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Abstract
This study was aimed at the evaluation of changes in the concentrations of selected blood
serum proteins in calves during the first three months of life, including precolostral, colostral,
milk, transitional and solid feeding period. Nine clinically healthy calves were used in this study.
The first blood sampling was performed before the colostrum intake (day 0) and then at 1, 2, 7,
14, 30, 60, and 90 days of age. Blood serum was analyzed for the concentrations of α1-fetoprotein,
prealbumin, transferrin, and lactoferrin. The results showed significant changes in the serum
concentrations of all the evaluated proteins in calves during the first three months of life (P < 0.01
and P < 0.001). At birth, the mean concentration of α1-fetoprotein was low and increased more
than × 8 at one day after colostrum intake, then a gradual decrease was found up to day 30 of life.
Similar tendency was observed in the concentrations of prealbumin and lactoferrin. While the
concentrations of prealbumin increased approximately × 3.5 at one day after colostrum intake, the
serum lactoferrin values showed approximately 1.5-fold increase. A subsequent gradual decrease
from the 2nd day of life was found for both prealbumin and lactoferrin. In the concentrations of
transferrin, a significant increase was observed on day 7 (P < 0.05). The highest values were
found at the age of 14 and 30 days. These results suggest that concentrations of these proteins in
calves are markedly altered during the postnatal period, which should be taken into consideration
for their precise interpretation in young animals.
Cattle, postnatal period, α1-fetoprotein, prealbumin, transferrin, lactoferrin

