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Figure 5.3.  Effect of different concentrations of papain on L. monocytogenes and E. coli 
O157:H7 at 5 °C. The standard error of the mean was 0.17. (n=6) 
 
 
 
 
 

Figure 5.4.  Effect of different concentrations on L. monocytogenes and E. coli O157:H7 
at 25 and 35 °C. The standard error of the mean was 0.14. (n=6) 
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CHAPTER SIX 

CONCLUSIONS 

Antibacterial effect of proteases, bromelain and papain, tested in vitro was found 

to be concentration, temperature, bacterial type and time dependent.  Bromelain and 

papain were found to be effective antimicrobials in reducing the populations of E. coli 

and L. monocytogenes.  Reductions of more than 4.0 log cycles were achieved when E. 

coli and L. monocytogenes were in contact with bromelain level of 4 mg/ml and 1 mg/ml, 

respectively, at both 25 and 35 °C for 48 h.  While the reductions of these bacterial 

populations when subjected to papain levels of 0.0625 and 0.5 mg/ml, respectively, were 

below the detection level at 35 °C for 48 h.  

When actinidin and papain were applied on beef, the highest reduction in E. coli 

O157:H7 populations were 1.94 log cycles at 5 °C after 24 h for actinidin concentration 

700 mg/ml.  While for L. monocytogenes, the highest reduction was 1.49 at 25 and 35 °C 

after 3 h for the same actinidin concentration.   

In addition, the highest reduction in E. coli O157:H7 populations were 1.57 at      

5 °C after 24 h for papain concentration at 10 mg/ml.  While for L. monocytogenes, the 

highest reduction was 0.56 at 25 and 35 °C after 3 h for the same papain concentration.  

Fat and protein content of meat, binding to food components, inactivation by other 

additives, pH effects on antimicrobial stability and activity, uneven distribution in the 

food matrix and poor solubility among the others, were believed to be factors affecting 

the efficacy of natural antimicrobials.  In addition, the physical structure of beef also has 
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a role in the antimicrobial action of protease. Probably, bacteria may enter in the pores of 

the surface of certain foods such as beef reducing the chance and time of direct contact 

with the antimicrobial 

The average reduction of E. coli O157:H7 was greater than that of L. 

monocytogenes. This could be due to the structural differences of bacterial cell wall 

between Gram negative and Gram positive bacteria.  According to Volk and Wheeler 

(1988), bacteria have a three-layer of cell wall structure.  This structure is composed of 

(1) cytoplasmic membrane, (2) thicker peptidoglycan membrane, and (3) varied outer 

membrane that is mainly composed of proteins and lipids that are susceptible to 

proteolytic nature of those enzymes.  Volk and Wheeler (1988) also explained the 

bacterial inhibition by papain and actinidin is due to proteolytic enzyme precipitation of 

the outer membrane proteins, rupture of the cell wall and coagulation resulting in loss of 

cell contents and energy through cell wall leakages. In addition, Conner & Beuchat, 1984 

concluded that antimicrobial compounds might change the functions of the microbial cell 

membrane and sensitivity of the cell to various antimicrobial compounds to increase the 

inactivation of membrane-bound enzymes.  Therefore, effective antimicrobial 

preservatives might act on more than one target site on the bacterial membrane, resulting 

in leakage or autolysis and inhibition of growth or even death of the cell. 

The higher the concentrations of actinidin and papain the greater the reduction in 

bacterial populations at all temperatures tested on beef. This is in agreement with many 

researchers who reported that increasing concentrations of the active antimicrobial 

substance from plant extracts yielded greater antimicrobial activity.   
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These findings suggest that, in addition to improving the sensory attributes of 

beef, tenderization with proteolytic enzymes may enhance the safety and shelf life when 

stored at suitable temperatures. The findings also propose a promising approach in 

developing antimicrobial systems for beef.   Regardless of the low antimicrobial 

achieved, if these natural antimicrobials are used as a part of a hurdle system, higher 

pathogen reductions may be attained.  However, this research needs further investigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 108

APPENDIX   

 

Laboratory media preparation 

Preparation of Listeria Agar 

• 36.1g of Listeria Enrichment broth  

• 1 liter of DW 

• 15 g of granulated agar 

The products were mixed and heated to a temperature of 100°C. And it 

separated into tubes. 

