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Abstract 
 
Fifteen cows and their calves (from the races Gyr, Brahaman and the cross Gyr x Holstein) were 
chosen randomly in order to determine the usefulness of the serum activity of Alkaline 
phosphatase (ALP) and the total serum proteins (TSP) as indicators of transference of immunity in 
calves through colostrum consumption in their first days of life. 300 ml of colostrum were 
collected from the cows on the day after delivery to determine total solids, total protein and ash 
content. Blood samples without anticoagulant were taken from the calves by jugular venipuncture 
on the 0, 4, 12, and 30th day post partum.  The concentration of the TSP was determined using 
refractometry, while the ALP was determined through the enzymatic colorimetric assay.  A high 
and statistically significant relationship was found between the percentages of crude protein of the 
colostrum and the total solids, thus, it can be concluded that just one of these measurements is 
required to study both indicators. The effect of time on the concentrations of TSP as well as on the 
enzymatic activity was evaluated through the use of ANOVA (Analysis of Variance).  In the TSP 
there was a significant difference (p < 0.05) between the first (69 g/dl) and the 30th day (58 g/dl), 
in which the lowest concentration occurred.  Average values, higher than 4.5 g/dl of the TSP were 
found, which may indicate that the calves developed passive immunity through colostrum 
consumption. The ALP enzymatic activity decreased progressively during the period of study 
(1326.4 U/L  n the 1st day cf. 599 U/L on the 30th day post partum; p < 0.05). However, it was not 
proved that the ALP can be used as a direct indicator of the transference of passive immunity. 
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Resumen 

Para determinar la utilidad de la actividad sérica de la fosfatasa alcalina (FA) y las proteínas séri-
cas totales (PST) como indicadores de transferencia de inmunidad en terneros por el  consumo de 
calostro en sus primeros días de vida, en un hato del trópico bajo de Colombia se escogieron al 
azar 15 vacas de las razas Gyr, Brahaman y el cruce Gyr x Holstein y sus respectivos terneros.  En 
las vacas se recolectaron aproximadamente 300 ml de calostro el primer día del parto para deter-
minar sólidos totales, proteína total y cenizas.  En los terneros se tomaron muestras de sangre sin 
anticoagulante mediante venipunción yugular los días 0, 4, 12 y 30 posnacimiento.  La concentra-
ción de las PST se determinó por refractometría y la FA mediante colorimetría enzimática.  Se en-
contró relación alta y significativa (P < 0.05) entre los porcentajes de proteína total y sólidos totales 
del calostro, por lo que se concluye que una sola de estas mediciones es válida para evaluar ambos 
indicadores.  Utilizando análisis de varianza se evaluó el efecto del tiempo sobre las concentracio-
nes de PST y la actividad enzimática de la FA.  En las PST se presentó una diferencia significativa 
(P < 0.05) entre el primer día (69 g/dl) y el día 30 (58 g/dl) cuando ocurrió la concentración más 
baja.  Se observaron valores promedio de PST mayores que 4.5 g/dl, lo cual indica que los terneros 
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adquirieron inmunidad pasiva por el consumo de calostro.  La actividad enzimática de la FA dis-
minuyó durante el período de estudio (1326.4 U/L  en el primer día y 599 U/L en el día 30, pos-
nacimiento) (P < 0.05).  No fue posible comprobar si la FA puede ser utilizada como indicador di-
recto de falla en la transferencia de inmunidad pasiva. 
 
Palabras clave: calostro, inmunidad pasiva, inmunidad maternal, fosfatasa alcalina.  
 
 

.Introduction 
 

The high rates of mortality and morbidity during the rearing of calves are due to various factors, 

including the consumption and the time of consumption and supply of colostrum to the newborn 

in the first hours post partum. An inadequate offer of colostrum is reflected in low weaning 

weights, reduced weight gain low growth rtes and late puberty, all of which signify low productivity 

and economic losses for producers.  

