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Summary 
 

The microscopic investigation of animal hair samples may provide valuable 
information helpful for both biology and forensic laboratory science. Hair samples from some 
autochthonous domestic and wild ruminants belonging to the family Bovidae, including the 
subfamily Caprinae, and the family Cervidae, including the subfamilies Cervinae and 
Capreolinae, were evaluated in this study. The main hair structures (cuticle, cortex and 
medulla) were investigated. The guard hair shaft diameter, the medullary index, the scale 
length and the medullar vacuolated-cells diameter were measured using an image analysis 
software. The data obtained in this study suggest that the microscopic morphologic analysis 
of the animal hairs is a valuable diagnostic tool for species differentiation. 
 

Hair is strongly resistant from decomposition and this property makes hair 
a nearly ideal type of physical evidence. Like other forensic techniques such 
fingerprints, handwriting samples and firearms, the scientific comparison of hair 
has been well established in the forensic laboratory of the world [5]. In addition to 
morphologic analysis, nuclear and mitochondrial DNA investigations can be 
performed to provide more complete information and irrefutable physical 
evidences, although they are more expensive and time-consuming laboratory 
techniques.  

The study of the animal hair, rarely performed in veterinary medicine, could 
represent a useful tool in veterinary forensic investigation and biology allowing for 
the identification of illegal transport of slaughtered animals, poaching or wildlife 
crime, fraud in textile and fur industry, traceability of predators and identification of 
their victims, etc.  

As part of a larger research project, this paper provides up-dated and 
iconographic data that allow rapid and low cost animal species identification based 
on the hair microscopic features. 
 

Materials and methods 
 
Samples of hair forming the outer coat of some autochthonous domestic 

and wild ruminants were evaluated in this study. The hairs were collected from 
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animal species belonging to the family Bovidae (Bos taurus, Capra hircus and Ovis 
aries and the wild species Rupicapra rupicapra) and to the family Cervidae (Cervus 
elaphus, Dama dama and Capreolus capreolus). Only guard hairs were selected 
from each animal.  

Hairs were cleaned and degreased in 70% ethanol. Three-cm long 
fragments of the guard hair shaft were embedded in Kaiser’s glycerol gelatine and 
further investigated by light microscopy according to the quick method 
recommended in criminology [2]. Peroxide bleaching was performed on 
hypermelanotic hairs.  

Hair samples were analysed using an Olympus BX31 microscope 
equipped with a video camera and connected to the image-analysis and 
morphometry system. Microphotographs were taken with a digital camera 
(CoolSNAP-Pro, Media Cybernetics) at 20x or 40x magnification. Morphometric 
analysis of hair shaft diameter (D), medullary diameter and cortex thickness and 
the diameter medullary vacuolated cells (VCD) was performed using Image-Pro 
Plus software. At least 10 measurements were performed in each hair sample and 
the mean value and standard deviation were calculated. The medullary index 
(diameter of the medulla relative to the diameter of the hair) (MI) and the medulla to 
cortex ratio (M/C), known as valuable tools for species differentiation [1; 4.; 6.], 
were also calculated. In addition, the medullar vacuolated cells were described. 

Cuticle scales were investigated by the rapid nail polish method 
recommended by Deerick et al. [4]. Guard hair shafts were embedded in a thin coat 
of clear nail polish applied on a glass microscope slide and when the polish surface 
was dried, the hair was removed leaving the scale covering on the slide. The 
average distance between two consecutive scale margins (scale length, SL) and 
the scale pattern were also microscopically evaluated.  

 
Results and discussions 

 
The mean value and the standard deviation concerning hair shaft diameter, 

the medullary index, the medulla to cortex ratio, the scale length and the dimension 
of the medullar vacuolated cells are summarized in table I.  

Table I 
Morphometric data of hairs of some domestic and wild ruminants 

Species D (µm) MI M/C SL (µm) VCD (µm) 

Sheep  68.5 ± 6.4 n.f. n.f. 17.1 (± 2.2) n.f. 
Cow   96.4 ± 14.9 n.f. n.f. 11.2 (± 1.3) n.f. 
Goat 128.0 ± 16.6 0.71 4.8 11.6 (± 2.5) 2.0 (± 0.4) x 13.3 (± 3.0) 

Chamois 194.3 ± 18.3 0.98 41.8 20.3 (± 2.6) 25.9 (± 4.6) x 32.8 (± 8.5) 
Deer 152.6 ± 20.8 0.90 21.9 20.7 (± 6.1) 11.8 (± 1.6) x 23.5 (± 5.4) 

