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Abstract: The aims of this study were to investigate whether treatments with zinc edetate (Zn) and 
diphenyl diselenide ((PhSe)2) enhance performance, immune responses, protein metabolism, and oxidant/
antioxidant status in calf serum and muscle. Animals were divided into four groups (n=6 each): control 
(without supplementation), and groups supplemented on days 50 and 70 of life with (PhSe)2, Zn, and a 
combination of (PhSe)2 and Zn. Animals treated with (PhSe)2 gained more weight by experimental day 220 
than did the control group, but there was no difference by the end of the experiment (day 300). The absolute 
number of leukocytes and lymphocytes increased in groups Zn and (PhSe)2+Zn on day 20 of experiment, 
but decreased on day 40 in groups (PhSe)2, and (PhSe)2+Zn. The number of monocytes decreased in all 
groups compared with control. One of the principal findings was that (PhSe)2+Zn together had beneficial 
effects on protein metabolism, represented by increases total protein and globulin levels, compared with 
the control group. The combination of (PhSe)2 and Zn led to low levels of TBARS and ROS in serum and 
muscle, and stimulated antioxidant enzyme activities. Thus, supplementation with (PhSe)2+Zn may be a 
compelling approach to augmenting the calf antioxidant system during weaning.
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INTRODUCTION

The breeding phase for calves, leading up to weaning, 
is a period of maximal profit for the producer, since 
this is when greatest feed conversion occurs (Silper 
et al. 2014). Farms that focus on dairy production 
sell male calves to meat producers, who fatten the 
animals for later slaughter. Normally, calves arrive 
at meat-producing farms on the first day of life, 
having consumed only colostrum. Investigators 
describe good potential for short-term weight gain 
in Holstein calves at this stage (Biondi et al. 1984).

The breeding phase begins with artificial 
feeding, where exclusive milk-based formula may 
lead to underdevelopment of the rumen (Kolb et al. 
1984). To avoid this, many producers practice early 
weaning, allowing the animal to start its life as a 
ruminant earlier, since newborn calves have similar 
digestive systems to dwarf ruminants. In addition, 
as they require nutrients for development, they 
begin to ingest solids, accelerating the development 
of the rumen and consequently digesting more 
fiber (Braga et al. 2006). However, it should be 
emphasized that the liquid diet is a pleasurable 
experience for the calf and the end of this phase 
causes physiological stress, in addition to reduction 
in dry matter consumption (12% milk dry matter 
x milk volume supplied). Energy and protein 
deficiency can cause a reduction in energy balance if 
concentrate consumption does not increase rapidly 
(Tzou et al. 1991, Davis and Drackley 1998). The 
metabolic stress related to weaning may be severe, 
causing the calves to consume their own energy 
and protein reserves, resulting in oxidative stress 
(Sundrum 2015). Oxidative stress is defined as an 
imbalance between the production and elimination 
of free radicals that can lead to cellular and tissue 
damage. This process may contribute to weight 
loss and alterations in performance (Ferreira and 
Matsubara 1997). Increases in oxidant generation 
are moderated by antioxidants such as catalase 
(CAT), superoxide dismutase (SOD) and glutathione 

peroxidase (GPx), which neutralize free radicals, 
preventing or reducing their deleterious effects on 
cells and tissues (Halliwell and Whiteman 2004).

Minerals are present in all cells and body 
tissues, where they serve a wide variety of 
functions. The concentrations of these minerals 
vary according to their requirements, and they 
are generally maintained within narrow limits for 
functional activity and tissue integrity in order 
to maintain satisfactory levels of growth, health, 
and animal productivity (Olson 2007). Among 
these micronutrients, zinc (Zn) and diphenyl 
diselenide (PhSe)2 deserve particular mention. 
During weaning, reserves of Zn and selenium in 
calves are practically nonexistent. The animal 
depends on feed and roughage to meet the high 
requirements for these minerals. However, stress 
at weaning alters basal metabolism, protein 
synthesis, and immune system function, reducing 
animal performance. Reversing or minimizing this 
situation, as well as making the animal seek food 
is important to ensure calf development (Sundrum 
2015). Selenium protects cell membranes from 
oxidative degeneration (Smith et al. 1986). Since 
the 1980s, investigators have shown that dairy cow 
diets supplemented with selenium help maintain 
the body’s defense mechanisms, including antibody 
production, cell proliferation, cytokine production, 
prostaglandin metabolism, and function of cells 
in the innate immune defense system (Smith et al. 
1986).

