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Abstract

Introduction: Selenium (Se) is an essential mineral for livestock health and productivity. In cattle, Se deficiency is associated with
delayed conception, growth retardation, and increased morbidity and mortality. Methods: We conducted a survey of cattle serum (n =
224) and feed (n = 81) samples from two areas with contrasting human and cereal grain Se concentration in Ethiopia. The fodder samples
include stover, straw, hay and pasture grass. Se concentration of the samples were measured using inductively coupled plasma-mass
spectrometry. Results: Serum Se concentration ranged from 14.9 to 167.8 µg L−1 (median, 41.4 µg L−1). Cattle from East Amhara had
significantly greater serum Se concentration compared to cattle from West Amhara (median: 68.4 µg L−1 vs 25.7 µg L−1; p < 0.001).
Overall, 79.8% of cattle had Se deficiency (<81 µg L−1). All of the cattle fromWest Amhara were Se deficient compared with 62.5% of
those from East Amhara. State of lactation of cows or age of cattle was not associated with serum Se concentration. The Se concentrations
of feed samples ranged from 0.05 to 269.3 µg kg−1. Feed samples from East Amhara had greater Se concentration than samples from
West Amhara. Cow serum and cattle feed Se concentrations showed strong spatially correlated variation, with a strong trend from East to
West Amhara. Conclusions: This study shows that cattle Se deficiency is likely to be highly prevalent in Ethiopia, which will negatively
affect the health and productivity of livestock. The deficiency appears to be geographical dependent. More extensive surveys to map Se
concentration in soil-feed-livestock-human cycle are required in Ethiopia and elsewhere.
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1. Introduction

Selenium (Se) is an essential mineral for humans and
livestock. In livestock, Se is important for fertility and dis-
ease prevention [1]. Sufficient Se increases fertility rate,
improves antioxidant defense systems and immunological
potential [2]. Selenium-enriched diets improve milk pro-
duction [3], reduce inflammatory diseases of the mammary
gland [4–6], and improve growth performance [7]. Ani-
mal feeds high in Se help dairy cows to relieve oxidative
stress during their transition from late gestation to early lac-
tation due to increased metabolic activity [8]. Selenium de-
ficiency in cattle is associated with several problems, in-
cluding delayed conception, muscular degenerative disease
in calves, myocardial necrosis and heart failure, immune
dysfunction, increased risk of mastitis, abortion and peri-
natal mortality, and growth retardation in young animals
[9]. It is also associated with white muscle disease which

causes mortality to newborn calves and reduced productiv-
ity in growing and adult cattle [1].

We previously reported the presence of widespread
human Se deficiency among the population of Ethiopia,
with a strong spatial component [10]. For example, in the
Amhara region, there was strong evidence of greater preva-
lence of Se deficiency among all demographic groups in
western Amhara, but little or no deficiency was observed in
eastern Amhara. This was consistent with studies of chil-
dren reported previously [11]. Studies have since shown
that the Se status of the Ethiopian populations is correlated
with grain Se concentration of the most consumed cereal
crops in Ethiopia (including maize, teff, and wheat), which
in turn is linked to variation in soil and landscape properties
[12,13].

To our knowledge, there is no published information
on Se status of cattle in Ethiopia. However, based on stud-
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Fig. 1. Sampling village locations (n = 20 villages per zone).

ies of soils, grains, and blood Se in people, we can expect Se
deficiency to be widespread. Crop residues and stover are
commonly utilized as cattle feed in Ethiopia, whose grains
have already been shown to be highly variable in Se status
[12,13]. The constraining effect of Se deficiency to the live-
stock production is likely to be of great importance to coun-
tries like Ethiopia where the livestock sector contributes
up to 80% of farmers’ incomes and 20% of the agricul-
tural gross domestic product (GDP). In addition, Ethiopia is
among the countries with the largest cattle population in the
world [14]. Selenium improves the chemical composition
of milk through increased Se concentration, and can reduce
the concentration of saturated fatty acids, increase polyun-
saturated fatty acids, and improve the organoleptic prop-
erty of associated dairy products [15]. The present study
analyzed Se concentration in serum of free grazing cattle,
and in feed samples, using a design informed by previous
studies [10–13]. We hypothesized that cattle serum Se con-
centration in Ethiopia have similar spatial variation pattern
with Se concentration in cereal grain and humans.

