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Abstract
Objective: The study aimed to determine the concentration of selenium (Se) and glutathione peroxidase (GSH-Px) in serum and the Se
concentration in milk and urine in grazing Jersey cows in two dairy producing areas of Costa Rica. Methodology: The study was conducted
on commercial dairy herds in the highlands of Cartago (.2250 m of altitude) and Zarcero (.1750 m of altitude). Cartago cow herds were
intensively grazing kikuyu grass (Kikuyuocloa clandestina) and Zarcero cow herds were grazing star grass (Cynodon nlemfuensis). Daily
supplementation in both areas consisted of concentrate (16% CP, 1.81 Mcal NEL) according to milk yield (1 kg concentrate: 3 kg of milk).
Blood samples were taken from the coccygeal vessels, milk samples were collected individually during milking from the milk yield meter
container and urine was obtained using rubbing stimulation technique. From Cartago area, a total of 102, 139 and 87 samples of blood,
milk and urine respectively were collected and analyzed. From Zarcero region 66, 84 and 43 samples in the same order were collected
and analyzed. Results: Atomic absorption spectrophotometry was used to determine Se concentration. A total of 85 samples from two
farms in each region were tested to determine GSH-Px using a glutathione peroxidase activity colorimetric assay kit. The soil was tested
in each farm using a soil auger to obtain 20 subsamples per sample, those subsamples were collected drilling the ground surface to a
depth of 10 cm and then mixed to generate a composited sample which was analyzed for Se using atomic absorption spectrophotometry.
Average serum, milk and urine Se concentration for cows from Cartago and Zarcero were 44.13 (SD = 27.68), 30.94 (SD = 20.13), 78.37
(SD = 60.14) µg Se LG1 and 19.19 (SD = 10.59), 21.82 (SD = 19.07), 14.72 (SD = 6.50) µg Se LG1, respectively. The average GSH-Px
concentration in serum was 73.74 and 33.82 for Cartago and Zarcero cows, respectively. Conclusion: High concentrations of selenium
in urine in some of the farms and low concentrations of GSH-Px in serum in most of the cows could imply a poor utilization of this mineral,
leading to deficiencies to meet metabolic requirements and therefore to associated economic losses.
Key words: Selenium, glutathione peroxidase, Jersey dairy cows, milk, blood, urine
Received: November 09, 2016

Accepted: February 10, 2017

Published: April 15, 2017

Citation: Alejandro Saborío-Montero, Margarita Alfaro-Cascante and F. Granados-Chinchilla, 2017. Selenium concentrations in serum and its outputs in
milk and urine from grazing jersey cow herds found in two dairy production regions from costa rica. Int. J. Dairy Sci., 12: 218-226.
Corresponding Author: F. Granados-Chinchilla, Centro de Investigación en Nutrición Animal, Universidad de Costa Rica,
11501-2060 Ciudad Universitaria Rodrigo Facio, San José, Costa Rica Tel: +506 2511-2028 Fax: +506 2224-5527
Copyright: © 2017 Alejandro Saborío-Montero et al. This is an open access article distributed under the terms of the creative commons attribution License,
which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.
Competing Interest: The authors have declared that no competing interest exists.
Data Availability: All relevant data are within the paper and its supporting information files.

Int. J. Dairy Sci., 12 (3): 218-226, 2017
Considering the productive relevance of dairy cows, the

INTRODUCTION

determination of Se (in biological samples) as a diagnostic
Selenium (Se) is considered a crucial element for both

instrument in detecting mineral deficiencies32 and at the

humans and animals, it has an intricate relationship with other

same time to assess the mineral status of a particular region,

key nutrients (e.g., vitamin E, lipids and sulfur). Like other

the study aimed to evaluate Se concentrations in three

minerals, Se must be obtained from dietary sources, as such,

different matrices (i.e., serum, milk and urine) of Jersey herds

the mineral intake will depend on several factors including

from two separate and relevant productive dairy regions from

local availability of the mineral and the type of feedingstuffs1,2

our country. Furthermore, analysis of GSH-Px in blood plasma

to name a couple. Hereafter, animals are subject to Se

was performed to measure, indirectly, the relative antioxidant

deficiencies which may affect their health severely3-6. This

capacity of the animal as related to Se.

mineral scarcity is of particular importance in productive
MATERIALS AND METHODS

animals, such as dairy cows, in which adverse effects of Se
7,8

deficiency include a decrease in weight gain , milk
production, fertility7,9, seminal quality10 and immunological

Study area and sampling: Two main dairy producing areas

activity11,12. A selenium deficiency may also lead to disorders

were selected for this study, Zarcero and Cartago (Fig. 1a, b).

in the perinatal period altering milk quality in cows13, placental
retentions and the incidence of mastitis and metritis6,14.

(a)

Insufficient Se level can even affect ruminant meat quality15.
Although Se deficiency may occur in all animal species,
ruminants seem to be the most likely to suffer it. Hence, this
detrimental effects carry significant economic negative
impacts. Likewise, though an unusual scenario, Se levels
may also reach toxic concentrations

if unchecked16.

