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PART I 

ISOLATION, CLASSIFICATION AND 

IDENTIFICATION OF LACTIC ACID BACTERIA 

FROM RAW MILK SAMPLES 

 

INTRODUCTION 

Lactic acid bacteria (LAB) are gram positive, non-

sporulating, microaerophilic bacteria, whose main fermentation 

product from carbohydrates is lactate. They comprise both cocci 

e.g. Lactococcus, Streptococcus and rods e.g. Lactobacillus (De 

Vuyst and Vandamme 1994a). 

LAB is common microflora in various raw milk, dairy 

products and fermented milk. LAB play an essential role in food 

fermentation processes, their health and nutritional benefits 

(Muriana & Luchansky 1993; Tailliez, 1999; Du Toit et al. 

2000; Lee & Paik 2001 and El-Attar et al. 2004). 

LAB produces a wide range of inhibitory substances that 

prolong the time scale of preservation of the fermented products. 

The preservative action of LAB in foods results from the 

formation of metabolites with antimicrobial activity, e.g. organic 

acids (lactic, acetic and formic acid), hydrogen peroxide, 

diacetyl, aldehydes and bacteriocins (Holzapfel et al. 1995). 

Bacteriocins are the antimicrobial peptides produced by 

some LAB, have recently received increased attention, and 

several investigations of bacteriocins are in progress for their 

application as natural bio-preservatives for food production and 

storage (Onda et al. 2002). 



Results and Discussion   
 

-72- 

The isolation and characterization of LAB from raw milk 

samples has been considered the search for new industrial 

important cultures          (El-Soda et al. 2003). 

EXPERIMENTAL 

One hundred and forty isolated strains were picked from 

fifty samples of raw milk which collected from different 

locations. All isolates were picked from Elliker, MRS and M17 

agar media by dilution technique and streaking method for 2-3 

days at 32ºC. 

Isolates were activated on Elliker broth at 32ºC/ 24 hr and 

identification of LAB strains was carried out according to the 

methodology explained before in “Materials & Methods”. The 

results were tabulated in tables. 
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RESULTS AND DISCUSSION 

 The bacterial strains were isolated, classified and 

identified by biochemical, physiological tests and microscopic 

examinations described by Marschall, (1993); Bergey’s 

manual, (1994) and El Attar et al. (2004).  

-Isolation and selection of LAB strains: 

Table (1 a & b) and Digram (1) show the results of 

isolation and selection of LAB strains from 140 isolated bacteria 

picked up from 50 milk samples.  The results of isolation for cell 

morphology revealed that, 65.71 % of the isolates were cocci, 

while 34.29 % were rod (92 and 48 isolates respectively). 

 In respect, the results of isolated bacteria were positive for 

gram stain, catalase production, endospore stain, facultative 

anaerobic or microaerophilic, aerobic of obligate and coagulation 

of milk, they were 89.28, 60.7, 7.14, 67.86, 32.14 and 39.4 % 

respectively. These isolates were divided to four groups as 

follows: 

 The 1
st
 group was 55 from the 140 isolates (39.4%). They 

were gram positive, facultatively anaerobic or microaerophilic 

and coagulated milk, but they were negative for catalase 

production, endospore stain and aerobic of obligate in table (1 a 

& b) and digram (1). These isolates are belonging to LAB strains 

according to Marschall, (1993); Bergey’s manual, (1994) and 

El Attar et al. (2004). These isolates were classified 

morphologically to 32 cocci and 23 rods (22.86 and 16.54 % 

respectively). 
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Table (1 a): Isolation and selection of LAB strains from 140 

isolates taken from 50 raw milk samples. 

Performed testes  

Positive tests for 

all isolates 

Positive tests for 

LAB isolates 

Counts % Counts % 

Cocci 

Cell morphology                           

Rods 

92 65.71 32 22.86 

48 34.29 23 16.54 

Gram stain 125 89.28 55 39.4 

Catalase production 85 60.7 0 0.0 

Endospore stain 10 7.14 0 0.0 

Facultative 

anaerobic 

or microaerophilic 

95 67.86 55 39.4 

Aerobic of obligate 45 32.14 0 0.0 

Coagulation of milk 55 39.4 55 39.4 
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The 2
nd 

group was 15 isolates (10.72%). They were rod 

cells, gram negative, catalase positive, non-endospore forming 

bacteria, facultatively anaerobic or microaerophilic and non 

coagulation of milk. The 3
rd

 group was 60 isolates (42.8 %) were 

cocci cells, gram positive, non spore-forming bacteria, 

facultatively anaerobic or microaerophilic, catalase positive, 

aerobic of obligate or microaerophilic and non coagulation of 

milk. The last group was 10 isolates (7.14%) which were rod 

cells, gram positive, endospore-forming bacteria, catalase 

positive, aerobic of obligate and non coagulation of milk. These 

results agree with Bergey’s manual, (1994). 

- Identification of LAB isolates: 

  -Classification of isolated cocci strains:  

Table (2 a & b) shows the biochemical, physiological 

tests and microscopic examinations according to Bergey’s 

manual, (1994) for classification of cocci LAB isolates. 

 The results obtained for classification of cocci LAB 

isolates stated that 32 isolates were able to produce acid  from 

glucose, growth at 10ºC and facultatively anaerobic or 

microaerophilic, while they were negative for growth at 45ºC, 

growth at pH (9.6), growth with 6.5 % NaCl, catalase production 

and gassy production from D-glucose. All these isolates were 

common appearance in short chains. Only five isolated cocci 

strains had the ability to grow with 40 % bile salt.  

These isolated cocci strains (32 isolates) were classified to 

be belonging to genus Lactococcus. 
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Table (2 a): Classification of cocci* isolated strains from raw 

milk samples by physiological and biochemical 

tests. 

Performed testes 
Positive tests for 32 isolates 

Counts % 

Growth at 10ºC 32 100 

Growth at 45ºC 0.0 0.0 

Growth at pH (9.6) 0.0 0.0 

Growth with 6.5% NaCl 0.0 0.0 

Growth with 40% Bile salt 5.0 15.65 

Catalase production 0.0 0.0 

Acid production from glucose 32 100 

Gassy production 0.0 0.0 

Facultatively anaerobic or 

microaerophilic 
32 100 

Common appearance in 

short chains 
32 100 

* Belongs to LAB. 
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The same results were observed by Cardinal et al. 

(1997); El-Shafei et al. (2002); Onda et al. (2002); Zambou et 

al. (2004) and Dabiza et al. (2005). 

  -Classification of isolated rod strains: 

 Table (3 a & b) represents the biochemical, physiological 

tests and microscopic examinations for classification of rod LAB 

isolates, which recorded that 23 isolates were positive for acid 

production from D- glucose and facultatively anaerobic or 

microaerophilic, while they were negative for catalase 

production and gassy production from D-glucose. These isolates 

were classified to be belonging to genus Lactobacillus according 

to Bergey’s manual, (1994). Similar results were obtained by 

Cardinal et al. (1997); El-Shafei et al. (2002); Onda et al. 

(2002); Zambou et al. (2004) and Dabiza et al. (2005). 

-Identification of isolated Lactococcus strains: 

 Table (4 a & b) shows the results of identification for 

Lactococcus isolates. Only 19 from 32 isolates of Lactococcus 

(59.38 %) were able to grow at 40ºC, grow in 4% NaCl, arginine 

hydrolysis and acid production from lactose, on the other hand 

these isolates were negative for acid production from mannitol 

and raffinose. According to Bergey’s manual, (1994), the 19 

isolated strains can be identified as Lactococcus lactis subsp. 

lactis. This result agrees with El-Shafei et al. (2002); Zambou 

et al. (2004) and Dabiza et al. (2005). 

 Also, the same Table shows that the other 13 from 32 

isolates of Lactococcus (40.62 %) were negative for the previous 

tests, except they were positive for acid production from lactose. 

These 13 strains identified as Lactococcus lactis subsp. cremoris  
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Table (3 a): Classification of rod* isolated strains from raw 

milk  samples by physiological and biochemical 

tests.  

Performed testes 
Positive test for 23 isolates 

Counts % 

Catalase production 0.0 0.0 

Cell morphology 23 100 

Facultatively anaerobic or 

microaerophilic 
23 100 

Acid production from glucose 23 100 

Gassy production 0.0 0.0 

* Belongs to LAB 
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Table (4 a): Identification of Lactococcus isolated strains 

from raw milk samples by physiological and 

biochemical tests. 

Performed testes 

32 isolated of Lactococcus 

Positive test for  

19 isolates 

Positive test for 

13 isolates 

Counts % Counts % 

Growth at 40ºC 19 59.38 0.0 0.0 

Growth with 4 % NaCl 19 59.38 0.0 0.0 

Arginine hydrolysis 19 59.38 0.0 0.0 

                                    

Lactose 
19 59.38 13 40.62 

Acid production from     

Mannitol 
0.0 0.0 0.0 0.0 

                                       

Raffinose 
0.0 0.0 0.0 0.0 
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according to Bergey’s manual, (1994). These results are in 

agreement with El-Shafei et al. (2002); Zambou et al. (2004) 

and Dabiza et al. (2005). 

-Identification of Lactobacillus isolated strains: 

 The result presented in Table (5 a&b) illustrates the 

identification of Lactobacillus isolates. Resultant isolated strains 

revealed that, only 8 from 23 isolates of Lactobacillus (34.78 %) 

were positive for growth at 45ºC, acid production from lactose, 

galactose, glucose, fructose, maltose, sucrose, mannose and 

raffinose, on the other hand  these isolates were negative for 

growth at 15ºC, acid production from ribose, mannitol and 

rhamnose, gassy production from sugars and arginine hydrolysis. 

According to Bergey’s manual, (1994) these 8 isolates were 

identified as Lactobacillus acidophilus. The same results were 

observed by Balows et al. (1992); El-Shafei et al. (2002); 

Zambou et al. (2004) and Dabiza et al. (2005).  

 The other 15 isolates from 23 isolates of Lactobacillus 

(65.22 %) can be identified as Lactobacillus delbrueckii subsp. 

lactis according to Bergey’s manual, (1994). These isolated 

strains gave the same results of the above tests, except that these 

isolated strains were positive for arginine hydrolysis and 

negative for acid production from raffinose. These results are in 

the same line with Zambou et al. (2004) and Dabiza et al. 

(2005). 

 In conclusion, Diagram (1) can summarize the isolation, 

classification and identification of the 140 isolates which isolated 

from 50 samples of fresh milk. Results of the examined 140 

isolates revealed that, 55 isolates classified as lactic acid bacteria  
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Table (5 a): Identification of Lactobacillus isolated strains 

from raw milk samples by physiological and 

biochemical tests. 

Performed testes 

23 isolated of Lactobacillus 

Positive test for  

8 isolates 

Positive test for  

15 isolates 

Counts % Counts % 

Growth at 15ºC 0.0 0.0 0.0 0.0 

Growth at 45ºC 8 34.78 15 65.22 

Arginine hydrolysis 0.0 0.0 15 65.22 

Gassy production 0.0 0.0 0.0 0.0 

Acid production from:     

              Lactose 8 34.78 15 65.22 

Galactose 8 34.78 15 65.22 

              Glucose 8 34.78 15 65.22 

              Fructose 8 34.78 15 65.22 

              Maltose 8 34.78 15 65.22 

              Sucrose 8 34.78 15 65.22 

              Ribose 0.0 0.0 0.0 0.0 

              Mannitol 0.0 0.0 0.0 0.0 

              Mannose 8 34.78 15 65.22 

              Raffinose 8 34.78 0.0 0.0 

  Rhamnose 0.0 0.0 0.0 0.0 
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by the biochemical, physiological tests and the microscopic 

examinations, described by Marschall, (1993); Bergey’s 

manual, (1994) and El Attar et al. (2004). The 55 isolates well 

be divided to 32 isolates classified as Lactococcus (19 isolates 

were identified as Lactococcus lactis subsp. lactis and 13 isolates 

were identified as Lactococcus lactis subsp. cremoris); while 23 

isolates classified as lactobacillus (15 isolates were identified as 

Lactobacillus delbrueckii subsp. lactis and 8 isolates were 

identified as Lactobacillus acidophilus) according to Bergey’s 

manual, (1994). 
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PART II 

PRODUCTION AND CHARACTERIZATION OF 

BACTERIOCINS PRODUCED BY SELECTED LAB 

ISOLATES FROM RAW MILK SAMPLES 

INTRODUCTION 

Lactic acid bacteria are widely used as starter cultures in a 

variety of food fermentations; also they have antimicrobial 

activity which can be attributed to the production of bacteriocins 

(Klaenhammer, 1988 and Lindgren & Dobrogosz 1990). 