A recent study demonstrated the antioxidant 
potential of (PhSe)2 in improving antioxidant/
oxidant status in production animals, as observed by 
Menezes et al. (2016) in fish supplemented for 60 
days with 3 mg/kg (PhSe)2. In addition, experimental 
models of parasitic infections and liver damage 
have demonstrated the immunomodulatory and 
anti-inflammatory potential of (PhSe)2 (Stefanello 
et al. 2015, Doleski et al. 2017). Therefore, we 
believe that selenium might improve the immune 
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and antioxidant systems of calves during the pre- 
and post-weaning period. 

Zinc plays an important role in animal health, 
as it is a cofactor for several enzymes in the 
antioxidant system. In addition, Zn is involved 
in the metabolism of nucleic acids, proteins and 
carbohydrates, as well as actively participating in 
the development and normal functioning of the 
immune system (Carvalho et al. 2003, Namazu et 
al. 2008). Recent studies have demonstrated the 
antioxidant and anti-inflammatory properties of Zn 
in prevention of increased free radical production, 
improved antioxidant enzyme activity (CAT, SOD 
and GPx) and decreased production of inflammatory 
cytokines (Yin et al. 2013, Yang et al. 2015), 
corroborating our hypothesis that treatment with 
Zn improves antioxidant and immune responses 
during the nursing period. Therefore, we believe 
that these treatments, alone or in combination, can 
improve the antioxidant and immune systems of 
pre- and post-weaning calves.

The objective of this study was to evaluate 
whether injectable administration with zinc edetate 
and diphenyl diselenide in weaning calves improves 
performance, immune responses, protein and lipid 
metabolism, and oxidative/antioxidant status.

MATERIALS AND METHODS

PRODUCTS

Diphenyl diselenide (PhSe)2 (99.9%) was purchased 
from Sigma-Aldrich (St. Louis, MO, USA). 
(PhSe)2 was diluted dimethylsulfoxide (DMSO). 
Zinc edetate was purchased from Biogenesis.

ANIMALS

The experiment was conducted on a farm located 
in the city of Tunápolis, Santa Catarina, Brazil. 
Twenty-four male Holstein breed calves were 
salvaged from local dairy farms who typically 
remove males after birth. The animals used in this 

study arrived on the farm on their first day of life, 
after having ingested only colostrum during the 
first hours of life on the farm of origin. The animals 
weighed an average of 40 ± 5.2 kg at birth.

All the calves were housed in a closed shed, 
two calves per stalls, with concrete floors and 
wooden beds. They remained there until 60 days of 
life (from weaning). Then, the animals were taken 
to an open area, with collective bays and beaten dirt 
floors. The calves’ concentrate-based diet (Table I) 
contained milk replacer until 60 days of life. Hay 
and water ad libitum together with concentrate was 
also available starting on the first day of life. From 
60 days until slaughter the diet was based on 16% 
protein concentrate and corn silage. 

EXPERIMENTAL DESIGN

The animals were divided into four groups: 
(PhSe)2, Zn, (PhSe)2+Zn, and control. Each group 
had six calves at 50 days of life. The animals in the 
(PhSe)2 group received a subcutaneous injection 
of 3 µmol/kg (PhSe)2. Calves in the Zn group 
received a subcutaneous dose of 1 mg/Kg zinc 
edetate. Animals in the (PhSe)2+Zn group received 
a combination of both mineral preparations at the 
same dose and the same route of administration. 
The control group was not supplemented with 
minerals. Minerals were administered on days of 
life 50 (10 days prior to weaning) and 70 (10 days 
after weaning).  That is, there were two applications 
at 20-day intervals.

Experimental protocol was approved by the 
Animal Welfare Committee of the State University 
of Santa Catarina (UDESC), under number: 
7646040416.

WEIGHING

Animals were weighed on days of life 50, 70, 90, 
150, 210, 270 and 360 (day of slaughter) using a 
digital scale.
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TABLE I
Diet provided to animals from birth to slaughter.