2. Materials and Methods
2.1 Study Area Description, Sampling Design and Field
Sampling

The study was conducted in East Amhara (South
Wollo) and West Amhara (West Gojjam), Ethiopia Fig. 1).
These areas were selected because we previously reported
the presence of spatial variability among humans and sta-
ple crop Se status such that few or none of the populations
from East Amhara had Se inadequacy while the majority
(91.1%) of the populations in West Amhara were Se defi-
cient [11,12].

Using satellite imagery, 40 villages (20 in each zone)
were selected to give reasonable spatial coverage over the
target sampling areas of the two selected zones of the
Amhara region. In each village, two farming households
possessing cattle were selected from a pre-defined list and
invited to participate in the study. The lists of farming
households were obtained from the district agriculture bu-
reau.

Sampling was conducted by personnel working at the
respective zonal agriculture bureaus of the Amhara re-
gion. Vets and extension workers were part of the sam-
pling teams. Training was provided on sample collection
and preparation and assessment of potential risks on the
field using standard procedures. Cattle blood sampling was
conducted by qualified personnel after refresher training.
The locations of sampling villageswere loaded on computer
tablets for mapping. In addition, the teams were provided
with GPS devices to navigate to the villages from where
cattle feed and blood samples were to be collected. Blood
samples from cattle and feed samples were collected, sub-
ject to farmers’ consent.

2.2 Blood Collection and Processing

Cows (lactating or non-lactating), confirmed as
healthy by vets, were targeted for blood sampling (up to
3 per farm). Oxen or heifers were also included in the sam-
pling in cases where the number of healthy cows in a farm
were inadequate. The study included 224 cattle, includ-
ing Zebu local breeds (n = 200) and Holstein Zebu cross
breeds (n = 24). The cattle were in the age range of 1 to 13
years. The animals were squeeze chuted (allowed to pass
through parallel fences that allows them to move forward
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only) and their heads elevated to locate the jugular vein.
The neck area was wiped with antiseptic gauze to remove
dirt and any debris. Approximately 10 mL of whole blood
was drawn from the neck jugular vein using vacutainer nee-
dles by venipuncture. The samples were kept in an icebox
until coagulation. Serum was separated by centrifugation
in the field and transferred into vials. Duplicate subsam-
ples were stored at –20 °C in the nearest health facility and
transported to the laboratories of the International Livestock
Research Institute (ILRI) in Addis Ababa, Ethiopia. One
aliquot of each sample was transported on dry ice to the
University of Nottingham, UK, for analysis.

2.3 Cattle Feed Collection and Preparation

Only the dominant feed types in the study areas, such
as stover, straw, hay, or pasture grass, were included in the
sampling. Commonly, cattle in Ethiopia graze freely on
pasture and farmers were asked to locate the pastureland for
their herds, where grass samples were collected from five
spots 200–300 m apart and combined to represent one sam-
ple. In addition, samples of straw, stover and husks were
collected (five sub-samples to represent one sample) from
the center of stalks to avoid contamination with soil par-
ticles. Photographs of the sampling area and sample bags
were taken for quality assurance purposes. The feed sam-
ples were kept in paper bags that allowed moisture escape,
and transported to the laboratory at the Center for Food Sci-
ence and Nutrition, Addis Ababa University. The samples
were oven dried (60 °C, 12 h) and milled in a stainless-steel
coffee grinder. The grinder was wiped clean before use and
between samples with a non-abrasive cloth. About 20 g of
each sample were shipped to the University of Nottingham
for multi-element analysis. Only Se concentration result is
included in the present study.

