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ABSTRACT  
 
The aim of this work was to evaluate the presence of antibacterial properties in a plasmin digest of bovine қ-casein. 
Although native bovine κ-caseinis resistant to plasmin, extensive hydrolysis of this milk protein was observed 
applying a long incubation period. The antibacterial potential of κ-casein, plasmin, PDқ was evaluated against 
pathogenic (Escherichia coli and Staphylococcus aureus) and probiotic (Lactobacillus casei and Lactobacillus 
acidophilus) bacteria in vitro. Although қ-casein and plasmin had no antibacterial activity, PDқ showed 
antibacterial property against the tested bacteria. The minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) of PDқ was determined for the target bacteria. The MIC and MBC of PDқ 
against Escherichia coli was considerably higher than Staphylococcus aureus, Lactobacillus casei and 
Lactobacillus acidophilus bacteria. The growth curves alterations of target bacteria in the presence of PDқ were 
monitored by turbidimetry in broth culture. The effect of PDқ on lag time and maximum absorbance was more 
significant than slope of tested bacteria. In addition of growth curves, PDқ has inhibitory effects on the plate count 
confirmation of tested bacteria. The maximum inhibitory effect of PDқ was created in MIC concentration. 
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INTRODUCTION 

 
Milk is naturally antimicrobial. As milk is formed in the mammary glands, it contains immunity factors, such as 
immunoglobulins, from the mother’s blood [1,2]. These immunoglobulins and non-immunoglobulins proteins affect 
the neonates fight against microbial infection [3,4]. In addition to naturally occurring antimicrobial proteins present 
in milk, a variety of antibacterial peptides can be released from their parent molecules such as caseins and whey 
proteins by hydrolysis of them[5,6,7]. 
 
κ-casein consists of a single chain of 169 amino acids and has a theoretical molecular weight of 18 974 Da and a 
theoretical pI of 5.93. It is amphipathic with very specific hydrophobic and polar domains. This casein plays an 
important role in the formation and stabilization between caseins in sub-micelles and in the complete micelle[1,8]. 
 
Enzymatic hydrolysis of κ-casein may affect human health by improving some of their biological properties, 
including antithrombotic function, opioid activity and protective properties against different microorganisms and 
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viruses[9,10,11].Much attention has been paid to the antimicrobial activity of κ-casein. The antimicrobial activities 
of κ-casein and its hydrolysate offer the potential application of this protein for increasing food products stability by 
stopping their microbial damage[12, 13, 14, 15]. Since these antimicrobial peptides are generally recognized as safe 
(GRAS),κ-casein hydrolysate have attracted particular interest [16]. 
 
The antimicrobial peptides produced from κ-casein by pepsin, trypsin, chymotrypsin and chymosin, has already 
been studied [14, 15], but to our knowledge, no study has been carried out on the antimicrobial activities of plasmin 
digest of κ-casein (PDқ). Plasmin is by far the predominant and most completely studied endogenous protease in 
bovine milk[17, 18]. 
 
Therefore, the present work was undertaken to study the antimicrobial properties of PDқ. This study also want to 
determine the changes in the growth curves and plate count confirmations of pathogenic and probiotic bacteria in the 
presence of PDқ. 

MATERIALS AND METHODS 
 
Materials 
Bovine κ-casein and bovine plasmin (EC Number3.4.21.7) were supplied from Sigma-Aldrich Chemie GmbH 
(Munich, Germany).Brain-Heart Infusion Agar (BHIA ), Brain-Heart Infusion Broth (BHIB ), MRS Agar (Man, 
Rogosa and Sharpe Agar), and MRS Broth (Man, Rogosa and Sharpe Broth) were obtained from Merck (Darmstadt, 
Germany). Cultures of Escherichia coli (PTCC 1399) and Staphylococcus aureus (PTCC 1431) came from the 
Iranian Research Organization for Science and Technology Company (IROST) in Tehran. Cultures of Lactobacillus 
acidophilus (DSMZ 1643) and Lactobacillus casei(DSMZ 1608) were obtained from the Deutsche Sammlung von 
Mikroorganismen und Zellkulturen Germany company.  
 
Enzymatic hydrolysis  
Enzymatic hydrolysis was performed by the method of Dalasgaard et al., (2008) [19]. The bovine κ-casein with 
concentration of 3 mgml-1 was prepared in 10 mM phosphate buffer pH 6.8. Then bovine plasmin was added to the 
aliquots of bovine κ-casein substrate proteins at an enzyme: substrate ratio of 1:150 (wt/wt). Enzymatic hydrolysis 
was implemented by incubating at 30°C for 44 h. 
 
