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Abstract:

The antimicrobial activity of metabolites produced by Lactobacillus acidophilusNA-5
was tested in vitro against some food pathogenic microorganisms; it was determined by agar
well diffusion method. Bacillus cereus, Sallmonella typhimurium no.22 and Candida albicans
were selected from seven food borne pathogens for their sensitivity towards L.
acidophilusNA-5 metabolites when grown in Man Regosa Sharpe media (MRS).
Lactobacillus acidophilusNA-5 was grown in different dilution of the selected waste material
(cheese whey) as the sole carbon source to determine the concentration required for the
induction of highest antimicrobial activity against the tested pathogenic organisms. The
different dilutions of cheese whey suggested were (25:75, 50:50,75:25 and the original cheese
whey). As well as the original cheese whey which showed the most inhibitory effect against
the selected pathogens.

Further experiments were done to optimize the cheese whey media, by adding
different concentrations of nutritional elements. pH and temperature were also tested for
optimization. Results revealed that 1% peptone, 0.4% beef extract, 0.6% yeast extract and
0.5% sorbitol were the optimum concentrations which showed highest activities against the
growth of selected pathogens.

The optimum pH and temperature showed that the most antimicrobial activity were at
6.2 and 37°C, respectively. From the results obtained, the formulated cheese whey waste
material might be used as a less expensive culture media for the production of beneficial
metabolites by L. acidophilusNA-5 with remarkable antimicrobial activities.

Key words: Lactobacillus acidophilus, Cheese whey, Antimicrobial activity, Optimization,
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1. Introduction:

L. acidophilus strains have been widely utilized as a dairy starter culture for their
therapeutic activities associated with an intestinal microbial balance, and has been used in
fermented foods, and as a probiotic in dietary supplements (Sanders and Klaenhammer,
2001). Oda et al. (1994) also showed that L. acidophilus increased iron bioavailability of
fermented milk in animal model. In vitro studies showed that L. acidophilus is a strong
Thl cytokine (IL-12, IFN -y) inducer (Gackowska et al., 2006). L. acidophilus strains
exhibiting antagonistic activity towards certain types of psychrotrophic microorganisms
such as Listeria monocytogenes, Bacillus cereus, and Clostridium sp. are especially
important as these microorganisms even at low levels in food pose a significant spoilage
and public health threat (Kanatani et al., 1995; Bogovic-Matijasic et al., 1998).
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The Lactobacillus acidophilus also exhibited antimicrobial activity against many food born
harmful bacteria that cause various diseases ( Bharal and Sohpal., 2013).

Lactic acid bacteria (LAB) are reported to be extremely fastidious organisms with
numerous growth requirements. They need rich media containing compounds such as amino
acids, peptides, vitamins and nucleic acids (Narayanan et al. 2004; Dumbrepatil et al.
2008). Hofvendahl and Hahn-Hagredal, (2000) reported that fermentation medium can
represent almost 30% of the cost for a microbial fermentation. Therefore, it is important to
reduce the cost of growth medium; low-cost (but effective) medium components must be
identified (Rashid and Altaf 2008; Ortiz et al., 2012). Pertinent studies reported in the
literature have been conducted to find less expensive media supporting Lactobacillus growth.
Those found contained carbohydrate such as lactose and whey permeate (Fu and Mathews,
1999), whey solely (Mondragén-Parada et al., 2006). It is essential to note that all of those
studies were aimed to optimize the medium for lactic acid production. Only a few reports can
be found in the literature on a high density processes to culture lactic acid biomass e.g.
Lactobacillus casei (Aguirre-Ezkauriatza et al. 2010) and Lactobacillus delbrueckii ssp.
bulgaricus (Schiraldi et al. 2003).

Cheese whey (CW) is the liquid by-product effluent generated during the cheese
making process (Ghaly et al., 2003). Among the most abundant of these nutrients are lactose
(4.5-5% wiv), soluble proteins (0.6-0.8% wi/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 ; Leite et al., 2012). The work reported on this paper attempts to find low-
cost medium by using waste material (cheese whey) instead of MRS media and to obtain an
optimized medium then to determine the biomass, pH and antimicrobial activity of L. acidophilusNA-
5.

2. Materials and Method
Microorganisms used:

Lactobacillus acidophilusNA-5 (L. acidophilusNA-5) was obtained from Lab of Dairy
Microbiology, Dairy Science Department, Food Industries and Nutrition Division, National
Research Centre, Cairo, Egypt. L. acidophilusNA-5 was activated and subcultured weekly in
the lactobacilli MRS broth (Difco laboratories, Detroit, MI).

