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RESUMO.- [Efeitos da infecção intramamária no protei-
nograma de ovinos durante a lactação.] Este estudo teve 
como objetivo identificar potenciais biomarcadores de in-
fecção na glândula mamária de ovelhas Santa Inês. Foram 

monitorados rebanhos comerciais de ovinos, submetidos 
ao mesmo manejo higiênico-sanitário e nutricional, criados 
em sistemas de produção semi-intensivo durante as várias 
fases de lactação e avaliados aos 15, 30, 60 e 90 dias após 
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The study aimed to identify potential biomarkers of mammary gland infection in Santa 
Inês sheep. Commercial flocks of sheep provided the same hygiene, sanitary, and nutri-
tional management under semi-intensive production systems were monitored during the 
lactation stage-and assessed 15, 30, 60, and 90 days after delivery (through the end of lac-
tation and weaning). The California Mastitis Test (CMT) was performed on the mammary 
glands. Milk was collected for bacterial examination and protein analysis. Bacterial culture 
and biochemical characterization of the samples were performed. Forty-two milk sam-
ples from healthy glands (negative CMT and bacterial testing) and 43 milk samples from 
infected glands (positive CMT and bacterial testing) taken at the predefined time points 
were assessed. A rennin solution was used to obtain the whey. The proteins analysis was 
performed using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), 
which allowed for the quantification of nine whey proteins produced in healthy glands: 
serum albumin, lactoferrin, IgA, IgG heavy-chain (IgG HC), IgG light-chain (IgG LC), total 
IgG (IgG HC + IgG LC), α-lactalbumin, β-lactoglobulin, protein with MW 15.000 Da, protein 
with MW 29.000 Da and eleven whey proteins secreted by infected glands, including hapto-
globin and α-1-acid glycoprotein. A comparison of whey proteins between healthy and in-
fected glands showed increases (P<0.05) in the secreted and total contents of all proteins, 
except for IgG LC and α-lactoalbumin. The most significant changes were observed in α-1-
acid glycoprotein, lactoferrin and haptoglobin, which showed three-, five-, and seven-fold 
increases in secretion, respectively. This study showed that haptoglobin, α-1-acid glyco-
protein, lactoferrin, albumin, and the IgA and IgG immunoglobulins may serve as potential 
biomarkers for mammary gland infection in sheep.
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o parto (até o final da lactação e desmame). Realizou-se o 
California Mastit Test (CMT). O leite foi coletado para análi-
se bacteriana e análise de proteínas. Foi realizada a cultura 
bacteriana e a caracterização bioquímica das amostras. Fo-
ram selecionadas 42 amostras de leite provenientes de glân-
dulas sadias (CMT negativo e teste bacteriológico negativo) 
e 43 amostras de leite de glândulas infectadas (CMT positi-
vo e teste bacteriológico positivo). O soro lácteo foi obtido 
por meio da adição de renina. A proteína total no soro lác-
teo foi mensurada utilizando o método do biureto e a iden-
tificação das proteínas empregando-se eletroforese em gel 
de poliacrilamida com dodecil sulfato de sódio (SDS-PAGE), 
permitindo a quantificação de nove proteínas no soro lác-
teo das glândulas sadias: albumina, lactoferrina, IgA, IgG de 
cadeia pesada (IgG CP), IgG de cadeia leve (IgG CL), a IgG 
total (IgG CP+ IgG CL), α-lactalbumina, β-lactoglobulina, 
proteína de PM 15.000 Da, proteína de PM 29.000 Da. No 
soro das glândulas infectadas foram identificadas onze pro-
teínas, incluindo além das citadas acima a haptoglobina e 
α-1 glicoproteína ácida. Na comparação das proteínas do 
soro lácteo de glândulas sadias e infectadas observou-se 
aumento (P<0,05) em todas as proteínas, com exceção de 
IgG CL e α-lactoalbumina. As alterações mais expressivas 
foram observadas nas concentrações de α1-glicoproteína 
ácida, lactoferrina e haptoglobina, que demostraram au-
mentos de três, cinco e sete vezes, respectivamente. Este 
estudo demonstrou que a haptoglobina, α-1-glicoproteína 
ácida, lactoferrina, albumina e as imunoglobulinas IgA e 
IgG podem ser caracterizadas como potenciais marcadores 
para a infecção da glândula mamaria em ovelhas.
TERMOS DE INDEXAÇÃO: Mastite subclínica, ovelhas, leite, prote-
ína de fase aguda, marcadores biológicos.

