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Abstract

Hair is a more biologically stable material than other tissues and contains a relatively constant
level of minerals, drugs or toxins. The content of essential elements in hair depends on dietary and
non-dietary factors. The aim of this study was to assess and compare the effect of diet on the
elemental composition and morphological properties of the hair of healthy Polish Konik horses.
Mane hair was collected from 19 horses living in The National Park in Popielno in Poland. Six of
these horses were free-ranged all year with permanent access to pasture, while 13 horses were kept in
the stable and fed oats, hay and straw. The samples were analyzed using a Scanning Electron Micro-
scope combined with Energy-dispersive X-ray spectroscopy (SEM-EDS). Each hair was analyzed for
its microscopic appearance and elemental Mg, Si, S, Ca, Mn, Co, Zn and Se content. No significant
changes in the morphological properties and elemental composition were observed. There was in-
ter-individual variability in element content between horses in both groups, but this did not affect
their health. The comparison of the present results with other studies shows that the level of elements
in the hair of Polish Konik horses is significantly lower than in healthy horses of other breeds. The
traditional feeding plan containing pasture, oats and hay does not contain a sufficient amount of main
mineral elements. Further investigation is needed to explain the effect of diet and maintenance on the
mineral balance of horses.
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Introduction

Nutrition is one of the most important factors af-
fecting health and welfare. Particular attention should
be paid to essential elements and trace minerals,
which are compounds that maintain proper function-
ing of tissues and metabolic processes (Asano et al.
2002, Marycz et al. 2013, Topczewska and Krupa
2013). A mineral imbalance in the body can cause
a variety of metabolic disorders and diseases (Asano
et al. 2002, Topczewska and Krupa 2013). Herbivores
obtain trace elements from plants, whose mineral
composition depends on the natural abundance of the
elements in soils (Janiszewska and Ciesla 2002,
Stachurska et al. 2009, 2011, Topczewska and Krupa
2013). The elemental composition of the body can be
estimated based on an examination of body fluids and
tissues, including hair and/or hooves. Hair analyses
have been routinely performed over the past decades
to assess the nutritional status of the subjects (Dun-
nett 2001). The analysis of trace elements in hair pro-
vides additional information about the physiological
state and homeostasis of the organism. In addition,
hair can be collected noninvasively, easily transported
and stored (Marycz et al. 2013, Topczewska and
Krupa 2013). Furthermore, they contains more trace
elements than internal organs or body fluids (Dunnett
and Lees 2004a). In addition, the post-mortem-min-
eral concentration in hair does not change (Roug et
al. 2015). A hair examination not only determines the
nutritional status of an organism, but it also allows for
a retrospective assessment. Moreover, a hair examin-
ation enables the detection and quantification of sub-
stances months or years after their administration.
This retrospective aspect of this analysis highlights the
unique features of hair in comparison with other ma-
trices, such as blood, urine or faeces (Dunnett and
Lees 2004a). Hair analyses permit “long-term” obser-
vations of the nutritional status of the organism,
which minimizes the influence of a brief dietary
change on the examination result. Elemental analysis
of hair determines the concentration of those min-
erals which are unidentifiable in the blood due to
their low content in body fluids compared to their
accumulation in the hair (Wichert et al. 2002).

Hair follicles are metabolically active tissues that
require nutrients to support both structural and func-
tional activities (Dunnett 2001, Galbraith 2008). Nu-
trition affects the rate of hair growth as well as their
quality and quantity. Poor nutrition may result in
a dull, dry, brittle, thin or depigmented hair (Manson
and Zlotkin 1985, Dunnett 2001).

The content of trace elements in the human and
animal organisms mostly depends on the type of hous-
ing and the quality of the diet. The evaluation of the

mineral content of the hair of chosen farm animals
may not only determine their nutritional status, but
also indicate mineral deficiencies or their toxicity
(Hintz 2000). Trace elements in the mane hair of
horses have also been evaluated in certain diseases
and certain metabolic disorders (equine metabolic
syndrome) (Asano et al. 2002, Marycz et al. 2009,
2013). The aim of the present work was to compare
the hair morphology and the concentration of selected
elements in horse hair, depending on the type of diet
and housing system used.

