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ABSTRACT

Lactic acid bacteria (LAB) form a major group among the technologically important microorganisms. This
study was aimed at isolating a wide range of LAB strains, some of which may later find technological uses

in processing and preservation of food products. In this study, a total of one hundred and thirty eight lactic
acid bacteria were isolated and identified from different parts of cow’s meat – beef, liver, lung and intestine,

with a view to selecting suitable ones as starter cultures for processing Tsire, a Nigerian stick meat.
Identification was based on their morphological, physiological and biochemical characteristics. The identified

strains belong to genera Pediococcus (15.2%), Lactococcus (27.5%), Leuconostoc (3.6%) and Lactobacillus
(53.6%). Some of the species of the respective genus could not be identified to the species level, based on
available taxonomc schemes. Among the Pediococcus species, Ped. pentosaseus was dominant (6 strains),
followed closely by Ped. Acidilactici (4 strains). Lactococcus piscium and Lc. plantarum  ranked equal in

number (6 strains) among the Lactococcus species. Leuconoctoc mesentroides (2 strains) was the only species
identified in the genus. The genus Lactobacillus had Lb. plantarum  as the most dominant species (19 strains).

This study showed that the likelihood of obtaining species that would serve as technologically useful candidates
as starter cultures for use as the biopreservation of the food meat products, especially meat, is very high.
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Introduction

The term lactic acid bacteria (LAB) refers to a heterogeneous group of non-sporulating Gram-positive

organisms characterized by a fermentative sugar metabolism, in which lactic acid is a major end product.
Among them, those belonging to the genera Lactococcus, Leuconostoc, Pediococcus and Lactobacillus are

commonly found in food products, including meat. Their role is to promote sugar fermentation and other
modifications of the food materials, which results in changes in their rheological and organoleptic properties,

but also in the increase of the period of consumption. Hence, LAB species are widely used, empirically or
deliberately, in the manufacture of food products (such as cheese, butter, yoghurt, buttermilk etc.), fermented

vegetables (pickles, olives, sauerkraut, wine, cider), fermented meat (such as sausages, sourdough bread, silage,
etc. (Campbell-Platt 1987). Traditionally, LAB were part of the microbiota present on the raw materials or were

introduced by contact with contaminated tools and manufacturing equipment. The subsequent lactic acid
production by these bacteria acted as a selective trait that allowed LAB to predominate. However, modern

production techniques, which consider standardization and product quality and safety to be of outstanding
importance, use mixtures of carefully selected LAB strains to carry out the desirable fermentation processes

(Buckenhuskes 1993).
Lactic acid bacteria (LAB) are industrially important organisms because of their fermentative ability as

well as health and nutritional benefits. Moreover, they are generally regarded as safe for incorporation into food
products (Patil et al., 2007).
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Identification of LAB mostly depends on traditional phenotypic analyses, although molecular biology-based
methods have become available (Hertel et al., 1993; Pot et al., 1993; Vermeiren et al., 2004). Hence, until now
modern identification techniques have not been used to a large degree for the identification to the species level
of LAB from Nigerian foods. Lactic acid bacteria (LAB) have played a long and important role in food
technology. The LAB include a wide variety of cell types and physiological and biochemical characteristics
(Yanagida et al., 2005). Phenotypic methods relying on physiological  and biochemical criteria have been
widely used for LAB identification (Montel et al., 1991).

The use of phenotypic means of identification of LAB from different sources have been reported (Leisner
et al., 1999; Guessas and Kihal, 2004; Conter et al., 2005; Nair and Surendran, 2005). Vermeiren et al. (2004)
has reported the isolation and characterization of  LAB strains from cooked meat. Bromberg et al. (2004) also
reported the isolation and identification of bacteriocin producing LAB from different meat products. In the
same vein, Patil  et al. (2007) were able to isolate bacteriocinogenic LAB from the intestine of rat.

Biopreservation has gained increasing attention as a means of naturally controlling the shelf life and safety
of meat products. Some LAB, among those commonly associated with meats, demonstrate antagonism towards
pathogenic and spoilage organisms (Veimeiren et al., 2004). Antagonistic cultures added to meat products to
inhibit pathogens and/or prolong the shelf life, while changing the sensory properties as little as possible, are
termed protective cultures (Lucke, 2000).

