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ABSTRACT

In a study to optimize growth conditions and test for suitability as starter cultures for meat preservation,
the abilities of five Pediococcus strains, selected from a  number of strains isolated from beef (n = 21), to
produce lactic acid from varying concentrations (2, 4, 6, 8, and 10%) of maltose, glucose, galactose, sorbitol
and mannitol were investigated.  The identities of the Pediococcus strains were determined by biochemical
characterization while confirmation of identities was by 16s rDNA gene nucleotide sequencing. The identified
strains include Pediococcus pentosaceus LIV 01, Pediococcus acidilactici FLE 01, Pediococcus acidilactici FLE
02, Pediococcus pentosaceus INT 01 and Pediococcus pentosaceus INT 02, their nucleotide sequences were
submitted to the genBank under accession numbers EU667381, EU667382, EU667385, EU667383 and
EU667384. Lactic acid concentrations were determined by high performance liquid chromatography (HPLC).
There was higher production of the lactic acid in glucose and galactose than other carbon sources with
concentrations (g/l) of 17.29 and 17.19 being recorded for the Pediococcus acidilactici FLE 02 strain in media
containing 2% each of the respective sugars. Productions of the organic acid were less than 10g/l in mannitol,
maltose and sorbitol irrespective of their concentration in the growth medium. The use of Pediococcus
acidilactici FLE 01 and Ped. acidilactici FLE 02 with 2% and 4% glucose or galactose supplementation in
growth medium produced enhanced amounts of lactic acid and the strains could therefore be suitable for use
as starter cultures in the preservation of the meat products being targeted. 
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Introduction

Lactic acid bacteria (LAB) have played a long and important role in food technology. LAB include rod,
short-rod and coccus in cell types and have varying physiological and biochemical characteristics between
constituted genera. The production of organic acids, mainly lactic acid, from carbohydrates is the major role
of LAB in fermentation of food products and depends on several chemical, physical and microbiological
reactions (Ordonez et al., 1999). The type of carbohydrate present as carbon source in growth medium
therefore has significant effects on lactic acid formation by LAB (Saarella et al., 2003).  The immediate and
rapid formation of acid at the beginning of the fermentation process, and the production of sufficient amounts
of organic acids allowing a pH below 5.1 to be reached, are essential requirements of food LAB starters
(Ammor and Mayo., 2007).  LAB are industrially important organisms because of their fermentative ability
as well as health and nutritional benefits (Patil et al., 2007). They have long been used in fermentations to
preserve the nutritive qualities of various foods. Lactic acid bacteria produce various compounds such as
organic acids, diacetyl, hydrogen peroxide, and bacteriocin or bactericidal proteins during lactic fermentations
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(Oyetayo et al., 2003), all of which can antagonize the growth of many spoilage and pathogenic bacteria in
foods (Ammor et al., 2006). The lactic acid fermentation, which these bacteria perform, has long been known
and applied by the humans for making different food stuffs (Savadogo et al., 2004).

Levels and types of organic acids produced during the fermentation process depend on LAB species or
strains, culture composition and growth conditions (Lindgren and Dobrogosz, 1990). The antimicrobial effect
of organic acids lies in the reduction of pH, as well as the undissociated form of the molecules (Podolak et
al., 1996). It has been proposed that the low external pH causes acidification of the cell cytoplasm, while the
undissociated acid, being lipophilic, can diffuse passively across the membrane (Kashket, 1987). The
undissociated acid acts by collapsing the electrochemical proton gradient, or by altering the cell membrane
permeability which results in disruption of substrate transport systems (Yanagida et al., 2005). The production
of organic acids is undoubtedly the determining factor on which the shelf life and the safety of the final
product depend while the inhibition of pathogenic and spoilage flora is also dependent on a rapid and adequate
formation of these organic acids (Lindgren and Dobrogosz, 1990).