Approximately 0.4 g of dried and milled feed samples
were digested in acid (68% HNO3 Primar Plus™, for Trace
Metal Analysis, Fisher Scientific) in multicube 48 digestion
system (Anton Parr-PFA coated graphite hot block). Milli-
Q water (18.2 MΩ cm) was used for final dilution of the di-
gest. Two operational blanks were digested alongside sam-
ples in each batch to control for other sources of contamina-
tion. Duplicate samples of certified reference material (Na-
tional Institute of Standards and Technology (NIST) wheat
flour SRM 1567b and CRM tomato 1573 A, and European
Commission Joint Research Centre Hay powder BCR-129)
were included in every digestion batch.

2.4 Selenium Analysis

The concentration of Se in serum and feed samples
was determined using inductively coupled plasma mass
spectrometry (ICP-MS) at the University of Nottingham
(Thermo Fisher Scientific iCAPQ, Thermo Fisher Scien-
tific, Bremen, Germany). The detailed analytical proce-
dure and conditions of the instrument are reported else-
where [10,12]. Accuracy was verified by the use of two

Seronorm™ reference materials: L-1 (Lot 1801802) and L-
2 (Lot 1801803) (Nycomed Pharma AS, Billingstad, Nor-
way). These were reconstituted and then diluted in an iden-
tical way to the samples. Average Se recovery (%; n = 2)
when compared to accredited values determined was 102%
and 104% for L-1 and L-2, respectively.

2.5 Statistical Analysis

Statistical analysis of data was performed usingR soft-
ware [16]. Descriptive statistics were computed for the
residuals from an exploratory linear model for cattle serum
Se concentration, with fixed effects set as sample origin
(sub-region), livestock group (lactating or non-lactating)
and livestock age. The analysis only considered cows (lac-
tating and non-lactating) because, unlike oxen and heifers,
these were reasonably balanced in terms of sample size be-
tween east and west Amhara. Similar exploratory analysis
was done with a model for feed Se concentration with fixed
effects set as sample origin and feed type.

The residuals from the exploratory models for both
serum and feed samples were positively skewed. In addi-
tion, there was a pronounced increase in the dispersion of
the residuals as the corresponding fitted value increased for
both variables. These were both corrected by transforma-
tion of the Se data to natural logarithms. For the feed sam-
ples, one datum appears to be an outlier on the log scale
falling out with Tukey’s outer fences [17]. This was one
maize straw sample from west Amhara. This outlier was
removed to avoid undue influence on variance parameter
estimates.

Because the villages selected for sampling were cho-
sen to give good spatial coverage, rather than randomly and
independently, a linear mixed model was used for the fi-
nal analysis of the data. The model had a spatial auto-
correlated random effect with a Matérn correlation func-
tion. Distances between locations were computed from lat-
itude and longitude by a spherical approximation, and so
the smoothness parameter of the correlation function has
an upper bound of 0.5. The profile likelihood function was
used to select a value, which was at this upper bound for
both variables. The model was fitted with fixed effects, in
sequence as follows (i) a constant mean the only fixed ef-
fect, (ii) separate means for east- and west-Amhara as the
fixed effects and (iii) sub-regional mean plus livestock type
(lactating or non-lactating) as fixed effects (livestock type
not retained). (iv) sub-regional mean plus livestock age as
fixed effects (age not retained). On the addition of each
fixed effect from (ii) onward, the null hypothesis of no re-
lation between serum Se and the new effect was tested by
the log-likelihood ratio [18], and the effect was retained or
dropped accordingly. Similarly, for the feed samples, the
linear mixed model (LMM) was fitted with (i) a constant
mean the only fixed effect, (ii) separate means for east-
and west-Amhara as the fixed effects and (iii) sub-regional
mean plus feed type as fixed effects.
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To compare Se concentration among feed types and
feed sample origin (east vs west Amhara), four prior con-
trasts were selected before data analysis and presented stan-
dardized by their standard errors so that values outside [–2,
2] are of interest. These comparisons were included be-
cause showed a strong east-west trend in Se in staple grains
[12,13]. In addition, sorghum grain seemed to have a larger
concentration of Se than did grain of other crops, and barley
grain had a smaller concentration than others [13]. This de-
fines two of the prior contrasts. In addition, we compared
grazed grass with the other (dry) feeds, and compared grass
hay with crop straw. After this analysis of prior contrasts,
all pair-wise comparisons were computed among the main
crop residues barley, maize, teff andwheat, and the p-values
for these contrasts were adjusted by the criterion of [19] to
control the family-wise error rate over the whole set of post-
hoc comparisons at 0.05.