Hence, determination of the selenium status of livestock is
paramount.
Selenium availability in gestating and lactating cows is
critical, females transfer the element through the fetus
(i.e., placental transfer) and to their progeny (colostrum and
milk). In ruminants, this mineral transfer occurs even in
deficient specimens; they sacrifice their condition to provide
adequate levels to their offspring4,17-19. There is in fact, a

(b)

documented reduction of Se in maternal plasma as gestation
progress and the products increase in size and weight17-19.
Considering the above, some dairy foods may result poor Se
sources20-22. Although this situation has not been assessed
in our country, some preliminary evaluations have been
performed regarding Se concentrations in some relevant
matrices such as soils23,24 and forages25.
Finally, in animals most Se is bound to protein, if limited
an animal system will prioritize selenoenzyme synthesis for
essential organs (brain, pituitary, thyroid and adrenal glands),
under these conditions GSH-Px synthesis in blood is
unessential26-28. Therefore, determination of GSH-Px is used as
an indicator of the transformation of inorganic selenium to a
bioactive species26,29,30 and indirectly, the radical scavenging

Fig. 1(a-b): Location map showing the survey sampling areas

capability and oxidative stress of the animal (reducing cellular

(a) Zarcero and (b) Cartago (regions identified in

metabolism-related hydroperoxide activity)31.

the orange and red filling, respectively)
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A total of n = 3 and n = 4 commercial dairy farms were
selected from each region, respectively, for sampling. Seven
different Jersey dairy cow herds were considered for sampling
during this survey, samples were collected from cows in
various stages of lactation. A total of n = 66, n = 84, n = 43
and n = 102, n = 139, n = 87 samples of serum, milk and
urine were recollected at each region, respectively on both
accounts.

The radiation source used was an electrodeless discharge
lamp set at 45 mA, 0.7 L and 196 nm as for energy, spectral slit
width and wavelength, respectively. The NIST SRM® 1549a
(whole milk powder) was used as a quality control for Se when
measurements were performed.
Serum Se-dependent glutathione peroxidase activity assay:
A total of n = 85 (ca. n = 22 samples from two different farms
from each sampling region) were tested to determine GSH-Px.

Blood: Samples were gathered from the tail (coccygeal

In this case, the enzymatic activity analysis was performed

vessels) of the cows, 5 mL of blood was drained using
vacutainer 9 mL heparinized tubes (Becton Dickinson,
Lith/Hep, New Jersey, USA). Samples were centrifuged soon
after collection for the preparation of plasma which
subsequently was stored frozen at -70EC until analyses were
performed.

using a glutathione peroxidase activity colorimetric assay kit
(BioVision, Inc., Milpitas, CA, USA), as recommended by the
manufacturer's protocol. Sample volume used during all tests
was 1 µL of bovine serum. Briefly, GSH-Px reduces cumene
hydroperoxide while oxidizing GSH to GSSG. The generated
GSSG is reduced to GSH with consumption of NADPH, a
decrease of NADPH is proportional to GSH-Px activity. All

Milk: At each milking parlor, a representative aliquot of the

measurements were performed using a SynergyTM Biotek HT

milk from the milk yield meter container for each cow was
placed in a Whirl-Pak® sterile sample bags (Nasco, Fort
Atkinson, WI, USA) containing potassium dichromate as a
preservative. Samples were retained at 4EC.

reader (λ = 340 nm) and the Gen 5TM software (BioTek
Instruments Inc., Winooski, VT). A NADH standard curve was
prepared using six individual standards; the resulting mean
curve obtained during the assay was:

Urine: A sample of voided midstream urine was collected

y = [(2.03±0.37)x+(3.74±0.42)]×10G2

from each cow using the rubbing stimulation technique and
a 4 oz sterile urine specimen container with screw-on lid cap
(Pro advantage®, NDC, Tennessee, USA). The containers were
stored at 4EC.

Quantitative results for enzymatic activity were achieved
in U mLG1, which in turn were expressed as U gG1 of
hemoglobin. An analytical GSH-Px enzyme standard available
commercially was used as a control during the assay

Selenium analysis: Method AOAC 986.15 was used during

(G6137, Sigma-Aldrich, St., Louis, MO, USA).

this survey. Briefly, 0.5 mL subsamples were treated with a
90:10 nitric acid and hydrogen peroxide mixture (both Merck

Statistical analysis: Mann-Whitney U and Kruskal-Wallis tests

suprapur; E. Merck, Darmstadt, Germany) followed by

were used to investigate significant differences between

microwave digestion using a Berghof speedwave four

sampling regions and farms. Spearmanʼs rho was used

(Harretstrasse, Eningen, Germany). Analyses were carried out

intending to assess association between the Se concentrations

by the flow injection metal hydride atomic absorption

found in the three different types of samples collected and

spectrophotometry (FI-MH-AAS) approach (Perkin-Elmer

between those levels of Se found in serum and GSH-PX

AAnalyst 800 atomic absorption spectrometer, Perkin-Elmer

activity. A Wilcoxon sign-rank test was also applied to

Corp., Norwalk, CT, USA). Hydride generation was performed

demonstrate a difference between the data set and the

using a 30 g LG1 NaBH4 in 10 g LG1 NaOH and a 10 mL/100 mL

accepted minimum Se value considered apt for human

HCl solution. Calibration curves for selenium were constructed
from a selenium standard solution

consumption, optimum values recommended in bovine serum

(SRM 3149, NIST,
from

and to ascertain if selenium concentrations in soils were

0.5-10 ng mLG . Calibration curves were constructed each time

deficient. For all tests, values of p<0.05 were considered to be

an analysis was performed, the resulting mean values for the

significant. Statistical tests and descriptive analysis of the

curve were as follow:

results achieved were obtained from a truncated sample,

Gaithersburg, MD),

Se

concentrations

ranged

1

those values considered as outliers were suppressed by
trimming excluding values >3F from the populationʼs median.

y = [(1.37±0.43)x+1.61±0.51)]×10G2
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2/4, 4/1 from Cartago and herds 5/6, 5/7 from the Zarcero
region. Based on a relationship between Se amounts found in
cows and mastitis, it has been proposed that Se should be
present in bovine plasma and whole blood in at least
80 and 180 µg LG1, respectively40. Hence, our data points
toward a Se deficit status in the dairy cow. Notwithstanding,
some individuals seem to possess satisfactory levels of the
mineral (Table 2).

