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Effects of age and sex on blood biochemistry of Dorper lambs

Influéncia das faixas etarias e do sexo sobre variaveis bioquimicas

sanguineas de cordeiros da raca Dorper

Rebecca Espirito Santo da Cruz!*; Fernando Melo Rocha?;
Cassius Vinicius Barbosa Sena?; Pablo Gomes Noleto?;

Ednaldo Carvalho Guimaraes*; José Antonio Galo’; Antonio Vicente Mundim®

Abstract

The purpose of this study was to evaluate the physiological variations and influence of age group and
sex on biochemical variables of 32 male and female Dorper sheep at the age of 15 to 121 days. Four
blood samples were collected from each animal, at monthly intervals, totaling 128 samples. Biochemical
variables determined in each sample were total protein (TP), albumin (ALB), globulin (GLB), albumin/
globulin ratio (A/G), glucose (GLU), triglycerides (TG), total cholesterol (tCHOL), high density
cholesterol carrying lipoproteins (HDL-C), low density cholesterol carrying lipoproteins (LDL-C), very
low density cholesterol carrying lipoproteins (VLDL-C), urea, creatinine (CRE), total calcium (Ca),
ionized calcium (,Ca), phosphorus (P), calcium/phosphorus ratio (Ca/P), magnesium (Mg), sodium
(Na), potassium (K), chloride (Cl), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl transferase (GGT) and alkaline phosphatase (ALP). The results were obtained in four
moments according to age: M1 — sheep from 15 to 30 days, M2 — sheep from 45 to 61 days, M3 — sheep
from 74 to 90 days and M4 — sheep from 105 to 121 days. Comparing the values of the biochemical
variables among the four age groups studied a significant difference (p < 0.05) was observed in the
concentrations of all the variables evaluated except for Na, Cl and ALT. Sex did not influence (p >
0.05) the values of the biochemical variables analyzed. Based on the results, it is concluded that the age
groups exert a significant influence on the majority of blood biochemical variables of Dorper sheep from
15 to 121 days of age.

Key words: Blood biomarkers. Lamb. Sheep.

Resumo

Objetivou-se com o presente estudo avaliar as variacdes fisiologicas e influéncia das faixas etarias
e sexo nas varidveis bioquimicas sanguineas de 32 ovinos machos e fémeas da raga Dorper dos 15
aos 121 dias de idade. Foram realizadas quatro coletas de sangue em cada animal, em intervalos
mensais, totalizando 128 amostras. As varidveis bioquimicas determinadas em cada amostra foram
proteina total (PT), albumina (ALB), globulinas (GLOB), relagdo albumina/globulina (A/G), glicose
(GLI), triglicerides (TRI), colesterol total (CHOL)), lipoproteinas de alta densidade carreadoras de
colesterol (HDL-C), lipoproteinas de baixa densidade carreadoras de colesterol (LDL-C), lipoproteinas
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de muito baixa densidade carreadoras de colesterol (VLDL-C), ureia, creatinina (CREA), célcio total
(Ca), calcio ionizado (Ca,), fosforo (P), relagdo calcio/fosforo (Ca/P), magnésio (Mg), sodio (Na),
potassio (K), cloreto (Cl), alanina aminotransferase (ALT), aspartato aminotransferase (AST), gama
glutamiltransferase (GGT) e fosfatase alcalina (FAL). Os resultados foram obtidos em quatro momentos
de acordo com a idade: M1 — ovinos de 15 a 30 dias, M2 — ovinos de 45 a 61 dias, M3 — ovinos de 74
a 90 dias e M4 — ovinos de 105 a 121 dias. Comparados os valores das variaveis bioquimicas entre as
quatro faixas etarias estudadas observou-se diferenca significativa (p < 0,05) nas concentragdes de todas
as variaveis avaliadas com excegdo de Na, Cl e ALT. O sexo nao influenciou (p > 0,05) os valores das
variaveis bioquimicas sanguineas analisadas. Com base nos resultados conclui-se que as faixas etarias
exercem influéncia significativa na maioria das variaveis bioquimicas sanguineas de ovinos da raga

Dorper dos 15 aos 121 dias de idade.