Roe deer 110.2 ± 11.0 0.91 27.0 30.2 (± 3.8) 28.2 (± 3.8) x 56.0 (± 8.0) 
Fallow-deer 238.3 ± 13.1 0.88 7.3 21.3 (± 2.1) 18.3 (± 4.8) x 22.2 (± 3.5) 

n.f. = not found 
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In sheep (Ovis aries), the specific hair structure defined as wool fibers 
showed an average D of 68.5 ± 6.4 µm. No medulla and therefore no vacuolated 
cell pattern were visible in the normal wool [fig.1], according to the literature data 
[4]. The scales were large rhomboidal asymmetric and protruding. The SL was 17.1 
(± 2.2) µm. Their free margins often were toothshaped confering an imbricated 
crown-like appearance [fig.2]. 

The hair of the cow (Bos taurus) showed a characteristic compact pattern. 
The abundance of the pigment granules obscured the inner structural details of the 
cattle hair [fig.3]. However, traces of fragmentary medulla, islet-shaped, interrupted 
by amorphous zones, could be seen in the central part of the hair shaft. This 
aspect was hidden by the elongated and spindle-shaped cells with compact 
aspect, the abundant cortical fusi (irregular-shaped airspaces of varying sizes), 
large pigment granules and a lot of ovoid bodies. Hair was stiff and rough and 96.4 
± 14.9 µm in diameter. The flattened  and deep imbricated scales were disposed at 
an oblique angle with respect to the longitudinal axis of the hair [fig.4]. Their free 
margins showed a very sinuous outline with a lot of broken or rounded incisions 
confering a crenellated aspect. The lack of the scale shadow suggested an 
intimate adherence with the surface. SL was 11.2 (± 1.3) µm. There is poor 
agreement in literature about the morphologic data of the cow hair. Some authors 
described the lack of cuticle [2; 4], or of the scales [1], the inconstant presence of 
the medulla [1; 2, 4] and the diversity of medullary cells and their disposition [1; 4]. 

The goat (Capra hircus) hair was rough, with D = 128.0 (± 16.6) µm, MI = 
0.71 and M/C = 4.8 µm. According to the litterature, the goat hair was similar to that 
of deer family because of the continuous lattice pattern filling nearly the entire hair 
shaft [4; 6.]. The profile of caprine vacuolated cells described in this study, was 
never previously reported. Thus, in analogy with the other species, the general 
aspect of the medullar lattice pattern was fan-shaped and mostly disposed 
transversely with respect to the longitudinal axis of the hair [fig.5]. The profile of the 
vacuolated cells was very sinuous with wavy margins. The curved margin was 
oriented towards the basis of the hair and the opposite angular margin toward the 
top of the hair. Large, unequal and anfractuous spaces were present around these 
particularly shaped medullar vacuolated cells [fig. 6]. Vacuolated cells were 2.0 (± 
0.4) x 13.3 (± 3.0) µm in diameter. The scales were imbricated, very elongated 
transversely and arranged at an oblique angle with respect to the longitudinal axis 
of the hair. [fig.7] Scale were arranged in a herringbone pattern. The average SL 
was 11.6 (± 2.5) µm. 

The chamois (Rupicapra rupicapra) had rough guard hairs (D = 194.3 ± 
18.3 µm), macroscopically slightly wavy and characterised by abundant 
pigmentation. From the microscopically point of view, large amounts of melanin 
pigment was present within the cortical layer obscuring the thin cortical structure 
but underlining the pattern of the medullar vacuolated cells. Only after peroxide 
bleaching the cortex became evident [fig.8] and the MI and C/M could be 
calculated (0.98 and 41.8, respectively). Medullar lattice pattern formed by the 
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vacuolated cells was regular [fig.9]. Vacuolated cells were 25.9 (± 4.6) x 32.8 (± 
8.5) µm in diameter displaying an overall polygonal to round profile despite the 
presence of few small individual or larger and confluent vesicles. Scales were of 
flattened, imbricated type and had severe variability in size and shape. Scales 
showed both a rhombic shape with pointed endings and a trapezoidal very 
elongated shape [fig.10]. SL was 20.3 (± 2.6) µm. No data were available in the 
literature to compare with the results of the present study. 

The deer (Cervus elaphus) had a guard hair with a macroscopic evident 
banding. The D was 152.6 ± 20.8 µm, with a MI of 0.90 and a C/M of 21.9. The 
medullar vacuolated cells were deeply transversely elongated. Their VCD was 11.8 
(± 1.6) x 23.5 (± 5.4) µm. The sinuous rim and the large distance between 
vacuolated cells were a specific feature of this species [fig.11; 12]. The very 
flattened scales arranged transversely to the longitudinal hair axis were of deeply 
imbricated type, showed an intermediate distance between two consecutive 
margins (SL was 20.7 (± 6.1) µm) and were elongated with a rhomboidal shape 
and their free margins were curved and quite regular [fig.13]. 

