peripheral leucocytosis that is composed of 
neutrophilia, lymphopenia and eosinopenia (2), while our research suggests 
eosinopenia and thrombocytopenia. Therefore, the white blood cells value as an 
indicator of bad welfare remains open for additional study. 

 
Conclusion 

 
The interpretation of the blood count results was difficult because data 

obtained were discrepant. Hematocrit, hemoglobin and mean corpuscular volume 
supplied significant results that could be investigated in dog welfare evaluation.The 
leukocyte and lymphocyte values weren’t relevant in evaluation of chronic stress 
and further investigations are necessary. 
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Summary 
 

Blood samples were collected from 10 dogs (five females and five males), aged 
between 2-10 years and analyzed on days 0, 1, 7, 14, 28, and 84 of study. The first blood 
samples (day zero) were collected before introducing dogs inside the cages, and the rest of 
the samples were collected throughout the cage keeping dogs in the veterinary hospital. 
Quantitative determination of cortisol in dog serum was done with a SNAP ELISA platform. 

The values obtained in all days of experiment were significantly higher than cortisol 
values at day zero ( =2.86µg/dl, p<0.05).The highest values were obtained in day 7 of 
experiment ( =9.60µg/dl, p<0.05). The cortisol values decreased gradually to the end of the 
experiment (day 14: =7.16µg/dl, day 28: =4.88µg/dl, day 84: =4.14 µg/dl, p<0.05). 
Although the values obtained after day 28 were higher than those obtained on day 0, they 
were within physiological limits (1-5 µg/dl). These results support the importance of cortisol 
in the assessment of acute stress, and it’s useless for assessing chronic stress, possibly 
associated with the keeping in cages for a long period of time.  

Key words: animal welfare, cortisol, animal behavior 
 
Cortisol is an important hormone produced in the cortex of the adrenal 

glands that releases glucose in the blood system, raises blood pressure, adjusts 
the immune response, stimulates gastric secretion, acts as an anti-diuretic and 
controls sodium and potassium. 

Usually, cortisol is called the stress hormone for the reason that it is released 
into the body as a response to stress. The role of serum cortisol concentration in 
stress evaluation was proved by several performed studies (2, 7, 8, 9). 

Evaluation of the plasma cortisol concentration in dogs was performed in 
different situations such as transport, environmental challenges and housing in 
animal shelters (1, 3, 5, 6). Usually, studies were performed on pure breeds, born 
and raised in kennels or in houses, but the effect of the long-time captivity in street 
dogs is less studied. 

This paper's objective is to analyse the cortisol responses of street dogs 
after long time housing in cages to confirm whether cortisol values are useful in 
evaluation of chronic stress or not. 
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Materials and methods 
 

Biological material 
The dogs selected for this study were five females and five males, aged 

between 2-10 years, without clinical case of disease.  
Each dog was housed in individual cages. Interaction with other dogs was 

accepted for only 30 minutes, daily, in the paddock. The cages were made of 
stainless steel, with an area of 120×150 cm, equipped with disposable absorbent 
bedding and stainless steel bowls for food and water. 

Blood samples were collected and analyzed on days 0, 1, 7, 14, 28, and 84 
of study. Blood samples were taken from the cephalic vein or the lateral saphenous 
vein in accordance with the Directive 2010/63/EU of the European Parliament and of 
the Council. All blood samples were collected in three ml Vacutainer® blood 
collection tubes and stored in the fridge at ~4°C. All samples were analyzed in the 
same day. 

The first blood samples (day zero) were before the dogs were introduced in 
cages, and the rest of the samples were collected during the whole period the dogs 
were kept in the veterinary hospital. 

Method used for cortisol determination 
Quantitative determination of cortisol in dog serum was done with VetTest-

Chemistry Analyser (IDEXX Laboratories, USA) and SNAP Cortisol test kit (IDEXX 
Laboratories, USA). The reference value used in evaluation of the serum cortisol 
results was 1-5 µg/dl. 

Statistical validation of results 
The regression analysis of data was performed with ANOVA single factor. 

Analysis of Variance (ANOVA) provides information about levels of variability within 
a regression model and forms a basis for tests of significance. Standard error ( ) 
was calculated with formula  = s / , where s = standard deviation and n = 
number of animals in experiment. 

 
Results and discussions 

 
The variation of the serum cortisol found in each animal is shown in table 1 

and the temporal evolution of the serum cortisol (average values) in dogs housed 
12 weeks in individual cages, in veterinary hospital, is illustrated in fig. 1. 

The values obtained in all days of experiment were significantly higher than 
cortisol values at day zero ( =2.86µg/dl, p<0.05).The highest values were obtained 
in day 7 of experiment ( =9.60µg/dl, p<0.05).  

The cortisol values decreased gradually to the end of the experiment (day 
14: =7.16µg/dl, day 28: =4.88µg/dl, day 84: =4.14 µg/dl, p<0.05).  
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Table 1 
Serum cortisol values (µg/dl) of dogs housed 12 weeks in veterinary hospital, 

in individual cages  
Animal 
code Day 0 Day 1 Day 7 Day 14 Day 28 Day 84 

A1 3.28 7.19 12.10 8.21 5.32 4.48 
A2 2.19 5.26   9.14 7.19 4.49 3.19 
A3 3.48 4.18   7.24 6.28 4.12 3.18 
A4 2.25 4.16   8.34 6.13 3.45 3.14 
A5 2.20 6.20 10.11 7.38 5.23 3.21 
B1 3.35 7.24 11.21 8.42 6.12 5.35 
B2 2.27 5.28   8.14 6.35 4.25 3.27 
B3 2.29 8.12 10.18 7.21 5.16 5.29 
B4 3.12 7.16   9.28 6.29 4.48 4.12 
B5 4.15 9.21 10.23 8.11 6.21 6.15 

 
(mean) 

2.858 6.400 9.597 7.157 4.883 4.138 

s  
(standard 
deviation) 

0.70 1.68 1.47 0.88 0.88 1.12 

 
(standard 

error) 
0.22 0.53 0.46 0.28 0.28 0.36 

A1...A5: females; B1...B5: males 
 

 
Fig. 1. Temporal evolution of the serum cortisol in dogs housed 12 weeks in 

veterinary hospital, in individual cages. Values are means with their standard errors 
represented by vertical bars (p<0.05). The cortisol values decreased gradually to 

the end of the experiment. 
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The values obtained after day 28 were within physiological limits (1-5 
µg/dl). These data can be explained by results of other studies who concluded that 
the cortisol levels can increase in normal animals due to stress or be very low in 
normal resting animals (4, 11). 

A very low significant difference between females and males were 
observed only in day 84 of housing in cages (female =3.43µg/dl, male 

=4.85µg/dl, p<0.05). Such a difference is reported by Garnier et al (4), but in their 
work the dog’s acclimatization appeared to occur faster in males than in females, 
and bitches have an increased susceptibility to environmental stress (4). 

Although the literature contains several studies of the serum cortisol values 
in dogs exposed to different life situations, usually these studies were performed on 
beagle breed, while data about dogs living free on the street are rare. Our results 
suggest the adaptation of dogs at housing conditions after one month of life in 
cages, but values are still higher than in day zero. 

Similar variation of the serum cortisol was reported when the serum cortisol 
of wild captive animals was compared with concentration of the serum cortisol in 
free population (10). 

As in Garnier et al. (4) studies, our data support the conclusion that the 
individual variations in basal cortisol levels may be decreased by long-term 
adaptation to a nonaggressive housing environment.  

 
Conclusions 

 
The highest serum cortisol of dogs housed in the cages was obtained after 

seven days (9.6±0.46 µg/dl, p<0.05), and return to the physiological limits after 28 
days (4.88±0.28 µg/dl, p<0.05). In this work, the acclimatization of dogs appeared 
to occur faster in females than in males. These results support the importance of 
cortisol in the assessment of acute stress, and it’s useless for assessing the 
chronic stress in dogs kept in cages for a long period of time. Adaptation of dogs to 
a long-term housing in cages can be done if these are placed in a nonaggressive 
environment.  
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Summary  
 

For the unpolluting reintegration of manure, there was used the methodology 
previewed in the Order 242/2005. this methodology was applied in the localities Ciacova 
and Jebel from Timis County.  

In both localities there were observed a positive correlation of animal number 
reporting to agricultural surface of each locality. 

On the base of this Order, we can appreciate for each locality taken in study the 
risk of soil pollution also the unpolluting integration manner of organic materia. 

Key words: manure, reintegration, soil 
 
Livestock production occupies a significant share in overall agricultural 

production and the global economy. With population growth acccelerate livestock 
development and food production sector is required. 

Experts believe that the whole world population pressures and economic 
development of emerging countries like Brazil, China and India will lead to 
increased demand for meat by 50% by 2020. Doubling animal production will be 
achieved mainly by increasing animal productivity which means still further 
improvement in growth conditions and exploitation of animals. It will expand the 
intensive livestock type with higher density of animals per built unit area and all 
mechanical work processes. 

Extending these intensive systems of land and livestock almost inevitably 
lead to increased environmental pollution, especially by fertilizers, herbicides, 
pesticides and livestock waste. (1).  

A significant reduction of environmental pollution can be achieved by 
balancing feed rations so that they contain all essential amino acids needed for 
specific protein synthesis, which would reduce losses of nitrogen compounds in 
manure. In birds, usually the limiting amino acid is the methionine and lysine in 
pigs (2).  

However, if excess amounts of manure are applied beyond the 
requirements of the crops and soil or if manure is improperly applied, losses to 
surface runoff and leaching can contribute to eutrophication of water bodies or 
contamination of groundwater (4). 

There are two main objectives regarding the application of animal manure 
on the soil surface (3): 
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- ensuring maximum utilization of manure nutrients by vegetation; 
- minimizing water pollution hazard. 

 
Materials and methods 

 
For the nonpolluting manure reintegration the methodology set out in Order 

242/2005 approving the national system of integrated soil monitoring, surveillance, 
control and decisions to reduce inputs of pollutants from agricultural sources and 
management of organic wastes from livestock in potentially vulnerable areas and 
vulnerable to nitrate pollution was used. Annex 1. of Order 242/2005 lists localities 
where there are sources of nitrates from agricultural activities. On this list Jebel 
commune with the specification that current sources of nitrates are not historical 
sources can be found (5). 
 

Results and discussions 
 

The total animals population of Jebel and Ciacova communes is presented 
in Table 1, 3 and Figure 1 and the amount of nutrients is presented in Tables 2, 4 
and Figure 2. 

 
Table 1 

LU number for the number of animals in Jebel locality 

 
 
 
 
 
 

Animal type No. 
animals 

 LU / animal Total LU 

Baby calves 0-50  941 x 0.247 232.427 
Calves (0.3–1 an) 239 x 0.432 103.248 
Cattle (1- 2 ani) 854 x 0.679 579.866 

Dairy cows   720 x 1 720 
Pigs  x   
Pigs for fattening 68KG 2244 x 0.136 305.184 
Pigs for fattening 90KG  x   
Pregnant sows 125kg 200 x 0.123 24.6 
Sows with piglets 170kg  x   
Boars  x   
Sheeps 10884 x 0.086 936.24 
Poultry for breeding  x   
Broilers 64650 x 0.004 258.6 
Horses 73 x 0.556 40.588 
Total animals 80.805   3200.75 
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Table 2 
The annual quantity of nutrients (kg N / yr) (Jebel locality) 

 Animal type No. animals   N Kg N/yr 
Baby calves 0-50  941 x 20 18820 
Calves (0.3–1 an) 239 x 35 8365 
Cattle (1- 2 ani) 854 x 55 46970 

Dairy cows   720 x 81 58320 
Pigs  x   
Pigs for fattening 68KG 2244 x 11 24684 
Pigs for fattening 90KG  x   
Pregnant sows 125kg 200 x 10 2000 
Sows with piglets 170kg  x   
Boars  x   
Sheeps 10884 x 7 76188 
Poultry for breeding  x   
Broilers 64650 x 0.36 23274 
Horses 73 x 45 3285 

Total 261.906 kg N/yr 
 
 

Table 3 
LU number for the number of animals in the village Ciacova 

 

 
 
 
 
 
 
 

 

Animal type No. animals  LU / animal Total LU 
Baby calves 0-50  980 x 0.247 242.06 
Calves (0.3–1 an) 345 x 0.432 149.04 
Cattle (1- 2 ani) 870 x 0.679 590.73 

Dairy cows   555 x 1 555 
Pigs  x   
Pigs for fattening 68KG 25330 x 0.136 3444.88 
Pigs for fattening 90KG  x   
Pregnant sows 125kg 170 x 0.123 20.91 
Sows with piglets 170kg  x   
Boars 16 x   
Sheeps 10060 x 0.086 865.16 
Poultry for breeding  x   
Broilers 16150 x 0.004 64.6 
Horses 257 x 0.556 142.892 
Total animals 54.733   6075.27 
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Table 4   
The annual quantity of nutrients (kg N / yr) (city Ciacova) 

 
 

 
Fig.1. Schematic representation of the number of 

animals in the two localities 
 

Animal type No. animals   N Kg N/yr 
Baby calves 0-50  980 x 20 19600 
Calves (0.3–1 an) 345 x 35 12075 
Cattle (1- 2 ani) 870 x 55 47850 

Dairy cows   555 x 81 44955 
Pigs  x   
Pigs for fattening 68KG 25330 x 11 278630 
Pigs for fattening 90KG  x   
Pregnant sows 125kg 170 x 10 1700 
Sows with piglets 170kg  x   
Boars 16 x 13 208 
Sheeps 10060 x 7 70420 
Poultry for breeding  x   
Broilers 16150 x 0.36 5814 
Horses 257 x 45 11565 

Total 492.817 kg N/yr 
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Fig.2. Nutrients (kg N / year) 
 

Arable land of Jebel commune is 8070 ha of arable land (according to 
Annex No. 1. of Order 242/2005 approving the list of localities with nitrates from 
agricultural sources). 