Palavras-chave: Biomarcadores sanguineos. Cordeiros lactentes. Ovinos.

Introduction

Sheep breeding is common worldwide. A
significant increase has been observed in sheep
breeding in Brazil as a result of the numerous
advantages associated with their breeding, such as
the need for a smaller breeding area, lower food
intake, easy management, and good production
diversity, including quality meat, milk, and leather
(PEREIRA et al., 2015).

Dorper sheep emerged in South Africa in
1930; they are rustic, prolific, highly adaptable
to adverse temperatures, and have an excellent
carcass finish (SOUSA; LEITE, 2000). Due to
these characteristics, the breed was introduced
in Brazil in 1998 (CARVALHO et al., 2001).
With the intensification of production systems,
sheep breeding necessitates the use of a variety of
diagnostic methods owing to the higher incidence
of metabolic diseases (PEREIRA et al., 2015).

Blood biochemistry is an essential diagnostic
tool in the investigation of sheep diseases (BRAUN
et al., 2010). Several factors have been described
as possible causes of significant changes in the
blood biochemistry of sheep (MEIRA JUNIOR et
al., 2009). The blood biochemical profile may be
influenced by age, sex, nutrition, breed, species, and
environmental conditions (LIMA et al., 2015), as
animals with different physiological and behavioral
characteristics have different nutritional, energy,
and metabolic requirements, which are reflected
in their biochemical profiles (MADUREIRA et al.,

2013). This subject inspired several researchers to
establish reference intervals for sheep of different
breeds, regions, and management systems.

Studies of the blood biochemistry of pure Dorper
sheep in growth phase are rare in the literature.
Available references include Madureira et al. (2013)
and Souzaetal. (2016); they determined the reference
values for this breed and verified the influence of the
factors of age and sex. According to Madureira et al.
(2013), physiological variation is important for the
interpretation of laboratory findings; in conjunction
with the physical examination of the patient, it is
possible to establish the diagnosis and prognosis of
the primary diseases that affect sheep. On the basis
of this information, the purpose of this study was to
evaluate the physiological variations and influences
of age groups and sex on the blood biochemistry
of prepubescent Dorper lambs aged 15 to 121 days.

Materials and Methods

The present study was approved by the Ethics
Committee on Animal Use of the Universidade
Federal de Uberlandia (CEUA/UFU) according
to opinion 055/09. The study was conducted from
February to July using 32 pure Dorper sheep (13
males and 19 females) aged 15 to 121 days, bred
at Cabanha Ovinos do Sena, municipality of
Uberlandia, MG. The facility is at latitude 18°54°41”
South, longitude 48°15°44” West, and at an altitude
of 843 m. The region has a tropical altitude climate
with a dry season.
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The sheep remained housed in collective pens
from the age of 15 to 90 days, with controlled
nursing at 9:00 a.m. and at 3:00 p.m., and received a
corn, soybean, mineral salt, and hay based balanced
diet in a trough. After the age of 90 days, already
weaned, they were separated by sex, housed in pens
with a maximum of 4 animals per pen, and received
the same balanced diet with a higher percentage
of hay; there was no food deprivation. During the
experiment, the animals also received 3 doses of a
vaccine against clostridiosis at monthly intervals
from the age of 15 days.

Four blood samples were collected from the 32
animals from the age of 15 days. Samples were
collected at monthly intervals in the afternoons at
approximately 2:00 p.m., before the second milk
feeding; 128 total samples were collected. Two
blood samples were collected from each animal
at each sampling time by venipuncture of the
external jugular vein, one of 3 mL in a tube without
anticoagulant to obtain serum, and another of 2 mL
in a tube containing EDTA and sodium fluoride to
obtain plasma and for determination of glycemia.

