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Effect of diet on mechanical properties of horse’s hair
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The aim of this research was to assess the effect of diet supplementation with zinc and copper, in different chemical forms (organic
and inorganic), on the mechanical properties of the hair of healthy English thoroughbred horses. Hairs were taken from 18 horses which
had been fed with oats and hay for a period of 110 days. Twelve of the horses had been additionally given a daily dose of 700 g of high-
quality 44-ingredients Fohlengold St-Hippolyt muesli made by Muhle Ebert Dilheim. Six of them had received the muesli-containing
organic zinc and copper (OS), while the other six horses had received the muesli-containing inorganic zinc and copper (IS). The me-
chanical properties of the hairs before and after the supplementation period were tested in a Synergie 100 (MTS) testing machine. Each
of the hairs was loaded at a constant rate of 20 mm/min until rupture. Young modulus (E), breaking stress (Ru) and yield point (Rs) of the
particular hairs were determined. No significant changes in the mechanical parameters were observed in the reference group in which the
horses were fed with only oats and hay for the whole experimental period of 110 days. The supplementation of the diet with inorganic
zinc and copper resulted in an increase in the elasticity and diameter of the hairs and in a simultaneous reduction in their strength.
Whereas organic zinc and copper caused an increase in the elasticity and strength of the hairs and a simultaneous reduction in their di-
ameter. It has been shown that the organic form of the supplemented trace zinc and copper (mainly copper) elements has a beneficial
effect on the mechanical properties of the hairs since it results in an increase in both their elasticity and strength.
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1. Introduction

Hair constitutes a cover protecting the body of
animals. Hair is insoluble in water and chemically
inactive [1]. It is highly hygroscopic, absorbing wa-
ter at a very fast rate (reaching 75% of its maximum
absorbing capacity in 4 minutes) [2]. Hair is charac-
terized by high elasticity and tensile strength. Its
modulus of elasticity is in a range of 2 GPa [3]÷
3 GPa [4], [5] and its rupture strain ranges from ca
35% [4] to 50% [3]. The tensile strength of hair is
usually in a range of 120 MPa [4]÷170 MPa [3], but it
can be as high as 250 MPa [5] and is linked with the
diphase nature of the hair’s cortex [6]. As the hair
is being stretched [6], α-keratin molecules turn into

β-keratin while the matrix from gel turns into sol
[7], [8].

Silicon [5], zinc and copper [9], [10] and chelated
iron, potassium and zinc [11] are absorbed by hair.
Also heavy metals (including lead and cadmium) pre-
sent in industrial pollutants accumulate in hair [12].
The effect of these elements on the structure of hair
and its appearance has been sufficiently described in
the literature since all the changes in the appearance
of hair cover, connected with the organism’s nutri-
tional state, fatigue and diseases, are used in animal
health diagnostics [13]. Moreover, the accumulation
of elements in hair changes its mechanical properties
[9]. Hence the aim of this research was to quantita-
tively assess the effect of diet supplementation with
zinc and copper, both of organic and inorganic origin,
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on the mechanical properties of the hair of healthy
animals. The mechanical properties of the hair are
indispensable to mathematical modelling of the hair
behaviour in different loading and environmental con-
ditions [14].

2. Material and method

Hair samples were taken from 18 English thorough-
bred horses randomly assigned to 3 dietary groups. Be-
fore supplementation the groups had not significantly
statistically differed from each other with regard to the
age and body mass of the individual horses. For
a period of 110 days all the horses had been fed with
oats and hay. Six of them had not received any supple-
ments (MD), twelve horses had received additionally
a daily dose of 700 g of high-quality 44-ingredients
muesli made by Muhle Ebert Dilheim. Six of them
had received the muesli containing organic zinc and
copper (OS), while the other six horses had received
the muesli containing inorganic zinc and copper (IS).
The feed had been given three times a day. During the
nutritional experiment the horses had stayed in box
stalls with padded floors and with day turn out into
a paddock.

Mechanical properties were tested for 36 hairs
taken from each horse before and after the supple-
mentation period. The hairs were taken from the
horses’ manes and were cut off close to the skin. Each
time the diameter of the hair tested was determined
under the AxioImager M1m (Zeiss) optical micro-
scope that has magnification of 100× (figure 1).

Fig. 1. Way of determining hair’s diameter
from optical microscope image

A Synergie 100 (MTS) machine was used to test
the mechanical properties of the hairs. Each of the
hairs was uniaxially loaded until a rupture at a con-
stant rate of 20 mm/min. The hairs were fixed in the
testing machine by means of clamps. The initial
length of the individual hairs was 20 mm.