The importance of pediococci has been reflected by their positive role in fermentation of many foods,
especially in their abilities to produce considerable amounts of lactic acid and their contribution to the
preservation of food. They are gram-positive lactic acid bacteria that are used as starters in the industrial
fermentation of meat and vegetables (Obert et al., 2005). Rich nutrition such as from carbohydrates, minerals,
nitrogen compounds and other substances is necessary for the growth of LAB (Yanagida et al., 2005).

The advantages of using high performace liquid chromatography (HPLC) in the analysis of lactic acid are
speed, accuracy and precision (Fernandez-Garcia and McGregor, 1994). However, to our knowledge, its use
in the quantification of lactic acid production in deMann Rogossa Sharpe (MRS) by LAB has not been known.
Studies on the fermentative activities of lactic acid bacteria with potential applications in preservation of foods
have been very scarce in Nigeria and Africa as a whole. Here we present findings on the effects of varying
concentrations of different carbon sources on the fermentative activities of Pediococcus species, in terms of
their abilities to produce lactic acid. The investigation was preparatory to selection and use of successful strains
as protective cultures, as well as suggesting suitable environment for their cultivation in safety evaluation of
some popular meat products commonly found in the western regions of Africa.

Material and methods

Isolation and identification of Pediococcus by phenotypic method

Isolation of Pediococcus was done according to a modification of the method of Onilude et al.(2002).
Fresh beef samples were collected from Bodija retail market in Ibadan metropolis, Nigeria, in clean polyvinyl
chloride (PVC) bags and taken to the Laboratory for immediate use. Ten grams of the meat were immersed
in a sterile 10% (w/v) sucrose solution for about 7 min to stimulate LAB growth (Guerrero et al., 1995). This
was then homogenized in 90ml sterile distilled water in standard stomacher bags (BA 6141, Seward, UK),
using a Seward stomacher (model 400 circulator, P/4/518, 50-60Hz, UK). The resultant homogenate was then
made into 10 fold dilutions and 1.0ml of each dilution was pour-plated using deMann Rogosa and Sharpe
(MRS, Oxoid) agar medium in sterile petri dishes. These were incubated in anaerobic jars for 18 to 24 hours
at 37oC. Upon observation for growth, only catalase and oxidase negative colonies were picked for subculturing
by streaking on sterile MRS agar plates. Streaking of single colonies was done repeatedly to obtain pure
cultures (Mante et al., 2003). Pure cultures were examined microscopically for cells appearing as cocci in pairs
and/or tetrads that are characteristic of Pediococcus. Presumed strains of Pediococcus were characterized using
API 50 CH and API 20 Strep kits (API Systems, Biomerieux Sa, France, www.apiweb.biomerieux.com) and
other complementary tests when necessary. Identification of isolates was by reference to Bergey’s Manual of
Systematic Bacteriology (Sneath et al., 1986). Stock cultures were routinely maintained on MRS agar slants
kept in the refrigerator at 40C; and MRS broth, containing  20% glycerol,  at -80oC (Savadogo et al., 2004;
Bulut et al., 2005).

Catalase and oxidase tests

Catalase is an enzyme found in most bacteria and is known to catalyze the breakdown of hydrogen
peroxide (H202) to liberate oxygen as (02) in this process. The catalase test was carried out using the method
of Kiss (Snell et al., 1999). To a loopful of the culture was added a few drops of 3% hydrogen peroxide on
a slide and any reaction was observed. Evolution of gas or white froth indicates a catalase positive reaction
while absence of froth indicates negative reaction.
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For the oxidase test, a few drops of 1% aqueous tetra-methyl phenylenediamine hydrochloride was added
to a piece of Whatman No.1 filter paper, with the aid of glass rod, to moisten it. The filter paper was then
smeared with the different isolates, at different positions. A purple colour was regarded as positive if developed
within a few seconds (5 - 10 seconds) and a delayed reaction or no colouration was regarded as negative or
weak (Seeley and Vandemark, 1972; Snell et al., 1999)

Determination of lactic acid production by Pediococcus strains using high performance liquid chromatography
(HPLC)