Dividing the annual amount of nutrients (kg N / year) by the arable land of 
the village resulted in the amount of 34.45 kg N / ha. 

261906/8070 = 34.45 kg N / ha 
If we multiply the arable land with 170 kg (norm kg nitrogen per hectare) 

results the annual amount of 1,371,900 kg N / year. 
8070 x 170 = 1,371,900 kg ha N / year 
1371900-261906 = 1109994 kg N deficient in Jebel commune 
In the case of Ciacova commune, the arable land is 10221 hectares 

(according to the situation of land taken from the statistical report on 31.12.2006). 
Dividing the annual amount of nutrients (kg N / year) by the arable land of 

the commune resulted in the amount of 48.21 kg N / ha. 
492.817/10221 = 48.21 kg N / ha 
If we multiply the arable land with 170 kg (norm kg nitrogen per hectare) 

results the annual amount of 1,737,570 kg N / ha. 
10221x170 = 1.737.570 kg N / year 
1737570-492817 = 1.244.753 N kg deficiency in the commune area. 

 
Conclusions 

 
After calculations, the nutrients (kg N / ha) for both Jebel and Ciacova 

localities were within the limits imposed by Order 242/2005 i.e. 170 kg / ha. 
Regarding Jebel, the amount of N / ha is 34.45 kg. depending on the 

arable land of the village ascertaining the deficiency of 1,109,994 kg. 
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In the case of Ciacova commune, the amount of N / ha is 48.21 kg and this 
correlated with the arable land ascertaining the deficiency of 1,244,753 kg. 

Given the deficit of nitrogen recorded in both localities it is permitted the 
increase in animals and setting up of new farms. 

 
References 

 
1. Decun, M., Lăzărescu, C., Impactul agriculturii de tip intensiv asupra 

schimbărilor climatice, Agricultura Banatului, 2011, XX. 4 (127), 10-15. 
2.Ştef, Lavinia, Drinceanu, D., Reducerea azotului din dejecţiile de pasăre. 

soluţii nutriţionale pentru fermele avicole, Revista Ferma, XIII, 2011, 12, 103. 
3. Ţibru, I., Trif, Alexandra.,  Igiena şi managementul sănătăţii în fermele de 

animale.  2009. Editor: USAMVB Timişoara. material publicat în cadrul 
proiectului Managementul reziduurilor zootehnice şi al protecţiei mediului în 
zona de câmpie a Banatului (program PHARE de cooperare transfrontalieră 
română-sârbă). 

4. Ţibru, I., Lăzărescu, C., Management of dairy cattle manure, Lucrări 
Ştiinţifice Medicină Veterinară Universitatea de Ştiinţe Agricole şi Medicină 
Veterinară Ion Ionescu de la Brad Iaşi, 2005, 48, 7, 125-129. 

5. ***Ordinul 242/2005 pentru aprobarea organizării sistemului naţional de 
monitoring integrat al solului, de supraveghere, control şi decizii pentru 
reducerea aportului de poluanţi proveniţi din surse agricole şi management al 
reziduurilor organice provenite din zootehnie în zone vulnerabile şi potenţial 
vulnerabile la poluarea cu nitraţi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(1), 2012, TIMIŞOARA 
 

 106 
 

 

USE OF PLASMA CORTISOL AS AN INDICATOR OF CALVES 
WELFARE 

 
M. MATEIA, I. TIBRU, KUTI CSILLA 

 
Banat's University of Agricultural Sciences and Veterinary Medicine Timisoara, Faculty 

of Veterinary Medicine, 300645, Aradului Street No. 119, Timisoara, Romania 
E-mail: mnma_maki@yahoo.com 

 
Summary  

 
The aim of the present study was to verify the values obtained by determination of 

plasma cortisol in calves, following dehorning and if these values can be used as indicators 
for assessing stress in young male calves. The experiment was conducted on two groups of 
10 calves, experimental group (dehorned) and a control group. After 15 minutes from 
dehorning, plasma cortisol values from experimental group increased to 12 - 40 ng / ml, 
reaching normal values (2 – 5 ng / ml) after 90 minutes. 

Key words: welfare, cortisol, calves 
  
Cortisol, as indicator of stress, has been studied very much to both calves 

and dairy cattle, providing reliable information on changes in activity of 
hypothalamic-pituitary-adrenal axis that occurred after an acute stress (2, 3). 
Although responses vary slightly according to dehorning method, plasma cortisol 
concentrations increase rapidly 15 to 30 minutes after dehorning, and then return to 
baseline values approximately 90 minutes after the procedure. Studies that have 
taken repeated blood samples with minimal disturbance show that basal cortisol 
concentrations in adult cattle and young calves are generally between 2 and 5 
ng/ml (1, 4, 5).  

The subject of our research was to try to establish if cortisol concentration 
could reflect the state of an animal situated in different stressful conditions. 

 
Materials and methods 

 
The experiment was conducted on 20 calves between 7 and 14 days, 

which were housed during the experiment (4 hours) in individual boxes. After 
introducing in boxes, the blood samples, was collected from all calves, and after 
sampling, cannula remained fixed in the left jugular vein for subsequent sampling. 
At 30 minutes after blood collection, the experimental group was dehorned via heat 
cauterisation and the control group only mimicked dehorning. After blood collection, 
cortisol was measured by immunoassay method. 
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Results and discussions 
 
Analyzing the cortisol values obtained after first blood collection, were 

found that by procedures as relative isolation, immobilization and blood collection, 
no changes occurred in cortisol values, which normally are between 2 and 5 ng / ml 
(1). 

At 15 minutes from actual dehorning and from mimicking dehorning from all 
calves, blood has been collected six times every 15 minutes.  

Cortisol values from the experimental group, were increased, ranging 
between 12 and 40 ng/ml, values that are above physiological limits. At the sixth 
blood collection, respectively at 90 minutes after dehorning, no differences were 
found between the two groups of calves (table 1). 

 
Table 1 

Cortisol values expressed in ng / ml in the two groups of calves  
 
No. 

 

Control group ng/ml 
 

Experimental group ng/ml 
Time 0 15 30 45 60 75 90 0 15 30 45 60 75 90 

1. 2 4 2 2 3 4 2 2 38 27 25 20 15 3 
2. 2 3 2 4 2 2 3 2 27 24 19 17 14 2 
3. 2 4 3 4 2 3 2 2 29 26 25 19 16 2 
4. 2 4 4 2 2 4 2 2 38 28 23 16 13 2 
5. 2 3 4 3 4 2 2 2 39 25 23 20 18 3 
6. 2 4 4 3 4 3 2 2 28 23 20 17 15 2 
7. 2 3 3 3 4 3 2 2 29 27 22 19 13 2 
8. 2 3 4 4 4 2 2 2 27 25 23 18 15 2 
9. 2 3 3 4 3 3 2 2 36 28 25 20 16 3 
10. 2 4 4 3 4 4 3 2 38 25 22 19 14 2 
x 2 3.5 3.3 3.2 3.2 3 2.2 2 32.9 25.8 22.7 18.5 14.1 2.1 

 
Analyzing data from table 1 we see that taking into account each group 

compared with the time of sampling, the control group had mean values between 2 
ng/ml at time 0 and 3.5 ng/ml at 15 minutes, while experimental group ranged 
between 2 ng/ml at time 0 and 32.9 ng/ml at 15 minutes.  

These values reflect the body's defense reaction represented by cortisol 
levels. Therefore, the maximum value obtained from the experimental group, show 
an rapid activation of body’s defense response, while the control group, only a 
slight discomfort reaction.  

Also if we compare standard deviation (the highest values) we see that the 
experimental group had a standard deviation of 5.2 at 15 minutes, while the control 
group had 0.9 at barely 60 minutes and this is due to individual body's defense 
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reaction. All these are illustrated in figure 1 and the results are in agreement with 
those of other authors who performed dehorning by heat cuterisation (2, 3, 5). 

 
 

 

Fig. 1. Mean values of cortisol (* significant differences between control and 
experimental groups p≤0.05) 

 
 

Conclusions 
 
Cortisol can be used as an indicator for assessing the exceeding the 

capacity to adapt to a stressful situations but requires continuous monitoring to 
capture the moment of change. At 90 minutes after dehorning, plasma cortisol 
values returned to normal.  

From the results, we can conclude that dehorning represents a short-term 
stress and that is a painful operation but its effects are very transitory and the body 
adapts in a short time. 
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Summary 

 
The most reliable indicator of transport stress is the hormonal changes. 

Corticotropin-releasing hormone (CRH) is released from the hypothalamus and travels to the 
anterior lobe of the pituitary gland, where it causes the release of adrenocorticotropic 
hormone which acts upon suprarenal cortex – producing glucocorticoid steroids (cortisol), 
known as "anti-stress hormones." The present investigations aimed the determination of 
serum cortisol in two batches of lambs (15 samples per each batch) in six stages: before 
loading, after 2.5 hours, 6 hours, 9 hours of travel, at 24 hours after loading and after 6 days, 
in the sheep collecting center. The animals from the two batches were handled differently. 
The cortisol level determination and interpretation of the results were done according to 
standard methodology, and the obtained data were statistically processed. 

Following the researches it was found that serum cortisol values were significantly 
higher in stages II, III, IV and V of transport in the second batch of lambs, which were 
brutally handled, reflecting a higher intensity of transport stress. 

Key words: cortisol, transport stress, welfare 
 

European Union and European Commission, in response to the pressure 
of public opinion, have improved in recent years the law system in the field of 
animal welfare and protection at farm level, during transport and slaughter. 

Also, protection of animals during transport came to the attention of Food 
and Agriculture Organization, which issued a guide regarding animal handling, 
transport and slaughter. 

Transport of sheep, even when well managed, involve a change in living 
conditions and an intense coping effort, expressed in a typical stress response (4). 

The immediate manifestations of stress include changes in blood 
composition, and then changes mediated by the action of adrenal hormones, which 
are the most reliable indicator of transport stress (1, 2, 5). 

 
Materials and methods 

 
There were formed two batches of lambs of 4-5 months old, belonging to 

Ţigaie breed, from the hills and mountains areas, at distances ranging between 250 
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and 350 kilometers. 
The animals from the two batches were handled differently: those in batch 

A were properly handled at loading into vehicle, while those in batch B were 
brutally handled by manual transshipment. 

From the lambs there were collected blood samples and were conducted 
cortisol measurements on a total of 15 samples in each batch in six stages: before 
loading, after 2.5 hours, six hours, nine hours of transport, after 24 hours from the 
loading period and after six days of resting in the sheep collecting center. 

For determination of serum cortisol it was used EIAGen Cortisol ELISA kit. 
Results interpretation was done by comparison with reference values for 

serum cortisol in sheep: 1.45 ± 0.4µg/dl. The values resulting from the laboratory 
tests were statistically processed in Microsoft Excel 2007 version - determining the 
average values, standard deviation and running Student T test in order to establish 
statistical significance. 

 
Results and discussions 

 
Pooled results regarding serum cortisol in the two batches of lambs during 

the six stages are presented in Table 1. 
 

Table 1 
Average values of serum cortisol in lambs 

Assesed 
parameter 

U.M. Batch  Obtained values Reference 
values7) I1) II2) III3) IV4) V5) VI6) 

Serum 
cortisol µg/dl 

A 
1.6 ± 
0.2 

4.3 ± 
0.5 

3.1 ± 
0.3 

2.4 ± 
0.2 

1.9 
±0.1 

1.5 
±0.1 

1.45 ±0.4 
B 

1.5 ± 
0.1 

6.5 ± 
0.7 

5.0 ± 
0.7 

3.9 ± 
0.5 

2.5 
±0.2 

1.6 
±0.1 

 
1) Stage I: before loading animals into vehicles 
2) Stage II: after 2.5 hours of transport 
3) Stage III: after six hours of transport 
4) Stage IV: after nine hours of transport and unloading 
5) Stage V: after 24 hours from loading 
6) Stage VI: at six days after reaching the destination 
7) after Seidel, 1999 

 
Analyzing the data in the table, it can be noticed that serum cortisol 

measured before loading had recorded in both batches an average value close to 
the reference (normal values). The serum cortisol after handling and 2.5 hours of 
transport was for the first batch of 4.3 ± 0.5µg/dl, and for the second of 6.5 ± 
0.7µg/dl, in both being increased in relation with the values recorded before loading 
and with normal value. In stage II there was a statistically significant increase in 
cortisol values compared to stage I. 

In stage III (after six hours of travel), serum cortisol for both batches 
showed lower values than in stage II (3.1 ± 0.3µg/dl for batch A and 5.0 ± 0.7µg/dl 
for batch B) and higher than the reference. 
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After 9 hours of travel and unloading (stage IV), serum cortisol had values 
lower than in stage III and higher than the normal values in all samples. 

At 24 hours from the loading (stage V) serum cortisol showed lower values 
than in previous stage (for batch A an average of 1.9 ± 0.1 µg/dl, for batch B of 2.5 ± 
0.2 µg/dl) and higher than the reference.  