The roe deer (Capreolus capreolus) had different types of cover hair but 
the main type of guard hair that we found was D of 110.2 ± 11.0 µm in diameter 
with a MI of 0.91, and C/M of 27.0. Medullar lattice pattern exhibited large but quite 
uniform air spaces [fig.14]. The round to elongated vacuolated cells, sometimes 
showing asymmetric extremities, were 28.2 (± 3.8) x 56.0 (± 8.0) µm in diameter 
and arranged perpendicularly to the longitudinal hair axis [fig.15]. Also scales were 
arranged perpendicularly to the longitudinal hair axis and showed quite rectilinear 
margins. SL was 30.2 (± 3.8) µm. The presence of the scale shadow in its apical 
free margin suggested a poor adherence and detachment of the scale from the hair 
surface [fig.16]. 

The fallow-deer (Dama dama) had a D of 238.3 ± 13.1 µm with a MI of 
0.88 µm and a C/M of 7.3 µm. Most of medullar vacuolated cells were similar in 
size (VCD was 18.3 (± 4.8) x 22.2 (± 3.5) µm), but occasionally larger or smaller 
ones were found throughout the medulla [fig.18]. The scales were elongated, 
flattened, deeply imbricated, with a intermediate distance between two consecutive 
margins (SL was 21.3 (± 2.1) µm) and were transversely arranged to the 
longitudinal hair axis. The free apical margins forming convexes arches with a low 
amplitude had a quite regular, smooth outline and seemed to dettached from the 
surface [fig.19].  

As the animal hairs show a great variability in morphological features, in 
the present study we decided to evaluate only the main parts of the guard hair 
shaft, represented by cuticle, cortex and medulla. 

According to the field literature, domestic ruminant hair was the target of 
many partial and exhaustive studies, but the comparison to other wild ruminants 
was rarely performed. There is a general poor agreement between authors.  

Regarding the morphological features of the ruminant hair, the hair of the 
cow and the sheep are unmistakable with other ruminants because of the lack of 
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the medulla, but also the scale pattern has been useful to differentiate these 
species from the others investigated. 

Many authors reported that the hairs of the species belonging to the family 
Cervidae are not distinguishable on the basis of their gross appearance and 
microscopic features. Generally, from the macroscopically point of view, the cervid 
hairs were characterized by a very large overall diameter, constant throughout 
most of the hair and also a regular wavy or crimpy aspect [1, 3, 4, 6]. The banding 
(meaning the radical colour changes in a short distance) was present especially in 
the guard hair. Microscopically, a medulla composed of spherical cells filling the 
entire hair was described. According to Deedrick et al [4] no cortex was evident in 
deer family hairs, but other authors affirmed that deer family and antelope hairs 
were distinguishable on the basis of their scale pattern [1, 4, 6]. According to Partin 
[6] the scale pattern, when scale casts impressions are carefully studied, could be 
used to differentiate the species of this group. 

Based on our study, wild ruminants had a larger hair diameter than the 
domestic ones. No relevant differences were observed between the wild 
investigated species, except for the fallow deer that showed a very large diameter. 
The cortex was found in all investigated wild hair samples, despite the lack of the 
cortical layer in the hair shaft of Cervidae previously reported [4]. Moreover, also a 
prominent wavy borderline between the medulla and the cortex was constantly 
found. The wavy borderline was formed by the round free margins of the 
vacuolated cells [fig.17]. 

Depending on the species, the scale shape and the outline of their margins 
show some particularities. The wild ruminants from both families have a similar SL, 
except for the roe deer that has the largest distance between two consecutive 
scales. In the wild ruminants the SL is always longer than that one found in the 
domestic species. This difference could be used as a useful feature in species 
differentiation. 
 

Conclusions 
 

1. Microscopic image analysis of some autochthonous ruminant’s hair was 
performed and the preliminary data obtained in this study provide an useful tool for 
the forensic identification of the examined species. 

2. The investigation method employed in the present study is rapid and low 
cost. 

3. Specific identification can be performed on the guard hair, because its 
structure is generally very regular and all parts (cuticle, cortex and medulla) are 
easily detectable. 

4. The greatest difference between species is the shape and size of 
the medullar vacuolated cells.  
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5. Further studies are necessary to obtain hair data about other families of 
autochthonous animals in order to complete an adequate reference collection, 
essential for accurate animal specie identification. 
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