All statistical tests were performed using IBM PAWS
Statisticsl 22 (SPSS, Inc. Armonk, NY, USA).
RESULTS AND DISCUSSION
Physical-chemical properties of the soil of farms sampled:
Volcanic soils are usually described to be lacking in Se and
excess sulfur, which competes with the former for absorption,
plants and animals that grow in these types of soil are usually
reported to suffer from Se deficiencies3,33. The Se values in soils
are correspondingly relevant since it is assumed that
ruminants input is up to 18% of their dietary dry matter when
grazing34 and Se integration by the plant are influenced by
physicochemical factors, such as soilʼs redox status, pH and
microbiological activity35 and even type of selenium
available36. Soil type, texture, organic matter content and
precipitation5 determine selenium content, as well. Our survey
shows that Se and S concentrations from soils collected
within the sampling regions ranged from 78-345 µg kgG1 and
30-74 mg kgG1, respectively (Table 1). Indeed, Se levels seem
to be inadequate since concentrations of 500 µg Se kgG1 in soil
or less and 0.1 ng kgG1 in plants are usually considered
insufficient3,33,37. However, there is no apparent association
between Se and S concentrations found in soil (p>0.05). Some
reports have found a correlation between the Se levels in soils,
plant and animal tissue and fluids3,7,33,38. Yet, even sufficient Se
concentrations in soils may be hindered by other competing
minerals such as Ca, Cu and As39. During our survey, we found
concentrations of Ca and Cu as high as 15.7 cmol LG1 and
21 mg kgG1, respectively (Table 1).

Selenium in milk: No clear guide has established an optimum
Se concentration in milk for drinking41. However, it has been
suggested that milk for consumption should at least reach
values of 20 µg LG1 (values below 9 µg LG1 are considered
deficient)42, this concentration may supply up to 10% of the
daily requirements of this mineral. There is evidence of a
significant difference between the aforementioned
recommended threshold and values of Se obtained from
bovine milk sampled across both Cartago (1.22-90.13 µg LG1)
and Zarcero (1.22-95.60 µg LG1) regions (p<0.001). Overall,
sampling regions resulted in mean values of 30.94±20.13 and
21.82±19.07 µg LG1, respectively (Table 2). Interestingly, no
significant differences were found for milk concentrations
among both sampling regions (p = 0.32). However, herd
2 exhibited the highest Se values and demonstrated to be
significantly different compared to the rest of the groups
(p<0.05). Individual differences were found between herds
2/4, 2/6, 2/7 and 4/5.
Detailed information about the contents of Se in cow
milk (raw and skim milk) has been reported elsewhere. For
example, Spain43-48, India49, Ireland50, Kuwait51, Sweden52,
Italy53, United Kingdom54, Croatia55 and Netherlands56.
However, the ranges reported vary immensely among
reports, this may result from several factors such as animal
breed49,53, feeding52,53, soil53,57 and seasonal change45. The Se
concentrations in European milk58 have been described to
be on average 11 µg LG1 whereas USA59 values are reported to
range between 7 and 87 µg LG1 and in Canada60 mean values
reach 28 µg LG1.

Selenium in serum or plasma: Our values are distributed
between 44.13±19.07 and 19.19±10.59 µg LG1 (Table 2) for
the regions of Cartago (1.95-141.42 µg LG1) and Zarcero
(1.95-74.40 µg LG1), respectively. It was found significant
differences in Se concentration in blood among the two
regions analyzed and among herds examined (p<0.001). For
example, differences were found between herds 1/2, 2/3,
Table 1: Mean values of soil chemical properties for the farms sampled (n = 21)
cmol(+) LG1

mg LG1

---------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------

Location

pH

AS (%)

EA

Ca

Mg

K

ECEC

Fe

Mn

Cu

Zn

P

S

Se (µg kgG1)

Farm 1
Farm 2
Farm 3
Farm 4
Farm 5
Farm 6
Farm 7

6.1
5.5
6.2
6
5.2
5.9
5.8

0.7
8
1
0.9
3
2
0.7

0.17
0.44
0.17
0.18
0.26
0.17
0.23

15.7
3.7
11.4
12.8
5.5
7.4
9.4

6.6
1.1
3.6
5.4
1.9
2.0
3.4

1.4
0.5
1.0
1.3
0.5
1.3
1.0

23.9
5.8
16.2
19.7
8.2
11.0
14.1

358
165
343
245
192
153
243

26
15
19
10
28
32
21

17
9
8
10
21
15
13

32
1.1
34
25
7
5
17

173
5
73
46
10
6
52

74
35
57
32
30
31
29

98
78
144
345
270
215
166

ECEC: Effective cation exchange capacity, EA: Exchangeable acidity, AS: Aluminum saturation percentage
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Table 2: Selenium concentrations found in the three different biological
matrices sampled (n = 521)
Concentration (µg Se LG1)
----------------------------------------------------------------Population/parameter
Mean±SD
Median
Max
Min
Serum
Herd 1ac
Herd 2b
Herd 3ca,cd
Herd 4dc
Cartago areau
Herd 5e
Herd 6fg
Herd 7gf
Zarcero areav
Overall
Milk
hi,hj ,hk

Herd 1
Herd 2ih,ij
Herd 3jk,jh,ji
Herd 4kh,kj
Cartago areax
Herd 5lm,ln
Herd 6ml,mn
Herd 7nl,nm
Zarcero areax
Overall
Urine