Sample Preparations for HPLC Injection

The organic acids in the MRS LAB broth supernatants (obtained by centrifugation of the 18 hr old broth
culture at 3500 rpm for 15 min, and the filter sterilized through 0.2µm syringe filters) were extracted using
the modified method of Fernandez-Garcia and McGregor, 1994. The Cartridge (Strata X 33u Polymeric
Reversed Phase, 30mg/ml, Phenomenex, UK) was conditioned  by slowly passing 1 ml of  Methanol (HPLC
grade) through, followed by 1 ml of 10% methanol in HPLC mobile phase (NaH2PO4: Methanol, 98:2). The
mixture of the mobile phase (10% Methanol in NaH2PO4: Methanol, 98:2) and sample supernatant (Ratio 3:1,
900µl mobile phase and 300µl supernatant) was then passed slowly through the pre-conditioned cartridge. A
few drops (200-250µl) were allowed to run off while the remaining was collected in eppendorf tubes, for
injection into HPLC. Standard concentrations (g/L) of 0.5, 1.0, 2.5, 5.0, 7.5, 10, 12.5, 15, 17.5 and 20 of
concentrated lactic acid (98%v/v, Fisher scientific, UK) were used in plotting standard curves for the
determination of the acid in MRS broth supernatants of the Pediococcus isolates.

The HPLC System Used

The HPLC system used consisted of LC-10ADVP pump (Shimadzu, UK), equipped with injection valve
of 20µl capacity; UV detector (SpectroMonitor 3000, LDC/Milton Roy, Florida, USA); Data recorder (Picolog
for windows, Release 5.12.1, St Neots, UK); C18 analytical column (a reverse phase Techsphere ODS-2 5U,
250mm length, 4.6mm internal diameter).

Chromatographic Conditions

The chromatographic conditions used for the organic acid analysis was as described by Zotou et al., 2004
(modified). Analysis was performed at ambient temperature with a mobile phase consisting of 0.02M NaH2PO4

(adjusted to pH 2.55 + 0.02 with H3PO4) and methanol (98% v/v) and delivered at a flow rate of 1ml/min.
The prepared samples, for HPLC injections, were detected by their UV absorbance monitoring at 220 nm with
sensitivity setting of 0.002 absorbance units full scale (AUFS). The pressure of pump was 13.5+0.5 Mpa.
Sample injections into HPLC were made using a 50 µl stainless steel syringe holder, with a maximum of 20
µl being injected into the injection valve, while the remaining was collected as waste through the waste outlet.

Molecular identification of Pediococcus isolates

PCR amplification of 16s rDNA gene

The modified method of Bulut et al. (2005) was used. Amplification of 16S rDNA gene-V3 region, was
performed by using the following primers: 16s rDNA V3, Forward, 5’-CCTACGGGAGGCAGCAG-3’ and 16s
rDNA V3, Reverse, 5’-ATTACCGCGGCTGCTGG-3’. Each of the polymerase chain reactions (PCR) was
performed in a 50 µl reaction volume containing 50 ng genomic DNA as the template (equivalent to 1µl), 0.2
mM- deoxynucleoside triphospates, dNTPs, (Promega, U120A-U123A, Madison, WI, USA), 2.5 mM-MgCl2,
10 pmol each (0.1 µl volume) of the DNA primers in 1 x PCR buffer (Promega, UK), and 1.25 units Taq
DNA polymerase (Promega, UK). Amplification conditions were as follows: an initial denaturation step of 5
min at 94 oC; 40 amplification cycles, each consisting of 1 min denaturation at 94 oC, 1 min annealing at 42
oC, and 1 min elongation at 72 oC, steps. Reactions were terminated with a final extension step for 10 min
at 72 oC. PCR amplifications were performed in a Thermocycler (Techne-Progene, Cambridge, UK).
Electrophoresis of the amplified 16s rDNA PCR products was performed on the Bio-Rad Contour-Clamped
Homogenous Electric Field (CHEF) DRII electrophoresis cell. This was done through 1.5% (w/v) Agarose gel
(general purpose, Biogene) in 0.5 X TAE buffer at 84 volts for 1.5 - 2 hrs. A 100bp (promega G210A) was
used as a molecular size marker.
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Sequencing of 16s rDNA gene 

