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SUMMARY AND CONCLUSION 

BIOSNTHESIS OF BACTERIOCINS AND 

APPLLICATION IN DAIRY PRODUCTS 

 

Lactic acid bacteria LAB is industrially important 

organisms as recognized for their fermentative ability as their 

health & nutritional benefits and their safety in food 

fermentation. The preservative action of LAB in foods resulted 

from the formation of metabolites’ with antimicrobial activity, 

during lactic fermentations, which make them useful in food 

biopreservation.  

Bacteriocins are produced by some strains of LAB; which 

exhibit antimicrobial activity against strains closely related to the 

producer microorganisms. Most of the bacteriocins produced by 

LAB are active against Gram-positive bacteria and a wide range 

of Gram negative bacteria. The increasing consumption of 

yoghurt in tropical and subtropical countries emphasis the need 

for a preservative method to meet the microbiological safety and 

quality parameters of the finished product.  

Therefore, this study was carried out in three parts: 

PART: I 

Isolation, classification and identification of lactic acid 

bacteria from raw milk samples. 

 Fifty-five strains of lactic acid bacteria (LAB) were 

isolated from 140 isolated bacteria picked up from 50 raw milk 

samples, which collected from the local farms and laboratories in 

Khaliobeia and Cairo Governorate. The isolates were classified 
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as 32 lactococcus (19 isolates were identified to species 

Lactococcus lactis subsp. lactis and 13 isolates as Lactococcus 

lactis subsp. cremoris); while 23 isolates were classified as 

lactobacillus (15 isolates were identified to species Lactobacillus 

delbrueckii subsp. lactis and 8 isolates as Lactobacillus 

acidophilus). 

PART: II  

Production and characterization of bacteriocins produced by    

isolated LAB from raw milk samples. 

1- Bacteriocins production: 

Ten isolates were selected (3 isolates of Lactococcus 

lactis subsp.  lactis; 2 isolates of Lactococcus lactis subsp. 

cremoris; 3 isolates of Lactobacillus delbrueckii subsp. lactis 

and 2 isolates of Lactobacillus acidophilus) and employed to 

produce bacteriocins in different media (Milk permeate 

supplemented MPS, Molten17 M17, De, Man Rogosa and Sharp 

MRS and Tryptone Yeast extract TY broth media) using Listeria 

monocytogenes as indicator bacteria. 

The preferable medium for production of bacteriocin 

extracts was MPS (conc. 650-750 AU/ml), followed by M17 

(conc. 400-550 AU/ml), MRS (conc. 350-500 AU/ml) and lastly 

TY (conc. 250-450 AU/ml) broth media. Lactococcus lactis 

subsp.  lactis No.8 gave the highest production of bacteriocin. 

2- Bacteriocins characterization: 

     A- The inhibition effect of bacteriocin extracts. 

The inhibition effect of extracted bacteriocins (from 

MPS, M17, MRS and TY media) on growth of Listeria 



Summary and Conclusion  
 

-181- 

monocytogenes, Staphylococcus aureus, Bacillus subtilis, 

Salmonella typhimurium, Pseudomonas fluorescens and 

Escherichia coli grown in TSA medium was studied.  

The results can be summarizing as follows:- 

- All bacteriocin extracts were active against indicator 

bacteria (G
+
: Listeria monocytogenes, Staphylococcus 

aureus and Bacillus subtilis,G
-
: Salmonella typhimurium, 

Pseudomonas fluorescens and Escherichia coli). 

- The higher antibacterial activity of extracted bacteriocins 

was for MPS medium against the indicator bacteria, 

followed by the extracted bacteriocins from M17, MRS 

and lastly that of TY medium. 

- The inhibition effect of bacteriocin was higher on gram 

positive indicator bacteria than that of gram negative 

indicator bacteria. 

