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ABSTRACT

Mastitis is a major challenge to the worldwide dairy industry in spite of the 
widespread implementation of mastitis control strategies. The major economic 
loss of all forms of mastitis results from reduced milk production. Because of the 
difficulty in controlling mastitis the disease will maintain its role in the foreseeable 
future. Identifying genes offers the opportunity to improve production efficiency, 
quality through utilizing them in breeding programs, developing therapeutic 
agents that can be used to alter disease attributes by altering gene expression. The 
Lactoferrin gene having significant association with mastitis has been identified 
which is an iron binding protein present in biological fluids. This protein is 
synthesized by mammary epithelium cells and neutrophils and secreted as 
non-haem iron binding protein. It is a glycosylated protein having antibacterial, 
antiviral, immune-modulatory and iron haemostasis properties. In addition 
to it modulates the immune response by decreasing the free radical formation 
and by down regulating LPS induced cytokines and is an potent activator of 
immunological functions such as granulopoiesis, cytokine production, antibody 
synthesis, natural killer cell toxicity, lymphocyte proliferation and complement 
activation and production of interleukins (IL-1), (IL-2) and TNF. The lactoferrin 
acts as a carrier of IGFBP-3 and allows translocation of extracellular IGFBP-3 
into nucleus of bovine mammary epithelium cells. Its concentration increases 
during dry period and during mastitis concentration may increases several folds. 
Moreover it modulates the immune response by decreasing the free radical 
formation and by down regulating LPS induced cytokines and exhibits strong 
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antimicrobial activity against a broad spectrum of bacteria (gram-positive & 
negative), fungi, yeasts and viruses and parasites. Lactoferrin acts as biomarker, 
antioxidant and vaccine adjuvant. This paper reviews the role of lactoferrin, its 
mechanism of action in regulation of mammalian host defense in combating 
mastitis which facilitates the inclusion of mastitis resistance in bovine breeding 
programmes.
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Mastitis is the most frequent and costly disease of dairy cattle. Losses due 
to mastitis can be attributed to both subclinical and clinical disease. Clinical 
mastitis losses are generally readily apparent and consist of discarded milk, 
transient reductions in milk yield and premature culling (Fetrow, 2000). 
Mastitis is a concern of most dairy farmers and their advisors due to these 
profound economic consequences. Mastitis-related losses are associated 
with reduction in yield, increased treatment costs, discarded milk, and 
increase in culling and associated dairy cow replacement rates. Lactoferrin 
is a component of natural protection system of animals and humans. It is 80 
kDa bilobal glycoprotein, an iron binding protein predominantly present 
in biological fluids in milk, tears, saliva and in sweat (Park et al., 2011) 
and also in specific granules of neutrophils that brings about adaptive 
and innate immune system (Legrand and Mazurier., 2010). Lactoferrin 
gene seems to be an important candidate gene for mastitis resistance trait 
(Seyfert et al., 1996). Lactoferrin is present in the colostrum and normal 
milk of most mammals. Lactoferrin produced by mammary gland serves 
as a dual role, protecting the both mammary gland.

It was subsequently found to be an iron binding glycoprotein of the 
Transferrin family (Tf), discovered in 1939 as “red protein from milk” 
(Sorenson and Sorenson, 1939). The milk Lactoferrin is synthesized mainly 
by breast epithelium cells and neutrophils and secreted as non-haem iron 
binding protein (Plaffl et. al., 2003). It is an glycosylated protein primarily 
having antibacterial, antiviral, immunomodulatory and iron haemostasis 
properties and in secondary granules of PMN,lactoferrin (Lf) is found 
in significant amounts. (15µg/106 neutrophils) (Gonzalez- Chavez et. al., 
2009). . The mean concentration of Lactoferrin content in bovines, goat 
and porcine ranges from 0.02- 0.2 mg /ml. Lactoferrin content in human 
milk is 4.2+ 1.2mg/ml and in horse and mouse is 0.2- 2 mg/ml and sheep 
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20-200ug/ml (Shimazaki et al, 2000). Lactoferrin concentration increases 
during the dry period and during mastitis incidence in bovines and their 
concentration may increase by about 100 folds during bacterial diseases. 
The different concentration of lactoferrin in different stages is regulated by 
lactoferrin gene has been reported. (Guo Hua et al., 2004).