Ingredients
Age of animals (day)

0 to 40 41 to 55 56 to 60 61 to 150 151 to 330
Dry matter intake/live weight (%) 3.0 3.0 3.0 2.8 2.8

Milk replacer (ml) 4000 2000 1000 - -
Commercial concentrate, 24% CP ad libitum ad libitum - - -

Commercial concentrate, 16% CP (Kg) - - ad libitum 4.0 7.0
Corn silage, whole plant (kg) - - ad libitum ad libitum ad libitum

Hay, tiffton 85 (kg) ad libitum ad libitum ad libitum - -

Concentrate
Ingredients – % of inclusion 24% 16%

Ground corn (%) 42.5 35.0
Soybean meal (%) 37.5 10.0

Wheat bran (%) 10.0 50.0
Nucleus initial - Growth (%) 10.0 -

Nucleus termination (%) - 3.0
Commercial urea (%) - 2.0

Total 100.0 100.0

* Crude protein (CP).

SAMPLE COLLECTION

Blood samples were collected on days of life 
50, 70, and 90 by jugular venipuncture. Blood 
was collected in tubes without anticoagulant, 
containing sodium citrate and EDTA. Collection 
tubes without anticoagulant were used to obtain 
serum by centrifugation at 8000 rpm for 10 
minutes, then placed in microtubes at -20ºC. Whole 
blood from tubes containing sodium citrate was 
also homogenized and transferred to microtubes 
(-20ºC). The collection tubes containing EDTA were 
used to perform the leukogram and measurement 
of glutathione peroxidase (GPx) activity in red 
blood cell (RBC) membranes. This was done by 
washing RBCs with PBS and centrifuging at 2500 
rpm three times, until only RBCs were left.  These 
were transferred to microtubes. All materials were 
labelled and stored at -20°C pending analysis.

At 360 days of age, the animals were sent 
to the slaughterhouse. The warm carcasses were 
weighed and muscle fragments were obtained and 

stored in plastic bags at -20ºC until analysis. On the 
day of analysis, muscle fragments were weighed 
and allocated into test tubes. Muscle tissue was 
homogenized in buffer containing Tris–HCl 
10 mmol, pH 7.2 to measure oxidant levels and 
antioxidant activities.

HEMATOLOGIC ANALYSIS 

Leukocyte count was obtained using a semi-
automatic cell counter (CELM model CC530). 
To obtain the white cell differential, blood smears 
were prepared and stained using a kit (Panotico 
Rápido). Subsequently, cells were identified by 
light microscopy.

BIOCHEMICAL ANALYSIS 

Serum levels of total protein (TP) and albumin were 
measured using commercially-available kits, on 
semi-automatic equipment (Bio-2000 BioPlus®). 
Globulin levels were obtained by mathematical 
calculation (total protein – albumin).  
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OXIDANT LEVELS 

Lipid peroxidation was measured as serum 
malondialdehyde (MDA) levels, by measuring 
thiobarbituric acid reactive substances (TBARS) 
(Jentzsch et al. 1996). Results were expressed as 
nanomoles malondialdehyde per milliliter of serum 
(nmol MDA/mL). Muscle lipid peroxidation was 
determined by TBARS levels, measured by the 
absorbance of red product at 532 nm according 
to the method described by Ohkawa et al. (1979). 
Values were expressed as nmol MDA/mg of protein.

Oxidation levels of 2’-7’-dichlorofluorescein 
(DCFH) were determined in serum and muscle 
homogenate as a peroxide index produced by 
cellular components according to the modified 
method of Colpo et al. (2008), in order to determine 
levels of reactive oxygen species (ROS) (Halliwell 
and Gutteridge 2007). For the assay, 10 µl samples 
were incubated with DCFH (10 µl) 1mM at 
37ºC for 1 hour in the dark. Fluorescence was 
measured using 488 nm for excitation and 520 nm 
for emission. Fluorescence measurements were 
normalized for time, values and fluorescence ratios 
(reflecting ROS levels). Results were expressed as 
U DCFH/mL of serum and tissue.