 LAB occurs naturally in several raw materials (e.g. milk) 

used to produce foods. LAB are used as „natural‟ or „selected‟ 

starter in food fermentations in which they perform both 

acidification, due to the production of lactic, acetic acids, 

flavour-compounds production, as well as protection of the food 

from spoilage and pathogenic microorganisms by producing 

organic acids, hydrogen peroxide, diacetyl, antifungal 

compounds such as fatty acids or phenyllactic acid, and/or 

bacteriocins (De Vuyst & Vandamme 1994a; Corsetti et al. 

1998; Lavermicocca et al. 2000; Rodriguez et al. 2000; Atrih 

et al. 2001 and Messens & De Vuyst 2002). 

Bacteriocins produced by LAB are proteinaceous 

antimicrobial compounds with bactericidal or bacteriostatic 

activity against strains and species that are usually related to the 

producing strains (Tagg et al. 1976).  

Bacteriocins are antimicrobial peptides or small proteins 

which inhibit, by a bactericidial or bacteriostatic mode of action, 

microorganisms that are usually closely related to the producer 
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strain. A bacteriocin producer protects itself against its own 

antimicrobial compound by means of a system referred as 

immunity, which is expressed concomitantly with the 

antimicrobial peptide. Bacteriocins from LAB have been 

classified, initially in four classes on the basis of common, 

mainly structural, and characteristics (Klaenhammer, 1993; Nes 

et al. 1996 and Schillinger & Holzapfel 1996).  

Some bacteriocins are inhibitory towards a broad 

spectrum of bacteria, which include spoilage organisms and 

food-borne pathogens, such as: Staphylococcus aureus, Bacillus 

subtilis, Listeria monocytogenes, Slamonella enteritidis, 

Escherichia coli and Pseudomonas sp. (Ray et al. 1989 and 

Malik et al. 1994). 

 Several studies have compared bacteriocin batch 

produced by LAB strains on different complex media and have 

found that MRS and Elliker broths were the best media for this 

production (Parente & Hill 1992 and Daba et al. 1993). 

However, such media are too expensive for an economical 

production process. Commercial nisin A is currently produced 

by a pH-controlled batch-fermentation in a milk-based medium 

(De Vuyst and Vandamme 1994b). Recently, there has been 

increasing interest in producing bacteriocin from whey permeate 

since certain LAB strains can grow and produce appreceable 

amounts of bacteriocin in this low-cost medium (Daba et al. 

1993; Liao et al. 1993 and De Vuyst & Vandamme 1994a).  

 So, in this part we select 10 isolates from the 55 LAB 

isolates to study the production of bacteriocins and the inhibition 

effect of bacteriocin extracts against spoilage and pathogenic 
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bacteria. Also, we selected 4 isolates from the previous 10 

isolates which gave the highest inhibition zone to study 

characterization of bacteriocin extracts.  

EXPERMENTAL 

 Ten strains were selected from the 55 isolated LAB 

strains which identified as Lactococcus lactis subsp. lactis (3 

isolates, No. 8, 20 and 30), Lactococcus lactis subsp. cremoris (2 

isolates No. 36 and 56), Lactobacillus delbrueckii subsp. lactis 

(3 isolates No. 94, 95 and 97) and Lactobacillus acidophilus (2 

isolates No. 77 and 87). The selected strains were employed to 

produce bacteriocins in different media (MPS, M17, MRS and 

TY broth). Bacteriocin activity was determined by the well agar 

diffusion using Listeria monocytogenes (as indicator bacteria). 

Produced bacteriocin extracts were employed to study their 

antibacterial activity on indicator strains Staphylococcus aureus, 

Listeria monocytogenes, Bacillus subtilis, Escherichia coli, 

Salmonella typhimurium and Pseudomonas fluoresces (inatial 

number of indicator bacteria was 10
6
 to 10

7
 cfu/ml). Also, the 

effects of pH (2, 4, 6, 8, 10 and 12), heat temperatures (40, 60, 

80, 100°C/ 30 min and 121°C/15 min), enzymes (pepsin and 

trypsin) and storage temperatures (~25, ~5 and -15ºC for 90 

days) on bacteriocin activity were determined. 
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RESULTES AND DISCUSSION 

- Production of bacteriocins by isolated LAB from raw milk 

samples 

  on different media: 

 Table (6) and Fig (1) illustrate the activity of bacteriocins 

produced by Lactococcus lactis subsp. lactis No. (8, 20 and 30), 

Lactococcus lactis subsp. cremoris No. (36 and 56), 

Lactobacillus acidophilus No. (77 and 87) and Lactobacillus 

delbrueckii subsp. lactis No. (94, 95 and 97) on four different 

growth media (MPS, M17, MRS and TY broth). Bacteriocin 

activity was determined by the well agar diffusion using Listeria 

monocytogenes as indicator. 

 The results clear that, bacteriocin produced by all strains 

recorded its maximum activity (conc. 650 -750 AU/ml) in Milk 

permeate supplemented broth medium (MPS), followed by M17 

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

lastely TY (conc. 250-450 AU/ml) broth medium. Lactococcus 

lactis subsp. lactis gave the highest production of bacteriocin 

activity. 

 Similar results were obtained by Morgan et al. (1999) 

who found that the production of lacticin activity by Lactococcus 

lactis subsp. lactis DPC3147 was high in almost all dairy based 

media; while, lower levels lacticin activity were observed in TY 

broth medium. 

 Abd El-Fattah, (1999) reported that, the utilization of 

Lactococcus lactis to produce antibacterial substances (ABS) in 

whey permeate supplemented with some additives [permeate +  
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Table(6): Activity of bacteriocins extracted from Lactococcus 

and Lactobacillus grown on different broth media 

using the well agar diffusion. 

                 Production  media  

 

  Selected strains  

Activity of bacteriocin (AU/ml) 

MPS* M17
** 

MRS
x 

TY
xx 

       

Lc. lactis subsp. lactis             

No.8 750 550 500 450 

No.20 700 450 400 300 

No.30 650 400 350 350 

Lc.  lactis subsp.cremoris      
No.36 650 450 400 350 

No.56 650 550 500 400 

Lb.  acidophilus                          No. 77                 

                                                    No. 87 

700 400 450 300 

750 450 500 350 

                                                   No. 94                                        

Lb. delbrueckii  subsp. lactis     No. 95 

                               No.97  

700 450 500 400 

650 400 500 250 

700 400 450 400 

MPS* = Milk permeate supplemented medium 

M17** = Molten 17 medium                      

MRSx = De Man, Rogosa and Sharp medium  

TYxx = Tryptone yeast extract broth medium 
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disodium β-glycerophosphate + yeast extract + ammonium 

chloride + valine + pantothonic acid (PDYAVP)], led to ABS 

amount near to ~ 500 IU/ml, it was the preferable one. While, 

growing these strains in MRS medium led to ABS production 

lower than permeate medium (PDYAVP). 

 Since, MPS is readily available and good for bacteriocins 

production and it could be the preferable medium. 

Statistical analysis for the bacteriocins activity shows 

highly significant differences between extracted bacteriocins 

from Lactococcus lactis subsp. lactis No. (8, 20 & 30); 

Lactobacillus acidophilus No. 87 and Lactobacillus delbrueckii 

subsp. lactis No. 95 in different media, While it was significant 

differences between extracted bacteriocins from Lactococcus 

lactis subsp. cremoris No. (36 and 56); Lactobacillus 

acidophilus No. 77 and Lactobacillus delbrueckii subsp. lactis 

No. (94 & 97) in different media. 

- The inhibition effect of extracted bacteriocins (from MPS, 

M17, MRS and TY media) on growth of some indicator 

bacteria grown in Tryptone soya agar (TSA) medium:  

Table (7) and Fig. (2 a, b, c & d) show the inhibition zone 

diameters as a result of the effect of extracted bacteriocins (from 

MPS, M17, MRS and TY media) on growth of various indicator 

bacteria (gram positive, e.g. Listeria monocytogenes, 

Staphylococcus aureus and Bacillus subtilis, and gram negative, 

e.g. Salmonella typhimurium, Pseudomonas fluorescens and 

Escherichia coli)  at TSA medium. 
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The LAB isolates, from raw milk samples, that showed 

antagonistic activity produced antagonistic compounds 

(bacteriocins) which have inhibitory action to the growth of 

many spoilage and pathogenic organisms. These producer strains 

were not inhibited by its own culture supernatant fluid, which 

indicated the presence of an immunity mechanism. It is well 

known that most bacteriocin- producing LAB also produces an 

immunity protein that protects the cell from self destruction, and 

that the genes for the bacteriocins and immunity proteins are 

usually arranged in operons (Nes et al. 1996). 

 The higher antibacterial activity of extracted bacteriocins 

from MPS medium against the indicator bacteria were recorded 

at TSA medium, it ranged from 11 to 14 mm for gram positive 

bacteria and 10.33 to 12.33 mm for gram negative bacteria. 

On the other hand, the lowest inhibition values were 

recorded at TY medium, it ranged from 7.33 to 9.33 mm for 

gram positive bacteria and 7 to 8.33 mm for gram negative 

bacteria. Inhibition was always observed as a well- defined zone 

of clearing around the well containing the culture supernatant.  

The results of the inhibition effect of bacteriocin revealed 

that, the inhibition effect was higher on gram positive indicator 

bacteria than that of gram negative indicator bacteria; this may 

be due to that the gram positive bacteria are much more sensitive 

to the bacteriocin produced by LAB (Lactococcus and 

Lactobacillus strains) than gram negative bacteria. The resistance 

of gram negative bacteria are attributed to the particular nature of 

their cellular envelope, the mechanisms of action described for 

bacteriocins bringing in a phenomenon of adsorption. 
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 These results are in the same order with that obtained by 

Muriana & Klaenhamer (1991); Sanni et al. (1999) and 

Savadogo et al. (2004) who found that, the gram positive 

pathogenic bacteria are the most sensitive to the bacteriocins 

produced by the lactic acid bacteria.  

Sanni et al. (1999) have shown that some bacteriocins 

produced by gram positive bacteria have a broad spectrum of 

activity. These variations of sensibility are due to the 

characteristics of indicator strains (presence or absence of 

receiving sites or immunoprotein) and thus in level of hurts 

caused by the inhibitive factor. 

The biggest inhibition zone (14 mm) was obtained with 

the bacteriocin extract from MPS medium of Lactococcus lactis 

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

inhibition zone (7.00 mm) was obtained with the bacteriocin 

extract from TY medium of Lactobacillus delbrueckii subsp. 

lactis No. 94 on Escherichia coli. 

 The obtained results are in agreement with those reported 

by Olasupo et al. (1999) who found that the bacteriocins-

producing Lactococcus lactis inhibited not only closely related 

LAB, but also strains of Listeria monocytogenes, Bacillus cereus 

and Staphylococcus aureus.  

 Lee & Paik (2001) and Carrasco et al. (2002) stated that 

lacticin showed a relatively broad spectrum of activity against 

most lactic acid bacteria, Staphylococcus aureus, Bacillus 

subtilis, Listeria monocytogenes, Escherichia coli, Salmonella 

enteritidis and Pseudomonas fluorescens using the well agar 

diffusion method or spot on-lawn method.  
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Similar results have been observed by Zamfir et al. 

(1999) as they reported that, Lactobacillus acidophilus produced 

a bacteriocin. It displays a narrow inhibitory spectrum (only 

related lactobacilli but including the gram- negative pathogenic 

bacteria Escherichia coli and Salmonella panama) with a 

bactericidal activity.  

Statistical analysis of inhibition zone of Listeria 

monocytogenes, Staphylococcus aureus and Bacillus subtilis 

were highly significant for MPS, while they were significant for 

M17, MRS and TY media except Staphylococcus aureus and 

Bacillus subtilis were insignificant for TY medium. Salmonella 

typhimurium, Pseudomonas fluorescens and Escherichia coli 

were significant for MPS and M17 media and they were 

insignificant for MRS and TY media.  

- Sensitivity of bacteriocin extracts produced by selected 

LAB to different heat treatments:   

 Bacteriocin extracts produced from LAB (four extracts 

were selected from the 10 extracts produced by LAB strains 

which gave the highest inhibition zone) were studied for the 

characteristics on the basis of their susceptibility to heat 

treatments: untreated (control), 40, 60, 80, 100ºC for 30 min and 

121ºC for 15 min are presented in Table (8) and Fig. (3). 

Sensitivity of bacteriocin extracts produced from 

Lactococcus lactis subsp. lactis (No.8) to different heat 

treatments was stable to heat treatments up to 80ºC for 30 min. 