It was estimated that up to 10,000 proteins may be commonly present in blood serum. The
major protein constituents include albumin, immunoglobulins, haptoglobin, transferrin and
lipoproteins (Burtis and Ashwood 2001). In addition, blood serum also contains many
other proteins that are secreted by cells and tissues at very low concentrations and/or in
veterinary clinical biochemistry are relatively underutilised (Wrotnowski 1998). These
proteins include alpha1-fetoprotein (AFP), prealbumin or lactoferrin. Alpha1-fetoprotein is
the predominant plasma protein in the bovine foetus, which is mainly produced by the yolk
sac and at the later period by the foetal liver (Bader et al. 2004). Because of its biochemical
similarity to albumin, AFP could be a carrier protein, or even take part in the metabolism of
bilirubin (Thomas and Schreiber 1985; Polberger et al. 1990). Prealbumin, also known
as transthyretin, is a negative acute phase reactant, serum concentrations of which fall
due to decreased synthesis in inflammation and stress, as well as in conditions associated
with protein malnutrition (Beck and Rosenthal 2002). Transferrin like lactoferrin
is an iron binding glycoprotein, which inhibits the multiplication and growth of certain
viral, bacterial, and fungal organisms by iron inhibition (Kaplan et al. 1991). Moreover,
lactoferrin stimulates both local and systemic immune response, and due to the increase
in its concentrations during most inflammatory reactions, several authors classified
lactoferrin as an acute phase protein (Kanyshkova et al. 2001). Some of these proteins
may serve as important disease markers having essential role in the initial diagnostic
evaluation and follow-up during therapy. They have the potential to inform regarding the
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risk of disease or to allow early detection for more effective treatment (Hanash 2011).
On the other hand, physiologically elevated protein concentrations in young animals must
also be considered in the diagnosis. However, in the availalable literature there is a lack of
information concerning changes in the concentrations of some proteins in calves during the
early postnatal period.
Several studies indicated that the most intense adaptive changes to the extra-uterine life
and new environment in calves occur during the early postnatal period (Herosimczyk
et al. 2013). In this critical period, intense structural and functional changes in many vital
organs take place, including the morphological growth and functional maturation of the
gastrointestinal tract (Skrzypczak et al. 2011; Herosimczyk et al. 2012). Colostrum is
the first source of nutrition in neonatal ruminants, supplying not only nutritional substances
essential for proper growth and development of the organism, but having also a fundamental
biological function, promoting immunoglobulin transfer from the dam to the newborn
prior to the cessation of macromolecular transport (Nowak and Poindron 2006). It also
abounds in a wide variety of bioactive components responsible for initiating, controlling
and supporting many biological processes, including the develeopment of immunity in the
newborn (Uruakpa et al. 2002). Moreover, the intake of colostrum initiates a number of
physiological processes, resulting in different metabolic changes, e.g. increased synthesis
of endogenous proteins and qualitative and quantitative changes in the plasma protein
composition (Herosimczyk et al. 2013). In the later postnatal period, further structural,
functional and metabolic alterations take place in calves, connected to the adaptation to
new environmental factors, foreign antigens, changes in nutrition and type of nutrient
supplementation. The studies focused on the analysis of the concentrations of some specific
blood proteins during the growth and development of calves are rather sparse. Therefore,
the objective of this study was to evaluate the changes in the concentrations of selected
serum proteins (α1-fetoprotein, prealbumin, transferrin and lactoferrin) in clinically healthy
calves during the first three months of life, and to study these changes with regard to the
process of adaptation to postnatal life and changes in nutrition, including precolostral,
colostral, milk, transitional, and solid feeding period.
Materials and Methods
Nine clinically healthy calves (6 males and 3 females) of the black pied Holstein-Friesian breed and its
crossbreeds were included into this study. The calves were born at the Clinic for Ruminants of the University
of Veterinary Medicine and Pharmacy in Kosice with a mean birth weight of 36.1 ± 2.3 kg and a mean body
weight of 143.8 ± 5.5 kg at the end of the 3rd month. Calves were born as singles from 4 cows and 5 heifers with
pregnancies of normal lenght and uncomplicated births. After birth they were not separated from their dams
and were kept individually in pens. The animals were stabled on straw litter. Calves were allowed to suck their
dams voluntarily and they received the first colostrum within 2 h after birth. Subsequently the calves received
colostrum and whole milk according to their appetite without restriction of the sucking frequency and volume
during the day. The transition to a solid diet lasted until the age of 2.5 months. During this period, the calves
were fed gradually decreasing amounts of milk, and increasing amounts of concentrates. The calves had free
access to water and hay during the time under study. The health status of the calves was evaluated daily. Clinical
examination included behaviour, appetite, rectal temperature, heart and respiratory rates, pulmonary sounds, nasal
discharge, eye discharge, navel infection and faecal consistency. All the animals were clinically healthy and in
good general health condition without any obvious clinical signs of diseases during the time of the study.
The first blood sampling was performed in the calves before the colostrum intake (precolostral sample, d 0)
within 30 min after birth and then at 1, 2, 7, 14, 30, 60, and 90 days of age. Blood was collected by direct puncture
of v. jugularis into serum gel separator tubes without anticoagulant (Meus, Piove di Sacco, Italy). Blood samples
were allowed to clot at room temperature, and then centrifuged at 3,000 × 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 α1-fetoprotein (AFP, µg/l), prealbumin (PALB, mg/l),
transferrin (Trf, g/l) and lactoferrin (Lf, mg/l). Alpha1-fetoprotein was analysed by sandwich enzyme linked
immunosorbent assay (ELISA) using commercial kits (Cloud-Clone Corp., Houston, USA). Prealbumin
was assessed using commercial solid-phase ELISA kits (BlueGene Biotech, Shanghai, China) appliyng the
competitive enzyme immunoassay technique. The concentrations of transferrin were determined by commercial
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immunoperoxidase assay kits (Icl Immunology Consultants Laboratory, Inc., Portland, USA). Lactoferrin was
measured by competitive ELISA technique using commercially available tests (Bio-X Diagnostics, Jemelle,
Belgium). The reading of absorbancies and the consecutive calculation of final concentrations of these proteins
were performed on automatic microplate reader Epoch (BioTek, Winooski, USA).
Arithmetic means (x) and standard deviations (SD) for each evaluated protein and sample collection time were
calculated using descriptive statistical procedures. The significance of the effect of age on the concentrations of
the analyzed variables during the whole monitored period was examined by non-parametric Friedman’s rank
sum test (P-value). The significances of the differences in the results between the sample collection points were
evaluated by Dunn’s multiple comparisons test. All statistical analyses were carried out using the programme
GraphPad Prism V5.02 (GraphPad Software Inc., California, USA).
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AFP – α1-fetoprotein, PALB – prealbumin, Trf – transferrin, LF – lactoferrin
Means with the same superscripts in rows differ significantly: a,b,c,d,e – P < 0.05; A,B,C – P < 0.01; x,y,v,z – P < 0.001