Structure and properties of lactoferrin

Lactoferrin consists of single chain protein of 708 amino acids with 19 
amino acid signal peptides (Pierce et al., 1991). The protein is glycosylated 
and position of potential glycosylation sites may vary among proteins. The 
amino acid sequence of Lactoferrin has N-glycosylation sites as Asn-233, 
Asn-281, Asn-368, Asn -476 and Asn-545 . Glycosylation of Lf affects the 
ability to bind iron (Baker and Baker, 2009). Lf is capable of binding Fe2+ or 
Fe3+ ions and can bound to Cu2+, Zn2+ and Mn 2+ ions. The coding sequence 
of the functional bovine Lactoferrin protein defines a single polypeptide 
chain of 708 amino acids, which is folded into two separate lobes (N and 
C terminals) that each contains two-iron binding and two bicarbonate-
binding sites. 

The promoter region consists of 1122 bp and has a non-canonical TATA 
box at 25 bp with in GC rich region that can bind to sp-1 and sp-3 factors 
(Zheng et. al., 2005). The three dimensional structure of lactoferrin was 
identified in cow (Moore et al., 1997), buffalo (Karthikeyan et al., 1999), 
camel (Khan et. al., 2001) and horse (Sharma et al., 1998) showed that 
this protein among different species had 90% sequence homology and 
had similar iron binding sites. The lactoferrin coding regions of about 60 
different species analysed had variable length of gene (2055-2190) residues, 
due to deletions, insertions and mutations in the stop codon. Lactoferrin 
is expressed both constitutively and constituely on mucosal surfaces while 
in some tissues it is induced by external agents.

Lactoferrin (Lf) is basic, positively charged protein with an isoelectric point 
of 8.4- 9.0 which is important to iron activity and ability to bind different 
cell types and anionic macromolecules (Farnaud and Evans, 2003). It exerts 
both bacteristatic and the bacteriocidal activity is by binding to iron and 
bacteriocidal is by interaction of lactoferrin and bacterium.

Growth and development of the gastro- intestinal tract in new born 
animals fed their dams milk are known to be more rapid than in those fed 



4(1-2): 15-25. Jun & Dec 2016 ISSN No. 2321-9660

Bukhari et al.

18

commercial formulae. Lactation alters microbial population in the gut of 
non- ruminants and increasing pre-weaning weight gain (Joshi et al., 2002; 
Roblee et al., 2003). Lactoferrin is present in the colostrum and normal 
milk of most mammals. The interaction of Lactoferrin with proteins such 
as immunoglobulin G or casein, in non-lactating mammary secretion 
may affect the anti-microbial properties of lactoferrin. The amount of 
Lactoferrin synthesized in mammary gland is controlled by prolactin, 
whereas in reproductive tissue it is determined by estrogens (Teng et al., 
2002). The biological properties are mediated by specific receptors on the 
surface of the target cells. These receptors are present on each cell type. 
Lactoferrin is metabolized either through receptor mediated endocytosis 
of the phagocytic cells or through the direct uptake by liver.

The protein is present in variable amounts in humans, mouse, mare and 
sow milk but rat, rabbit and dog appears to be devoid of lactoferrin.

Lactating and non-lactating healthy cows

Lf produced by mammary gland serve as a dual role, protecting the 
both mammary gland and neonatal intestine from infection. Growth and 
development of the gastro-intestinal tract in new born animals fed their 
dams milk are known to be more rapid than in those fed commercial 
formulae (Heird et al., 1984). The interaction of Lactoferrin with proteins 
such as immunoglobulinG or casein, in non-lactating mammary secretion 
may affect the anti-microbial properties of lactoferrin. The fully involuted 
udder is resistant to coliform infections, mostly due to high content of 
Lactoferrin. The protein concentrations have been reported to increase, 
over 100 fold those in normal milk, and throughout the non-lactating 
period Lf concentrations remain high. The dramatic increase in Lactoferrin 
concentrations after cessations of milking appears to be a manifestation 
of process of involution, while during normal lactation Lf is a minor milk 
protein (Masson and Hereman, 1971).