After 6 days of resting in the sheep collecting center (stage VI), serum cortisol 
values were lower than those recorded in stage V (1.5 µg/dl for batch A, respectively 
1.6 µg/dl for batch B) and close to the reference value. 

In Table 2 are presented the comparative values of serum cortisol in the 
two batches, during the stages investigated (I-VI). 

 
Table 2 

The comparative values of serum cortisol, with batch distribution,in the 
investigation stages I-VI 

Stage Batches Serum cortisol  
µg/dl 

Student T test  
(p-value) 

I 
A 1.6±0.2 

p>0.2 Not significant 
B 1.5±0.1 

II 
A 4.3±0.5 

p<0.001 Very significant 
B 6.5±0.7 

III 
A 3.1±0.3 

p<0.001 Very significant 
B 5.0±0.7 

IV 
A 2.4±0.2 

p<0.001 Very significant 
B 3.9±0.5 

V 
A 1.9±0.1 

p<0.001 Very significant 
B 2.5±0.2 

VI 
A 1.5±0.1 

p>0.2 Not significant 
B 1.6±0.1 

 
The comparative evolution of serum cortisol level in the two sheep batches 

during the test period is shown in figure 1. 
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Fig. 1. Comparative evolution of serum cortisol in the two batches during the 
transport, after unloading and at six days of resting in the collecting center 
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Serum cortisol level is not related exclusively to negative emotional states, 
it can be also high during positive emotions (3). Therefore, increased cortisol may 
not always be interpreted as an indicator of poor welfare, without corroboration with 
behavioral patterns or the physiological indicators. 

 
Conclusions 

 
Cortisol values, analyzed by batches, in six stages: before loading, during 

transport (2.5 and six hours of travel), after unloading (nine hours and 24 hours 
from loading into vehicle) and at six days of resting in the collecting center have 
recorded a maximum at 2.5 hours of transport: from 1.6 ± 0.2 µg/dl to 4.3 ± 0.5 
µg/dl for batch A and from 1.5 ± 0.5 µg/dl to 6.5 ± 0.7 µg/dl for batch B (p-value 
<0.001 - very significant). 

Dynamics of serum cortisol show a progressively decreasing from stage II 
to stage VI, when the values returned to the initial, being very close to the 
reference. 

Serum cortisol values were significantly higher in batch B compared with 
batch A in stages II - V, which correlates with higher intensity of transport stress in 
these animals brutally handled. 

In stages I and VI, there were no statistically significant differences 
between serum cortisol levels in the two batches. 
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Summary 
 

Regardless his purpose or duration, the transport of sheep represents an obvious 
risk to animal welfare due to the multitude and variety of stressors they may face during the 
journey. The researches were conducted on two batches of lambs belonging to Tigaie breed, 
handled differently when loading and unloading. There were collected blood samples from 
the animals in the two moments of transport and there were determined seven biochemical 
parameters (serum total protein, albumin, globulin, serum glucose, urea, aspartate 
aminotransferase - AST and creatine phosphokinase - CPK) using Vettest 8008 chemistry 
analyzer. 

The research concluded that the main reactive serum biochemical changes were: 
hyperglycemia, hyperazotaemia, increased activity of serum enzymes (AST, CPK). These 
reactions, significantly more intense in batch 2, were recorded after unloading – typical for 
the transport stress. No differences or changes between the phases of transport were 
noticed for serum total protein, albumin and globulin. 

Key words: transport, lambs, welfare, serum biochemical parameters 
 

Although representing a small period in relation to their productive 
economic life, transport of animals, including sheep, for any purpose (slaughter or 
production) is however perceived by the public opinion as an obvious threat to their 
welfare considering the stressors they may face during the journey (5). 

The compliance with sheep transport hygiene norms, regardless the 
destination, is particularly important for ensuring good welfare - including good 
health and livestock production efficiency, in order to achieve high quality meat, 
reduce economic losses through mortality during transport, carcass downgrading 
etc. (2, 4, 7, 8). Among the major manifestations of stress during and after transport 
are the altering in blood composition, mainly in serum biochemical parameters and 
hormonal changes (3). 

 
Materials and methods 

 
Blood biochemical parameters were established from samples collected 
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from two batches of lambs of Tigaie breed, between 4 and 5 months old. 
Animals from batch A were properly handled, by using devices for loading 

into vehicles and loading ramps with an angle of maximum 50% from horizontal 
plane (6,9), while animals in batch B were brutally handled by manual 
transshipment from a general purpose vehicle into a specialized one. 

The paraclinical examinations were performed in two phases: before 
loading and after unloading. 

From the collected blood samples, seven biochemical parameters were 
determined; respectively total protein, albumin, globulin, glucose, urea, AST and 
CPK by using Vettest 8008 device. 

The results interpretation was done by comparison with the reference 
values for sheep serum biochemical profile (1). 

 
Results and discussions 

 
The results gathered for the seven biochemical parameters (total protein, 

albumin, globulin, glucose, urea, AST and CPK) in the samples of the two batches 
before loading in the vehicle and after unloading are presented in Table 1. 

 
Table 1 

The average values of serum biochemical  
parameters in both sheep batches 

Assessed 
parameters 

Units of 
measurement 

Recorded values Reference 
values*** P1* P2** 

Batch A Batch B Batch A Batch B 
Total protein g/dl 6.7±0.8 6.8±0.1 6.8±0.8 6.9±0.1 5.8±1 
Albumin g/dl 2.1±0.1 2.7±0.1 3.1±0.3 2.3±0.1 2.0±0.4 
Globulin g/dl 3.9±0.2 4.1±0.1 3.7±0.2 4.6±0.1 3.7±0.3 
Glucose mg/dl 55.8±3.8 52.3±10.0 65.5±6.8 70.1±15 50±10 
Urea mg/dl 34.6±5.0 38.7±3.4 56.3±8.7 64.0±5.5 35±5 
AST U/l 47.5±10.5 50.6±10.0 96±11.1 108±15.8 40±20 
CPK U/l 35±5.8 35.8±10.5 76±7.8 88.3±9.2 35±15 

 
*   Phase 1: before loading into vehicle 
**  Phase 2: after unloading from transport vehicle 
*** After Avram et al., 2004 

 
Analyzing the data in the table, it can be noticed that total protein 

measured before loading and after unloading showed slightly elevated values 
compared to the reference. Differences between serum protein concentration in 
batch A and B in the two phases of testing were not statistically significant. 

Albumin values before loading in batch A was close to the reference, while 
after unloading they were slightly higher than both reference and transport initial 
phase values. In batch B, albumin values were high before loading and slightly 
lower after unloading, but exceeding in both phases the normal values. 
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Serum globulins, before loading and after the journey, had values close to 
the reference in batch A, while in the case of batch B the values were slightly 
higher in relation to both reference and batch A in the two testing phases. 

Regarding the serum glucose in samples collected from the lambs in 
batches A and B, values were slightly higher before loading and significantly higher 
after unloading, compared to reference values and the first testing period. In both 
batches, after the journey, was recorded hyperglycemia, which can be considered 
a relevant response to stress caused by animals’ loading and unloading. In terms 
of blood glucose, there was no significant statistical difference between the batches 
in the second transport phase, which demonstrates that brutal handling operation 
did not relevantly affect blood glucose. 

Serum urea in the two batches had values close to the reference in the first 
phase of testing (before loading) and higher values (with statistical significance) 
than the reference and initial value in the moment of unloading. Increased serum 
urea value (hyperazotaemia) reflects the evolution of a dehydration state caused by 
watering deficiencies during transport; this state was more pronounced in batch B, 
which was brutally handled. 

The activity of aspartate aminotransferase recorded in both batches of 
lambs slightly increased values in relation with the reference in the phase of 
loading the animals into vehicles and very high at the end of the journey – the 
unloading phase, the differences in relation to the first phase of testing being 
significant. Increased enzymatic activity is due to the change of cell permeability in 
the dystrophic or inflammatory lesions from the skeletal muscle and in liver caused 
by handling during transport. The data shows that there is a positive correlation 
between increased activity of AST and improper handling during loading, with 
major changes in the skeletal muscle. 

Creatine phosphokinase activity, according to data in table no. 1, recorded 
in both batches values similar to the reference before loading and after unloading 
significantly higher values as compared to the reference and to the values obtained 
before the trip. Increased CPK activity may be correlated with changes in the 
skeletal muscle during the transport stress period. Increased intensity of 
transportation stress attracts increased activity of this enzyme.  

Obtained data show that glucose, urea, AST and CPK can be used as 
biological markers for the assessment of transport stress in lambs. 

 
Conclusions 

 
Proteinemia, serum albumin and globulins haven’t recorded significant 

changes in batches A and B at any of the test phases. 
Urea values were significantly increased after unloading in both batch A 

(from 34.6 to 56.3 mg/dl) and B (from 38.7 to 64 mg/dl). 
Blood glucose levels increased significantly after unloading in both batches 

(in batch A from 55.8 to 65.5 mg/dl and in batch B from 52.3 to 70.1 mg/dl). 
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AST and CPK activity increased in both batches after unloading. 
The main serum biochemical changes in batches 1 and 2 were: 

hyperglycemia, hyperazotaemia, increased activity of AST and CPK. These 
reactions were recorded after unloading the lambs from vehicles and they are 
defining the transport stress. 

Among the assessed parameters, glucose, urea, AST and CPK can be 
used as biological markers for monitoring the transport stress in lambs. 
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Summary  
 

The aim of this study was the assessment of the microbiological quality of the 
indoors air in tie-stall dairy cattle barns, through determination of the total number of bacteria 
(mesophilic bacteria, staphylococci, streptococci, gram-negative bacteria) and fungi. We 
investigated 60 dairy cattle barns with tie-stall, in Transylvania, in the winter period 
(2009/2010). The numbers of bacteria and fungi varied in the investigated barns and it was 
slightly elevated in the evening comparative to the morning, but the differences were 
statistically insignificant (Mann-Witney Test, p>0.05). The mean number of bacteria and 
fungi in the morning and in the evening was: 1.38  - 1.71 x 105  cfu/m3 for mesophilic 
bacteria, 4.69 - 5.94 x 104 for staphylococci, 3.96 - 4.99 x 104 for streptococci, 2.88 - 3.98 x 
103 for gram-negative bacteria and 1.62 - 2.38 x 104 for fungi. In the investigated cattle 
houses staphylococci represented 33.98 – 34.74%, streptococci were 28.69 – 29.18%, and 
the gram negative bacteria were 2.08 – 2.32% within the overall number of mesophilic 
bacteria. The results showed that in the morning and in the evening, the numbers of bacteria 
and fungi are different and elevated in many cases in the inside air of dairy cattle barns with 
tie stall.  

Key words: airborne microorganisms, air quality, fungi, mesophilic bacteria 
 

The inside air of animal houses usually harbours quite variable numbers of 
germs, depending on different parameters, such as the size of the livestock, 
breeding and production technologies, the floor and bedding types, the air 
temperature and humidity and, especially, the ventilation level (7). Among different 
saprophytic species which are numerically very well represented, there are 
pathogenic microorganisms as well, such as viruses, different bacteria and fungi. In 
animal housing, the sources of bioaerosols include food, manure, litter and the 
animals themselves. As the level of microbial pollution is higher, there is a 
proportionally growing risk of pathogenic microbial contamination of the animals. 
Therefore, the density and quality of airborne microflora in the barns’ air influences 
the health of animals, human workers and not lastly the degree of bacterial 
pollution of the close environment of the barns (12, 13). Of recent importance is the 
concentration of endotoxin detected in the atmosphere of confinement facilities. 
Endotoxin is a lipopolysaccharide or lipo-oligo-saccharide macromolecule that 
appears in the cell wall of gram-negative bacteria. It is released when the integrity 
of the cell wall is disturbed. Endotoxins are pyrogenic, increase capillary 
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permeability, are highly inflammatory substances and are believed to play a major 
role in respiratory disease of workers (10). Considering all of these, monitoring the 
microbiologic quality of the inside air in dairy cattle barns became a necessity.  

The aim of the present work was the assessment of airborne microflora in 
dairy cattle barns with tie stall through determination of the numbers of bacteria and 
fungi in the air. 
 

Materials and methods 
 
The study was performed in 60 dairy cattle barns (32-113 cows/barn), with tie 

stalls, in Transylvania (Romania) in the winter period (2009/2010). All the barns were 
closed, with solid flooring. The cows are tied in the barns in the cold season (pasturing 
in the rest of the year) or permanently (without pasturing). Each barn was visited once 
during the study. The air sampling was made early in the morning (5-6 a.m.) and in the 
evening (7-8 p.m.) in three different locations of the barns (at the ends and in the 
centre). The total number of samples/barn was 30. Air samples were taken using a 
MAS-100 air sampler (Merck, Germany) based on the principle of the Andersen air 
sampler. Bacteria and fungi were collected and grown in Petri dishes on different 
standard culture mediums: Columbia agar for mesophilic bacteria, Chapmann agar for 
staphylococci, Endo agar for Gram negative bacteria, blood agar for haemolytic 
bacteria and Sabouraud agar for fungi.  Air was sampled in a volume of 10 L because 
preliminary studies showed it to be optimal for the subsequent plate analysis and type 
of agar. Plates with the usual bacterial nutrient Columbia agar and with selective 
culture mediums were then incubated for 24 h in an incubator at a working temperature 
of 37°C. The material sampled on Sabouraud agar was incubated for 5 days at 22°C. 
The grown colonies were calculated by a mechanical optic colony counter, and results 
were corrected by using the conversion formula devised by Feller (5). The mean 
number of bacteria and fungi was calculated for each barn and the mean number for all 
of the 60 barns, both for the morning and for the evening samples. The average 
number of bacteria and fungi was calculated as colony-forming units in one cubic metre 
(cfu/m3).  