Preparation of Listeria Broth 

• 36.1g of Listeria Enrichment broth 

• 1 liter of DW 

The products were mixed to a homogenized solution. And it separated into 

tubes of 10 ml each. 

Preparation of TSB solution 

• 30g of Tryptic Soy Broth 

• 1 liter of DW 

The products were mixed to a homogenized solution. And it separated into tubes   of 10   

ml each. 
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Preparation of TSA 

• 40g of Tryptic Soy Agar 

• 1 liter of DW 

The products were mixed and heated to temperature of 100 °C and separated into 

tubes of 200 ml. 

Before pouring the TSA into plates, 1ml Ampicillin solution was added to 200ml 

media. 

Preparation of Ampicillin solution (Ampicillin Sodi um Salt Sigma A 9518) 

• 0.2g of Ampicillin sodium salt 

• 10ml of sterile water 

This solution is sterilized by using 0.45 µm syringe filter  

Preparation of Peptone water 

• 1g of Bacto™ Peptone 

• 1 liter of DW 

The products were mixed to a homogenized solution. And it separated into tubes 

of 9.0, 9.9 and 99.0 ml. 

The tubes of agars, solutions and peptone were autoclaved for 20 min. at 121 °C 

Preparation of cooked meat broth 

• Place 1.25 g of meat granules into a test tube and add 10 mL of purified water.  

• Autoclave at 121°C for 15 minutes 
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Protein concentration assay (Modified Lowry protein assay method) 

Preparation of Standards and Folin-Ciocalteu Reagent 

1. Preparation of Diluted Albumin (BSA) Standards 

Table A.1: Preparation of Diluted Albumin (BSA) Standards 

Dilution Scheme for Test Tube Procedure (Working Range = 1–1,500 µg/ml) 

Vial 
Volume of Diluent 

(D.W) 
Volume and Source of BSA Final BSA conc. 

1 150 µl 750 µl of Stock 1,500 µg/ml 

2 625 µl 625 µl of Stock 1,000 µg/ml 

3 310 µl 310 µl of vial 1 dilution 750 µg/ml 

4 625 µl 625 µl of vial 2 dilution 500 µg/ml 

5 625 µl 625 µl of vial 4 dilution 250 µg/ml 

6 625 µl 625 µl of vial 5 dilution 125 µg/ml 

7 800 µl 200 µl of vial 6 dilution 25 µg/ml 

8 800 µl 200 µl of vial 7 dilution 5 µg/ml 

9 800 µl 200 µl of vial 8 dilution 1 µg /ml 

10 1000 µl 0 0 µg/ml = Blank 

11  (Sample)                                                                                                      ?    

 

1. Preparation of 1X Folin-Ciocalteu Reagent  

Prepare 1X (1 N) Folin-Ciocalteu Reagent by diluting the supplied 2X (2 N) 

reagent 1:1 with ultrapure water. Because the diluted reagent is unstable, prepare 

only as much 1X Folin-Ciocalteu Reagent as will be used in one day.  

Procedure 

1.  Pipette 0.2 ml of each standard and unknown sample (Actinidin) replicate into an 

appropriately labeled test tube. 
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2.  At 15-second intervals, add 1.0 ml of Modified Lowry Reagent to each test tube. Mix 

well and incubate each tube at room temperature (RT) for exactly 10 minutes. 

3.  Exactly at the end of each tube’s 10-minute incubation period, add 100 µl of prepared 

1X Folin-Ciocalteu Reagent, immediately vortex to mix the contents. Maintain the 15-

second interval between tubes established in Step 2. 

4.  Cover and incubate all tubes at RT for 30 minutes. 

5.  With the spectrophotometer set to 750 nm, zero the instrument on a cuvette filled only 

with water. Subsequently, measure the absorbance of all the samples. 

6.  Subtract the average 750 nm absorbance values of the Blank standard replicates from 

the 750 nm absorbance values of all other individual standard and unknown sample 

replicates. 