INTRODUCTION
Mastitis is one of the most economically important disea-
ses in sheep, and it is responsible for significant costs in 
sheep husbandry. Santa Inês sheep, which are generally rai-
sed using semi-intensive and intensive management syste-
ms that include a richer diet, have a greater tendency to 
develop mammary glands infections, especially when their 
surplus milk is not consumed by their lambs (Kirk & Glenn 
1996, Oliveira 2006).

Macroscopic changes to the udder and milk secretion 
are not typically observed in subclinical mastitis; however, 
a decrease in milk production, changes in the physical and 
chemical composition of the milk, an increase in the num-
ber of somatic cells, and the isolation of microorganisms, 
are often observed, all of which induce a loss of producti-
vity in flock and compromise lamb nutrition (Naccari et al. 
2003, Anderson et al. 2005, Santos et al. 2007, Leitner et al. 
2012). Subclinical mastitis usually leads to clinical mastitis, 
which is caused by the same etiologic agents and is one of 
the most common reasons for the culling of breeding ani-
mals, thus decreasing flock productivity (Menzies & Rama-
noon 2001, Oliveira 2006).

Several systemic responses occur during the initial 
stages of infection, including those known as acute-phase 
responses (Eckersall 2008, Costa et al. 2010). The concen-

tration of acute-phase proteins in milk may increase or de-
crease in the presence of an inflammatory process and are 
therefore recognized as biomarkers for inflammation and/
or infection (Eckersall & Bell 2010).

Diagnosis of mastitis in sheep is based on clinical exa-
mination, somatic cell count, and bacterial analysis of the 
milk. A faster and less severe diagnosis often leads to im-
mediate treatment and a shorter recovery time. With the 
implementation of mechanized production systems, the 
demand for fast and accurate biomarkers for mastitis has 
significantly increased. Several studies have suggested that 
acute-phase proteins could serve as reliable indicators of an 
inflammatory process in the mammary gland (Hirvonen et 
al. 1996, Eckersall et al. 2001, Costa et al. 2010, Ceciliani et 
al. 2012). The adoption of tools for the close monitoring of 
flock hygiene may be useful in sanitary programs, although 
this often requires knowledge of potential biomarkers for 
health and disease (Ganheim et al. 2007). The concentra-
tions of whey proteins may vary considerably during mam-
mary gland inflammation, even in the absence of changes 
in the total protein concentration in the milk (Schalm et al. 
1971, Auldist et al. 1995, Sant’ana 2004).

The objective of the present trial was to identify poten-
tial biomarkers of mammary gland infection in Santa Inês 
sheep.

MATERIALS AND METHODS
Santa Inês sheep from a local commercial flock were monitored. 
The sheep were raised under a semi-intensive system, subjected 
to the same hygiene, sanitary and nutritional management sche-
mes, and assessed at different lactation stages (beginning, middle 
and end of lactation, in 90 days, which the set time for weaning in 
the region).

The clinical examination of the animals and their mammary 
glands followed the recommendations by Diffay et al. (2005). The 
results of the California Mastitis Test (CMT) were classified as ne-
gative (negative reaction or trace amounts) or positive (1+, 2+, 
or 3+) (Schalm et al. 1971). Assessments were conducted for 42 
samples from healthy glands (negative CMT/negative bacterial 
test) and for 43 samples from infected glands (positive CMT/posi-
tive bacterial test). About 10mL of milk was collected to perform 
the protein analysis and 5mL for bacterial culture. The study was 
approved by the Animal Ethics Committee (CEUA) of the Rural 
Federal University of Pernambuco under License No. 017/2010 
(6029/2010 D08 CEPE/UFRPE) according to the COBEA (Colégio 
Brasileiro de Experimentação Animal) and the National Institutes 
of Health Guide for the Care and Use of Laboratory Animals gui-
delines.

Bacterial cultures were established according to the recom-
mendations of the National Mastitis Council (1990), and bioche-
mical characterization was performed according to Quinn et al. 
(1994). For protein analysis, whey was collected according to 
Schalm et al. (1971), with minor modifications due to the small 
volume of milk produced by the sheep. The milk samples were ho-
mogenized and for each 1000μL of milk, 75μL of rennin solution 
was added. The samples were incubated in water bath at 37°C 
for approximately 20 min until clot formation. Subsequently, the 
samples were centrifuged at 21000×g for 10 min in a refrigerated 
centrifuge. Following centrifugation, the whey samples corres-
ponding to the intermediate fraction of the three-phase solution 
were collected by aspiration and stored in an ultra-low tempera-
ture freezer at -80°C for later analysis. The determination of the 
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total protein in whey was performed using the biuret method, ob-
serving its linearity, and considering the smaller amount of total 
protein compared to that in blood serum.