The pathogenic microorganisms, Staphylococcus aureus, Bacillus cereus, Bacillus
pumilus, E. coli 0157, Salmonella typhimurium no. 22, Pseudomonas aeruginosa, and
Candida albicans were obtained from National Organization of Drug Control and Research
(NODCAR), Egypt. The bacterial species were cultivated and maintained in nutrient agar
slants in screw-capped tubes. The agar slants were preserved in a refrigerator at 4°C until use
(Hassan et al., 2011), while C. albicans was maintained and propagated in potato dextrose
broth and agar (PDA) (Jain et al., 2008).
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Preparation Cheese whey media

It was treated through protein precipitation induced as follows: after adjusting the pH to
4.5 with 5 N HCI, it was heated at 121 "C for 15 min to denature the proteins. The precipitates
were removed by centrifugation at 4 "C and 8000xg for 10 min. The supernatants were
adjusted to pH 6.5, sterilized at 121 -C for 15 min and used as culture media (Rodrigues et
al., 2006). Cheese whey was supplied from Dairy Sci. and Tech. Dept., Fac. of Agric., Cairo
Univ., Egypt. Cheese whey was diluted with sterile water as follows;

1- 25% volume whey + 75% H,0.
2-  50% volume whey +50 % H,0.
3-  75% volume whey+ 25%H,0.

4- 100% volume whey+ 0 %H,0.

Antimicrobial activity measurement:

L. acidophilusNA-5 grew on tested media including MRS and on different dilutions of
cheese whey. Antimicrobial activity of L. acidophilusNA-5 toward the tested organisms was
performed using agar well diffusion method according to Schillinger and Luke (1989). It
was prepared as follows. A 1 mL amount was inoculated into 50 mL MRS broth and grown at
37°C for 24 h. Culture free cells supernatant was obtained by centrifugation at 8000 rpm for
15 min at 4°C, sterilized through 0.45 pm Millipore filter membrane. Hundred ul of
supernatants was transferred delicately into 9 mm holes drilled into nutrient agar and PDA
which were previously inoculated with 100 pl of bacterial and yeast indicators, respectively.
The plates were incubated aerobically at 37°C for 24 h.

Influence of addition of nutrient supplements to cheese whey media on the growth and

antimicrobial activity of L. acidophilusNA-5

Peptone (0.25-1.5%), beef extract (0.2-1.2%), yeast extract (0.2-0.6%) and (0.5-3%)
sorbitol were added to the selected cheese whey dilutions. pH, bacterial cell density (optical
density at 620nm) and antimicrobial activity of cell free culture supernatant (CFCS) of the
probiotic L. acidophilusNA-5 against the (B. cereus, S. typhimurium no.22 and C. albicans)
was investigated in comparison to MRS as a reference medium. All chemicals were obtained
from (Fluka, Sigma-Aldrich Chemical Co., USA).

Optimization of growth parameters

Different growth parameters such as pH, temperature and incubation period were
optimized by varying the respective parameters to enhance biomass, pH and the antimicrobial
activity of L. acidophilusNA-5 grown on whey medium.
Statistical analysis

The obtained data were exposed to analysis of variance. Duncan multiple ranges at 5%

level of significance was used to compare between means. The analysis was carried out using
PROC ANOVA procedure of Statistical Analysis System (SAS, 2003).
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3. Results and discussion
Detection of antimicrobial activity of L. acidophilusNA-5 supernatant

Figure 1 showed that L. acidophilusNA-5 had antimicrobial effect against the tested
microorganisms. The highest inhibition diameter zone with Bacillus cereus, S. typhimurium
no. 22 and C. albicans with inhibition zones (1Z) 24.4, 25.67 and 24.67, respectively. While
the lowest inhibition effect was obtained with L. acidophilusNA-5 against Staphylococcus
aureus and B. pumilus.

Among the probiotic properties, antimicrobial activity is one of the important criteria
of selection of suitable strain of probiotic. With the emergence of antibiotic resistant bacteria
and natural ways of suppressing pathogens, the concept of probiotic has attracted much
attention. Lactobacilli produce various antimicrobial substances, which causes the inhibition
of pathogenic microorganism’s growth and activities (Saran et al., 2012).

Some authors observed antagonistic activities of Lactobacillus spp. against undesirable
microorganisms like E. coli, S. aureus and Salmonella spp. (Chaves et al., 1999, Chioda et
al., 2007; Pereira and Gomez, 2007; Barros et al., 2009; Pribul et al., 2011). Bharal and
Sohpal. (2013) reported that the Lactobacillus acidophilus also exhibited antimicrobial
activity against many food borne harmful bacteria that cause various diseases. Aween et al.
(2012) also reported that all isolates of Lactobacillus acidophilus from honey showed very
good inhibitory activity against target Gram negative bacteria as indicated by the diameter of
inhibition zone: Salmonella typhimurium (23-30mm), Escherichia coli (7-18 mm) and
Enterobacter aerogenes (10-18 mm) after 24 h incubation at 30°C. Lactobacillus acidophilus
isolated from milk was found to display a higher antagonistic effect with zones of inhibition
of 6 and 15 mm against E. coli and Pseudomonas aeruginosa respectively, (Oyetayo, 2004).

