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Summary: The aim of the present study was to determine the availability of blood and milk lactoferrin concentrations 
in the diagnosis of subclinical mastitis in lactating Karayaka ewes. The milk samples obtained from 43 mid-lactating 
Karayaka ewes, aged between 2 and 3, were examined by California Mastitis Test (CMT) and somatic cell count (SCC) 
methods. Animals (n=23) had positive CMT score and SCC between 300.000-1.000.000 cells/ml were defined as sub-
clinical mastitis group, whereas ewes with CMT negative and SCC between 100.000-200.000 cells/ml were described 
as control (healthy) group. The serum were obtained from blood and milk samples of ewes and ELISA was performed to 
detect blood and milk lactoferrin concentrations. The mean blood lactoferrin concentrations in subclinical mastitis group 
and control group were 0.90±0.08 µg/ml and 0.85±0.08 µg/ml, respectively, however the difference was not significant 
(p>0.05). The mean milk lactoferrin concentrations in ewes with subclinical mastitis and healthy ewes was 23.98±3.45 
µg/ml and 16.84±1.29 µg/ml, respectively (p<0.01). Consequently, it is suggested that the concentration of milk lacto-
ferrin might be a useful marker in the diagnosis of ewes with subclinical mastitis.
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Laktasyon periyodundaki subklinik mastitisli koyunlarda kan ve süt laktoferrin 
konsantrasyonlarının araştırılması

Özet: Bu çalışmada, laktasyon periyodundaki subklinik mastitisli ve sağlıklı Karayaka ırkı koyunlarda süt ve kan se-
rumlarında laktoferrin konsantrasyonlarının belirlenmesi amaçlandı. Araştırmada, ortalama 2-3 yaşlarında ve laktas-
yonlarının orta döneminde bulunan Karayaka ırkı koyunlar, Kaliforniya mastitis test ve sütte somatik hücre sayımı 
yöntemleri ile subklinik mastitis yönünden incelendi. Sütleri Kaliforniya mastitis test pozitif ve somatik hücre sayımı 
300.000-1.000.000 olan 23 adet koyun subklinik mastitis grubunu, Kaliforniya mastitis test negatif ve somatik hücre 
sayımı <300.000 olan 20 adet koyun ise kontrol grubunu oluşturdu. İneklerden kan ve süt örnekleri alınarak serumla-
rı çıkarıldı. Koyunların kan ve süt serumlarında laktoferrin ölçümleri ELISA test kitleri kullanılarak gerçekleştirildi. 
Subklinik mastitisli ve sağlıklı koyunların serum laktoferrin değişimleri sırasıyla ile 0.90±0.08 µg/ml ve 0.85±0.08 µg/
ml olarak tespit edildi ve gruplar arasında istatistiksel olarak önemli bir fark bulunamadı (p>0.05). Süt serumu laktofer-
rin konsantrasyonları subklinik mastitisli ve kontrol gruplarında sırasıyla 23.98±3.45 µg/ml ve 16.84±1.29 µg/ml olarak 
bulundu. Subklinik mastitisli grubun süt serumu laktoferrin düzeylerinin kontrol grubununkine göre istatistiksel olarak 
yüksek olduğu belirlendi (p<0.01). Sonuç olarak, koyunlarda süt serumu laktoferrin konsantrasyonunun subklinik mas-
titisin teşhisinde faydalı bir belirteç olarak kullanılabileceği kanaatine varıldı.
Anahtar kelimeler: Koyun, Laktasyon, Laktoferrin, Subklinik mastitis, Süt.

Introduction

Lactoferrin (LF) is an iron-binding glycoprotein 
of the transferrin family present in most biologi-
cal secretions in the organism and it plays a key 
role immunity [22]. LF is synthesized from geni-
tal tract and mammary tissue [32] or from neutro-
phils by cell differentiation. It is also secreted by 
epithelial cells and can be found in exocrine fluids 
(saliva, pancreas, bile juice, gastric juice, lacrima, 

