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ABSTRACT 

The current study determined the suitability of cheese whey as an alternative low-cost medium for 
growth of Bifidobacterium bifidum and production of antimicrobial activity of its metabolites. The effects of 
cultural conditions and addition of nutrient supplements at different concentrations to cheese whey on 
antimicrobial activity, cell density (OD620nm) and acidity (pH) were investigated. Bifidobacterium bifidum could 
grow in cheese whey and produced antimicrobial activity, although the cell density and inhibitory activity of the 
cell- free culture supernatant were lower than those obtained in both of the control MRS and supplemented 
cheese whey. The best results were obtained when cheese whey was supplemented with combination of 
1%(w/v) peptone, 1.2% (w/v) beef extract and 0.6%(w/v) yeast extract, inoculated with 2% (v/v) of 
Bifidobacterim bifidum, adjusted to pH 6.4 and incubated at  37°C for 48 h. Bacillus cereus and Escherichia 
coli, rather than Staphylococcus aureus, Bacillus  pumilus, E. coli no. 23, E. coli O157, Salmonella typhimurium 
no. 22, Salmonella typhimurium, Pseudomonas aeruginosa, and Candida albicans, were the most sensitive 
microbial indicators to Bifidobacterium bifidum metabolites produced in supplemented cheese whey under 
optimally optimized conditions showing inhibition zones of 25 and 24 mm, respectively. These levels were 
comparable to those obtained in MRS as a reference medium which gave 26 and 27 mm of inhibition zones 
against the same bacterial indicators, respectively. Utilization of cheese whey as a low cost medium for growth 
of Bifidobacterum bifidum producing antimicrobial activity against some pathogens showed a promising interest 
to exploit this byproduct for useful and economical applications.  

Key words: Bifidobacterium bifidum, Antimicrobial activity, Cheese whey, Optimization, Nutrient supplements, 
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Introduction 
 

In spite of nutritional qualities, cheese whey as an agroindusterial byproduct has been treated as a waste 
with high biological and biochemical oxygen demand causing a problem of environmental pollution.   

Cheese whey (CW) is the liquid by-product effluent generated during the cheese making process 
(Ghaly et al., 2003). On  average  across  the world, quantities  of  whey  are  growing  at  about  the  same rate  
as  milk  quantities, 4.2%  per  year.  These increased  quantities  of  milk  are being  channeled  into  the 
production of larger volumes of cheese  and  other  dairy  products,  resulting  in  concomitant increases in the 
whey volumes (Smithers, 2008). This byproduct represents 85–90% of the milk volume and retains 55% of milk 
nutrients. Among the most abundant of these nutrients are lactose (4.5-5% w/v), soluble proteins (0.6–0.8% 
w/v), lipids, and mineral salts (Yang et al., 1994).  Unfortunately,  whey  and  its  associated  nutritional 
qualities and quantities have  traditionally been considered as waste,  simply dumped in watercourses without 
any previous treatment and represent an important  disposal,  pollution  issue and serious environmental problem 
because  of  its  high  biological  and  biochemical  oxygen demand (Liu et al., 2004; Jozala et al., 2011 and 
Leite et al., 2012). 

On the other hand, there were increasing interest in using cheese whey and its protein concentrate as 
ingredients in the production of numerous value added products such as edible films, animal food, sports foods, 
food additives, leather and textile industries, clinical diets, and even pharmaceuticals (Aguilera, 1995 and 
Panesar et al., 2007). Also, cheese whey has been widely used for various bioproductions, such as organic acids, 
single-cell protein, enzymes, ethanol, bacteriocins, biosurfactants, probiotic fermented beverages and probiotic 
culture concentrates (Zadow, 1983; Gonzalez, 1996; Rodrigues et al., 2006; Fajardo et al., 2008; Guerra et al., 
2010;  Marhamatizadeh et al., 2012 and Perez et al., 2013). 
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Concerning the current research, one of the most promising alternatives is to use the produced whey as 
a source of low cost medium for growth and production of antibacterial metabolites of bifidobacterium bifidum. 
Hofvendahl and Hahn-Hagredal, (2000) reported that fermentation medium can represent almost 30% of the 
cost for a microbial fermentation.  