From the results shown in figure (1), it could be concluded that B. cereus, S.
typhimurium no. 22 and C. albicans were the most sensitive food borne pathogens towards
Lactobacillus acidophilus metabolites so, we select them for further experiments as
(indicators) to study the effects of low cost medium (cheese whey) for attainment of high
levels of antimicrobial activity, cell mass and pH of the production medium.
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Figure (1): Detection of antimicrobial activity of L. acidophilusNA-5 metabolites.
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Effect of culture media on antimicrobial activity of Lactobacillus acidophilusNA-5:

The antimicrobial activity of L. acidophilusNA-5 culture free cell supernatant (CFCS)
using well diffusion method, cell density and final pH were determined after growth of
probiotic L. acidophilusNA-5 in different dilutions of cheese whey and in MRS as a control.

MRS broth is commonly used for small-scale cultivation of L. acidophilusNA-5.
However, if industrial-scale growth of L .acidophilus is contemplated, it is necessary to
develop a new low-cost medium. We tested inexpensive growth media containing diluted
whey. Refined sugars (glucose or sucrose) are commonly used as a carbon source for the
growth of probiotics, but these are economically not feasible due to high cost of pure sugars
whereas the product (lactic acid) is relatively cheap (Oh et al., 2005). L. acidophilusNA-5,
according to Table.1, had the ability to grow in diluted cheese whey (CW), produce
antimicrobial activity, although the cell density and inhibitory activity of the CFCS were
lower than obtained in the control MRS.

Utilization of whey by L. acidophilusNA-5 significantly inhibited the growth all
tested organisms. Results were in according to the findings of Ghasemi et al (2009) who
reported that the whey contains 50 g/l lactose, 0.6 g/l phosphate, 0.02 g/l calcium and 1 g/I
chloride. Analysis shows the ultra filter whey had insufficient nutrients for growth of
Lactobacillus bulgaricus. Guerra et al., (2001) and Perez et al., (2013) also reported that
deproteinized diluted whey medium without supplementation was capable of promoting the
growth of some probiotic lactic acid bacteria. Enan and Alamri, (2006) found that L.
plantarum UG1 was also able to grow in whey permeate and produce the antimicrobial
substances, but the biomass and antibacterial activity were lower than those obtained in the
control MRS and were also less than those obtained when whey was enriched. Ghasemi et al
(2009) reported when the whey percent in the medium increases (nutrient percent decreases)
the lactose consumption increases and higher lactic acid is produced.

The results showed that the highest antimicrobial activity, the lowest pH values and the
highest optical density were exhibited with original CW (4%) (Table. 1).

Tablel: Influence of culture media on antimicrobial activity, final pH and growth
(ODg¢20nm) of Lacitobacillus acidophilusNA-S after growth for 24 h at 37°C.

Antimicrobial inhibition zone (mm
Indicator microorganism

Culture medium Final pH ODg20am B. cereiis S. tvphimurium no. 22 C. albicans
Control medinm MRS 3.610E 2.657A 24.4B 25.67A 24.67B
Diluted CW(25+75) 5.630A 0.5237E 15.00HT 11.67TM 12.33KL
Diluted CW (50+50) 5.483B 0.5610D 16 40EF 14.671 14177
Diluted CW(75+25) 5.357C 0.5783C 16.00G 15.17H 12.67K
Normal CW 5.253D 0.6763B 17.33D 19.00C 16.50E
LSD 0.001693 0.001693 0.4215

Values in this table are means of three replicates.

-+ Optimum concentration for growth and antimicrobial activity production by L. acidophilusNA-5.
MRS (DeMan. Rogosa and Sharpe. 1960).

CW (Cheese whey).

OD: optical density.

LSD: less significance difference.

Additional minerals are occasionally required when the carbohydrate and
nitrogenous sources lack sufficient quantities (Narayanan et al., 2004). The effect of adding
different sources of growth factors on whey fermentation, as measured by the antimicrobial
activity of L. acidophilusNA-5, was investigated (Table.2)
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It is clear from the results that nitrogen sources improved the antimicrobial activity when
compared to the original cheese whey. The greatest values of inhibition zones (mm) were
obtained when the CW was enriched with 1% peptone, 0.4% beef extract, 0.6 % yeast extract
and 0.5% sorbitol forming 22.8, 23.7 and 23.30 mm of inhibition zones against Bacillus
cereus, S. typhmurium22 and C. albicans as the most sensitive strains, respectively (Table.2).

The obtained results were supported by many investigations. Horn et al.
(2005) observed the growth of L. plantarum NC8 in hydrolysates of fish viscera that
containing low amounts of yeast or fish peptones produced biomass. Favaro et al., (2012)
found that growth of Enterococcus faecium in CW was similar to the growth observed in
MRS. 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. 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. Taleghani et al
(2014) reported that the cell dry weight concentration of Lactobacillus bulgaricus (ATCC
8001) is related to substrate concentration. In-vitro experiment using ruminal-based inoculum
showed that sorbitol acted as a substrate that supported the growth of luminal bacteria which
competitively inhibited growth of E. coli, suggesting the potential of sorbitol as a prebiotic
(De Vaux et al., 2002). Using pig and human cecal digesta, Sorbitol was also found to be
slowly fermented and stimulated the production of butyrate and propionate (Mortensen et al.,
1988; Kiriyama et al., 1992). This has been a desirable attribute as rapid fermentation often
causes rapid growth of Gram-positive cocci, such as streptococci in the bowel (Dawson and
Allison, 1988).