< 0.001

< 0.001

< 0.01

< 0.001

P value

Age of calves (days)
0
1
2
7
14
30
60
90
0.547
0.155A,x,c
0.340a,B 0.731b,C
0.453
3.694A,a,b 3.608x,B,C 1.213c
0.348
3.689
4.219
0.718
0.295
0.169
0.399
0.838
72.9A
251.4A
232.2
217.5
192.6
153.1
110.7
100.2
34.8
175.9
186.9
176.1
155.3
126.2
68.7
71.7
7.77y,v,z,b 9.56c,B,C 14.59a,y,c 15.49x,v,B 15.32A,z,C
13.59b
10.82
8.92a,x,A
2.93
2.87
3.02
3.52
2.65
2.65
2.25
3.67
1.223
2.054a,b,A,c,x 1.388d,e
1.218a
1.281b
1.181A,d
1.216c
1.168x,e
0.224
0.627
0.256
0.200
0.259
0.254
0.214
0.181
Variables

Table 1. Changes of the concentrations of evaluated blood serum proteins in calves during the first three months after birth.

Results
The concentrations of AFP, prealbumin,
transferrin and lactoferrin during the first three
months of life showed significant changes in
the calves (Table 1, P < 0.01 and P < 0.001). At
birth, the mean concentration of AFP was only
0.453 µg/l, and the values increased markedly
(more than × 8) one day after colostrum intake.
Since the 2nd day after birth a gradual significant
decrease was found up to day 30 of life (P < 0.01),
with following repeated increase of values till
the end of the evaluated period (Fig. 1a). Similar
changes were observed in the concentrations of
prealbumin. Its lowest mean concentration was
recorded at birth, which increased significantly
one day after colostrum intake (P < 0.01). From
the 2nd day till the end of the 3rd month of life
a gradual decrease of values was observed (Fig.
1b). Significant changes in relation to the age of
calves were observed also in the concentrations
of transferrin (P < 0.001). The values recorded
shortly after birth (d 0) and on day 1 and 2 of
life were roughly uniform (Fig. 1c). A significant
increase of the concentrations of transferrin was
recorded on day 7 with a further slight increase
of values being the highest at the age of 14
days. From day 30 of life, a gradual decrease of
concentrations was observed till the end of the
evaluated period. Sampling time had a significant
effect also on the concentrations of lactoferrin
(P < 0.001). Its concentrations increased markedly
1 day after colostrum intake (more than × 1.5),
with a subsequent gradual decrease up to day 7 of
life (Fig. 1d). The concentrations recorded in the
next period till the end of the first three months of
life were rougly uniform and comparable with the
mean value found shortly after birth (day 0).
Discussion
The establishment of reliable physiological
values in young animals is especially important
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Figure 1a-d. Distribution of the concentrations of α1-fetoprotein (a), prealbumin (b), transferrin (c), and lactoferrin
(d) in calves during the first three months of life. The plots show the median (line within box), 25th and 75th
percentiles (box), minimal and maximal values (whiskers).

