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Abstract 
Objective: It was aimed to investigate the antibacterial effect levels of Lactoferrin protein in cow 

colostrum. The aim of the study was to evaluate the effect of lactoferrin protein obtained from a natural 
product on the growth of Escherichia coli, Pseudomonas aerugenosa and Staphylococcus aureus. 

Method: Lactoferrin at 4 different concentrations (100 mg/ml, 50 mg/ml, 25mg/ml and 12.5mg/ml) 
was impregnated on 6 mm discs prepared from filter paper and placed on the MHA plate and after 
incubation at 37˚C for 24 hours, inhibition was evaluated.  The antibacterial effect levels of naturally 
obtained lactoferrin at different concentrations were compared. 

Results: It was determined that the antibacterial activity of lactoferrin against Gram-negative 
bacteria Pseudomonas aeruginosa was higher than the other bacterial species in the study. It was 
determined that Lactoferrin at a concentration of 12.5mg/ml had the least inhibitory effect in the studied 
bacteria. It was concluded that E.coli and S. aureus were bacteria resistant to the antibacterial activity of 
lactoferrin. 

Conclusion: It was observed that this effect was limited in E.coli bacteria. In the light of these results, 
it was concluded that Lactoferrin, an antibacterial agent, has different antibacterial effects depending on the 
bacterial species and dose. 
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Introduction 
Lactoferrin (Lf) was identified in bovine milk in 1939 and isolated from both human and bovine 

milk in 19601. Lactoferrin, a multifunctional iron-binding glycoprotein, plays an important role in 

immune regulation and defense mechanisms against bacteria, fungi and viruses2. Colostrum is the 

first milk produced by mammals after birth and has a high nutritional profile3. It is a complex 

biological fluid that provides the baby with all the necessary nutrients, immunological and 

developmental factors and is significantly different from mature milk4. Colostrum contains proteins, 

lipids, essential fatty acids and amino acids in greater concentration than mature milk. It also 

contains oligosaccharides, lactoferrin, lysozyme, lactoperoxidase, proline-rich polypeptides, insulin, 

growth hormone, cytokines and nucleosides, all of which act as natural anti-microbials5,6. The fact 

that lactoferrin has a high iron binding ability and is the only protein in the transferrin family that 

can show this ability in a wide pH range, especially at very low pH values, is highly resistant to 

proteolysis, has a net positive charge and is found in many tissues7. Colostrum has the feature of 

preventing infections and diseases in humans and provides passive immunity to human and bovine 

newborns8. Bovine colostrum is very often used as a dietary supplement. Clinical studies have 

revealed that colostrum is taken by humans as supplements; exhibits antioxidant, 

immunomodulatory and anti-inflammatory activity9. Lf is 80-kD, and the protein consisting of 692 

amino acids consists of a single polypeptide chain with 2 symmetrical folds to which it is 

glycosylated10. In most cases, enzymes activate the milk's natural antibacterial system and kill target 

microbes. The antimicrobial systems in natural milk are distinguished by their simultaneous attack 

on the oxidative and lytic mechanisms of microorganisms11. The second mechanism of lactoferrin 

and lactoferrin-derived peptides is in direct interaction with microorganisms through positively 

charged amino acids that interact with anionic molecules on certain bacterial, viral, fungal and 

parasitic surfaces, causing cell lysis12. Lactoferrin has high levels of amylase, DNase, RNase and 

ATPase activity. Therefore, Lf can damage the nucleic acids of bacteria through hydrolysis and 

inhibit the metabolism of the organism13. The antibacterial activity of lactoferrin varies depending 

on its concentration, interaction with other minerals in the environment, and the degree of saturation 

with iron. The antimicrobial activity of lactoferrin decreases when other macromolecules are bound 

and saturated with iron, but increases when it is found together with other antimicrobial proteins 

(lysozyme)14. It was determined that the main reason for the increase in antimicrobial activity was 

lactoferricin, a bioactive peptide released during enzymatic degradation. Lactoferricin is the 25 

amino acid portion containing amino acids 18-42 at the N-terminus of cow's milk lactoferrin. The 

lactoferricin molecule folds into two globular units and each can bind one iron ion (Fe+3)15. 
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Because of the bioactive components of colostrum, it may be useful in this study, reinforcing the 
notion that Lactoferrin is a significant barrier in the mucosal wall that is effective against bacterial 
infection attacks in terms of its capacity to exert a potent antibacterial activity through binding to 
host cells or viral particles. It can be applied as a new strategy in the treatment of pathogenic 
bacterial infections.  

