
 
Vol. 17(5), pp. 118-125, 31 January, 2018 

DOI: 10.5897/AJB2016.15619 

Article Number: 027D70055814 

ISSN 1684-5315 

Copyright © 2018 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJB 

African Journal of Biotechnology 

 
 
 
 
 

Full Length Research Paper 
 

Bio-preservation of Nigerian soft-white cheese in 
submerged consortium of bacteriocinogenic lactic  

acid bacteria culture 
 

Mohammed S. S. D.1*, Wartu J. R.1, Aminu A. H.1, David A. A. D.2 and Musa B. J.3 
 

1
Department of Microbiology, Faculty of Science, Kaduna State University, Kaduna, Kaduna State, Nigeria. 

2
Department of Sciences, College of Nursing and Midwifery, Kafanchan, Kaduna State, Nigeria. 

3
WHO National/ITD Laboratory, UMTH, Maiduguri, Borno State, Nigeria. 

 
Received 18 August, 2016; Accepted 22 December, 2017 

 

Bio-preservation of Nigerian soft-white cheese (wara) in submerged consortium of bacteriocinogenic 
lactic acid bacteria (LAB) culture was investigated. Lactobacillus acidophilus PIT17 and Lactococcus 
lactis PIT30 were isolated from pito using the pour plate technique on MRS medium. The selection of L. 
acidophilus PIT17 and L. lactis PIT30 for the bio-preservation studies were based on their ability to 
produce acidophilin and nisin to inhibit the growth of the test isolates. The ‘wara’ were submerged in 
consortia of the L. acidophilus PIT17 and L. lactis PIT30 culture and were kept/stored at 2, 4, 6, 8, and 
10°C and at room temperature. The shelf-life of the wara alongside control was determined. Physico-
chemical and proximate analysis, microbial counts and organoleptic characteristics of the wara were 
also carried out before and after the bio-preservation. The shelf life of the wara were observed with a 
significant difference (p < 0.05) at storage temperatures of  2°C (5 days), 4°C (6 days), 6°C (4 days), 8°C 
(3 days), 10°C (6 days) and 24±1°C (3 days). The proximate analysis of wara showed significant 
difference (p < 0.05) at different storage temperatures employed. The total viable bacterial count (TVBC) 
of the cheese (wara) decreased significantly (p < 0.05) after 24 h of submerged bio-preservation of wara 
from 9.8 × 10

5 
cfu/ml, 1.3 × 10

6
 cfu/g to between 6.2 × 10

5 
and 7.5 × 10

5 
cfu/g. The organoleptic 

characteristics of wara revealed that there were significant difference (p < 0.05) in colour, texture, 
aroma, taste, and general acceptability.  
 
Key words: Organoleptic characteristics, proximate, physico-chemical, cheese, consortium. 

 
 
INTRODUCTION 
 
Lactic acid bacteria (LAB) are a diverse group of 
microorganisms with different metabolic activities. This 
diversity  makes  them  very  adaptable   to   a   range   of 

conditions and is largely responsible for their success in 
acid food fermentation (Beuchat, 1995). LAB have no 
strict  taxonomic  significance  although  they   had   been  
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shown by serological technique and 16S ribosomal RNA 
cataloguing to be phylogenetically related. They share a 
number of common features (Adams and Moss, 2008). 
Historically, bacteria from the genera Lactococcus, 
Lactobacillus, Streptococcus, Leuconostoc and 
Pediococcus are the main species involved. Several 
more have been identified but with minor significance or 
role in lactic acid fermentations (Food and Agriculture 
Organization, FAO, 2013). LAB produce various 
compounds such as organic acids and bacteriocin during 
lactic acid fermentation (Lindgren and Dobrogosz, 1990). 

Bacteriocins are naturally occurring antibiotic peptides 
produced by Gram positive bacteria and may contain as 
much as 24 amino acids. Some bacteriocins are 
lantibiotics, which means that they are post translationally 
modified so as to encompass the amino acid lanthionine 
or “Lan” (Chatterjee et al., 2005). In recent years, the 
interest increased in bacteriocin-like inhibitory substances 
(BLIS) producing LAB because of their potential use as 
natural antimicrobial agents to enhance the safety of food 
products. Bacteriocins from LAB are described as 
“natural” inhibitors and as a result LAB had acquired 
generally recognized as safe (GRAS) status. The BLIS 
from LAB are antimicrobial compounds that possess 
bacteriocin requisites but that have not yet been 
characterized for their amino acid sequence (Jack et al., 
1995). Bacteriocins from the GRAS-LAB have received 
significant attention as a novel approach to the control of 
pathogens in foods (Settani et al., 2005). 