Concentration of lactoferrin in secretions of the bovine mammary gland in healthy 
and mastitic cows

Lactation stage Lf conc. mg/ml Reference
Immediately after parturition 2.4 Nonnecke & Smith. (1984)

Lactating cows 0.02-0.35 Welty et al. (1976)
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2-4 days of involution 2.4 Welty et al. (1976)
5-7 days of involution 2.6-17.8 Welty et al. (1976)
Sub-clinical mastitis 0.2-1.2 Hagiwara et al. (2003)

Clinical mastitis 0.3-2.3 Kawai et al. (1999)

Lactoferrin concentration in milk from quarters infected with Staph. 
aureus or Streptococci were significantly higher than in milk from quarters 
infected with coagulase negative Staphylococcus and Corynebacterium bovis 
(Hagiwara et al., 2003). Lactoferrin concentration in milk ranges from 
0.3-2.3mg/ml, these concentrations are generally higher in normal cows 
or those with sub-clinical mastitis (Kawai et al., 1999; Hagiwara et al., 
2003). Mutual interaction among the vitamin-A, IGFBP-3 and Lactoferrin 
modulates the proliferation and apoptosis of mammary epithelium. 
(Puvogel et al., 2005). During mastitis bicarbonate leaks from the blood due 
to increased permeability. Lactoferrin sequesters free ferric ions present in 
milk (Sordillo and Streicher, 2002). The bilobal protein has been known to 
exist in more than one isoforms. Furmanski et al. (1989) reported the RNase 
Lf (an isoform of human milk having antigenic,chemical and physical 
properties but differing in possession of potent nuclease activity and lack 
of significant iron binding capacity).

Functions of lactoferrin

Many studies have examined the effects of bovine lactoferrin on the 
immune system. It regulates the inflammatory responses by binding 
to bacterial endotoxin, which inhibits formation of proinflammatory 
cytokines.. Lactoferrin appears to bind uniquely to the region of 
MHC proteins and CD4 as well CD8 determinants on T4 (helper) and T8 
(Supressor) lymphocytes, it bears sequence homology with MHC- class II 
determinants. It has immunoregulatory function that affect the antibody 
synthesis and complement activation. 

Lactoferrin modulates the immune response by decreasing the free radical 
formation and by down regulating LPS induced cytokines (Haversen et 
al, 2002). The protein inhibits the biofilm formation (Singh et al., 2002). 
Ingestion of bovine in particular, it has been evident that oral bovine 
lactoferrin (bLf) has beneficial effect on digestive and non–digestive tract 
tissue in various animal models. Bovine lactoferrin administration reduced 
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the lung consolidation score and the number of infiltrating leukocytes in 
brochoalveolar lavage fluids (Yamauchi, K. et. al., 2006).

Oral bovine Lactoferrin activates the transcription of immune related genes 
in the intestine, and such transcriptional activation may promote systemic 
host immunity. Intake of bovine Lactoferrin increases the expression of 
IL-12p40, IFN-beta and NOD2. Consequently Lactoferrin f can exists in 
association with Fe3+ (holo-lactoferrin), or Lf can exist free of Fe3+ with 
different three dimensional conformations (Baker and Baker et al., 2004). 
Apo lactoferrin has an open conformation while the iron bound holo- form 
of Lf is an closed molecule.

Treatment of Mastitis with lactoferrin

Bovine lactoferrin showed marked bacteriostatic activity in vitro against 
against mastitic bacteria, Ecoli. The first helix of Lf forms the major part 
of the bacteriocidal domain as Lactoferricin domain (Bellamy et al., 1992). 
The bactericidal domain can serve as macromolecule binding site. The 
positive charge at the N terminal residues and the adjacent C terminal end 
of the first helix form the binding sites for bacterial LPS. A second putative 
antimicrobial domain, Lactoferrampin is present in the N-1 domain of the 
bLf (Vander kraan et al., 2004). Lactoferrin alone or in combination with 
antimicrobial drugs in the