Cheese whey is not only a low cost medium, but also a good substrate rich in lactose, protein, organic 
acid and vitamins which are valuable for the fermentation process (Rodrigues et al., 2006). 

Optimization studies showed the need to supplement cheese whey with some commercially available 
growth supplements such as corn steep liquor, yeast extract, lactamine AA, casamino acids, peptone, 
neopeptones, cane molasses and trypticase (Roy et al., 1986; Cheng et al., 1991; Gupta and Gandi, 1995; and 
Ghaly et al., 2003) because they contain all essential amino acids and growth promoting compounds, in addition 
to organic nitrogen, and carbonaceous compounds (Norton et al., 1994 and Ghaly et al., 2003).  

Bifidobacteria are generally characterized as Gram-positive, non-spore-forming, non-motile and 
catalase-negative anaerobes (Sgorbati et al., 1995). They have various shapes including short, curved rods, club-
shaped rods and bifurcated Y-shaped rods. Presently, 30 species are verified in the, 10 of which are from human 
sources (dental caries, faeces and vagina), 17 from animal intestinal tracts or rumen, two from wastewater and 
one from fermented milk (Gomes and Malcata, 1999). 

Bifidobacterium bifidum has been considered as one of the most important species due to its ability to 
produce antimicrobial substances such as organic acids, hydrogen peroxide, deconjugated bile acids and 
bacteriocins (Anand et al., 1985 and Schiffrin and Blum, 2001). Culture medium, cultivation method, and other 
growth conditions have proved to be effective for enhancing biomass and antimicrobial product synthesis by 
some lactic acid bacteria and bifidobacteria (Guerra et al., 2010 and Perez et al., 2013). 

Therefore, the current study aimed to develop and optimize cheese whey as a low-cost alternative 
medium for growth and production of antimicrobial activity of metabolites produced by the probiotic 
Bifidobacterium bifidum against some food-borne pathogens in vitro. To achieve this goal, the research was 
going firstly to evaluate cheese whey (CW) as a medium for growth of Bifidobacterium bifidum and production 
of antimicrobial activity of the cell-free culture supernatant (CFCS), in comparison to the conventionally  
synthetic medium, MRS. Secondly, to investigate the effect of various concentrations of nutrient supplements 
including peptone, beef extract and yeast extract on bacterial cell density, pH and antibacterial activity of the 
CFCS produced by Bifidobacterium bifidum in CW medium. Also, optimal cultural conditions including 
bacteria inoculum size, initial pH of the culture medium and incubation time and temperature were taken into 
account. 

 
Materials and Methods 

 
Microorganisms and cultural conditions:  

Single strain culture of Bifidobactrium bifidum  (B.bifidum) was obtained from Lab of Dairy 
Microbiology, Dairy Science Department, Food Industries and Nutrition Division, National Research Centre, 
Cairo, Egypt. B.bifidum was activated and subcultured weekly in the lactobacilli MRS broth (Difco laboratories, 
Detroit, MI) supplemented with 0.05% (w/v) L.cystein-HCl. Culture was incubated anaerobically using the 
anaerogen sachets(Oxoid Ltd, Basingstocke, Hampshire, England) for 18-24 h. at  37°C without agitation. 

The indicator microorganisms including Staphylococcus aureus, Bacillus cereus, Bacillus  pumilus, 
Escherichia coli, E. coli no.23, E. coli O157, Salmonella typhimurium no. 22, Salmonella typhimurium, 
Pseudomonas aeruginosa, and Candida albicans were obtained from National Organization of Drug Control 
and Research (NODCAR), Egypt. The bacterial strains were maintained and probagated in brain heart infusion 
broth and agar (BHI) (Rattanachaikunsopon and Phumkhachorn, 2009) until use, while C. albicans was 
maintained and propagated in potato dextrose broth and agar (PDA) (Jain et al., 2008). 

Cheese whey treatment: 

Cheese whey containing about 4.5% lactose, 1% total protein was supplied from Dairy Sci. and Tech. 
Dept., Fac. of Agric., Cairo Univ., Egypt. It was further treated according to Rodrigues et al., (2006) as follows: 
after adjusting the pH to 4.5 with 5N HCl, it was heated at 121°C for 15 min to denature the proteins. The 
precipitates were removed by centrifugation at 4C and 8000 rpm for 10 min. The deproteinized whey was 
readjusted to pH 6.5, sterilized at 121°C for 15 min and used as culture media. 