Materials and Method 

This study was carried out in Dicle University Hospital Central Laboratory. In our study, after 

separating cow colostrum into whey protein fractions, lactoferrin protein was obtained as 

concentrated by using ultrafiltration membrane filter at 30kD. Total protein concentrations were 

measured according to the method of bicinchoninic acid colorimetric assay (BCA, Bio-Rad, USA). 

After lyophilization, the protein was ground into powder. Protein concentrations were measured 

according to the method of bicinchoninic acid colorimetric assay (BCA, Bio-Rad, USA). 10 µl of 

sample was taken and 40 µl of PBS was added and diluted 1/5. It was homogenized and 7 standards 

were added to 96 well wells and then two replicates of 20 µl samples were added respectively. After 

the auxiliary solutions were prepared in a sterile falcon tube, 160 µl was added to all wells, 

including the standard wells. The plate was closed and incubated in an oven at 37 0C for 30 minutes. 

Then, absorbance was measured at a wavelength of 562 nm in the Elisa Reader Thermo Scientific 

device. 

For antibacterial analysis; Escherichia coli ATCC 25922 and Pseudomonas aerugenosa 

ATCC 27853 were used as Gram negative organisms, Staphylococcus aureus ATCC 29213 as 

Gram positive organisms. Tested bacterial strains were proliferated by incubating at 350°C in tubes 

containing Tryptic Soy Broth (TSB). 0.5 McFarland standard bacterial suspension was prepared 

from the bacterial culture obtained after 24 hours of incubation. Bacteria taken from the bacterial 

suspension using sterile cotton swabs were spread on the Mueller-Hinton Agar (MHA) surface and 

inoculated. Whatman No. Lactoferrin at 4 different concentrations (100 mg/ml, 50 mg/ml, 25mg/ml 

and 12.5mg/ml) was impregnated on 6 mm discs prepared from 1 filter paper and placed on the 

MHA plate. Inhibition was evaluated after the Petri dishes were incubated at 37˚C for 24 hours. A 1 

mg/ml Ceftriaxone disc was used as a positive control. The antibacterial effect levels of naturally 

obtained lactoferrin at different concentrations were compared. 

Statistical analyses 

All analyzes were performed in duplicate and the data obtained as a result of the analyzes were 

subjected to analysis of variance (ANOVA) using the SPSS 22.0.0 package program. To compare 

the effects of statistically different concentrations, Duncan's multiple range test was analyzed at a 

significance level of P < 0.05. 
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Results 

The antibacterial activity of lactoferrin was conducted on Gram-positive and Gram-negative 

bacterial strains. Total protein concentrations were measured according to the method of 

bicinchoninic acid colorimetric assay (BCA, Bio-Rad, USA). In these measurements, mean and 

standard deviation values at 100 mg/ml concentration were: 6894.5±21.99; 2513±36.77 at 50 mg/ml 

concentration; The values of 1154±35.35 at 25 mg/ml concentration and 923.5±0.70 at 12.5mg/ml 

concentration were determined statistically (Figures 1 and 2). Different concentrations of lactoferrin 

were prepared as the samples were 100 mg/ml, 50 mg/ml, 25 mg/ml and 12.5mg/ml. 1 mg/ml 

