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Abstract
Aim: Little is known about the serum levels of trace elements in donkeys and horses in Saudi Arabia. This study aimed to 
investigate the levels of some trace elements in these two species in the eastern region of Saudi Arabia and to compare the 
obtained results with the reference values.

Materials and Methods: Seventeen Arabian horses and twenty eight Hassawi donkeys were randomly selected for this 
study. All of the studied healthy animals were kept under a uniform feeding protocol without any minerals supplementations. 
Atomic absorption spectrometer is used to estimate the serum concentrations of selenium (Se), manganese (Mn), chromium 
(Cr), copper (Cu), iron (Fe), and zinc (Zn) in the analyzed samples.

Results: Significant differences between horses and donkeys were observed in three of the studied elements (Se, Mn, and Cr). 
Statistically significant differences were found in serum Se and Cr between male and female horses. The male donkey 
showed higher Mn, Cu, and Zn levels than female animals.

Conclusion: The obtained results of trace element levels in serum of Hassawi donkeys and Arabian horses in Saudi Arabia 
are considered as the first values to be published for these breeds. When compared to other animals, the measured amounts 
of Se, Mn, Cr, Cu, Fe, and Zn in the serum of horses and donkey are often differed, possibly because of the varying living or 
feeding conditions. Moreover, there were some differences in some of the trace elements concentrations related to animal’s 
gender and species (horses and donkeys), which will be considered in the interpretation of the laboratory data.
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Introduction

Minerals play an essential role as structural com-
ponents of the body and in the activities of enzymes 
and hormones. They are also considered as important 
constituents of body fluids and tissues and as regu-
lators of cell replication and its differentiation [1]. 
Minerals are important for all of the physiological 
processes in animals body [2]. The micro or trace 
minerals are required by the body in <100 ppm in 
the diet, and these elements include copper (Cu), 
chromium (Cr), iron (Fe), manganese (Mn), sele-
nium (Se), and zinc (Zn) [1]. As trace elements are 
found in the body in low concentrations, any increase 
or the decrease in their concentrations will be harm-
ful [3]. Trace elements disorders considered as one 
of the commonly diagnosed problems [4]. However, 

sometimes trace elements deficiencies can occur 
without any clinical signs [3]. The clinical interest 
in trace elements determination for the diagnosis of 
different diseases has increased in the recent years. 
Trace elements metabolism may be concerned with 
the intake, dietary availability, distribution, absorp-
tion, excretion, mobilization, storage, and biochemi-
cal activity [5]. Results of most trace elements levels 
for plasma and serum have been assumed to be the 
similar [6]. Blood is the biological material that is 
mostly used for the analyses of trace elements due to 
the level of macro- and micro-elements in the serum 
which reflects their content in the body [7,8]. Se, has 
an important role as an antioxidant which is tradition-
ally considered and supplemental Se may have a pro-
tective role in animals [9]. It is also considered as a 
cofactor in metalloenzymes such as glutathione per-
oxidase. Furthermore, there is some evidence that Se 
has a role in the immune responses [10]. Mn has an 
important role in fats and carbohydrates metaboliza-
tion and also it is important for cartilage formation by 
playing a role in the synthesis of chondroitin sulfate. 
Cr is considered as a biosynthesis of glucose tolerance 
factor. Its deficiency causes impairment of glucose 
tolerance while the toxicity results in renal failure 
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and dermatitis [11]. Cu is considered as a cofactor for 
many different enzymes and as a structural component 
of other proteins which are important for the immune 
reactions [12]. Fe is considered as the highest numer-
ous trace elements. It is necessary for electron transfer 
reactions, cell growth and oxygen binding and trans-
portation [13]. Any decrease or increase in Fe concen-
trations can cause disturbances in the immune system 
that is why it is important to maintain its amount in the 
body [14]. Zn is essential for the regulation of gene 
expression because it is found in the nucleus of the 
cells and in some of cell proteins [15]. Zn is a trace 
element that must be supplied through diet [9]. Severe 
Zn deficiency can lead to physical growth impair-
ments because of the different organ systems that are 
affected by its deficiency [16,17].

In Saudi Arabia, there are many breeds of don-
keys in which the Hassawi breed is considered as 
one of the most common breeds that are used by the 
native people [18]. Recently, the horses and donkeys 
race events and the medical care for these animals 
increased dramatically [18]. Due to the limitation in 
the data that are available regarding Se, Mn, Cr, Cu, 
Fe, and Zn concentrations in horses and donkeys, 
further studies are needed to determine the reference 
values for these species [19].