24.91±18.49
67.19±20.69
36.25±23.59
41.44±25.89
44.13±27.68
14.49±13.95
20.85±5.74
23.44±6.71
19.19±10.59
34.10±25.55

23.40
67.16
36.90
37.44
39.73
11.10
18.94
21.75
17.44
26.06

86.63
136.92
78.18
141.42
141.42
74.40
34.75
37.53
74.40
141.42

1.95
36.34
7.86
2.08
1.95
3.20
12.70
10.70
1.95
1.95

32.61±21.16
42.98±15.92
30.35±21.88
22.35±15.97
30.94±20.13
26.68±26.96
20.50±6.63
15.41±5.04
21.82±19.07
27.51±20.23

27.90
45.00
29.14
22.40
30.88
16.00
18.76
15.19
16.65
21.77

90.13
84.80
84.11
49.33
90.13
95.60
37.43
30.70
95.60
95.60

7.45
15.44
1.49
1.22
1.22
1.80
12.00
8.43
1.22
1.22

(p<0.001). This variation is also reflected among herds where
almost every farm (1/3, 1/4, 1/5, 1/6, 1/7, 2/3, 2/4, 2/5, 2/6, 2/7)
show significant differences among them (p<0.05). Also, the
distribution of Se concentrations found in blood and urine
among the two regions differ significantly p<0.05. This fact
points toward a differential herd management in each region
and possibly to a dietary selenium of poor absorption, which
is excreted swiftly. On the other hand, our data points toward
a strong association between serum, milk and urine
concentrations (p<0.001).
Selenoprotein activity: There is a high association between
overall serum concentrations of Se and GSH-Px activities with
a coefficient of determination of 0.941 (Cartago: R2 = 0.91,
Zarcero: R2 = 0.95) and follows the equation:
y = 4.34x+1.31

This relationship can also be demonstrated by
non-parametric tests (p<0.05), supporting other findings
in which serum concentration and GSH-Px strongly
correlates62-65. However, it is important to note that
Avissar et al.66 proved that positive correlations between
Se concentration and GSH-Px activity in serum occur when Se
levels are below requirement. This fact is endorsed by other
findings67,68. Values of Se in human plasma ranging from
90.069-98.770 µg of Se LG1 are assumed to be the requirement
for full plasma GSH-Px expression, then the Se status of many
study subjects would be considered derisory. Consistently,
selenium deficient calves have been described with
enzymatic activity levels of 9.82 U GSH-Px gG1 Hb, whereas
animals reaching 100 U GSH-Px gG1 Hb are considered
adequate71. In this regard, taken together with the rest of the
evidence, this data suggests that Cartago area exhibit animals
with a better Se profile, probably due to feeding practices
(Table 2, 3).

130.68±54.97
140.13
206.18
23.90
Herd 1ño
Herd 2oñ
139.62±36.25
135.14
206.80
86.00
Herd 3pq
37.35±18.52
33.99
98.10
12.53
Herd 4qp
28.35±12.13
22.90
49.00
8.90
Cartago areay
78.36±60.14
52.29
206.80
8.90
Herd 5rs,rt
9.79±7.63
8.85
34.50
0.10
Herd 6sr,st
17.16±4.33
15.85
24.78
10.55
Herd 7tr,ts
17.01±3.87
16.84
23.93
10.93
Zarcero areaz
14.72±6.50
14.90
34.50
0.10
Overall
55.75±57.22
28.29
206.80
0.10
For each matrix, different superscripted letters, imply a significant difference
between distinct herds, p<0.05
Table 3: Glutathione peroxidase activity in serum samples collected from 4
different dairy cow herds of two regions in Costa Rica (n = 85)

Parameters
Herd 2a (n = 22)
Herd 4a (n = 22)
Herd 6b (n = 22)
Herd 7b (n = 19)
Overall (n = 85)

Enzyme activity (U gG1 of hemoglobin)
-------------------------------------- -----------------------------Mean±SD
Median
Max
Min
94.96±29.99
55.64±28.63
31.80±7.65
34.82±9.00
55.09±33.43

96.65
55.32
29.25
32.70
43.07

186.56
121.73
50.33
54.04
186.56

52.45
6.77
20.93
18.27
6.77

Selenium in feedstuffs: Current regulation limit in-feed
Se supplementation72 to 300 µg kgG1, it is assumed that
this concentration can keep the animal with good mineral
levels. It has been stated that an intake of 6 000 µg Se dayG1
should be sufficient to maintain adequate concentrations73.
Based on the levels in rations within the farms
sampled, Se should be very well within these limits.
Interestingly, the herd from the farm in which the feeding
system is more structured resulted with significantly
higher concentrations than the rest of the farms
(Table 2, p>0.001). Most conventional
feedingstuffs
among farms included drinking water (1.78-8.45 µg Se LG1),
forage and silage (Cynodon nlemfuensis Vanderyst and
Lolium spp., 21.21-61.21 µg Se kgG1), compound feed

Different superscripted letters imply a significant difference between herds,
p<0.05