Materials and Methods

Animals

In total, 19 Polish Konik horses (Equus cabalus
gmelini Ant.) from The National Park in Popielno in
North-East Poland were included in this study. The
first group contained six horses which were kept out-
doors day and night in a state-owned park in
a free-range system all year round. They had un-
limited access to grass on pasture. Hay and straw were
given in winter when the snow cover was thick. Horses
in this group drank water from natural ponds, except
in the winter, when they were given water from
a supply system. The second group consisted of 13
horses kept in the same stable without access to pas-
ture. They were fed oats, hay and straw (ad lib.). Ad-
ditionally, they received some carrots. Horses from
this group drank tap water from an automatic
waterer. Horses were chosen randomly for the study.
They were clinically healthy – without any evident
symptoms of disease and in good condition. The ani-
mals in both groups were adults and were aged 4-13
years. The horses did not receive vitamin or mineral
supplements, except for permanent access to salt licks.
The area of The National Park in Popielno is located
far from motorways and industrial pollution. All ani-
mal experimental procedures in this study were per-
formed with the approval of the 2nd Local Ethics
Committee on Animal Experimentation in Wroclaw
(permission No. 1/2012).

Hair analysis

The hair designated for analysis was collected
from all the horses in the summer, after their shed-
ding of the winter coat. For standardization of the
sampling method the hair was collected from the
same autonomous region in the middle of the mane.
Nineteen hairs were removed from each horse (six
from the first group and 13 from the second group)
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Fig. 1. Surface of mane hair with irregular distribution of keratin cells and size reduction.

Fig. 2. Cross section of mane hair with irregular medulla structure and low medulla/hair shaft diameter ratio.

using sterile gloves. Samples were not in contact with
the ground or other materials that could cause con-
tamination. The hair was washed in distilled water
and degreased in demineralized water with a deter-
gent, rinsed three times and dried. The elemental

constitution was then analyzed in the samples using
a Scanning Electron Microscope (Evo LS 15) com-
bined with a Bruker 129 eV microroentgenographic
detector (SEM-EDS). The following features of hair
morphology were analyzed: the appearance of the
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hair cuticle including the shape and size of the keratin
scales, the structure of the medullar cells, the width of
the medulla as well as the diameter and appearance of
the hair shaft. Subsequently, the peribulbar part of
each hair was analyzed for its Mg, Si, S, Ca, Mn, Co,
Zn and Se elemental content. The measurement was
done in five different areas of each hair under 20 kV.

Statistical analysis

The results of the hair morphology were examined
using descriptive analysis. The results of the elemental
composition were processed in order to obtain the
mean value, standard deviation, and extreme values
(minimum – min. and maximum – max.). The signifi-
cance of the differences between the means in the two
groups of horses was calculated using Student’s t-dis-
tribution test (MS Excel). The results were considered
to be statistically significant when p<0.05. In order to
estimate the relationship between the levels of el-
ements, their coefficients of correlation were cal-
culated and considered to be significant at p≤0.05.

Results

In the morphological analysis there were no sig-
nificant differences in the hair coat appearance and
hair ultrastructure between the free-living and stabled
horses. The hair shaft, cuticle and medulla were
slightly damaged in the hair of the horses in both
groups, but no serious damage or rupture was found.
An irregular distribution of the keratin scales was
noted in 67% of the horses in the first group and in
69% in the second group (Fig. 1). Although most
horses had normal scales, a similar percentage of ani-
mals in both groups showed changes in their shape.
An analysis of the cross sections of the hair revealed
a reduction in the medulla/hair shaft diameter ratio,
which occurred in 67% of the free-ranged horse and
in 62% of the horses kept in the stable (Fig. 2). 50%
of the horses from the first group and 56% of the
horses from the second group had irregular medullar
cells.

The average concentrations of the analyzed trace
elements in the horse hair are summarized in Table 1.
There were no statistical differences in the content of
the examined elements in the hair between the two
groups of horses. Attention should be paid to the dif-
ference between the extreme values (minimum and
maximum) of the content of the examined minerals
and the differences in the content of the elements in
individual horses. A high variability of the evaluated
components was observed mainly in the second group.

