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Abstract
Studies of the changes in serum protein pattern in the neonatal period in animals are still limited. 

Therefore, the objective of this study was to evaluate the changes in the concentrations of serum 
protein fractions in 7 clinically healthy merino lambs (4 males, 3 females) during their first month 
of life. The first blood sampling was performed before the colostrum intake and then at 1, 2, 7, 14 
and 30 days of age. Blood serum was analysed for total serum protein concentrations and for the 
relative and absolute values of serum protein fractions - albumin, alpha1- (α1), alpha2- (α2), beta- 
(β), and gamma- (γ) globulins. The results showed a significant effect of age on the serum total 
protein concentrations and for all the protein fractions. The concentrations of total proteins and 
γ-globulins increased significantly 1 day after the colostrum intake (P < 0.001); then decreased 
gradually till the end of the 1st month. An opposite trend was observed in the concentrations 
of albumin.  A significant decrease of values was found 1 day after the intake of colostrum  
(P < 0.001) with a subsequent progressive increase of values till the end of the evaluated period. 
The relative concentrations of α1-globulins significantly decreased during the first month of life 
(P < 0.001). On the other hand, the relative values of α2- and β-globulins increased significantly 
from birth till the end of the monitored period (P < 0.001). Our results suggest that the serum 
protein electrophoretic pattern in growing lambs is significantly influenced by the age of the 
evaluated animal, and this should be taken into consideration when interpreting the serum protein 
profile. Our findings extend existing knowledge about significant changes in the protein profile 
associated with the physiological adaptation process in the neonatal period in young animals.      

Small ruminants, neonatal period, colostrum, nutrition, protein fractions                        

The total protein content of serum is made up of a large number of individual proteins, 
and diagnostic information can be obtained by the evaluation of changes in the total serum 
protein concentrations or in different protein fractions (Eckersall 2008). Because the 
total proteins represent the sum of albumin and globulins, it is more important to know 
which protein fraction is altered. Valuable diagnostic information can be obtained using 
electrophoresis to fractionate serum proteins and determine the concentrations of major 
protein fractions (Tietz et al. 1994). Changes in serum proteins can be indicative of health 
problems and may provide important diagnostic information to clinicians in confirming the 
diagnosis of various abnormalities and diseases.      

Serum protein electrophoresis is a very important laboratory technique for the diagnosis 
of a wide variety of disorders and diseases, including paraproteinaemias, immune 
deficiency, various protein abnormalities, and for the determination of the underlying 
nature of hyperproteinaemia or hyperglobulinaemia (Keren et al. 1999). Many diseases are 
associated with subtle or more marked alterations in the serum protein pattern. Variations in 
the serum protein profile and in the concentrations of protein fractions may occur not only 
under pathological, but also under physiological conditions (Weaver et al. 2000; Janku 
et al. 2011). Several studies have confirmed that in young animals, changes in nutrition, 
body growth, and development, are accompanied by dynamic changes in many indices of 
haematological, mineral, enzymatic, energy, and other profiles, including serum protein 
profile (Egli and Blum 1998; Mohri et al. 2007; Piccione et al. 2009). Most of these 
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studies were performed in young calves. Some authors studied the acid-base balance in 
lambs and goat kids during the first week of life in order to provide useful information for 
the diagnosis and treatment of some neonatal diseases (Piccione et al. 2006). However, 
studies dealing with changes in the serum protein pattern and in concentrations of protein 
fractions in lambs during the period after birth are still limited. Seeing that this is the most 
vulnerable period in the life of any animal, the objective of this study was to evaluate the 
influence of age, growth and development on the serum protein profile and changes in the 
concentrations of serum protein fractions in clinically healthy lambs during the first month 
of life.    