Selenium in urine: From the metabolic standpoint, urine
excretion of the mineral is also intake-dependent61. In the
case of dairy cows, an intake of 2 500 µg Se dayG1, results in
losses by urine that round up to 500 µg Se61 per dayG1. Urine
values among herds and regions vary more drastically than
those from serum or milk, mean values from Cartago
(8.90-206.80 µg LG1) and Zarcero (0.10-34.50 µg LG1) regions
are 130.37±196.44 and 14.72±6.58 µg LG1, respectively
222
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(21.15-424.73
µg
Se
kgG1) and
citrus
pulp
1
(135.46-235.67
µg
Se
kgG ) and
molasses
(49.56-54.19 µg Se kgG1). Other farms feed rations were
comprised additionally
by
mineral supplement
1
(54.19 mg Se kgG ), distillerʼs dried grains with solubles
(DDGS, 71.94 µg Se kgG1), yeast (55.00 µg Se kgG1), soybean
and corn meal (587.73 µg Se kgG1), hay (41.21 µg Se kgG1) and
animal fat (51.74 µg Se kgG1). All values expressed on dry
matter basis. As previously stated, different selenium feed
sources influence profoundly in dairy cow selenium status.
Recently, other researchers have described the impact of
feedstuff and full rations on Se levels of final milk products74,2.
From example, considering common inputs for each ration
component (calculated in fresh biomass) and the total daily
intake for a dairy cow74, approximate Se contributions in
decreasing order (based on feedingstuffs found in farm 2) are
as follow: Mineral supplement 70.61% (from 80-120 g),
compound feed 10.95% (4-6 kg), water 6.62% (50-60 L), forage
5.53% (20-22 kg), silage 3.82% (5 kg), citrus pulp 1.54 (0.5 kg)
and DDGS 0.94% (0.5-1 kg) for an intake of ca. 16 µg dayG1.
Previously, daily intakes per body weight have been
reported: Ranging from <11 µg dayG1 (China), 25 µg dayG1
New Zealand, 79-104 µg dayG1 and 113-220 in Canada75.
Counterintuitively, a study revealed that selenium absorption
was greater in sheep fed with a concentrate than in those
fed a forage-based diet76. However, it should be stated
that mineral levels in humans or animals are not
governed solely by dairy ingestion of said nutrient but is
related with the mineral bioavailability as well (i.e.,
distribution, association and chemical species)77. Bioavailability
is of particular importance since absorption of selenium has
been described to be much lower in ruminants than in other
species due to the transformation of dietary selenium to
insoluble forms in the rumen environment78,79. Hence, organic
Se supplementation may be recommended80.

supplementation with bioavailable sources is recommended
in the areas of study and we suggest the implementation of a
vigilance program to consistently ensure mineral availability
and acceptable levels in animals and food products alike.
SIGNIFICANT STATEMENTS
C
C
C
C
C

Some relevant Costa Rican dairy-productive regions prove
to be Se-deficient
Se levels are adequate in farms where structured
diets/rations are administered
High values of Se in urine, low Se in blood and GSH-Px
indicate a poor utilization of the mineral
Se levels in serum, milk and urine associate strongly with
each other
Mean Se levels in milk are considered adequate for
consumption
ACKNOWLEDGMENTS
The authors acknowledge the financial support from the

Vicerrectoría de Investigación de la Universidad de Costa Rica
(grant number B3120). And also thanks farmers for allowing
entry to facilities and providing animals for sampling. Also, we
would like to extend their thanks to Marian Flores for her
excellent technical assistance in the digestion of the samples,
Sugey Prado for help on some of the Se measurements. César
Marín Mora and Luis Alejandro Rodríguez are credited for their
aid with data recollection, tabulation and bibliographic search.
Special thanks to Astrid Leiva and Carlos Campos for their
suggestions during the drafting of the manuscript.
REFERENCES
1.

Schrauzer, G.N. and D.A. White, 1978. Selenium in human
nutrition: Dietary intakes and effects of supplementation.

CONCLUSION AND FUTURE RECOMMENDATION

Bioinorg. Chem., 8: 303-318.
2.

Samples examined seemed, in general to follow agreeable
values of Se set in other literature. Some extreme values in
urine and relatively low in serum and milk may indicate
specimens with overdosage of poor selenium sources. There
is a strong association between the Se levels of the matrices
assayed and in turn serum, Se concentrations associate with
GSH-Px activity. However, average Se levels in milk are
considered adequate for consumption. Other productive
regions or relevant matrices should be regarded as is evident
that each area is particular. Improved Se profiles are observed
in farms with better feeding practices. Additional Se

Meyer, U., K. Heerdegen, H. Schenkel, S. Danicke and
G. Flachowsky, 2014. Influence of various selenium sources on
selenium concentration in the milk of dairy cows. J.
Verbraucherschutz Lebensmittelsicherheit, 9: 101-109.

3.

Ramirez-Bribiesca, J.E., J.L. Tortora, L.M. Hernandez and
M. Huerta, 2001. Main causes of mortalities in dairy goat kids
from the Mexican plateau. Small Rumin. Res., 41: 77-80.

4.

Hefnawy, A.E.G. and J.L. Tortora-Perez, 2010. The importance
of selenium and the effects of its deficiency in animal health.
Small Ruminant Res., 89: 185-192.

5.

Mehdi, Y. and I. Dufrasne, 2016. Selenium in cattle: A review.
Molecules, Vol. 21, No. 4. 10.3390/molecules21040545.