After collection, the samples were sent to
the Veterinary Clinical Laboratory of UFU in
isothermal boxes containing recyclable ice, where
they were centrifuged at 720 x g for 6 minutes.
The serum and plasma samples obtained were
transferred to microtubes of 1,5 mL (Eppendorf);
the plasma glycemia was determined on the same
day of collection, and the serum biochemical
analyses were processed within a maximum of 24
hours after collection. The biochemical analyses
were conducted in a Chemwell automatic analyzer,
previously calibrated (Calibra H) and gauged with
control serum (Qualitrol 1) at 37 °C using Labtest
Diagnostica® kits.

The glucose concentrations (GLU) of the plasma
samples were determined using the enzymatic
method (God trinder). In the serum samples, the
concentrations were determined for total protein (TP)
(biuret method); albumin (ALB) (bromocresol green

method); triglycerides (TG) and total cholesterol
(,CHOL) (Trinder enzymatic method); high density
cholesterol-carrying lipoproteins (HDL-C) (Trinder
enzymatic method after selective precipitation of
the low density cholesterol-carrying lipoproteins
(LDL-C) and very low density cholesterol-carrying
lipoproteins (VLDL-C); urea (UV enzymatic kinetic
method); creatinine (CRE) (modified Jaffe method);
total calcium (Ca) (cresolphthalein complexone
method); phosphorus (P) (UV kinetic method);
and magnesium (Mg) (Magon sulfonate method);
as well as the activities of the gamma-glutamyl
transferase (GGT) (modified Szasz method), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), and alkaline phosphatase (ALP) enzymes
(UV kinetic method, International Federation of
Clinical Chemistry). The serum concentrations of
the sodium (Na), potassium (K), and chlorine (CI)
electrolytes were determined by the ion-selective
electrode method in the EasyLyte® Plus analyzer
previously gauged with control serum (Control
Lab). The values of the globulins (GLB = TP —
ALB); the albumin/globulin ratio (A/G); and the
calcium/phosphorus ratio (Ca/P) were determined.
Ionized calcium (,Ca) was calculated according to
the equation provided by the kit manufacturer: Ca,
=6 x Ca—[ALB + (0.19 x TP) / 3] / ALB + (0.19
x TP) + 6. The equation of Friedewald et al. (1972)
was used for the calculation of serum concentrations
of LDL-C and VLDL-C.

The results obtained were presented in four
different moments (M) according to age. Ml
lasted from 15 to 30 days of age and comprised the
neonatal lamb phase. M2 lasted from 45 to 61 days
and comprised the suckling lamb phase. M3 lasted
from 74 to 90 days and comprised the late suckling
lamb phase, and M4 lasted from 105 to 121 days
and comprised the weaned lamb phase.

The Action tool (http://www.portalaction.com.
br/) was used for statistical analysis and the data were
presented as medians and percentiles. The variables
were subjected to the Shapiro-Wilk normality test,
which revealed non-Gaussian distribution; thus,
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non-parametric analysis was used. The comparison
of the values between the age groups and sexes was
conducted using the Kruskal-Wallis test; a p-value
< 0.05 was considered significant.

Table 1. The median (Md) and percentile (P25 — P75) values

Results and Discussion

The median and percentile values and the
results of the statistical analysis of the biochemical
variables determined in Dorper sheep aged 15 to
121 days are shown in Tables 1 and 2.

of blood proteins, metabolites, and lipoproteins in Dorper

sheep (n = 32) according to age. Sheep were bred in Uberlandia, Minas Gerais, Brazil.