ANTIOXIDANT ENZYMES

Serum and tissue assays were used to evaluate 
activity of antioxidant enzymes superoxide 
dismutase (SOD) and catalase (CAT). SOD activity 
was determined using spectrophotometry by 
measuring inhibition of autocatalytic adenochrome 
formation (McCord and Fridovich 1969). Results 
were expressed as U SOD/mg protein. CAT activity 
was measured using the methodology described by 
Aebi (1984), which determines the rate of H2O2 
decomposition. CAT activity was expressed as 
nmol CAT/mg protein.

Glutathione peroxidase activity was determined 
in erythrocyte membranes according to the method 
described by Gunzler et al. (1974). Results were 

expressed as Ug/Hg. Muscle GPx was determined 
according to the method described by Paglia and 
Valentine (1967), in which oxidation of nicotinamide 
adenine dinucleotide phosphate (NADPH) was 
determined, and enzymatic activity was expressed 
in nmol oxidized NADPH/h/mg protein.  

NITRATE/NITRITE LEVELS 

Nitric oxide levels were determined by indirectly as 
levels of NOx (nitrate/nitrite) using a colorimetric 
reaction, considered the standard technique for 
measuring NO2 levels (Dusse et al. 2005).

STATISTICAL ANALYSIS

For each group and day of observation, all 
parameters were tested for normality using 
the Shapiro-Wilk test. Skewness, kurtosis and 
homogeneity were evaluated by the Levene test. 
Log transformation was applied when needed. 
One-way ANOVA was used to analyze all 
parameters that showed difference, comparing 
groups at each time period (day 1, day 20, and day 
40), for weight related measurements (day 1, day 
20, day 40, day 100, day 160, day 220, and day 
300). For post hoc testing, Tukey’s test was used 
accordingly. Significant difference was assumed 
if P < 0.05. The statistical analysis was performed 
using R-language, v.3.1, R Development Core 
Team 2012.

RESULTS

WEIGHT

The group treated with (PhSe)2 gained more weight 
compared with other groups on day 220 of the 
experiment (day of life 270). However, there were 
no differences among groups at the other time 
points or at the end of the experiment (Figure 1).

LEUKOGRAM

On day 20 of the experiment, animals treated with 
Zn and those treated with the combination of (PhSe)2 
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and Zn had greater numbers of total leukocytes and 
lymphocytes than did the control group. On day 40, 
the groups treated with (PhSe)2 and (PhSe)2 + Zn had 
lower numbers of total leukocytes and lymphocytes 
than did the control group. On day 40, monocyte 
levels were lower in all the treatment groups 
compared with control. There were no differences 
in neutrophil or eosinophil counts among groups at 
any evaluated time point (Table II). 

SERUM BIOCHEMISTRY 

On day 20, serum total protein levels were greater 
in the group treated with the combination of (PhSe)2 

and Zn, compared with control. On day 40, total 
protein levels were lower in the (PhSe)2 group 
compared with control. On day 40, albumin and 
globulin levels were lower in the group treated with 
(PhSe)2 compared with control. In addition, on day 
20, the combination of (PhSe)2 and Zn gave greater 
values of globulin compared with control (Table III). 

OXIDANT STATUS AND SERUM ANTIOXIDANTS 

The mineral combination group ((PhSe)2+Zn) have 
lower values of TBARS on day of life 70 (day 20 
of the experiment) compared to the other groups 
(P < 0.05). Similar, ROS levels were lower in the 
(PhSe)2 and (PhSe)2+Zn groups compared with 
control (P < 0.05, Table IV).

On days 20 and 40 of the experiment, the mineral 
combination group ((PhSe)2+Zn) caused an increase 
in whole blood SOD activity, compared with the 
other groups. On day 20 of the experiment, GPx 
activity was greater in the (PhSe)2 and (PhSe)2+Zn 
groups, as well as in all supplemented groups at day 
40, when compared to control (Table IV).

NITRATE/NITRITE 

On experiment day 40 (that is, day of life 90), 
supplemented animals had higher levels of NOx (P 
< 0.05) compared with the control group (Table II).

Figure 1 - Distribution by group of weigh in newborn calves. Each day of sampling the mean 
and standard deviation of each variable are been represented. ***P < 0.001 and represents 
significant differences between groups.  Note: day 1 of experiment correspond at day 50 of 
life.