223

Int. J. Dairy Sci., 12 (3): 218-226, 2017
6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22. Maihara, V.A., I.B. Gonzaga, V.L. Silva, D.I.T. Favaro,
M.B.A. Vasconcellos and S.M.F. Cozzolino, 2004. Daily dietary
selenium intake of selected Brazilian population groups.
J. Radioanal. Nucl. Chem., 259: 465-468.
23. Leon, C., S. de Maroto, R. Blanco and P. Valenta, 1994. Analisis
voltamperometrico de despojo catodico de selenio en
muestras de algunos suelos de costa rica. Revista
Internacional Contaminacion Ambiental, 10: 23-36.
24. Leon-Rojas, C., S.B.P. de Maroto, R. Blanco-Saenz and
P. Valenta, 1995. [Development and optimization of a method
for determination of selenium in soils, grass and milk].
Ingenieria Ciencia Quimica, 15: 32-34, (In Spanish).
25. Vargas, E., R. Solis, M. Torres and L. McDowell, 1992.
[Selenium and cobalt in some forages of Costa Rica:
Effect of season and
growth stage]. Agronomia
Costarricence, 16: 171-176, (In Spanish).
26. Behne, D. and A. Kyriakopoulos, 2001. Mammalian
selenium-containing proteins. Ann. Rev. Nutr., 21: 453-473.
27. Papp, L.V., A. Holmgren and K.K. Khanna, 2010. Selenium and
selenoproteins in health and disease. Antioxid. Redox Signal.,
12: 793-795.
28. Combs, Jr. G.F., 2015. Biomarkers of selenium status.
Nutrients, 7: 2209-2236.
29. Driscoll, D.M. and P.R. Copeland, 2003. Mechanism and
regulation of selenoprotein synthesis. Ann. Rev. Nutr.,
23: 17-40.
30. Schomburg, L., C. Riese, M. Michaelis, E. Griebert and
M.O. Klein et al., 2006. Synthesis and metabolism of thyroid
hormones is preferentially maintained in selenium-deficient
transgenic mice. Endocrinology, 147: 1306-1313.
31. Sordillo, L.M., 2016. Nutritional strategies to optimize dairy
cattle immunity. J. Dairy Sci., 99: 4967-4982.
32. Herdt, T.H., W. Rumbeiha and W.E. Braselton, 2000. The use
of blood analyses to evaluate mineral status in livestock.
Vet. Clin. North Am: Food Anim. Pract., 16: 423-444.
33. Ramirez-Bribiesca, J.E., J.L. Tortora, M. Huerta, A. Aguirre
and L.M. Hernandez, 2001. Diagnosis of selenium status in
grazing dairy goats on the Mexican plateau. Small Rumin.
Res., 41: 81-85.
34. Thornton, I. and P. Abrahams, 1983. Soil ingestion-a major
pathway of heavy metals into livestock grazing contaminated
land. Sci. Total Environ., 28: 287-294.
35. Mehdi, Y., J.L. Hornick, L. Istasse and I. Dufrasne, 2013.
Selenium in the environment, metabolism and involvement
in body functions. Molecules, 18: 3292-3311.
36. Terry, N., A.M. Zayed, M.P. de Souza and A.S. Tarun, 2000.
Selenium in higher plants. Annu. Rev. Plant Physiol. Plant Mol.
Biol., 51: 401-432.
37. Ramirez-Bribiesca,
E.,
E.
Hernandez-Camacho,
L.M. Hernandez-Calva and J.L. Tortora-Perez, 2004. Effect
of parenteral supplement with sodium selenite on lamb
mortality and hematic values of selenium. Agrociencia,
38: 43-51.

Zarczynska, K., P. Sobiech, J. Radwinska and W. Rekawek,
2013. Effects of selenium on animal health. J. Elemntol.,
18: 329-340.
Sheppard, A.D., L. Blom and A.B. Grant, 1984. Levels of
selenium in blood and tissues associated with some
selenium deficiency diseases in New Zealand sheep. N. Z. Vet.
J., 32: 91-95.
Oblitas, F., P.A. Contreras, H. Bohmwald and F. Wittwer, 2000.
Effect of selenium supplementation on blood glutathione
peroxidase (GSH-Px) activity and weight gain in heifers.
Archivos Medicina Veterinaria, 32: 55-62.
Segerson, E.C. and S.N. Ganapathy, 1980. Fertilization of ova
in selenium/vitamin e-treated ewes maintained on two
planes of nutrition. J. Anim. Sci., 51: 386-394.
Beckett, G.J. and J.R. Arthur, 2005. Selenium and endocrine
systems. J. Endocrinol., 184: 455-465.
Sordillo, L.M., 2013. Selenium-dependent regulation of
oxidative stress and immunity in periparturient dairy cattle.
Vet. Med. Int. 10.1155/2013/154045.
Latorre, A.O., G.F. Greghi, A.S. Netto, H. Fukumasu,
J.C. Balieiro, L.B. Correa and M.A. Zanetti, 2014. Selenium and
vitamin E enriched diet increases NK cell cytotoxicity in cattle.
Pesquisa Veterinaria Brasileira, 34: 1141-1145.
Horky, P., 2015. Effect of selenium on its content in milk and
performance of dairy cows in ecological farming.
Potravinarstvo, 9: 324-329.
Eulogio, G.L.J., S.O.J. Alberto, C.V. Hugo, C.N. Antonio,
C.I. Alejandro and M.Q. Juan, 2012. Effects of the selenium and
vitamin E in the production, physicochemical composition
and somatic cell count in milk of Ayrshire cows. J. Anim. Vet.
Adv., 11: 687-691.
Joksimovic-Todorovic, M., V. Davidovic and L.J. Sretenovic,
2012. The effect of diet selenium supplement on meat quality.
Biotechnol. Anim. Husbandry, 28: 553-561.
Khanal, D.R. and A.P. Knight, 2010. Selenium: Its role
in livestock health and productivity. J. Agric. Environ.,
11: 101-106.
Koller, L.D., G.A. Whitbeck and P.J. South, 1984. Transplacental
transfer and colostral concentrations of selenium in beef
cattle. Am. J. Vet. Res., 45: 2507-2510.
El Ghany-Hefnawy, A., R. Lopez-Arellano, A. Revilla-Vazquez,
E. Ramirez-Bribiesca and J. Tortora-Perez, 2007. The
relationship between fetal and maternal selenium
concentrations in sheep and goats. Small Rumin. Res.,
73: 174-180.
Hefnawy, A.E., R. Lopez-Arellano, A. Revilla-Vazquez,
E. Ramirez-Bribiesca and J. Tortora-Perez, 2008. Effect of
pre- and postpartum selenium supplementation in sheep.
J. Anim. Vet. Adv., 7: 61-67.
Oster, O. and W. Prellwitz, 1989. The daily dietary selenium
intake of West German adults. Biol. Trace Elem. Res., 20: 1-14.
Matek, M., M. Blanusa and J. Grgic, 2000. Determination of the
daily dietary selenium intake in Croatia. Eur. Food Res.
Technnol., 210: 155-160.