The inhibition zone (inhibition diameter) of indicator bacteria 

(Listeria monocytogenes, Staphylococcus aureus, Salmonella 

typhimurium and Pseudomonas fluorescens) were 12, 12, 10 and  
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Table (8): Effect of heat treatments on the stability of 

bacteriocin extracts produced by  selected LAB. 

Source of 

bacteriocins 

Heat 

treatments 

Diameter of inhibition zone ( mm) 

Staph.  

aureus 

List. 

monocytogenes 

Salm. 

typhimurium 

Pseu. 

fluorescens 

Lc.  lactis 

subsp. lactis 

No. 8 

Unt.* 12.00 12.00 10.00 11.00 

40ºC/30 min
 12.00 12.00 10.00 11.00 

60ºC/30min
 12.00 12.00 10.00 11.00 

80ºC/30min
 12.00 12.00 10.00 11.00 

100ºC/30min
 11.00 11.00 9.00 10.00 

Steril.** 1.50 0 0 0 

Lc.  lactis 

subsp. 

cremoris  

No. 56 

Unt. 11.00 11.00 10.00 11.00 

40ºC/30 min
 11.00 11.00 10.00 11.00 

60ºC/30min
 11.00 11.00 10.00 11.00 

80ºC/30min
 11.00 11.00 10.00 11.00 

100ºC/30min
 10.00 10.00 9.00 10.00 

Steril.
 0 0 0 0 

Lb. 

acidophilus  
No. 87 

Unt. 12.00 12.00 10.00 10.50 

40ºC/30 min
 12.00 12.00 10.00 10.50 

60ºC/30min
 12.00 12.00 10.00 10.50 

80ºC/30min
 12.00 12.00 10.00 10.50 

100ºC/30min
 10.50 11.00 9.00 9.50 

Steril. 0 0 0 0 

Lb. 

delbrueckii  

subsp. lactis 

No.  94 

Unt. 10.00 11.00 10.00 10.00 

40ºC/30 min
 10.00 11.00 10.00 10.00 

60ºC/30min
 10.00 11.00 10.00 10.00 

80ºC/30min
 10.00 11.00 10.00 10.00 

100ºC/30min
 9.00 10.00 9.00 9.00 

Steril. 0 0 0 0 

 Unt.*: Untreated (control)                           Steril.** : Sterilization (121ºC/15 min.) 
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11 mm respectively. While, there was very slight reduction of 

inhibition zone for the same indicator bacteria, to be 11, 11, 9 

and 10 mm by raising heat treatment to 100ºC for 30 min in the 

same previous order. However, the inhibition activity of all 

bacteriocin extracts was completely inactivated by heat treatment 

at 121ºC for 15 min (Autoclave). This heat stability could be due 

to the formation of small globular structures and the occurrence 

of strongly hydrophobic regions, stable cross-linkages, and a 

high glycine content (De Vuyst and Vandamme 1994c). 

Similar results were observed by Cardinal et al. (1997); 

Lee & Paik (2001); Carrasco et al. (2002) and  Ayad, (2004) 

who found that the inhibitory activities of bacteriocins produced 

by Lactococcus lactis strains were detected after heat treatments 

up to 100ºC for 30 min.  

On the other hand, the effect of different heat treatments 

on the stability of bacteriocin extracts of Lactococcus lactis 

subsp. cremoris (No. 56), Lactobacillus acidophilus (No. 78) and 

Lactobacillus delbrueckii subsp. lactis (No. 94) were followed 

the same trend for bacteriocin extract of Lactococcus lactis 

subsp. lactis (No. 8). 

 The obtained results are in accordance with those reported 

by Tahara and Kanatani (1996) as they reported that, 

Lactobacillus acidophilus produced a heat stable bacteriocin 

after heat treatments at 80ºC and boiling for 30min. 

 Similar results also were given by Kebary, (1995); Malik 

et al. (1995) and Rattanachaikunsopon & Phumkhachorn 

(2000) who indicated that, there was no reduction of the 

antibacterial activity after heating the supernatant prepared from 
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the culture of Lactobacillus lactis subsp. lactis for 30 min at 

100ºC. Furthermore, Piard et al. (1990) mentioned that heat 

treatment (100ºC /10 min) of active metabolites before storage 

improved its stability. However, Verellen et al. (1998) reported 

that plantaricin lost 50% of its activity after 60 min at 100ºC and 

75% of its activity after autoclaving (15 min at 100ºC). 

 In conclusion the results of the present study 

demonstrated that the bacteriocin extracts produced from 

Lactococcus lactis subsp. lactis No. (8), Lactococcus lactis 

subsp. cremoris No. (56), Lactobacillus acidophilus No. (87) and 

Lactobacillus delbrueckii subsp. lactis No. (94) are heat stable 

up to 100ºC for 30 min. 

Statistical analysis data for heat treatments show 

significant differences between treatments.  

- Sensitivity of bacteriocin extracts produced by selected 

LAB to different pH values for 16 hr by the well agar 

diffusion method: 

 The effect of different pH values (2-12) on the inhibiton 

effect of the bacteriocin extracts produced from Lactococcus 

lactis subsp. lactis No. 8, Lactococcus lactis subsp. cremoris No. 

56, Lactobacillus acidophilus No. 78 and Lactobacillus 

delbrueckii subsp. lactis No. 94 are presented in Table (9) and 

Fig. (4).  

In respect to sensitivity of the inhibitory bacteriocin 

extract produced from Lactococcus lactis subsp. lactis No. 8 to 

different pH values (2, 4, 6, 8, 10 and 12) comparison with 

control at pH 6 without incubation, it was observed that, it was 

very stable over a wide pH range 2 to 6, as it was not affected  
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Table (9): Effect of pH values for 16 hr on the stability of 

bacteriocin extracts produced by selected LAB. 

Source of 

bacteriocins 
pH values 

Diameter of inhibition zone (mm) 

Staph. 

aureus 

List. 

monocytogenes 

Salm. 

typhimurium 

Pseu. 

flouroscens 

 

 

 

Lc. lactis 

subsp. lactis 

No. 8 

Control (6.0) 13.00 11.00 10.00 11.00 

2.00 13.00 11.00 10.00 11.00 

4.00 13.00 11.00 10.00 11.00 

6.00 13.00 11.00 10.00 11.00 

8.00 11.00 9.50 8.50 10.00 

10.00 8.00 8.00 8.00 8.00 

12.00 0 0 0 0 

Lc. lactis 

subsp.cremoris  

No. 56 

Control (6.0) 11.00 9.00 10.50 11.50 

2.00 11.00 9.00 10.50 11.50 

4.00 11.00 9.00 10.50 11.50 

6.00 11.00 9.00 10.50 11.50 

8.00 9.50 7.50 9.00 9.00 

10.00 7.00 6.50 7.00 8.00 

12.00 0 0 0 0 

 

 

 

Lb. 

acidophilus  

No. 87 

Control (6.0) 12.00 12.00 10.00 10.00 

2.00 12.00 12.00 10.00 10.00 

4.00 12.00 12.00 10.00 10.00 

6.00 12.00 12.00 10.00 10.00 

8.00 10.50 9.50 7.00 9.0 

10.00 6.00 5.50 4.50 6.50 

12.00 0 0 0 0 

 

 

Lb. 

delbrueckii  

subsp. lactis  

No. 94 

 

Control (6.0) 11.00 10.00 10.00 9.00 

2.00 11.00 10.00 10.00 9.00 

4.00 11.00 10.00 10.00 9.00 

6.00 11.00 10.00 10.00 9.00 

8.00 9.00 8.00 8.00 8.00 

10.00 5.50 4.00 5.50 4.50 

12.00 0 0 0 0 
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while its activity slightly decreased by increasing the pH to 8 and 

10, but the activity of bacteriocin extract was completely 

inactivated at pH 12. The inhibition zones of the indicator 

bacteria (Staphylococcus aureus, Listeria monocytogenes, 

Salmonella typhimurium and Pseudomonas fluorescens)  

measured by the well diffusion method  were 13, 11, 10 and 11 

mm respectively at pH 2-6, decreased to 11, 9.5, 8.5 and 10 mm 

at pH 8 in the same order, and it was 8 mm at pH 10 for all 

indicator bacteria. No inhibition was detected at pH 12. 

 On the other hand, the results of sensitivity of bacteriocin 

extracts produced from Lactococcus lactis subsp. cremoris No. 

56, Lactobacillus acidophilus No. 78 and Lactobacillus 

delbrueckii subsp. lactis No. 94 to various pH (2 to 12) were 

followed the same trend for bacteriocin extract produced from 

Lactococcus lactis subsp. lactis No. 8, as the bacteriocin extracts 

inactivated completely at pH 12. 

 Generally, all bacteriocin extracts remained fully active 

over a pH range of 2 to 8 at 28ºC for 16 hr. 

Similar results were obtained by Cardinal et al. (1997) 

who stated that, the inhibitory substances produced by 

Lactococcus lactis subsp. lactis were more sensitive to neutral 

and basic pH. They retained their activity from pH 3 to 5 while 

their activity decreased gradually as pH increased from pH 7 to 

11. 

 The results were also in agreement with that obtained by 

Janes et al. (1999); Olasupo et al. (1999); Lee & Paik (2001); 

Noonpakdee et al. (2003) and Corsetti et al. (2004) on the 

bacteriocins produced from Lactococcus lactis. They found that 



Results and Discussion   
 

-115- 

bacteriocins were active over a wide pH range (2 to 10), 

especially the highest activity was observed in the lower pH but 

their activity was much lower in basic pH. 

 The development of a food ingredient capable of 

inhibiting gram positive bacteria and some gram negative 

bacteria at neutral pH indicates that the bacteriocin extracts 

produced from some LAB may be suitable for incorporation into 

a wide range of foods that hitherto had no opportunity for the 

prevention of food spoilage and pathogenesis apart from the 

inclusion of chemical preservatives.  

  Statistical analysis data for pH values show significant 

differences between treatments.  

- Sensitivity of bacteriocin extracts produced by selected 

LAB to some proteolytic enzymes by the well diffusion 

method: 

The effect of proteolytic enzymes (pepsin and trypsin) on 

the activity of bacteriocin produced by Lactococcus lactis subsp. 

lactis No. 8, Lactococcus lactis subsp. cremoris No. 56, 

Lactobacillus acidophilus No. 78 and Lactobacillus delbrueckii 

subsp. lactis No. 94 are presented in Table (10) and Fig (5).  

The inhibition zone for bacteriocin extract produced from 

Lactococcus lactis subsp. lactis No. 8 against the indicator 

bacteria (Staphylococcus aureus, Listeria monocytogenes, 

Salmonella typhimurium and Pseudomonas fluorescens) 

measured by the well diffusion method, were 12, 11.50, 10 and 

11 mm respectively for untreated bacteriocins (control) and 

bacteriocins treated with  pepsin and  trypsin. The bacteriocin  
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Table (10): Effect of enzymes on the stability of bacteriocin 

extracts produced by selected LAB. 

Source of 

bacteriocins 

proteolytic 

enzymes 

Diameter of inhibition zone (mm) 

Staph. 

aureus 

List. 

monocytogenes 

Salm. 

typhimurium 

Pseu. 

flourescens 

Lc. lactis 

subsp. lactis 

No. 8 

Untreated 12.00 11.50 10.00 11.00 

Pepsin 12.00 11.50 10.00 11.00 

Trypsin 12.00 11.50 10.00 11.00 

Lc. lactis 

subsp. 

cremoris 

No. 56 

Untreated 11.00 10.00 10.00 9.00 

Pepsin 0 0 0 0 

Trypsin 0 0 0 0 

Lb. 

acidophilus 

No. 87 

Untreated 12.00 12.00 10.00 10.00 

Pepsin 0 0 0 0 

Trypsin 0 0 0 0 

Lb. 

delbrueckii  

subsp. lactis 

No. 94 

Untreated 10.00 10.00 9.50 9.00 

Pepsin 0 0 0 0 

Trypsin 0 0 0 0 

 

 

 

 

 

 

 



Results and Discussion   
 

-117- 



Results and Discussion   
 

-118- 

extract produced from Lactococcus lactis subsp. lactis No. 8 was 

not sensitive to pepsin and trypsin as it remained active. 

These results are in accordance with that obtained by 

Cardinal et al. (1997); Janes et al. (1999); Olasupo et al. 