treatment of bovine mastitis are used . Lactoferrin with its broad-spectrum 
antimicrobial effect would be a good candidate for a non-antibiotic treatment 
of infections (Masson et al. 1966). Lactoferrin infusion could potentially 
be useful in the treatment of bovine mastitis, and could partly replace 
the use of antimicrobials. Another application could be the prevention of 
mastitis at drying off (Kai et al. 2002b) and endogenous lactoferrin infusion 
of during this time. Clinical mastitis is, however, rare in the middle of the 
nonlactating period (Nonnecke & Smith 1984a), when the concentration 
of Lactoferrin in mammary gland secretion is at its highest (Welty et al. 
1976). Kai and co-workers (2002b) suggested the same as speculated here: 
administration of exogenous Lf during early involution could help limit 
bacterial growth, not only for its bacteriostatic and bactericidal effect, but 
also for the priming effects on the innate immunity of the host. In addition, 
a high concentration of Lf promotes phagocytic activity in the mammary 
gland and the activation of bovine complement (Kai et al. 2002a). Lf could 
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affect the disposition of apoptotic cells and bacteria during the early 
non-lactating period, and exogenous Lf could thus be used as a dry-cow 
therapy.

The early period of mammary involution coincides with a period of 
increased susceptibility to intramammary infection, Its antimicrobial action 
differs from that of Lactoferricin but physiologically the localization of the 
peptides in the N -1 domain allows the protein to bind to the membrane 
surface and intiates the bacteriocidal activity by disturbing the membrane 
integrity. The lactoferrin is regulated by the type of cell producing the 
protein. The biological properties are mediated by specific receptors on 
the surface of the target cells. These receptors are present on each cell type.

The beneficial effects of Lactoferrin to exhibit strong antimicrobial activity 
against a broad spectrum of bacteria (gram-positive & negative), fungi, 
yeasts, viruses and parasites and has beneficial effects on lactobacillus and 
bifidobacterium (Garcia et al., 2011). Antimicrobial activity of lactoferrin 
affecting the bacterial cell wall occurs due antimicrobial peptides of 
an N-terminal part aminoacid chain of this protein, lactoferricin and 
lactoferrampin. These proteins are released from native proteins by pepsin 
mediated digestion. It represents one of the first defense systems against 
microbial agents invading the organism mostly via mucosal tissue.

Evidence has been presented that the biosynthesis of lactoferrin can 
increase during certain bacterial infections, and these discoveries provided 
further evidence that support the idea of an important role in host defense. 
Consequently, it is now widely accepted that lactoferrin is an important 
part of our innate immune system (Legrand and Mazurier 2010; Valenti 
and Antonini 2005; Ward et al. 2005). It has bacteriosatatic action by binding 
to free iron which is essential for the growth of bacteria. A lack of iron 
inhibits the growth of iron-dependent bacteria such as E. coli. Bactericidal 
activity is mediated by affecting Gram-positive bacteria is mediated by 
electrostatic interactions between the negatively charged lipid layer 
and the positively charged lactoferrin surface that cause changes in the 
permeability of the membrane (Valenti and Antonini, 2005). Lactoferricin, 
a cationic peptide generated by the pepsin digestion of lactoferrin, has 
more potent bactericidal activity than the native protein. There are two 
forms known at present: lactoferricin H (derived from human lactoferrin) 
and lactoferricin B (of bovine origin) (Bellamy et al., 1992).
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Lactoferrin is an potent activator of immunological functions such as 
granulopoiesis, cytokine production, antibody synthesis, natural killer 
cell toxicity, lymphocyte proliferation and complement activation and 
production of interleukins (IL-1), (IL-2) and tumor necrosis factor (TNF). 
(Kimber et. al., 2002).