Materials and Methods 

Seven merino lambs born at the Clinic for Ruminants were used in this study. The lambs were born with a 
mean birth weight of 3.4 ± 0.2 kg and reached a mean body weight of 9.3 ± 0.2 kg at the end of the 1st month of 
life. Within 30 min after birth, a “zero” blood sample was collected; subsequently, lambs were fed colostrum. 
During the first days of life the lambs were fed colostrum, and later mature milk. During the study, the lambs 
were allowed to suck freely on their dams and were housed together with their mothers. The animals had free 
access to water, hay and concentrates. The lambs were observed daily. All animals were clinically healthy and in 
a good general health condition without any obvious clinical signs of diseases during the time of the study. The 
first blood sampling in the lambs was performed before the colostrum intake (day 0) and then at 1, 2, 7, 14, and 
30 days (d) of age. Blood was collected by direct puncture of v. jugularis into tubes with serum cloth activator 
(Meus, Piove di Sacco, Italy). Blood samples were allowed to clot at room temperature, and then centrifuged at 
3000 × g for 30 min to separate serum. The harvested blood serum was dispensed into plastic tubes, and stored 
at -20 °C until analysed.     

Blood serum was analysed for the concentrations of total proteins (TP, g/l), and serum protein fractions. Total 
protein concentrations were assessed on an automated biochemical analyser Alizé (Lisabio, France) by the biuret 
method using commercial diagnostic kits (Randox, United Kingdom). Serum protein fractions were separated by 
zone electrophoresis on a buffered agarose gel at pH 8.8 on an automated electrophoresis system Hydrasys (Sebia 
Corporate, France) using commercial diagnostic kits Hydragel 7 Proteine (Sebia Corporate, France) according 
to the procedure described by the manufacturer. The electrophoretic gels were scanned, and the serum protein 
fractions were visualised and displayed on densitometry system Epson Perfection V700 (Epson America Inc., 
California, USA) by light transmission and automatic convertion into an optical density curve presentation. 
Protein fractions were identified and quantified by computer software Phoresis version 5.50 (Sebia Corporate, 
France), and where necessary, corrected by visual inspection of the electrophoretogram. 

Serum proteins were separated into the following fractions in the order of the fastest to the slowest mobilities: 
albumin (Alb), alpha1 (α1) -, alpha2 (α2) -, beta (β) -, and gamma (γ) -globulins. Relative concentrations (%) of the 
protein fractions were determined as the percentage of optical absorbance, and absolute concentrations (g/l) were 
calculated from the total serum protein concentrations. Albumin : globulin ratios (A/G) were computed from the 
electrophoretic scan.   

Arithmetic means (x) and standard deviations (SD) expressed as relative and absolute concentrations for each 
evaluated variable and sample collection were calculated using descriptive statistical procedures. The effect of 
age on changes of the evaluated indices during the whole monitored period was examined by non-parametric 
Friedman’s rank sum test. Significance of differences in values between the sample collections were evaluated 
by Dunn’s Multiple Comparisons Test. All statistical analyses were carried out using the GraphPad Prism V5.02 
programme (GraphPad Software Inc., California, USA). 

Results

Serum protein electrophoresis identified five distinct bands in the lambs, comprising 
albumin, two α-globulin (α1 and α2), β-globulin and γ-globulin fractions (Table 1). Albumin 
was the most prominent protein fraction, constituting on average 69.1% of total serum 
proteins at birth. Its relative concentrations decreased significantly 1 day after colostrum 
intake (P < 0.001). From the 2nd day till the end of the first month of life, a gradual increase 
of the values was observed. These changes during the evaluated period were significant 
(P < 0.001). Sampling time had a significant effect on the relative concentrations of α1-
globulins (P < 0.001). Their values gradually decreased significantly from birth up to day 
30 of life. An opposite trend of significantly increasing values was observed in the relative 
concentrations of α2-globulins (P < 0.001). An increase of α2-globulins was found from 
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day 2 after birth with significantly the highest values in 
lambs at the age of 14 and 30 days compared to values 
measured at birth (P < 0.001). Significant age-related 
changes were also found for β-globulins (P < 0.001). 
The lowest mean relative concentration was found at 
birth. The values recorded from the 1st day of life were 
markedly higher with significantly the highest relative 
concentration on day 30. A significant effect of age was 
found also in the relative concentrations of γ-globulins 
(P < 0.001). At birth, the mean relative concentration of 
this protein fraction was 2.6%, increasing significantly 1 
day after colostrum intake (P < 0.001). From the 2nd day 
of life, a gradual decrease of their concentrations was 
found till the end of the first month of life. 