La nature of the placenta in ruminants does not permit immunoglobulins (Igs) to pass from 

the maternal to the fetal blood. Thus, colostrum is the only source of passive immunity available 

for newborn survival. The colostrum constitutes the first lacteous secretion of mammals post 

partum, and contains high levels of immunoglobulins (70% - 80% IgG, 10% - 15% IgM & 10% - 

15% IgA), which are absorbed intact during the first 24 to 36 hours after the birth of the calf. After 

this time, changes in the intestinal tract of the calf prevents its absorbance. The quantity, 

composition, and physical-chemical characteristics of colostrum may vary with factors such as 

length of gestation, the dry period of the cow, the birth interval, the number of lactations, the race, 

the quality of feed in the prepartum period, and the age of the animal. Higher concentrations of 

colostrum Igs are seen after three births compared with younger cows (Wattiaux, 2000).  

Amongst the principal causes of failure to adequately transfer Igs to the calf are: the low 

quality of insufficient secretion of colostrum by the mother, poor ingestion by the calf, a failure in 

the intestinal absorption due to the loss of intestinal permeability after 24-36 hours of life of the 

calf, together with the reduction in the concentration of Igs in milk with advancing lactation 

(Aricada et al., 2004).  When one or more of these causes occur independently or together, the 

neonate presents an immuno-depressive complex, commonly called a failure in transference of 

passive immunity (TPI).  

The concentration of Igs is an important indicator of failure in transference in passive 

immunity. The principal factor that influences this is the inadequate management of the supply of 

colostrum in the first hours post partum of the calf. There are a series of tests available to 

determine the concentration of Igs, including: The concentration of total serum protein (TSP) using 

refractometry, assays of turbidity of sodium and zinc sulphates, and quantification of the serum 

concentration of IgG. All of these vary in precision, cost and adaptability to veterinary practice 

(Weaver et al., 2000; Çamkerten, 1998; Parish et al., 1997; Tessman et al., 1997).  
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A number of studies (Parish et al., 1997;  Maden et al., 2003) have found a positive 

correlation (r = 0.462) between serum IgG and TSP. It also has been demonstrated that the TSP 

provides indirect information on the calf immunity state. In some cases, due to the high 

confidence (P < 0.05) of the biological tests, a total protein serum concentration of less than 6 g/dl 

is an indicator of deficiency (P < 0.05) in the TPI (Gungor et al., 2004).  Lombardi et al. (2001) 

suggested that the enzymes present in colostrum could be used to evaluate quality. One of these is 

Alkaline phosphatase (ALP), which is also found in milk and blood serum, is thermostable and is 

frequently used in the evaluation of this type of immunity.  

In studies in lambs prior to suckling, a high level of ALP has been found in serum at day 0, 

which subsequently progressively decreased with the ingestion of colostrum, suggesting that this 

enzyme may be affected by other factors (Maden et al., 2004).  Depending on the type of tissue: 

bone, kidney, liver, placenta, tumor tissue, there are different isozymes of ALP, such that the final 

activity of this enzyme present in serum may be a result of a mix of the different isozymes 

originating from the different tissues.  

Zarrilli et al. (2003) suggested that the enzyme assay is a secure test to determine the 

ingestion of colostrum in a number of ruminant species.  Recent studies (Maden et al., 2003, 

2004; Gungor et al., 2004) have shown the utility of serum activity of gamma-glutamyl transferase 

(GGT) and ALP as indicators of TPI in calves and lambs. 

The present study had the aim to determine whether the serum indices of alkaline 

phosphatase and total proteins reflected the transfer of passive immunity in calves with free 

access to colostrum during the first days post partum.  
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Materials and methods 

 

The study was carried out in a commercial cattle farm, located in low tropical conditions in 

Colombia (450 m.a.s.l., mean temperature 28 °C , annual precipitation of 700 mm with bimodal 

distribution). 15 cows of first and second partum were selected randomly from the races Gyr, 

Brahaman, and the cross Gyr x Holstein. The cows were in the final third of gestation. At the 

moment of birth, 300 ml of colostrum were collected, and a physical and clinical evaluation of the 

calves was made.  

