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ABSTRACT 

BACKGROUND AND OBJECTIVE: Lactoferrin(LF) is an iron-binding glycoprotein that involves a diverse range 

of biological activities. Lactoferrin is a major component of milk and is present in exocrine secretions such  as tears, 

salvia, bile, and neutrophil granules. Lactoferrin has more potent antimicrobial activities against a wide range of gram 

negative and positive bacteria as well as antivirus activities. The purpose of this study is to evaluate the effect of this 

protein on P.aeruginosa growth in patients with burns that show drug resistance. 

METHODS: In this study, antibacterial activity of Lactoferrin has been scrutinized after isolation and purification of 

bovine colostrum against pseudomonas aeroginosa. Bacteria samples were isolated from scald patients (Shahid Zare 

Hospital); then microbial activity was confirmed with biochemical tests like oxidase, catalase and growth on TSI 

medium. Four concentrations 400,500,600 and 700 µg/ml of lactoferrin were assayed. Pseudomonas colonies counted 

and compared with negative control (without lactoferrin) as well as E.coli (DH5α) as positive control was considered.

FINDINGS: Our results showed that 400µg/ml concentration of lactoferrin has the least inhibitory effect with 35% and 

29% growth inhibitory and 700µg/ml concentration of lactoferrin has the highest inhibitory effect with 86% and 66% 

on Pseudomonas and E.coli, respectively. 

CONCLUSION: Our result showed that all of lactoferrin concentrations have inhibitory activity which in 700µg/ml 

has the highest inhibition against Pseudomonas aeroginosa and also E.coli. 
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Introduction 

Lactoferrin is an 80-kDa glycoprotein that has the 

ability of binding to iron. This protein can be found in 

milk, tear, saliva and specific granules (PMNS), 

particularly neutrophils. Its biological properties 

include regulation of intestinal iron absorption, anti-

inflammatory properties, regulation of the immune 

system and anti-bacterial, anti-viral and anti-tumor 

activities (1).  

The effect of lactoferrin in reducing inflammation 

and destroying gram-negative bacteria is followed by 

clinical outcomes such as infection control, multiple 

organ dysfunctions and bacterial invasion (2). The 

protein structure consists of two globular lobes, 

designated as N-lobe and C-lobe, each of which 

contains iron-binding site (3, 4). 

In some cases, lactoferrin binds to iron released 

from transferrin that prevents the proliferation of 

bacteria (5). Lactoferrin's tendency to absorb iron is 

considered as the main composition in non-specific 

immune system of host against numerous pathogens 

(6). By absorbing free iron, lactoferrin clears the 

environment of this element, thus bacteria and 

pathogens which need iron to grow and proliferate will 

be deprived of this element and cannot survive and 

therefore lactoferrin inhibits the infection indirectly 

(7). In addition to absorbing iron and keeping it away 

from microbes, lactoferrin can have antimicrobial 

activity by inhibiting microbial metabolism of 

carbohydrates, destabilizing bacterial cell membrane 

and binding to calcium and magnesium (8). Using 

lactoferrin in feeding of animals such as mouse and pig 

has increased their resistance to bacterial and 

inflammatory diseases (9).  

Pseudomonas consists of various species of non-

fermentative aerobic gram-negative bacilli in soil and 

water which are scattered widely in nature, water, 

sewage, dust, air and soil (10). One of the most 

common nosocomial infections created by an 

opportunistic pathogen such as pseudomonas 

aeruginosa due to immunodeficiency is post-burn 

infection. Since resistance to antibiotics is a major 

challenge in treating these infections, finding an 

effective alternative treatment is a medical priority. 

According to the long history of lactoferrin's benefits 

in treating various diseases and the effect of this edible 

protein in strengthening immune system to fight 

against various pathogens including bacteria, 

antibacterial effect of lactoferrin purified from bovine 

colostrums at various concentrations on pseudomonas 

collected from samples of burn patients was 

investigated in this study. 

 

 

Methods 

Sampling, isolation and identification of bacteria: 

Samples were collected from the wound site of burn 

patients (Shahid Zare hospital in Sari) with sterile 

swab and were transferred to blood agar plates. Plates 

were incubated at 37ºC for 24 hours. In order to detect 

bacteria, biochemical tests such as urease, oxidase, 

catalase, indole and citrate were performed according 

to standard methods. Moreover, samples were cultured 

in Kligler Iron Agar (KIA) and Triple Sugar Iron (TSI) 

medium (11). 

Extraction, purification and determining the 

concentration of lactoferrin: lactoferrin was isolated 

from bovine colostrums within 72 hours after delivery 

and was purified with ion exchange chromatography 

(CM Sephadex® C-50); its purity was confirmed with 

SDS-Page gel and its concentration was measured with 

Bradford assay using bovine serum albumin (BSA) as 

standard. For this purpose, different concentrations of 

the standard were prepared first, then two different 

volumes of lactoferrin were prepared and equal 

amount of Bradford reagent was added to all tubes. 

Absorbance of the samples at 595 nm was read and the 

concentration of purified lactoferrin in accordance with 

the standard curve plotted for serum albumin protein 

was 2.5 μg/µl. The result of purification has been 

reported in previous studies by Sharbafi et al. (12).  

Microbial culture and investigating the 

antimicrobial activity of lactoferrin: Pseudomonas 

was first cultured in 50 ml LB broth medium for 18 

hours and absorption of (OD) broth was read with 

spectrophotometer after this period. Absorption of 

broth after 18 hours of incubation was 0.2 which is 

equal to 3 McFarland standard. Then 12 dilutions from 

10-1 to 10-12 were prepared from primary broth medium 

and absorption of each dilution was red separately. 100 

µl of each dilution was cultured in plates containing 

eosin methylene blue (EMB).  