In Nigeria, studies on the isolation and characterization of LAB, especially from fresh cow’s meat, and
their use in biopreservation of foods has been very scarce. It was the aim of this study to isolate a wide range
of LAB strains from different part of fresh cow’s meat. This was to serve as basis for obtaining starter cultures
to be used in biopreservation studies of some meat products. 

Materials and methods

Collection of samples

Fresh cow’s meat samples were purchased from Bodija market in Ibadan Metropolis, Nigeria. They were
brought to the laboratory on ice blocks in clean polyvinylchloride (PVC) bags for analysis.

Isolation of lactic acid bacteria (LAB)

This was done from fresh cow meat samples. Ten grams of each meat sample was immersed in sterile
10% (w/v) sucrose solution for about seven minutes, to stimulate LAB growth (Guerrero et al., 1995). Ten
grams of this was then homogenized in 90 ml sterile distilled water in a stomacher (Standard bags, Stomacher
LAB system, seward circular 400, UK) for about 2 minutes. Serial dilution of this was then made and 1 ml
was pour plated in MRS and M17 agar media and incubated in anaerobic jar at 37 C for 48-72 hours.o

Resulting colonies were subjected to catalase and oxidase tests (Sharpe, 1979) and successful colonies were
sub-cultured repeatedly on respective agar plates until pure colonies were obtained (Guessas and Kihal., 2004).
Pure strains were maintained in MRS and M17 broths containing 20% glycerol at -80 C. Sub-culturing intoo

fresh broth media was done every six months.

Characterization and identification of LAB strains

For the phenotypical tests, the LAB strains were subcultured twice overnight in MRS or M17 broth at
37 C. The following phenotypical tests were conducted: Gram reaction; spore formation (Harrigan ando

McCance, 1976); oxidase-reaction; reduction of 1% (wt/vol) nitrate in MRS broth; phase-contrast microscopy

3of cell shape; production of NH  from arginine (Leisner et al., 2004); production of acid and gas from glucose
in MRS broth without beef extract (Difco, 1984); growth on MRS agar with 4.5 and 6.5% NaCl, for 5 days;
growth on MRS agar at 15, 37, and 45°C.

Other biochemical tests conducted include acid production from carbohydrates (1%w/v), including
arabinose, lactose, mannitol, raffinose, sorbitol, sucrose, dextrin, maltose, melibiose, rhamnose, xylose,
trehalose, melizitose, salicin, fructose, galactose, mannose and ribose. This was performed in MRS broth
(devoid of glucose and beef extract) containing respective sugars with chloramphenol red as indicator.

Results and discussion

A total of one hundred and thirty eight strains of lactic acid bacteria (LAB) were isolated from different

parts of cow’s meat, including beef (flesh), liver, intestine, and lung.  The results of the biochemical tests

carried towards their characterization and identification are presented in Tables 1 and 2, with the former

showing the result of the gram positive rods (GPR) while the latter shows that of gram positive cocci (GPC).

The basis of identification was on their utilization of wide range carbohydrates in their physiological and
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biochemical activities. Guessas and Kihal (Guessas and Kihal, 2004) as well as Yanagida et al. (2005)  were

able to identify various LAB from raw goats milk based on  their biochemical reactions. Some of the LAB

strains isolated by the authors include Lactobacillus buchneri, Lb. plantarum  and Leuconostoc mesenteroides,

of which the last two strains were also identified in this study. 

Table 1: Phenotypic profiles of Lactic Acid Bacteria (LAB), Gram positive rods (GPR)
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Table 1: Continue

'+' - positive reactions; '-' - negative reactions; 'w' - weak reactions
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Table 2: Phenotypic profiles of Lactic Acid Bacteria (LAB , Gram positive cocci (GPC)
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Table 2: Continue

'+' - positive reactions; '-' - negative reactions; 'w' - weak reactions
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All isolated strains of LAB were gram positive, catalase negative and non spore forming. They were able
to form acid from glucose, and, expectedly, able to grow at 37 C. They also tested positive to methyl red, buto

negative to gelatin hydrolysis as well as nitrate reduction tests. Based on the biochemical and physiological
reactions, confirmation of identities of LAB strains was by reference to Bergey’s Manual of Systematic