3. Results

Statistics are reported for cows in the study set. Their
serum Se concentration ranged from 14.9–167.8 µg L−1

(median, 41.4 µg L−1). Cows from East Amhara, range
24.8–167.8; median 68.4 µg L−1 had significantly greater
serum Se concentration compared to cows from the East
Amhara region, range 14.9–71.2; median 25.7 µg L−1, p<
0.001. Overall, 79.8% of cows had serum Se concentration
below the optimal threshold, 81 µg L−1 [20]. All of the
cows from West Amhara had Se deficiency but there was
relatively lower Se deficiency prevalence (62.5%) in cattle
from East Amhara (Fig. 2).

Fig. 2. Comparison of serum Se concentration among cat-
tle from East and West Amhara region, Ethiopia. The green
discs represent the original serum Se data. The yellow discs are
the back-transformed mean estimates for each group (median-
unbiased) with the 95% confidence interval (blue band). Note that,
within each region, a small lateral random “jitter” is added so that
the individual data points can be visualized.

There was marked spatially-correlated variation in
cow serum Se, but the spatial dependence is very short-
range after the sample origin (East or West Amhara) is in-
cluded in the model. Table 1 shows the log-likelihood ratio
statistic which measures the effect of sub-regions, livestock
type and livestock age on cattle serum Se concentration.
There is no evidence for a difference between lactating and
non-lactating cows, nor for any dependence on animal age.
Only the areawhere the sample originated is associatedwith
Se concentration in serum.

Table 1. Log-likelihood ratio statistics testing the relationship
between (a) zones, type and age of livestock with cattle serum

Se concentration and (b) zones and feed type for
concentration of Se in feed.

Fixed effects L df p-value

(a). Cattle serum Se concentration
Zones 12.43 1 0.00042
Lactating or non-lactating cows 0.45 1 0.461
Age of livestock in years 0.44 1 0.506

(b). Feed Se concentration
Zones 12.10 1 0.0005
Feed type 27.97 8 0.0002

The Se concentration of feed samples (n = 81) was in
the range of 0.05–269.3 µg kg−1 (Table 2).

Table 2. Summary of Se concentration (µg kg−1, dry matter)
of feed samples collected from the Amhara region, Ethiopia.
Feed type n minimum maximum median [Q1, Q3]

Barley straw 11 0.9 47.7 13.4 [2.2, 32.6]
Wheat straw 18 5.3 105.0 24.8 [11.9, 62.5]
Teff straw 22 9.5 136.5 37.7 [25.9, 54.4]
Maize stover 14 0.05 25.2 6.4 [2.2, 11.6]
†Hay 8 15.3 101.5 42.6 [22.2, 71.2]
Sorghum stover 2 215.9 269.3 *242.6 ± 37.7
Finger millet straw 2 12.1 23.4 *17.8 ± 8.0
‡Pasture grass 4 41.1 68.4 *53.0 ± 11.4
*All such values are mean ± standard deviation, †indigenous
grass, ‡grass-weed mixture.

In general, feed samples from East Amhara had
greater Se concentration compared to the samples from
West Amhara (Fig. 3), although the sample size is small
there is evidence for such a difference (p = 0.0005, Ta-
ble 1b). There is also evidence for differences among the
feed types (p = 0.0002, Tabl 1b) even when the East-West
difference is accounted for.