After incubation for 18 hours at 37ºC, grown 

colonies were counted. Dilution of 10-12 with OD had 

0.2 countable colonies; this dilution showed the most 

appropriate number of countable colonies. 5 plates 

containing eosin methylene blue (EMB) was prepared 

and 100 µl of 10-12 dilution was added to each plate, 

then 4 different concentrations of lactoferrin including 

400, 500, 600 and 700 μg/ml were added to 4 plates 
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and one plate without lactoferrin (as negative control) 

was considered.  The plates were incubated at 37ºC for 

18 hours. The same procedure was performed on 

Escherichia coli strain as a positive control. After 

incubation and growth of bacteria, colonies were 

counted and the level of colony forming unit (CFU) 

was specified.  

Statistical analysis: This study was conducted in a 

completely randomized design and after ensuring 

normality of data with One Sample Kolmogorov-

Smirnov Test, data analysis of the effect of different 

concentrations of lactoferrin on bacterial growth was 

done using SPSS 19 software, one-way analysis of 

variance (one-way ANOVA) and Duncan's multiple 

range test (MRT) among different treatments and 

p<0.05 was considered significant.  

 

 

Results 

Results of this study demonstrated that lactoferrin 

actively reduces the growth of Pseudomonas 

aeruginosa and the percentage of inhibition was 35, 

58, 75 and 86, respectively; minimum inhibitory 

concentration (MIC) pertained to concentration of 400 

µg/ml with 35% inhibition and maximum percentage 

of inhibitory activity of lactoferrin pertained to 

concentration of 700 µg/ml with 86% inhibition of 

pseudomonas aeruginosa (Fig 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The effect of different concentrations of 

lactoferrin on Pseudomonas aeruginosa growth 

 

Lactoferrin decreased the number of colonies in 

Escherichia coli too and the percentage of inhibition 

was 29, 37, 52 and 66, respectively; minimum 

inhibitory concentration (MIC) pertained to 

concentration of 400 µg/ml with 29% inhibition and 

maximum percentage of inhibitory activity of 

lactoferrin pertained to concentration of 700 µg/ml 

with 66% inhibition of Escherichia coli (Fig 2). These 

results demonstrated that inhibitory effect of 

lactoferrin on Pseudomonas aeruginosa is more than its 

effect on Escherichia coli as a positive control (Fig 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The effect of different concentrations of 

lactoferrin on escherichia coli growth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Comparing percentage of lactoferrin's 

inhibitory activity against P. aeruginosa and E. coli   

 

Discussion 

Lactoferrin is a multifunctional protein with 

antibacterial properties that affects a wide range of 
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gram-negative and gram-positive species. Difference 

between our results and previous studies is related to 

the level of inhibitory concentration. Woan-sub et al. 

have reported antimicrobial activity of lactoferrin 

against various species of Pseudomonas, Pseudomonas 

syringae and Pseudomonas fluorescens, while highest 

inhibitory effect of lactoferrin pertained to 

concentration of 1.9 mg/ml. They also reported that 

Pseudomonas syringae showed more sensitivity 

towards lactoferrin compared with Pseudomonas 

fluorescens (13).  

Takase et al. have studied the antimicrobial effect 

of lactoferrin on Escherichia coli, Staphylococcus 

aureus, Pseudomonas aeruginosa and Klebsiella 

pneumoniae strains isolated from the udder. In this 

experiment the concentration of 0.67, 1.67and 2.67 

mg/ml was used. Their results have demonstrated that 

concentration of 2.67 mg/ml has the highest inhibitory 

effect and lactoferrin is most effective for inhibition of 

Escherichia coli and Pseudomonas aeruginosa growth. 

These scientists have also indicated that lactoferrin 

inhibits their growth by damaging the gram-negative 

outer membrane and altering bacterial outer membrane 

permeability (14). Dionysius et al. have reported that 

lactoferrin with concentration of 1 mg/ml inhibits the 

growth of ETEC (enterotoxigenic Escherichia coli) 

separated from patients with inflammatory bowel 

disease. They have indicated that inhibitory effect of 

lactoferrin depends on the type of strain and initial 

number of bacteria (15). Antimicrobial activity of 

lactoferrin against various species of Pseudomonas can 

be described with a number of mechanisms. The first 

mechanism is that lactoferrin is an iron-binding 

protein. Iron is a vital element for every 

microorganism. Decrease in concentration of free iron 

in the environment of microorganism creates a 

situation that eventually leads to their death. On the 

other hand, lack of iron in the environment prevents 

Pseudomonas aeruginosa from generating biofilm. 

The second mechanism indicates that lactoferrin 

disrupts the membrane of gram-negative bacteria by 

binding to lipid A. Destabilization of bacterial outer 

membrane releases lipopolysaccharides (LPS) and 

eventually alters bacterial outer membrane 

permeability. Altering bacterial outer membrane 

permeability supplements the antimicrobial activity of 

lactoferrin by allowing entrance of antibiotics and 

other antimicrobial agents (16).  

Results of the present study demonstrated that 

lactoferrin decreases Pseudomonas aeruginosa growth 

effectively in vitro. Inhibitory effect on Escherichia 

coli and Pseudomonas strains was witnessed in lower 

concentrations of lactoferrin compared with previous 

studies, suggesting that the obtained lactoferrin is more 

pure and active and that the strains tested in this study 

are more sensitive to lactoferrin. 
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