The DNA samples (obtained using the 16s rDNA V3 primer) were sent to Germany (MGW-Biotech,
Germany) for nucleotide sequencing. The generated sequences of the 16s rDNA genes were subjected to
alignment in the databases at the BLAST, basic local alignment and search tool, website
ttp://www.ncbi.nlm.nih.gov/blast/, to determine the identities of the isolates.

Effects of varying concentrations of different carbon sources on lactic acid production by Pediococcus spp.

Five different carbohydrates including maltose, mannitol, sorbitol, galactose and glucose, were used as
carbon sources in MRS broth in percentages (%) of 2, 4, 6, 8 and 10. The MRS broth was composed with
these ingredients (g/l): Bacteriological peptone 10.0, meat extract 5.0, yeast extract 5.0, dipotassium hydrogen
phosphate 2.0, diammonium hydrogen citrate 2.0, sodium acetate 5.0, magnesium sulfate 0.1 and  manganese
sulfate 0.05. The carbon sources were filter sterilized using 0.2µm filter (Minisart, Sartorius Germany) before
adding to the sterile MRS broth, dispensed in 30 ml volumes in universal bottles. Each broth, containing the
varying percentages of the carbon sources, was then inoculated with 100µl of 18 hr old broth cultures, with
optical density adjusted to 1.3 (equivalent to approx. 1 x 106

 cfu), of the Pediococcus isolates, followed by
incubation at 37oC for 24 hrs. Samples were then assayed for lactic acid content using the HPLC method.

Statistical analysis

Results are expressed as the mean three separate determinations. The data were analyzed using analysis
statistical package for social sciences (SPSS, version 15.0). Means were separated with the least significant
differences test (LSD) at less 5% probability level (P < 0.05).

Results and discussion

Twenty one Pediococcus strains were isolated and identified from fresh beef. Their phenotypic
characteristics (Table 1) showed that all the strains were able to utilize glucose with isolates F and T
displaying weak reactions to the sugar. All strains were homofermenters, as no gas production from glucose
was observed, and tested positive to methyl red, but negative to gelatin hydrolysis and nitrate reduction. Sugar
utilization by the strains and other biochemical tests showed diverse variations. The inability of the
Pediococcus strains to produce gas from glucose is a confirmation of the homofermentative abilities of this
genus (Bulut et al., 2005). This is also in support of other authors who have reported the isolation and
identification of Pediococcus strains from of meat samples. In their findings Onilude et al. (2002) reported the
isolation of some strains of Pediococcus acidilactici from meat, some of which were used as mixed starter
cultures of preservation of a meat product by the authors. According to them, none of the strains of the
Pediococcus isolated was able to form gas from glucose fermentation. The homofermentative characteristics
of the genus Pediococcus has given them an advantage in production of higher concentrations of lactic acid
than the heterofermentative lactic acid bacteria (LAB) during food fermentation processes. This is because LAB
that are homofermenters produce lactic acid as the main metabolite of sugar fermentation, unlike the
heterofermenters that produce other products such as higher concentrations of acetic acid along with the lactic
acid. Hence they are not suitable as starters for meat fermentation because higher concentrations of acetic acid
result in a pungent off-flavour (Buckenhiiskes, 1993). In addition, the formation of higher amounts of carbon
dioxide by them leads to the development of holes of different sizes in the meat products. Therefore it has
been proposed to use the formation of CO2 from glucose as an important negative selection criterion for starter
cultures (Curic et al., 1992). The genus Pediococcus has been known to successfully combat many spoilage
and pathogenic organisms by their abilities to produce high amounts of lactic acid as end product of sugar
metabolism (Onilude et al., 2002; Obert et al., 2005). However it should be stressed that homofermentative
LAB can also produce acetic acid but where such is the case, the production is usually very minimal (Bulut
et al., 2005; Ammor and Mayo, 2007).

