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Abstract. The hair (one of skin derivatives) structure is polymorphic, therefore the study of its specific features has 
diagnostic value. Nowadays, the main methods for the wool species determining are either microscopy of hair in 
transmitted light, or light microscopy. The relevance of the work is caused by the need to study hair and its alkaline 
hydrolysates using the simplest, fastest and most modern biophysical methods in order to create a laboratory test 
system in the future. To determine the species of animal hair, the possibility of using of the following biophysical 
methods was studied: polarization-interference microscopy, reflected light microscopy, fluorescence microscopy, 
ultraviolet spectrophotometry, and redox-measurement. Hair of different color, shape, length and thickness from 
animals of various classes, families and species were selected as samples. The possibilities of each method, their 
advantages and disadvantages were studied in samples selected. It is shown that the effectiveness of luminescence 
microscopy and reflected light microscopy are limited, and techniques cannot be recognized as reliably informative. 
The method of polarization-interference microscopy is one the most promising and can serve as alternative to 
reflected light microscopy. The possibility of the new redox-measurement method has been revealed. The authors 
have developed a special device for redox measurements and tested it in laboratory practice. The probability of the 
presence of a different number of absorption bands in the absorption spectra (hair species from various animals) is 
proven by spectrophotometric method. This allows to use ultraviolet spectrophotometry for the hair species 
identification. According to the authors, the most informative in laboratory identification of animal hair samples will 
be provided using the ultraviolet spectrophotometry method combined with the redox-potential measurement in 
alkaline wool hydrolysates. 
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1. INTRODUCTION 

In phylogenetically similar species, subspecies and 
breeds of domestic animals, as well as in one individual 
at different stages of ontogenesis, the structure of hair 
differs significantly [1, 2]. Thus, the hair can be 
extremely “flexible” in terms of adaptation to the 
environment. The structure of hair, at first glance, is 
very simple. A three-layer rod — a keratinized cuticular 
cylinder of various shapes — consists of three layers: 
cuticle, cortex and core. The species of hair can be 
determined by the structural features of each of the 
layers. The cortex of the hair is formed by keratinized 
cells. A distinctive feature of the core cells is that they 
dry out, shrink and die off, but do not undergo 
keratinization [3]. As a result of keratinization of the 
cells of the scaly and cortical layers, the main substance 
of the hair is keratin. The basic protein component of 
hair and wool is α-keratin. Hair fibers are stretchable 
and have great elasticity, which is due to the 
crosslinking of the spirals by disulfide bridges [3, 4]. 
Keratin of the outer layer is more resistant to various 
chemical influences than keratin of the cortex. Cortical 
keratin contains tyrosine. Hair also contains 
pigments — melanins, which differ from skin melanins 
in their structure. 

The rupture of disulfide bonds between two 
adjacent α-helical regions (for example, when heated) 
leads to the dissociation of α-keratin into separate 
polypeptide chains. The amino acid chains of α-keratin 
of animal hair contain a high content of cystine 
residues. They are located between peptide chains and 
form S–S-bonds. Hydrogen bonds are also part of the 
chains, which gives the chain stability, tensile strength 
and the ability to return to its original state [3, 4]. 

Thermochemical hydrolysis of hair with 
disintegration into discs is widely used for species 
identification of animal hair [3]. Hair core discs have a 
different morphology depending on the animal species, 
which is manifested in the disc configuration, the state 
of its surface and internal structure. Disks of different 
animals differ in structure. For example, the hair discs 
of the Amur tiger do not have central “cells”, and the 
discs are built of three or four “cells” of a triangular and 
quadrangular shape. From the above, it follows that the 
hair structure is polymorphic, and the study of its 
specific features can be diagnostically significant [5, 6]. 
Currently in the expertise [3], the main methods for 
determining the species of wool are either microscopy 
of hair in transmitted light, or light microscopy of both 
hair and their alkaline hydrolysis with decay into discs. 
The task of our work at this stage was to test the 
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possibility of studying of native hair and its alkaline 
hydrolysates using the simplest, fastest test-system. 

2. MATERIALS AND METHODS 

To determine the species of animal hair, the 
possibility of using the following biophysical methods 
was studied: polarization-interference microscopy, 
reflected light microscopy, fluorescence microscopy, 
ultraviolet (UV) spectrophotometry, and redox-metry. 

Hair, wool or fluff of different color, shape, length 
and thickness from animals of different classes, 
families and species were deliberately selected as 
samples. Samples were taken from the withers. 