in the diagnosis and follow-up of some diseases. However, the physiological values of
some special proteins, including α1-fetoprotein, prealbumin, transferrin and lactoferrin
in newborn and young calves are not completely described and the data available are
rather contradictory. The results of this study showed a significant effect of age on the
concentrations of the evaluated proteins during the early and later postnatal life in calves.
Highly significant changes were observed in the concentrations of AFP, with relatively low
values at birth and marked increase 1 day after colostrum intake. Smith et al. (1979) have
demonstrated that the concentrations of AFP in foetal bovine plasma reaches the highest
values in the 3–4th month of foetal period, which is followed by a significant decrease
until birth. In our study, the mean concentration of AFP observed in calves at birth was
only 0.453 μg/ml. Considerably higher values were reported by Yamada et al. (1995) in
newborn puppies at birth (14.08 mg/ml), which had fallen to 0.766 mg/ml at 1 week of age.
A possible explanation for this difference is that the placentae in cows have more layers of
tissue separating foetal and maternal blood than the placentae in other species (Smith et
al. 1979). Blohm et al. (1998) evaluated the concentration of AFP in babies, which was
41.687 ng/ml at birth and decreased by 50% in the first 4 weeks of life. Bader et al. (2004)
documented a decline in AFP concentrations in the first hours of life which may represent
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the physiological effect on the foetal tissues changing from an intrauterine to an extrauterine
environment with a decrease in the production of foetal proteins in the liver. According
to Lee et al. (1989), following the initial decline in the concentrations of AFP within
hours after birth, the AFP values tend to stabilize during the rest of the first week, before
the rapid decline that follows. On the other hand, our results showed a marked increase
of AFP concentrations 1 day after colostrum intake, with following gradual decrease of
values up to day 30 of life. The observation of relatively higher values of AFP after birth
may be explained by its synthesis (not ceasing entirely at birth) by foetal hepatocytes that
sustain transient production of AFP during the early postnatal period (Çorapçioĝlu et al.
2004). Moreover, colostrum contains many non-nutrient substances and immune factors,
including alpha1-fetoprotein, which may be responsible for the increased concentrations of
AFP in calves one day after colostrum intake (Gopal and Gill 2000). On the other hand,
AFP is an important disease marker and is often used to detect and diagnose tumours of
the liver, testes, and ovaries (Thomas and Schreiber 1985), but the calves used in this
study were clinically healthy and the increase of AFP concentrations should not be related
to these pathological conditions.
Significant age related variations were seen for the concentrations of prealbumin with
a marked increase of values one day after colostrum intake and a consecutive gradual
decrease till the end of the 3rd month of life. The serum concentrations of prealbumin at
birth and their changes during the early postnatal period of calves are less well documented.
Thomas and Schreiber (1985) found in neonatal rats low concentrations of prealbumin
in the immediate postnatal period, which increased at the time when the concentrations
of both thyroxine and corticosterone increased. A progressive increase of prealbumin
concentrations with postnatal age was reported by Kanakoudi et al. (1995) in human
infants. Similarly, Cardoso and Falção (2007) also observed a significant increase of
prealbumin concentrations from birth to day 28 in preterm infants with very low birth
weight. According to these authors, the serum short-term proteins such as prealbumin,
retinol-binding protein and transferrin can reflect the recent protein status and balance
between synthesis and degradation. Prealbumin has been shown also by MacDonald
et al. (2005) to reflect recent protein intake and to predict future weight gain. The
aforementioned authors concluded that if the serum concentrations of prealbumin remain
stable or even increase, it can be presumed that the newborn is in reasonable nitrogen
balance and will gain weight subsequently. Moreover, as described by Rona (1998) and
Yamada et al. (2002), laboratory analyses of the immune factors from bovine colostrum
show that it contains among others a small amount of prealbumin, transferrin, as well
as lactoferrin, having a special physiological relevance to the health and development of
calves. Thus, the increase of serum prealbumin concentrations in calves observed in our
study after colostrum intake may reflect adequate nutrition, as well as its hepatic synthesis
due to adequate protein and energy intake (Ingenbleek and Young 1994). Regarding the
concentrations of transferrin, our results showed its marked increase from day 7 of life.