The determination of trace elements profile is 
also important to obtain the necessary information 
regarding animal’s health and also the determination 
of the increase or decrease in these parameters will be 
useful in the diagnosis and for the appropriate treat-
ment selection [20,21]. As little is known about the 
concentration of trace elements in donkeys and horses 
in Saudi Arabia, this study aimed to investigate the 
levels of some trace elements in these two species in 
the eastern region of Saudi Arabia and to compare the 
obtained results with the reference values.
Materials and Methods
Ethical approval

The study was approved for research purpose 
by the Ethics Committee at King Faisal University in 
Saudi Arabia.
Animals

A total of 45 randomly selected physically fit and 
clinically healthy animals including 17 pure Arabian 
horses (10 females and 7 males) ranged from 4 to 
7 years of age, and their body weight ranged from 
280 to 435 kg and 28 Hassawi donkeys (16 of them 
were females and 12 males) their age ranged from 5 to 
14 years and their weight ranged from 145 to 270 kg 
were studied. Before blood collection, the animals 
were examined physically and clinically to ensure that 
they are free from any apparent disorders. All of the 
studied animals were kept under a uniform feeding 
protocol in which they were fed on pastures, grains 
such as barley, oat, and corn and concentrate cubes 
without any minerals supplementations.

Sample collection

The blood samples were drawn from the jugular 
vein of all of the 45 studied animals between April 
and May 2016 at the early morning into sterilized 
vacutainer plastic blood collection tubes (Guangzhou 
Improve Medical, China). Centrifugation at 1500 ×g 
for 20 min is used to separate the plasma, and it was 
collected in a sterile vial to be preserved at −20°C 
until the trace element analysis were carried out.
Estimation of serum trace elements

Concentrations of Se, Mn, Cr, Cu, Fe, and Zn 
were estimated in all of the serum samples using a 
Shimadzu AAS 6800 atomic absorption spectrome-
ter (Japan). Flame atomic absorption spectrometry 
(FAAS) supplied by heated graphite atomizer system 
as well as deuterium set corrected used in the research. 
Furthermore, the FAAS, an air/acetylene gas (10:1.5) 
was used. Flame atomic absorption was used for the 
analysis of Cu, Fe, Mn, and Cr. However, Se analysis 
was performed using Graphite furnace atomic absorp-
tion spectrometry (GFAAS) through argon being as 
an inert gas. Samples are injected to the GFAAS and 
FAAS through Shimadzu ASO-6100 automatic sam-
pler. Mars_Xpress (CEM-USA) Microwave Digestion 
System was used. All of the digestion procedures were 
done using Teflon reaction vessels. 5 mL of concen-
trated nitric acid was used for washing the vessels 
before each digestion process. Samples quantita-
tive analysis was performed by external calibration. 
Standard solutions were prepared from 19.6% (w/w) 
HNO3 (like the acidic concentrations in the prepared 
sample). Eight concentrations in the linear dynamic 
variety were measured. Calibration curve to each ana-
lyst was plotted from the limits of detection. To avoid 
any errors, a slight instrumental drift is monitored by 
analyzing calibration standards at regular intervals 
during analysis alongside samples were taken into 
account. Full quantitative analysis mode was applied 
for all of the measurements. For digestion, 0.5 g of 
each serum sample in triplicate manner was weighted 
directly into separate digestion vessels, followed by 
the addition of about 7.0 mL of concentrated nitric 
acid (HNO3) (65%) as well as 2.0 ml of hydrogen per-
oxide (H2O2) (30%). The combustion procedure was 
well optimized. The contents of the tubes were cooled 
then diluted to 50 mL with Deionized doubly dis-
tilled water, and also to be included with the samples 
during digestion and passed through the same dissolu-
tion procedures. Condition of digestion in microwave 
system was applied according to the study by Soylak 
et al.[22] and Waegeneers et al. [23].
Statistical analysis

For all of the analyzed elements, mean, median, 
and range were analyzed using the descriptive statisti-
cal analysis of Graph Pad Prism 7. Comparison between 
the two species and the impact of sex elements was 
analyzed using Student’s t-test. Differences between 
groups were considered significant when p<0.05. In 
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addition, the values normal distribution was evaluated 
by D’Agostino and Pearson omnibus normality test.
Results