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 various amino acids and various
vitamins are of ability to enhance the growth of L. acidophilusNA-5 or other probiotic lactic
acid bacteria and stimulate the production of antimicrobial compounds from CW containing
lactose as a carbonaceous source.
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Table 2: Influence of culture media and nutrient supplements on antimicrobial activity of
L.acidophilus after 24 h of incubation at 37C.
Antimicrobial mhibition zone (mm)
Indicator microorganism
Culture medium B. cereus S. typhimurium. no.22 C. albicans
Control medivm MRS 24.40abc 25.67a 24.67ab
Normal Cheese Whey (CW) (4% lactose) 17.33ps 19.00Ip 16.50s
a. different peptone concentrations (%):
0.25 16.33s 17.00qs 17.670s
0.5 19.33ko 14.00t 14.331t
1 20.00in 19.001p 20.00in
L5 16.831s 19.001p 12.83t
b. CW+1%Peptone + diff. conc. of beef extract (%):
0.2 22.43dg 20.33hm 20.67gl
0.4 22.67df 21.001k 21.67ei
0.8 22.00dh 20.001n 19.33ko
1.2 19.001p 17.00qrs 19.67jn
c. CW+1%Pep +0.4% beef +diff. conc. of veast extract
0.2 19.67jn 21.67e1 20.00in
0.4 20.00in 21.00fk 21.00fk
0.6 22.70def 22.33dg 22.67def
d. CW+1%Pep + 0.4%beef +yeast + diff. conc.Sorbitol
0.5 22.80cf 23.7bed 23.30be
1 18.33ur 21.00tk 20.67¢l
1.5 18.67mq 21.331) 20.33hm
2 16.00s 20.00in 16.67rs
25 17.33ps 20.67¢l 16.00s
3 17.00qrs 17.33ps 18.330r
LSD= 1524

Values in this table are means of three replicates.

+ Optimum concentration for growth and antimicrobial activity production by L.acidophilus.

MRS (De Man, Rogosa and Sharpe, 1960).

CW (Cheese whey).

OD: optical density.

LSD: less significance difference

Some authors studied the effect of less expensive nitrogen source such as peptone
malt sprout. They reported that yeast extract and peptone affect the cell concentration
significantly (Manteagudo et al., 1995; Hujanen and linko, 1996). Fung et al. (2008)
showed that meat extract, vegetable extract and peptone significantly influenced the growth of
Lactobacillus acidophilus. Nutrient supplements such as yeast extract, corn steep liquor, and
lactamine AA (Casein hydrolysate) can improve the nutritional quality of the medium,
because they contain growth promoting compounds, in addition to organic nitrogen, and
carbonecious compounds (Norton et al., 1994). Ghaly et al. (2003) found that the addition of
nutrient supplements lactamine AA and yeast extract gave rapid cell growth due to the
presence of most bacterial growth factors including amino acids, lipids, nucleotides (purines
and pyrimidines), and vitamins (in case of yeast extract) which promote rapid propagation of
the cells, enhance metabolism and stimulate the physiological activity of the cells.

Through the results shown in Table (2) and Figure (2), it could be concluded that the
higher the production of cell biomass of the L. acidophilusNA-5, the lower the pH values and
the greater the antibacterial activity along the aforementioned supplementation steps. The
above results supported the use of CW supplemented with1% peptone, 0.4% beef extract,
0.6% yeast extract and 0.5% sorbitol as the best medium for producing L. acidophilusNA-5
metabolites with high inhibitory activity.
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Figure 2: Influence of culture media and nutrient supplements on final pH and growth of
Lactobacillus acidophilusNA-5 after 24 h of incubation at 37°C.

Optimal pH for antimicrobial activity:

Results in Table (3) indicate that the fermentation of whey proceeds at a faster rate at
pH 6.2 with inhibition zones of 23.00, 23.83 and 23.43 mm against the most sensitive
pathogens, namely B. cereus, S. typhimerium no. 22 and C. albicans respectively. The cell
growth reached 2.042 OD and was able to decrease the initial pH from 6.2 to 3.983. While the
fermentation less efficiently at pH 5.8 and 7.2.

Our results are, thus, practically identical to those obtained by Jozala et al., (2011)
established that the highest production of antibacterial activity produced by Lactococcus lactis
in milk whey was at initial pH 6.6. 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, final pH and antimicrobial activity of Lactobacillits
acidophilusNA-5 grown in supplemented cheese whey after 24 h of incubation at 37°C.