(1999); Ivanova et al. (2000); Lee & Paik (2001); Noonpakdee 

et al. (2003) and Ayad, (2004) who examined the effect of 

various enzymes on bacteriocin substance produced by 

Lactococcus lactis subsp. lactis and observed that, the 

bacteriocins remained active when treated with pepsin and 

trypsin. This provides indirect evidence that this bacteriocin is 

not closely related to nisin as it is known that nisin is sensitive to 

trypsin. 

Enzyme sensitivity assayed that the antibacterial activity 

of bacteriocin extracts produced from Lactococcus lactis subsp. 

cremoris No. 56, Lactobacillus acidophilus No. 78 and 

Lactobacillus delbrueckii subsp. lactis No. 94 were completely 

destroyed by treatment with pepsin and trypsin as they gave no 

zones compared with untreated bacteriocin extract.  

 Giraffa et al. (1989); Tahara &Kanatani (1996); Shah 

& Dave (1999); Carrasco et al. (2002) and Savadogo et al. 

(2004) studied the effect of enzymes on the antimicrobial 

activities of Lactococcus lactis subsp. cremoris, Lactobacillus 

acidophilus and Lactobacillus delbrueckii subsp. lactis. They 

found that the activities of the bacteriocins were lost after 

treatment with pepsin and trypsin. These results agree with ours. 

The sensitivity of the produced extracts to pepsin and trypsin 

enzymes is a proof of its proteinaceous nature, which allows to 

consider them a bacteriocins.  
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The partial or total sensitivity of the metabolites of LAB 

to proteolytic enzymes is very interesting with respect to food 

safety since it means that the ingestion of metabolite (including 

the bacteriocins) will not alter digestive tract ecology and will 

not cause risks related to the use of common antibiotics as 

suggested by Piard and Desmazeaud (1991).  

These results confirmed with Statistical analysis data for 

various enzymes which show significant differences between 

treatments.  

- Effect of storage on inhibition activity of bacteriocin 

extracts produced by selected LAB: 

 The effect of storage at ~25, ~5 and -15ºC on the 

inhibition activity of bacteriocin extracts produced from LAB 

against indicator bacteria using the well diffusion assay are 

shown in Table (11 a,b and c) and Fig.(6 a,b and c). 

Table (11 a) and Fig. (6 a) show the effect of storage at  

room temperature (~25ºC) on stability of bacteriocin extracts 

produced from Lactococcus lactis subsp. lactis No. 8, 

Lactococcus lactis subsp. cremoris No. 56, Lactobacillus 

acidophilus No. 78 and Lactobacillus delbrueckii subsp. lactis 

No. 94. The effect was determined against the indicator bacteria 

(Staphylococcus aureus, Listeria monocytogenes, Salmonella 

typhimurium and Pseudomonas fluorescens) by the well 

diffusion assay for duration of three months at intervals of 0, 15, 

30, 60 and 90 days. 

The inhibition zone of bacteriocin extract produced from 

Lactococcus lactis subsp. lactis No. 8 was 11.5, 12, 10 and 11.0 

mm for Staphylococcus aureus, Listeria monocytogenes,  
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Table (11 a): Effect of storage at room temperature (~25ºC) 

on the stability of bacteriocin extracts 

produced by selected LAB. 

Source of 

bacteriocins 

Storage 

period 

(days) 

Diameter of inhibition zone (mm) 

Staph. 

 aureus 

List. 

monocytogenes 

Salm. 

typhimurium 

Pseu. 

fluorescens 

Lc.  lactis 

subsp. 

Lactis 

 No. 8 

Fresh 11.50 12.00 10.00 11.00 

15  9.00 9.50 7.50 8.50 

30  6.00 6.00 4.00 5.50 

60  1.00 1.50 1.50 1.50 

90  0 0 0 0 

 

 

Lc. lactis 

subsp. 

cremoris   

No. 56 

Fresh 11.00 11.00 10.00 9.00 

15  8.00 8.50 9.00 7.50 

30  6.00 6.00 6.50 4.00 

60  2.00 1.00 2.00 1.00 

90  
0 0 0 0 

 

Lb. 

acidophilus 

No. 87 

Fresh 12.00 11.50 9.50 10.50 

15  9.00 8.00 7.5 7.5 

30  5.50 5.00 4.00 4.50 

60  1.0 1.5 2.50 1.00 

90  0 0 0 0 

Lb. 

delbrueckii  

subsp. 

lactis 

No. 94 

Fresh 10.50 9.50 9.00 10.00 

15  8.00 6.00 6.00 8.00 

30  4.50 2.00 2.50 4.50 

60  1.0 1.00 0 1.00 

90  0 0 0 0 
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Salmonella typhimurium and Pseudomonas fluorescens 

respectively when fresh. The bacteriocin activity was gradually 

decreased by progressive of storage, it reached 6, 6, 4 and 5.5 

mm in the same order after 30 days of storage comparable with 

fresh bacteriocin extract (control). After 90 days of storage, the 

activity of bacteriocin extracts completely lost at ~25ºC and the 

diameter of inhibition zone was zero for all indicator bacteria. 

 The bacteriocin extracts produced from Lactococcus 

lactis subsp. cremoris No. 56, Lactobacillus acidophilus No. 78 

and Lactobacillus delbrueckii subsp. lactis No. 94 followed the 

same trend of the effect of storage (at ~25ºC) on the activity of 

bacteriocin extract produced from Lactococcus lactis subsp. 

lactis No. 8. 

These results are in agreement with those reported by 

Corsetti et al. (2004) who reported that the bacteriocin activity 

produced by Lactobacillus spp. was partially or completely lost 

when stored at 25ºC for at least 3 months.  

Table (11 b) and Fig. (6 b) show the effect of refrigerated 

storage (at ~5ºC) on the activity of bacteriocin extract produced 

from Lactococcus lactis subsp. lactis No.8. It was stable during 

storage at ~5ºC until 30 days. The inhibition zone of bacteriocin 

extract was 11, 12, 10 and 9.5 mm for Staphylococcus aureus, 

Listeria monocytogenes, Salmonella typhimurium and 

Pseudomonas fluorescens respectively when fresh and after 30 

days of storage. While their activities were gradually decreased 

throughout 60 to 90 days from storage at ~5ºC. It reached to 5, 6, 

5 and 4.5 mm in the previous sequences after 90 days of storage. 
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Table (11 b): Effect of storage at refrigerating temperature 

(~5ºC) on the stability of bacteriocin extracts 

produced by selected LAB. 

Source of 

bacteriocins 

Storage 

period 

(days) 

Diameter of inhibition zone (mm) 

Staphy. 

 aureus 

List. 

monocytogenes 

Salm. 

typhimurium 

Pseu. 

flourescens 

 

Lc. lactis 

subsp. lactis 

No. 8 

Fresh 11.00 12.00 10.00 9.50 

15  11.00 12.00 10.00 9.50 

30  11.00 12.00 10.00 9.50 

60  7.00 8.5 7.50 6.50 

90  5.00 6.00 5.00 4.50 

 

Lc. lactis 

subsp. 

cremoris  

No. 56 

Fresh 11.50 10.50 9.00 10.00 

15  11.50 10.50 9.00 10.00 

30  11.50 10.50 9.00 10.00 

60  8.5 8.00 6.50 7.00 

90  6.00 5.50 4.50 4.50 

 

Lb. 

acidophilus  

No. 87 

Fresh 12.50 11.00 10.00 10.00 

15  12.50 11.00 10.00 10.00 

30  12.50 11.50 10.00 10.00 

60  9.00 7.50 7.50 7.00 

90  6.50 5.00 5.00 4.50 

 

Lb. 

delbrueckii  

subsp. lactis 

No. 94 

Fresh 11.50 10.00 9.00 9.00 

15  11.50 10.00 9.00 9.00 

30  11.50 10.00 9.00 9.00 

60  8.00 7.50 6.50 6.50 

90  5.00 4.50 4.50 4.00 
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The bacteriocin extracts produced from Lactococcus 

lactis subsp. cremoris No. 56, Lactobacillus acidophilus No. 78 

and Lactobacillus delbrueckii subsp. lactis No. 94 (Table11 b) 

took the same trend of the effect of storage (at ~5ºC) on the 

activity of bacteriocin extract produced by Lactococcus lactis 

subsp. lactis No. 8. 

These results are in accordance with those reported by 

Corsetti et al. (2004) as they found that the bacteriocin activity 

produced by Lactobacillus spp. was stable during refrigerated 

(+4ºC) storage for at least 3 months.  

 Similar results were also obtained by Ivanova et al. 

(2000) who studied the effect of storage at different temperatures 

on the activity of bacteriocin substances produced by 

Lactococcus lactis subsp. lactis. They found that, storage of the 

active substances at 4ºC retained for more than two months and 

in frozen state over six months without any influence on its 

activity. 

Carrasco et al. (2002) also reported that, the antibacterial 

activity of Lactococcus lactis subsp. lactis, Lactococcus lactis 

subsp. cremoris, Lactobacillus delbrueckii subsp. bulgaricus and 

Lactobacillus helveticus were persisted for at least 1 week at 

5ºC, the diameter of the inhibition zones were reduced by only 

10-15%. 

The effect of storage at freezing temperature (-15ºC) on 

inhibition activity of bacteriocin extract produced from 

Lactococcus lactis subsp. lactis No. 8 is presented in Table (11 

c) and Fig. (6 c). The activity of bacteriocin extract was persisted 

for 90 days of storage at -15ºC. The diameter of inhibition zones  
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Table (11 c): Effect of storage at freezing temperature (-15ºC) 

on the stability of bacteriocin  extracts produced by 

selected LAB. 

Source of 

bacteriocins 

Storage 

period 

(days) 

Diameter of inhibition zone (mm) 

Staph.   

aureus 

List. 

monocytogenes 

Salm. 

typhimurium 

Pseu. 

flourescens 

Lc. lactis 

subsp. lactis 

No. 8 

Fresh 12.00 12.00 10.50 11.00 

15  12.00 12.00 10.50 11.00 

30  12.00 12.00 10.50 11.00 

60  12.00 12.00 10.50 11.00 

90  12.00 12.00 10.50 11.00 

Lc. lactis 

subsp. 

remoris  No. 

56 

Fresh 11.00 11.50 10.50 11.00 

15  11.00 11.50 10.50 11.00 

30  11.00 11.50 10.50 11.00 

60  11.00 11.50 10.50 11.00 

90  11.00 11.00 10.50 11.00 

Lb. 

acidophilus  

No. 87 

Fresh 12.50 12.00 10.00 11.50 

15  12.50 12.00 10.00 11.50 

30  12.50 12.00 10.00 11.50 

60  12.50 12.00 10.00 11.50 

90  12.50 12.00 10.00 11.50 

Lb. 

delbrueckii  

subsp. lactis 

No. 94 

Fresh 10.00 10.50 9.50 9.00 

15  10.00 10.50 9.50 9.00 

30  10.00 10.50 9.50 9.00 

60  10.00 10.50 9.50 9.00 

90  10.00 10.50 9.50 9.00 
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of the bacteriocin was 12, 12, 10.5 and 11 mm for 

Staphylococcus aureus, Listeria monocytogenes, Salmonella 

typhimurium and Pseudomonas fluorescens respectively when 

fresh and during duration storage. 

 The bacteriocin extracts produced from Lactococcus 

lactis subsp. cremoris No. 56, Lactobacillus acidophilus No. 78 

and Lactobacillus delbrueckii subsp. Lactis No. 94 gave the 

same trend of the effect of storage (at -15ºC) on the activity of 

bacteriocin extract produced from Lactococcus lactis subsp. 

lactis No. 8. 

Corsetti et al. (2004) reported that, the bacteriocin 

activity produced by Lactobacillus spp. was stable during (-

20ºC) storage for at least 3 months.  

These results agree with those found by Carrasco et al. 

(2002) who found that, the antibacterial activity of Lactococcus 

lactis subsp. lactis, Lactococcus lactis subsp. cremoris, 

Lactobacillus delbrueckii subsp. bulgaricus and Lactobacillus 

helveticus were persisted for at least 1 week when stored at -

20ºC, the diameter of the inhibition zones were reduced by only 

10-15%. 

  Statistical analysis data for storage at (~25and ~5ºC) 

shows significant difference between treatments. Statistical 

analysis data for storage at -15ºC show insignificant difference 

for all treatments.  
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PART III 

USE OF BACTERIOCINS PRODUCED BY SOME 

LAB AS A NATURAL PRESERVATIVE IN 

YOGHURT 

INTRODUCTION 

Yoghurt is a very popular dairy product in Egypt. The 

increasing consumption of yoghurt emphasis the need for a 

preservation method to meet the microbiological safety and 

quality parameters of the finished product. Also, to extended the 

shelf life of yoghurt due to the mishandling conditions during 

storage, and distribution from suppliers to the retail chain which 

affect the shelf life. Ibrahim et al. (1989) studied the 

microbiological quality of 200 random yoghurt samples from 

different suppliers in the open market at Cairo. They found that 

coli forms were detected in 80% of the samples examined. 