The obtained data were statistically processed using the SPSS version 17 
software. The descriptive statistical indicators (mean, standard deviation, median, 
minimum, maximum) were calculated for the determined microbiological parameters in 
the 60 dairy cattle shelters. The comparison of the values obtained in the morning and 
in the evening was made with the nonparametric Mann-Witney test. 

 
Results and discussions 

 
The tables 1 and 2 presents the values of descriptive statistical parameters 

(mean, standard deviation, median, minimum, maximum) for the numbers of 
bacteria and fungi determined in the 60 dairy cattle barns in the morning (Table 1) 
and in the evening (Table 2). It can be observed that the values are slightly higher 
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for the evening determination in comparison with the morning samples, for all the 
groups of microorganisms. However, from the statistical point of view the 
differences between the two determinations (in the morning, in the evening) were 
insignificant (Mann Whitney test, P>0.05).  

 
Table 1  

Descriptive statistical indicators for the numbers of bacteria and fungi 
determined in the barns in the morning 

cfu/m3 n Mean Minimum Maximum Median 
Standard 
deviation 

Mesophilic 
bacteria 

60 1.38 x 105 2.50 x 104 2.26 x 105 1.50 x 105 7.02 x 104 

Staphylococci 60 4.69 x 104 1.17 x 103 1.94 x 105 1.67 x 104 6.07 x 104 

Streptococci 60 3.96 x 104 1.90 x 103 1.21 x 105 2.56 x 104 3.85 x 104 

Gram-
negatives 

60 2.88 x 103 0.00 9.15 x 103 1.70 x 103 2.90 x 103 

Fungi 60 1.62 x 104 2.70 x 103 4.15 x 104 1.54 x 104 1.17 x 104 
n = number of barns 
cfu/m3 = colony-forming units in one cubic metre 

 
Table 2  

Descriptive statistical indicators for the numbers of bacteria and fungi 
determined in the barns in the evening 

cfu/m3 N Mean Minimum Maximum Median Standard 
deviation 

Mesophilic 
bacteria 60 1.71 x 105 3.54 x 104 2.63 x 105 2.01 x 105 8.08 x 104 

Staphylococci 60 5.94 x 104 3.00 x 103 2.33 x 105 3.26 x 104 7.20 x 104 

Streptococci 60 4.99 x 104 5.00 x 103 1.24 x 105 3.89 x 104 3.61 x 104 

Gram- 
negatives 

60 3.98 x 103 0.00 1.27 x 104 2.57 x 103 3.76 x 103 

Fungi 60 2.38 x 104 5.85 x103 7.85x 104 2.18 x 104 1.90 x 104 

n = number of barns 
cfu/m3 = colony-forming units in one cubic metre 

 
The total numbers of mesophilic bacteria were different in the 60 assessed 

barns; the determined values were similar to those in the scientific literature. 
Several researches showed that the total number of mesophilic bacteria in cattle 
houses range from 104 to 106 cfu/m3 (2, 3, 11), and some authors found even 
values of 108 – 109 cfu/m3 (4). The great variability of the mesophilic bacterial count 
in the air of the barns is the reason for which a compulsory hygienic standard for 
the acceptable number of airborne bacteria is not yet established on an 
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international level. Anyway, the recommendation of most of the authors, applicable 
in our country as well, is that the total number of mesophilic bacteria should not 
exceed 2.5 x 105/m3 (1) in the air of the farm animals’ barns. In 15% of the barns 
assessed by us, the total number of mesophilic bacteria exceeded 2.5 x 105/m3. 
The total number of mesophilic bacteria represents a basic assessment criterion of 
air hygiene quality. The microbial loading of the air indicated through the total 
number of mesophilic bacteria is influenced by several factors, such as the number 
of sheltered animals, the breeding technologies, the flooring type, the bedding 
materials, the quality of microclimate, the concentration of dusts, the ventilation 
level and so one. As a cause of high air contamination levels, Lange (7) indicated 
an improper functioning of ventilation systems, storage moisture of feed rations, 
kinds of work practice and climatic conditions. 

The values obtained in the evening determinations were slightly higher 
than those determined in the morning, agreeing with the results of other studies (2, 
11.12). Matković et al. (8) in their research made in a Croatian dairy cattle barn 
showed that the total bacterial count measured in the barn air according to time of 
day was 1.40 × 104-1.20 × 105 cfu/m3 in the morning and 2.38 × 104-2.11 × 105 
cfu/m3 in the evening. These results could be explained as a consequence of 
diurnal animal and barn activities. 

Figure 1 shows the proportions of the staphylococci, streptococci and 
gram-negative bacteria within the total number of mesophilic bacteria, in the 
morning and in the evening, in the investigated barns. It is noticeable that 
depending on the moment of the determination (in the morning, in the evening), 
staphylococci represented 33.98 - 34.74% within the overall number of mesophilic 
bacteria, streptococci 28.69 - 29.18% and gram-negative bacteria 2.08 - 2.32%. 
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Fig. 1.The proportions of the staphylococci, streptococci and gram-negative 

bacteria within the total number of mesophilic bacteria, in the morning and in the 
evening, in the 60 investigated dairy cattle barns. 

 
Hartung (6) indicate that in the barns’ air predominates the gram-positive 

bacteria, like the staphylococci and streptococci, which may be explained by their 
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high resistance in the environment. Our results reaffirm this finding, in the studied 
barns the gram-positive bacteria represented up to 64%. Moreover, it is asserted 
that the gram-negative bacteria isolated from the air of the barns represents a 
minor proportion within the totality of bacteria, between 0.02 and 5.2 % (8, 14), as it 
was ascertained in our study also (Fig. 1). The proportion of gram-negative bacteria 
is always lower, which can be attributed to their weak survival capacity in the air 
(14).  

In relation to fungi, the results are also consistent with literature data, 
where the total fungi count in animal housing is in a range of 103-109 cfu/m3 (2, 9, 
11, 12). The mean number of fungi in the investigated barns was higher in the 
evening than in the morning, similar to the report of Matković et al. (9). The 
increasing concentrations of fungi in the air indicate the presence of continuous 
contamination sources and a raised risk of mycoses and of allergic conditions, 
through the repeated contacts with the fungi. Some recorded fungi were earlier 
reported as allergenic, toxic, and pathogenic for occupational workers as well as 
cattle population.  

 
Conclusions 

 
The results showed that both in the morning and in the evening the 

numbers of bacteria and fungi are quite variable and in many cases elevated in the 
air of dairy cattle barns with tie stall. As a result, the dairy cattle and farm workers 
can be exposed to large quantities of airborne microbes and their products that 
pose a potential risk of respiratory disease. In order to reduce the microbial loading 
of the air, it is necessary to improve the housing conditions in the future and 
especially to ameliorate the ventilation systems in the dairy cattle barns. 
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Summary 
 

Even if the importance of working horses in Romania usually is not recognized 
officially, there are many rural areas where these animals represent the main circulation and 
carriage modality, especially in the winter period. The welfare, the living and working 
conditions of these animals have not been studied almost at all until recently.  

The aim of this work is to evaluate the different components of the working horses’ 
welfare, including their human related behaviour, and to see if there are differences in these 
animals’ reactions towards a known person (the owner) and the unknown observer.  

The assessment of the 173 working horses was based on observation, clinical 
exam, a batch of simple behavioural tests and a set of data obtained from the owners. The 
prevalence of the scores for each welfare parameter was calculated. The behavioural 
reactions towards the owner were compared with those shown towards the observer. 

The most frequent welfare problems found were poor shoeing / hoof trimming 
quality (in 59.37% of the horses), gait abnormalities (44.09%), abnormal hoof horn quality 
(27.09%) and abnormal hoof shape (17.87%). Within the assessed behaviours, the most 
frequent active response was the avoidance / fear showed when physical contact was 
attempted by the observer (in 29.39% of horses) and also by the owner (25.07% of horses). 
When the behavioural responses were compared, significant differences were found in 
friendliness and avoidance / fear towards the owner compared with the observer, in the 
human approach test. The aggressive response was significantly higher in the assessed 
horses towards the observer comparing with the owner when the humans attempted 
physical contact. 

These results show that the improper keeping and management practices often 
compromise the welfare of working horses, which, in turn can have negative repercussions 
on their general fitness and work capacity. The occurrence of unwanted behaviours in these 
animals, such as aggressiveness or fear response, increases the risk of working accidents 
and human injury. These behaviours are in fact defence responses of the horses against 
their negative experiences related to humans, thus constituting also indicators of poor 
welfare. 

Key words: horse welfare, human related behaviour, working horses, indicators of 
poor welfare 

 
The major use of horses in Romania is in transportation of people and 

different goods. There are several situations (unfavourable weather conditions, 
poor quality roads, isolated mountain regions, unavailability of the motorized 
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vehicles) when transportation, agricultural and forestry work depend mainly on 
horse power. The welfare degree and the prevalence of different welfare problems 
of the Romanian working horses are actually unknown, due to the shortage of 
scientific research work in this area. Even internationally, more comprehensive 
studies about working equine welfare are of recent date (2, 6, 9, 12). The physical 
and clinical problems of working horses described by these studies (such as 
wounds, poor body condition, respiratory diseases, high parasite burdens, 
exhaustion, lameness, improper feeding and watering), reduce the work efficiency 
of these animals, indirectly reducing the income of their owners and are also likely 
to cause poor welfare for the animals themselves (2).  

Considering the particularities of horse keeping in Romania (mainly one 
horse per owner) and the mobile nature of their work, the investigation of the 
resources (e.g. housing conditions and management) would be impractical in the 
working horses’ welfare assessment. By the other hand, Rousing et al (10) 
considered that indirect methods in evaluating the welfare of animals (e.g. 
assessment of the resources) indicate the risk of welfare problems rather than an 
actual measure of welfare state. According to Pritchard et al (9) direct observation 
provides the measure of welfare status that is most relevant to the animal itself. For 
a more complete welfare assessment not only the physical but also the mental and 
natural states of the animal should be evaluated (13). The human related behaviour 
can provide indications about the animal’s mental and natural state, about the 
nature of the human-animal relationship for each particular horse, which, in turn 
can affect the general welfare status of the animal (5).   

The aim of this work is to evaluate the different components of the working 
horses’ welfare, including their human related behaviour, and to see if there are 
differences in these animals’ reactions towards a known person (the owner) and 
the unknown observer.  
 

Materials and methods 
 
During November 2011 a number of 173 horses were assessed in a rustic 

region of Romania, using direct observation, clinical exam and data recorded from 
the owners by a short questionnaire. The assessed parameters and the scoring 
methods are presented in table 1.  

The selection of assessment parameters was made based on the 
published literature and field experience. Data were recorded always by two trained 
observers. The selection of the horses was based on lists received from the local 
official veterinarians. Part of the horses were assessed during their working day, 
others were evaluated at pasture or at the owners’ domicile, with the agreement of 
the owners each time. After data collection, the results were processed and 
analyzed. The prevalence of the scores for each welfare parameter was calculated 
and expressed in percentages, in order to identify the most frequent welfare 
problems of the evaluated working horses. The behavioural reactions of the horses 
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towards their owner were compared with those shown towards the observer, using 
the nonparametric Mann-Witney test (SPSS for Windows version 17). 