The results of serum trace element levels in 
horses and donkeys and their relation to gender are 
summarized in Tables-1 and 2 and Figures-1-6. 
Significant differences between horses and don-
keys were observed for three of the studied elements 
(Se, Mn, and Cr) (Figures-1-3), as serum Se and Mn 
levels were found to be higher in horses mean±stan-
dard error of mean (45.27±1.29) and (0.79±0.05), 
respectively, compared to that in donkeys which is 
(33.83±1.71) and (0.636±0.05), respectively. In con-
trast, the Cr level in horses (1.80±0.3) was significantly 
lower than that in donkeys (4.73±0.594). However, 
no statistically significant differences were observed 

Table-1: Descriptive statistics of trace elements concentration in Arabian horses and Hassawi Donkey.

Parameter Horse (n=17) Donkey (n=28)

Mean±SEM Median Range Mean±SEM Median Range

Se (mg/l) 45.27±1.29 44.7 41.31‑49.12 33.83±1.71 33.67 30.42‑35.12
Mn (mg/l) 0.79±0.05 0.74 0.66‑0.98 0.636±0.05 0.57 0.36‑0.95
Cr (mg/dl) 1.80±0.3 1.53 1.21‑2.14 4.73±0.594 4.28 3.98‑5.48
Cu (mg/l) 1.28±0.185 1.09 0.78‑1.82 1.61±0.426 1.64 1.06‑3.12
Fe (mg/l) 7.1±1.73 5.36 4.1‑11.88 4.95±0.711 5.07 2.2‑8.34
Zn (mg/l) 0.11±0.006 0.11 0.10‑0.178 0.104±0.05 0.103 0.064‑0.126

Se=Selenium, Mn=Manganese, Cr=Chromium, Cu=Copper, Fe=Iron, Zn=Zinc, SEM=Standard error of mean

Table-2: Mean and SEM of trace elements concentration in males and females in both of the Arabian horses and Hassawi 
Donkeys.

Parameter Horse (Mean±SEM) Donkey (Mean±SEM)

Male (n=7) Female (n=10) Male (n=12) Female (n=16)

Se (mg/l) 42.93±0.97 49.19±0.55* 34.57±1.71 30.09±2.96
Mn (mg/l) 0.71±0.011 0.85±0.06 0.77±0.066 0.463±0.04**
Cr (mg/l) 1.1±0.057 2.22±0.36* 4.10±0.75 5.56±0.94
Cu (mg/l) 0.91±0.067 1.49±0.25 2.17±0.69 0.629±0.13*
Fe (mg/l) 5.25±0.66 8.14±2.74 4.46±0.80 5.60±1.30
Zn (mg/l) 0.147±0.054 0.136±0.036 0.115±0.004 0.090±0.005**

*<0.05, **<0.01. Se=Selenium, Mn=Manganese, Cr=Chromium, Cu=Copper, Fe=Iron, Zn=Zinc, SEM=Standard error of 
mean

Figure-1: Concentrations (mg/l) selenium in serum of 
horses and donkeys. NS>0.05, *<0.05, and ***<0.001.

Figure-2: Concentrations (mg/l) manganese in serum of 
horses and donkeys. NS>0.05, *<0.05, and ***<0.001.

Figure-3: Concentrations (mg/l) chromium in serum of 
horses and donkeys. NS>0.05 and ***<0.001.
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in serum concentrations of Cu, Fe, and Zn between 
horses and donkeys (Figures-4-6). Interestingly, the 
range of Cu level was wider in donkeys (1.06-3.12) 
than that in horses (0.78-1.82). As shown in Table-1, 
the median value of Fe and Zn levels was similar in 
horses (5.36 and 0.11, respectively) and donkeys (5.07 

and 0.103, respectively). Statistically significant dif-
ferences were found in serum Se and Cr between male 
and female horses, in which the concentrations were 
higher in female than that of male animals as shown in 
Table-2. When the serum trace elements concentration 
is compared between the male and female donkeys, 
male donkeys showed much higher Mn, Cu, and Zn 
levels than female animals as mentioned in Table-2 
and Figures-2,4, and 6. Moreover, female donkeys 
shown higher levels of Cr and Fe compared to males, 
but this did not reach statistical significance (Table-2, 
Figures-3 and 5).
Discussion