In the first group, the concentration of sulfur and se-
lenium exceeded the mean in 67% of animals, while
the calcium level was below the mean value in 67% of
animals. Similarly, in the second group, the calcium
(67%) as well as the manganese and zinc (62%)
values were below the mean in most animals. Silicon
and selenium were the most abundant elements pres-
ent in the horse hair.

The correlation coefficients between the concen-
trations of the elements analyzed in the hair of the
free range Polish Konik horses are provided in
Table 2. There were significant positive correlations
between the level of magnesium and silicon as well as
between cobalt and selenium. In this group there was
a negative correlation between the concentration of
calcium and sulfur. The coefficients of correlation be-
tween the concentrations of the trace elements ana-
lyzed in the hair of the Polish Konik horses living in
the stable are summarized in Table 3. A significant
positive correlation, similar to that in the first group,
was confirmed between the level of magnesium and
silicon.

Discussion

Evaluation of the concentrations of trace minerals
can be an important tool when assessing individual or
population health in free-ranging or stabled animals
(Roug et al. 2015). Hair has been evaluated as an
indicator of trace mineral and heavy metal status in
livestock, and the reliability of hair as a measure of
the mineral levels varies with animal species, geo-
graphic location, hair color, age and sex (Manson and
Zlotkin 1985, Combs 1987, Janiszewska and Be-
tlejewska-Kadela 1993, Asano et al. 2002, Wichert et
al. 2002, Janiszewska and Ciesla 2002, Dobrzanski et
al. 2005, Stachurska et al. 2011). To our best knowl-
edge, research on the effects of diet and the mainten-
ance system on morphology and elemental content of
the hair of horses, excluding the impact of geographi-
cal location and breed, has not been assessed. To
date, the SEM-EDS has been used to evaluate horse
hair in two other reports (Marycz et al. 2013, 2014).

The average mineral content in both groups was
equal, which indicates that there was no influence of
the environment or diet on the morphology and the
level of concentration of trace elements in horse hair.
To date, only two studies have been published report-
ing the impact of environmental conditions on the
amount of trace elements in horse hair (Janiszewska
and Betlejewska-Kadela 1993, Dobrzanski et al.
2005). Few studies have focused on the relationship
between the living environment and the content of
heavy metals in the hair of horses (Stachurska et al.
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Table 1. Content of selected elements (wt./%) in Polish Konik horses’ hair.

Group of Polish Konik horses

Elements free-ranged stabled
Significance
of difference

x̄ SD min. max. x̄ SD min. max. P value

Mg 0.24 0.11 0.07 0.37 0.27 0.1 0.04 0.39 ns 0.541

Si 0.19 0.07 0.09 0.28 0.21 0.09 0.05 0.34 ns 0.594

S 6.96 0.52 6.13 7.37 6.64 1.24 4.09 9.42 ns 0.428

Ca 0.17 0.07 0.1 0.29 0.13 0.07 0.08 0.33 ns 0.344

Mn 0.08 0.02 0.07 0.11 0.09 0.02 0.06 0.15 ns 0.698

Co 0.12 0.02 0.09 0.15 0.13 0.02 0.09 0.18 ns 0.503

Zn 0.15 0.03 0.1 0.18 0.18 0.05 0.11 0.25 ns 0.129

Se 0.88 0.46 0.29 1.39 0.72 0.43 0.28 1.42 ns 0.471

Table 2. Coefficients of correlations between levels of selected elements in free-living Polish Konik horses.

Mg Si S Ca Mn Co Zn Se

Mg x 0.97 ns Ns ns ns ns ns

Si x ns Ns ns ns ns 0.7

S x -0.97 ns ns ns ns

Ca x ns ns ns ns

Mn x ns ns ns

Co x ns 0.92

Zn x ns

Se x

Table 3. Coefficients of correlations between levels of selected elements in stabled Polish Konik horses.