Biochemical Moment 1 Moment 2 Moment 3 M(T(;lse Itl(: 4 G(T;etl;)al
variables (15to 30 days) (45to 61 days) (74 to 90 days) 121 days) 121 days)
TP Md 6.00a 5.85ab 5.40bc 5.00c 5.60
(gdL™) P25-P75 (5.80-6.30) (5.50-6.20) (5.30-5.90) (4.50-5.50) (5.30-6.00)
ALB Md 2.70ab 3.00a 2.40c 2.50bc 2.60
(gdL™) P25-P75 (2.60-2.80) (2.42-3.20) (2.30-2.50) (2.30-2.70) (2.40-2.80)
GLB Md 3.30a 2.80b 3.10ab 2.60b 3.00
(gdL™) P25-P75 (3.10-3.60) (2.50-3.20) (2.82-3.50) (2.12-2.90) (2.60-3.30)
A/G Md 0.82b 1.06a 0.71b 0.97a 0.90
ratio P25-P75 (0.74-0.89) (0.78-1.21) (0.69-0.85) (0.91-1.09) (0.72-1.04)
GLU Md 85.40a 78.60a 65.60b 52.10b 69.60
(mg dL) P25-P75 (80.85-98.75) (73.85-82.00)  (60.22-69.40)  (48.50-59.05) (58.80-81.40)
TG Md 120.80a 26.90b 26.35b 31.05b 32.60
(mg dL-1) P25-P75 (88.95-175.30)  (21.57-36.02)  (19.30-35.82)  (18.42-51.10) (21.80-59.00)
CHOL Md 132.80a 52.10b 40.30c 57.30b 55.60
(mg dL) P25-P75  (117.85-161.05)  (45.52-59.00)  (35.50-48.00)  (46.82-70.55) (43.00-101.80)
HDL-C Md 60.40a 16.55b 15.20b 17.55b 17.60
(mg dL) P25-P75 (46.50-71.80) (14.87-19.10)  (13.60-17.60)  (15.55-20.07)  (15.20-23.20)
LDL-C Md 41.80a 28.55b 21.35¢ 30.15ab 29.30
(mg dL-1) P25-P75 (31.75-56.35) (23.10-34.90)  (16.20-25.25) (19.50-48.67)  (21.30-41.70)
VLDL-C Md 24.10a 5.40b 5.25b 6.25b 6.50
(mg dL™") P25-P75 (17.80-35.05) (4.30-7.20) (3.90-7.17) (3.65-10.27) (4.40-12.40)
UREA Md 40.50a 59.10a 32.30b 28.75b 38.80
(mg dL™") P25-P75 (36.05-56.05) (41.62-76.85)  (23.32-39.97)  (19.40-36.42) (28.30-52.70)
CRE Md 1.10a 1.10a 0.90b 0.90b 1.00
(mg dL™) P25-P75 (0.90-1.20) (1.00-1.30) (0.80-1.00) (0.86-1.00) (0.90-1.10)

(a, b, ¢) Median values followed by different lower-case letters in the same line indicate significant differences between age groups

(p < 0.05).

Protein and metabolite values of the sheep in the
present study were compared with those available
in the literature; the values of TP, ALB, and GLB
remained within the intervals reported in previous
studies (ROUBIES et al., 2006; LEPHERD et al.,
2009; MEIRA JUNIOR et al., 2009; MADUREIRA
et al., 2013; SOUZA et al., 2014; CARLOS et al.,
2015; STEVANOVIC et al., 2015). The GLU, TG,

and CHOL values remained within the intervals
obtained by Carlos et al. (2015); the HDL-C,
LDL-C, and VLDL-C values were close to the
values of Sitmo (2014), and the CRE and urea
values were within the intervals cited by other
researchers (MADUREIRA et al., 2013; SITMO,
2014; CARLOS et al., 2015; LIMA et al., 2015).
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Comparing the values of the biochemical
variables among the four age groups studied (Table
1), significant differences (p < 0.05) were observed
in the protein and metabolite concentrations
evaluated. The TP and GLB concentrations were
higher (p < 0.05) in M1, while those of ALB were

higher (p < 0.05) in M2. The higher values of TP
and GLB in lambs in M1 may be explained by the
intake of immunoglobulins through colostrum,
which contributed to the high levels of total proteins
and globulins in the blood serum (RAMOS et al.,
1994).

Table 2. The median (Md) and percentile (P25 — P75) values of serum minerals, electrolytes, and enzymes in Dorper
sheep (n = 32) according to age group. Sheep were bred in Uberlandia, Minas Gerais, Brazil.