Separation of the protein fractions was achieved by SDS-PAGE, 
as described by Laemmli (1970) and Fagliari & Silva (2002). Pro-
tein concentrations were measured using a computerized densi-
tometer. To identify protein fractions in whey, a marker solution 
with different molecular weights (6.500–200.000 Da), as well as 
purified bovine lactoferrin, β-lactoglobulin, and α-lactalbumin 
was used as reference (Sigma Marker).

The results, which were blinded to normality assumptions 
by applying the Kolmogorov-Smirnov test, were subjected to 
base ten logarithmic transformation and ANOVA using the GLM 
procedure in the SAS (Statistical Analysis Systems Institute Inc) 
program. The means were compared using the minimum signifi-
cant difference (m.s.d.) of the Student-Newman-Keuls (SNK) test 
at a significance level of 5%. The albumin, IgG heavy chain (IgG 
HC), IgG light chain (IgG LC), total IgG, MW 29.000 Da protein, and 
lactoferrin were subjected to logarithmic transformation, where-
as haptoglobin, α-1-acid glycoprotein (AGP), and MW 15.000 Da 
protein were subjected to Wilcoxon’s non-parametric test, with 
data expressed as medians and percentiles (P25 and P75) (Sampaio 
2007).

RESULTS
Electrophoretic fractionation allowed the identification 
and/or quantification of proteins in the whey collected 
from healthy mammary glands, namely, lactoferrin (Fig.4)., 
albumin (Fig.2), IgA (Fig.3), IgG HC (Fig.3), IgG LC (Fig.3), 
β-lactoglobulin (Fig.6), α-lactalbumin (Fig.5), and two oth-
er proteins identified as having MWs of 15.000 Da (Fig.7), 
and 29.000 Da. (Fig.8). In the whey from infected glands 
(subclinical mastitis cases), all of these proteins were ob-
served, in addition to haptoglobin and α-1-acid glycopro-
tein (Table 1).

DISCUSSION
Total protein. Significantly different total protein con-

centrations were observed in the whey from healthy and 
infected glands (P<0.0001) (Table 1, Fig.1). The increase in 
whey protein content in glands undergoing inflammation 
may be attributed to the higher protein transudation from 
the blood, which is a consequence of the increase in vas-
cular permeability, subclinical or clinical mastitis is asso-
ciated with an increase in the total protein concentration 
in milk, which results from the passage of higher concen-
trations of immunoglobulins and albumin from the blood 
in to the milk (Paape et al. 1995). Total whey protein con-
centrations in sheep mammary glands with higher somatic 
cell counts have been recently reported by Summer et al. 
(2012).

An elevation of the whey protein concentration in cows 
afflicted with mastitis was reported previously by Sant’ana 
(2004), however, Raimondo et al. (2011) observed no 
change in milk protein concentration in goats with mastitis 
indicating that bacterial infection does not influence this 
variable.

Albumin. Albumin levels were significantly higher 
(P<0.0001) in infected glands than in healthy glands (Table 
1, Fig.2), thus confirming an increase in vascular permea-

bility and the passage of blood albumin to the mammary 
glands (Paape et al. 1995, Shirazi-Beheshtiha 2012). This 
observation may also be attributable to the production of 
albumin by the gland itself, as observed by Shamay et al. 
(2005), suggesting that albumin secretion in the mammary 
gland is part of a non-specific defense system.

Immunoglobulins. The concentrations of IgA, to-
tal IgG (IgG HC/IgG LC) (P<0.0006) and heavy chain IgG 
(P<0.0002) were significantly higher (0.0001) in infected 
glands, whereas the light chain IgG concentrations were 
not significantly different (P>0.5350) between infected and 
healthy glands (Table 1, Fig.3). The mean concentration of 

Fig.3. Mean values of total IgG, IgG heavy chain and light chain 
IgG whey from healthy and infected mammary glands of Santa 
Inês sheep during lactation.

Fig.2. Mean values of albumin concentration from sheep healthy 
and infected mammary glands during lactation.

Fig.1. Mean values of whey total protein concentration from sheep 
healthy and infected mammary glands during lactation.
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IgA secreted by glands with subclinical mastitis (6.07 mg/
dL) was almost three times higher than the concentration 
in healthy glands (2.72 mg/dL). In addition, the level of 
secreted IgG was two-fold higher in infected glands. The-
se results suggest that during mammary gland inflamma-
tion, immunoglobulins produced in response to antigenic 
stimuli migrate from the blood to the milk as a defense 
mechanism of the compromised gland, similar to what is 

Fig.9. Mean values of haptoglobin and a1 acid glycoprotein from 
sheep healthy and infected mammary glands during lactation.