Pito is one of the indigenous alcoholic beverages. 
Mainly, pito is produced from the grains of guinea corn 
(Sorghum vulgare and Sorghum bicolor). Sorghum is one 
of the cereals cultivated in the tropical regions of Africa 
and is about the largest cultivated crop in the Northern 
Guinea Savanna areas of Nigeria (Okoro et al., 2011). 
The process of pito production is similar to burukutu 
production which involves malting, mashing, 
fermentation, and maturation as described by Okoro et al. 
(2011). Geotrichum candidum and Lacobacillus species 
have been described to be responsible for souring pito 
(Okoro et al., 2011). From plant extracts of tea leaf 
(Camelia species), cashew tree bark (Anacardium 
occidenttale) and the bark of mango tree (Magnifera 
indica), pito can be produced. Steeping and boiling are 
the process involved in production of unfermented pit 
(Kolawole et al., 2007). Most of the bacterial cultures 
found during the production of pito include LAB, which 
include those bacteria capable of metabolising fructose, 
galactose, lactose lactic acid that lowers pH of product. 
The LAB have optimum pH range between 3 and 6.8. 
Many bacteria species had been found in fermented pito. 
They included Leuconostoc mesenteriodes, Bacillus 
subtitis, Staphylococcus species, G. candidum and 
Lactobacillus spp. The species are responsible for the 
souring of pito. Due to consumers demand for the locally 
fermented beverages such as pito, the bacteriocin 
producing organisms are considered a potential source of  
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biological preservatives for such local drinks (Okoro et 
al., 2011). 

Soft white-cheese (wara) can be defined as 
consolidated curd milk solid in which fat is entrapped by 
coagulated casein. The physical characteristics of cheese 
are far removed from milk, this is because protein 
coagulation proceeds to a greater extent as a result of 
the use of proteolytic enzymes and much of the water 
content of the milk separates and it is removed in the 
form of whey (Taylor et al., 1997). Some examples of 
cheese include soft ripened cheeses which include 
camemberti and blue cheeses. The cheese starter culture 
is the combination of Streptococcus cremoris and 
Lactobacillus lactis (O‟ Sullivan et al., 2002). 

Bio-preservation has gained increasing attention as 
natural means for controlling the shelf-life and safety of 
food products. The application of bio protective cultures 
to ensure the hygienic quality is a promising tool 
although, it should be considered only as an additional 
measure to good manufacturing, processing, storage and 
distribution practices (Amani, 2012). The application of 
bacteriocins as natural antimicrobial substances in 
biopreservation (the use of living cells and/or their 
products for preservation purposes) has focused mainly 
on foods and foodstuffs from animal origin (Cleveland et 
al., 2001; Devlieghere et al., 2004; Stiles, 2004). 
Consequently, bio-preservation systems such as 
bacteriocinogenic LAB cultures and/or their bacteriocins 
have received increasing attention and new approaches 
to control pathogenic and spoilage microorganisms have 
been developed (Ross et al., 1999). This study is aimed 
at bio-preservation, physicochemical, proximate, 
microbial analysis and evaluation of organoleptic 
characteristics of Nigerian soft-cheese in submerged 
consortium of bacteriocinogenic LAB culture. 
 
 

MATERIALS AND METHODS 
 

Collection of study samples 
 

Pito samples were purchased from Unguwan Kaje, Minna in sterile 
bottles and were taken to the laboratory for LAB isolation. Samples 
of soft-white cheese (wara) were purchased from Bosso Market and 
deposited in sterile conical flask for the bio-preservation and 
organoleptic characteristic studies. 
 
 

Culture media  
 

The standard laboratory methods as prescribed by Cheesebrough 
(2003) were used to prepare the culture media. The media used in 
this study include nutrient agar (NA) (Oxoid), urea agar base 
(Analar), mannitol salt agar (MSA) (Oxoid), Simon‟s citrate agar 
(Oxoid), De Man Rogosa Sharpe (MRS) broth (Oxoid) and De Man 
Rogosa sharpe (MRS) medium (Oxoid). The MRS is a selective 
medium for the growth of LAB. 
 