Biochemical Moment 1 Moment 2 Moment 3 Moment 4 General
variables (15 to 30 days) (45 to 61 days) (74 t0 90 days) (105 to 121 days) (15 to 121 days)
Ca Md 12.60a 11.50b 10.05¢ 10.00c 10.80
(mg dL) P25-P75 (11.90-13.00) (10.65-12.12) (9.30-10.52) (9.47-10.32) (9.90-12.10)
Ca Md 7.48a 6.23b 5.68¢ 5.56¢ 6.11
(mg dL") P25-P75 (7.15-7.80) (5.96-6.68) (5.52-6.06) (4.84-6.05) (5.59-7.00)
P Md 9.00a 9.25a 8.80a 7.35b 8.80
(mg dL) P25-P75 (8.70-9.50) (8.78-9.95) (8.27-9.20) (6.42-7.80) (7.80-9.30)
Ca/P Md 1.41a 1.24b 1.15¢ 1.27b 1.24
ratio P25-P75 (1.29-1.43) (1.18-1.31) (1.09-1.18) (1.20-1.46) (1.16-1.38)
Mg Md 2.40b 3.20a 3.20a 3.05a 3.00
(mg dL") P25-P75 (2.20-2.75) (2.90-3.57) (2.90-3.62) (2.80-3.40) (2.60-3.40)
Na Md 148.60a 143.40a 148.00a 147.00a 147.80
(mEq L) P25-P75 (146.55-151.40)  (139.60-148.85)  (147.15-151.47) (144.10-153.17)  (144.40-151.10)
K Md 4.99b 4.98b 5.67a 5.63a 5.17
(mEq L") P25-P75 4.77-5.17) (4.56-5.15) (5.17-6.33) (5.10-6.42) (4.81-5.67)
Cl Md 110.60a 108.40a 108.55a 110.00a 109.40
(mEq L") P25-P75  (105.40-113-85)  (105.80-111.05)  (106.75-112-77)  (106.42-111.65)  (106.20-112.30)
ALT Md 15.00a 16.50a 14.50a 16.00a 16.00
(ULYH P25-P75 (12.00-17.00) (13.00-18.25) 12.75-19.25) (14.00-19.50) (13.00-19.00)
AST Md 49.00b 134.50a 118.00a 136.50a 125.00
(ULY P25-P75 (44.50-57.00) (123.37-145-75)  (105.50-131.25)  (129.00-148.75) (91.00-138.00)
GGT Md 69.30a 45.70b 35.00c 35.95¢ 42.50
(UL P25-P75 (52.60-87.40) (36.82-52.37) (32.00-39.82) (32.35-42.40) (34.90-57.50)
ALP Md 503.60a 583.55a 134.10b 161.70b 275.40
(ULYH P25-P75 (443.80-614.00)  (522.27-672.27)  (118.37-165.62)  (134.25-189.52)  (148.90-562.50)

(a, b, ¢) Median values followed by different lower-case letters in the same line indicate significant differences between age groups

(p < 0.05).

Delfino et al. (2014) studied calves and observed
significantly higher values of TP and GLB in
younger animals; the difference was attributed to the
absorption of immunoglobulins due to the ingestion
of colostrum. The increased serum concentrations of
TP and GLB may also be attributed to the response
to the vaccine challenge of the animals in this study.
The concentration of TP is low at birth and rapidly
increases after ingestion of colostrum (LOSTE et

al., 2008; MEIRA JUNIOR et al., 2009). Souza et
al. (2014) observed an increase in TP concentration
in lambs in response to the significant increase of
GLB contents and to the slight decrease in ALB
concentration after ingestion of colostrum.