DAIANE S. DOS SANTOS et al.	 BENEFITS OF MINERAL SUPPLEMENTATION IN CALVES

An Acad Bras Cienc (2019) 91(1)	 e20171042  7 | 12 

TABLE II
Mean and standard deviation of blood components for each group at the day 1, 20 and 40 of the experiment. Different 

letters mean significant difference between groups.

Variable
 

Days
Mean ± standard deviation

(PhSe)2 Zn (PhSe)2+Zn Control P-value

Leukocytes (x103 µL)

1 8.49±3.27 7.65 ± 3.40 7.67±2.61 9.18 ±0.68 0.77

20 9.86±0.44bc 16.08 ± 6.91a 12.84±4.30ab 7.56 ±2.37c 0.03

40 6.84±0.87c 12.89 ± 4.75ab 9.77±1.53b 15.09±4.38a 0.006

Neutrophils (x103 µL)

1 2.55±1.42 2.50 ± 1.21 2.53±1.16 2.81 ±1.59 0.98

20 3.44±0.88 5.32 ± 2.44 4.08±10.87 2.96 ±1.63 0.14

40 2.29±0.76 3.62 ± 1.44 3.58±1.32 3.98 ±1.65 0.24

Lymphocytes (x103 µL)

1 5.73±1.93 5.19 ± 2.23 4.91±1.65 5.89 ±1.37 0.81

20 5.86±1.11bc 9.69 ± 5.33a 7.96±2.95ab 3.82 ±1.13c 0.04

40 4.22±0.42c 8.50 ± 3.87ab 5.59±0.40bc 9.68 ±4.16a 0.02

Monocytes (x103 µL)

1 0.20±0.13 0.16 ± 0.06 0.20±0.12 0.42 ±0.31 0.13

20 0.51±0.39 1.02 ± 0.42 0.78±0.89 0.73 ±0.53 0.60

40 0.32±0.15b 0.76 ± 0.48b 0.60±0.58b 1.38 ±0.45a 0.01

Eosinophils (x103 µL)

1 0.04±0.05 0.04± 0.09 0.02±0.04 0.07 ±0.07 0.71

20 0.06±0.05 0.05± 0.07 0.02±0.04 0.05 ±0.08 0.75

40 0.01±0.03 0.01± 0.03 0.00±0.00 0.05 ±0.12 0.59

Note: Mean with different letters on the same line shows significant difference between groups (P < 0.05).

MUSCLE OXIDANTS/ANTIOXIDANTS 

Muscle levels of TBARS in animals treated with 
the mineral combination (PhSe)2+Zn were lower 
compared with control, while GPx activity was 
higher. Carcass yield, ROS levels, and SOD and CAT 
activities did not differ among groups (Table V).

DISCUSSION

Stress of weaning is considered critical for animal 
production, as it may compromise the calf immune 
system and delay development. An analysis of the 
productive performance in beef cattle showed that 

calf mortality from birth to weaning represented 
53.7% of the general mortality occurring in 
the herd (Alvasen et al. 2012). It is important to 
emphasize that many minerals are antioxidant 
enzyme cofactors that augment immune defense 
and promote animal health (McDonald 2002). 
Selenium participates in several processes, 
especially antioxidant and anti-inflammatory 
systems (Kim et al. 2014). In a study by Mandal et 
al. (2007), zinc supplementation improved cellular 
and humoral immune responses. Our experiment 
verified that mineral supplementation activated 
the antioxidant system, that is, it increased the 
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TABLE III
Mean and standard deviation of blood components for each group at the day 1, 20 and 40 of the experiment. Different letters mean 

significant difference between groups.