Inhibition zone (mmm)
Indicator Microorganisms
Initial pH | Final pH | ODgzonm B. cereus S. nyphimurinm 22 C. albicans

5.8 4.680b 1.392b 16.33d 15.00ef 16.00de

6.2 3.983d 2.042a 23.00a 23.83a 23.43a

6.4 4.043d 1.958a 21.30b 21.80b 20.83b

6.8 4.403b 0.9863c 17.67c 18 33c 17.67c

7.2 4.910a 0.7643d 14.33f 15.00ef 15.33def
LSD 0.2147 0.1883 1.110

LSD: less significant difference.
Values in this table are means of three replicates.

OD: optical density.

Optimal incubation temperature and time course for antimicrobial activity:

This work examined the optimum temperature for microbial growth, and
antimicrobial production. Bacterial growth under different temperature regimes were studied.
Better understanding of the temperature effects on antimicrobial production will facilitate
improvement of the production process. The temperatures were monitored and controlled
during the fermentation process at elevated temperatures of 32, 37 and 45 °C with
fermentation time 24 h as shown in Figure (3). The results showed that optimum temperature
for the antimicrobial production was 37°C on the basis of inhibition zones of 23.30, 23.87 and
23.63 mm against the most sensitive pathogens, namely B. cereus, S. typhimerium no. 22 and
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C. albicans respectively. Higher temperature stimulated the slowly growth of L.
acidophilusNA-5 resulted in a slightly decrease in pH. Although the growth of L.
acidophilusNA-5 may occur at temperatures as high as 45 °C, the optimum growth occurs
within 40-42°C. (Korbekandi et al., 2011). Krischke et al. (1991) used 37°C temperature
for lactic acid production using L. casei. 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 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).
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Figure 3: The effect of incubation temperature on growth, final pH and antimicrobial activity
of Lactobacillus acidophilusNA-5 grown in supplemented cheese whey after 24 h of
incubation.

The time course of antimicrobial activity production of L. acidophilusNA-5
metabolites produced in the supplemented CW medium and growth for 72 hrs is shown in
Figure 4. Growth of the test organism reached a maximum after 24h of cultivation.
Thereafter, the growth decreased. During the fermentation, the pH of the medium declined
from 6.2 at the beginning to 3.857 after 3 days of fermentation. On the other hand, the
antimicrobial activity was 23.47, 24.00 and 23.73 mm of inhibition zone diameter towards B.
cereus, S. typhimurium no. 22 and C. albicans, respectively after 24h fermentation, after
which the level of antimicrobial activity decreased.

The obtained results were supported by many investigations. Panesar et al. (2010)
reported that this could be attributed to the growth of the culture reached to the stationary
phase and as a consequence of metabolism, microorganisms continuously change the
characteristics of the medium and the environment. The reduction in fermentation period is
additionally advantageous to improve the economics of the process. Al Jumaily et al. (2013)
reported that 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.

Contrarily, Eldeleklioglu et al. (2013) reported the highest lactic acid concentration was
achieved from yeast extract-supplemented CW medium after 48 h of fermentation. 12 h
incubation period was the best for antibacterial activity production of Lactobacillus
acidophilus from whey according to findings of Fatma et al., (2013).
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Figure 4: The effect of time course on growth, final pH and antimicrobial activity of
Lactobacillus acidophilusNA-5 grown in supplemented cheese whey at 37 C.

4, Conclusion:

Looking through the results along the current and previously related researches, it
could be stated that the levels of antibacterial activity and growth of L. acidophilusNA-5 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. Supplementing CW with nutrients including peptone, beef extract, yeast extract and
sorbitol gave reasonable cell mass and improve the nutritional quality of the medium which
induce the antimicrobial efficiency of the tested L. acidophilus NA-5.

5. Reference

Aeschlimann, A. & Von Stockar U. The effect of yeast extract supplentation on the production of
lactic acid from whey permeate by Lactobacillus helveticus. Biotechnolgy letters, 32 (4): 398-
402(1990).

Aguirre-Ezkauriatza E.J.; Aguilar-Yanez J.M.; Ramiriz- Medrano A. & Alvarez, M.M.
Production of probiotic biomass (Lactobacillus casei) in goat milk whey: Comparison of
batch, continuous and fed-batch cultures. Bioresource Technology, 101 (8); 2837-2844(2010).

Al Jumaily E.F., Raheema R. H., & Abdul Ratha A. Determination of optimal conditions for
plantaricin produced from Lactobacillus plantarum isolate. Online Int. Interdisciplinary Res.
J., 3(5): 1-13(2013).

Aween M.M., Hassan Z., Muhialdin B.J , Noor H.M., & Eljamel Y.A. Evaluation on
antibacterial activity of Lactobacillus acidophilus strains isolated from honey. American J. of
Applied Sciences 9 (6): 807-817(2012).

Barros M.R., Andreatti Filho R.L., Lima E.T. & Crocci J.A. Avaliacdo in vitro da atividade
inibitéria de Lactobacillus spp., isolados do inglavio e cecos de aves sobre Salmonella. Arg.
Bras. Med. Vet. Zootec., 61: 863-868(2009).