7.  Prepare a standard curve by plotting the average Blank-corrected 750 nm value for 

each BSA standard vs. its concentration in µg/ml. Use the standard curve to determine the 

protein concentration of each unknown sample. 

Results: 
                                                     Table A.2: Standard curve: 
 

Conc.(mg/ml) Abs(nm) 
1.5 2.29 
1 1.99 

0.75 1.68 
0.5 1.19 
0.25 0.72 
0.125 0.45 
0.025 0.24 
0.005 0.085 
0.001 0.06 

0 0.04 
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Figurer A.1: Standard curve of absorption of Diluted Albumin (BSA)   

 

 

Table A.3: Actinidin absorption and concentration 

 A1(10mg/ml) A2(5mg/ml) A3(2.5mg/ml) 
Abs. 1.15 0.538 0.458 
Conc. 0.58 0.22 0.17 
 

Table A.4: Papain absorption and concentration  

 P1(10mg/ml) P2(5mg/ml) P3(2.5mg/ml) 
Abs. 3.39 1.8 1.13 
Conc. 3 0.9 0.4 
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Enzyme activity assay 

Reagent’s preparation: 

1. 50 mM Potassium Phosphate buffer, pH 7.5 at 37ºC (Buffer) 

Prepare 11.4 mg/mL in purified water using Potassium Phosphate, Dibasic, 

Trihydrate. Adjust to pH 7.5 at 37ºC with 1 N HCl. 

2. 0.65% (w/v) Casein Solution (Casein)  

* Prepare 6.5 mg/mL of casein in 50 mM potassium phosphate, 

* Heat gently with stirring to 80-85ºC for approximately 10 minutes until a homogeneous 

dispersion is achieved. Do not boil. 

Adjust the pH to 7.5 at 37ºC, if necessary, with 0.1 N NaOH or 0.1 N HCl. 

3. 110 mM Trichloroacetic Acid Reagent (TCA) 

Prepare 1:55 dilution of Trichloroacetic Acid, 6.1N, approximately 100%   (w/v) 

with purified water. 

4. 0.5 M Folin & Ciocalteu’s Phenol Reagent (F-C) 

Prepare a 1:4 dilution of 2 M Folin & Ciocalteu’s Phenol Reagent with purified 

water. 

6. 500 mM Sodium Carbonate Solution (Na2CO3) 

Prepare 53 mg/mL in purified water using Sodium Carbonate, Anhydrous 

7. 10 mM Sodium Acetate Buffer with 5 mM Calcium Acetate, pH 7.5 at 37ºC 

(Enzyme Diluent) 
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Prepare 1.4 mg/mL Sodium Acetate, Trihydrate, and 0.8 mg/mL Calcium Acetate 

in purified water. Adjust the pHto 7.5 at 37ºC with 0.1 M Acetic Acid or 0.1 N NaOH. 

8. 1.1 mM L-Tyrosine Standard (Std. solution) 

Prepare 0.2 mg/mL L-Tyrosine, Free Base in purified water. Heat gently (do not 

boil) until tyrosine dissolves Cool to room temperature. 

9. Protease Enzyme Solution 

Immediately before use, prepare a solution containing 0.1 – 0.2 units/mL of Protease in 

cold Reagent (Enzyme Diluent). Prepare sample at 10 mg solid/mL in cold Reagent 

(Enzyme Diluent). 

Procedure: 

Setting up the protease assay and standard curve 

1.  Pipette the following into suitable vials (in milliliters): 

 Protease T1 Protease T2 Protease T3 blank  
Casein 5 5 5 5 Water bath 

at 37C for 
5min. 

Enzyme sol. 0.5 0.7 1.0 - Incubate at 
37C for 
10min. 

TCA 
 
 

5 5 5 5  

Enzyme sol. 0.5 0.3 - 1 Incubate at 
37C for 30 
min. 