Mg Si S Ca Mn Co Zn Se

Mg x 0.89 ns ss ns ns ns ns

Si x ns ns ns ns ns ns

S x ns ns ns ns ns

Ca x ns ns ns ns

Mn x ns ns 0.74

Co x ns ns

Zn x ns

Se x

2009, 2011, Topczewska and Krupa 2013). Studies
that assessed the elemental content in the hair of
Wielkopolska horses depending on the seasons found
that there were statistically significant differences in
the levels of Cu, which we did not measure (Janis-
zewska and Betlejewska-Kadela 1993). Dobrzanski et
al. (2005) did not observe any significant differences in
the concentration of essential minerals in hair derived
from two different breeds of horses, living in different

environments and receiving different mineral feed ad-
ditives. The concentration of heavy metals in the coat
of horses kept in a stable-pasture and outdoor system
are in most cases similar (Stachurska et al. 2011). This
finding corresponds to that determined for stabled
and free-living Polish Konik horses in Roztocze
(Stachurska et al. 2009). Only one study shows signifi-
cant differences in the heavy metal concentration in
the hair of free-living and stabled horses (Topczewska
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and Krupa 2013). However, this could stem from the
fact that the study was carried out on two different
breeds of horses. Many factors affect hair content in-
cluding its color, diameter, rate of growth, season of
year, geographic location, and age and gender of the
individual (Manson and Zlotkin 1985). In order to
eliminate the influence of non-dietary factors in our
study, we chose animals of the same breed living in
a defined geographic area (Niedzwiedz et al. 2013).
Some authors reported that Polish Konik horses are
highly responsive to environmental changes, as in-
dicated in our study of the seasonal variability of the
element levels in equine blood (Dunnett and Lees
2004b). However, our results revealed that different
housing systems did not affect the element content in
the studied horse hair. Unlike blood, hair is stable
biological material that is not affected by acute and
transient factors (Dunnett 2001). However, the heavy
metal content of horse hair has been shown to be
affected by seasonal variation in a number of horse
breeds (Janiszewska and Betlejewska-Kadela 1993,
Ciesla and Janiszewska 1997, Dobrzanski et al. 2005).
This could be explained by the time the horses spend
on pastures, where they are exposed to atmospheric
pollution. Considering that in our study the diet and
environmental factors did not affect the elemental
content in the hair of Polish Konik horses, it may be
assumed that this breed requires a basic feed and is
adaptable to various environmental conditions (Pilar-
czyk et al. 2014).

Despite no statistically significant differences in
the elemental content in the hair of the horses kept on
pasture and in a stable, we found significant differen-
ces in the elemental content between horses in the
same group. The large differences in the Mg, Se and
S content did not affect the animals clinically. Signifi-
cant differences between the physiological levels of
certain trace elements between individuals were also
noted in studies conducted in 2000 by Ciesla et al.
(2000). In a study performed in 2005 by Asano et al.
(2005) which analyzed the concentrations of several
elements in horse hair, a significant influence of the
hair color was observed. For example, hair from
horses with a grey coat contain lower Se and Ca levels
than hair from horses with a pigmented coat (Combs
et al. 1982). The impact of the coat color on the el-
emental content can be overlooked in our study, since
all Konik Polish horses have a distinct mouse-gray
coat. It is also suspected that gender, age or genetic
factors may impact the content of trace elements. Stu-
dies of the content of micro- and macro elements on
adult Purebred Arabian mares, have also shown that
the presence of individual variability indicated that
sex, breed and age should not be considered as factors
that would influence concentrations of trace elements

in mane hair (Asano et al. 2002, Asano et al. 2005a,b,
Krupa et al. 2006). Hence, it seems unlikely that
sex and individual differences should influence
the elemental content in the studied Polish Konik
horses.