 
Table 1 

The animal linked parameters used in the welfare assessment of 173 working 
horses 

Descriptive parameters - recorded through by the questionnaire of each horse owner 
Age Declared by the owner; ≤3 years, 4-14 years or ≥15 years 
Sex  Stallion, mare or gelding 
Type of work Declared by the owner; 0 (easy work - easy cart pulling, at least 120 

days/year); 1 (heavy work - heavy cart pulling, at least 90 days/year, 
agricultural and forestry work) 

Company  Declared by owner; 0 (company of other horses), 1 (company of other 
mammals) or 2 (without any company) 

Access to free 
exercise 

Declared by owner; 0 (complete freedom >9 months/year), 1 (limited 
access, 2-12 hours/day, >6 months/year ± free pasturing) or 2 (without 
any access ± tethered pasturing) 

Behavioral parameters - assessed by direct observation 
General 
attitude 

Observed non-intrusively; 0 (alert - responsive to surroundings) or 1 
(apathetic/depressed - eyes half-closed, ears inactive, head lowered, 
inattentive to surroundings) 

Response to 
the observer 

Observed non-intrusively, three different tests with the same notations.  
The tests are: the observer’s approach (to the head of the horse, making 
sure that he is seen); the observer’s walking downside (walking down side 
of animal’s body, at distance of 30 cm, turning at tail and walking back to 
head) and touching the horse’s chin by the observer (staying laterally, at 
the head of the animal, the observer touches gently, with a cupped hand, 
the chin of the horse). Scores were awarded for each test: I (indifference, 
inactivity, no response), A/F (avoidance/fear – the horse turns head away 
or moves away), A (aggressiveness - the horse flattens ears or attempts 
to bite or kick), F (friendly response – the horse turns head towards the 
assessor) 

Response to 
the owner 

Observed non-intrusively, three different tests with the same notations.  
The tests are: the owner’s approach (to the head of the horse, making 
sure that he is seen); the owner’s walking downside (walking down side of 
animal’s body at distance of 30 cm, turning at tail and walking back to 
head) and the touching the horse’s chin by the owner (staying laterally, at 
the head of the animal, the owner touches gently, with a cupped hand, the 
chin of the horse). Scores were awarded for each test: I (indifference, 
inactivity, no response), A/F (avoidance/fear – the horse turns head away 
or moves away), A (aggressiveness - the horse flattens ears or attempts 
to bite or kick), F (friendly response – the horse turns head towards the 
owner) 

Health related parameters - assessed by direct observation and clinical exam 
Body condition 
score (BCS) 

Scored from 1 (extremely thin) to 5 (obese) (3, 9) than grouped in three 
categories: 0 (normal – BCS of 3 and 4), 1 (obese – BCS of 5) and 2 (thin 
– BCS of 1 and 2) 
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Coat condition 0 (healthy), 1 (fecal soiling on the lateral area of hindquarters, indicating 
dirty resting surfaces in the barn), 2 (dull) or 3 (fecal soiling under the tail, 
indicating diarrhea) 

Eye condition 0 (no problem), 1 (lachrymal secretions in one or both eyes), 2 (purulent 
secretions in one eye), 3 (purulent secretions in both eyes), 4 (blindness 
in one eye), 5 (blindness in both eyes) 

Body lesions Scored from 0 to 5, awarding points for the most severe lesion: 0 (without 
lesions), 1 (superficial lesions), 2 (broken skin) and 3 (deep lesions). To 
the score of the lesion type 1 additional point is added if the lesion is 
greater than 2cm in diameter and another 1 point if the lesion is infected  

Lesions in 
relevant body 
areas 

Three relevant body areas are considered: the corners of the lip, the 
contact points with the harness and the point of hip (external point of 
ilium). In each area, the lesions are recorded as 0 (absent) or 1 (present) 

Lesions of the 
lower legs 

Scored from 0 to 5, awarding points for the most severe lesion: 0 (without 
lesions), 1 (superficial lesions), 2 (broken skin) and 3 (deep lesions). To 
the score of the lesion type 1 additional point is added if the lesion is 
greater than 2cm in diameter and another 1 point if the lesion is infected. 

Limb 
angulations 

Observation of legs of the horse – standing and walking. Scored as: 0 
(normal) or 1 (abnormal) 

Hoof horn 
quality 

Observation of the four hooves. Scored as: 0 (normal) or 1 (abnormal – at 
least in one hoof’s horn) 

Hoof shape Observation of the four hooves. Scored as: 0 (normal) or 1 (abnormal – at 
least in one hoof) 

Sole surface Examination of right foreleg’s foot sole. Scored as: 0 (normal) or 1 
(abnormal) 

Gait condition Assessed over 12 paces of walk. Scored as: 0 (normal) or 1 (abnormal) 
Shoeing/hoof 
trimming 
quality 

Scored as: 0 (good) or 1 (poor) 

 
 

Results and discussions 
 
The description of age group, sex, type of work, company and access to 

exercise in the 173 assessed working horses is shown in table 2. 
Even if the welfare recommendations for horses (7) state that these 

species highly need the company of their own kind and the possibility of free 
movement, it can be seen that only a minor proportion of the assessed animals do 
benefits of these requirements. 

The proportion of certain scores for each assessed welfare parameter is 
shown in table 3. For relevance only the scores indicating welfare problems were 
included.  
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Table 2 
Description of the parameters recorded by the questionnaire from the owners 

of the 173 assessed horses 
Parameter  Score  Prevalence (%) 
Age group ≤3 years 5.76 
 4-14 years 81.56 
 ≥15 years 12.68 
Sex  Stallion  19.60 
 Mare  59.65 
 Gelding  20.75 
Type of work 0 - easy work 82.13 
 1 - heavy work 17.87 
Company 0 - other horses 14.99 
 1 - other mammals 59.94 
 2 - without company 25.07 
Access to free exercise 0 - complete freedom 6.92 
 1 - limited access 3.46 
 2 - without access 89.62 
 

Table 3 
The proportion of the results indicating health related welfare problems in the 

173 assessed working horses 
Parameter and score Prevalence 

(%) 
Parameter and score  Prevalence 

(%) 
BCS  Lesions in the lower legs  
1 (obese) 6.05 1 (superficial) 9.22 
2 (thin) 21.33 2 (superficial >2 cm/broken 

skin) 6.63 

Coat condition 
 

3 (superficial >2 cm, 
infected/broken skin >2 
cm/deep lesions) 

3.46 

1 (soiling, lateral) 
68.59 

4 (broken skin >2 cm and 
infected/deep lesion >2 cm) 

2.60 

2  (dull) 36.60 5 (deep lesions >2 cm and 
infected) 1.15 

3 (soiling under tail) 8.07 Limb angulations  
Eye condition  1 (abnormal) 27.38 
1 (lachrymal secretion) 22.48 Hoof horn quality  
2 and 3 (purulent secretion) 11.81 1 (abnormal) 27.09 
4 (blindness – one eye) 1.73 Hoof shape  
5 (blindness – both eyes) 1.15 1 (abnormal) 17.87 
Body lesions  Sole surface  
1 (superficial) 28.24 1 (abnormal) 13.26 
2 (superficial, >2 cm/broken 
skin) 9.88 Gait condition  

3 (superficial, >2 cm, 10.37 1 (abnormal) 44.09 
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infected/broken skin, >2 
cm/deep lesions) 
4 (broken skin, >2 cm, 
infected/deep lesions, >2 
cm) 

6.05 
Shoeing/hoof trimming 
quality  

5 (deep lesions, >2 cm, 
infected) 4.90 

1 (poor) 
59.37 

Lesions in relevant body 
areas    

- at lip corners – 1 (present) 8.65   
- at harness contact points – 
1 (present) 9.80 

 
 

- at the point of hip – 1 
(present) 

23.63   

 
The most frequent welfare problems were poor shoeing/hoof trimming 

quality, gait abnormalities, abnormal hoof horn quality and abnormal hoof shape. 
The results obtained by Burn et al (1) in several developing countries showed that 
the most prevalent problems in those parts of the world were also found at the level 
of the horses limbs: gait and sole abnormalities, and tendon/joint swellings. 
Depending on the considered country, Burn et al (1) raported a prevalence of gait 
abnormalities in horses between 17.4 and 100%, with values exceeding 95% in 
seven of nine countries. In our study, part of the gait abnormalities could be caused 
by improper shoeing/hoof trimming practices, which can act also on the shape of 
the hoof. 

Within body lesions, the small, superficial ones had the highest frequency 
in our study. In different developing countries Burn et al (1) reported broken skin or 
deep lesions between 2.01 and 53.05% of the assessed horses (with a total 
prevalence of 25.83%) and Pritchard et al (9) found lesions of the skin or deeper 
tissues in 0.3-19.2 % of the horses depending on the considered body zone. It was 
shown by different authors that the occurency of lesions is linked also to the body 
condition of the horses as thinner animals are significantly more likely to have skin 
lesions (2) possible because of the loss of natural padding (11). In our study the 
body condition was optimal (BCS = 3) in more than a half (59.37%) of the assessed 
horses, while in developing countries Burn et al (1) found a mean body condition 
score of 2 (less than 2.5 in eight of nine countries). Even in this situation, the 
lesions at the hip point of horses can be considered high in our study (Table 3). 
Similar to Pritchard et al (9) we established relevant body areas, where the lesions 
can be considered to be „markers” for particular risk factors. Within these, we 
consider the hip point lesions to be produced by abrasion and being an indicator of 
the absence/insufficiency of bedding material on the surfaces where the horses are 
laying down for rest. In these conditions the horses housed in improper barns 
develop more often this type of lesions than horses kept outside and resting on the 
ground of the pasture. 
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The assessment of behavioral parameters within welfare evaluation is 
important because behaviour is the expression of an animal’s perception of, and 
interaction with, its environment (9). In addition, measures of behaviour in relation 
to human approach and handling can be considered to be important to future 
planning of welfare intervention strategies (9). Our results showed a lower 
percentage of apathetic horses (4.32%), comparing with the results reported by 
Pritchard et al (9) in 2005 (8.1%) and Burn et al (2) in 2010 (13.7%) in their studies 
on working equine welfare in developing countries.  

The prevalence of the behavioral responses of the assessed horses 
towards the observer and owner are shown comparatively in figure 1. Even if 
recorded, indifference was omitted in the prevalence calculation of behavioural 
responses and also when the horses’ attitude towards the owner was compared 
with that towards the observer. The reason for this omission is that indifference 
does not mean an active response. Thus, it can be interpreted as a component of 
sickness behaviour, depression and exhaustion; but equally it can be associated 
with neutral or even good welfare if an animal perceives its situation to be secure 
enough to allow reduced vigilance (2, 8). 
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Fig.1. Comparative representation of behavioral responses in the 173 assessed 
horses towards the observer and owner, respectively 

 
The most frequent active behaviour was the avoidance/fear showed when 

physical contact was attempted by the observer (in 29.39% of horses) and also by 
the owners (25.07% of horses). The friendly response to the observer’s approach 
had a prevalence of 23.92%, higher than the value reported by Pritchard et al (9) in 
2005 (19.3%), showing that almost a quarter of the assessed animals had positive 
experiences in relation with humans.  
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The comparison of the behavioral responses of horses towards the 
observer and owner was not included in other studies, even it was stated that the 
response to an unfamiliar person may differ from the response to the regular 
handler, as observed in comparable tests on dairy calves (4). When the 
behavioural responses were compared, in the human approach test the avoidance 
/ fear towards the owner was significantly lower (Mann-Witney Test, P<0.05) 
comparing with the observer, but the friendly response showed also the same 
tendency. At first sight, a well treated horse should respond more friendly to its 
owner than to a stranger. By the other hand probable more studies are needed to 
clarify the significance of indifference, lack of response in the assessed animals, 
because the difference in reaction towards the observer and owner was mainly due 
to the fact that some horses showed no response to their owner (after reacting in a 
certain way towards the observer). When physical contact was attempted by 
humans, the frequency of the aggressive responses of the horses was significantly 
higher towards the observer than towards the owner. This result can be considered 
predictable. The real concern of this result is the high prevalence (7.49%) of the 
horses showing aggressiveness towards the unknown human.  

 
Conclusions 

 
The main conclusion of our study is that the welfare of the assessed 

Romanian working horses could be improved by information and education of 
horse owners regarding the correct housing and keeping conditions for these 
animals and the importance of proper hoof trimming/shoeing practices. The major 
welfare problems revealed by this study are not always caused by reduced 
economical possibilities of the owners but mostly by the lack of knowledge, skills or 
interest of people. Further studies are needed to establish the significance of the 
horses’ behavioural responses towards humans, especially regarding indifference, 
but the high prevalence of the horses showing avoidance / fear and also 
aggressiveness is concerning. These results show that the improper keeping and 
management practices often compromise the welfare of working horses, which, in 
turn can have negative repercussions on their general fitness and work capacity. 
The occurrence of unwanted behaviours in these animals, such as aggressiveness 
or fear response, increases the risk of working accidents and human injury. These 
behaviours are in fact defence responses of the horses against their negative 
experiences related to humans, thus constituting also indicators of poor welfare.   
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Summary 
 

The purpose of this study is to establish general characteristics of dairy farms from 
West Region of Romania in order to see the possibilities to convert those in low input 
farming systems. For this study 60 farms were used, 15 farms from each of 4 counties were 
sampled if the total number of cattle was higher than 15 breeding cows at the beginning of 
2011. The total number of cattle, the number of breeding cows, and the livestock unit and 
land area were analyzed, using counties as control variable. Total number of cattle / farm - 
94.84 ± 14.81-, LU’s / farm, breeding cows / farm - 52.91 ± 7.79, the ratio of breeding cows / 
total number of cattle - 58.45 ± 1.84% and ha of land / farm - 100.10±16.22 were indicators 
which depend on the counties. The ratio ha/LU is 1.35±0.48; it does not rely on county. Its 
value suggests the real possibility to convert the actual farming systems into low input 
farming. If the PAC will sustain subsidy the eco-economic character of farming, a 
considerable number of dairy farms from the West Region can be converted into low input 
farms in real terms of economic efficiency and environmental sustainability.  

Key words: low input farms, dairy, eco-efficiency 
 

  The research was conducted last year by Husbandry and Animal 
Productions Discipline of Medicine Veterinary guided to quantify the characteristics 
and performance of dairy farms in the Western Region counties, in order to 
approach the eco-economic technologies which are stimulated by Community 
Agricultural Policy in 2013-2020 periods (3). 

The objective of this study is to quantify the structure of the livestock and to 
relate it to the land owned. 

  
Materials and methods  

 
The study is using a layered sample of 15 farms from each county which at 

the beginning of 2011 had at least 15 breeding cows. Thus, in the Western Region 
the sample totaled 60 farms from Arad, Caras-Severin, Hunedoara and Timis (2). 

The Laboratory for the Department of Animal Husbandry and Animal 
Production Technologies and Environment Experimental Unit (both created through 
project Development of research, education and services infrastructure in the fields 
of veterinary medicine and innovative technologies for RO 05) were used for 
technological investigation, collecting and analyzing samples from selected farms. 
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The farm’s inventory was made throughout a cross-sectional survey by 
which the inventory was analyzed, with an emphasis on the dynamic of the 
agricultural areas of the farm.  

The inventory of farm’s animals included annual average livestock, 
obtained throughout a retrospective technological survey. The indicators 
concerning animal density related to agricultural area owned were calculated on 
the basis of farm’s structure. 