Concentrations of total proteins in relation to the 
age of the lambs showed significant changes during 
the first month of life (Table 2, P < 0.001). The lowest 
concentration of TP was observed at birth with a 
subsequent significant increase of values 1 d after 
colostrum intake (P < 0.001). In the following days 
the values were lower and relatively stable until the 
end of the evaluated period. Significant changes during 
the evaluated time were found in the concentrations 
of albumin (P < 0.001). During the first 2 days of life, 
the values were relatively stable. On the 7th day of 
life, a marked increase of albumin concentrations was 
observed with a further significant increase of values 
till the end of the first month. The age of lambs had 
a  significant effect on the absolute concentrations of  
α1-globulins (P < 0.001). The highest mean values were 
found on the 1st day of life. From the 2nd day of life, 
a gradual decrease of their values was observed till the 
end of the evaluated period. Significant changes were 
found also in the absolute concentrations of α2-globulins 
(P < 0.001). The lowest mean value was recorded 
at birth. A  more marked increase of their values was 
recorded from day 1 after birth. Concentrations of 
β-globulins increased significantly with advanced age 
(P < 0.001). Age had a  significant effect also on the 
concentrations of γ-globulins (P < 0.001). Their lowest 
mean value was found at birth. One day after colostrum 
intake, their concentrations increased significantly  

(P < 0.001), with a subsequent significant decrease till the end of the first month of life. 
The A/G ratios also showed significant changes during the evaluated period (P < 0.001). 
The highest mean value was recorded at birth, and the lowest on the first day after birth.              

Discussion

The period after birth represents the most critical time in lamb rearing, during which 
the development of physiological functions necessary to adapt to life outside the uterus 
take place. Newborns are in a metabolically unstable condition accompanied by intense 
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morphological, functional, and biochemical 
changes (Dwyer 2008). It is very important 
to know the physiological serum protein 
electrophoretic pattern and the values of 
different protein fractions in animals, in order 
to be able to distinguish them from pathological 
conditions. In this respect, it is also important 
to know the possible variations in the serum 
protein profile during the neonatal period.          

Our results obtained in lambs during 
the first month of life showed a  significant 
effect of age on the concentrations of total 
serum proteins and the values of all protein 
fractions. The low concentration of total 
serum proteins observed at birth was followed 
by its marked increase after colostrum intake. 
Hammon et al. (2002) reported that at birth, 
serum protein concentrations of most animals 
are quite low due to minimal quantities of 
immunoglobulins. The increase in their 
values during the first 24 h of life reflects the 
intestinal absorption of proteins (particularly 
immunoglobulins) from colostrum due to 
enhanced intestinal permeability. Piccione 
et al. (2013) found also in lambs the highest 
total protein concentrations on the first day 
of life with a  decrease on day 4, and then 
a progressive increase until the end of the first 
month of life. Our results showed relatively 
stable values of total proteins from day 7 
of life until the end of the first month. This 
change was probably due to the degradation 
of colostral immunoglobulins (Mohri  et 
al. 2007). In concentrations of albumin, 
a progressive increase of their values during 
the development from birth was seen in calves 
(Ježek et al. 2006). According to Davis  et 
al. (1998), the increase of albumin with age 
is a physiological phenomenon, and higher 
concentrations of albumin in young and 
growing animals help to maintain metabolic 
balance. Our results showed relatively stable 

absolute concentrations of albumin in lambs during the first 2 days of life with a 
progressive increase from the 7th day till the end of the first month of life. Piccione 
et al. (2013) found in lambs the highest albumin concentrations on the first day of life. 
Its concentrations decreased during the first 2 weeks of life and started to increase with 
the beginning of the 3rd week until the end of the first month of life. A similar trend 
was observed by Piccione et al. (2011) in goat kids. For the relative concentrations of 
albumin, the highest peak was observed after birth, followed by a marked decrease 1 
day after colostrum intake and an increase from day 2 after birth. According to Thomas 
(2000), this pattern is caused by changing globulin concentrations during development 
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(higher relative concentrations of albumin and lower relative concentrations of 
γ-globulins in very young animals).    