Ilić et al. (2006) found in neonatal piglets that from nearly undetectable values at birth, the
concentrations of transferrin increased continuously from the second day of life, suggesting
its abundant absorption from colostrum or its intensive synthesis taking place on the first
days after birth. Similarly, Martin et al. (2005) presented low concentrations of transferrin
in newborn piglets before suckling. Changes in the serum transferrin concentrations in
relation to the age were studied by Plomteux et al. (1987) in human infants with the
lowest values found in neonates. According to Kratz et al. (2002), serum concentrations
of transferrin during the neonatal period are maintained at a fairly constant level of about
50% of the adult values, and if the neonatal concentrations fall during the postnatal period,
it means that the rate of protein synthesis is probably lower than the rate of degradation.
Thus, the increase of transferrin concentrations observed in our study from day 7 of life
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may reflect a good nutritional status of the calves. On the other hand, concentrations of
transferrin in blood serum may be related to iron metabolism as suggested by Moser et
al. (1994), who found values exceeding 8 g/l in veal calves with iron deficiency. However,
seeing that there are scarce reports describing serum concentrations of prealbumin and
transferrin in calves at birth and in the early postnatal period, further studies are needed.
The mean serum concentration of lactoferrin observed in our study in calves at birth
was 1.22 mg/ml, which increased more than × 1.5 at one day after colostrum intake and
then decreased gradually up to day 7 of life. Similarly, Hurley and Sixiang (2000)
presented in newborn calves low serum concentration of lactoferrin (1.09 µg/ml)
immediately after birth, which increased approximately × 10 at 8 h after the first colostrum
intake and subsequently gradually decreased until the second day of life. These authors
suggested that the increase of serum lactoferrin concentrations was probably caused by
its absorption from the colostrum, which contains high amounts of lactoferrin, varying
between 1 and 5 mg/ml (Stelwagen et al. 2009). Talukder et al. (2002) also found a
relatively low concentration of lactoferrin in blood plasma of calves at birth (0.20 µg/
ml), which increased approximately × 10 at 6 h after the first colostrum intake, but these
higher concentrations sustained only for the first 12 h of life. The increasing tendency of
serum lactoferrin concentration observed in our study one day after colostrum intake was
lower (1.5-fold) compared to the results of the aforementioned authors, which might be
affected by the biological activity of absorbed colostral lactoferrin, which is rapidly cleared
from the blood of calves (about 12 h after colostrum intake) (Hurley and Sixiang 2000).
Moreover, concentrations of lactoferrin found in the blood of newborns are dependent on
the concentration of lactoferrin in the colostrum fed, the amount of colostrum fed, and
the time after the feeding of colostrum (Cheng et al. 2008). The potential usefulness
of lactoferrin as a predictor of passive imunity was evaluated by Gokce et al. (2014)
in lambs. They found only a weak linear relationship between serum lactoferrin and
immunoglobulin G concentrations in 1-, 2-, 4- and 7-day-old healthy lambs, while healthy
lambs had significantly higher lactoferrin concentrations than ill lambs in the neonatal
period. However, whether high serum concentrations of lactoferrin in newborn calves may
affect the developing immune system, was not demonstrated.
In conclusion, our results showed significant changes in the concentrations of evaluated serum
proteins in calves during the first three months of life. These changes reflect the response of
calves to colostrum intake and changes in nutrition during the growth and development of calves
facilitating normal adaptation to extrauterine life. Thus, the changes in their concentrations
described in the study during the postnatal period are not necessarily caused by some diseaserelated factors, but may reflect the nutritional status and physiological adaptation of newborns
to extrauterine life. These changes in young animals should be taken into consideration when
analysing and interpreting the concentrations of α1-fetoprotein, prealbumin, transferrin, as well
as lactoferrin. Presented results contribute to the knowledge about the changes of the serum
proteins in newborn and young calves and are of great importance, because there are only few
reports describing their concentrations at birth and in the early postnatal period. Seeing that
some of the evaluated proteins may be useful nutritional and disease markers also in cattle,
there is a need for the establishment of age-specific reference values for these variables when
considering precise interpretation of laboratory results.
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