Bharal A. & Sohpal V.K. Evaluation of Antimicrobial Activity of Bacteriocin (L. acidophilus)
against human pathogenic and food born microorganisms. Intern. J. of Innovative Res. in Sci.,
Engin. and Techn. 2 (9): 4221 4225(2013).

Bogovic-Matijasic B., Rogelj I., Nes I.F., & Holo H. lIsolation and characterisation of two
bacteriocins of Lactobacillus acidophilus LF221. Appl. Environ. Microbiol. 49: 606-
612(1998).

Chaves A.M., Silva J.F.C., Pinheiro A.J.R. et al.. Selecdo de isolados de Lactobacillus acidophilus
usados como probidticos em bezerros. Rev. Bras. Zootec., 28: 1093-1101(1999).

YA



J. Sci. Res. Sci.,Vol.(32), part:1, 2015

Chioda T.P., Schocken-Iturrino R.P., Garcia G.R. et al. Inibicdo do crescimento de Escherichia
coli isolado de queijo “Minas Frescal” por Lactobacillus acidophilus. Cienc. Rural, 37: 583-
585(2007).

Dawson, K.A. & Allison, MJ. Digestive disorders and nutritional toxicity. In: The Rumen Microbial
Ecosystem (Hobson, PN, ed.) New York: Elsevier Appl. Sci. pg. 445-459(1988).

De Vaux A., Morrison M. & Hutkins R.W. Displacement of Escherichia coli O157:H7 from rumen
medium containing prebiotic sugars. Appl Environmen Microbiol 68: 519 — 524(2002).
Dumbrepatil A., Adsul M., Chaudhari S., Khire J. & Gokhale D. Utilization of molasses sugar for
lactic acid production by Lactobacillus delbrueckii subsp. delbrueckii mutant Uc-3 in batch

fermentation. Appl. and Environ. Microb., 74(1): 333-335(2008).

Eldeleklioglu B., Bayraktar E. & Mehmetoglu U. The effects of nutrient supplements on the
production of lactic acid from cheese whey. Turkish of Biochem., 38 (1): 81-91(2013).

Enan, G. & Alamri A. Novel plantricin UG1 production by Lactobacillus plantarum UG1 in
enriched whey permeate in batch fermentation process. J Food, Agric & Environ., 4(2): 85-
88(2006).

Fatma R., Hajarwati M., & Taufik M. Antibacterial activity of fermented whey beverage by
products from buffalo Dangke. Buffalo Int. Conf., 329-334(2013).

Favaro L., Schirru S., Comunian R., Basaglia M., Casella S., Paba A., Daga E., Franco B. D. G.
M., Oliveira R. P. S. & Todorov S. D. Composition of bacteriocins production from
Enterococcus faecium strains in cheese whey and optimized commercial MRS medium. Env.
Eng. and Manag. J., 11(3):73(2012).

Fu W. & Mathews A.P. Lactic acid production from lactose by Lactobacillus plantarum: Kinetic
model and effects of pH, substrate, and oxygen. Biochemical Engin. Journal, 3(3): 163-
170(1999).

Fung W.Y., Woo Y.P. & Liong M.T. Optimization the growth of Lactobacillus acidophilus
FTCCO0291 and evaluation of growth characteristics in soy whey medium: a response surface
methodology approach,J Agric. Food Chem. 56: 7910 -7918(2008).

Gackowska L., Michalkiewicz J., Krotkiewski M., Helmin-Basa A., Kubiszewska |. &
Dzierzanowska D. Combined effect of different lactic acid bacteria strains on the mode of
cytokines pattern expression in human peripheral blood mononuclear cells. J. Physiol.
Pharmacol. 57: 13-21(2006).

Ghaly, A. E., Tango M. S. A. & Adams M. A. Enhanced lactic acid production from cheese whey
with nutrient supplement addition. J. Sci. Res. And Development,Manuscipt FP 02009, may:1-
20(2003).

Ghasemi M., Najafpour G., Rahimnejad M., Beigil B.A., Sedighi M. & Hashemiyeh B. Effect of
different media on production of lactic acid from whey by Lactobacillus bulgaricus. Afric. J.
of Biotech. 8 (1): 081-084 . (2009).

Guerra N.P.,, Rua M.L. & Pstrana L. Nutritional factors affecting the production of two
bacteriocins from lactic acid bacteria on whey. Int. J. Food Microbiol., 70: 267-281(2001).

Hassan P., Peh K.K. and Liong M. Inhibitory Effect of Metabolites from Probiotics Lactobacillus
acidophilus Strains on Growth of Pathogenic Bacteria. J. of Pharma. and Toxico., 6: 533-
540(2011).

Hofvendahl, K. and Hahn-Hagredal B. Factors affecting the fermentative lactic acid production
from renewable resources. Enzyme Microbiol. Technol., 26: 87-107(2000).

Horn S.J., Aspmo S.I. and Eijsink V.G.H. Growth of Lactobacillus plantarum in media containing
hydrolysates of fish viscera. J. of Appl. Microb., 99 (5): 1082-1089(2005).