 

Isolation of LAB 
 

One milliliter of pito was  aseptically  transferred  into  9 ml  buffered  
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peptone water, Bpw (Oxoid) to obtain 1:10 dilution. In 0.1% peptone 
water, serial dilution of the pito was carried out. The serially diluted 
samples of pito were plated on MRS medium and were incubated at 
37°C for 24 h. Colonies/Growth that appeared on the culture plates 
were counted using the colony counter (Stuart, 6339, Co. Ltd. Great 
Britain). The result of the count was recorded as colony forming 
units per milliliter (cfu/ml). Repeated sub-culturing of the isolates on 
fresh media was used to obtain pure cultures. The pure culture was 
maintained on agar slant for further characterization and 
identification (Bromberg, 2004; Oyeleke and Manga, 2008). 

 
 
Characterization and identification of microbial isolates 

 
The microbial isolates were identified based on colony morphology, 
cell morphology and biochemical tests (Fawole and Oso, 1998; 
Cheesbrough, 2003; Manga, 2008). The biochemical tests include 
Gram‟s reaction, motility, oxidase, ammonia from arginine, 
coagulase, catalase, citrate utilization, indole test, gelatine 
liquefaction, carbohydrate utilization profiles, and mannitol activity. 
The LAB were characterized and identified as Lactobacillus 
acidopholus PIT 17 and Lactococcus lactis PIT 30 using standard 
scheme. 

 
 
Selection of LAB for bio-preservation studies 

 
The L. acidopholus PIT 17 and L. lactis PIT 30 were selected from 
other LAB after vigorous screening with reference amount of 
bacteriocin produced using the methods described by Kacem et al. 
(2005) and Mohammed et al. (2013). 

 
 
Inoculum preparation of LAB 

 
The bacteriocinogenic LAB (L. acidophilus PIT17 and L. lactis 
PIT30) were inoculated into nutrient broth medium and then 
incubated at 37°C overnight, serial dilutions was carried out 
thereafter. The total count of microorganisms per milliliter (ml) of the 
stock suspension was determined by means of the surface viable 
count (SVC) technique. The McFarland standard was prepared by 
mixing 0.85% of 1% sodium chloride and 9.95 ml of 1% sulphuric 
acid in a separate test tube. While Microbial cell dilutions of the L. 
acidophilus PIT17 and L. lactis PIT30 in normal saline initially 
prepared were compared with the turbidity that matches that of the 
0.5 (108 cells/ml) McFarland standard prepared. Thus, standard 
inoculums for the culture consortia of L. acidophilus PIT17 and L. 
lactis PIT30 were prepared. The 0.5 McFarland standards is 
comparable to a bacterial suspension of 108 cells/ml. From the 
inoculums, wara were preserved/submerged in 108 cells/ml (w/v) of 
the consortia of L. acidophilus PIT17 and L. lactis PIT30 cultures 
employed in this study (McFarland, 1907; Sanaa et al., 2008). 

 
 
Bio-preservation studies of soft-white cheese using 
consortium of bacteriocinogenic LAB 

 
From the inoculum preparations, the cheese (wara) were 
submerged and preserved in 108 cells/ml (w/v) of the consortia of L. 
acidophilus PIT17 and L. lactis PIT30 cultures. The preserved  wara 
were kept/stored at refrigeration temperature (2, 4, 6, 8 and 10°C) 
and room temperature (24±1°C) to determine the shelf life of the 
wara under study. The experimental control (wara without consortia 
bacteriocinogenic LAB) were set aside (Mcfarland, 1907; Techno 
serve, 1994; Food Storage Time Guide Line, FSTGL, 2003; Food 
Safety Authority of Ireland, FSAI, 2005; Sanaa et al., 2008). 

 
 
 
 
Proximate analysis of soft-white cheese (wara) 
 
Percentage moisture content  
 
In an oven at 80°C, the metallic dishes were dried for 20 min and 
were allowed to cool in desiccators and weighed. About 5 g of wara 
were placed in the dishes and were weighed. The dishes with the 
wara samples were then dried at 80°C in an oven for 24 h to 
achieve a constant weight. These were quickly transferred to 
desiccators to cool. It was then weighed immediately with minimum 
exposure to the atmosphere. The loss in weight of the wara sample 
during drying is the moisture content (AOAC, 2005). 
 

 
 
Where, W1 = Initial weight of empty crucible, W2 = weight of crucible 
+ food before drying, W3 = final weight of crucible + food after 
drying. 
 