Groups of experimental samples: 

1. Domestic sheep — Ovis orientalis aries, Karakul 
breed, Russia, 2 females and 2 males. 

2. European mink — Mustela lutreola, 3 males and 
3 females, Russia, Moscow region. 

3. Reindeer — Rangifer tarandus, 2 males and  
2 females, Russia. 

4. Siberian roe deer — Capreolus pygargus,  
2 females and 2 males, Mongolia. 

5. Amur tiger — Pantera tigris altaica, 3 males and 
3 females, Khabarovsk Territory, Russia. 

6. Silver-black fox, cell breeding — Vulpes vulpes,  
3 males and 3 females, Moscow region, Russia. 

7. Arctic fox — Alopex lagopus, 2 males and  
1 female, Russia. 

8. Polar bear — Ursus maritimus, 1 male and  
3 females, Russia. 

9. Domestic goat – Domesticis capra, 4 females and 
3 kids, Russia. 

2.1. Polarization interference microscopy 

Polarization-interference microscopy was carried 
out using a BIOLAR microscope with one birefringent 
prism: objectives — x 40, A = 0.4, T = 160. In reflected 
light, using a MIK-1 microscope: lenses 21 x 0.40; 
T = 190. Light and luminescence microscopy as well as 
sample preparation for them were carried out 
according to the method previously developed by the 
authors [6, 7, 8]. The microscopy results were 
photographed with a digital camera-eyepiece for a 
SCOPETEK microscope, model DCM35. 

2.2. Thermochemical hair hydrolysis 

The simplest and most reliable method is the 
technique of thermochemical hydrolysis of hair with 
disintegration into discs. Animal hair was placed on a 
glass slide. A few drops of a 10-15 % sodium hydroxide 
solution were applied on top of it and carefully, in 
compliance with safety measures, the prepared 
preparation was heated over an open fire (temperature 
is about 100–120 °C). Hydrolysis was monitored 
visually. The exposure time was, depending on the type 
of hair, from 5 to 20 minutes. The obtained samples 
were examined in a polarization-interference 
microscope and filmed with a digital camera-eyepiece. 

2.3. Preparation of alkaline hair hydrolysates 

A weighed portion of 10 mg of the test hair was 
introduced into a tube. Then in the same test tube we 
added 4 ml of 10 % sodium hydroxide. The tubes were 
heated in a water bath at 100 °C for 3 hours. Hydrolysis 
was monitored visually using a polarization 
interference microscope. 

2.4. Spectrophotometry 

Spectrophotometry was carried out in quartz 
cuvettes with a volume of 3 ml by SF-46- 
spectrophotometer. Absorption spectra were measured 
at wavelengths from 240 to 400 nm, recording results 
every 5 nm. The reference sample (control) was a 10 % 
NaOH solution. 

2.5. Determination of the redox potential 

The redox potential of the solutions was measured 
under thermostatic conditions (+24°C) using a 
conventional laboratory pH meter (EV-74 type), 
configured as a millivoltmeter, using two electrodes-
measuring and auxiliary [7]. The EMF from the sensor 
was registered. The hydrolysates were incubated for 6 
days in the dark before measurements. For 
measurements, 1 ml of the hydrolyzate of each sample 
was taken. 

The technique of redox-measurement developed by 
the authors [9] is given below. 

A sample of the test material is subjected to alkaline 
hydrolysis until complete dissolution. The resulting 
hydrolysate is adjusted to pH = 12.5, after which the 
value of the redox potential of the resulting solution is 
measured. After determining, the solution is exposed to 
light with a given exposure. Under the action of light, a 
change in the redox-potential occurs (photo-redox 
effect). The amplitude of the photo-redox-effect for 
hair hydrolysates of various types is strictly specific. To 
measure the parameters of the photo-redox effect, a 
device (stand) was used that includes the following 
standard units: a laboratory Ph-meter/ionometer with 
the ability to connect to a computer, a sensor unit with 
appropriate electrodes, a computer with software, and 
a specially designed ring illuminator for light exposure 
to the object measurements. The totality of the possible 
measurement results is as follows: the value of the 
redox potential before exposure to light, the magnitude 
of the change in the redox potential during exposure to 
light and the value of the redox potential after the 
termination of exposure to light [9]. 

2.6. Luminescence intensity measurement 

The luminescence intensity of samples was 
determined by the measurements on a standard XL-
003 chemiluminometer (UGATU, Ufa, Russia). The 
signal was recorded with a computer connected to the 
chemiluminometer; the universal PowerGraph 
program served as the software. 

2.7. Statistical analysis 

At least 10 measurements were performed with 
each sample. The results were statistically processed 
using the “Statistics 6.0” software package. Methods of 
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descriptive statistics, correlation and multivariate 
analysis of variance according to Fischer were used. 
The differences were considered significant at p < 0.05. 