Using vacuum tubes without coagulant (Vacutainer) and using jugular venipunction, blood 

samples were taken from the calves at the moment of birth (day 0), and at day 4, 12 and 30 post 

partum. The serum obtained through coagulation at ambient temperature was stored in plastic 

bags that were frozen at -20 °C until the moment of analysis. 

 

The concentration of TSP was determined using the direct refractometry method, and the 

serum activity of ALP using enzymatic colorimetry (Analyzer Chemistry RA-50) using the 

commercial kit Randox®, Crumlin, IR.  The percentage of total solids, total protein and ash in the 

colostrum was also determined using the proximal analysis of Weende. 

 

The results were analyzed using both descriptive statistics and the Pearson’s correlation 

between total solids and total proteins in the colostrum, as well as between ALP and TSP. The 

effect of time (days post partum) vs. TSP and ALP enzymatic activity was evaluated using the 

Duncan test (P < 0.05).  The program SPSS v 13.0  (SPSS Inc, 2004) was used for the statistical 

analyses. 

 

Results and discussion 

 

The colostrum contained 22.68% ± 5.42 for total solids and 14.85% ± 3.49 for total protein, being 

similar to values found by Wattiaux (2000) and Quigley (1998), who found values of 23.9% and 

14%, respectively.  A high, significant correlation was detected between the proportion of total 

protein and that of total solids in the colostrum (r = 0.695, P < 0.01), indicating that only one of 

these measures is necessary to estimate trends. In this case, the test of total solids is 

recommended as an indirect method to determine the total protein content of the colostrum, due 

to its lower cost and rapidity.  

 

The quality of the colostrum may be evaluated through the concentration of Igs, which are 

proteins of high molecular weight.  Parish et al. (1997), on validating the concentration of serum 
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proteins as an indicator of colostrum consumption, found a positive correlation between the 

concentration of TSP and the gamma-globulins present in calves. 

 

The highest concentration of TSP was seen at the moment of birth, remaining constant 

until day 12 (Box 1). This was due to the consumption of colostrum by the calves and the high 

quality of the colostrum, as the values of ALP in Box 2 show. These results confirm the 

relationship between total protein concentration and the levels of Igs in the colostrum. Palasz 

(1996) found values of TSP in bovine fetuses of 1.9 g/dl, suggesting these increase in calves 

immediately after birth.  

 

Box 1. Concentration of Total Serum Proteins (g/dl) in calves at different times after birth   

Age 

(days) 

Calves 

(n) 

Mean ±S.D. S.E. Minimum 

values 

Maximum 

values 

0 14 6.9ª* 1.32 0.3544 4.0 8.6 

4 12 6.6a 0.82 0.2376 5.1 8.0 

12 12 6.8a 1.01 0.2921 5.4 8.6 

30 12 5.8b 0.60 0.1749 5.0 7.2 

*  Values in the same column followed by identical letters are not statistically different (P < 0.05), 

according to the Duncan test.   

 

 

In this study the lowest values of TSP in calves was seen at 30 days post partum (P < 0.05).  

Cseh et al. (2000) found that the concentration of this type of protein in calves are low at birth, 

and increase rapidly after colostrum consumption, reaching the highest levels at 24 hours post 

partum.   

 

Mean TSP concentrations greater than 4.5 g/l were observed over the durations considered 

in this study, suggesting that the calves acquired passive immunity through colostrum 

consumption. In calves, the transfer of this type of immunity is considered to occur when levels of 

serum proteins greater than 4.5 g/dl are presented in the first day post partum (Perinno et al., 

1995).  

 

Box 2. Enzyme activity of ALP  (U/L) in calves at different times after birth.   