Fig.8. Mean values of MW 29.000 Da from sheep healthy and in-
fected mammary glands during lactation.

Fig.7. Mean values of MW 15.000 Da from sheep healthy and in-
fected mammary glands during lactation.

Fig.6. Mean values of β lactoglobumin concentration from sheep 
healthy and infected mammary glands during lactation.

Fig.5. Mean values of α-lactalbumin from sheep healthy and in-
fected mammary glands during lactation.

Table 1. Mean values, standard deviations, medians,  
percentiles (P25 and P75) and significance levels of the  

protein concentration (mg/dL) identified in the whey of  
Santa Inês sheep in healthy and infected mammary glands

 Proteins Mammary gland Pr > F
  Healthy  Infected

 PT (g/dL) 1,81±0,20b 2,56±1,01a 0,0001
 IgA 2,72±1,87b 6,07±2,98a 0,0001
 Albumin 104,94± 48,90b 193,57± 190,11a 0,0001
 IgG HC 83,04±46,71b 156,69±139,32a 0,0002
 IgG LC 45,00±24,79a 59,48±69,28a 0,5350
 IgG Total 126,56± 59,19b 222,85± 154.68a 0,0006
 Lactoferrin 24,18± 11,33b 117,09 ±115,56a 0,0001
 α- lactoalbumin 280,25±107,57a 321,07±133,67a 0,1252
 β- lactoglobulin 1162,47± 166,56b 1310,96± 228,48a 0,0010
 MW 15.000 Da 12,10 (8,46;15,07)b 28,65 (14,79;73,16)a 0,0091
 MW 29.000 Da 71,61±42,04b 115,93±79,96a 0,0002
 Haptoglobin 0,00 (0,0;0,0)b 7,04 (4,12;12,50)a 0,0001
 α-1AGP 0,00 (0,0;0,0)b 3,99 (3,26;7,24)a 0,0001

Different letters in superscript indicate a significant difference between 
health and infected mammary glands.

Fig.4. Mean values of lactoferrin concentration from sheep healthy 
and infected mammary glands during lactation.
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observed in cows (Urech & Puhan 1999, Mehra et al. 2006, 
Eckersall 2008).

Lactoferrin. The mean lactoferrin concentration in 
infected glands was 4.8 times higher than that in healthy 
glands (P<0.0001) (Table 1, Fig.4), showing that this pro-
tein plays a role in the natural defense mechanisms against 
mammary gland inflammation in sheep, as well as in cows. 
This response serves as the first barrier against infectious 
agents, particularly bacteria, due to the ability of lactofer-
rin to capture iron ions, rendering them unavailable as a 
nutrient source for bacterial growth and their possible 
expression of more pathogenic traits (Harmon et al. 1976, 
Smith & Schanbacher 1977, Hagiwara et al. 2002).

Similar results have been reported by Nudda et al. 
(2003), who observed a two-fold increase in lactoferrin 
concentrations in whey samples from sheep with somatic 
cell counts above one million. Sant’ana (2004) also repor-
ted a two-fold increase in lactoferrin concentration in cows 
with mastitis, and Raimondo et al. (2011) reported a sig-
nificant increase in lactoferrin concentration in goats with 
mastitis, highlighting the precociousness of its appearance 
compared to that of other whey proteins.

Hagiwara et al. (2002) showed that lactoferrin concen-
trations could serve as indicators of the pathogenicity of 
the bacterial species involved, in which higher concentra-
tions of lactoferrin indicate greater bacterial pathogenicity. 
Lactoferrin could also modify cell membrane permeability 
in some bacteria, preventing their growth upon the secre-
tion of lactoferrin from the secondary granules of neutro-
phils during inflammation (Harmon et al. 1976, Smith & 
Schanbacher 1977, Rainard 1986, Farrell et al. 2004, Ko-
mine et al. 2006, Conesa et al. 2008).

α-Lactalbumin. No significant differences in α-lact- 
albumin levels were observed between healthy and infect-
ed glands, which measured 280.25 mg/dL and 321.07 mg/
dL, respectively (Table 1, Fig.5). Although not statistically 
significant (P>0.1252), these results showed an elevated 
α-lactalbumin concentration in infected glands, thus sup-
porting the findings of Sant’ana (2004), who used whey 
samples from cows. Nudda et al. (2003) also observed a 
significant increase in this protein fraction in relation to 
an increase in somatic cell counts in sheep with mastitis. 
However, these results contradict the observations of Rai-
mondo et al. (2011), who observed a decrease in α-lactal-
bumin values in cases of mastitis in goats, and also those 
by Bortree et al. (1962), Schalm et al. (1971), Harmon et 
al. (1976), and Prosser & McLaren (1997), who described 
an association between a decrease in α-lactalbumin and a 
decrease in lactose in mastitis cases. However, this associa-
tion between a decrease in α-lactalbumin and the presence 
of mastitis was studied in cows, and the methodology used 
for their analyses was different from that used in this study.