Fig. 3 shows the dominant effect of the regional trend.
It is also notable that the sorghum straw appears to have a
larger Se concentration than other straws. Although there
were only two samples these were both much larger than
for other feeds. The contrast in Fig. 4 shows only weak
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Fig. 3. Selenium concentration of feed samples from East
Amhara and West Amhara region, Ethiopia. The green discs
are the original Se content of the feeds. The yellow discs are
the back-transformed mean estimates for each group (median-
unbiased) with the 95% confidence interval (blue band). Note that,
within each category, a small lateral random ”jitter” is added so
that the individual data points can be visualized.

evidence that barley straw has a smaller Se concentration
than other straws (sorghum excluded).

Fig. 4. Comparison of Se concentration in feed samples from
east Amhara and west Amhara region (the red dots are the
standardized contrasts, i.e., the contrast divided by its stan-
dard error).

There is marked spatial variation in Se content of
feeds, even after the regional (East-West) trend and feed
differences were considered. The contrast between East and
West Amhara feed Se concentration was consistent with the
difference in serum Se concentration observed. This war-
rants regional surveys to map Se content of feeds and for-
age.

Results of log-likelihood ratio tests for the effects of
sub-region and feed type on feed Se concentration shows
that both geographical location (p = 0.0005) and type of
feed (p = 0.0026) significantly influence feed Se concentra-

tion. Table 3 contains the log-likelihood ratio statistic for
each comparison. The post-hoc comparisons suggest that
teff straw is a richer Se source than barley straw and maize
straw and (marginally) wheat straw. In addition, there is
at least initial evidence that sorghum straw is the richest
source of Se among feeds, although this is based on a very
small sample.

Table 3. Comparison of Se concentration in stover samples.
Comparison L df p Padj

Barley vs Maize 1.35 1 0.2446 0.4893
Barley vs Teff 7.11 1 0.0077 0.0383
Barley vs Wheat 0.59 1 0.4425 0.4893
Maize vs Teff 12.98 1 0.0003 0.0019
Maize vs Wheat 3.41 1 0.0647 0.1940
Teff vs Wheat 5.75 1 0.0165 0.0658

4. Discussion
The present study assessed Se concentrations in cat-

tle serum and feed samples from West and East Amhara
region where contrasting human Se status, and crop grain
concentrations, had previously been established. The me-
dian serum Se concentration was 41.4 µg L−1. However,
there was greater serum Se concentration among cattle from
East Amhara compared to cattle from West Amhara. Sim-
ilarly, there was greater Se concentration in feed samples
fromEast Amhara than in samples fromWest Amhara. This
is consistent with previously established contrasts in human
Se status in these two areas [10–13].

Ethiopia is one of the countries in the world with the
largest cattle population [14]. However, the contribution
of the livestock sector to the national economy is below its
potential. Research has identified several factors hindering
the development of the livestock sector in the country, in-
cluding low rates of reproduction, poor feeding and health-
care practices and facilities, poor breeds, and low capital
investment related to the sector [21]. The present study
shows high prevalence (79.8%) of Se deficiency in cattle
from the Amhara region but with spatial variation such that
significantly greater deficiency prevalence was observed in
cattle from West Amhara than from East Amhara. This re-
sult may suggest that the deficiency could be affecting the
performance of the livestock sector in the country. Sele-
nium deficient cattle are at higher risk of reduced growth
or weight gain affecting animal fattening and meat produc-
tion. The deficiency is also associated with weakened im-
munity in cattle which further exacerbates morbidity and
low productive efficiency [22]. Selenium deficiency is also
a problem of animals in other countries. For example, in
Poland, Se deficiency was found in 50% of cattle. The
study also reported the presence of Se deficiency variation
among cattle type that 40% of cows, 80% of calves, 100%
of heifers and 90% of bulls were affected [23]. However,
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such analysis was not possible in our study due to the unbal-
anced nature of the samples. Similar to results of the present
study, Se deficiency was prevalent in cattle from all regions,
however, there was apparent regional variation. Unlike the
present study where age of cattle was not a significant fac-
tor for serum Se concentration variation, in Poland, Se de-
ficiency was observed more frequently in young animals
[23]. An earlier study in the United States also reported that
about 18% of cows had severe or marginal Se deficiency
and the Se status varied by geographical region and those
from Southeastern states had higher rates of Se deficiency
compared to cattle from other regions [20]. Se deficiency
is also an important challenge to the pastoral sector in New
Zealand [24].