- The biggest inhibition zone was obtained with the 

bacteriocin extract (from MPS medium) of Lactococcus 

lactis subsp. lactis No.8 on Staphylococcus aureus, while 

the smallest inhibition zone was obtained with the 

bacteriocin extract (from TY medium) of Lactobaciluus 

delbrueckii subsp. lactis No.94 on Escherichia coli. 

     B- Sensitivity of bacteriocin extracts to different heat 

treatments, pH values, enzymes and storage. 

Four extracts (from different 4 strains) were selected from 

the previous 10 extracts for MPS medium which gave the highest 

inhibition zone against indicator bacteria to study the 

characteristics of bacteriocin extracts. 
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- Sensitivity to heat treatments: 

Sensitivity of bacteriocin extracts to different heat 

treatments were stable up to 80ºC/30min. While, there was very 

slight reduction of inhibition zone at 100ºC/30min. However, the 

inhibition activity of all bacteriocin extracts were completely 

inactivated by heat treatment at 121ºC/30min. 

- Sensitivity to pH values: 

Sensitivity of bacteriocin extracts to different pH values 

was very stable over a wide pH range 2 to 6 at ~25ºC/24hr. 

While, its activity slightly decreased by increasing the pH up to 

10, but the activity of bacteriocin extract was completely 

inactivated at pH 12. 

- Sensitivity to enzymes (pepsin and trypsin): 

Enzymes sensitivity assayed that the antibacterial activity 

of bacteriocin extracts produced from Lactococcus lactis subsp. 

cremoris No. 56, Lactobacillus acidophilus No. 87 and 

Lactobacillus delbrueckii subsp. lactis  No. 94 were completely 

destroyed by treatment with pepsin and trypsin compared with 

control (untreated enzymes). While the bacteriocin extract 

produced from Lactococcus lactis subsp. lactis No.8 was not 

sensitive to pepsin and trypsin as it remained active. 

- Effect of storage: 

The bacteriocin extracts were persisted for 90 days at -

15ºC. Also, they were stable at ~5ºC until 30 days and the 

activity was gradually decreased throughout 60 to 90 days of 

storage at ~5ºC. While, the activity of bacteriocin extracts was 
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gradually decreased during storage at ~25ºC until 60 days and 

completely lost up to 60 days of storage. 

PART: III  

Use of bacteriocins produced by some LAB as a natural 

preservative in yoghurt. 

 The 3
rd 

part of this study yoghurt was manufactured using 

bacteriocin produced and/or extracted by some LAB (at a level 

of 100 AU/ml) compared with control yoghurt and yoghurt with 

nisin as a natural preservative in yoghurt with good rheological 

and organoleptic properties and prolonging shelf-life. 

 So, eight treatments were made from raw mixed milk (~ 

3% fat) and bacteriocins were added with the yoghurt starter: 

C1:  2 % yoghurt starter, (control 1).  

C2: 2 % yoghurt starter + 100 AU/ml of Nisin, (control 2). 

T1: 1 % yoghurt starter + 1 % Lactococcus lactis subsp. lactis 

ATCC 11454 for producing ~100 AU/ml of bacteriocin.  

T2: 1 % yoghurt starter + 1 % Lactobacillus acidophilus JCM 

1229 for producing ~100 AU/ml of bacteriocin.   

T3: 1 % yoghurt starter + 0.5 % Lactococcus lactis subsp. lactis 

ATCC 11454 + 0.5 % Lactobacillus acidophilus JCM 1229 

for producing ~100 AU/ml of bacteriocin.  

T4: 2% yoghurt starter + bacteriocin extract produced from 

Lactococcus lactis subsp. lactis No.8, containing 100 

AU/ml. 

T5: 2% yoghurt starter + bacteriocin extract produced from 

Lactobacillus acidophilus No.87, containing 100 AU/ml.  
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T6: 2% yoghurt starter + bacteriocin extract from Lactococcus 

lactis subsp. lactis No.8 (50 AU/ml) + bacteriocin extract 

from Lactobacillus acidophilus No.87 (50 AU/ml). 