2. Filter each solution using a 0.45 µm syringe membrane.  

3. Pipette the following reagent into 4 dram vials (in milliliters): For more consistent 

results, add F-C immediately following the addition of Na2CO3. 
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 T1 
 

T2 T3 blank 

Test filtrate 
 

2 2 2 ----- 

Blank filtrate 
 

---- ---- ---- 2 

Na2CO3 
 

5 5 5 5 

F-C 
 

1 1 1 1 

4. Prepare a standard curve by pipetting the following reagents into suitable vials 
(in milliliters). 

 Std.1 
 

Std.2 Std.3 Std.4 Std.5 Std. 
blank 

Std. 
solution 

0.05 0.1 0.2 0.4 0.5 0 

Purified 
water 

1.95 1.9 1.8 1.6 1.5 2 

Na2CO3 
 

5 5 5 5 5 5 

F-C 
 

1 1 1 1 1 1 

5. Mix by swirling and incubate Blanks, Standards, and Tests at 37ºC for 30 minutes. 

Remove the vials and allow it cool to room temperature. 

6. Filter each Blank, Standard, and Test using a 0.45 µm syringe filter into suitable 

cuvettes. 

7. Record the A660nm of each Test, Standard, and Blank solution. 
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Results & calculations 
 
 
Figure A.2 Enzymes’ activity standard curve  

 
 

 
Sample Determination 

For protease: 

 ∆A660nm (Test) = ∆A660nm (Test) - ∆A660nm (Test Blank) 

                             = 1.667- 0.201 = 1.466 

 Units/mL enzyme = (µmole Tyrosine equivalents released) (11)/ (1) (10) (2) 

Where 

11 = Total volume of assay in milliliters 

2 = Volume (in milliliters) used in Colorimetric Determination 

1 = volume of enzyme used for assay 

10 = time (in minutes) of assay 

Units/mL enzyme = 0.61 X 11 / 20 = 0.33 unit/ml enzyme 

Units/mg solid = Units/mL enzyme mg solid/ml enzyme 

y = 2.404x - 0.0112
R² = 0.9995
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Units/mg protein = Units/mL enzyme mg protein/ml enzyme 

 
Table A.5: Specific activity of different concentrations of actinidin 
 
Mg solid / ml Unites activity / mg protein 
10 0.02 
700 1.4 
350 0.7 
175 0.35 
 

Table A.6: Specific activity of different concentration of papain  

Mg solid / ml Unites activity / mg protein 
10 0.1 
8 0.08 
5 0.05 
 

Measuring optical density and growth curve of E. coli O157:H7 strains 

The bacterial population in the culture will be estimated by measuring its turbidity 

with a spectrophotometer. Traditionally, turbidity is defined as the absorbance of the culture 

at a wavelength of 600 nanometers, commonly referred to as the OD600 (or optical density at 

600 nm). This value can then be converted to a useful concentration value using the standard 

conversion factor where 1 OD600 = 1 x 109 cells/mL 

Equipment/Reagents 

250 mL Erlenmeyer flasks containing 100 mL of growth medium (TSB)  

37 °C incubator shaker  

Timer  

Sterile pipettes (5 & 1 mL)  

Spectrophotometer  
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Plastic cuvettes  

Overnight of Escherichia coli cultures (10 mL per culture)  

Blank samples of un-inoculated media (TSB) 

Procedure 

 1. Set the wavelength to 600 nm. 

 2. Blank the spectrophotometer with a cuvette containing 1 mL of un-inoculated TSB 

broth 

3. Read the absorbance of the culture. 

4. Place the culture flask in the shaker incubator set at 120 rpm at 37° C, and time for the 

required 30- minute intervals. 

5.  Every 20 minutes, aseptically transfer 1 mL of the culture to a cuvette and determine 

its absorbance. Try to remove your 1 mL aliquots as quickly as possible to avoid cooling 

the culture. 

6. Using the computer program Excel, plot a bacterial growth curve with the absorbance 

on the y-axis and the incubation time on the x-axis. Draw the best line connecting the 

plotted points.  

Results 
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Figure A.3: Growth curve of E. coli O157:H7 380-94 

 

    
 
 
 
 
 
 
Figure A.4: Growth curve of E. coli o157: H7 E-0654 
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Figure A.5: Growth curve of E. coli O157: H7 C7929 
 

 
 

 

 

 

 