semen, bronchial and nasal mucus) as apolactofer-
rin [22,36]. Transferrin is a glycoprotein and found 
in plasma for an iron transporter [14].
It is also characterized as a metalloprotein with mo-
lecular mass of 80 kDa [21]. It is well known that 
iron binding areas of lactoferrin and transferrin have 
the same composition and geometry but have dif-
ferences in molecular structure [5,26]. Lactoferrin’s 
capability of binding iron is two times higher than 
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that of transferrin [1]. The ability to keep iron bound 
even at low pH (pH~2) is important, especially at 
sites of infection and inflammation where, due to the 
metabolic activity of bacteria, the pH may fall under 
4.5. In such a situation lactoferrin also binds iron 
released from transferrin, which prevents its further 
usage for bacterial proliferation [34]. Transferrin 
releases its iron at pH 5 [25]. Transferrin releases 
iron in low pH environment due to infection and 
lactoferrin binds transferrin to prevent bacterial 
proliferation [8]. Therefore, lactoferrin concentra-
tion increases during inflammation [17]. It has been 
stated that measurement of lactoferrin concentra-
tion in fluids, such as milk, is to be important in the 
investigation of mammary gland infections [10]. 
Since lactoferrin has antimicrobial [21], antifungal, 
antiparasitic [34], antiviral [22], immun-modulator 
and antineoplastic activities, evaluation of its con-
centrations in pathological conditions was proved to 
be an important tool in the diagnosis of the presence 
of infection [32, 35]. It is well known that mastitis is 
one of the main diseases that causes economic loss 
in dairy industries, as it alters physical and chemi-
cal composition of milk [23, 33]. Moreover, it is 
already described that the incidence of clinical mas-
titis was 5%, while subclinical mastitis was 5-30% 
in small ruminants [7,13] hence, early diagnosis of 
subclinical mastitis is of particular importance to 
preclude contamination and economic loss [15,30]. 
Therefore, the study was designed to blood and/or 
milk lactoferrin concentrations as an indicator in di-
agnosis of subclinical mastitis in lactating Karayaka 
ewes.

Material and Method

A total of 43 Karayaka ewes in mid-lactation pe-
riod, aged between 2 and 3 were used in the study. 
One hundred fifty ewes were investigated in private 
farms in Tekkekoy, Samsun province, Turkey. Milk 
samples from each quarter were tested by California 
mastitis test (CMT) [29]. For this purpose, fresh 
milk sample obtained from each quarter was mixed 
with CMT reagent in the CMT test plate and gen-
tly rotated, gel formation and differentiation of the 
colour were investigated. CMT results were scored 
as negative (0), weak positive (+1), distinct posi-
tive (+2) and strong positive (+3). CMT positive 
or negative udder halves of ewes were recorded. In 
order to confirm CMT results microscopic meth-

od of somatic cell count (SCC) was performed. 
After SCC analysis [19], 20 ewes with negative 
CMT results and SCC between 100.000-200.000 
cell/ml were included in the control group and 23 
ewes with CMT positive results and SCC between 
300.000-1.000.000 were included in subclinical 
mastitis group. Blood samples were collected from 
the jugular vein of each ewe into vaccunated tubes 
and centrifuged at 3000 rpm to separate serum. Ten 
ml quarter milk samples were centrifuged at 14.000 
rpm for 15 minutes. After removal of lipid layer 
and sediment, casein was precipitated by acetic 
acid (0.1 M) reducing pH into 4.5 using pH meter. 
The extract centrifuged at 25.000 rpm, +2°C for 30 
minutes to remove casein completely and to obtain 
approximately 2 ml of clear milk serum [37]. Blood 
and milk LF were measured by Bovine Lactoferrin 
ELISA test kits (Alpha Diagnostic International, 
8090, USA) using ELISA reader (Digital and an-
alog systems, Das, 2004, ITALY). In the present 
study bovine ELISA kit was used since amino acid 
composition of both ovine and bovine lactoferrins 
show that %80 of homology [9]. All steps were per-
formed at room temperature. After each reagent ad-
dition, the plate was gently tapped to mix the well 
contents prior to beginning incubation. 100 µl of 
standards, samples and controls were added each to 
pre-determined wells. The plate was tapped gently 
to mix reagents and incubated for 60 min. The plate 
was washed four times and pat dry on fresh paper 
towels. 100 µl of diluted anti-bovine lactoferrin-
HRP conjugate were added to each well and incu-
bated for 30 min. The plate was washed five times. 
100 µl tetramethylbenzidine (TMB) liquid substrate 
was added to each well and incubated for 15 min in 
the dark place. 100 µl of stop solution was added to 
each well. Absorbance of the entire plate was read 
at 450 nm using a single wavelength within 30 min 
after addition of stop solution. Significances of dif-
ferences were analysed by Student t test [28]. Data 
of the groups are presented as mean±StD. A value 
of p<0.05 was considered as statistically significant 
(SPSS Inc., Chicago, IL, USA).