Antimicrobial activity measurement:  

Antimicrobial activity of B. bifidum toward the microbial indicators was performed using agar well 
diffusion method according to Schillinger and Luke (1989). The CFCS of B. bifidum grown in differently tested 
media including MRS, cheese whey and supplemented cheese whey were obtained by centrifugation at 8000 
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rpm for 15 min at 4°C, sterilized through 0.45 µm Millipore filter membrane. A hundred µl of supernatants was 
transferred delicately into 9 mm holes drilled into BHI agar and PDA which were previously inoculated with 
100 µl of bacterial and fungal indicators, respectively. The plates were incubated aerobically at 37°C for 18-24 
h. Antimicrobial activity was positively recorded in millimeters if there was a clear halo zone around the well 
(Cadirci and Citak, 2005). 

Influence of nutrient supplements on the antimicrobial activity: 

 The effect of the addition of some nutrients including: peptone (0.5-3%), beef extract (0.4-2%) and 
yeast extract (0.2, 0.4 and 0.6%) to cheese whey as a base medium on the production of acid (pH), bacterial cell 
density (optical density at 620nm) and the production of antimicrobial activity (inhibition zone in mm) of cell 
free culture supernatant (CFCS) of the probiotic B. bifidum against the aforementioned  microbial pathogenic 
indicators was investigated in comparison to MRS as a reference medium. All chemicals were obtained from 
Fluka (Fluka, Sigma-Aldrich Chemical Co., USA). 

Influence of culture conditions on the antimicrobial activity: 

-Initial pH: 

 The effect of initial pH on the antimicrobial activity produced by B. bifidum grown in whey basal 
medium was determined. Flasks of 100 ml of cheese whey containing 1% peptone, 1.2 % beef extract and 0.6 % 
yeast extract were adjusted to initial pH values 5.8, 6.2, 6.4, 6.8 and 7.2 using 1 N HCl or 1N NaOH. Each one 
was inoculated with overnight culture of B. bifidum and incubated anaerobically at 37°C for 18-24 h. Final pH, 
values of OD620nm of the medium and antimicrobial activity (mm) of CFCS against the microbial indicators were 
determined at the end of incubation period. 

-Incubation temperature: 

 To determine the effect of incubation temperature on the antimicrobial activity produced by CFCS of 
probiotic B. bifidum grown in cheese whey basal medium adjusted to pH 6.4 as the optimal pH, flasks 
containing 100 ml each of the medium were inoculated with overnight culture of B. bifidum and incubated 
anaerobically at 32, 37 and 42°C for 18-24 h. Final pH, values of OD620nm of the medium and antimicrobial 
activity (mm) of CFCS against the indicators were determined at the end of incubation period. 

-Incubation period: 

It was studied by inoculating the optimally resultant medium with overnight culture of B. bifidum and 
incubated anaerobically at 37°C for 24, 48 and 72 h. At the end of each incubation period, final pH, values of 
OD620 of the medium and antimicrobial activity (mm) of CFCS against the indicator microorganisms were 
determined.  

-Inoculum size: 

To determine the effect of inoculum size, volumes of the resultant medium of cheese whey were 
inoculated with 0.5, 1, 2, and 3% of an overnight culture of B. bifidum and incubated anaerobically at 37°C for 
48 h. Clear inhibition zone in mm against tested microbial indicators, cultures values of pH and OD620nm of the 
medium were determined. 