Variable Days
Mean ± standard deviation

(PhSe)2 Zn (PhSe)2+Zn Control P-value

Total protein (g/dL)
1 4.44± 0.62 4.76 ± 0.56 5.04 ±0.29 4.94±0.67 0.36
20 6.14 ± 1.01ab 5.76 ± 0.98ab 6.82 ±0.95a 5.06±0.56b 0.05
40 5.82 ± 0.6b 7.98 ± 1.24a 6.92 ±0.87ab 7.18±0.99a 0.04

Albumin (g/dL)
1 2.58± 0.68 2.62± 0.43 3.14 ±0.97 2.86±0.22 0.50
20 3.84± 0.38 3.86± 0.57c 3.14±0.71 3.40±0.46 0.14
40 3.50 ± 0.88a 2.84± 0.44ab 2.96±0.15ab 2.76±0.24b 0.05

Globulin (g/dL)
1 1.86± 1.01 2.14± 0.71 1.90±1.10 2.08±0.50 0.97
20 2.30± 1.13bc 1.90± 1.02c 3.68±0.65a 1.66±0.18c 0.05
40 2.32± 1.30b 5.14± 1.97a 3.96±0.90ab 4.42±1.06a 0.03

NOx (μM/mL)
1 20.60± 0.96 21.43± 5.85 22.69±2.47 21.85±2.07 0.80
20 22.14± 5.78 22.12± 1.36 25.92±3.31 21.20±5.52 0.21
40 22.33± 1.70b 26.27± 3.89a 27.64±3.09a 18.73±3.54b 0.03

Note: Mean with different letters on the same line shows significant difference between groups (P < 0.05).

activity of SOD and GPx. GPx is responsible for 
detoxifying harmful compounds (John et al. 2005), 
and SOD controls the formation of free radicals 
and non-radical species that are linked to oxidative 
damage (Ferreira and Matsubara 1997).

In the present study, SOD activity was 
significantly higher in the combined group ((PhSe)2 
+ Zn) compared with the other groups. This is 
probably because SOD uses zinc and selenium as 
cofactors (Vincent et al. 2007, Bianchi and Antunes 
1999). In a study of Jersey calves and crossbreeds 
(Jersey x Holstein), serum selenium increased along 
with an increase in GPx activity when selenium was 
administered directly into the abomasum (Salles et 
al. 2014). We observed an increase in glutathione 
peroxidase (GPx) activity with administration of 
selenium or combination of minerals ((PhSe)2 + 
Zn). This result may be explained by the fact that 
selenium is involved in selenoproteins such as GPx 
(Hoekstra 1975). It is well known that selenium 
potentiates the activity of selenoproteins (Ghisleni 

et al. 2003, Nogueira et al. 2003, Savegnago et al. 
2007). 

In the present study, a reduction in TBARS 
levels was observed when the two minerals 
were given together ((PhSe)2+Zn), suggesting a 
reduction in lipid peroxidation.  Zinc and selenium 
deficiencies predispose cells to oxidative stress, so 
that oxidants are not neutralized (Yatoo et al. 2013). 
The negative effects on animal health are mediated 
by damage to cells and tissues by free radicals or 
other oxidizing agents. Mineral supplementation 
can prevent oxidant stress, as has been observed 
in other studies (Castillo et al. 2006). The use of 
selenium has been much studied, but unlike most 
other essential mineral supplements, selenium has 
a narrow range between deficiency and toxicity 
(MacDonald et al. 1981, Abdelrahman and Kincaid 
1995). Studies in several animal’s species have 
shown toxic effects of selenium as (PhSe)2 (Rosa et 
al. 2007), but no observed in study current. 
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TABLE IV
Mean and standard deviation of blood components for each group at the day 1, 20 and 40 of the experiment.

Variable Days
Mean ± standard deviation

(PhSe)2 Zn (PhSe)2+Zn Control P-value

TBARS (nmol 
MDA/mL)

1 76.08± 
14.54

66.02 ± 
11.34 73.01 ±9.56 81.04±12.31 0.82

20 82.97± 
20.74a

85.28 ± 
13.49a 55.47 ±9.32b 80.42±7.70a 0.01

40 70.90± 
12.97b

59.49± 
13.30b 60.33 ±17.12b 90.02±6.32a 0.01

ROS (U DCFH/
mL)

1 8.55± 1.36 7.20 ± 3.29 9.64 ±1.14 9.79±3.07 0.33

20 7.48±1.16b 8.41± 0.31b 8.64±1.14b 13.17± 3.76a 0.002

40 9.78± 1.01b 7.77± 1.46b 9.35±1.97b 12.05±2.05a 0.01

SOD (U SOD/mg 
de protein)