Ceftriaxone was used as a positive control. It was determined that the antibacterial activity of 

lactoferrin against Gram-negative bacteria Pseudomonas aeruginosa was higher than the other 

bacterial species in the study. It was observed that its antibacterial activity was limited in E.coli 

bacteria. It was determined that Lactoferrin at a concentration of 12.5mg/ml had the least inhibitory 

effect in the studied bacteria. It was concluded that E.coli and S. aureus were bacteria resistant to 

the antibacterial activity of lactoferrin. (Pictures 1,2 and 3). It was determined that lactoferrin 

applied in Pseudomonas aeruginosa bacterial species inhibited bacterial proliferation at high 

concentration. Matijasic et al., (2020) investigated the antimicrobial effects of lactoferrin isolated 

from whey and produced in the pilot plant by disc diffusion method. The bacteria examined were 

Escherichia coli, Staphylococcus aureus, Listeria monocytogenes, Salmonella enterica, Clostridium 

difficile, Klebsiella oxytoca and Clostridium perfringens. As a result of the study, partial or 

complete inhibitory properties were observed on all bacteria except lactic acid bacteria and 

Clostridium bacteria16. In this study, lactoferrin isolated from whey showed an inhibitory effect 

against Pseudomonas aeruginosa bacteria. The antibacterial activity of lactoferrin varies depending 

on the protein concentration and the degree of saturation with iron. The activity level of these 

antimicrobial molecules decreases when they are saturated with iron, and increases when they are 

found together with other antimicrobial proteins (lysozyme)17. Lactoferrin has serine protease 

activity and can degrade the arginine-rich portion of proteins. It can show antibacterial activity by 

degrading lactoferrin with many serine protease activities18. Lactoferrin; It also causes inhibition by 

triggering the fragmentation of intracellular invasive plasmid antigens such as Escherichia coli, 

Listeria monocytogenes and Shigella flexneri19. In fact, it has been demonstrated that the 

candidacidal activity of lactoferrampin is higher than that of lactoferrin and that it has antibacterial 

activity against many bacteria such as Bacillus subtilis, Escherichia coli and Pseudomonas 

aeruginosa20. The inhibition effect of lactoferrin obtained from the cow colostrum fraction against 

Escherichia coli and Pseudomonas aeruginosa bacteria is in parallel with the above study. 
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Table 1. Data Obtained by BCA Method of Concentrated Lactoferrin from Cow Whey Protein 

S1 S2 S3 S4 S5 S6 S7 100mg/ml 50mg/ml 25mg/ml 12.5mg/ml 

2000 1500 1000 750 500 250 125 6739 2487 1129 924.8 

2000 1500 1000 750 500 250 125 7050 2539 1179 923 

  S1, S2, S3, S4, S5, S6, S7 : BCA Yönteminde Kullanılan Standartlar 

 
         Table 2. Statistical Analysis of Lactoferrin BCA Total Protein 

S1 
Mean±Sd 

S2 S3 S4 S5 S6 S7 

2000a 1500a 1000a 750a 500a 250a 125a 

P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 
              

 

 

 

 

a,bAbsorbanslar arasında anlamlılık düzeyi faklı olanlar aynı harflerle ifade edilmiştir. 
 

 

 

              Picture 1. Effect of Lactoferrin on P.aeruginosa Bacteria at Different Doses 

                                             

100mg/ml 50mg/ml 25mg/ml 12.5mg/ml 

6894.5±21.99a 2513±36.77a 1154±35.35a 923.5±0.7b 

P<0.05 P<0.05 P<0.05 P<0.05 
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               Picture 2. Effect of Lactoferrin on E.coli Bacteria at Different Doses     

 

                
 Picture 3. Staphylococcus aureus Effect level of Lactoferrin at different doses 

 

Conclusion: 

Lactoferrin glycoprotein obtained from bovine colostrum has a significant and dose-dependent 

antibacterial effect on the growth of P. aeruginosa. In this study, we think that the inhibitory effect 

against Pseudomonas aeruginosa bacteria may be due to the serine protease activity of this protein. 

In our study, we determined that the inhibition effect of Lf on E. coli bacteria was limited. 

Lactoferrampin, determined from the N1 domain of cow's milk lactoferrin, was also found to have 

antimicrobial activity. S. aureus bacteria were found to be resistant to all doses of lactoferrin 
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protein. In the light of these results, it was concluded that Lactoferrin, an antibacterial agent, has 

different antibacterial effects depending on the bacterial species and dose.  
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