3. RESULTS AND DISCUSSION 

Wool fibers are almost entirely composed of 
proteins of the keratin group and a large amount of 
sulfur (2.5%). An increase in the sulfur content in wool 
increases its strength [1, 2]. The composition of wool 
fibers contains 18…20 amino acids. The main ones are 
sulfur amino acids — meteonine, cystine, cysteine. To 
reveal the features in the values of the optical density of 
alkaline hydrolysates of wool from various mammalian 
species, to determine the differences in the positions of 
the absorption minima and maxima, the absorption 
spectra measurements were carried out in the UV 
region of the spectrum. That would give reason to 
assume that there are significant differences in the 
structure and composition of keratins. By virtue of the 
presence of sulfur-containing (cystine) and aromatic 
(tryptophan, tyrosine) amino acids in keratins [3, 4], a 
spectrophotometric study of alkaline hydrolysates of 
animal hair was carried out. 

 

Figure 1. Luminescence intensity of hair of various animals: 
well luminescent (a), weak luminescent (b). X-axis: animal 

fur samples; Y-axis: luminescence intensity, rel. units. 

According to the results of the luminescence 
microscopy, all hair samples from different animals 
can be contingently (with a reservation) divided into 
three groups: 

1. “Well luminescent” — the luminescence intensity 
exceeds 5 rel. units (Figure 1a). We included animal 

hair in this group, in which the cellular structure of the 
hair core was clearly visible using this method. These 
include the following samples: Reindeer hair, Roe deer 
hair, Arctic fox hair. 

2. “Weak luminescent” — the luminescence 
intensity ranged from 2 to 4 rel. units (Figure 1b). The 
luminescence of the hair was recorded, but the 
structure of the core could not be distinguished in: 
Sheep hair, Amur tiger hair, Fox hair, Goat hair. 

3. “Non-luminescent” group included hair from 
European mink and Polar bear. 

The method of recording the luminescence of hair 
can be informative in some cases [10]. However, in 
veterinary expertise it can be confidently 
recommended to use for hair identifying of several 
animals, such as reindeer, roe deer or arctic fox. 

Polarization interference microscopy showed more 
“encouraging” results. All samples were clearly visible; 
it was possible to identify the structure of the core 
(Figure 2). 

The study of hair samples of all animal species in 
reflected light for the purpose of their identification 
gave practically no diagnostically significant results. 
Several images were obtained, but in most cases, the 
structure of the core was poorly visible. 

 

Figure 2. Micrograph of mink hair (a) and 
goat hair (b), polarization interference microscope 

(Microscope magnification х 400) 

On the contrary, UV spectrophotometry, in our 
opinion, can be attributed to promising methods of 
laboratory expertise. The spectra obtained on the  
SF-46 spectrophotometer have characteristic 
differences in the absorption bands of hair of different 
classes, families and species of animals. 
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On the Figure 3 is shown the dependence of optical 
density on the wavelength of hair hydrolysates from 
goatlings at the age of 4-6 months, the color of the wool 
is white. The graph shows that the peak value in the 
absorption band corresponds to the wavelength of 

285 ± 5 nm (p≤0.05). 
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Figure 3. Dependence of optical density on the wavelength of 
absorbed light of hair hydrolysates from goatlings 4-6 months old 

The dependence of the optical density on the 
wavelength of hydrolysates of goat hair (female age 
group, 2-4 years old, the color of the coat was visually 
brown) was revealed (Figure 4). Peak value in the 
absorption band corresponds to the wavelength of 

375 ± 5 nm (p≤0.05). However, the absorption of light 
by solutions continued up to wavelengths of 

755 ± 5 nm (p≤0.05). 
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Figure 4. Dependence of the optical density on the wavelength 
of absorbed light by hair hydrolysates from goats; female, age 

group 2-4 years. 

Increase of the optical density of solutions from the 
wool from young kids of goats is determined in the 

wavelength ranges of 275–350 nm. In adult females’ 
wool solutions, light absorption band was determined 
at wavelengths of 360–750 nm, which could be 
associated not only with the chemical composition of 
keratins, but also with the chemical composition of 
melanins, which determine the color of the coat, as well 
as with the accumulation of various chemical 
impurities in the hair with age. 

The beginning of the first absorption band of mink 
wool coincides with the beginning of the absorption 
band of bear hair, and then overlaps it and is  
220–250 nm. The second absorption band in the 
spectrum lies in the wavelength range of 275–295 nm. 
At present, work is underway to explain the presence of 
the identified species features in the absorption 
spectra. However, the presence in the spectra of a 
different number of absorption bands in hair from 
different animal permit to use the UV 
spectrophotometry to determine the species of hair. 