Antibacterial assay 
K-casein, plasmin and PDқ were tested for antibacterial activity against pathogenic as well as probiotic bacteria. For 
assaying the overnight of every bacteria culture was diluted to approximately 106 cellml-1. To each sterile eppendorf 
vial BHI broth or MRS broth, antibacterial compound, and bacteria culture was added. Control experiment was 
contained no antibacterial compound. All vials were incubated at 37°C for 18 h (36 h for probiotic bacteria). The 
optical density was measured at 620 nm using Cecil Spectrophotometers (Cecile 7400 UV-Visible, Cambridge, 
England) for all samples. The experiments were repeated three times for each sample. 
 
Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) of PDқ 
MIC assays were done such as antibacterial assay but different concentration of PDқ was used. The MIC of PDқ 
was defined as the lowest concentration of this compound that resulted in no increase of absorbance at 620 nm after 
incubation. The experiments were repeated three times for each sample.MBC assays were performed for all vials in 
which no bacterial growth was observed. Selected samples were seeded on BHIA for pathogenic bacteria and 
MRSA for probiotic bacteria. Samples were incubated for 24 h or 48 h at 37 °C.MBC was defined as the lowest 
concentration of the PDқ that prevented colony formation after subculture on agar medium. MBC assay were tested 
three replicates for each sample. 
 
Effect of PDқ on growth curves and plate count confirmation of bacteria 
For assaying the overnight of every bacteria culture was diluted to approximately 106 cell ml-1. BHI broth or MRS 
broth, and 10µl of overnight cultured bacteria were added to each sterile vial. PDқ was added in different 
concentrations (MIC concentrations, 0.5 MIC concentrations and 0.25 MIC concentrations). All vials were 
incubated at 37°C.The optical density was measured at 620 nm every two hours over 24 hours for pathogenic 
bacteria and every two hour over 48 hours for probiotic bacteria. The lag time (time from beginning of incubation 
until the time-point when absorbance began to increase), slope (slope of the growth curve in logarithmic growth 
phase), and maximum absorbance (highest absorbance value measured during log phase) were used as variables 
describing the bacterial growth.  
 
For plate count test, at each incubation period,1 ml sample was collected, diluted, and plated on to BHI agar or MRS 
agar. These plates were incubated at 37°C for 24 or 48 h and were read by the colony counter (Colony Star Funke 
Gerber, Germany). 



Marjaneh Sedaghati et al Euro. J. Exp. Bio., 2013, 3(6):489-494         
______________________________________________________________________________ 

491 
Pelagia Research Library 

Statistical methods 
In this study the significance effect of different concentrations of PDқ on lag time, slope, and maximum absorbance 
was determined statistically with the Duncan’s New Multiple Range Test, p value < 0.05 using SPSS for Windows, 
version 19. 
 

RESULTS AND DISCUSSION 
 
Evaluation of antimicrobial activity 
In the current study the antibacterial activity of κ-casein, plasmin and PDқ were tested against E. coli, S.aureus, L. 
casei and L. acidophilus bacteria. Although κ-casein and plasmin (10-200 unitml-1) had no antibacterial effect on 
pathogenic and probiotic bacteria, plasmin digeste of κ-casein (PDқ) showed antimicrobial activity against all target 
bacteria. PDқ which contained hydrolyzed polypeptides revealed high antibacterial properties against all target 
bacteria. The optical density of E. coli, S. aureus, L. casei, and L. acidophilus samples after exposure to 150 µgml-1 
of PDқ was shown no turbidity compared with the respective controls. Our findings were similar to Matin et al., 
(2000); Malkoski et al.,(2001), López-Expósito et al.,(2006); who reported that peptides produced from proteolytic 
digestion of κ-casein liberated antibacterial activity against tested bacteria[12,14,15].  
 
The results of the antibacterial assay revealed that plasmin had no antibacterial activity on bacteria tested at 10 to 
200 unitml-1 concentrations. To our knowledge, no study has been carried out on the antimicrobial activities of 
plasmin. 
 
Determination of minimum inhibitory concentration (MIC)and minimum bactericidal concentration (MBC) 
of PDқ 
The ability of the PDқ to show antimicrobial activity against tested bacteria was assessed and the minimum 
inhibitory concentrations (MIC) and minimum bactericidal concentration (MBC)was evaluated. Against the Gram-
positive bacteria(S. aureus, L. acidophilus, and L. casei), PDқ had MIC and MBC ranging from 20 to 25 µg ml-1.The 
MIC and MBC of PDқ against the Gram-negative bacteria, E.coli (60and75µg ml-1) were indicated that this 
compound was active against all tested bacteria and the effective MIC was not high (Table 1). Our finding is not 
consistent with the study of McCannet al.,(2005) who demonstrated the MIC of the chymosin digest of sodium 
caseinate (CrMIX) was very high against all tested bacteria [20]. 
 