The high performance liquid chromatography (HPLC) analysis of the standard concentrations of lactic and
acetic acids (Figure 1) indicated that their retention times (RT) were approximately 236 and 255 seconds
respectively, based on the chromatographic conditions used. Good resolutions were obtained between the two
acids from concentration of 1.0g/l. Although only production of lactic acid is being reported by this paper, the
authors made use of the acetic acid assay in other areas of their research findings. Results of estimation of
lactic acid production by the Pediococcus isolates in MRS broths are shown in Table 2. Various concentrations
(g/l) of lactic acid were observed for the  isolates, the maximum and minimum production of the organic acid,
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Table 1: Biochemical tests and probable identities of Pediococcus isolates
S/N ISOLATE Gram reaction Glucose Gas from glucose Arabinose Lactose Mannitol Raffinose Sorbitol Sucrose Dextrin Maltose Melibiose Rhamnose
1 A GPC + - + + + w w - w w w w
2 B GPC + - + + + + - w w + + +
3 C GPC + - + + + + - w w + w w
4 D GPC + - + + + w w w + + w -
5 E GPC + - + w + - + - w w - -
6 F GPC w - + w + - - - w w w +
7 G GPC + - - + - + w w - - w +
8 H GPC + - w - w + - - + + w -
9 I GPC + - + + w - - w w + w w
10 J GPC + - + + w - + w - + - -
11 K GPC + - w w - - + w w w w w
12 L GPC + - w w - w - + w w + w
13 M GPC + - w - w - w - - w + -
14 N GPC + - - + + - w w w w - w
15 O GPC + - w w w - - + w w w -
16 P GPC + - w w w - - + w w w -
17 Q GPC + - w + w - - w w + w +
18 R GPC + + + w - - w w + w w
19 S GPC + - w w w - - + w w w -
20 T GPC w - + w + - w - w w w +
21 U GPC + - w w - w - + w w + w
‘+’ =  positive reactions; ‘-‘ =  negative reactions; ‘w’ = weak reactions; ‘GPC’ = gram positive cocci; He/Ho  =Heterofermenter / Homoferemnter

Table 1: Contiune
S/N ISOLATE Xylose Trehalose Melizitose Salicin Fructose Galactose Mannose Ribose He/Ho 4% NaCl 6.5% NaCl Growth 15oC Growth 45oC
1 A - - + + w - - - Ho + + + -
2 B - - - w w + w w Ho + + + -
3 C + + - - w w - + Ho + + + -
4 D + + w + w - - w Ho + + + -
5 E w w w - w - - + Ho w + + -
6 F w + w + - w w w Ho w - + -
7 G - - + - - w - - Ho w + + -
8 H + w w - - w - + Ho - - + -
9 I w + + - - w - w Ho + + + -
10 J w w - - + w - - Ho - - + -
11 K - - + w - w w w Ho - + + -
12 L w w - - w + + - Ho - - + -
13 M - w - w w - + - Ho - + - +
14 N + - - + - - w - Ho - + -
15 O + - w - - + w - Ho + + -
16 P + - w - - + w - Ho w - + -
17 Q w + + - - w - w Ho w - + -
18 R w + + - - w - w Ho w - + -
19 S + - w - - + w - Ho w - + -
20 T w + w + - - w w Ho w - + -
21 U w w - - w + + - Ho w - + -