Table 1. Change in redox potential, mV*(-1). 

№ 
Species of 

wool 
Mean 

Standard 
deviation 

Fraction of 
deviation 
(%) from 
the mean 

1 
Domestic 

sheep 
-132.5 2.3 0.35% 

2 
European 

mink 
-280.0 1.0 1.13% 

3 Reindeer -141.3 2.0 1.43% 

4 
Siberian roe 

deer 
+177.5 0.8 0.45% 

5 Amur tiger +220.0 3.8 1.71% 

6 
Silver-black 

fox 
-195.0 5.7 2.90% 

7 Arctic fox -245.0 3.4 1.39% 

8 Polar bear -165.0 3.5 2.09% 

9 
Domestic 

goat 
-147.8 2.5 1.65% 

 

Earlier, it was revealed that the change in the 
redox-potential of hair under the influence of light 
caused by the ratio of sulfhydryl (SH–) and disulfide 
(SS–) groups [1, 2]. The redox potential’s data obtained 
showed that they are different not only in species from 
various animals. The redox potential values changed 
both after irradiations of solutions with light and after 
incubation of the samples in the dark. In some cases, 
the potential shift under illumination “turned” in a 
more acidic medium, in the other — in more reduced 
form. The tested method was so informative and 
sensitive that it was decided to assemble and mount a 
trial laboratory stand [7], which is now successfully 
used in lecture demonstrations and laboratory-
practical classes at the Department of Biophysics of the 
Moscow State Veterinary Academy. Nevertheless, it 
would be premature to position the method as a ready-
made test system, since it can be seen from the 
diagram that the values of redox potentials of hair 
extracts from various animal species can be similar 
(Table 1). All measurement data depend on the etiology 
of the studied material and are its digital biological 
characteristics. 

For wool from young kids of goats and adults, the 
results of regression and correlation analysis between 
the wavelength of the light absorption band and the 
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age of the animal showed the presence of close 
(|r| > 0.67) negative correlations (p < 0.001). It is 
likely that age-related morphological changes in the 
skin and hair of animals lead to a shift in the 
absorption band. 

Nonetheless, there were practically no differences 
in the values of redox potentials in samples of wool 
from goats of different age groups; the values of redox 
potentials were within the confidence intervals 
(p≤0.05). Therefore, it seems promising to carry out 
work to increase the sensitivity of the method for redox 
potentials measuring after preliminary preparation of 
alkaline and acidic wool hydrolysates [11,12]. 

In our opinion, the most informative could be 
combined UV-spectrophotometry and redox 
measurement complex method. An extended series of 
biophysical experiments has shown that it is 
impossible to obtain the same values of both redox 
potentials and absorption bands for any type of hair. 

In our opinion, the most informative could be 
combined UV-spectrophotometry and redox 
measurement complex method. An extended series of 
biophysical experiments and multivariate analysis of 
variance according to Fischer have shown that it is 
impossible to obtain the same values of both redox 
potentials and absorption bands for any type of hair. 

5. CONCLUSION 

Thus, after preliminary approbation of a number of 
biophysical methods, such as polarization interference 
microscopy, reflected light microscopy, fluorescence 
microscopy, UV spectrophotometry and redox 
measurement, there was shown that the effectiveness 
of the use of fluorescence microscopy and reflected 
light microscopy to determine the species of animal 
hair is limited (due to insufficient informativeness). 

On hair samples of various animal species, the 
features of each method, its advantages and 
disadvantages were studied. The method of 
polarization-interference microscopy is recognized to 
be the most promising and alternative to the reflected 
light microscopy method. 

The possibility of our new redox-measurement 
technique for the identification of hair from animals of 
various classes, families and species has been revealed. 

The presence of a different number of absorption 
bands in the absorption spectra of wool extracts from 
different animal species is shown. This indicates that 
the UV-spectrophotometry to be an informative 
method for the laboratory examination of hair and 
wool. 

In laboratory identification of animal hair, the most 
reliable data can be obtained using the UV 
spectrophotometry method combined with 
redoxmetry. The fundamental researches including 
biochemical analysis of skin derivatives from different 
species of animals, as well as molecular biophysical 
analysis are under way. However, it is precisely the 
applied aspect of biophysical research that is in 
demand by the experts of the academy, i. m. the 

creation of a laboratory installation and equipment 
(available, inexpensive, easy-to-use complex 
technique), allowing relatively quick determination of 
the presence/absence of falsification in fur production. 
In connection with the above, authors have created the 
device and developed the foundations of the 
examination method. 
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