Bacteriology (Sneath, 1986).
The Lactobacillus formed the predominant genus among the genera of LAB that were identified.  Among

the Latobacillus species (GPR), only Lb. plantarum was able to grow at 15 C, while growth at 45 C variedo o

among other species. The GPC however displayed varying levels of growth at 15 and 45 C, while the sameo

observation was noted for growth in 4 and 6.5% NaCl. The GPR bacteria were all able to grow in the presence
of  4 and 6.5% NaCl. This would be an important factor when choosing strains of LAB as starter cultures for

processing food items. Some food products may contain salts in varying concentrations, and hence the starter
cultures to be used in processing such product should be able to grow at the salt levels. On the other hand,

knowing the salt tolerant of a particular organism will help in controlling the amount of salt to be added to
the product on which the organism will ultimately be used as a starter culture. Preliminary studies may thus

be very useful in order to be able to exploit the maximum potential of strains of LAB to be used as starter
candidates.

The LAB isolates generally displayed different patterns in terms of acid formation from different carbon
sources (sugars), as dictated by to their physiological characteristics. This was very useful in their biochemical

characterization and subsequent identification.
Table 3 shows the genera and species of the LAB isolates identified from different meat samples. The

strains belong to four main genera, including Pediococcus, Lactococcus, Leuconostoc and Lactobacillus, having
respective percentage distributions of 15.2%, 27.5%, 3.6% and 53.6% .  This implies that the common groups

of LAB were represented in the genera of LAB isolated in this study. The presence of these genera in meat
and meat products have been reported (Aymerich et al., 1998; Bromberg et al., 2004). The research workers

were able to detect bacteriocin producing strains among the isolated LAB in their study. This implies that there
is high potential of detecting such properties in the strains of LAB obtained in this study, as some of the

identified strains are intended to be screened and later used use as starter cultures in subsequent studies.
Among the genus Pediococcus, thirteen isolates were identified to the species level including Ped.

Pentosaceus (six strains), Ped. Acidilatici (four strains), Ped. Halophilus (one strain), Ped. urinae-equi (one
strain) and Ped. damnosus (one strain). Eight isolates of the genus could not be identified to species level.

Thirty eight species of the genus Lactococcus were isolated, among which thirty were identified to the species
level. The species identified include Lc. lactis subsp.lactis (four strains), Lc. piscium  (six strains), Lc.

plantarum  (six strains), Lc. raffinolactis (five strains) and  Lc. Lactis subsp. hordniae (three strains). Two
species of Leuconostoc mesenteroides were identified while three species of the genus could not be assigned

to any specific species. 
Among the genus Lactobacillus, the identified species and their respective strains include Lb. plantarum

(nineteen strains), Lb. brevis (seven strains), Lb. trichodes (one strain), Lb. delbruekii (two strains), Lb.
leichmanni (one strain), Lb. jensenii (one strain), Lb. lactis (two strains), Lb. coprophilus (one strain), Lb.

bulgaricus (four strains), Lb. helveticus (two strains), Lb. acidophilus (one strain), Lb. xylosus (one strain), Lb.
curvatus (one strain), Lb. cellobiosus (five strains), Lb. buchneri (two strains) and Lb. salivarius (five strains).

Nineteen strains belonging to this genus could not be identified to species level.
The distribution of isolated LAB strains in respective meat samples is shown in Table 4. Out of total of

74 GPR LAB strains isolated, 31, 16, 5 and 22 were isolated from flesh, liver, lung and intestine respectively.
This represents percentage (%) distributions of 41.9, 21.6, 6.8 and 29.7 for the respective samples. Also among

the 64 GPC isolated LAB strains, the highest number of 22 was obtained from the intestine while the liver
had the lowest number of 9. Overall, 52, 25, 17 and 44 strains of LAB were isolated from beef, liver, lung

and intestine respectively. This implies that LAB commonly inhabit the flesh of cow meat than other parts,
as shown in this study.