Yeasts and moulds were detected in 80% of samples after 7 days 

of storage. Staphylococci were present in 30% of the samples 

after 10 days of storage.  

Delves -Broughton, (1987) mentioned that, nisin is a 

polypeptide bacteriocin, produced by certain strains of LAB. Use 

of nisin in food preservation is permitted in most countries which 

regulate their food supply. Nisin has been successfully used to 

control blowing in cheese and cheese spread due to clostridia, in 

extension of shelf life of pasteurized whole milk, flavoured milk 

drinks and sterilized milk. Also, the nisin have shown no toxicity 

in numerous actuate , sub-chronic and chronic toxicity tests 

(Frazer et al. 1962) and a level of 3300,000 international unit 
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nisin (82.5 mg) per Kg body weight was found be harmless 

(FAO/ WHO, 1969 and WHO, 1970). The use of nisin as a 

dairy preservative in fermented dairy products has been reported 

(Delves – Broughton, 1987). Antibacterial compounds can be 

applied to foods either as purified chemical agents, or as viable 

cultures in the case of fermented products (Branby-Smith, 

1992). Starter cultures with selected antimicrobial properties 

may be used to replace or added to the used cultures in 

fermented milks. 

 So, it was worthwhile to study the effect of bacteriocins 

produced and/or extracted by some lactic acid bacteria (produced 

in part II) on the quality and shelf life of yoghurt. 

 

EXPERIMENTAL 

 Raw mixed milk was standardized to ~ 3% fat and was 

heated to 85°C for 30 min, immediately cooled to 42ºC and 

divided to eight portions (7 Kg each), and then treated as 

follows: 

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.  
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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. 

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 put into yoghurt plastic cups (100 ml) 

and incubated at 42ºC until the pH reached ~ 4.6 (coagulation 

time is recorded). Then, the treatments transferred to refrigerator 

and maintained at ~5ºC. Yoghurts were analysed for the 

rheological, chemical, microbiological tests, also bacteriocin 

activity and sensory evaluation were determined when fresh and 

after 7, 14, 21 and 28 days.  

Each experiment was repeated three times and 

determinations were made in duplicates. 

Some trials were conducted to know any ratio from 

Lactococcus lactis subsp. lactis ATCC 11454 and/or 

Lactobacillus acidophilus JCM 1229 added with yoghurt starter 

to gave ~100 AU/ml of bacteriocin activity when fresh yoghurt. 

The obtained results clear that the best ratio from every strains 

was 1%; it can be added alone with 1% yoghurt starter or 0.5% 

from every stain it can be added together with 1% yoghurt 

starter. 
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RESULTS AND DISCUSSION 

Coagulation time:   

 Table (12) and Fig. (7) show the effect of bacteriocins 

produced and/or extracted by some LAB on the coagulation time 

of yoghurt. It is obvious that the coagulation time of yoghurt was 

highly increased (65.15%) by the addition of nisin in C2. 

Addition of bacteriocin extracts also increased the coagulation 

time than that of the control and than that containing the LAB 

which produces bacteriocins. The percent of increase was 29.39, 

25.76 and 27.27 % in treatments T4, T5 and T6 in sequence, 

compared with 8.79, 3.03 and 4.85 % in T1, T2 and T3 in the 

same order. The increase in coagulation time is due to the 

inibitory effect of nisin on the microorganisms and on the ability 

of producing acid which led to slow rate of acid development 

and long time of coagulation.  

 The obtained results are in agreement with those of 

Gupta & Parsad (1988); Bayoumi, (1991); Khattab et al. 

(1992) and Olasupo et al. (1996). 

Generally, it can be seen that the setting time in yoghurt 

treatments with nisin and bacteriocins were longer than the 

control yoghurt.  

 Statistical analysis shows highly significant differences 

between treatments in coagulation time. 
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Table (12): Effect of bacteriocins on the coagulation time of                      

yoghurt.             

Treatments 
Coagulation time 

hr  :  min. Increase % 

C1 3:30 0.00 

C2 5:45 65.15 

T1 
3.59 8.79 

T2 3.40 3.03 

T3 3.46 4.84 

T4 4.27 29.39 

T5 4.15 25.76 

T6 4.20 27.27 

LSD 0.1356  

C1 = Control (untreated)                                               

C2 = Control with nisin        

T1 = Yoghurt starter  + Lc. lactis subsp. lactis ATCC 11454  

T2 =    ''         ''            + Lb. acidophilus JCM 1229  

T3 =    ''         ''            + Lc. lactis subsp. lactis ATCC 11454 and Lb. acidophilus JCM 1229  

T4 =    ''         ''            + bacteriocin extract from Lc. lactis subsp. lactis (isolate) 

T5 =     ''         ''            + bacteriocin extract from Lb. acidophilus (isolate) 

T6 =    ''        ''        + bacteriocin extract from Lc. lactis subsp. lactis and Lb. acidophilus (isolates) 

                                                                               

 

 



Results and Discussion   
 

-134- 

 

 

 

0

10

20

30

40

50

60

70

C1 C2 T1 T2 T3 T4 T5 T6

Treatments

 I
n

c
r
e

a
s

e
 %

 

Fig. (7): Effect of bacteriocins on the coagulation time of 

yoghurt. 
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Rheological properties: 

Table (13) and Fig. (8 & 9) show the changes of curd 

tension and curd syneresis of yoghurt during the storage due to 

the effect of bacteriocins produced and/or extracted by some 

LAB.  

Curd firmness: 

Yoghurt firmness was measured as a penetration distance 

in (0.1 mm). The higher record by the penetrometer reading, the 

less firmness of yoghurt. 

Fresh yoghurt had a curd firmness ranged from 25.16 to 

26.40 (0.1 mm) in all treatments Fig. (8). It could be observed 

that there was no significant difference between treatments. This 

may be due to that the gross chemical composition in all 

treatments almost nearly the same in fresh yoghurt. This agree 

with Benech et al. (2002) and Benech et al. (2003) who found 

no significant effect on the gross chemical composition of 

Cheddar cheese due to the addition of nisin. 

 The curd firmness increased as the storage period 

extended for all treatments as it ranged from 27.0 to 27.66 (0.1 

mm) after 21 days of storage. This could be attributed to the 

increase of total solids content during the storage period 

(Salama & Hassan 1994; El-Nagar & Shenana 1998; Salama, 

2001 and Ibrahim et al. 2004). 

 From the statistical analysis, it is clear that there were no 

significant differences between the treatments of yoghurt for 

curd firmness.  
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Table (13): Effect of bacteriocins on the curd firmness and curd 

syneresis of yoghurt during storage period.   

 

Treatments 

Curd 

firmness  
(0.1 mm)* 

Curd syneresis (g/100g) 

15min 30min 45min 60min 90min 120min 

Fresh 

C1 26.40 17.71 24.29 28.83 31.81 35.89 39.96 

C2 25.16 15.23 22.55 26.57 29.82 33.89 37.93 

T1 26.09 16.53 23.98 27.66 31.12 34.57 38.36 

T2 26.20 16.91 24.16 28.29 31.53 35.52 39.64 

T3 26.16 16.89 24.00 27.90 31.28 34.77 38.54 

T4 25.30 15.85 23.50 26.87 30.92 34.00 38.07 

T5 26.00 16.32 23.97 27.07 30.99 34.45 38.27 

T6 25.96 15.96 23.79 26.97 30.95 34.03 38.19 

LSD 0.9066 1.553 0.9365 1.260 0.9066 1.303 0.9066 

7 days 

C1 26.80 17.51 23.92 28.44 31.61 35.65 39.51 

C2 25.80 15.19 22.36 26.19 29.55 33.40 37.61 

T1 26.36 16.29 23.62 27.45 30.41 34.40 38.09 

T2 26.60 16.69 23.80 28.00 30.70 35.31 39.32 

T3 26.56 16.44 23.65 27.56 30.69 34.56 38.13 

T4 25.83 15.77 23.15 26.65 29.55 33.77 37.71 

T5 26.35 16.10 23.59 26.99 29.91 34.11 37.96 

T6 26.13 15.99 23.39 26.76 29.81 33.93 37.80 

LSD 0.9066 1.323 1.553 1.323 0.9365 1.461 0.9365 

14 days 

C1 28.33 16.97 23.64 28.29 31.24 35.48 39.19 

C2 26.40 14.19 21.74 25.96 29.13 32.15 36.73 

T1 27.18 15.55 22.44 27.32 30.15 33.00 37.66 

T2 27.23 16.35 23.41 28.12 30.52 35.20 38.99 

T3 27.20 15.78 22.71 27.49 30.37 33.24 37.95 

T4 26.46 14.49 21.93 26.10 29.30 32.35 36.94 

T5 26.83 15.46 22.25 26.99 29.97 32.94 37.43 

T6 26.53 14.96 22.03 26.41 29.63 32.65 37.15 

LSD 0.9066 0.9066 1.463 1.553 0.9066 1.303 0.8101 
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Continued 

 

Treatments 

Curd 

firmness  
(0.1 mm)* 

Curd syneresis (g/100g) 

15min 30min 45min 60min 90min 120min 

21 days 

C1 S** S S S S S S 

C2 27.00 13.94 21.00 25.34 29.08 31.85 36.05 

T1 27.50 15.13 22.00 26.82 29.83 32.82 37.33 

T2 27.66 16.13 23.17 28.06 30.23 33.90 37.82 

T3 27.60 15.48 22.16 27.13 30.00 32.91 37.45 

T4 27.23 14.27 21.26 25.86 29.10 32.04 36.25 

T5 27.48 15.06 21.94 26.22 29.54 32.41 37.10 

T6 27.26 14.63 21.51 26.03 29.40 32.23 37.07 

LSD 1.400 1.400 1.692 1.400 1.601 1.400 1.692 

28 days 

C1 S S S S S S S 

C2 28.66 13.61 20.63 25.00 28.73 31.32 35.00 

T1 S S S S S S S 

T2 S S S S S S S 

T3 S S S S S S S 

T4 28.76 14.26 21.00 25.84 29.00 31.81 35.23 

T5 29.33 14.83 21.88 26.11 29.33 32.20 36.62 

T6 28.90 14.62 21.35 26.04 29.16 32.07 35.88 

LSD 1.290 1.998 0.9989 2.307 0.9989 1.913 1.998 

Curd fimness* = as Pentameter reading ( x 0.1 mm / 5 sec) 

S** = Spoiled                                                    

C1 = Control (untreated)                                               

C2 = Control with nisin        

T1 = Yoghurt starter  + Lc. lactis subsp. lactis ATCC 11454  

T2 =    ''         ''            + Lb. acidophilus JCM 1229  

T3 =    ''         ''            + Lc. lactis subsp. lactis ATCC 11454 and Lb. acidophilus JCM 1229  

T4 =    ''         ''            + bacteriocin extract from Lc. lactis subsp. lactis (isolate) 

T5 =     ''         ''            + bacteriocin extract from Lb. acidophilus (isolate) 

T6 =    ''        ''           + bacteriocin extract from Lc. lactis subsp. lactis and Lb. acidophilus (isolates) 
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Fig.(8): Effect of bacteriocins on the curd firmness of yoghurt 

during storage period. 
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28 days 
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Fig. (9): Effect of bacteriocins on the curd syneresis of 

yoghurt during storage period. 
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Curd syneresis: 

 Fig. (9) shows the rate of curd syneresis of yoghurt from 

different treatments during the storage due to effect of 

bacteriocins. Experiments revealed that yoghurt syneresis 

slightly decreased during improvement of storage period. These 

results agree with Mehanna et al. (2000) and El-Nagar, (2002). 

There is an inverse relationship between the levels of total solids 

and curd syneresis (Salama, 2001). Also, the increased T.S of  

yoghurt and the cold storage gave lower rate of curd syneresis 

(Basyony et al. 2002). Meanwhile, curd syneresis of the control 

(C1) was higher than all treatments with nisin or bacteriocins 

when fresh and throughout the storage period. These results may 

be due to the high acidity of yoghurt control (C1) Abou- Donia 

et al. (1975) and El- Shibiny et al. (1979). 

 On the other hand, curd syneresis of yoghurt treatments 

with bacteriocins had a narrow range which ranged from 15.23 

to 16.91 g/100g (15 min) and from 37.93 to 39.64 g/100g after 

120 min in fresh yoghurt and decreased slowly during storage to 

be 13.94 to 16.13 g/100g (15 min) and 36.05 to 37.82 g/100g 

after 120 min with storage progress to 21 days. 