1 11.48± 4.38 17.14± 8.41 17.10±12.30 13.54±7.79 0.67

20 14.74± 3.13c 21.85± 
3.24ab 24.40±4.05a 18.41±1.23b 0.01

40 16.70± 4.20b 14.70± 
3.31b 23.32±4.33a 13.58±3.90b 0.005

GPx (nmol 
NADPH 

oxidated/h/mg 
protein)

1 457.39± 
50.03

517.83± 
62.15 491.4±118.82 397.94±168.38 0.37

20 476.4± 
55.56a

292.9± 
133.06b 485.08±52.6a 245.0±100.1b <0.001

40 491.97± 
67.5ab

535.18± 
82.30a 436.80±36.7b 349.86±58.50c 0.001

Note: Mean with different letters on the same line shows significant difference between groups (P < 0.05).

The stress of weaning rapidly accelerates 
the consumption of zinc by animals. The main 
consequence of this is metabolic alteration, which 
may reduce the need for protein synthesis, damaging 
animal performance (Sundrum 2015). Our total 
protein result was due to effects on globulins: when 
zinc was used, there was an increase in the total 
protein serum level. A study by Sundrum (2015) 
showed that single-dose supplementation with 
zinc in weaning calves increased protein synthesis, 
probably because more available zinc augmented 
the immune system, specifically acute phase 
proteins and immunoglobulins.

Lymphocytes and monocytes digest antigens 
recognized as foreign threats the immune system 
(Miller and Slebodzinska 1992, Balakrishnan and 
Adams 1995). Brunetto et al. (2007) reported that 
zinc deficiency resulted in extensive damage to 
T lymphocytes due to alteration in cell synthesis, 
resulting in immunosuppression. In our study, 
there was an increase in the number of leukocytes, 
lymphocytes, and monocytes when zinc and 
selenium were administered together. Various 
immune cells and their phagocytic activities may 
be directly affected by mineral deficiency, and 
supplementation may stimulate the immune system 
(Yatoo et al. 2013).
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TABLE V
Mean and standard deviation of biochemical muscle tissue for each group at the 

slaughterhouse, carcass yield, ROS, TBARS, GPx, SOD and CAT.

Variable
Mean ± standard deviation

(PhSe)2 Zn (PhSe)2+Zn Control P-value

Carcass yield (%) 47.82 ± 4.20 51.46 ±6.67 49.36 ±0.98 49.54±2.74 0.44

ROS(U DCFH/mL) 115.66 ±19.25 93.94 ±12.89 111.50±24.59 121.52 ±17.28 0.16

TBARS (nmol MDA/mg 
of protein) 2.54±0.69cb 2.81±0.40b 2.11±0.39c 3.66±0.42b 0.01

GPx (nmol NADPH 
oxidated/h/mg protein) 9.89±3.69c 11.66±3.69bc 22.50±4.05a 16.02±4.04b 0.001

SOD (U SOD/mg de 
protein) 2.57±0.71 2.95±0.34 3.17±0.94 2.19±0.23 0.10

CAT(nmol CAT/mg 
protein) 5.97±0.97 6.42±1.59 7.66±1.96 5.87±0.72 0.20

Note: Mean with different letters on the same line shows significant difference between groups (P < 0.05).

We observed positive responses to minerals 
in muscle tissue, in the form of decreasing lipid 
peroxidation (TBARS) and augmentation of GPx 
activity. This was likely related to zinc and selenium 
acting on the cellular antioxidant system by 
decreasing free radicals (Baraboi and Shestakova 
2004). Selenium deficiency caused muscle 
degeneration, including myocardial necrosis, due 
to high levels of polyunsaturated fatty acids, mainly 
delivered via concentrate to the animals, causing 
tissue damage by free radicals (Enjalbert 2009).

CONCLUSIONS

Injectable supplementation with selenium and zinc 
in calves during the pre- and post-weaning period 
had substantial effects on the animals’ development. 
Zinc potently stimulated the immune-system while 
selenium had important anti-inflammatory action. 
When used in combination ((PhSe)2 + Zn), the 
minerals activated the cellular antioxidant system, 
reducing the harmful action of free radicals and 
stimulating the activity of various immune cells. 
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