PDқ had higher MIC values for Gram-negative bacteria than Gram-positive bacteria (about three times).This is 
consistent with the findings of Pellegrini, et al., (1999); McCannet al.,(2005), López-Expósito et al.,(2006),who 
reported that Gram-positive bacteria were more susceptible to the action of antibacterial peptides than Gram-
negative bacteria [15,20,21]. 
 
In the present study Gram-positive bacteria (S. aureus, L. acidophilus, and L. casei) were more sensitive to the 
action of the fore mentioned antibacterial component than Gram-negative bacteria (E.coli). The higher resistance of 
Gram-negative bacteria might relate to the complexity of their cell membrane structure compared with Gram-
positive bacteria [22]. 
 

Table 1 Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC) of PDқ against tested bacteria 
(µg.ml-1 unite) 

 
 
 
 
 

MIC = Minimum inhibitory concentration 
MBC= Minimum bactericidal concentration 

 
Effect of PDқ on the growth curves of bacteria 
The growth curves of pathogenic (E. coli and S.aureus) and probiotic bacteria (L. caseiand L. acidophilus) were 
recorded by measuring the optical density over 24 h or 48 h. The effect of different concentrations of PDқ on 
maximum absorbance, lag phase and the slope of tested bacteria are presented in Table 1 and Figure 1. Although 
control had a lag phase in the first around 2 h for pathogenic and 4 h for probiotic bacteria, in the presence of PDқa 
longer lag phase was recorded. In the presence of 0.5 MIC concentrations PDқ, pathogenic bacteria was shown a lag 
phase in the first 8 h, while probiotic bacteria had 15 h lag phase.  
 
After 2 h, maximum absorbance for the control increased fast and then kept stable. In the log phase, control samples 
of E. coli, S. aureus, L. casei and L. acidophilus could be reached to maximum absorbance of 0.96, 1.89, 2.35 and 3 

Bacteria MIC (  µg.ml-1) MBC (  µg.ml-1) 
E.coli 60 75 
S. aureus 20 20 
L. casei 25 25 
L.acidophilus 20 20 
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respectively. In the presence of different concentrations PDқ, maximum absorbance decreased significantly. These 
reductions in bacteria growth were concentration-dependent. Our result showed that the effect of different 
concentrations PDқ on the maximum absorbance, lag phase and slope of E. coli and L. casei was statistically 
significant(p=0.0). Our findings also cleared that the maximum absorbance, slop and lag phase of S.aureus and L.a 
cidophilus in the presence of different concentrations PDқ was statistically significant(p = 0.0). 
 
Although the growth curve of E.coli showed similar patterns in the presence of PDқ, these alterations happened at 
higher PDқ concentrations compared with S. aureus, L. acidophilus and L. casei.  
 
Our findings were similar to Kutila et al.,(2003)who reported that Lf had inhibitory activity against udder pathogens 
and growth inhibition by Lf was concentration-dependent. The effect of Lf on the maximum absorbance and slope 
was significant where as the effect on the lag time was not significant [23]. According to Sekse et al.,(2012) the 
growth rate of most Escherichia coli strains declined when increasing concentrations of lactoferrin were added [24]. 
 

Table 2Effect of PDқ on bacterial growth in broth culture, measured by lag time and slop 
 

 E. coli S. aureus L. casei L.acidophilus 
Samples Lag time (h) Slop Lag time (h) Slop Lag time (h) Slop Lag time (h) Slop 
Control 2 ±0.5 0.068 1.5 ±0.7 0.143 4.5 ±1.5 0.075 4 ±1 0.97 

0.25 MIC 5 ±1 0.033 4 ±1.4 0.072 9 ±2.6 0.049 7.5 ±2.5 0.074 
0.5 MIC 8 ±1.3 0.019 7 ±0.5 0.042 15 ±3.2 0.021 14 ±3.5 0.021 

MIC ND 0 ND 0 ND 0 ND 0 
Lag time = Time from the beginning of incubation until the time-point when the absorbance began to increase 

Slope=Slope of the growthcurve in logarithmic growth phase 
ND=Not determined as no growth was observed following incubation 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure1.Maximum absorbance of tested bacteria in broth culture with different concentrations of PDқ and without PDқ 
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CONCLUSION 
 
Results of the present study show that antimicrobial activity can be influenced by PDқ. This result increases 
understandings of қ-casein and reveals that bactericidal peptides can be produced by proteolytic digestion of қ-
casein with milk protease plasmin. In the present study, we identified PDқ with a potent inhibition against both 
Gram-positive and Gram-negative bacteria. All target bacteria had the most sensitivity to PDқ in the log phase. As a 
result, we should use them in the log phase for stopping pathogenic bacteria survival in a medium. Thus PDқ might 
have a potentially valuable role as food additives as well as instrengthening the immune system of the host. 
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