Statistical analysis of data for curd syneresis shows 

significant difference between treatments of yoghurt during 7 

and 14 days of storage, while it was insignificant differences 

between treatments of yoghurt when fresh, 21 and 28 days of 

storage. 

Chemical composition of yoghurt: 

Effect of bacteriocins produced and/or extracted from 

some LAB on the chemical composition of yoghurt during 

storage up to 28 days from different treatments are shown in 

Table (14a and b) and  Fig. (10 to 17).   
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Titratable acidity (T.A.): 

Titratable acidity was the highest in control (C1) without 

any additions in fresh and after 14 days of storage as it recorded 

0.790 and 1.330 % respectively (Table 14a and Fig. 10). 

Addition of nisin directly to yoghurt milk inhibits greatly the 

acid production by yoghurt starter causing the lowest titratable 

acidity in this treatment (C2) as it was 0.627 and 0.912 % in 

fresh yoghurt and after 21 days storage in sequence. Anarrow 

range was observed in other treatments with using bacteriocins 

either produced and/or extracted by LAB, as it ranged from 

0.642 and 0.761 % in fresh yoghurt and from 1.050 and 1.289 % 

after 21 days. It was noticed that the acidity of treatment (T4) is 

always lower than treatment (T5) which may be attributed to 

lower LAB count which was due to higher effect of bacteriocins 

in T4 than T5. It could be noticed that titratable acidity increased 

during the storage period in all treatments and this may be due to 

the activity of starter culture. Increases in titratable acidity 

during storage of yoghurt were also reported by many workers 

(Abou- Donia et al. 1975 and El- Shibiny et al. 1979) 

Bayoumi, (1991) stated that the addition of nisin retarded 

growth of lactic acid bacteria, thereby delaying acid production 

of yoghurt. Nisin could be used effectively for prolonging shelf 

life of yoghurt. 

Statistical analysis of titratable acidity indicates 

significant differences between treatments among storage period, 

while there was no significant difference in fresh yoghurt 

treatments. Also, the ranking of means is illustrated with LSD.  
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Table (14 a): Effect of bacteriocins on the chemical 

composition of  yoghurt during storage period. 

Treatments 
Acidity% T.S% Fat % Protein % 

Fresh 

C1 0.790 13.075 3.190 3.991 

C2 0.627 13.134 3.180 4.033 

T1 0.710 13.060 3.170 4.024 

T2 0.761 13.098 3.180 4.010 

T3 0.740 13.059 3.200 4.004 

T4 0.642 13.105 3.180 4.019 

T5 0.680 13.099 3.180 4.032 

T6 0.671 13.112 3.180 4.028 

LSD 0.1356 0.9066 1.303 1.461 

7 days 

C1 1.070 13.220 3.160 3.889 

C2 0.730 13.252 3.160 4.023 

T1 0.890 13.194 3.150 4.000 

T2 0.957 13.188 3.160 4.001 

T3 0.920 13.224 3.180 3.982 

T4 0.772 13.240 3.170 4.010 

T5 0.820 13.225 3.160 4.021 

T6 0.800 13.235 3.160 4.016 

LSD 0.1465 0.9066 1.238 1.238 

14 days 

C1 1.330 13.331 3.080 3.753 

C2 0.820 13.391 3.130 4.005 

T1 1.020 13.333 3.110 3.969 

T2 1.160 13.345 3.110 3.969 

T3 1.115 13.339 3.120 3.934 

T4 0.892 13.374 3.130 3.989 

T5 0.926 13.556 3.120 3.994 

T6 0.910 13.374 3.130 4.000 

LSD 0.1238 1.461 0.9365 0.9365 
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Continued  

Treatments 
Acidity% T.S% Fat % Protein % 

21 days 

C1 S* S S S 

C2 0.912 13.497 3.100 3.963 

T1 1.176 13.477 3.070 3.926 

T2 1.289 13.469 3.070 3.918 

T3 1.238 13.483 3.070 3.910 

T4 1.050 13.476 3.090 3.948 

T5 1.099 13.482 3.080 3.954 

T6 1.060 13.470 3.100 3.961 

LSD 0.05626 0.8679 1.344 1.344 

28 days 

C1 S S S S 

C2 1.070 13.617 3.050 3.941 

T1 S S S S 

T2 S S S S 

T3 S S S S 

T4 1.170 13.585 3.040 3.916 

T5 1.263 13.581 3.050 3.922 

T6 1.243 13.617 3.050 3.927 

LSD 0.6318 0.06318 1.998 1.913 

S* = Spoiled                                                    

C1 = Control (untreated)                                               

C2 = Control with nisin        

T1 = Yoghurt starter  + Lc. lactis subsp. lactis ATCC 11454  

T2 =    ''         ''            + Lb. acidophilus JCM 1229  

T3 =    ''         ''            + Lc. lactis subsp. lactis ATCC 11454 and Lb. acidophilus JCM 1229  

T4 =    ''         ''            + bacteriocin extract from Lc. lactis subsp. lactis (isolate) 

T5 =     ''         ''            + bacteriocin extract from Lb. acidophilus (isolate) 

T6 =    ''           ''          + bacteriocin extract from Lc. lactis subsp. lactis and Lb. acidophilus (isolates) 
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    Fig. (10): Effect of bacteriocins on the titratable acidity of 

yoghurt during storage. 
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Fig. (11): Effect of bacteriocins on the total solids of yoghurt 

during storage. 
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Total solids content: 

Table (14a) and Fig. (11) show that a slight or no effect 

could be observed on the total solids content among the different 

treatments of the same age as it was ranged from 13.059 to 

13.134 % in fresh yoghurt and slightly increased to 13.469 

to13.497% after storage of 21 days. These results agree with 

Akalin, (1996) who reported that the total solids content of 

yoghurt were not affected by bacteriocins. On the other hand, the 

slight increase in total solids of yoghurt during storage could be 

attributed to the lack of moisture loss during storage. These 

results are in accordance with Mehanna & Hefnawy (1988) and 

El–Nagar & Shenana (1998) who reported that there was a 

slight increase in total solids of yoghurt due to evaporation of 

water during storage. 

Statistical analysis of variance for total solids shows no 

significant differences between treatments of yoghurt during 

storage period (fresh, 7, 14, 21 and 28 days).  

Fat content:  

Table (14a) and Fig. (12) revealed that there was no 

significant effect of nisin and/or bacteriocins on fat content of 

yoghurt as it was ranged from 3.17 to 3.20 % when fresh. A 

slight decrease was recorded at the end of the storage. Fat 

content of yoghurt from different treatments was almost the 

same all over the storage period. 

 The slight decrease in fat content of yoghurt during 

storage may be due to the lipolytic activity of yoghurt starter (El- 

Din, 1978; El-Shibiny et al. 1979 and Tamime & Deeth 1980). 
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Fig. (12): Effect of bacteriocins on the fat content of yoghurt 

during  storage.  
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Fig. (13): Effect of bacteriocins on the protein content of 

yoghurt during  storage. 
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Statistical analysis of variance for fat shows no significant 

differences between treatments of yoghurt or due to storage 

period (fresh, 7, 14, 21 and 28 days).  

Protein content:  

The effect of bacteriocins on protein content of yoghurt 

during storage period are presented in Table (14a) and Fig. (13). 

Fresh yoghurt had a protein content ranged from 3.991 to 4.033 

% for all treatments.  

The protein content of yoghurt from different treatments 

slightly decreased along the storage period up to 28 days. During 

storage, the slight decreases found in protein content may be due 

to the proteolytic activity caused by yoghurt starter (Rasic & 

Kurmann 1978; Gupta & Prasad 1989a and El- Nagar & 

Shenana 1998). 

Statistical analysis of protein data shows that there was no 

significant difference between all treatments of yoghurt when 

fresh and during the storage period (7, 14, 21 and 28 days).  

Lactose content:  

 The effect of bacteriocins on lactose content of yoghurt 

up to 28 days is illustrated in Table (14b) and Fig. (14). The 

lactose content of fresh yoghurt ranged from 4.360 to 4.652 %. 

These values gradually decreased during storage to be 3.294 to 

3.546 % after 21 days of storage. The decrease in the lactose 

content during storage may be due to the demonstrated ability of 

lactic acid bacteria to convert lactose (as a main source for 

energy) to i.e. lactic acid, acetaldehyde and acetoin (Vaini & 

Horman 1974; Rasic & Kurmann 1978 and Basyony et al. 

2002). 
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Table (14 b): Effect of bacteriocins on the chemical composition of 

yoghurt during storage period. 

 
Treatments Lactose% Ash% 

TVFA 
(0.1N NaOH 

/100g) 

Acetaldehyde 
(µg/100g) 

 Fresh 

C1 4.360 0.895 16.930 77.560 

C2 4.652 0.909 15.400 50.000 

T1 4.492 0.903 16.050 72.300 

T2 4.442 0.908 16.430 75.460 

T3 4.483 0.905 16.100 74.330 

T4 4.589 0.897 15.766 55.666 

T5 4.489 0.916 15.900 58.500 

T6 4.551 0.899 15.800 56.550 

LSD 0.9365 0.09592 1.303 1.323 

 7 days 

C1 4.002 0.911 20.910 64.560 

C2 4.301 0.918 17.600 45.866 

T1 4.090 0.916 18.830 59.880 

T2 4.103 0.919 19.060 62.530 

T3 4.100 0.918 18.930 61.600 

T4 4.280 0.913 17.733 49.766 

T5 4.215 0.925 18.033 51.300 

T6 4.241 0.906 17.966 50.500 

LSD 0.9365 0.09592 1.238 1.228 

 14 days 

C1 3.085 0.918 21.601 54.100 

C2 3.924 0.931 19.266 42.800 

T1 3.730 0.925 21.260 46.366 

T2 3.693 0.932 21.530 53.100 

T3 3.703 0.938 21.300 48.660 

T4 3.899 0.925 19.600 42.950 

T5 3.889 0.935 20.100 45.200 

T6 3.890 0.926 19.933 44.533 

LSD 0.9365 0.1465 1.621 1.621 
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Continued 

Treatments Lactose% Ash% 
TVFA 

(0.1N NaOH 

/100g) 

Acetaldehyde 

(µg/100g) 

 21 days 

C1 S* S S S 

C2 3.546 0.947 21.661 37.160 

T1 3.400 0.933 23.250 42.466 

T2 3.294 0.942 23.751 44.530 

T3 3.307 0.942 23.370 42.833 

T4 3.524 0.934 21.833 39.166 

T5 3.500 0.947 21.933 42.260 

T6 3.517 0.936 21.866 39.933 

LSD 1.601 0.0626 4.025 1.601 

 28 days 

C1 S S S S 

C2 3.273 0.963 23.500 26.133 

T1 S S S S 

T2 S S S S 

T3 S S S S 

T4 3.206 0.969 23.633 31.466 

T5 3.192 0.964 23.900 39.833 

T6 3.190 0.957 23.866 36.700 

LSD 1.913 0.06318 1.998 1.290 

S* = Spoiled                                                    

C1 = Control (untreated)                                               

C2 = Control with nisin        

T1 = Yoghurt starter  + Lc. lactis subsp. lactis ATCC 11454  

T2 =    ''        ''         + Lb. acidophilus JCM 1229  

T3 =    ''       ''         + Lc. lactis subsp. lactis ATCC 11454 and Lb. acidophilus JCM 1229  

T4 =    ''       ''         + bacteriocin extract from Lc. lactis subsp. lactis (isolate) 

T5 =     ''       ''        + bacteriocin extract from Lb. acidophilus (isolate) 

T6 =    ''       ''        + bacteriocin extract from Lc. lactis subsp. lactis and Lb. acidophilus (isolates) 
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Fig. (14): Effect of bacteriocins on the lactose content of 

yoghurt  during storage.  
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 The high rate fermentation of lactose with control yoghurt 

(C1) compared with all treatments is due to the effect of nisin 

and bacteriocins on retarding the growth of lactic acid bacteria 

(Bayoumi, 1991). 

Analysis of variance shows significant differences for 

lactose between treatments of yoghurt during storage period 

(fresh, 7 and 14 days), while during storage at 21 and 28 days the 

differences were insignificant for treatments.  

Ash content:  

Effect of bacteriocins produced and/or extracted by some 

lactic acid bacteria on ash contents of yoghurt are presented in 

Table (14b) and Fig. (15).  