The definition of a mineral element deficiency
and the minimum content of mineral elements in the
hair of clinically healthy horses are still under dis-
cussion. The difficulties in defining these concepts re-
sult from the lack of uniform referential ranges, es-
pecially for examinations carried out using the
SEM-EDS. The comparison of our results to other
research carried out by Marycz et al. (2013) using the
SEM-EDS in horses shows a significant difference.
The level of Ca, Zn, Mg in both groups of Polish
Konik horses is approximately 50% lower than in
healthy horses of other breeds. These results are more
similar to those obtained in a group of horses diag-
nosed with EMS (Marycz et al. 2014). None of the
horses included in the study had symptoms or a his-
tory of metabolic disease. Our results may confirm the
study by Niedzwiedz et al. (2013) that Polish Konik
horses are more resistant to unfavorable environment-
al conditions than other breeds of horses. Due to
a lack of specific reference values given in wt/% of the
element content in Polish Konik hair, it is difficult to
definitely determine whether some horses had trace
element deficiencies. It is likely that the reference
values differ from those in horses of other breeds.
A study by Niedzwiedz et al. (2013) assessing chosen
blood parameters in Polish Konik horses found that
this breed had different reference values of certain
parameters compared to other horse breeds. On the
other hand, according to the literature, the mineral
content of mane hair may be an early indicator of
deficiency or metabolic diseases (Asano et al. 2002).
Hence, the low levels of chosen microelements in the
Polish Konik hair may indicate the need to carry out
further observations in these animals in order to rule
out subclinical diseases and to prevent the develop-
ment of diseases. The low elemental content may also
be a result of low levels of trace minerals in the plants
ingested by the Polish Konik horses from the Nature
Park in Popielno. The mineral concentration of
plants, including hay, is strongly influenced by the soi-
ls and geology in a given location (Sutton et al. 2002,
Madejón et al. 2009). Reinwald and Riond (2002)
showed that the traditional portions of oats and hay
did not contain sufficient amounts of main mineral
elements. This finding is similar to that determined
for horses eating only oats and hay and horses with
additional supplementation (Marycz et al. 2009).
Similarly, pasture plants have a varied mineral con-
tent. It has been shown that grass contains fewer min-
erals than other plants (Madejón et al. 2009). We did
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not evaluate the mineral composition of the feed and
plants consumed by the studied horses. The micro-
scopic morphological analysis of the horse hair re-
vealed changes including irregular distribution of the
keratin scales, decreased medulla/hair shaft ratio and
irregularity of medullar cells in most horses. These
changes may be caused by a mineral deficiency. It is
well known that diet has a large impact on the quality
and morphology of the skin and hair (Marycz et al.
2009). A diet enriched with specific elements, such as
zinc or copper, positively influenced to the morphol-
ogy, mechanical properties and composition of the
hair (Janiszewska and Betlejewska-Kadela 1993,
Wichert et al. 2002, Marycz et al. 2009, Topczewska
and Krupa 2013). Subclinical mineral deficiencies can
cause a rough hair coat, and poor growth (Dunnett
2001, Marycz et al. 2009). Changes in nutritional regi-
mens have an impact on the concentration of el-
ements in the equine hair (Marycz et al. 2009).

Unfortunately, it was also found that micro- and
macro element supplementation does not always in-
crease the level of these elements in the animal tissues
(Wysocki and Klett 1971, Pearce et al. 1998). The
mineral tissue content is affected not only by the qual-
ity and quantity of the elements in the feed, but also
by their chemical form, their availability and by fac-
tors that affect their absorption in the gastrointestinal
tract (Dobrzanski et al. 2008, Marycz et al. 2009). In
general, hair examination is a good ancillary diagnos-
tic tool in human and veterinary medicine (Seidel et
al. 2001). Some authors claim that an elemental analy-
sis of hair can serve as a good indicator of the nutri-
tional status of humans and animals (Hintz 2000,
Asano et al. 2002). An evaluation of the mineral con-
tent in biological material enables early detection of
mineral deficiencies and metabolic diseases (Asano et
al. 2002). There are numerous advantages in the use
of hair for carrying out an elemental analysis (Dun-
nett and Lees 2004). The main advantage of this
method is its non-invasiveness. Collection of other
types of biological material, e.g. blood from free living
horses, who have limited contact with humans, could
be difficult and unsafe for the examiner.

Different housing systems and different diets did
not affect the elemental content of hair in the Polish
Konik horses. Absence of statistically significant dif-
ferences between the groups in our study may be due
to the small sample size. It should be noted that that
only a few elements were examined in our study, and
it must be assumed that the content of the remaining
unexplored minerals may be different in the two
groups of horses. The inter-individual differences in
the elemental content and the decreased values of the
elements in all the studied Polish Konik horses com-
pared to healthy horses of different breeds may indi-

cate that Polish Konik horses are resistant to diseases
and highly adaptable to changing environmental con-
ditions. In order to confirm these findings, further stu-
dies on a larger group are required. Furthermore, ref-
erence values for elements in Polish Konik horses
should be determined. Establishing these values
would facilitate carrying out routine tests to rule out
mineral deficiencies in herds of horses, which could be
treated by changing the diet. However, there is still
too little information available to explain the effect of
diet and maintenance on horses mineral status.
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