Minerals play an essential role as structural com-
ponents of the body and in the activities of the enzymes 
and hormones. They are also considered as important 
constituents of body fluids and tissues and as regula-
tors of cell replication and its differentiation [1]. As 
only few literatures are available about the trace ele-
ments profile in donkeys and horses that are present 
in the eastern region of Saudi Arabia, this data can be 
considered as an important reference data, it also indi-
cates the exposure factors of horses and donkeys to 
some specified elements that are present in the feed 
or the environment. In this study, the concentrations 
of trace elements were evaluated in Arabian horses 
and Hassawi donkey breed. However, the influence of 
both genders on the levels of trace elements in both 
species was also analyzed. The results were listed in 
Figures-1-6 and they were summarized in Tables-1 
and 2. Serum is often used to detect the micro- and 
macro-elements because it reflects their content in the 
body [7,8].

According to the obtained results that are listed in 
Table-1, the serum Se concentration was 45.27±1.29 
and 33.83±1.71 in Arabian horses and Hassawi don-
keys, respectively, which were much higher than the 
results that are reported by Muirhead et al. [24]. In this 
study, higher Se level was observed in horses when 
compared to that in donkeys which are agreed with 
the results reported by Richardson et al., who reported 
that Se levels in horses are 2.3 times more than that 
in donkeys serum [25]. The contrary of serum Se to 
other studies could be attributed to the level of dietary 
Se intake.

The measured Mn concentrations in donkeys 
and horses in the current study were more than the 
data reported for donkeys by Fantuz et al. [26] and 
that for horses by Okumura et al. [27]. Moreover, 
the obtained results of Mn for horses (0.79±0.05) 
and donkeys (0.636±0.05) were lower than the lev-
els of Mn that are reported in camels by Sharkawy 
et al. [28] which is expected to be due to some factors 
such as species variations, environmental factors, and 
dietary factors.

The results of Cr levels in serum for donkeys and 
horses in the present study were slightly lower than 
that reported for human by Hasegawa et al. [29].

Figure-4: Concentrations (mg/l) copper in serum of horses 
and donkeys. NS>0.05 and *<0.05.

Figure-5: Concentrations (mg/l) iron in serum of horses 
and donkeys. NS>0.05.

Figure-6: Concentrations (mg/l) zinc in serum of horses 
and donkeys. NS>0.05 and **<0.01.
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The results of Cu levels in serum for donkeys 
(1.61±0.426) and horses (1.28±0.185) in the present 
study were similar to the results reported for don-
keys by Fantuz et al. [26] and the results for horses 
reported by Okumura et al. [27] and Maia et al. [30]. 
Interestingly, a significant higher level of Cu was 
found in stallion horses when compared to that of 
mares (Table-2). According to De Souza et al. [31], 
serum Cu concentrations can be affected by different 
areas and by the seasonal changes.

Our results did confirm the importance of high 
Fe levels in the Arabian horses (7.1±1.73 mg/l) 
and Hassawi donkeys (4.95±0.71 mg/l) than that in 
Turkman horses (1.56 mg/l) and Turkman donkeys 
(1.4 mg/l) reported by Zaeemi et al. [32]. No signif-
icant difference was observed in Fe level between 
the different genders in both of horses and donkeys 
(Table-2). Furthermore, similar results were previ-
ously reported by Dierenfeld et al. [33]. The differ-
ent results of Fe levels in our study compared to other 
studies could be attributed to some factors such as 
breed variations, region, and dietary factors [33].

In our samples, serum Zn levels for donkeys were 
lower when compared to that reported by Fantuz et 
al. [26] and Zaeemi et al. [32]. De Souza et al. [31] 
reported a higher level of Zn in horses than the obtained 
results. The low concentrations of Zn in both Arabian 
horses and Hassawi donkeys can be attributed to insuf-
ficient mineral supplementation. Furthermore, some 
other factors can cause variations in Zn concentrations 
in horses which include environmental factors, dietary 
changes, and animal’s physiology [34,35].
Conclusion

The obtained results of trace element levels in 
serum of Hassawi donkeys and Arabian horses in 
Saudi Arabia are considered as the first values to be 
published for these breeds. When compared to other 
animals, the measured amounts of Se, Mn, Cr, Cu, Fe, 
and Zn in the serum of horses and donkey are often 
differed, possibly because of the varying living or 
feeding conditions. Moreover, there were some dif-
ferences in some of the trace elements concentrations 
related to animal’s gender and species (horses and 
donkeys), which will be considered in the interpreta-
tion of the laboratory data.
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