Consistent with the distribution trend of cattle serum
Se concentration, feed samples from West Amhara had
lower Se concentration than East Amhara samples. Previ-
ous studies in the region [10] and the country [11] reported
the presence of spatial dependence of human Se status. In
addition, similar trends of spatial variability of Se concen-
tration were observed in grain samples attributable to en-
vironmental and soil factors including soil pH, soil organic
matter, temperature, rainfall and topography [12,13].

Previously between-species variation in grain Se con-
centration has been reported in Ethiopia, where sorghum,
finger millet and teff (Eragrostis tef (Zucc.) Trotter)
had typically higher Se concentration, while barley and
maize grains had the lowest Se concentration [13]. Con-
sistent with the grain data, in the present study there was
between-species variation in crop straw Se concentration,
with sorghum being the richest source of Se, and teff straw
containing higher Se than barley, maize, and wheat straw.
This suggests that environmental controls, via the grain
crops which can be cultivated at a given location, and the
management effects where these are then grown by the
farmer, will influence their livestock dietary supply of this
essential micronutrient. Yet, this is an invisible trait to the
farmer, with no role confirmed for Se in plant health. It is
also likely that inter-connected geographic and species con-
trols influence other mineral nutrients in livestock diets in
this region, and these also warrant further investigation for
their effects on well-being and productivity of the animals.

Results of the present study and previous studies re-
veal the presence of a high rate of Se deficiency in hu-
mans, plant foods and cattle from wider areas of Ethiopia.
This suggests the need to communicate this aspect of defi-
ciency to identify solutions that will increase Se nutrition
for improving animal wellbeing and productivity, and hu-
man health. Crop Se fertilization helps to alleviate Se defi-
ciency in humans [25]. This strategy may also help to im-
prove Se status of cattle feeding on crop stovers, and the
Se concentration in livestock products including milk and
meat. Large-scale future studies to investigate the associa-
tion between location and cattle Se deficiency in Ethiopia
are important to design targeted interventions. Studies es-

timating the economic cost of Se deficiency to the agricul-
tural sector in general and the livestock sector in particular
is key to seek the attention of policy planners and justify the
importance of the subject among other competing priorities.

The strength of this study includes generation of data
on feed and serum from collocated areas, random selection
of farms from villages that give spatial balance over study
areas, and sufficient number of samples to observe a clear
difference in Se status. Consequently, the design and sam-
pling approach for larger surveys can now proceed on an in-
formed basis. However, this study is based on serum anal-
ysis which reflects only recent Se exposure. In addition,
this study had small area coverage. Furthermore, feed sam-
ples in the present analysis were both small in number and
included only dominant feed types.

5. Conclusions
This study reveals that Se deficiency in cattle is highly

prevalent though spatially variable in the Amhara region.
Feed and cattle serum samples from east Amhara had sig-
nificantly higher Se concentrations compared to respective
samples from west Amhara. In addition, feed types were
significantly associated with feed Se concentration. Se-
lenium deficiency may affect productive efficiency of the
livestock sector in Ethiopia, which should be explored to-
gether with other micronutrients, allowing interventions to
enhance nutritional status in cattle to be identified. The po-
tential for geographic variation in the nutritional quality of
animal products (meat and dairy) entering the human food
chain should also be studied. Further studies with larger
sample size covering a larger area are needed. In addition,
studies to better understand the consequences of Se defi-
ciency to cattle productivity and the livestock sector are re-
quired.
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