For the statistical sustainment and demonstration of the hypothesis, the 
county was used as a control variable. The statistical processing aimed mainly the 
use of ANOVA by SPPS to determine the means differences.  

 
Results and discussions 

 
In the sample of the surveyed farms, 49% of the cattle were breed Black 

and White Romanian Cattle - Holstein, 42% Romanian Spotted Cattle – Simmental, 
7% Brown Cattle and 2% other breeds. 

Overall, since the 90’s, the number of farms had a downward trend, but the 
number of animals in the farm is growing. In this region, dairy farms have a herd of 
94.84 ± 14.81 cattle with 52.91 ± 7.79 breeding cows - expressed as a percentage; 
it means that more than halves, i.e. 58.45 ± 1.84% are breeding cows. 

In terms of average number of animals (total cattle), Arad and Timis have 
more numerous cattle than Hunedoara and Caras-Severin (see Table 1). From this 
point of view, the county’s tradition, geo-climatic conditions and agricultural policy 
can be considered factors that favor or not the dairy farm. In Timis and Arad cattle 
herds are made of 148.07, respectively 142.60 animals / farm in Hunedoara and 
Caras and average values are being 58.67, respectively 29.93 cattle / farm. In 
three counties the number of animals downsizing than January 2011 below the 
sample considered (fewer than 15 breeding cows) at 5 farms in Caras, at 4 farms in 
Hunedoara and at a farm in Arad. The county is a factor that generates significant 
differences in number of cattle in farms (F = 4.82 at p = 0.005), meaning that it’s 
supported mainly by differences between Caras-Severin and the counties of Timis 
and Arad. 

Referring to LU, the situation is comparable to the one which was 
described in the total number of cattle, the average sample of West Region being 
78.97 ± 11.94 - counties still having significant differences (F = 5.15 at p = 0.003). 

The situation remains the same as in the case of breeding cows, on 
average, in Timis and Arad there are 85.83, respectively 74.67 cows / farm and in 
Hunedoara and Caras there are 32.47, respectively =18.67 cows / farm. The 
differences are statistically significant (F = 5.26 at p = 0.003). 

The difference is given again mainly by farms from Caras or Timis and 
Arad - 67.16 differences (at p = 0.007), respectively 56.00 (at p = 0.034) cows / 
farm. 
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The breeding cows vs. total cattle range from an average of 55.8% in Arad 
County to 61.47% in Hunedoara County. From the technology perspective, the 
distribution of categories of farm animals in the herd is close to typical operating 
farms to dairy cows - farms where males are removed / capitalized early, usually 5-
10 days after calving. 

 
Table 1  

Distribution and structure of agricultural land  
and herds of cattle farm in Western Region counties 

  n Average sx Minimum Maximum 

Total number of 
cattle / farm 

AR 15 142.60 44.80 12.00 600.00 
CS 15 29.93 6.14 3.00 80.00 
HD 15 58.67 19.77 15.00 300.00 
TM 15 148.07 22.45 50.00 330.00 
Total 60 94.82 14.81 3.00 600.00 

Livestock Units / 
farm 

AR 15 117.95 36.29 9.23 461.54 
CS 15 25.90 5.52 2.68 70.92 
HD 15 48.28 15.10 13.04 230.77 
TM 15 123.74 17.52 43.33 248.12 

 Total 60 78.97 11.94 2.68 461.54 

Breeding cows / 
farm  

AR 15 74.67 22.64 6.00 300.00 
CS 15 18.67 4.30 2.00 50.00 
HD 15 32.47 9.61 8.00 150.00 
TM 15 85.83 13.23 26.00 200.00 
Total 60 52.91 7.79 2.00 300.00 

Ratio of breeding 
cows/total number 
of cattle 

AR 15 55.80% 3.51% 44.00% 100.00% 
CS 15 58.47% 4.32% 30.00% 83.00% 
HD 15 61.47% 3.60% 43.00% 100.00% 
TM 15 58.07% 3.48% 45.00% 94.00% 
Total 60 58.45% 1.84% 30.00% 100.00% 

Ha land / farm 

AR 15 148.31 49.42 25.00 600.00 
CS 15 29.20 6.31 5.00 80.00 
HD 15 51.57 20.67 2.00 300.00 
TM 15 171.33 21.64 60.00 400.00 
Total 60 100.10 16.22 2.00 600.00 

Ha / Livestock Units 

AR 15 1.29 0.15 0.57 3.03 
CS 15 1.27 0.13 0.48 2.25 
HD 15 1.26 0.11 0.83 2.45 
TM 15 1.58 0.24 0.88 4.62 
Total 60 1.35 0.08 0.48 4.62 

 
According with table no 1 the land available for cultivating is 100.10±16.22 

ha / farm; the Timis’ dairy farms had the highest arable surface land and the Caras’ 
dairy farms owned the lowest. The differences between counties are statistically 
significant (F = 5.85 at p = 0.002).   
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By land/LU ratio, the situation is favorable for low input farming conversion; 
in average, in West Region’s dairy farms this is 1.35±0.48 ha/LU. Because 
between the four counties the study could not sustain hypothesis of differences, it 
can be suggested that in West Region’s dairy farms, the stimulation of conversion 
of some existing dairy farms, into low input dairy system is possible (1). 

 
Conclusions 

 
The dimensions of dairy farms in terms of breeding cows, number of total 

animals and LUs’ are the basic elements for economic efficiency and 
environmental sustainability of farming; by these indicators, the farms can be 
converted in low input farming.  

Considering the dimension of dairy farms in terms of total number of cattle 
and surface of agricultural land, the business can be supported by the type of 
family farms. 

The ratio between land and LUs’ in West Region’s dairy farms is favorable 
to low input systems, especially the conversion to low input farming. 
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Summary 

 
The purpose of this study is to establish the milk production characteristics of dairy 

farms from the Western region of Romania in order to see the possibilities to convert these 
in low input farming systems. For this study 60 farms were used, 15 farms from each of 4 
counties were sampled, if the total number of cattle in each farm was higher than 15 
breeding cows at the beginning of 2011. The daily milk production, the annual milk yield, the 
percentage of milk protein and fat and the yield of protein and fat were analyzed, using the 
counties as control variable. The daily milk production of 17.84 ± 0.30 kg/day, the annual 
milk yield farm  of 3,648.03 ± 567.23 hl/farm, the annual milk yield  / cow of 6.551 ± 111 
kg/cows and the individual yield of protein 217.91±3.71 kg/cow and fat 273.90±4.42 kg/cow 
were indicators which depend on the counties as a control variable. The percent of milk fat 
and the percent of milk protein were 4.19±0.02% and 3.33±0.01% respectively; the milk fat 
and protein do not rely on county. The level of productions and the composition of milk 
suggest the real possibility to convert the current farming systems into low input farms. If the 
PAC will sustain subsidy the eco-economic character of farming, a considerable number of 
dairy farms from the western region can be converted into low input farms in real terms of 
economic efficiency and environmental sustainability.  

Key words: low input farms, milk, eco-efficiency 
 

The research was conducted last year by the Husbandry and Animal 
Productions Discipline of the Medicine Veterinary Faculty and it’s aim was to 
quantify the characteristics and performance of dairy farms in the western region 
counties, in order to approach the eco-economic technologies which are stimulated 
by Community Agricultural Policy in 2013-2020 periods (3). 

The objective was to quantify the characteristics and performance of dairy 
farms of the western region for an approach in dairy farming in low input systems. 

In this study the terms of production were discussed quantitatively and 
qualitatively, analyzing the variability of production and variability in chemical 
composition of milk. 

 
Materials and methods  

 
The study used a layered sample of 15 farms from each county which at 

the beginning of 2011 had at least 15 breeding cows. Thus, in the western region 
the sample totaled 60 farms from Arad, Caras-Severin, Hunedoara and Timis (2). 
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Study of milk quality was achieved through a cross-sectional survey that 
examined the variability of physico-chemical composition of farm production, using 
the analyzers of the Laboratory for Animal Husbandry and Animal Production 
Technologies and Environment Experimental Unit (both created through project 
Development of research, education and services infrastructure in the fields of 
veterinary medicine and innovative technologies for RO 05).  

Study of farm milk quantity represented a retrospective estimate made through 
the method of diversified control of milk production. Based on individual productions 
there were calculated the annual production/cow and the farm production. 

For the statistical sustainment and demonstration of the hypothesis, the 
county was used as a control variable. The statistical processing aimed mainly the 
use of ANOVA by SPPS to determine the means differences.  

 
Results and discussions 

 
The milk production. In the sampled farms, regardless of breed raised, 

there were found farms with average yields of 14 kg / cow / day to farms with 
average yields of 24 kg / cow per day. 

The Arad’s farms have on average of 19.25 kg milk/cow/day and to those 
in Timis had a production of 18.74 kg. Caras’ dairy farms have the lowest average 
production of 16.73 kg/cow/day. The differences between the four counties are 
statistically significant (F = 4.95 at p = 0.04), probably, these differences appear 
both as a result of mining technology, potential forage base and as a result of 
breeds structure: in Arad  and Timis are predominant Holstein or Red Holstein type 
breeds and in Caras and Hunedoara there are Romanian Spotted Cattle or 
Simmental breeds. 

Annual yields of farm depend on the average daily number of cows – in 
according with this indicator Timis’ dairy farms had 6,087.38±1,054.88 hl milk / year 
vs. Caras’ farms which had only 1,144.15±267.26 hl / year.  

 
Table 1 

Distribution and variability of annual production in dairy farms in 
the counties of Western Region 

  n Average sx Minimum Maximum 

The daily milk 
yield (kg / cow 
and day) 

AR 15 19.25 0.69 15.00 24.00 

CS 15 16.73 0.42 14.00 19.00 

HD 15 17.07 0.48 15.00 20.00 

TM 15 18.74 0.59 14.00 22.12 

Total 60 17.95 0.30 14.00 24.00 

Annual yield of AR 15 5,303.44 1,599.99 438.00 21,900.00 



LUCRĂRI ŞTIINŢIFICE MEDICINĂ VETERINARĂ VOL. XLV(1), 2012, TIMIŞOARA 
 

 139
 

milk / farm  
(hl / farm) 

CS 15 1,144.15 267.29 109.50 3,285.00 

HD 15 2,057.14 655.88 438.00 10,400.00 

TM 15 6,087.38 1,054.88 1,708.20 15,300.00 

Total 60 3,648.03 567.23 109.50 21,900.00 

Annual yield of 
milk / cow (kg / 
cow) 

AR 15 7,027 251 5,475 8,760 

CS 15 6,108 153 5,110 6,935 

HD 15 6,229 176 5,475 7,300 

TM 15 6,840 216 5,110 8,072 

Total 60 6,551 111 5,110 8,760 

 
Obviously, the differences are statistically significant, which could support 

the hypothesis that breed and type of farming zoning is a reality, this approach 
could be used for low input farm type. 

Between the annual milk yields on the surveyed farms there were 
significant differences from county to county (F = 4.95 at p = 0.004); the production 
of farms from Arad was of 7,027 kg / cow and those of farms from Caras was of 
6,229 kg / cow. Recorded milk productions were proven to be suitable for low input 
type farming, especially when the flocks are not very many. 

 
The fat production. The percentage of fat in farms surveyed had values 

ranging from 3.8% to 4.6%, the average in the entire region being of 4.19%. 
Generally, lower production farms and individual feeding have higher values of 
percentage of fat. Therefore the hypothesis that the geographical location of the 
farm has an impact on fat yield cannot be supported.  

 
Table 2  

Distribution and variability of fat production in dairy farms from the counties 
of Western Region 

  n Average sx Minimum Maximum 

The average 
percentage of 
milk fat 
 (% farm) 

AR 15 4.13% 0.04% 3.80% 4.30% 

CS 15 4.23% 0.04% 3.89% 4.50% 

HD 15 4.20% 0.04% 4.00% 4.60% 

TM 15 4.19% 0.03% 3.99% 4.40% 

Total 60 4.19% 0.02% 3.80% 4.60% 

 
Annual farm 
yield of fat  
(kg / farm) 

AR 15 22.102 6.738 1.752 93.075 

CS 15 4.890 1.163 454 14.783 

HD 15 8.642 2.808 1.848 44.731 
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TM 15 25.506 4.454 7.358 64.693 

Total 60 15.285 2.388 454 93.075 

Individual yield 
of milk fat  
(kg / cow) 

AR 15 289.50 9.57 233.60 360.91 

CS 15 258.32 6.74 219.00 298.21 

HD 15 261.32 7.43 219.00 306.60 

TM 15 286.45 8.92 209.51 334.99 

Total 60 273.90 4.42 209.51 360.91 
 
The farms from Timis and Arad delivered significantly greater amounts of 

fat (F = 5.43 at p = 0.002), due to the high volume of milk valued. 
The annual individual production of fat is about the same for cows from 

Timis (286.45 kg fat / cow) and Arad (289.50 kg/cow), but higher than the average 
individual cow production from Hunedoara (261.32 kg/cow) and Caras (258.32 
kg/cow), the differences being significant (F = 4.35 and p = 0.008). 

 
Protein milk production. The percentage of protein in the farms surveyed 

ranged from 3.26% to 3.70%, the average across the region being of 3.33%; the 
differences cannot support the hypothesis of county’s impact on the production of 
protein (F = 0.179 to p = 0.910). In general, farms with high yields of fat have high 
yields of protein; the following productions are positively correlated (r = + 0.567 at p 
<0.01). 