 Results and Discussion 

Influence of culture media on antimicrobial activity of B. bifidum: 

 The antimicrobial activity of B. bifidum cultural metabolites (CFCS) using well diffusion method, cell 
density and final pH were determined after growth of probiotic B. bifidum in CW, supplemented CW with 
different growth factors at different concentrations to get an alternative low cost medium, and in MRS as a 
control. Bifidobacterium bifidum, according to Tables (1) and (2), could grow in CW and produce antimicrobial 
activity, although the cell density and inhibitory activity of the CFCS were lower than those obtained in both of 
the control MRS and supplemented CW. Results were similar to the findings of Guerra et al., (2001) and Perez 
et al., (2013) who reported that deproteinized diluted whey medium without supplementation was capable of 
promoting the growth of some probiotic lactic acid bacteria. However, they found that the production of 
bacteriocins obtained was respectively lower than those produced in MRS by the tested strains. Enan and Al 
Amri, (2006)  found that L. plantarum UG1 was also able to grow in whey permeate and produce the 
antimicrobial substenance, but the biomass and antibacterial activity were lower than those obtained in the 
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control MRS and were also less than those obtained when whey was enriched. Likely, the growth of B. bifidum 
and its ability of antimicrobial compounds production in CW were detected in the current study.  This was 
possible because CW contains 4.9% lactose (Colomban et al., 1993) where it is a suitable carbon source for 
many microorganisms. In addition CW is rich in minerals and contains vitamins which may provide valuable 
nutrients to stimulate the growth of L. acidophilus and B. bifidum (Marhamatizadeh et al., 2012), and 
subsequently antimicrobial compounds and bacteriocin production (Enan and Al Amri, 2006). 

The results show that the strongly antimicrobial activity was produced when growth nutrients are 
available for metabolism. The greatest values of inhibition zones (mm) were obtained when the CW was 
enriched with 1% peptone, 1.2% beef extract and 0.6 % yeast extract forming 22 and 23 mm of inhibition zones 
against Bacillus cereus and E. coli as the most sensitive strains, respectively (Table 1).As by supplementing of 
CW with different growth factors at different concentrations, antimicrobial activity, cell density (OD620nm) and 
acidity (pH of the medium) were improved.  

The results presented in Table (1) indicate that 1% peptone supplementation yielded 7.1 and 15.4 % 
more antibacterial activity (mm) than in none supplemented CW against B. cereus and E. coli, respectively. 
When CW containing 1% peptone was subjected to various concentrations of beef extract, the inhibitory activity 
of the CFCS was increased by 26.7 and 20% more than that with peptone –supplemented CW against B. cereus 
and E. coli, respectively. A noticeable improvement of antimicrobial activity was achieved when the resultant 
medium was enriched with 0.6% yeast extract giving 57.1 and 76.9% more than detected in none supplemented 
CW towards the most sensitive pathogens, respectively (Table 1). The obtained results were supported by many 
investigations. Favaro et al., (2012) found that growth of Enterococcus faecium in CW was similar to the 
growth observed in MRS. The highest antibacterial activity was resulted in CW supplemented with combination 
of meat extract, yeast extract and tryptone. Other similar results were obtained by Ghaly et al., (2003) who 
reported that cheese whey enriched with 1% of both of yeast extract and lactamine AA gave the highest cell 
growth of Lactobacillus helveticus, lactose utilization and lactic acid yield. Some workers reported that 
improvement of CW as a medium can be achieved by addition of only yeast extract even in low concentrations. 
Eldeleklioglu et al., (2013) reported that the highest production of lactic acid was achieved from whey when 
supplemented only with 0.5% yeast extract and without other nutrient supplements mentioned in literature. 
Similarly, Jozala et al., (2011) reported improvement of nisin production by Lactococcus lactis grown in whey 
supplemented with 1% yeast extract. The above trend supporting the idea that the low concentrations of nutrient 
supplements could be attributed to the toxicity caused by the high concentration (1.5%) of yeast extract which 
led to the inhibition of cell growth (Aeschlimann and von Stockar, 1990). Although the culture medium is 
normally enhanced by the addition of supplements, it can be easily engorged by nutrients which can lead to the 
inhibition of growth and product formation. On the other hand, the addition of large amounts of nutrients in 
MRS shows low growth and bacteriocin-like production (Khay et al., 2013). In the same way, Guerra et al., 
(2001) and Perez et al., (2013) reported that the diluted whey supplemented with yeast extract as a nitrogen 
source has been found to produce high amounts of biomass and bacteriocin of probiotic lactic acid bacteria than 
the concentrated whey indicating some form of substrate inhibition. Contrarily, Kitouni and Oulmi, (2013) 
investigated the optimization of deproteinized whey for production of lactic acid by Lactobacillus bulgaricus 
ATTC11842 and found that the optimal production on the medium requires 1.589% of yeast extract and other 
minerals. Also, Enan and Al Amri, (2006) found that supplementation of CW with 1.5% yeast extract yielded 
39.7 % more plantaricin UGl by Lactobacillus plantarum than in CW only. For this trend of supplementing CW 
with high concentrations of nutrients, it has been shown that increasing concentrations of yeast extract, meat 
extract or peptone can allow an increase in the production of antibacterial compounds (verluyten et al., 2004). 