% Total solid (dry matter) = 100 - % Moisture 
 
 
Percentage protein content  
 
The concentrated H2SO4, concentrated NaOH (40%), K2SO4 and 
CUSO4 were used to digest the wara sample. About 5 ml of the 
digested wara samples each were placed into a micro-Kjeldahl 
distillation apparatus with excess concentrated NaOH to make the 
solution strongly alkaline. Ammonia were distilled into 5ml of boric 
acid indicator in a titrating flask separately. About 45 ml of the 
distillates were collected. Titrations were done with 0.01M HCL. The 
end points of titration were light green (AOAC, 2005). 
 
% Protein = %N × F  
 
Where, F = Conversion factor = 100 / (%N in food protein)  
 
and 
 
% Nitrogen (N) = (VSVB ×Nacid × 0.01401 / W) × 100  
                                                          
Where, VS = vol. (ml) of acid required to titrate sample, VB =vol. (ml) 
of acid required to titrate blank, N acid = Normality of acid (0.1N), 
and W = weight of sample in grams. 

The common factor used for most food and food mixture is 6.25 
 
 

Percentage total ash content  
 
Ten grams of wara samples were weighed into a small dry crucible 
of known weight separately. The wara samples in the separate 
crucible were charred on a low furnace. At 550°C, the charred 
samples of wara were ashed in a muffle furnace for 2 h. The ashed 
materials were removed from the furnace and cooled. The materials 
were placed in the desiccators and were weighed (AOAC, 2005). 
 

 
 
Where, W1=Weight of empty crucible, W2=weight of crucible + food 
before drying and/or ashing, and W3=weight of crucible + ash. 
 
 

Percentage total fat contents  
 
The  percentage  fat  content  of  wara  was  determined   by   direct  



 
 
 
 
Soxhlet extraction using petroleum either (bp = 40 to 60°C) as 
solvent. The 0.5 g of wara samples were measured into separate 
filter papers and were placed in the extractor. The set-up was 
placed on a heating mantle separately. The heat source was 
adjusted such that the solvent was boiled gently and refluxed 
several times for 6 h until the ether had siphoned over and the 
barrel of the extractor was empty. On removal, the filter paper was 
placed in an oven at 50°C and dried to constant weight. The 
percentage of fat was then calculated (AOAC, 2005). 
 

 
 
 
Total carbohydrate content (%) 

 
The total percentage of carbohydrate content of wara was 
calculated by adding percentage moisture, ash, protein, fat, and 
fibre contents of the wara and subtracting it from 100% (AOAC, 
2005). 
 
 
Microbial counts 
 
The pour plate method was used. Serially, diluted sample of the 
bio-peserved wara was inoculated into nutrient agar and incubated 
at 37°C for 24 h for the presence of aerobic viable bacteria. 
Colonies that appeared on the plates were counted using colony 
counting chamber and were recorded as colony forming unit per 
millilitre (cfu/ml) or (cfu/g) of samples (Cheesbrough, 2003; Oyeleke 
and Manga, 2008). Microbial counts were taken before 
biopreservation of products, every 24 h after first preservation of 
dairy products in consortia of L. acidophilus PIT17 and L. lactis 
PIT30 cultures and at the expiration of shelf life of the wara. 
 
 
Organoleptic characteristics of soft-white cheese (wara)  
 
The method of Ranganna (2008) was employed. Sensory quality 
attributes such as colour, aroma, texture, taste, and general 
acceptability of the biopreserved wara were evaluated using six-
point Hedonic scale. For this purpose, the wara samples were 
served to ten panellists for rating on Six-point scale as  score 1 
(dislike very much/most undesirable), 2 (dislike much), 3 (dislike), 4 
(like), 5 (like much), and 6 (liked very much/most desirable) 
compared with the control samples of wara. The organoleptic 
scores generated were analyzed statistically. 
 
 
Statistical analysis of data 
 
Data generated in this study were subjected to statistical analysis 
using analysis of variance (ANOVA), that is, one way analysis of 
variance (ANOVA), SPSS 19.0 version package and Pearson‟s 
correlation with MINITAB 14 package to determine the level of 
significance between variables. 
 