Seventeen hetero-fermentative strains were observed from among the total 138 LAB isolates (Table 5).
Most of the identified hetero-fermentative strains belong to the genus Lactobacillus (12 strains) while the

remaining five belong to genus Leuconostoc. This indicates that all isolated strains of the latter were all
heterofermentative. This confirms reports that all species of the genus Leuconostoc are all heterofermenters

(Hemme and Foucaud-Scheunemann, 2004; Bjorkroth and Holzapfel, 2006). Heterofermentative lactic acid
bacteria produce other metabolites besides lactic acid, unlike the homofermentative LAB which produce lactic

acid as the main metabolite of sugar fermentation. Heterofermentative LAB are not suitable for food
fermentations because the formation of large amounts of carbon dioxide leads to holes of diffeerent sizes in

the product (Buckenhuskes, 1993). In addition, these LAB produce concentrations of acetic acid that cause a
pungent off flavours in food products (Ammor and Mayo, 2007). Hence such LAB need to be carefully

screened, if they are to be used as starter cultures for preservation of meat products.
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A very high percentage of the one hundred and thirty eight strains of lactic acid bacteria isolated in this

study belong to the genus Lactobacillus followed by genera Lactococcus, Pediococcus and Leuconostoc

respectively. The strains of lactic acid bacteria obtained suggest that there is great potential of finding good

candidates as starter cultures for later use for preserving meat products. Some of the isolated strains of LAB

have been reported for use as in biopreservation of foods. Kalalou et al. (Kalalou et al., 2004) reported the

successful use of Lb. delbruekii in extending the shelf life of camel meat at ambient temperature. Guererro et

al. (1995) also reported  similar findings where strains of Lb. bulgaricus, Lb. acidopholus, Lb. casei, Lb.

plantarum and  Ped. Pentosaceus were inoculated on pork meat surfaces, in a successful attempt to preserving

the meat products.

 
Table 3: Genera and species of lactic acid bacteria(LAB) isolated from cow’s  meat samples

Genera/species no Genera/species no

Pediococcus(21 species) Lactobacillus (74 species)

Ped. pentosaceus 6 Lb. plantarum 19

Ped. acidilactici 4 Lb. brevis 7

Ped. halophilus 1 Lb. trichodes 1

Ped. urinae-equi 1 Lb. delbruekii 2

Ped. damnosus 1 Lb. leichmanni 1

Unidentified to species level  8 Lb. jensenii 1

Lb. lactis 2

Lactococcus (38 species) Lb. coprophilus 1

Lc. lactis subsp lactis 4 Lb. bulgaricus 4

Lc. piscium 6 Lb. helveticus 2

Lc. plantarum 6 Lb. acidophilus 1

Lc. raffinolactis 5 Lb. xylosus 1

Lc.  lactis subsp. cremoris 1 Lb. curvatus 1

Lc. garvieae 5 Lb.  cellobiosus 5

Lc. lactis subsp hordniae 3 Lb. buchneri 2

Unidentified to species level 8 Lb. salivarius 5

Unidentified to species level 19

Leuconostoc (5 species)

Leuc. mesenteroides 2

Unidentified to species level 3

Table 4: Distribution of isolated LAB isolates in respective meat samples

Source GPR % GPC % Nlab Overall %

Flesh 31 41.9 21 32.8 52 37.7

Liver 16 21.6 9 14.1 25 18.1

Lung 5 6.8 12 18.8 17 12.3

Intestine22 29.7 22 34.4 44 31.9

GPR – gram positive rods; GPC – gram positive cocci;

nLAB – number of lactic acid bacteria

Table 5: Heterofermentative LAB strains isolated from respective meat samples

Source no Organism

Flesh 6 Labtobicillus brevis(2), Lb. cellobiosus(1 strain) , Lb sp.(1 strain),

Leuconostoc mesenteroides (2 strains)

Lung 2 Lb. sp.(1 strain), Leuc. sp(1 strain)

Liver 4 Lb. brevis(2 strains), Lb. buchneri (1 strain), Leuc. sp(1 strain)

Intestine 5 Lb. brevis(2 strains), Lb. cellobiosus(2 strains), Leuc. sp(1 strain)

Conclusion

Beef meat seems to be very good source for the isolation of a variety of lactic acid bacteria. The wide

strains of different lactic acid bacteria identified in this study suggest that there is hope of obtaining candidates

with technologically important traits that may serve as starter cultures in the preservation of meat products,

the stage to later follow in this study. 

The use of molecular techniques in the confirmation of identities and degree of relatedness of the strains,

especially strains belonging to the same species, is planned as the next phase of the study. This will be very

useful as it helps in preventing the possibility of selecting same strain of same species, and also improve the

selection procedure. Cautions need be taken in the use of the heterofermentative LAB strains as starter cultures

because of their obvious undesirable effect on food products.
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