The higher values of ALB in younger animals
are consistent with the findings of Piccione et al.
(2013), who observed the increase in albumin
from the third week of life, after which the liver
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is responsible for the synthesis of albumin. They
also corroborated the findings of Silva et al. (2010),
who reported variations in TP, ALB, and GLB with
age and attributed these changes to the ingestion
of colostrum after birth, ingestion of nitrogen
compounds, and the active endogenous production
of
challenges and vaccine responses. According to
Meira Junior et al. (2009), higher serum values of
albumin are observed in younger animals in growth
phases with higher metabolic demands, such as
the animals in M2 of the present study. The higher
value of the A/G ratio (p < 0.05) in animals in M2
and M4 resulted from the lower concentrations of

immunoglobulins due to environmental

serum globulins in these age groups.

The higher concentrations of GLU (p < 0.05) in
younger animals (M1 and M2) are consistent with
the findings of Souza et al. (2014), who attributed
this increase to breastfeeding, as the consumption
of nutrients
interferes with the absorption and metabolism of
carbohydrates. According to Braun et al. (2010),
increased GLU concentrations in new lambs may
also be due to stress. According to Gregory et al.
(2009), and the observations in the present study,
the higher concentrations of GLU in younger
animals show that milk is an important source of
energy for newborns, and the quantity of milk in the
diet reduces with age due to modification of food
and energy metabolism of non-suckling animals.

through breastfeeding directly

The higher concentrations of TG, CHOL,
HDL-C, LDL-C, and VLDL-C (p < 0.05) in M1
lambs are due to the milk-based diet. As stated by
Ramos et al. (1994), the accumulation of fat is higher
in younger animals; as the animal matures, there is
a progressive reduction of serum cholesterol due to
the change in diet. The primary source of energy
in milk is in the form of lipids; consequently, lipid
levels increase, especially CHOL (GREGORY et
al., 2009). Souza et al. (2014) observed significant
increases in TG and CHOL concentrations in lambs
after ingestion of colostrum. Similarly, Bennis et
al. (1992) also observed significant increases in

TG and CHOL concentrations in newborn kids
after colostrum ingestion. As the lambs in this
study aged, there were significant reductions in
the concentrations of CHOL and HDL-C, which
concurred with the results of Eshratkhah et al.
(2010).

The higher concentrations of urea (p < 0.05) in
the younger sheep of the present study (M1 and
M2) are attributed to the higher consumption and
breakdown of proteins in this phase of life, as lambs
have an intense protein metabolism to meet growth
requirements. Urea is a metabolite involved in the
excretion of nitrogen; thus, it may change according
to the protein content of the diet (CONTI et al.,
2015).

The observation of higher CRE concentrations
(p < 0.05) in M1 and M2 contradicts Lima et al.
(2015), who observed an age-related creatinine
increase in sheep due to the higher muscle mass.
The higher CRE values in sheep aged up to 61 days
in this study are attributed to the higher demand for
phosphocreatine for muscle mass gain; creatinine
is formed by the breakdown of phosphocreatine for
the release of energy in skeletal muscle (CARLOS
et al., 2015).

Comparing the values of minerals of the lambs
of the present study with those in the literature, it
was observed that the serum concentrations of Ca
and P remained within the values cited by other
researchers (ROUBIES et al., 2006; LEPHERD et
al.,2009; STEVANOVICetal.,2015), and the values
of Mg were compatible with the values reported by
Roubies et al. (2006) and Lepherd et al. (2009). The
electrolytes Na, K, and CI presented values similar
to those observed in previous studies (GARDNER,
1973; LEPHERD et al., 2009; SITMO, 2014).

Comparing the values of minerals and
electrolytes among the four age groups studied
(Table 2), the effect of age (p < 0.05) was observed
in all elements evaluated except Na and CL
According to Stevanovic et al. (2015), nutrition,

quality of the pasture, and soil have significant
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effects on the serum concentrations of minerals.
The higher values of Ca, Ca, and the Ca/P ratio (p
< 0.05) in M1 lambs, and that of P in M1, M2, and
M3 lambs, are because they are suckling animals
and are in a growth phase with intense osteoblast
activity (KANEKO et al., 2008).

According to Gomide et al. (2004), the higher
concentrations of Ca and P in young animals are
because growing animals have more efficient
absorption of minerals due to the high rate of bone
development, higher renal reabsorption, and bone
mobilization.