β-Lactoglobulin. A significant increase (P<0.0001) in 
β-lactoglobulin concentration was observed in infected 
glands compared to that in healthy ones (Table 1, Fig.6), 
which is in agreement with the results of Nudda et al. 
(2003), who observed significant increases in β-lactoglob-
ulin in the whey of sheep with mastitis with somatic cell 
counts higher than 1.000.000. These results differ from 

that reported in other studies involving ruminants. For ex-
ample Sant’ana (2004) did not observe significant changes 
in the whey proteinogram of cows with mastitis, whereas 
Raimondo et al. (2011) observed a decrease in β-lactoglob-
ulin in goats with mastitis. The increase in β-lactoglobulin 
in infected sheep mammary glands may be attributable to 
its actual concentration rather than to increased produc-
tion because less milk is generally produced during masti-
tis (Nudda et al. 2003).

MW 15.000 Da and MW 29.000 Da proteins. Signifi-
cant differences in the concentrations of the MW 15.000 
Da and MW 29.000 Da proteins (P<0.0001 and P<0.0002, 
Fig.7, Fig.8, respectively, Table 1) were observed, with 1.6 
and 2.4 fold increases, respectively, in infected mammary 
glands. Further characterization and functional studies are 
warranted for these two proteins.

α-1-acid glycoprotein/haptoglobin. This study high-
lighted α-1-acid glycoprotein and haptoglobin as part of 
the acute inflammatory phase in whey because these are 
exclusively detected in infected glands (P<0.0001), with a 
four and seven fold increase in concentration, respectively, 
observed in infected mammary glands (Table 1, Fig.9).

The α-1-acid glycoprotein is an important acute inflam-
matory phase protein, often used in monitoring infections 
(Eckersall et al. 2001). It is considered a moderate acute-
phase protein that gradually increases in concentration; 
however, its levels remain high for a longer period com-
pared to other acute-phase proteins. Therefore, it is con-
sidered a chronic marker for inflammation (Eckersall 2008, 
Ceciliani et al. 2012).

This protein is normally identified in whey, however, its 
presence in sheep whey has not been reported in the litera-
ture. We believe that it is linked to the inflammatory pro-
cess of the mammary gland because it has been identified 
only in infected glands. Its extra-hepatic productions has 
been reported previously in the epithelial cells of the mam-
mary glands of humans and cattle (Ceciliani et al. 2005, 
Rainard & Riollet 2006, Ceciliani & Pocacqua 2007).

Although the precise role of the α-1- acid glycoprotein 
remains elusive, studies suggest that it binds to a series of 
endogenous metabolites at the site of inflammation and 
acts on the innate immune response against infections thus 
modulating the immune reaction through the inhibition of 
phagocytosis, neutrophils activation, and platelet aggrega-
tion (Ceciliani & Pocacqua 2007, Eckersall 2008). Activated 
leukocytes may also act as a local source of α-1-acid glyco-
protein, which facilitates the rapid generation of an immu-
nological defense against damage caused by inflammation 
(Ceciliani & Pocacqua 2007).

Haptoglobin has also been detected in the whey of in-
fected glands. Haptoglobin levels are usually very low or 
undetectable; however, in cases of inflammation or infec-
tion in ruminants, the haptoglobin concentration may 
significantly increase (Eckersall et al. 2001). Haptoglobin 
generally appears in the plasma, but may also be present 
in milk, urine, and saliva (González et al. 2007). Some re-
searchers have reported elevations in haptoglobin concen-
trations, both in blood plasma and in milk, in cows with 
clinical and subclinical mastitis (Eckersall et al. 2001, Grön-
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lund et al. 2005, González et al. 2007, Pyörala et al. 2011), 
suggesting its potential as a biomarker for mammary gland 
inflammation. The detection of elevated haptoglobin levels 
in infected mammary glands is related to its extra-hepatic 
secretion by mammary tissue cells (Akerstedt et al. 2007) 
and its ability to bind to molecules produced in damaged 
tissues, resulting in the inaccessibility of iron to bacteria, 
which limit bacterial proliferation (Suojala et al. 2008).

CONCLUSION
The whey proteins haptoglobin, α-1-acid glycoprotein, lac-
toferrin, albumin IgA and IgG are potential biomarkers of 
mammary gland inflammation in sheep, especially the two 
first proteins.
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