The total protein / farm, in accordance with production and farm size is higher 
in Timis (20.15 tons) and lower in Caras dairy farms (3.82 tons), differences between 
the counties of the region being statistically significant (F = 5.55 to p = 0.002). 

By individual lactations the cows from Arad farms produced 223.94 kg protein 
/ lactation, more than Timis cows (227.17 kg), Hunedoara cows  (207.7 kg) and Caras 
cows (203.84 kg);  the differences are statistically significant (F = 4.35 at p = 0.008). 

 
Table 3 

 Distribution and variability of protein production in dairy farms of the 
counties of Western Region 

  n Average sx Minimum Maximum 

The average 
percentage of 
milk fat 
 (% farm) 

AR 15 3.32% 0.02% 3.27% 3.50% 

CS 15 3.34% 0.02% 3.29% 3.42% 

HD 15 3.33% 0.03% 3.27% 3.70% 

TM 15 3.32% 0.03% 3.26% 3.50% 

Total 60 3.33% 0.01% 3.30% 3.70% 

 
Annual farm 

AR 15 17.559 5.288 6.218 72.708 

CS 15 3.828 902 1.893 11.169 
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yield of fat  
(kg / farm) 

HD 15 6.862 2.191 2.163 34.744 

TM 15 20.151 3.497 12.651 50.896 

Total 60 12.100 1.877 8.343 72.708 

Individual yield 
of milk fat  
(kg / cow) 

AR 15 232.94 8.21 183.96 289.08 

CS 15 203.84 5.13 169.73 230.24 

HD 15 207.70 6.15 179.03 242.36 

TM 15 227.17 7.51 168.63 281.05 

Total 60 217.91 3.71 168.63 289.08 

 
 Production of protein is important in all aspects of the study: 

- economically, the protein is a constituent of milk used to establish the price 
of milk delivered; 

- In terms of sustainability in the environment, yields in the use of protein 
mean low losses of nitrogen (N) on average, thus a favorable factor in farm 
sustainability; 

- In terms of social acceptance, people’s preference is increasing for the 
natural productions and with low fat. 

This is why the production of protein will be approached from several 
perspectives and will be subject to simulations and scenarios in the idea of 
designing a Romanian type of low input farming in terms of new concepts of bio-
economy (1) or eco-economy (2). 

 
Conclusions 

 
The annual milk yield of cows on farms are significantly different from one 

county to another; by these indicators, the farms with medium level of production 
can be converted in low input farming. 

The farms from Timis and Arad delivered significantly greater amounts of 
fat and protein, due to the high volume of milk valued. 

The farm production of milk, protein and fat can be indicators for 
appreciating the sustainability in the environment and the economic efficiency. 
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Summary 

 
During the past years, incubator sections used to produce various species of day – 

old chickens have gone through major technical changes. Computerised equipment, control 
of the machines and automatisation of everyday work are now there to improve the quality of 
day – old chickens and to increase the production. Incubator sections are important, since 
they are places from where different diseases can be transferred to other locations. 
Microclimate in incubator section during the egg incubation is an ideal environment for all 
kinds of micro organisms and their growth, so it is crucial for the producers to develop 
consciousness about the importance of appropriate and harmless disposal of hatchery 
remains. The amounts of those remains are directly proportional to the capacity of incubator 
sections, just like the amounts of water needed to preserve the hygienic minimum necessary 
for a successful production.This paper shows the amounts of hatchery remains in the 
incubator sections with different capacities, and what are the risks of it’s irregular disposal. 
Sanitation of incubator section determines the production and quality of day – old chickens. 

Key words: incubator sections; sanitation; hatchery remains; day – old chickens; 
 

Incubator sections are facilities with necessary microclimatic conditions 
which provide the optimal embryonic development of different sorts of breeding 
eggs into healthy poultry offspring (6,9,10). 

Artificial derivation of chickens is known for almost four thousand years and 
has been done in ancient China and Egypt. Original incubators and incubator 
sections were made of sand and mud, and had a capacity of nearly 30 000 eggs. 
Specially trained workers who had a precise sense for temperature, humidity and 
ventilation maintained microclimate in those facilities, and the feasibility of chickens 
was up to 70% (9, 18). 

Western civilizations began with the massive artificial production of 
chickens in the early twentieth century. In our country the first larger incubators are 
used after the Second World War, and today it is almost the only way of breeding 
poultry. Industrial poultry requires the production of large number of day – old 
chickens, so the capacities of incubator sections are determined by the possibilities 
to produce hatching eggs (1). 

Modern incubator sections should be constructed in a way that would 
provide a one – way material flow, so hatching eggs enters through one side, and 
chickens exit on the other. The dynamic of placing eggs into the hatchery is 
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coordinated with the capacity of the incubator. The proportion between hatchery 
and incubator is 3:1. The best hatching results are obtained when the eggs are up 
to three days old and the modern incubator sections are adapted to that dynamic 
(9,6). 

Hatched chickens have desorbed the remains of egg yolk and can survive 
up to three days without food or water. That period is enough for transporting 
chickens to different destinations around the world (1,5). 

Artificial breeding of chickens has many advantages, such as production 
during the entire year, large number of equally old chickens etc, but also comes 
with a number of risks. Incubator sections are often the source of infections that 
can originate both from parent flocks or the section itself, and can be transferred to 
remote destinations (3,12, 14,15). By increasing the production and the capacity of 
incubatory sections those negative influences on the environment also grow (8). 

Incubatory section use different detergents and disinfectants, which reach 
the watercourses through washing water (2,13,17,19). Ventilators eject dust that 
contains micro organisms, and heating the rooms is provided using different energy 
sources, so the emission of carbon dioxide strongly impacts the environment (11). 

A particular problem is the disposal and destruction of hatchery remains – 
eggs that didn’t hatch chickens, egg shells, rejected chickens, mail chickens in the 
light line, cardboards from the hatchery drawers and etc. (7) Hatchery remains are 
ideal substratum for development of all kinds of micro organisms, and therefore 
represents a great risk due to the impact on the environment (4, 17). 

Most of our incubator sections have only partially solved the disposal of 
hatchery remains, so we tried to point out the amounts of it, and the dangerous 
impact it has on the environment. 
 

Materials and methods 
 

During our examination we were used observation at 3 incubator sections 
with next performance:  

a) Small – capacity of 1000 day – old broiler chickens  
b) Two incubator sections – capacity of 33 600 chickens  

 *incubator section is for producing day – old broiler chickens  
**incubator section is for producing day old commercial bearing chickens 

Breeding of chickens was twice a week and 10 hatchings were controlled. 
During examination we were followed next production indicators: 

a) Number of invested eggs 
b) Produced chickens and classes  
c) Unhatched eggs 
d) Rejected chickens 

Weighing did control of the amount of hatchery remains. 
Production indicators are written in percentages individually per rounds for 

each incubatory section. 
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Results and discussions 
 

Incubator with the capacity of 1000 eggs in one round is placed in adapted 
additional rooms of a household, and certainly can not be called an incubatory 
section. In this incubator under controlled rounds satisfactory production results 
were achieved, which is visible in table 1.  

 

Table 1 
Production results in a small incubation section 

Production 
round 

Number of 
invested eggs 

Produced 
chickens, class I 

(%) 

Unhatched 
eggs (%) 

Rejected 
chickens 

(%) 
1. 1000 87.8 11.6 0.6 
2. 1000 87.4 11.8 0.8 
3. 1000 88 11.8 0. 2 
4. 1000 86.7 12.2 1.1 
5. 1000 87.3 11.9 0.8 
6. 1000 87.5 12.2 0.3 
7. 1000 84.6 13.9 1.5 
8. 1000 85.2 13.9 0.9 
9. 1000 86.9 12.4 0.7 
10. 1000 87.2 12.1 0.7 

Total number 
of eggs 10000 86.86 12.38 7.6 

 
By comparing the results of production in two incubator sections with the 

same capacity, where one of them produces broiler chickens and the other one 
light line chickens (table 2 and table 3).  

Table 2 
Production results in an incubation section for producing broiler chickens 
Production round Number of 

invested eggs 
Produced 

chickens, class 
I (%) 

Unhatched 
eggs (%) 

Rejected 
chickens 

(%) 
1. 32900 83 15 2 
2. 33600 84.5 14 1.5 
3. 32200 85.5 13.5 1.0 
4. 31360 85 12.5 2.5 
5. 30520 79.6 15.6 4.8 
6. 32900 81.9 14 4.1 
7. 33600 82.5 14 3.5 
8. 33040 83.3 15.4 1.3 
9. 31500 86.2 12.6 1.2 
10. 31500 85.8 11.8 2.4 

Total number of 
eggs 323120 83.8 13.8 2.4 
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Table 3 
Production results in an incubation section for producing day – old 

commercial bearing chickens 
Production 
round 

Number of 
invested eggs 

Produced female 
chickens, class I 

(%) 

Unhatche
d eggs 

(%) 

Mail and 
rejected 

chickens (%) 
1. 32100 41 9.9 49.1 
2. 33150 39.4 10.2 50.4 
3. 32400 38 12 50 
4. 33600 41.3 10.3 48.4 
5. 31650 40.5 10.8 48.7 
6. 33300 39.8 11.1 50.1 
7. 33150 38 9 53 
8. 32550 42 8 50 
9. 31800 38 9 53 
10. 33600 38 9 53 

Total number 
of eggs 327300 39.6 9.9 50.5 

 
It becomes possible to notice the difference in the number of invested eggs 

and the number of chickens that would leave the section. That difference 
represents the difference in the amount of hatchery remains that appear in both 
productions. In hatcheries that produce chickens for light commercial bearing hens 
(table 4) the amount of hatchery remains increased for over 50% mail chickens, 
that have to be suffocated. Suffocation is still done in barrels, rarely in nylon bags, 
so when the waste is taken out a lot of live chickens walk around the landfill. 

In table 4 the amounts of hatchery remains from a hatchery of this capacity 
don’t seem big, but if longterm calculations are measured, they are very significant. 

 
Table 4 

Total results of weighing hatchery remains 
 Unhatched 

eggs in 
kilograms 

Rejected and 
mail chickens 
in kilograms 

Egg shell 
remains in 
kilograms 

Cardboards 
from the 
hatchery 
drawers 

small incubation section 83.7 3.8 39.7 24 

incubation section for 
producing broiler 
chickens 

2908.8 35.5 1244.5 692.4 

Incubation section for 
producing day – old 
bearing chickens 

1917.3 6942 583.55 654.6 
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Although the industrial poultry raising in our and surrounding countries has 
been developing for over seventy years, and number of poultry increases each 
year, the awareness about providing the minimum of requirements that would 
protect the environment. Principles of a good production practice, environmental 
management system (EMS), are volunteer, flexible procedures designed to 
improve the management and to implement the upgrades when it comes to 
protecting the environment.  
 

Conclusions 
 

The production of poultry offspring, just like all other branches of animal 
husbandry, can cause very negative effects and disorders in the environment.  
Incubation section has to be built in a way that disables the contact between 
hatchery remains and healthy chickens. 

Hatchery remains can be used in a pound.  
It is necessary to oblige the producers of day – old chickens to transport 

the hatchery remains in closed containers, and not in opened tractor trailers.  
In planning the capacitie of public pounds it is necessary to predict the 

amounts of biological waste from the incubation sections.  
Today, when the continuous production of day – old chickens is severely 

larger in capacities than those presented in this paper, the producers of chickens 
should develop their own programme for the protection of the environment and 
preservation of natural resources. 
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Summary  
 

In Banat, the heavy horses brought from Austria and Germany were given a proper 
treatment in what concerns the nourishment and maintenance. Research was conducted 
between April 2009 – March 2012, at the Izvin Stud Farm (Timis County) by members of the 
Transilvanian Rare Breeds (TRB), the Association on the Ardennes breed specimens. 
Starting with 1965 the Ardennes has been imported at the Izvin stud farm. The numeric 
evolution  points out an increase in the number of reproduction mares and stallions up until 
1991. The Ardennes of Izvin is not homogeneous from the point of view of the morphological 
type. The body layout fits perfectly into a rectangle. To mares the height is of approximately 
152-164 cm and the perimetre whistle is 23.8 cm. The stallions imported from Hungary 
became line founders for the Ardennes of Banat: Zarand, Sultan, Banat, Caras and Drumet. 
Their bodily measurements varied from 155 cm tall to 159 cm for Drumet, the thoracic 
perimeter of 212 cm for Caras and 220 cm for Banat and the whistle perimeter of 25.5 cm for 
Banat and up to 28 cm for Drumet. It is essential to notice that the bodily development of the 
reproduction top stallions between1996–2012 maintain the same characteristics as the 5 line 
founding stallions. The Ardennes will continue to be raised as pure blood or for horse 
amelioration in Banat and Trasylvania. By preserving these breeds we preserve the 
zoogenetic resources which Romania has. 

Key words: horse breeds, selection, preservation, biodiversity 
   
The main breeds of heavy horses come from three European countries: 

France (Ardennes, Bretone, Boulonnais, Comtois, Mulassiere, Percheron), Germany 
(Reinisch Deutsches Kaltblut, Schleswiger Kalblut, Suddeutscher Kaltblut) and Great 
Britain (Clydesdale, Shire Horse, Suffolk Punch). 

The Ardennes horse originated from the region of Ardennes, which is 
situated between France, Belgium and Luxembourg. This horse was the result of 
crossbreeding between the old Ardennes with Swedish horses. In the time of 
Napoleon Bonaparte the Ardennes was crossbred with the Heavy Horse of Brabant, 
the resulting breed being used by the French army in their campaigns (1, 4). 