The lactoferrin dependent cytokine mediated stimulation of activity of 
NK cells and lymphocytes stimulation CD- 4+ and CD-8+ plays important 
role in defence against tumor cells. The parasiticidal role of Lactoferrin has 
been identified as it acts against parasites, the infectivity of toxoplasma-
gondii, eimeria stiedai and Sporozoites are reduced after their incubation 
with lactoferricin-b.I t breaches parasitic membrane integrity and causes 
subsequent interactions between host and parasite (Omata et al., 2001). 
The beneficial effects of Lactoferrin has a positive effect on wound 
healing. Studies with various animal models indicate that recombinant 
human lactoferrin can stimulate the closure of wounds in vivo (Tang et 
al. 2010b). Oral lactoferrin have direct effects on diseases of the colon, 
such as inflammatory bowel disease or diarrhea (Ha and Kornbluth 2010; 
Ochoa et al. 2012). Studies have found that human lactoferrin modulates 
the intestinal flora in piglets (Hu et al. 2012).

CONCLUSION

Lactoferrin is a prominent component of the defense system. Due to 
its unique antimicrobial, immunomodulatory and anticarcinogenic 
properties, lactoferrin contributes to mammalian host defense. Bovine 
mastitis remains a complex disease and its management is an increasing 
challenge. The progress has been made to a great extent by the use of 
therapeutic and prophylactic antibiotics treatments. But there is resistance 
problem against many antibiotics due to concurrent change in the etiology 
of bovine mastitis. Similarly, there is also the problem of the efficacy 
and cost-effectiveness for the prophylactic application of intramammary 
antibiotic. 

In future, these challenges provide an opportunity to researcher and 
clinician to study the genetic aspects of the disease and reduce antibiotic 
usage, developing fast and reliable diagnostic techniques with cost-
economy.. Given the current interest and the subsequent clinical trials with 
lactoferrin, this multifactorial protein may become useful in combating 
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mastitis which facilitates the inclusion of mastitis resistance in Animal 
breeding programmes.

REFERENCES
Baker, E.N. and Baker, H.M. 2009. A Structural framework for understanding the 

multifunctional character of lactoferrin. Animal Genetics, 91: 3-10.
Baker, H.M. and Baker, E.N. 2004. Lactoferrin and iron : Structural and dynamic aspects 

of binding and release. Biometals, 17: 209-216.
Baumrucker, C.R. and Eroundu, N.E. 2000. Insulin like growth factor (IGF) system 

in the bovine mammary gland and milk. Journal of Mammary Gland, Biology and 
Neoplasia, 5: 53-64.

Bellamy, W., Wakabayashi, H., Takase, M., Yamauchi, K., Kawase, K. and Tomita, M. 
1992. Identification of bactericidal domain of Lactoferrin. Journal of Biochemistry, 
1121 :130-136.

Digumarti, R., Wang, Y., Raman, G., Doval, D.C., Advani, S.H., Julka, P.K., et al. 2011. 
A randomized, double-blind, placebocontrolled, phase II study of oral lactoferrin in 
combination.

Farnaud, S. and Evans, R.W. 2003. Lactoferrin a multifunctional protein with 
antimicrobial proteins. Molecular Immunology, 40: 395- 405.

Fetrow, J. Mastitis: an economic consideration. 2000. pp. 3-47 in Proceedings of the 29th 
annual meeting of Natl. Mast. Coun., Atlanta, GA, Natl Mast Coun. Madison, WI.

Garcia, A.M., Cendon, T.S., Gallegos, S.A. and Cruz, Q.R. 2011. Lactoferrin a multiple 
bioactive protein. Journal of Biochemistry, 11-14.

Gibbons, J.A., Kanwar, R.K., and Kanwar, J.R. 2011. Lactoferrin and cancer in different 
cancer models. Front. Biosci. (Schol. Ed.), 3(1): 1080–1088. doi: 10.2741/212.

Gonzalez, C.S.A., Gallegos, A.S. and Cruz, R.Q. 2009. Lactoferrin: structure, 
functionsand applications. International Journal of Antimicrobial Agents, 33: 3301- 
3306.

Ha, C. and Kornbluth, A. 2010. Mucosal healing in inflammatory bowel disease: where 
do we stand. Curr. Gastroenterol. Rep. 12(6): 471–478. doi:10.1007/s11894-010-0146-8. 
PMID:20886319.

Haversen, L., Ohlsson, B.G., Zoric, H.M., Hanson, L.A. and Baltzer, M. 2002. Lactoferrin 
down regulates the LPS-induced cytokine production in monocytic cells via. NF-
kappa B cell. Immunology, 220: 83-95.