Engineering strain (ε) was calculated from the
equation:

0

Δ
l

lε = , (1)

where: l0 (mm) – the initial length, Δl (mm) – the dis-
placement.

Engineering stress (σ) was calculated as a ratio of
the force acting at a given moment to the initial cross-
sectional area of the hair:

0A
F

=σ , (2)

where: F (N) – the instantaneous force value, A0 (mm2)
– the initial cross-sectional area.

Young modulus (E), breaking stress (Ru) and yield
point (Rs) for the particular hairs (figure 2) were de-
termined from the stress–strain curve.

Fig. 2. Typical stress–strain curve with
marked quantities being analyzed

All the results obtained were statistically handled
(Statistica 8.0 package, StatSoft) and presented in the
form of averages with standard deviations (X ± SD).
Student’s t-test for dependent samples was applied to
analyze the data. The tests were carried out for a sig-
nificance level ( p) boundary value of 0.05. At this
significance level the results obtained did not differ
from each other (except for the diameters in group IS).
In order to statistically distinguish the determined
parameters in the particular nutritional groups, further
analyses were made for p ≤ 0.1.

3. Results

The mechanical properties and diameters deter-
mined for the individual horses representing the dif-
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ferent nutritional groups had not statistically differed
from each other (for p = 0.05 and p = 0.1) before the
experiment, which justifies the random selection of
horses for the particular nutritional groups.

A comparative analysis of the diameters (d) of the
hairs before and after the supplementation period
showed that their significant increase (by ca. 23%)
took place in the horses receiving the inorganic sup-
plements, whereas the organic supplements caused
a reduction in the diameter by about 11%. In the case
of the reference group, the diameter was found to
increase by ca. 2.5% (figure 3).

Fig. 3. Distribution of diameters d before and after
diet supplementation for particular nutritional groups

(# result statistically significant at level p ≤ 0.05)

Fig. 4. Distribution of Young modulus (E) values for hairs from
manes of horses in particular nutritional groups
(* result statistically significant at level p ≤ 0.1)

In the group of horses receiving the inorganic sup-
plements, the Young modulus (E) decreased by over
39%. Also the supplementation of the diet with organic
zinc and copper caused a decrease in the E modulus by

about 14% for the average values. After the full sup-
plementation period the monodiet was found to have
no influence on the E modulus (the difference in the
results amounted to merely 1%) (figure 4).

The breaking stress (Ru) value for the horse hairs
after the supplementation period increased by over
35% for the organic dietary supplements and de-
creased on average by 8% for the inorganic dietary
supplements. No significant change in the breaking
stress value (a 5% increase) occurred in the reference
group (figure 5).

Fig. 5. Distribution of breaking stress (Ru) values for hairs from
manes of horses before and after supplementation period

(* result statistically significant at level p ≤ 0.1)

After the supplementation period the yield point
(Rs) for all of the horse hairs in all the nutritional
groups decreased by: 27% for the inorganic dietary
supplements, 5% for the organic dietary supplements
and nearly 3% in the reference group (figure 6).

Fig. 6. Distribution of yield point (Rs) values for hairs from
manes of horses before and after supplementation period

(* result statistically significant at level p ≤ 0.1)
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For all the mechanical parameters analyzed only in
the group of horses receiving the inorganic dietary
supplements statistically significant differences in the
quantities analyzed occurred at the significance level
p ≤ 0.1. As regards the diameter values, the differ-
ences in the group IS were observed at the signifi-
cance level p ≤ 0.05.