According to Lepherd et al. (2009), growing
animals present higher serum concentrations of
phosphorus. The concentration of P in the sheep of
the present study was above the reference values
cited by Kaneko et al. (2008); it may be due to the
young age of the sheep, as young animals absorb
minerals more efficiently in the gastrointestinal
tract due to the action of growth hormone and bone
development (VICENTE et al., 2014; SOUZA et
al., 2016). The variations observed for the Ca/P
ratio among the age groups studied were a result of
the changes in the concentrations of Ca and P during
the growth phase.

The lower concentration of Mg (p < 0.05) in
younger animals (M1) is attributed to diet; during
the M1, the diet mostly included milk, which is
poor in Mg (TOKARNIA et al., 2010). As stated by
Souza et al. (2016), sheep primarily fed on fodder
have Mg concentrations higher than younger sheep
whose diets consist almost exclusively of breast
milk.

The higher concentration of K (p < 0.05) in sheep
in M3 and M4, aged more than 74 days, is attributed
to the higher amount of K in the diet, as these sheep
ate more concentrate.

Regarding enzymes, the values of ALT remained
within the intervals cited by Ramos et al. (1994) and
Sitmo (2014), and the values of AST were compatible
with those cited in previous studies (RAMOS et al.,

1994; KANEKO et al., 2008; LEPHERD et al.,
2009; MEIRA JUNIOR et al., 2009; MADUREIRA
et al., 2013; SITMO, 2014; SOUZA et al., 2014;
LIMA etal.,2015; STEVANOVIC et al., 2015). The
values of GGT were also similar to those in previous
studies (ROUBIES et al., 2006; KANEKO et al.,
2008; LEPHERD et al., 2009; MEIRA JUNIOR
et al., 2009; STEVANOVIC et al., 2015); and the
values of ALP were similar to those of Kaneko et
al. (2008), Lepherd et al. (2009), Madureira et al.
(2013), and Sitmo (2014).

When enzyme values among the four moments
were compared, a significant difference (p < 0.05)
was observed in AST, GGT, and ALP. The higher
values of AST (p < 0.05) in M2, M3, and M4 were
attributed to greater muscle mass and metabolic
activity. These results are consistent with those of
Meira Junior et al. (2009), who observed the gradual
increase of this enzyme with age.

The higher concentrations of GGT (p < 0.05) in
M1 and the gradual reduction after 45 days are due
to the high quantity of the enzyme ingested in the
colostrum. This finding corroborates with those of
Ramos et al. (1994), who observed higher serum
activity of GGT in young sheep, which decreased
with age, and with those of Delfino et al. (2014), who
observed higher values of GGT in newborn calves
and attributed them to higher absorption through
ingested colostrum, which has high concentrations
of the enzyme.

The higher activity of ALP (p < 0.05) in sheep
in M1 and M2, with reduction from 74 days old,
corroborates the findings of Madureira et al. (2013),
who detected higher values of this enzyme in
younger animals. As stated by Kaneko et al. (2008),
this is due to the high quantity of bone isoenzymes
released into the bloodstream in animals in the
growth phase. Gonzalez and Silva (2003) stated
that the serum concentration of ALP is two to three
times higher in young animals, which, according
to Thrall et al. (2007), is due to intense osteoblast
activity during the growth period.
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The sex of the animal did not influence the
biochemical variables of the sheep in this study (p
> 0.05), corroborating the findings of Souza et al.
(2016) and Eshratkhah et al. (2010), and differing
from those of other researchers (MEIRA JUNIOR
et al., 2009; TELEB et al., 2009; MADUREIRA
et al., 2013; SITMO, 2014; CARLOS et al., 2015;
LIMA et al., 2015). All animals in this study were
prepubescent.

Conclusions

On the basis of the results, it is concluded that
age exerts a significant influence on the values of
most biochemical variables of Dorper sheep aged 15
to 121 days, and that there is no difference between
males and females.
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