Hu, W., Zhao, J., Wang, J., Yu, T., Wang, J. and Li, N. 2012.Transgenic milk containing 
recombinant human lactoferrin modulates the intestinal flora in piglets. Biochem. 
Cell Biol., 10.1139/o2012-003. PMID:22400985.

Joslin, R.S., Erickson, P.S., Santoro, H.M.,Whitehouse, N.L., Schwab, C.G. and Rejman, 
J.J. 2002. Lactoferrin supplements to dairy calves. Journal of Dairy Science, 85: 1237-
1242.



4(1-2): 15-25. Jun & Dec 2016 ISSN No. 2321-9660

Bukhari et al.

24

Kai, K., Komine, K.I., Komine, Y., Kuroishi, T., Kozutsumi, T., Kobayashi, J. Ohta, M., 
Kitamura, H. and Kumagai, K. 2002a. Lactoferrin stimulates a Staphylococcus aureus 
killing activity of bovine phagocytes in the mammary gland. Microbiol. Immunol. 
46: 187-194.

Karthikeyan, S., Sharma, S., Sharma, A.K., Paramsivam, M., Yadav, S., Srinavasan, A. 
and Singh. P. 1999. Structural variability and functional convergence in lactoferrins. 
Current Science, 77(2): 241-255.

Kathiravan, P., Ranjit, S., Bishnu, P., Praveen, K., Dubey., Selavakumar, M. and Tyagi, 
N. 2010. Seven novel single nucleotide polymorphism identified within river buffalo 
(Bubalus bubalis) lactoferrin gene. Tropical Animal Health Production, 42: 1021-1026.

Khan, J. A., Kumar, P., Paramasivam, M., Yadav, R.S., Sahani, M.S., Sharma, S., 
Srinavasan, A. and Singh, T.P. 2001. Camel lactoferrin, a transferrin cum lactoferrin: 
crystal structures of camel apolactoferrin at 2.6 A resolution and structural basis of 
its dual role. Journal of Molecular Biology, 309: 751-761.

Kimber, I., Cumberbatch, M., Dearman, D.R., Bhusman, M. and Griffiths, C.E.M. 2002. 
Lactoferrin influences on Langerhans cells, epidermal cytokines and cutaneous 
inflammation. Biochemical Cell Biology, 80: 103- 107.

Kozu, T., Iinuma, G., Ohashi, Y., Saito, Y., Akasu, T. and Saito, D. 2009. Effect of orally 
administered bovine lactoferrin on thegrowth of adenomatous colorectal polyps in 
a randomized,placebo-controlled clinical trial. Cancer Prev. Res. (Phila.), 2(11): 975–
983. doi:10.1158/1940-6207.CAPR-08-0208.

Legrand, D. and Mazurier, J. 2010. A critical review of the roles of host lactoferrin in 
immunity. Biometals, 23(3): 365–376. doi:10.1007/s10534-010-9297-1. PMID:20143251.

Moore, S.A., Anderson, B.F., Groom, C.R., Haridas, M. and Baker, E.N. 1997. Three 
dimensional structure of bovine lactoferrin at 2.8 L resolution. Journal of Molecular 
Biology, 274 : 222-236.

Ochoa, T.J., Pezo, A., Cruz, K., Chea-Woo, E. and Cleary, T.G. 2012. Clinical studies of 
lactoferrin in children. Biochem. Cell Biol., PMID: 22380791.

Omata,Y., Satake, M., Maeda, R., Saito, A., Shimazaki, K., Yamauchi, K.,Uzuka,Y., 
Tanabe, S., Sarashina, T. and Milkami, T. 2001. Reduction of the infectivity of 
Toxoplasma and Eimeria stiedai sporozoites by treatment with bovine lactoferricins. 
Journal of Veterinary Medical Science, 63: 187-190.

Parikh, P.M., Vaid, A., Advani, S.H., Digumarti, R., Madhavan, J., Nag, S., et al. 2011. 
Randomized, double-blind, placebocontrolled phase II study of single-agent 
oral talactoferrin in patients with locally advanced or metastatic non-small-cell 
lungcancer that progressed after chemotherapy. Journal of Clinical Oncology, 29(31): 
4129–4136. doi:10.1200/JCO.2010.34.4127. PMID:21969509.