Age 
(days) 

Calves 
(n) 

Mean ±S.D. S.E. Minimum 
values 

Maximum 
values 

0 14 1326.43b 659.28 176.202 258 2316 

4 12 734.83a 225.17 64.0 441 1135 

12 12 708.33a 391.11 112.9 135 1313 

30 12 598.90a 217.70 65.66 301 1048 

*  Values in the same column followed by identical letters are not statistically different (P < 0.05), according to 
the Duncan test. 
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Sáez et al. (2000) found that the use of refractometry to determine total protein 

concentrations is a valid method, and simpler and more economic than determining gamma-

glutamyl transferase (GGT) to measure the transfer of passive immunity. Cseh et al. (2000) found 

a high positive correlation between GGT and TSP (r = 0.83, P < 0.0001).  However, Gungor et al. 

(2004) consider that the use of refractometry to determine TSP could be misleading, as other 

substances in the plasma such as glucose, urea and creatine may alter the refractive indices. The 

former seems most logical, as these substances do not have the high specific molecular weights 

capable of distorting the specific density. Dehydrated calves present high concentrations of TSP, 

reflecting the water volume in the blood (Kaneko, 1997), a valid observation that is related to 

clinical boxes and should not be considered a generality of physiological states. 

 

The greatest ALP enzymatic activity occurred during the first day of life of the calves (P < 

0.05) (Box 2).  From this point, the activity diminished until reaching a value of 598.9 g/dl on the 

30th day.  Maden et al. (2004) found that the ALP activity in lambs decreased on day 3 and 7, from 

a maximum value seen on the 1st day.  Sáez et al. (2000) also found serum activity of ALP in calves 

to increase on the 1st day, after the first consumption of colostrum, and thus the presence of ALP 

suggests the consumption of this food.  Healy et al. (1975) considered that ALP originated 

principally from the intestinal tract, although, in contrast Saez et al. (2000) confirmed that high 

values of ALP on the day of birth come from colostrum, as the group of lambs that did not receive 

colostrum presented significantly lower levels at 24 hours. Maden et al. (2004) using a multiple 

lineal model found a negative relationship between IgG concentration and the ALP activity in 

serum. These authors mention the fact that the results from the ALP activity are not strictly 

correlated with the IgG concentration in the serum, nor in the colostrum, and so this biochemical 

marker has some limitations in being considered as an indicator for the state of absorption of IgGs 

in experimental animals, assuming a low value on being used in the diagnosis and the detection of 

failures in transfer of passive immunity. Moreover, Zarrilli et al. (2003) found a low correlation 

between IgG and the enzymatic activity of ALP (r = 0.44).  Despite the anterior observations, 

Kaneko (1997) confirms that the ALP presents good potential for use, mainly because its high 

levels allow observation of changes in activity originating in the intestinal epithelium, particularly 

in the absorption of nutrients and globulins.  

 

The neonate calf suffers severe physiological changes in the first hours of life, involving 

different tissues. These changes are probably responsible for the increases in serum levels of ALP, 

given the presence of the enzyme, however this is yet to be confirmed. 

 

In the preset study no association was found between the serum activity of the ALP and the 

transfer of passive immunity (r = 0.09). This indicates the need to perform measures of both 
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indicators, as each one, in isolation or together, indirectly supports the determination of the 

degree of transfer of passive immunity associated with the consumption of colostrum in the first 

few hours of life of the calf.  

Conclusions 

 

From the results of the present study it is possible to conclude: 

 

 The determination of total solids in the colostrum allows the inference of the total protein 

content, due to the high correlation exists between the two measures (r = 0.695, P < 0.05).  

 The total serum protein content (TSP) presented high values during the experimental 

period, indicating the colostrum consumed by the calves was of high quality.  

 The enzymatic activity of ALP reduced with time, however, in this study it was not possible 

to confirm that this marker is useful as an indicators to determine failures in the transfer 

of passive resistence.  
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