The ash content in fresh yoghurt was ranged from 0.895 

to 0.916 %. The ash contents for all treatments slightly increased 

during the storage as it reached to be 0.933 to 0.947 % after 21 

days. The slight increase is due to the changes in the total solids 

content (Tamime & Deeth 1980; Akalin, 1996 and El – Nagar 

& Brennan 2001). 

Benech et al. (2002) and Benech et al. (2003) studied the 

addition of nisin produced by bacteriocin producing cultures 

and/or extracts to Cheddar cheese. The results of chemical 

compositions for Cheddar cheese, determined as wet weight, 

with respect to moisture, fat, protein and ash content of control 

and bacteriocin producing or extracts of LAB appeared to be 

similar or no significant effect, which is confirmed with our 

results. 
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Fig. (15): Effect of bacteriocins on the ash content of yoghurt 

during  storage.  
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Fig. (16): Effect of bacteriocins on the TVFA content of 

yoghurt during storage.  
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Data of the statistical analysis of ash cleared that there 

was no significant differences between all treatments of yoghurt 

when fresh and during the storage period (7, 14, 21 and 28 days). 

T.V.F.A. content: 

The effect of bacteriocins on the total volatile fatty acids 

content (T.V.F.A) of fresh yoghurt and during storage are 

presented in Table (14b) and Fig. (16). The T.V.F.A of fresh 

yoghurt were 16.930, 15.400, 16.050, 16.430, 16.100, 15.766, 

15.900 and 15.800 ml 0.1N NaOH/100g for C1, C2, T1, T2, T3, 

T4, T5 and T6 respectively. The values of T.V.F.A of yoghurt 

were within the limits given by (Khattab et al. 1992 and 

Salama & Hassan 1994). T.V.F.A were slightly higher in C1, 

T2, T3 and T1 than other treatments. This may attributed to the 

higher effect of nisin and bacteriocin extracts on the growth of 

yoghurt starter. This agrees with Gupta & Prasad (1989a) and 

Bayoumi, (1991) who stated that the addition of nisin retarded 

growth of lactic acid bacteria (LAB).  

 The T.V.F.A continued to increase as storage progressed 

reaching to 23.500, 23.633, 23.900 and 23.866 ml 0.1N 

NaOH/100g after 28 days of storage for C2, T4, T5 and T6 

respectively.  

 During storage, T.V.F.A. gradually increased in all 

treatments until the end of shelf life. These are in accordance 

with Rasic & Kurmann (1978); El- Shibiny et al. (1979) and 

Gupta & Prasad (1989a). On the other hand, it is clear that the 

increase being at its maximum in C1 followed by T2, T3 and T1. 

While the increase being at its minimum in C2 followed by T4, 

T6 and T5. The increase in T.V.F.A may be due to several 
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lipases and esterases, which have been shown to produce C6:0 to 

C10: 0 fatty acids (Gupta & Prasad 1989a and Benech et al. 

2003).  

Statistical analysis of variance for TVFA shows a 

significant difference between all treatments of fresh yoghurt and 

during storage period.   

Acetaldehyde content: 

 Effect of bacteriocins on acetaldehyde contents of yoghurt 

during storage period up to 28 days are presented in Table (14b) 

and Fig. (17). 

 The acetaldehyde content of fresh yoghurt for all 

treatments had a broad range as it was from 50.0 to 77.56 

µg/100g. Similar results were recorded by El- Nagar & 

Bernnan (2001) and Salama, (2001). Addition of nisin retarded 

the growth of lactic acid bacteria, thereby delayed acid and 

acetaldehyde production (Bayoumi, 1991). The maximum 

content of acetaldehyde was belonged to the controt (C1) which 

was free from bacteriocins, while the minimum amount was 

belonged to (C2) which contains nisin as its effect on the 

biochemical changes was more pronounced than other 

treatments. 

 Acetaldehyde content decreased during storage progress 

until the end of the shelf life in all treatments. This may be due 

to the demonstrated ability of numerous lactic acid bacteria to 

convert the acetaldehyde to ethanol (Gupta & Prasad 1989a; 

Mehanna & Hefnawy 1990; Amer et al. 1991 and Salama, 

1993).  

 



Results and Discussion   
 

-157- 

 

 

 

 

0

10

20

30

40

50

60

70

80

90

Fresh 7 14 21 28

Storage period (days)

A
c
e
t
a
ld

e
h

y
d

e
 (

µ
g

/1
0
0
g

)

C1 C2 T1 T2 T3 T4 T5 T6

 

 

Fig. (17): Effect of bacteriocins on the acetaldehyde content 

of  yoghurt during storage.  
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The acetaldehyde content of yoghurt from different 

treatments showed a slight variation when fresh and during 

storage. These variations are due to the effect of treatments on 

the activity of the yoghurt starter. Gupta and Prasad (1989a) 

found that the acetaldehyde decreased gradually in yoghurt 

treatments. 

 However, Gorner et al. (1968) demonstrated that 

acetaldehyde content in yoghurt gradually increased during the 

first 8 hours of ripening and then gradually decreased after that; 

whereas Kondratenko and Guiocheva (1978) reported that the 

amount of acetaldehyde in yoghurt reached the maximum at the 

time of coagulation and preserved unchanged till the 10
th

 day of 

storage. However, El-Shibiny et al. (1979) reported that 

acetaldehyde content increased with advancing cold storage 

period. 

The analysis of variance for acetaldehyde was highly 

significant between treatments of yoghurt when fresh, 7 and 14 

days of storage, while there was significant differences between 

treatments of yoghurt during 21 and 28 days of storage. 

Microbiological analysis of yoghurt: 

Effects of bacteriocins on the microbiological counts of 

fresh yoghurt and during storage of different treatments are 

shown in Table (15) and Fig. (18 to 22). 

Lactic acid bacterial count: 

 The changes in the counts of lactic acid bacteria of 

yoghurt from different treatments during storage (Fig.18) clear 

that it is firstly increased up to 7 days of storage then decreased 

to be 26.90, 8.00, 22.40, 23.73, 23.33, 10.10, 11.16 and 10.90  
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Fig. (18): Effect of bacteriocins on LAB count of yoghurt 

during storage. 
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x10
7
 cfu/g for C1, C2, T1, T2, T3, T4, T5 and T6 after 14 days 

for the previous treatments successively. 

 These results agree with those obtained by Kebary and 

Kamaly (1991) who found that the populations of the viable 

counts gradually increased in the control and nisin-treated 

yoghurt up to the 5
th

 days, then subsequently declined until the 

end of the storage period.  

This reduction in viable counts may be directly affected 

by the combined action of nisin (Philips et al. 1983; Gupta & 

Prasad 1988 and Kebary & Kamaly 1991) and the elaboration 

of antibacterial-like substances, (like " bulgarican") associated 

with Lb. delbrueckii subsp. bulgaricus (Reddy and Shahani 

1971).  

The lactic acid bacterial count continued to decrease by 

storage till the end of the period reaching 4.56, 15.66, 18.16, 

17.03, 5.63, 6.90 and 6.86 x10
7
cfu/g for C2, T1, T2, T3, T4, T5 

and T6 after 21 days in sequence, while the counts were 2.46, 

2.53, 4.20 and 4.06 x10
7
 cfu/g for C2, T4, T5 and T6 after 28 

days of storage respectively.  

It is obvious that the lactic acid bacterial counts of the 

control yoghurt (C1) were the highest of all treatments in fresh 

or stored yoghurt. This attributed to the bactericidal or 

bacteriostatic effect of nisin and bacteriocins on the 

microorganisms. Nisin-treated yoghurts showed more reduction 

in LAB counts compared to that in the control and other 

treatments when fresh and throughout the storage period which 

confirmed the results of Bayoumi, (1991) and Kebary & 

Kamaly (1991).  
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 The maximum effect on the bacterial growth was detected 

for nisin-treated yoghurt (C2) followed by bacteriocin extracts-

treated yoghurt (T4, T6 and T5) and lastly, the bacteriocins 

produced by cultures (T1, T3 and T2). 

Streptococcus salivarius subsp. thermophilus and 

Lactobacillus delbrueckii subsp.  bulgaricus counts: 

The preservative effect of nisin, bacteriocins produced 

and/or extracted by Lactococcus lactis subsp. lactis (Lc. lactis) 

and Lactobacillus acidophilus (Lb. acidophilus) strains on 

growth of  Str. thermophilus and Lb. bulgaricus in yoghurt 

during refrigeration storage until the end of shelf life are shown 

in Table (15) and  Fig. (19 & 20). 

Fresh yoghurt had Str. thermophilus counts of 7.170, 3.606, 

4.670, 5.973, 4.866, 4.013, 4.443 and 4.220 x10
7
 cfu g

-1
 for C1, 

C2, T1, T2, T3, T4, T5 and T6 respectively. It can be obvious 

that nisin and bacteriocin treated yoghurt retarded growth of Str.  

thermophilus. These results agree with those of Bayoumi, 

(1991).  

These counts were then declined until the end of storage period; 

the effect was at its maximum for treatments C2, followed by 

T4, T6 and T5. While, the effect was at its minmum on 

treatments T2 followed T3 and T1. These results are in 

accordance with Gupta & Prasad (1988) and Kebary & 

Kamaly (1991), who observed a decline in counts of Str.  

thermophilus by nisin in yoghurt .  

Also, Str. thermophilus counts took the same trend as it 

enumerated the lowest for control yoghurt (C1) when fresh and 

during storage period than all other treatments. This is may be  
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Fig. (19): Effect of bacteriocins on Str. thermophilus count of 

yoghurt during storage.  
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Fig. (20): Effect of bacteriocins on Lb. bulgaricus count of 

yoghurt during storage.  
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due to sensitively of these strains to the produced acidity 

(Kebary & Kamaly 1991 and El- Nagar & Shenana 1998).  

Results on the behaviour of Lactobacillus delbrueckii 

subsp.  bulgaricus (Lb.  bulgaricus) in yoghurt treatments are 

illustrated in the same Table (15). It can be noticed that the Lb. 

bulgaricus count of fresh yoghurt were 20.03, 8.46, 11.20, 15.66, 

11.63, 9.36, 10.83 and 10.56 x10
7
 cfu g

-1  
for C1, C2, T1, T2, T3, 

T4, T5 and T6 respectively. Nisin and bacteriocin treated 

yoghurts showed reduction in counts of Lb. bulgaricus compared 

to that in the control yoghurt (C1) when fresh or throughout the 

storage period. This result agrees with Gupta & Prasad (1988) 

and Kebary & Kamaly (1991). However, there was increase in 

counts of Lb. bulgaricus for all treatments after 7 days of 

storage, but the increase rate was higher in control yoghurt (C1) 

than all treatments and then declined until the end of the storage 

period. Kebary & Kamaly, (1991); Badwi & El-Sonbaty 

(1997) and El-Nagar & Shenana (1998) reported similar 

results. These differences in the inactivation rate of Str.salivarius 

subsp. thermophilus and Lb.delbrueckii subsp. bulgaricus in the 

presence of nisin can be attributed to different sensitivities of the 

type of organisms to nisin Kebary and Kamaly (1991) also, it 

may be due to nisin inactivation by nisinase associated with 

nisin- resistant strains (Alifax and Chevalie 1962). 

On the other hand, Lb. bulgaricus count was higher than 

Str. thermophilus when fresh and during storage. This may be 

attributed to the increase of acidity which affect streptococci 

while, lactobacilli tolerate. This was in line with Kebary & 
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Kamaly (1991); El- Nagar & Shenana (1998) and El- Nagar 

& Bernnan (2001). 

Lactococcus lactis subsp. lactis and Lactobacillus acidophilus 

counts:   

Effect of bacteriocins produced by Lactococcus lactis 

subsp. lactis ATCC 11454 and Lactobacillus acidophilus JCM 

1229 on their strains in fresh yoghurt and during refrigeration 

storage is presented in Table (15) and Fig. (21 and 22). 

Piard & Desmazeaud (1992) and Rodriguez, (1996) 

found  the bacteriocin, nisin, produced by strains of Lactococcus  

lactis and Lactobacillus  acidophilus, has received particular 

attention because of its large inhibitory effect against a wide 

variety of gram- positive organisms.  

Lactococcus lactis subsp. lactis count: 

 It was obvious that Lactococcus lactis subsp. lactis ATCC 

11454 (Lc. lactis) counts of fresh yoghurt enriched with 

bacteriocins producing cultures (T1 and T3) were 0.633 and 

0.600 x10
7
 cfu g

-1 
in sequence, while the counts were 0.446 and 

0.406 x10
7
 cfu g

-1 
after 7 days of storage respectively. This count 

declined until the end of storage period in all treatments to be 

0.010 and 0.008 x10
7
 cfu g

-1 
after 21 days for T1 and T3 

respectively.  