Park, J.H., Park, G.T., Cho, I.H., Sim, S.M., Yang, J.M. and Lee, D.Y. 2011. An antimicrobial 
protein, lactoferrin exists in the sweat: proteomic analysis of sweat. Exp. Dermatol. 
20(4): 369–371. doi:10.1111/j.1600-0625.2010.01218.x. PMID:21366701.



4(1-2): 15-25. Jun & Dec 2016 ISSN No. 2321-9660

Bovine Mastitis: Novel Protein Treatment Strategy

25

Pierce, A., Colavizza, D., Bennaisa, M., Maes, P., Tartar, A., Montreuil, J. and Spik, G. 
1991. Molecular cloning and sequence analysis of bovine lactotransferrin. European 
Journal of Biochemistry, 196: 177-184.

Plaffl, M.W., Whittmann, S.L., Meyer, H.H.D. and Bruckmaier, R.M. 2003. Gene 
expression of immunologically important factors in blood cells, milk samples and 
mammary tissue of cows. Journal of Dairy Science, 86: 538-545.

Roblee, E.D., Erickson, P.S., Whitehouse, N.L., Mclaughlin, A.M., Schwab, C.G., Rejman, 
J.J. and Rompala, R.E. 2003. Supplemental lactoferrin improves health and growth 
of Holstein calves during pre weaning phase. Journal of Dairy Science, 86: 1458-1464.

Schwerin, M., Solinas-Toldo, S., Eggen, A., Brunner, R., Seyfert, H.M. and Fries, R. 1994. 
The bovine lactoferrin gene (LTF) maps to chromosome 22 and synthetic group U12. 
Mammalian genome, 5: 486-489.

Sharma, A.K., Karthikeyan, S., Sharma, S., Yadav, S., Srinivasan, A. and Singh, T.P. 1998. 
Structure of buffalo and mare lactoferrin. Similarities, difference and flexibilities. 
Advance in Experimental and Medical Biology, 443: 15-21.

Shimazki, K. 2000. Structure, function and applications of Lactoferrin gene. Journal of 
Biochemistry and Physiology, 98: 417-422.

Singh, P.K., Parsek, M.R., Greenberg, E.P. and Welsh, M.J. 2002. A component of innate 
immunity prevents bacterial biofilm development. Nature, 417: 552-555.

Sorenson, M. and Sorenson, S.P.L. 1939. The proteins in whey. C.R. Laboratoire Carlsberg, 
23: 55-99.

Teng, C.T. 2002. Lactoferrin gene expression and regulation: An overview. Biochemistry 
and Cell-Biology, 80: 7-16.

Valenti, P. and Antonini, G. 2005. Lactoferrin: an important host defense against 
microbial and viral attack. Cellular and Molecular Life Sciences, 62: 2576–2587.

Voganatsi, A., Panyutich, A., Miyasaki, K.T. and Murthy, R.K. 2001. Mechanism of 
extracellular release of human neutrophil calprotectin complex. J. Leukoc. Biol. 70(1): 
130–134. PMID:11435495.

Ward, P.P., Paz, E. and Conneely, O.M. 2005. Multifunctional roles of lactoferrin: A 
overview. Cellular and Molecular Life Sciences, 62: 2540-2548.

Wolf J.S., Li, D., Taylor R.J. and O’malley B.W. 2003. Lactoferrin inhibits growth of 
malignant tumors of the head and neck. ORL; Journal for Oto-Rhino-Laryngology and 
Its Related Specialties, 65: 245–249.

Yamauchi, K., Wakabayashi, H., Slim, K. and Takase, M. 2006. Bovine Lactoferrin: 
benefits and mechanism of action against infections. Biochemical Cell Biology, 84: 291-
296.

Zheng, J., Jennifer, L.A., Sonstegard, S. and David, E.K. 2005. Characterization of the 
infection responsive bovine Lactoferrin promoter. Gene, 353: 107-117.