224

Int. J. Dairy Sci., 12 (3): 218-226, 2017
38. Pastrana, R., L.R. McDowell, J.H. Conrad and N.S. Wilkinson,
1991. Mineral status of sheep in the Paramo region of
Colombia. II. Trace minerals. Small Rumin. Res., 5: 23-34.
39. Kessler, J., 1993. Carence en selenium chez les ruminants:
Mesures prophylactiques. Rev. Suisse Agric., 25: 21-26.
40. Jukola, E., J. Hakkarainen, H. Saloniemi and S. Sankari, 1996.
Blood selenium, vitamin E, vitamin A and β-carotene
concentrations and udder health, fertility treatments and
fertility. J. Dairy Sci., 79: 838-845.
41. Aspila, P., 1991. Metabolism of selenite, selenomethionine
and feed-incorporated selenium in lactating goats and dairy
cows. J. Agric. Sci. Finland, 63: 69-74.
42. Wichtel, J.J., G.P. Keefe, J.A. van Leeuwen, E. Spangler,
M.A. McNiven and T.H. Ogilvie, 2004. The selenium status of
dairy herds in Prince Edward Island. Can. Vet. J., 45: 124-132.
43. Martino, F.A.R., M.L.F. Sanchez and A. Sanz-Medel, 2001. The
potential of double focusing-ICP-MS for studying elemental
distribution patterns in whole milk, skimmed milk and milk
whey of different milks. Analytica Chimica Acta, 442: 191-200.
44. Rodriguez, E.M.R., M.S. Alaejos and C.D. Romero, 1999.
Chemometric studies of several minerals in milks. J. Agric.
Food Chem., 47: 1520-1524.
45. Rodriguez, E.M.R., M.S. Alaejos and R.D. Romero, 2001. Mineral
concentrations in cow's milk from the Canary Island. J. Food
Compos. Anal., 14: 419-430.
46. Cava-Montesinos, P., M.L. Cervera, A. Pastor and M. de la
Guardia, 2003. Hydride generation atomic fluorescence
spectrometric determination of ultratraces of selenium and
tellurium in cow milk. Anal. Chim. Acta, 481: 291-300.
47. Cava-Montesinos, P., M.L. Cervera, A. Pastor and M. de la
Guardia, 2004. Determination of As, Sb, Se, Te and Bi in milk
by slurry sampling hydride generation atomic fluorescence
spectrometry. Talanta, 62: 173-182.
48. Cava-Montesinos, P., A. de la Guardia, C. Teutsch, M.L. Cervera
and M. de la Guardia, 2004. Speciation of selenium and
tellurium in milk by hydride generation atomic fluorescence
spectrometry. J. Anal. At. Spectrom., 19: 696-699.
49. Inam, R. and G. Somer, 2000. A direct method for the
determination of selenium and lead in cow's milk by
differential pulse stripping voltammetry. Food Chem.,
69: 345-350.
50. Murphy, J. and K.D. Cashman, 2001. Selenium content of a
range of Irish foods. Food Chem., 74: 493-498.
51. Al-Awadi, F.M. and T.S. Srikumar, 2001. Determination of
selenium concentration and its chemical forms in the milk of
Kuwaiti and non-Kuwaiti lactating mothers. J. Trace Elem. Exp.
Med., 14: 57-67.
52. Lindmark-Mansson, H., R. Fonden and H.E. Pettersson, 2003.
Composition of Swedish dairy milk. Int. Dairy J., 13: 409-425.
53. Licata, P., D. Trombetta, M. Cristani, F. Giofre, D. Martino,
M. Calo and F. Naccari, 2004. Levels of toxic and essential
metals in samples of bovine milk from various dairy farms in
Calabria, Italy. Environ. Int., 30: 1-6.