Findings

The mean blood and milk lactoferrin concentrations 
in healthy ewes (n=20) and ewes with subclinical 
mastitis (n=23) are shown in Table 1. Accordingly, 
the mean milk lactoferrin concentrations was 
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16.84±1.29 µg/ml in control group, while it was 
23.98±3.45 µg/ml in ewes with subclinical mastitis 
(p<0.01). However, the mean blood lactoferrin con-

centrations in healthy ewes and ewes with subclini-
cal mastitis were 0.85±0.08 and 0.90±0.08 µg/ml, 
respectively (p>0.05).

Control group (n=20) Subclinical mastitis group (n=23) Significance

Blood LF 0.85 ± 0.08 0.90 ± 0.08 p>0.05

Milk LF 16.84 ± 1.29 23.98 ± 3.45 p<0.01

Table 1. The mean blood 
and milk lactoferrin con-
centrations (µg/ml) in 
healthy ewes and ewes 
with subclinical mastitis 
(mean±StD).

Discussion and Conclusion

Mastitis reduces not only the milk yield but also al-
ters the chemical composition of the milk, hence it 
is a major problem for dairy industry. Clinical mas-
titis can be defined with the symptoms of the teat, 
udder and macroscopic changes in milk composi-
tion, whereas laboratory analysis is needed to diag-
nose subclinical mastitis [20]. After the beginning 
of inflamation in the mammary gland, polimorpho-
nuclear cells pass through the endothelial cells to 
the inflammation site, therefore SCC, widely used 
method, is a quick and effective method in the de-
termination of subclinical mastitis [2]. Moreover, 
CMT is also a reliable method to detect subclini-
cal mastitis in ewes in veterinary practice [20]. In 
the present study, the CMT score was negative in 
healthy ewes and positive in ewes with subclinical 
mastitis, respectively. SCC<300.000 was evalu-
ated as CMT negative in a healthy group and SCC 
300.000 to 1.000.000 was evaluated as CMT+1 in a 
subclinical mastitis group. These results are consis-
tent with the results of other studies [11,19].

LF is known to contribute to specific defense 
mechanisms of mammary gland in subclinical mas-
titis [6]. Therefore, it has been indicated that the 
measurement of milk lactoferrin concentration may 
be a useful method in the diagnosis of subclinical 
mastitis [12,31]. Moreover, a strong relationship has 
been reported between milk LF levels and SCC [16]. 
It was detected that milk LF and somatic cell count 
increased concurrently in both natural and experi-
mental mastitis of goats compared to healthy ones 
[10]. The range of LF concentration is reported to 
be wide that is between 31.78-485.63 mg in healthy 
animals related to lactation periods and increases in 
inflammation [12]. Blood and milk LF concentra-
tions were stated to be stable during lactation period 

in the Ankara goat [4]. Kawai et al. [18] detected 
that milk LF concentration was higher in cows with 
clinical mastitis than cows with subclinical masti-
tis. In this study, the results revealed that milk LF 
concentrations in ewes with subclinical mastitis 
was higher than those in healthy ewes (p<0.01) 
(Table 1). Similarly, Hagiwara et al. [16] reported 
that cows with subclinical mastitis had higher milk 
LF concentrations as compared to healthy cows 
(2.23±0.39, 2.70±0.39). Al-Majali et al. [3] reported 
that concentration of milk lactoferrin from mastitic 
camels (3.8 ± 0.67) was significantly higher than 
that in normal camels (2.65 ± 0.88).

The circulating blood LF concentrations is nor-
mally very low; but it might increase due to LF se-
creted from the mammary gland endometrium and 
decidua during the pregnancy [24,27] due to neu-
trophil activation [8,17]. Indeed, the similar blood 
LF concentrations in both groups as shown in the 
results of the study suggested that the concentra-
tions of blood LF might not be effected by the local 
defense of mammary gland. Moreover, it is predict-
able that the subclinical mastitis does not lead to a 
systemic infection, since it is a local inflammation 
and blood LF concentration does not increase.

In conclusion, based on the findings of the 
study, it is suggested that the determination of milk 
LF concentration is more reliable than blood LF 
concentration. Moreover, the milk LF concentration 
might be used in the diagnosis of subclinical mas-
titis in ewe.
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