The same trend was observed in concern to the relationship between CW supplementation and values of 
cell density and acidity (pH). Results given in Table (2) declare that the more the supplementation of CW with 
nutrients, the more the growth of B. bifidum and subsequently, the more the acids production. Hence, it could be 
stated that the lactose utilization by B. bifidum was extremely improved after supplementing CW with nutrients, 
as reflected by the pH values given at the end of incubation. With no nutrient supplement added to CW, the pH 
was 5.04 after 24 h of incubation at 37°C. When  nutrient supplements were added at the optimal concentrations 
(1% peptone+ 1.2% beef extract + 0.6% yeast extract), the pH reached 3.61 reflecting  more acid production due 
to the improvement of lactose utilization process. These results were agreed with Ghaly et al., (2003) who found 
that 92% of lactose was utilized within 50 h of fermentation of CW only by L. helveticus. After enriching CW 
with 1% yeast extract, the same percentage of lactose was utilized after 39 h of fermentation. 

Based on the results presented in Table (2), the cell density represented in values of OD620nm has been 
increased by 40, 75.3 and 51.4% when CW was enriched with 1% peptone, then with 1.2% beef extract, and 
then with 0.6% yeast extract, respectively. These results seem likely normal because lactic acid bacteria and 
bifidobacteria require many nutrients and rich media containing meat extract, yeast extract and protein 
hydrolysates (Khay et al., 2013). 
On the other hand, yeast extract or peptones are needed to optimize the unbuffered whey composition (Jozala et 
al., 2011). In addition, peptone and beef extract as nitrogen sources and yeast extract as a substrate containing 
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various amino acids and various vitamins are of ability to enhance the growth of B. bifidum or other probiotic 
lactic acid bacteria and stimulate the production of antimicrobial compounds from CW containing lactose as a 
carbonaceous source. 
Table 1. Influence of culture media and nutrient supplements on antimicrobial activity production of Bifidobacterium bifidum after growth 

for 24 h at 37°C. 
 

 

 

 

Culture media 

Antimicrobial inhibition zone (mm) 

Indicator microorganisms 

G (+) bacteria G (-) bacteria  Yeast 
Staph.  

aureus 

Bacillus 

cereus 

Bacillus 

pumilus 

E. coli 

no. 23 

E. coli 

O157 

E. coli  Salm. 

Typhimu-rium 

no.  22 

Salm. 

typhimurium 

P. 

aeruginosa 

C. 

albicans 

Control MRS    20    26  20  26     25     27     21     22     24      27 

Cheese Whey (CW)     10    14  10  10     10     13     12     11     10      10 

CW supplemented with: 

a. different peptone concentrations (%): 

0.5    10   14  12 10  10     14     12     13     10      11 

1    10   15  12 10  10     15     14     14     10      13 

2    10   12  12 10  10     11     13     11     10      11 

3    10   13  11 10  10     12     12     13     10      12 

b. CW+Peptone + different concentrations of beef extract (%): 

0.4   13   18  15 12  11     14    17     14     12      13 

0.8   12   18  15 11  13     16    15     14     11      13 

1.2   15   19  18 13  16     18    14     15     14      15 

2   13   17  15 12  14     15    13     14     13      14 

c. CW+Peptone + beef extract +different concentrations of yeast extract (%): 

0.2  16  18  18 17  19    19   19    17    17     15 

0.4  16  15  16 17  15    18   18    17    17     16 

0.6  19  22  19 19  19    23   19    18    16     16 

+ Optimum concentration for growth and antimicrobial activity production by B. bifidum. MRS (DeMan, Rogosa and Sharpe, 1960).  CW 
(Cheese whey). Values of inhibition zone diameter are the average of two experiments. 
 