54. Givens, D.I., R. Allison, B. Cottrill and J.S. Blake, 2004.
Enhancing the selenium content of bovine milk through
alteration of the form and concentration of selenium in the
diet of the dairy cow. J. Sci. Food Agric., 84: 811-817.
55. Klapec, T., M.L. Mandic, J. Grgic, L.J. Primorac, A. Perl and
V. Krstanovic, 2004. Selenium in selected foods grown or
purchased in Eastern Croatia. Food Chem., 85: 445-452.
56. Shen, L.H., P. van Dael and H. Deelstra, 1993. Evaluation of an
in vitro method for the estimation of the selenium availability
from cow's milk. Zeitschrift Lebensmittel-Untersuchung
Forschung, 197: 342-345.
57. Aleixo, P.C. and J.A. Nobreg, 2003. Direct determination of
iron and selenium in bovine milk by graphite furnace atomic
absorption spectrometry. Food Chem., 83: 457-462.
58. Haug, A., A.T. Hostmark and O.M. Harstad, 2007. Bovine milk
in human nutrition-a review. Lipids Health Dis., Vol. 25.
10.1186/1476-511X-6-25
59. Alaejos, M.S. and C.D. Romero, 1995. Selenium concentration
in milks. Food Chem., 52: 1-18.
60. Fisher, L.J., J. Montemurro and C. Hoogendoorn, 1980. The
effect of added dietary selenium on the selenium content of
milk, urine and feces. Can. J. Anim. Sci., 60: 79-86.
61. Ivancic, Jr. J. and W.P. Weiss, 2001. Effect of dietary sulfur and
selenium concentrations on selenium balance of lactating
Holstein cows. J. Dairy Sci., 84: 225-232.
62. Thompson, K.G., A.J. Fraser, B.M. Harrop, J.A. Kirk, J. Bullians
and D.O. Cordes, 1981. Glutathione peroxidase activity and
selenium concentration in bovine blood and liver as
indicators of dietary selenium intake. N. Z. Vet. J., 29: 3-6.
63. Koller, L.D., P.J. South, J.H. Exon, G.A. Whitbeck and J. Maas,
1984. Comparison of selenium levels and glutathione
peroxidase activity in bovine whole blood. Can. J. Comp.
Med., 48: 431-433.
64. Ceballos, A., F.G. Wittwer, P.A. Contreras, E. Quiroz and
H.L. Bohmwald, 1999. Blood activity of glutathione peroxidase
and its correlation with blood selenium concentration
in grazing dairy cattle. Pesquisa Agropecuaria Brasileira,
34: 2331-2338.
65. Pavlata, L., A. Pechova and J. Illek, 2000. Direct and indirect
assessment of selenium status in cattle-a comparison. Acta
Veterinaria Brno, 69: 281-287.
66. Avissar, N., J.C. Whitin, P.Z. Allen, I.S. Palmer and H.J. Cohen,
1989. Antihuman plasma glutathione peroxidase antibodies:
Immunologic investigations to determine plasma glutathione
peroxidase protein and selenium content in plasma. Blood,
73: 318-323.
67. Zamorski, R., K. Borowska and J. Koper, 1995. Selenium, zinc
and magnesium content and glutathione peroxidase
activity in blood of humans and some animal species. Proc.
Mengen-und Spurenelementen, 15: 421-427.
68. Pilarczyk, B., D. Jankowiak, A. Tomza-Marciniak, R. Pilarczyk
and P. Sablik et al., 2012. Selenium concentration and
glutathione peroxidase (GSH-Px) activity in serum of cows at
different stages of lactation. Biol. Trace Elem. Res., 147: 91-96.

225

Int. J. Dairy Sci., 12 (3): 218-226, 2017
76. Koenig, K.M., L.M. Rode, R.D. Cohen and W.T. Buckley, 1997.
Effects of diet and chemical form of selenium on selenium
metabolism in sheep. J. Anim. Sci., 75: 817-827.
77. Behne, D., A. Kyriakopoulos, S. Scheid and H. Gessner, 1991.
Effects of chemical form and dosage on the incorporation of
selenium into tissue proteins in rats. J. Nutr., 121: 806-814.
78. Spears, J.W., 2003. Trace mineral bioavailability in ruminants.
J. Nutr. Am. Soc. Nutr. Sci., 133: 1506S-1509S.
79. Galbraith, M.L., W.R. Vorachek, C.T. Estill, P.D. Whanger,
G. Bobe, T.Z. Davis and J.A. Hall, 2016. Rumen microorganisms
decrease bioavailability of inorganic selenium supplements.
Biol. Trace Elem. Res., 171: 338-343.
80. Hall, J.A., G. Bobe, W.R. Vorachek, K. Kasper and
M.G. Traber et al., 2014. Effect of supranutritional organic
selenium supplementation on postpartum blood
micronutrients, antioxidants, metabolites and inflammation
biomarkers in selenium-replete dairy cows. Biol. Trace Elem.
Res., 161: 272-287.

69. Duffield, A.J., C.D. Thomson, K.E. Hill and S. Williams, 1999.
An estimation of selenium requirements for New Zealanders.
Am. J. Clin. Nutr., 70: 896-903.
70. Alfthan, G., A. Aro, H. Arvilommi and J.K. Huttunen, 1991.
Selenium metabolism and platelet glutathione peroxidase
activity in healthy Finnish men: Effects of selenium yeast,
selenite and selenate. Am. J. Clin. Nutr., 53: 120-125.
71. Reffett, J.K., J.W. Spears and T.T. Brown Jr., 1988. Effect of
dietary selenium on the primary and secondary immune
response in calves challenged with infectious bovine
rhinotracheitis virus. J. Nutr., 118: 229-235.
72. FDA., 1997. Food additives permitted in feed and drinking
water of animals; selenium. Federal Register, 62: 44892-44894.
73. Maus, R.W., F.A. Martz, R.L. Belyea and M.F. Weiss, 1980.
Relationship of dietary selenium to selenium in plasma and
milk from dairy cows. J. Dairy Sci., 63: 532-537.
74. Schone, F., O. Steinhofel, K. Weigel, H. Bergmann and
E. Herzog et al., 2013. Selenium in feedstuffs and rations for
dairy cows including a view of the food chain up to the
consumer. J. Verbraucherschutz Lebensmittelsicherheit,
8: 271-280.
75. Hunt, C.D. and F.H. Nielsen, 2009. Nutritional Aspects of
Minerals in Bovine and Human Milks. In: Advanced Dairy
Chemistry Volume 3: Lactose, Water, Salts and Minor
Constituents, McSweeney, P.L.H. and P.F. Fox (Eds.). Springer,
New York, USA., pp: 392-398.

226