Significant age related variations were found for relative concentrations of α1-
globulins, with the highest values at birth. Their values decreased gradually till the 
end of the first month of life. Similar findings were reported by Szewczuk et al. 
(2011) in calves, who found higher concentrations of α-globulins on day 5 compared 
to values measured on day 30 of life. In contrast to our results, Piccione et al. (2013) 
recorded a progressive decrease of α1-globulins in lambs during the first 2 weeks of 
life. Many of the acute phase proteins migrate in the α-globulin region (haptoglobin, 
ceruloplasmin, α1-acid glycoprotein, α1-antitrypsin), and environmental conditions 
represent an important trigger for a shift in acute phase proteins. Some increases in the 
concentrations of α-globulins may be present in conditions unrelated to inflammatory 
diseases (Lomborg et al. 2008). Therefore, higher relative concentrations of 
α-globulins in lambs shortly after birth are not necessarily a  sign of activation of 
inflammatory processes, or a  sign of disease. The higher values of α-globulins in 
lambs in a short period after birth obtained in our study may be associated with the 
normal process of growth, and may be related to the exposure of animals to changing 
environmental conditions and nutritional factors. Kaneko et al. (2008) reported that 
blood sera of newborn and young animals contain large amounts of α-globulins due to 
higher concentrations of some of the proteins from this fraction, which are to protect 
young animals from immune system attacks. According to Bishop et al. (2010), α1-
fetoprotein represents one of these proteins, which is synthesized in the developing 
fetus and then by the parenchymal cells of the liver, and its serum concentrations 
decrease progressively after birth. Therefore, higher relative concentrations of α1-
globulins in lambs in the first days after birth recorded in our study may reflect the 
accumulation of α1-fetoprotein in the blood serum of young animals. The β-globulins 
showed a progressive increase of values from the 1st day of life till the end of the 1st 
month. Similar data were reported in goat kids and in lambs by Piccione et al. (2011, 
2013). These findings may be related to the increase of some proteins, especially 
complement proteins, from this fraction which like the acute phase proteins are 
involved in the environmental stress response (Bernabucci  et al. 2009). 

Proteins that compose the γ-globulin fraction are principally the immunoglobulins. Our 
study indicated a significant effect of age also on this fraction with a substantial increase 
1 day after the colostrum intake. These changes after birth reflect the absorption of 
immunoglobulins with a colostral uptake during the first 24 h. Like in calves, precolostral 
serum in lambs normally contains no γ-globulins but within a few hours after the ingestion 
of colostrum, γ-globulins appear in serum, and the absorption continues for up to 36 h 
after birth, after which gut permeability ceases (Weaver et al. 2000). The immunoglobulins 
absorbed from colostrum provide humoral immunity for the newborn animals until they can 
produce immunoglobulins on their own in sufficient amounts to provide protection against 
infectious agents (Meyer and Harvey 2004). Piccione et al. (2011) recorded a  small 
increase of γ-globulins in goat kids from day 14 till the end of the 1st month of life. On the 
other hand, our results showed a progressive decrease of their concentrations in lambs from 
day 2 after birth till the end of the 1st month of age, which may probably be attributed to 
degradation of colostrum-derived immunoglobulins and gradual initiation of the production 
of own immunoglobulins by the maturing immune system. Our results suggest a marked 
shift in the concentrations of albumin and globulins in lambs during the first month of life, 
presumably caused by changing globulin patterns during growth and development. These 
changes reflect the variations found in the A/G ratios. According to Alberghina et al. (2010), 
the A/G ratio must be interpreted cautiously, paying attention to which part of the ratio has 
changed because it allows systematic classification and identification of dysproteinaemias. 
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In conclusion, the results of our study showed that the serum protein electrophoretic 
patterns in lambs are significantly influenced by age, growth and development. Significant 
changes were found in albumin and the whole globulin fraction, reflecting the changes in 
nutrition and homeostasis during growth and development. Thus, our results suggest that 
the changes in the serum protein electrophoretic profile may indicate not only various 
diseases; but modifications of the proteinogram in lambs during the first 30 days of life may 
be associated with physiological adaptation processes. This shift also suggests that the age 
of evaluated animals should be taken into consideration when interpreting serum protein 
electrophoretic profiles. 
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