Table 2. Influence of culture media and nutrient supplements on final pH and growth (OD620nm) of Bifidobacterium bifidum after 24 h of 

incubation at 37°C. 
 

Culture media 

 

Final pH 

 

Bacterial density 

(OD620nm) 

Control medium MRS 3.677 1.707 

Cheese Whey (CW)  5.040 0.3463 

Cheese Whey supplemented with: 

a. different peptone concentrations (%): 

0.5 3.813 0.3343 

1 3.870 0.4853 

2 4.060 0.4833 

3 3.943 0.4620 

b. CW+Peptone + different concentrations of beef extract (%): 

0.4 3.727 0.6193 

0.8 3.717 0.8097 

1.2 3.770 0.8507 

2 3.697 0.6133 

c. CW+Peptone + beef extract +different concentrations of yeast extract (%): 

0.2 3.787 0.9340 

0.4 3.723 0.9963 

0.6 3.613 1.2883 

+ Optimum concentration for growth and antimicrobial activity production by B. bifidum. MRS (DeMan, Rogosa and Sharpe, 1960). 

Through the results shown in Tables (1 and 2), it could be concluded that the higher the production of 
cell mass of the B. bifidum, the lower the pH values and the greater the antibacterial activity along the 
aforementioned supplementation steps. The above results supported use of CW supplemented with1% peptone, 
1.2% beef extract and 0.6% yeast extract as the best medium for producing B. bifidum metabolites with high 
inhibitory activity for further experiments to study the effects of inoculum size, initial pH, incubation 
temperature and period on the production of antimicrobial activity, cell mass and pH of the production medium. 
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Optimal pH for antimicrobial activity:  

 The initial pH had a great effect on the antimicrobial activity of B. bifidum cultural metabolites after 
growing in designed CW medium as it could be noticed from Table (3). The greatest antimicrobial activity was 
obtained when B. bifidum grew in the selected CW medium at initial pH 6.4 with inhibition zones of 23 and 
22mm against the most sensitive pathogens, namely B. cereus and E. coli, respectively. The cell growth, 
determined in OD620nm value, reached 1.6 and was able to decrease the initial pH from 6.4 to 3.6 which was 
correlated to the highest production of antimicrobial activity.The above results were consolidated by Enan and 
Al Amri, (2006) as they found that the biomass of L. plantarum and the highest antimicriobial compound, 
plantaricin UGl, were achieved in supplemented whey when the pH was controlled at initial 6.5. Jozala et al., 
(2011) also established that the highest production of antibacterial activity produced by Lactococcus lactis in 
milk whey was at initial pH 6.6. On the other hand, Ghaly et al., (2003) reported that the production of lactic 
acid by Lactobacillus helveticus was extremely enhanced from CW supplemented with yeast extract and 
lactamine under controlled pH of 5.5. Similarly, Kitouni and Oulmi, (2013) found the highest production of 
lactic acid by Lactobacillus bulgaricus ATTC11842  in  deproteinized whey has been scored when initial pH 
was 5.5 or above. Additionally, Favaro et al., (2012) reported that the highest antibacterial activity levels 
produced by Enterococcus faecium was achieved in supplemented CW with initial pH 6.5 and was comparable 
to those detected in MRS. 

Table 3.The effect of initial pH on growth (OD620nm), final pH and antimicrobial activity of Bifidobacterium bifidum grown in supplemented 
cheese whey after 24 h of incubation at 37°C. 

 Initial pH 

      5.8 6.2 6.4 6.8 7.2 

Final pH      3.677 3.720 3.603 4.187 3.750 

OD620nm      0.892 1.100 1.610 1.486 1.280 

Indicator microorganisms Inhibition zone (mm) 

G(+) bacteria: 

Staph. aureus 18 17 18 16 16 

Bacillus cereus 20 16 23 17 16 

Bacillus pumilus 13 14 19 17 14 

G(-) bacteria: 

E. coli no. 23 16 18 19 15 16 

E. coli O157 18 19 21 20 18 

E. coli   19 19 22 17 18 

Salm. typhimurium no. 22 18 18 20 20 17 

Salm.typhimurium 15 19 20 16 15 

P. aeruginosa 19 20 19 19 18 

Yeast: 

Candida albicans 18 18 18 15 18 

Values of final pH, OD620nm and inhibition zone in mm are the average of two experiments. 