Table 1: Contiune
S/N ISOLATE MethylRed  Gelatin Hydrolysis  Nitrate reduction  Growth 37oC  NH3 from Arginine PROBABLE IDENTITY1
1 A + - - + + Pediococcus pentosaceus
2 B + - - + - Ped. acidilactici
3 C + - - + - Ped. acidilactici
4 D + - - + + Ped. acidilactici
5 E + - - + - Ped. halophilus
6 F + - - + + Ped. pentosaceus
7 G + - - + - Ped. sp
8 H + - - + - Ped. urinae-equi
9 I + - - + - Ped. pentosaceus
10 J + - - + - Ped. acidilactici
11 K + - - + + Ped. sp
12 L + - - + - Ped. sp
13 M + - - + - Ped. sp
14 N + - - + - Ped. damnosus
15 O + - - + - Ped. sp
16 P + - - + - Ped. sp
17 Q + - - + - Ped. pentosaceus
18 R + - - + - Ped. pentosaceus
19 S + - - + - Ped. sp
20 T + - - + + Ped. pentosaceus
21 U + - - + - Ped. sp

Table 2. Lactic acid production by the Pediococcus strains
Isolate lactic acid (g/l) Isolate lactic acid (g/l)
A 4.7 L 4.7
B 3.8 M 5.3
C 6.0 N 4.7
D 1.9 O 4.7
E 6.3 P 10.7
F 10.4 Q 10.4
G 5.4 R 17.6
H 5.9 S 16.9
I 6.1 T 10.3
J 9.8 U 10.3
K 4.3
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Fig. 1: Chromatograms of standards of lactic and acetic acid by HPLC,  A(1.0g/l), B(2.5g/l)

17.6 and 1.9, were however recorded for the R and D isolates respectively. Five isolates, R, S, P, Q and F,
produced very high concentration of the lactic acid having values of 17.6, 16.9, 10.7, 10.4 and 10.4
respectively.  These five isolates were therefore selected for use in evaluation of lactic acid production in
varying concentrations of the five different carbon sources - glucose, galactose, sorbitol, mannitol and maltose.

For confirmation of identities of the five Pediococcus strains by 16s rDNA, the genes were amplified by
PCR with a universal primer, V3 (16s rDNA V3, variable 3 region) and the amplified PCR products are
presented in Figure 2. The PCR product sizes of the 16s rDNA genes of the Pediococcus isolates are
approximately 200 bp each. Similar sizes of the amplified genes, using the same primer, were reported by
Obodai and Dodd (Obadai and Dodd, 2006). The nucleotide base sequences of the 16s rDNA V3 of the five
isolates are shown in Table 3, having nucleotide base lengths of 145, 151, 141, 161 and 152 for the respective
F, R, S, P and Q isolates. Based on analysis of the homologies displayed by the nucleotide sequences with
those in the genBank database, when subjected to basic alignment search tool (BLAST) at the national centre
for biotechnology information (NCBI) website (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi), the identities of
the Pediococcus strains were confirmed as Pediococcus  pentosaceus LIV 01 (isolate F), Pediococcus
acidilactici FLE 01 (isolate R), Pediococcus acidilactici FLE 02 (isolate S), Pediococcus  pentosaceus INT
01 (isolate P) and Pediococcus  pentosaceus INT 02 (isolate Q). Their nucleotide sequences have been
submitted to the GenBank under accession numbers EU667381, EU667382, EU667385, EU667383 and
EU667384 respectively. 
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Fig. 2: PCR products of 16s rDNA V3 of the Pediococcus isolates
Lanes : 1 = 100bp DNA marker; 2 - Pediococcus pentosaceus LIV 01; 
3 - Pediococcus acidilactici FLE 01; 4 - Pediococcus acidilactici FLE 02; 
5 - Pediococcus pentosaceus INT 01; 6 - Pediococcus pentosaceus INT 02
Amplicons are approximately 200bp in sizes

Table 3: Nucleotide Base Sequences of the 16s rDNA V3 genes of the Pediococcus isolates
Isolate Nucleotide Base sequences length
F GGTTATACCGTCCTGGGTAAACAGTTACTCTTACCCACGT 145