All treatments were incubated at 42ºC until the pH 

reached ~ 4.6. Then, the treatments transferred to refrigerator 

and maintained at ~5ºC. The resultant yoghurt was tested when 

fresh and after 7, 14, 21 and 28 days.  

The obtained results in this part were summarizing as 

follows: 

1- Addition of nisin and/or bacteriocins increased significantly 

the coagulation time compared with control yoghurt.  

2- There was no significant difference between the treatments of 

yoghurt for curd firmness when fresh and during storage.  

3- Curd syneresis of yoghurt without bacteriocins was higher 

than all treatments with nisin and/or bacteriocins when fresh 

and throughout the storage period. 

4- No significant differences between the treatments of yoghurt 

for total solids, fat, protein and ash content when fresh and 

during storage. 

5- Addition of nisin and bacteriocins directly to yoghurt milk 

inhibits greatly the acid production by yoghurt starter. The 

maximum effect on the titratable acidity was detected for 

nisin-treated yoghurt followed by bacteriocins extract-treated 

yoghurt and lastly, the bacteriocin produced by cultures. 

Lactose content takes reverse trend for titratable acidity in all 

treatments. 
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6- T.V.F.A. was slightly higher in control yoghurt and yoghurt 

with bacteriocin producing cultures than other treatments 

when fresh and during storage.  

7- The maximum content of acetaldehyde was belonged to the 

control yoghurt, while the minimum amount was belonged to 

nisin-treated yoghurt. The variance for acetaldehyde was 

highly significant between treatments of yoghurt and during 

storage period. 

8- Lactic acid bacterial, Streptococcus salivarius subsp. 

thermophilus and Lactobacillus delbrueckii subsp.  

bulgaricus count of the control yoghurt  was the highest of all 

treatments in fresh or stored yoghurt. The maximum effect on 

the bacterial growth was detected for nisin-treated yoghurt 

followed by bacteriocins extract-treated yoghurt and lastly, 

the bacteriocin produced by cultures. 

     - Streptococcus salivarius subsp. thermophilus and 

Lactococcus lactis subsp. lactis ATCC 11454 count were 

decreased during storage. However, there was increase in 

counts of Lactobacillus delbrueckii subsp.  bulgaricus and 

Lactobacillus acidophilus JCM 1229 for all treatments after 7 

days of storage and then declined until the end of the storage 

period. 

9- The activity of added bacteriocins was nearly the same in all 

treatments when fresh. A gradual decrease in all treatments 

was occurred during storage. Yoghurt-treated with 

Lactobacillus acidophilus JCM1229 (T2) and Lactococcus  

lactis subsp. lactis ATCC 11454 & Lactobacillus acidophilus 

JCM 1229 (T3) were increased in bacteriocin activity during 
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the first 7 days of storage and then declined till the end of the 

storage period. 

10- The control yoghurt gained minimum points for total scores 

after 14 days of storage (end of shelf-life). While, yoghurt 

made with LAB strains producing bacteriocins take the same 

trend of control yoghurt but after 21 days of storage (end of 

shelf-life). On the other hand, yoghurt made with bacteriocin 

extract produced by Lactococcus lactis subsp. lactis No. 8 

(T4) recorded the maximum points of total scores followed 

closely by yoghurt made with nisin (C2). Whereas yoghurt 

prepared with bacteriocin extracts from Lactococcus lactis 

subsp. lactis No. 8 & Lactobacillus acidophilus No. 87 (T6) 

or/and Lactobacillus acidophilus No. 87 (T5) in sequence 

came after in total scores after 28 days of storage (end of 

shelf-life). 

In conclusion, from the foregoing results, it can be 

recommend that addition of bacteriocins (conc. ~100 AU/ml), 

especially the bacteriocin extract from Lactococcus lactis subsp. 

lactis to milk could produce yoghurt with good rheological, 

organoleptic properties and with a prolonged shelf life. 

  

  