Optimal incubation temperature and period for antimicrobial activity: 

 As shown in Table 4, the maximum antibacterial activity was recorded at 37°C as an optimal incubation 
temperature with inhibition zones of 23mm against both of the most sensitive strains, B. cereus and E. coli. The 
antibacterial activity obtained at 32 and 42°C were lower than those obtained at 37°C by 35.3 and 27.8%, 
respectively against B. cereus, and by 9.5 and 64.3%, respectively against E. coli. These results declared that 
maximal production of antibacterial activity of B. bifidum metabolites coincided with optimal incubation 
temperature for cell growth. Favaro et al., (2012) supported the obtained results as they reported that the highest 
levels of antibacterial activity of Enterococcus faecium grown into enriched CW were recorded at 37°C. The 
reduction in antimicrobial activity due to the produced metabolites at higher and lower temperatures may be 
referred to slow growth leading to retardation of antimicrobial compounds production, as stated by Khay et al., 
(2013). The temperature might affect microorganism through its effect on oxygen solubility in the medium, 
kinetic energy of molecules and reaction velocity in the cell, and these factors might affect the production of 
antimicrobial compounds specially bacteriocin, as stated by Al Jumaily et al., (2013).  

Data illustrated in Table (5) showed that the incubation periods are of great importance in respect to 
antibacterial activity of B. bifidum metabolites produced in the supplemented CW medium at 37°C and pH 6.4. 
Incubation for 48 h was the best period for the greatest inhibition power against the test pathogens. Maximum 
activity was 24 and 25 mm of inhibition zone diameter towards B. cereus and E. coli, respectively. 
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Table 4: The effect of incubation temperature on growth (OD620nm), final pH and antimicrobial activity of Bifidobacterium bifidum grown in 

supplemented cheese whey after 24 h of incubation. 

 Incubation temperatures 
32°C 37°C 42°C 

Final pH 3.783 3.817 3.763 

OD620nm 1.261 1.647 1.171 
Indicator microorganisms Inhibition zone (mm) 
G(+) bacteria: 
Staph. aureus 17 21 16 
Bacillus cereus 17 23 18 
Bacillus pumilus 15 20 17 
G(-) bacteria: 
E. coli no. 23 18 21 18 
E. coli O157 21 21 19 
E. coli 21 23 14 
Salm.typhimurium no. 22 16 20 18 
Salm.typhimurium 14 18 16 
P. aeruginosa 15 19 16 
Yeast: 
Candida albicans 18 20 18 

 Values of final pH, OD620nm and inhibition zone in mm are the average of two experiments 

However, bioactivity recoded after 24 and 72 h of incubation was lower by 25 and 8.3%, respectively against B. 
cereus, and by 12 and 4%, respectively against E. coli. Maximum production of antimicrobial compounds, 
acetic acid, lactic acid and bacteriocin may occur at different phases of growth cycle, depending on the type of 
bacteria (Al Jumaily et al., 2013). These obtained results were supported by Eldeleklioglu et al., (2013) who 
reported the highest lactic acid concentration was achieved from yeast extract-supplemented CW medium after 
48 h of fermentation. Contrarily, De Carvalho et al., (2009) found that Streptococcus bovis HC5 produced 
antimicrobial compound, bovicin, in CW and maximal volumetric productivity was obtained after 12 h of 
incubation. The same incubation period was the best for antibacterial activity production of Lactobacillus 
acidophilus from whey according to findings of Fatma et al., (2013). 

Table 5: The effect of incubation period on growth (OD620nm), final pH and antimicrobial activity of Bifidobacterium bifidum grown in 

supplemented cheese whey at 37°C. 