Y4



J. Sci. Res. Sci.,Vol.(32), part:1, 2015

Hujanen M. and linko Y.Y. Effect of tempreture and various nitrogen sources on L(+) lactic acid
production by lactobacillus casei. Appl. Microbial. Biotech. 45. 307-313(1996).

Jain, S., Singh R. and Jain R. Antimicrobial and antioxidant potentials of verbesinaencelioides
(Cav.) Benth. And Hook.Filex Gray. Res. J. Med. Plant., 2 (2): 61-65(2008).

Jozala A.F., Silva D.P., Vicente A. A, Teixeira J. A., Junior A.P. & Penna C.V. Processing of
byproducts to improve nisin production by Lactococcus lactis. African J. of Biotech., 10 (66):
14920-14925(2011).

Kanatani K., Oshimura M. & Sano K. Isolation and characterization of acidocin A and cloning of
the bacteriocin gene from Lactobacillus acidophilus. Appl. Environ. Microbiol. 61: 1061-
1067(1995).

Khay, E., Ouhsassi M., El Harsal A., Idaomar M. & Abrini J. Optimization of bacteriocin-like
production by Enterococcus durans E204 isolated from camel milk of Morocco. Cur.Res.In
Microbiol. And Biotechnol., 1 (4): 155-159(2013).

Kiriyama, H, Hariu, Y & Sakata, T. Comparison of in-vitroproductivities of short chain fatty acids
and gases from aldoses and the corresponding alcohol by pig cecal bacteria. J Nutr Biochem 3:
447-451(1992).

Korbekandi, H., A. M. Mortazavian & lravani, S. Technology and stability of probiotic in
fermented milks. In Probiotic and Prebiotic Foods: Technology, Stability and Benefits to the
human health, pp. 131-169; Shah, N., A.G. Cruz and J.A.F Faria (Eds.) Nova Science
Publishers, New York(2011).

Krischke, W., Schroder, M. & Trosch, W. Continuous production of L-lactic acid from whey
permeate by immobilized Lactobacillus casei subsp. casei. Appl. Microbiol. Biotechnol., 34,
573-578(1991)

Leite, M.T., Barrozo M. & Riberio E.J. Canonical analysis technique as an approach to determine
optimal conditions for lactic acid production by Lactobacillus helveticus ATCC15009.Intern.
J.of Chem. Engin., 303874: 1-9(2012).

Liu, C., Liu Y., Liao W., Wen Z. & Chen S. Simultaneous of nisin and lactic acid from cheese
whey: optimization of production fermentation conditions through statistically based
experimental designs. Appl. Biochem. Biotechnol., 113(116): 627-638(2004).

Manteagudo J. M., Rincon J., Rodriguez L., Faertes J. & Mayo A. Determination of the best
nutrient medium for production of lactic acid from beet molasses a statistical approach. Acta.
Biotechnol 13: 103- 110(1995).

Mondragon-Parada M.E., Najera-Martinez M., Juarez-Ramirez C., Galindez-Mayer J., Ruiz-
Ordaz N. & Cristiani-urbina E. Lactic acid bacteria production from whey. Appl.Bioch. and
Biotech., 134 (3): 223-232(2006).

Mortensen P.B., Holtug K. & Rasmussen H.S. Short-chain fatty acid production from mono- and
disaccharides in a faecal incubation system: implication for colonic fermentation of dietary
fibre in humans. J Nutr 118: 321-325(1988).

Narayanan N.; Roychoudhury P.K. & Srivastava A. L (+) lactic acid fermentation and its product
polymerization. Electronic J. of Biotech., 7(2). (2004).

Norton S., Lacroix C. & Veillemard J. C. Kinetic study of continuous whey permeate
fermentation by immobilized Lactobacillus helveticus for lactic acid production. Enzyme
Microb. Technol., 16 (6): 457-466(1994).

Oda T., Kado-Oka Y. & Hashibara H. Effect of Lactobacillus on iron bioavailability in rats. J. Nutr.
Sci. Vitaminol. 40: 613-616(1994).

Oh H.R., Wee Y.J., Yun J.S,, Han S.H., Jung SW. & Ryu H.W. Lactic acid production from
agricultural resources as cheap raw materials. Biores. Technol. 96:1492-1498(2005).



J. Sci. Res. Sci.,Vol.(32), part:1, 2015

Ortiz M.E., Fornaguera M.J., Raya R.R. & Mozzi F. Lactobacillus reuteri CRL 1101 highly
produces mannitol from sugarcane molasses as carbon source. Appl. Microbiol.Biotechnol.
95:991-999(2012).

Oyetayo, V.O. Phenotypic characterisation and assessment of the inhibitory potential of Lactobacillus
isolates from different sources. Afri. J. of Biotech., 3 (7): 355-357(2004).

Panesar P. S., Kennedy J. F., Knill C. J., & Kosseva M. Production of L(+) Lactic Acid using
Lactobacillus casei from Whey Braz. Arch. Biol. Technol., 53(1): 219-226(2010).