The counts of viable lactococci during storage decreased 

in all treatments. This may be attributed to the increase of acidity 

which affect streptococci while, lactobacilli tolerate. This was in 

line with Kebary & Kamaly (1991); El- Nagar & Shenana 

(1998) and El- Nagar & Bernnan (2001). 
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Fig. (21): Effect of bacteriocins on Lc. lactis count of yoghurt 

during   storage. 
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Fig. (22): Effect of bacteriocins on Lb. acidophilus count of 

yoghurt during storage.  
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Lactobacillus acidophilus count:   

Fresh yoghurt of T2 and T3 had Lb. acidophilus JCM 

1229 counts of 1.243 and 1.106 x 10
7
 cfu g

-1
 respectively. While, 

after 7 days of storage the counts of Lb. acidophilus increased to 

be 2.116 and 2.040 x10
7
 cfu g

-1 
for T2 and T3. The counts of 

viable lactobacilli were then decreased during storage in all 

treatments up to the end of shelf life reaching to 1.266 and 1.213 

x10
7
 cfu g

-1 
for T2 and T3 after 14 days of storage, while the 

counts were 0.900 and 0.850 x10
7
 cfu g

-1 
for T2 and T3 after 21 

days of storage period. These results confirmed those of previous 

workers (Kebary & Kamaly 1991; Olasupo et al. 1996; El- 

Nagar & Shenana 1998 and Ibrahim et al. 2004). 

This decrease may be due to the changes in the 

microorganisms activity, this may be attributed to the increase of 

acidity which affect streptococci while, lactobacilli tolerate. This 

was in line with Kebary & Kamaly (1991); El- Nagar & 

Shenana (1998) and El- Nagar & Bernnan (2001). 

Coliform bacteria and Yeasts & Moulds counts:  

Coliform bacteria and yeasts & moulds were not detected 

in all treatments either fresh or stored which is due to the high 

hygienic conditions during the preparation and storage of 

yoghurt. Also, due to the role of lactic acid bacteria in 

preservation of the product which associated with their ability to 

produce a range of antimicrobial compounds (Gould, 1991; El- 

Nagar & Shenana 1998 and Ibrahim et al. 2004). 

In conclusion, we can notice that nisin treatment (C2) had 

more effect on the bacterial growth than bacteriocin extracts T4, 
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followed by T6 and then T5. While, the bacteriocins produced by 

cultures had the least effect T2 followed by T3 and then T1. 

Nisin and bacteriocin activity: 

 Activity of nisin and bacteriocin produced and/or 

extracted by LAB in yoghurt treatments when fresh and during 

storage are shown in Table (16) and Fig. (23). 

The results revealed that yoghurt control (C1) was free 

from bacteriocins when fresh and during storage. This is due to 

that yoghurt control contained mixed starters (Streptococcus 

salivarius subsp. thermophilus and Lactobacillus delbrueckii 

subsp. bulgaricus) of non-bacteriocin producing. Concerning the 

activity of bacteriocin for treatments T2 and T3, it was 103 and 

102 AU/ml when fresh respectively, and there was a slight 

increase in the bacteriocin during the first 7days of storage to 

reach 110 and 112 AU/ml in the same order. This may be due to 

the count of Lb. acidophilus (bacteriocin-producer) in these 

treatments increased during the first 7 days of storage and then 

declined till the end of the storage period. This agrees with 

Noonpakdee et al. (2003). 

The bacteriocin was produced maximally in the early 

stationary phase, and the activity declined during the late 

stationary phase (Benech et al. 2003 and Noonpakdee et al. 

2003). 

The activity of nisin (C2), bacteriocin produced (T1) and 

bacteriocin extracts (T4, T5 and T6) were 98, 107, 105, 106 and 

101 AU/ml when fresh respectively. During the storage, nisin or 

bacteriocin activity gradually decreased in all treatments. This 

may be attributed to the action of protoelytic enzymes or nisinase  
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Table (16): Determination of bacteriocins activity in yoghurt 

during storage period.  

  

Treatments 

Bacteriocin activity  (AU / ml ) 

Fresh 7 days 14 days 21 days 28 days 

C1 0.0 0.0 0.0 S* S 

C2 98 92 85 80 73 

T1 107 100 90 80 S 

T2 103 115 105 90 S 

T3 102 110 100 88 S 

T4 105 95 82 76 70 

T5 106 96 88 80 74 

T6 101 94 87 79 70 

LSD 3.916 1.460 1.303 0.6757 2.307 

S* = Spoiled                                                    

C1 = Control (untreated)                                               

C2 = Control with nisin        

T1 = Yoghurt starter  + Lc. lactis subsp. lactis ATCC 11454  

T2 =    ''         ''            + Lb. acidophilus JCM 1229  

T3 =    ''         ''            + Lc. lactis subsp. lactis ATCC 11454 and Lb. acidophilus JCM 1229  

T4 =    ''         ''            + bacteriocin extract from Lc. lactis subsp. lactis (isolate) 

T5 =     ''         ''            + bacteriocin extract from Lb. acidophilus (isolate) 

T6 =    ''        ''           + bacteriocin extract from Lc. lactis subsp. lactis and Lb. acidophilus (isolates) 
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Fig. (23): Determination of bacteriocins activity in yoghurt 

during  storage. 
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from lactic acid bacteria, which may act on nisin peptides 

resulting in the degradation of the active peptide (Benech et al. 

2002 and Benech et al. 2003). 

Data of the statistical analysis of bacteriocins cleared that 

there were significant differences between all treatments of 

yoghurt during storage period (fresh, 7, 14, 21 and 28 days). 

Organoleptic properties: 

  Organoleptic properties including flavour, appearance and 

body & texture are presented in Table (17) and Fig. (24). Results 

indicate a variation in flavour and appearance between the 

control yoghurt (C1) and the yoghurt made with nisin (C2) and 

bacteriocins. 

Fresh control yoghurt (C1) scored maximum points for 

flavour, appearance and consistency followed closely by yoghurt 

made with LAB strains producing bacteriocin (T2, T3 and T1) 

respectively. Whereas, yoghurt prepared with bacteriocin 

extracts (T5, T6 and T4 respectively) came after in flavour, 

appearance and consistency properties. However, yoghurt made 

with nisin (C2) recorded the lowest scores for flavour, 

appearance and consistency. These variations are due to the 

effect of the treatments on the activity of yoghurt starter and it 

was more pronounced in the nisin and bacteriocin extracts than 

the bacteriocin produced by LAB. 

 No, changes was observed among the treatments for 

flavour, appearance and consistency until 7 days from storage 

except the control yoghurt (C1) as there was a slight decrease of 

total score than fresh yoghurt. After 14 days of storage, the 

control yoghurt (C1) gained minimum points for total scores.  

Similar results were observed by Gupta & Prasad 

(1989a) and Bayoumi, (1991) who indicated that sensory  
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Table (17): Effect of bacteriocins on the sensory evaluation of 

                  yoghurt during storage period. 
 

Treatments 

Flavour 

(60) 

Appearance 

(10) 

Consistency 

(30) 

Total 

(100) 

 Fresh 

C1 59.93 9.13 27.50 96.56 

C2 54.24 9.16 27.10 90.50 

T1 56.77 9.12 28.37 94.26 

T2 58.00 8.96 28.72 95.68 

T3 57.16 8.92 29.32 95.40 

T4 58.29 8.27 26.40 92.96 

T5 57.17 8.75 27.55 93.47 

T6 56.08 8.70 28.25 93.03 

LSD 1.621 0.9133 1.461 1.461 

 7 days 

C1 59.33 8.95 28.70 96.98 

C2 55.77 8.50 27.80 92.07 

T1 59.65 9.05 28.88 97.58 

T2 60.00 9.40 29.63 99.03 

T3 59.10 9.05 29.95 98.10 

T4 56.97 8.50 27.80 93.27 

T5 58.37 8.80 28.00 95.17 

T6 57.60 8.70 28.00 94.30 

LSD 1.303 0.9066 1.461 1.621 

 14 days 

C1 52.23 7.00 23.51 82.74 

C2 56.76 8.23 26.51 91.50 

T1 58.83 8.95 28.31 96.09 

T2 58.21 8.86 28.37 95.44 

T3 58.54 9.00 28.28 95.82 

T4 56.46 8.18 27.36 92.00 

T5 56.81 8.41 27.95 93.17 

T6 57.44 8.50 26.78 92.72 

LSD 1.303 1.460 1.303 1.460 
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Continued 

Treatments 
Flavour 

(60) 

Appearance 

(10) 

Consistency 

(30) 

Total 

(100) 

 21 days 

C1 S* S S S 

C2 54.45 8.27 25.99 88.71 

T1 53.92 8.33 23.51 85.76 

T2 52.27 7.36 22.73 82.36 

T3 52.61 7.86 24.00 84.47 

T4 54.00 9.09 28.62 91.71 

T5 54.47 7.73 26.81 89.01 

T6 54.46 8.95 27.08 90.49 

LSD 0.9514 0.8679 1.400 0.9514 

 28 days 

C1 S S S S 

C2 55.35 8.05 24.40 87.80 

T1 S S S S 

T2 S S S S 

T3 S S S S 

T4 54.50 8.05 27.60 90.15 

T5 53.35 7.80 25.50 86.65 

T6 55.45 8.25 23.30 87.00 

LSD 0.9989 0.9989 0.06318 1.913 

S* = Spoiled                                                    

C1 = Control (untreated)                                               

C2 = Control with nisin        

T1 = Yoghurt starter  + Lc. lactis subsp. lactis ATCC 11454  

T2 =    ''         ''            + Lb. acidophilus JCM 1229  

T3 =    ''         ''            + Lc. lactis subsp. lactis ATCC 11454 and Lb. acidophilus JCM 1229  

T4 =    ''         ''            + bacteriocin extract from Lc. lactis subsp. lactis (isolate) 

T5 =     ''         ''            + bacteriocin extract from Lb. acidophilus (isolate) 

T6 =    ''        ''            + bacteriocin extract from Lc. lactis subsp. lactis and Lb. acidophilus (isolates) 
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Fig.(24): Effect of bacteriocins on the sensory  evaluation of 

yoghurt during storage.  
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evaluation of control yoghurt decreased more than of yoghurt 

made with bacteriocin. 

After 21 days of storage, yoghurt prepared with 

bacteriocin extracts (T4, T6 and T5) got the highest scores in 

sequence, followed by yoghurt made with nisin (C2), then 

yoghurt made with bacteriocins produced by LAB (T1, T3 and 

T2) consecutively. This may be due to the increase of acidity 

which affect on the rheological and sensory properties. These 

results agree with El-Nagar& Brennan (2001); Ibrahim et al. 

(2003) and Ibrahim et al. (2004).  

Olasupo et al. (1996) used nisin (0, 25, 50, 100 and 400 

RU/ml) to preserve nono, a fermented milk product. Nisin-

treated samples had an acceptable appearance and flavour, but 

nono consistency was affected by addition of 100 and 400 

RU/ml nisin. 

After 28 days of storage, yoghurt made with bacteriocin 

extract (T4) recorded the maximum points of total scores 

followed closely by yoghurt made with nisin (C2). Wheares 

yoghurt prepared with bacteriocin extracts (T6 and T5) in 

sequence came after in total scores. 

Bayoumi, (1991) manufactured yoghurt by using 

homogenized, pasteurized milk concentrate (16% DM). After 

addition of nisin (0.25, 50, 100, 200 or 400 RU ml
-1

), milk was 

inoculated with 3% yoghurt starter and incubated at 42ºC until 

coagulation, whereupon it was stored at 6 or 10ºC. Compared 

with standard yoghurt, nisin-treated yoghurts has good 

appearance and acceptable flavour, however nisin conc. of < 
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greater than or equal to > 100 RU ml
-1

 gave a weak 

consistenency. 

From the foregoing results, it can be recommend that 

addition of bacteriocins (conc. ~100 AU/ml); especially the 

bacteriocin extract from Lactococcus lactis to milk could 

produce yoghurt with good organoleptic, rheological properties 

and with a prolonged shelf life until 28 days. This result 

confirmed with Gupta & Prasad (1989a); Bayoumi, (1991) 

and Olasupo et al. (1996).   

The statistical analysis of variance for produced yoghurt 

shows significant differences for consistency, flavour and total 

score during storage (fresh, 7, 14, 21 and 28 days) between all 

treatments of yoghurt, also appearance shows significant 

differences in 14, 21and 28 days, while yoghurt treatments show 

non significant for appearance in (fresh and 7 days).   