 Incubation time (h) 
24 48 72 

Final pH 3.813 3.777 3.790 

OD620nm 1.522 1.617 1.511 
Indicator microorganisms Inhibition zone (mm) 
G(+) bacteria: 
Staph. aureus         21            22               21 
Bacillus cereus         18            24               22 
Bacillus pumilus         20            22               22 
G(-) bacteria: 
E. coli no. 23         21                       21               20 
E. coli O157         20            23               24 
E. coli         22            25               24 
Salm.typhimurium no. 22         21            23               22 
Salm.typhimurium         16            20               22 
P. aeruginosa         18            21               21 
Yeast: 
Candida albicans         18            19               18 

  Values of final pH, OD620nm and inhibition zone in mm are the average of two experiments. 

Optimal inoculum size for antimicrobial activity: 

 Data illustrated in Table (6) supported 2% (v/v) as the best inoculum size of B. bifidum to produce the 
highest bioactivity with inhibition zones of 25 and 24 mm against B. cereus and E. coli, respectively as the most 
sensitive microorganisms. However, the antibacterial activity decreased when the inoculum size was lower or 
higher than 2%, i.e. 0.5, 1 and 3%. It is evident from the obtained results that the low size of B. bifidum cells is 
not enough to produce the antimicrobial compounds, this might be due to the insufficiency of nutrients in the 
medium for the production of antimicrobial compounds as a result of consumption of nutrients by the cells for 
growth and division, whereas increasing inoculum size within optimum levels makes cells in completion state 
and began to produce antimicrobial compounds to maintain bacterial life against cultural changes (Kandela, 
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2006 and Ali and Musleh, 2011). In general, maximal production of antimicrobial compounds corresponds to 
maximal cell size. 

Table 6. The effect of inoculum size on growth (OD620nm), final pH and antimicrobial activity of Bifidobacterium bifidum grown in 
supplemented cheese whey after 48 h of incubation at 37°C. 

 Inoculum size (%) 

0.50 1 2 3 

Final pH 3.970 3.627 3.663 4.003 

620nmOD 0.625 1.420 1.6740 0.9803 

Indicator microorganisms Inhibition zone (mm) 

G(+) bacteria: 

Staph. aureus 15 20 20 15 

Bacillus cereus 16 19 25 17 

Bacillus pumilus 20 21 20 20 

G(-) bacteria: 

E. coli no.23 16 21 18 19 

E. coli O157 19 20 21 18 

E. coli  18 22 24 12 

Salm. typhimurium no. 22 17 21 21 17 

Salm.typhimurium 13 18 19 16 

P. aeruginosa 17 18 18 18 

Yeast 

Candida albicans 18 18 19 17 

Values of final pH, OD620nm and inhibition zone in mm are the average of two experiments. 

Looking through the results along the current and previously related researches, it could be stated that 
the levels of antibacterial activity, acidity and growth of B. bifidum in supplemented CW under optimally 
optimized conditions of inoculum size, initial pH and incubation temperature and period were comparable to 
those obtained in MRS as a reference medium. The supplementing CW with nutrient supplements including 
peptone, beef extract and yeast extract gave reasonable cell mass due to the presence of most bacterial growth 
factors including amino acids and vitamins, in addition to nitrogenous and carbonaceous compounds which can 
improve the nutritional quality of the medium, promote propagation of the fastidious B. bifidum, enhance 
metabolism and stimulate the physiological activity of the cells. Ghaly et al., (2003) reported some 
characteristics of the cheese whey and composition of yeast extract. Due to MRS contains complex nutrients, 
keeping ideal conditions for growth of B. bifidum, the results scored in supplemented CW under optimal 
conditions were still lower than those obtained upon using MRS. The antimicrobial action of CFCS of B. 
bifidum grown in enriched CW against the pathogens test herein may be attributed to either organic acids such 
as acetic and lactic as primary metabolites, causing a reduction in pH, or to production of antimicrobial 
compound such as bacteriocin and exopolysaccharides (Anand et al., 1985; Schiffrin and Blum, 2001 and Li  et 
al., 2014).   

Conclusion: 

  Utilization and optimization of supplemented cheese whey as a low cost medium for growth of B. 
bifidum producing antimicrobial activity against some microbial pathogens showed a promising interest to 
exploit the cheese whey as an environmental pollutant to be applied in useful and economical way.  
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