Pereira V.G. & Gomez Z R.J.H.C. Atividade antimicrobiana de Lactobacillus acidophilus, contra
microrganismos patogénicos veiculados por alimentos. Cienc. Agr.,.28: .229-240(2007).

Perez, R.A., Agrasar A.T., Castro L.P. & Guerra N.P. Whey utilization for production of
bacteriocin and probiotic preparations.Scientific Papers. Series E. Land Reclamation, Earth
Observation & Surveying, Environmental Engineering, 11: 45-58(2013).

Pribul B.R.; Pereira I.A. Soares L.C. et al.. Resisténcia bacteriana e a¢do das bacteriocinas de
Lactobacillus spp em Staphylococcus aureus isolados de mastite bovina. Arg. Bras. Med. Vet.
Zootec., 63: 744-748(2011).

Rashid T. & Altaf Z. Potential and environmental concerns of ethanol production from sugarcane
molasses in Pakistan. Nature Precedings. hdl.10101/npre. 1499.1(2008).

Rodrigues, L.R., Teixeira J.A. & Oliveira R. Low-cost fermentative medium for biosurfactants
production by probiotic bacteria. Biochem. Engin. J., 32: 135-142(2006).

Sanders M.E., & Klaenhammer T.R. Invited review: the scientific basis of Lactobacillus acidophilus NCFM
functionality as a probiotic. J. Dairy Sci. 84: 319-331(2001).

Saran S., Bisht M.S., Singh K. & Teotia U.S. Analyzing probiotic attributes to assess comparatively two
isolates of Lactobacillus acidophilus in prebiotics, honey and inulin. DHR Inter. J. of Biomed. and Life
Sci. (DHR-1JBLS), 2(1): 26-33(2012).

SAS. Statistical analysis system. SAS User’s. Statistics SAS  Institute Inc. Editors, Cary. NC(2003).

Schillinger, U. & Luke F. Antimicrobial activity of Lactobacillus sake from meat. Appl. Environ. Microbiol.,
55:1901-1906(1989).

Schiraldi C., Adduci V., Valli V., Maresca C., Giuliano M., Lamberti M., Carteni M. & De Rosa M. High
cell density cultivation of probiotics and lactic acid production. Biotechn.and Bioengin., 82( 2): 213-
222(2003).

Taleghani H.G., Najafpour G.D., & Ghoreyshi A.A. Batch and Continuous Production of lactic acid using
Lactobacillus bulgaricus (ATCC 8001) Pak. J. Biotechnol.,11 (1): 1- 12( 2014).

Yang, S.T., Zhu H., Li Y. & Hong G. Continuous propionate production from whey permeate using a novel
fibrous bed bioreactor. Biotechnol., and Bioengin., 43 (11): 1124-1130(1994).

1A



J. Sci. Res. Sci.,Vol.(32), part:1, 2015

) gadlal)

lisa Garg M Addal) ol Cilia o dalll) (b gl (ulaaly 6385 Ly S (a9 pSall dlilal) Jaldis o
LY LA A Gl )

' jla gldllae zlgil g "saie Ciu g daal Yé‘\g),m‘;.'m "-?-i gl g . A A s daaa by,

uadi ¢pe daala - L il g g pgtall g IS i) A8 ) ad !
L gl igall Agagil) Aigh) '

agall e gl) S pall — A3 g 4003 cle Ll A - LYY L glgm g sSia pedd

Lal) LSl Gany am Jenall G Gl s Gulaly 5V LS Leadit Al i) il g5 s las) o

. Well Diffusion method — 4k smaad ol Ll sliaall Labidl) 403l (ol jed daed) d8dal)

QS dais (10 a8 L3I &5 Candida albicans  sBacillus cereus, Sallmonella typhimurium no.22

Ol sV LS Leadii ) () il olad Lelua )b oo 42V Ll ) () el Sl

Cilie e ddlide Cligad o G skl sl Gainly 5SY LS ((MRS) 4 (A G Ledie (sl s

o e Apaall LIS am il 5 Saall dliae Jalis 5uSH 4l Caias Juab) aaail ) 50 S0 ais y jaiaeS (U3l
Bob al ) Gl e e 1Al Caite el (5 o pll o yedal 85 L jlas) 3l

DLta) o5 Al jealiall (e ddlide <3S 55 Adlaly il ¢ bl Ay Cpenil ddlal ety al A

5o aad paldiie 70 8 oosin 4 o ) CldS Sy 3alaY) akedl Ladl 5 el da oy s s el B8

s el sai aua daled) Al @ jedal A Bl <l 38 i) S J gy sl 700 55 nadll palitue 70 1
IBJM\

e Ausieda i YV 5T Y Gl Sl cilaliaad YT Labaall Bl 5 el A g s geal) Aa ja & elal
O Bbe gl o) 58 LY AR daddie A0S (5,8l Calia Ay aladinl (S dgale Jgeanll a3 1) )
NETE\C PLIRPERINERY S AR

£y