In Belgium, this horse is being very much appreciated and it is also called 
the ideal « tractor » for areas with many forests. In order for the horse to be used 
for military purposes, after 1880 it was infused with the Arabian horse to give it a 
more temperamental personality. It was largely used for transport (artilery and 
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goods) during the wars in 1870-1871 and 1914-1918. This breed is docile, good 
and correct posture during walking and sufficient skills for speed.  

The Ardennes was imported in the region of the Carpathian mountains and 
of the Danube before First World War together with other heavy breeds: Percheron, 
Boulonais, Pinzgauer. A larger number of specimens were imported for work on 
agricultural terrains, urbanistic services or for the army. 

Not having been bred in herds, these heavy horses could not adapt to the 
conditions in Southern Romania, where the level of maintenance and nourishment 
given by their owners was greatly inferior to that demanded by this breed. The 
resulting specimens were underdeveloped, having many bodily defects, a low 
resistance to disease and thus a low working strength. In order for the number of 
imported horses to be reduced, the state tried to set up a stud farm of heavy 
horsed at Fagaras and Slobozia, hoping to produce stallions for mating (3). 

In Transylvania and Banat things were different. In Banat, the heavy 
horses brought from Austria and Germany were given a proper treatment in what 
concerns the nourishment and maintenance. That was the case of the Austrian 
Noricker breed and of other breeds of heavy horses from Southern Germany which 
were brought in Banat by the colonists.  

 
Materials and methods 

 
Research was conducted between April 2009 and March 2012, at the Izvin 

Stud Farm (Timis County) by members of the Transilvanian Rare Breeds (TRB) the 
Association on the Ardennes breed specimens. TRB is member of DAGENE.  

Body measurements have been made regarding the animals’ waist, 
thoracic perimeter, whistle perimeter and body weight. The colour and the 
particularities of colour have been noted down as well as data regarding their 
reproduction. The external description of the horses has been then evaluated. 

DAGENE (Danubian Countries Alliance for Conservation of Genes in 
Animal Species) is an Association created at the initiative of Prof. Dr.Bodo Imre 
from the University of Veterinary Medicine, Budapest. The purpose of this non-
profit Association ist o identify, monitorise and conserve the traditional breeds and 
populations of domestic animals from the danubian countries. Other eurocaucasian 
countries joined DAGENE, therefore, today the Association has members from 
Germany to Gruzia. The members are: prestigious teachers from Universities and 
Faculties from Europe, animal husbandry engineers, veterinarian, agronomist 
engineers and also chemistry engineers, IT specialists, sylvicultural engineers and 
technicians. DAGENE is in excellent colaboration with SAVE Foundation 
(Safeguard for Agricultural Varieties in Europe) and Monitoring Institut of London 
through its large Data Base concerning native breeds and populations of domestic 
animals and those traditionally rose in these countries. Also, they colaborate for 
organising scientific sessions. DAGENE is included in FAO Programs that have the 
purpose to protect the domestic animals breeds and populations.  The members of 
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the Associations annualy present the situations of the  breeds and populations, the 
ways of preserving the zootechnical Heritage of each country. During 15th-17th of 
April 2010, with the ocasion of the International Biodiversity Year, DAGENE in 
colaboration with the Roumanian Academy, organised the Annual Meeting at the 
Conference Centre in Brazi, (Hunedoara Area), Romania. The topic of the Meeting 
was „Biodiversity is live – Agrobiodiversity is our life”. The Meeting is very important 
for the evolution of DAGENE. During this Meeting, after the participants presented 
their scientifical studies, preselections for the new leader of DAGENE took place, 
as Prof. Dr. Bodo Imre retired duet o his age. The participants chose as President a 
high-reputation manager Prof. Dr. Pal Hajas who is the FAO coordinator for 
Hungary. The new directing Committee has as members: Pal Hajas (Hungary) 
president; Andras Gaspardy (Hungary) executive secretary; Beate Berger (Austria); 
Ante Ivancovic (Croatia); Srdjan Stojanovic (Serbia); Marcel Matiuti (Romania).  
 

Results and discussions 
 
Starting with 1965 the Ardennes has been imported at the Izvin stud farm. 

Specimens from Hungary have been brought (from locals’ households or 
cooperative units) which had the same phenotype as the Ardennes and the 
pedigree of farm mare or farm stallion. Sixty mares and five stallions were imported 
but these specimens didn’t have their complete pedigree. This is why it is 
considered that that imported heterogeneous material didn’t represent the very 
breed of the Ardennes, but only a horse population that has a similar phenotype 
with that of the Ardennes horse, thus being named The Ardennes of Izvin. The 
most common colours are chestnut, “deresa” (a mixture of white, red and black), 
grey, peachy and bay (2). 

Description 
The Ardennes of Izvin is not homogeneous from the point of view of the 

morphological type. The body layout fits perfectly into a rectangle. The head is big 
and heavy, more prolonged that in the case of the Belgium Ardennes and the 
profile is straight. The neck is short and thick. Their conformation is long, broad and 
muscular, with a compact body and a short and large back. The chest is very large 
and very well developed with big muscles. The thorax is broad, very oblique, with 
arched ribs which are almost perpendicular to the spine. The abdomen is relatively 
large. The legs are short and sturdy. The bones are well developed, with large 
joints. The whistle is short, thick and hairy. Their fetlocks are short and straight. 
The hooves are big, resistant and sometimes straight. There are also some 
specimens who have low heels and unresistent hooves. The skin is thick and fluffy. 
The hair is thick, long and hoarse. Their personality os calm but not exagerately so 
due to the Arabian infusion (2). Physical exterior defects may be: knockkneed, 
broken or blunt hooves or wobbling walking (fig. 1).  
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Fig. 1. Top Stallion from Stud Izvin. Orig. Matiui M. 
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Fig. 2. The numeric evolution for Ardennes mares and stallions from the Izvin stud 
farm (5). 

 
The numeric evolution in fig. 2 points out an increase in the number of 

reproduction mares and stallions up until 1991, when the number decreases to half 
of the initial one and continues to do so until 1997. Afterwards the number 
recovered to approximately 20 mares and 1-2 stallions (including the year 2012). 
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Fig. 3. The main body measurements for the 5 stallions which were line founders 
and which were imported from Hungary (1 – Zarand; 2 – Sultan; 3 – Banat; 4 – 

Caras; 5 - Drumet) (5) 
 

The stallions imported from Hungary became line founders for the 
Ardennes of Banat: Zarand, Sultan, Banat, Caras and Drumet. Their bodily 
measurements varied from 155 cm from Caras tall to 159 cm for Drumet, the 
thoracic perimeter of 212 cm for Caras and 220 cm for Banat and the whistle 
perimeter of 25.5 cm for Banat and up to 28 cm for Drumet, as it can be seen in 
fig.3. 
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Fig. 4. The variability of the main bodily measurements (cm) for the reproduction 
Ardennes stallions originating from the 5 line founders 
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It is essential to notice that the bodily development of the reproduction 
stallions between1996–2012 maintain the same characteristics as the 5 line 
founding stallions (fig. 4). To mares the height is of approximately 152-164 cm and 
the perimetre whistle is 23.8 cm (5). The weight is 650-700 kg (Fig. 5). 
 

 
Fig. 5. Mares from Izvin. Orig. Matiuti M. 

 
Reproduction. Fecundity is of 82.30%, the birth rate of 79.5% and the 

reproduction indicator is of 89%. 
Breeding. This horse is not pretentious in what concerns the quality of the 

food it is given, but it is, however, in what regards the quantity. It is difficult for this 
horse to be put to work on hot summer days. Also, because the hooves may be 
easily damaged, they need special care. 

Selection. The Ardennes of Izvin is a good draft horse but the training 
must be progessively made. At a slow pace it can carry 2000 kg for 10 km in 41 
minutes and 49 seconds and 3000 kg for 5 km in 42 minutes and 26 seconds. 

There are private farm studs in the area of Satu Mare where there are 20-
30 specimens of Ardennes or other Flamand horses, all brought in from import. 
 

Conclusions 
 

It must be highlighted that the institutions of the state, the NGOs  and the 
specialists in the domain have to immediately partake in enforcing the Global 
Action Plan for animal genetic resources adopted in Interlaken 2007 to Conference 
FAO. 
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By preserving these breeds we preserve the zoogenetic resources which 
Romania has. Certainly, this preservation cannot be made at random, but through 
measures which should be maintained by the states’ authorities.  

The Ardennes will continue to be raised as pure blood or for horse 
amelioration in Banat and Trasylvania. 

Extinction of those breeds means an irecupable lost of the European and 
Romanian heritage. But with a constant support of the European association, in 
order to save the European gene reserves, who are under coordonation of FAO, 
have been able to protect breeds that are in danger of extinction.  In this study we 
will present a part of the results of the research of the authors as a support of 
keeping the Romanian traditional breeds. 
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Summary 

 
Computer utilization, as well as the increasing Internet use, led to the development 

of innovative methods in education, including in medicine. In order to facilitate veterinary 
student integration on labour market, there was developed an e-learning platform with five 
modules that covers the practical needs and allow the application of the acquired theoretical 
knowledge. Farm Animals Breeding Units, Clinics and Hospitals, Laboratories (research, 
diagnosis, food control), Slaughtering Houses, Rural veterinary Clinics are the five domains 
for which platform presents scenarios that introduce the students to real-life situations. 
Students have to access the platform before the effective practical training, e-learning 
process and outcomes being on-line evaluated,   master teachers and tutors having access 
to the results obtained by the students. Student accesses to the platform facilitate 
interactions and encourage community. Platform is visible online at the address 
www.stagiupractica.fmvb.ro. 

 Key words: veterinary education, computer-based training, on-line evaluation 
    
In medicine, either human or veterinary, the acquisition of knowledge in 

both undergraduate and postgraduate education, is supported by a combination of 
different methods, from didactic teaching, small group learning, practical training in 
clinics and laboratories. The continuous development of web-based tools have 
arisen new challenges and dimensions in medical education. In the past few years, 
veterinary medical education benefited from the development of e-learning 
technologies (1, 4, 5). Internet-based medical education advantages, limitations 
and impact are largely discussed by Choules (2), Wong et al. (6) and Ruiz et al.(3). 
All the cited reviewers of e-learning methods versus traditional education modalities 
agreed with the assertion that even though e-learning is not a panacea, it has 
positive perceptions, allows learning to be individualized, enhance learners’ 
interaction with others, can catalyze the shift toward applying adult learning theory. 
However, it is important to pay attention to the fit between its technical attributes 
and learners’ needs and priorities. 

The present paper presents the first results of application of an e-learning 
platform for veterinary student instruction before attending practical training stages. 
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Materials and methods 
 
Faculties of Veterinary Medicine of the University of Agronomical Sciences 

and Veterinary Medicine Bucharest, University of Agricultural Sciences and 
Veterinary Medicine “Ion Ionescu de la Brad” Iasi and S.C. Softwin S.R.L set up a 
partnership and proposed the project Labour Market Integration of Veterinary 
Medicine Students – Practical Training. The project is co-financed by European 
Social Fund through the Sectoral Operational Programme Human Resources 2007-
2013. One of the project aims was to develop an e-learning platform to offer a 
teaching package for the students instruction before attending practical training 
stages.  

There were made approaches to identify and correlate the students needs 
with the necessary specific practical skills demanded by proffesionals in the 
different veterinary medicine areas.  

Quetionnaries were disseminated among students and different 
institutions, potential workplaces after graduation. There were identified five 
domains of interest: Farm Animals Breeding Units, Clinics and Hospitals, 
Laboratories (research, diagnosis, food control), Slaughtering Houses, Rural 
Veterinary Clinics.  

A group of experts developed both written a practical training guide and  
the afferent modules on the e-learning platform.  

Each module presented appropriate scenarios for the situations that 
students might encounter during real-life practical training.   

Project supported investments related to e-learning technology, experts, 
administration and space.  

  
Results and discussions 

 
A number of 901 students, 20 master teachers and 19 tutors (specialists 

from the institutions where students are designated to do their practical training) 
have accessed the e-learning platform. Each of them received a written form of the 
Guide to e-learning platform access, a password and an account. Platform  can 
be accessed from the address http://stagiupractica.fmvb.ro . The captures of the 
access page is presented in figure 1, and the homepage of the platform is 
presented in figure 2. Students and master teachers or tutors may share 
informations, students interact with each other.  

The guide give captures of all main pages of the platform. 
Any e-learning program must be evaluated both for its’ content but also for 

identifying strenghths and weakness. The number of students that already 
accessed the e-learning platform represents 30% of the target group. Students and 
also master teachers and tutors have reported some difficulties and weaknesses in 
platform functioning. After their remediation, all the selected students succesfully 
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finalized the evaluation tests. However, a limited number accessed the aditional 
information from the virtual library. 

 

 
 

Fig. 1. The access page to the e-learning platform 
 
 

 
 

Fig. 2. Home page of the e-learning platform 
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  A positive perception of the platform was recorded from tutors, 
postgraduated veterinarians working in farms, clinics and laboratories. They also 
suggested the upgrade of the selected domains with more simulations of real-life 
situations for a better integration of students to labour market. 

 
Conclusions 

 
These first results created the background for improvement of the platform 

content and outcomes. The e-learning platform will contribute to the information 
with relevant news in veterinary medicine for graduates, updating their knowledge. 
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