TCTTCTTTAACAACAGAGCTTTACGAGCCGAAACCCTTCT
TCACTCACGCGGCGTTGCTCCATCAGACTTGCGTCCATTG
TGGAAGATTCCCTACTGCTGCCACC

R TCTGGTTATACCGTCACTGGGTGAACAGTTACTCTCACCC 151
ACGTTCTTCTTTAACAACAGAGCTTTACGAGCCGAAACCC
TTCTTCACTCACGCGGCGTTGCTCCATCAGACTTGCGTCCA
TTGTGGAAGATTCCCTACTGCTGCCACCCG

S TATACCGTCACTGGGTGAACAGTTACTCTCACCCACGTTCT 141
TCTTTAACAACAGAGCTTTACGAGCCGAAACCCTTCTTCAC
TCACGCGGCGTTGCTCCATCAGACTTGCGTCCATTGTGGAA
GATTCCCTACTGCTGCCA

P TGGTATACCGTCACTGGGTAAACAGTTACTCTTACCCACGT 161
TCTTCTTTAACAACAGAGCTTTACGAGCCGAAACCCTTCTTC
ACTCACGCGGCGTTGCTCCATCAGACTTGCGTCCATTGTGGA
AGATTCCCTACTGCTGCCACCCGTAGGAATGTTCTT

Q TCTGGTTATACCGTCACTGGGTAAACAGTTACTCTTACCCAC 152
GTTCTTCTTTAACAACAGAGCTTTACGAGCCGAAACCCTTCT
TCACTCACGCGGCGTTGCTCCATCAGACTTGCGTCCATTGTG
GAAGATTCCCTACTGCTGCCACCCGT

The effects of varying concentrations, 2, 4, 6, 8, and 10%, of glucose, maltose, mannitol, sorbitol and
galactose on lactic acid production by the Pediococcus strains are shown in Figures 3 to 7. There was a
progressive decrease in lactic production by Pediococcus acidilactici FLE 02 and Pediococcus pentosaceus INT
01 with increase in concentration of glucose in the growth medium, while a contrast was noticed with the other
isolates. The highest production of the lactic acid, 17.26, was obtained for Pediococcus acidilactici FLE 02
in growth medium containing 2% glucose. There were no significant differences (P<0.05) in the lactic acid
production in growth media containing 2 and 4% glucose by all the Pediococcus strains. Production of lactic
acid in growth media containing different concentrations of maltose recorded gradual increase of the lactic acid
with increase in the percentages of the carbon source for all the lactic acid bacteria isolates. However highest
productions were observed in growth medium containing 8%  maltose, with concentrations of 8.51, 4.62, 5.57,
8.04 and 9.52 being recorded for Pediococcus pentosaceus LIV 01, Pediococcus acidilactici FLE 01,
Pediococcus acidilactici FLE 02, Pediococcus pentosaceus INT 01 and Pediococcus pentosaceus INT 02
respectively. 
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Fig. 3: Effect of varying concentrations of glucose on lactic acid production by the Pediococcus isolates. 
Lactic acid concentrations were averages of three replicates
F - Pediococcus pentosaceus LIV 01; R - Pediococcus acidilactici FLE 01; S - Pediococcus acidilactici
FLE 02; P - Pediococcus pentosaceus INT 01; Q - Pediococcus pentosaceus INT 02

Fig. 4: Effect of varying concentrations of maltose on lactic acid production by the Pediococcus isolates.
Lactic acid concentrations were averages of three replicates
F, R, S, P and Q are as defined in Fig. 3

Fig. 5: Effect of varying concentrations of mannitol on lactic acid production by the Pediococcus isolates. 
Lactic acid concentrations were averages of three replicates
F, R, S, P and Q are as defined in Fig. 3
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Fig. 6: Effect of varying concentrations of sorbitol on lactic acid production by the Pediococcus isolates. 
Lactic acid concentrations were averages of three replicates
F, R, S, P and Q are as defined in Fig. 3

Fig. 7: Effect of varying concentrations of galactose on lactic acid production by the Pediococcus isolates.
Values used are means of three replicates. 
Lactic acid concentrations were averages of three replicates
F, R, S, P and Q are as defined in Fig. 3