4. Discussion

Although the appearance of hair reflects the state of
health of the organism [13], the qualitative description
is insufficient and quantitative assessment of the effect
of the particular diet components on the condition of
animal hair cover should be made. The aim of the in-
vestigations was to quantitatively assess the mechanical
properties of hair of English thoroughbred horses de-
pending on their diet. The effects of two microele-
ments, i.e. organic and inorganic zinc and copper, on
the diameter and mechanical properties of hairs from
horse manes were compared. No statistically significant
changes in the diameters of the hairs and their me-
chanical properties were observed in the reference
groups of horses fed with only oats and hay (a mono-
diet) for the full period (110 days) of the nutritional
experiment. The supplementation of the diet with inor-
ganic zinc and copper caused a statistically significant
increase in the elasticity and diameter of the hairs while
reducing their strength. Whereas the organic supple-
ments which the horses had been given caused an in-
crease in the elasticity and strength of the hairs while
reducing their diameter, but the differences were not
statistically significant. The absence of statistically
significant differences in the mechanical properties in
group OS might be due to the too short supplementa-
tion time (considering the absorption of the elements by
the hair and their distribution in the structure of the
hair) and also due to an insufficient number of horses in
the particular dietary groups. However, the number of
horses in the particular dietary groups was not lower in
comparison with the numbers found in the literature on
the subject. For instance, the investigations on the in-
fluence of environmental pollution [12] were carried
out on 10 horses at the age of 4–14 years and 15 sheep
at the age of 1–3 years. Merely 5 horses at the age of 8
made up the experimental group in the investigations
on the effect of the chelation with glycine of copper,
iron, potassium, manganese and zinc on the absorption
of these elements by the animal organism [11]. The
supplementation period of 110 days is sufficient for
elements to accumulate in the hair’s structure. An

SEM-EDS elemental composition analysis carried out
by MARYCZ et al. [10] showed an increase in copper
and zinc concentration in horse hair after 110 days of
diet supplementation and a beneficial effect of a diet
enriched with zinc and copper on the quality of the hair
cover. AMELING et al. [11] observed the absorption of
iron, potassium and zinc by the animal organism after
merely 47 days of administering 24-g daily doses of the
supplement.

The distribution of the elements absorbed in the
hair’s structure is still unknown. One can assume that it
varies along the length of the hair, being similar to the
distribution of lipids in the hair’s structure [15]. The
amount of lipids in the hair sheath decreases as the
distance from the hair root increases, causing a reduc-
tion in the hair’s mechanical properties [15]. The dis-
tribution of elements in the hair’s structure may have
a similar character, but this requires further studies.

The results of our study on horse hair mechanical
properties corroborate in general the results published
by others researches. However, it should be noted that
there are a lot data available for comparison. Reports
on the mechanical properties of human and animal
hair indicate that the properties vary for different spe-
cies and testing conditions. The values of the Young
modulus determined in this study are in the same
range as those obtained by WICKETT et al. [5],
SESHADRI et al. [4] and REBENFELD et al. [3]. Also
the breaking stress and the yield point are in similar
ranges to those reported by REBENFELD et al. [3]. The
way and duration of storing hairs before testing have
a significant influence on the values of their mechani-
cal parameters. Long storing time from hair taking to
testing adversely affects the measurement results,
causing a reduction in the Young modulus and in
plastic stress [16]. The absorption of water by hair
reduces its tensile strength, elasticity modulus and
yield point [16]. Whereas UV radiation has no effect
on the mechanical properties of hair [17]. The effect
of temperature, leading to a reduction in the elasticity
modulus, the yield point and the breaking stress and
simultaneously to an exponential increase in unit
elongation, is significant [3]. For this reason all the
measurements presented here were carried out within
three days from hair taking, under replicable tem-
perature (ca 21 °C) and humidity (ca 30%) conditions,
preventing the test material from being exposed to
high temperature, water or UV radiation during trans-
port, storage and measurements.

The chemical form of the elements has a major influ-
ence on their absorption from the alimentary canal [10].
DOBRZAŃSKI et al. [18] analyzed the degree of copper,
manganese, iron an zinc accumulation in the eggshells of



Effect of diet on mechanical properties of horse’s hair 57

hen’s eggs and feathers, depending on the chemical form
of the administered (organic and inorganic) elements and
found that bioaccumulation of organic copper in the
structures tested was statistically higher than that of in-
organic copper. But the chemical forms of iron, manga-
nese and zinc had no significant effect on their content in
the structures tested. LIU et al. [12] found that the pollu-
tion (inorganic) copper content in horse hair was not
elevated to a statistically significant degree, whereas the
inorganic zinc content was elevated to a statistically
significant degree. This means that inorganic zinc and
organic copper are absorbed by hair and become effec-
tively incorporated into its structure. Therefore one can
conclude that in the case of group OS it is mainly the
organic copper that is the active element, while in group
IS it is inorganic zinc. The results presented in this paper
show that in group OS in comparison with the changes
observed in group IS, where mainly inorganic zinc was
accumulated by the hairs, an advantageous (from the
functional point of view) change in the mechanical pa-
rameters occurred. The simultaneous increase in the
elasticity and strength of the hairs in group OS after the
supplementation period testifies to the beneficial influ-
ence of diet supplementation with organic copper and
zinc (mainly copper) on the condition of the hair cover in
horses.
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