Estimation of the lactic acid in mannitol growth media indicated that higher productions of 3.57, 3.84, 4.96
and 4.76 were observed by Pediococcus pentosaceus INT 01 in media containing 2, 4, 6, 8 and 10 % of the
carbon source than in other strains. Generally there were no significant differences (P<0.05) in the lactic acid
concentrations in the growth media containing the different percentages of the mannitol by all the lactic acid
bacteria strains under study, except Pediococcus acidilactici FLE 01 and Pediococcus pentosaceus INT 01 at
8 and 10 percentage levels of the carbon source. Quantification of the organic acid in growth media
supplemented with varying percentages of sorbitol showed no significant differences in the values obtained by
all the Pediococcus strains. The concentration of the lactic acid by all the strains ranged between 1.11 and
2.27. From the result of the lactic acid production by the Pediococcus isolates, with galactose as carbon source,
declines were observed with increase in the percentages of the galactose for Pediococcus acidilactici FLE 02
and Pediococcus pentosaceus INT 02, while a contrary trend was noticed for Pediococcus pentosaceus LIV
01 and Pediococcus pentosaceus INT 01. The highest production of the acid, 17.19, was obtained by
Pediococcus acidilactici FLE 02 in growth medium containing 2% galactose. The pH measurement of the
Pediococcus strains during growth in the different carbon sources (data not shown) showed that lowest values
were observed in the media containing galactose and glucose. The values obtained  was less than 4.0 in media
containing 2, 4 and 6% of the two carbon sources.
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Since lactic acid bacteria exhibit their inhibitory actions against unwanted organisms due mainly to
production of lactic acid, leading to reduction in the pH of the medium and thereby creating an inconducive
environment for potential pathogens and spoilage organisms, efforts are being intensified to promote secretion
of the organic acid by manipulation of the growing medium. Such attempts have lead to strain improvement
in terms of their abilities to produce certain metabolites such as lactic acid in high amounts (Ammor and
Mayo, 2007). From the results of these findings, it appears that the abilities of Pediococcus strains in
producing lactic acid are greatly enhanced by inclusions of galactose and glucose in the growth medium. This
means that when any of the Pediococcus strains under study is to be used as protective cultures of food
products, addition of any of the two carbon sources could be necessary in promoting enabling environment for
the extension of shelf lives, because of production of high amounts of lactic acid. Their abilities to produce
the organic acids at lower concentrations of the carbon sources could also be of economic importance. Though
the Pediococcus isolates seem to produce appreciable quantities of the lactic acid in the presence of glucose
and galactose, caution need to be however taken in selecting concentrations to be included in the meat
products, on which the strains are targeted to be used, because too high concentration of the lactic acid can
impart negatively on their sensory qualities (Leroy and De Vuyst, 2004). Therefore it would be very useful
to include aspect of sensory evaluation when the Pediococcus strains are eventually applied as starter cultures
on the meat products.

Conclusion

It is evident that lactic acid production by the Pediococcus strains is greatly enhanced in 2 and 4% of
galactose and glucose as carbon sources, with Pediococcus acidilactici FLE 01 and Ped. acidilactici FLE 02
having higher productions of the acid than others. Since lactic acid bacteria that are homofermentative, salt
tolerant and producing large amounts of lactic acid have a good potential to be used for the biopreservation
of food products, it follows that the Pediococcus strains could have potential for use as protective cultures of
meat products in the presence of the two carbon sources at controlled concentrations. Notwithstanding it would
be necessary to screen the strains further in order to ascertain their performance in safety and sensory
evaluation before making the final selection as biological preservatives of the meat products. Also in the
ongoing study, it would be worthwhile to investigate the effect of using gradient concentrations of up to 6%
of the two carbon sources on the performance of the Pediococcus isolates on intended meat products, because
of other competing microorganisms that may be present and a change in growth medium. 
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