 
RESULTS 
 
Isolation, characterization, identification of 
bacteriocinogenic LAB and it selection for bio-
preservation studies 
 
The pito analyzed had varying species of LAB in them.  L.  
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acidophilus PIT 17 and L. lactis PIT 30 were isolated, 
characterized and identified (Table 1). The L. acidophilus 
PIT 17 and L. lactis PIT 30 were selected after vigorous 
screening based on its ability to grow in MRS broth to 
produce acidophilin and nisin. Also, through 
spectrophotometric analysis at the 580 nm wavelength, 
bacteriocin activity (AU/mL), pH and potentials for use as 
food preservative. It was observed that L. acidophilus PIT 
17 and L. lactis PIT 30 had growth ability of 0.89, at pH of 
5.00 and 0.91 at pH of 5.80 and bacteriocin activity of 
8200 and 9400 AU/mL, respectively  with significant 
differences (p < 0.05) (Table 2). 
 
 
Proximate analysis of bio-preserved soft-white 
cheese (wara) 
 
The proximate analysis of the wara such as %moisture, 
protein, total ash, fat and carbohydrate showed 
significant difference (p < 0.05) at different storage 
temperatures employed. The variation in the proximate 
compositions could be attributed to effects of the LAB 
consortium used and/or differences in storage 
temperatures employed in this study (Table 3). 
 
 
Microbial count of bio-preserved soft-white cheese 
(wara) 
 
The total viable bacterial count (TVBC) of the cheese 
(wara) decreased significantly (p < 0.05) after 24 h of 
submerged technique of bio-preservation of wara from 
9.8 × 10

5 
cfu/ml, 1.3 × 10

6
 cfu/g to b  6.2 × 10

5 
and 7.5 × 

10
5 
cfu/g. Shelf life extension days of wara were observed 

with a significant difference (p < 0.05) at storage 
temperatures of 2°C (5 days), 4°C (6 days), 6°C (4 days), 
8°C (3 days), 10°C (6 days) and  24±1°C (3 days) (Table 
3). 
 
 

Organoleptic characteristics of bio-preserved soft-
white cheese (wara) 
 
The organoleptic characteristics of the wara revealed that 
there were no significant difference (p > 0.05) in colour, 
texture, aroma, taste and general acceptability compared 
with the wara not submerged in the consortia culture of 
the bacteriocinogenic LAB. This could be as a result of 
the effects of the bacteriocinogenic LAB and/or storage 
temperatures employed when compared with the wara 
not submerged in the consortia culture of the 
bacteriocinogenic LAB (control) (Table 4). 
 
 

DISCUSSION 
 
The pito analysed showed the presence of LAB. 
Similarly,  the  occurrence  of  LAB  in  locally   fermented  
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Table 1. Morphological and biochemical characteristics of bacteriocinogenic LAB isolated from fermented food product. 
  

Isolate 
code 

Colony 
morphology 

Cell  

morphology 

Gram 
staining 

Oxidation 
test 

Mannitol 
activity 

Catalase 
NH3 activity 

from arginine 
Gelatine 

liquefaction 

Sugar fermentation 
Probable organisms 

Glucose Sucrose Fructose Lactose 

PIT17 Circular, convex Rods G+ - - - + - G A AG A 
Lactobacillus 
acidophilusPIT1 7 

PIT30 Convex Cocci in chains G+ - - - + - AG A A AG Lactococcus lactis PIT30 
 

PIT, Pito; G+, Gram positive; +, positive result; -, negative result; G, gas production; A, acid production; AG, acid and gas production.  

 
 
 

Table 2. Production of bacteriocin by Lactobacillus acidophilus and Lactococcus lactis. 
 

Coded organisms 
Growth of 

LAB (580 nm) 

pH of 

bacteriocins 

Bacteriocin 

activity (AU/mL) 

Lactobacillus acidophilus PIT1 7 0.89 5.00 8200 ± 0.00
a
* 

Lactococcus lactis PIT30 0.91 5.80 9400 ± 0.00
a
* 

 

PIT, Pito; Au/ml, Activity unit per milliliter; nm, nanometer. Results with the same superscript are significantly different (p > 
0.05). 

 
 
 
foods were also reported by Oyeleke et al. (2006) 
who reported frequent isolation of L. bulgaricus 
and L. acidophilus with 29% each of occurrence, 
followed by Streptococcus thermophilus (25%), S. 
cremoris (10.6%) and L. lactis (6.4%) products. 
This is in conformity with the report of Mohammed 
and Ijah (2013) who isolated and characterized 
LAB from fermented milk (nono), cheese (wara) 
and yoghurt and revealed that 13 (86.6%) out of 
15 samples analysed, harboured LAB. Nono had 
the highest LAB counts (9.8 × 10

6 
cfu/ml), while 

yoghurt had the lowest LAB counts (3.1 × 10
6
 

cfu/ml). The LAB were identified as Lactobacillus 
bulgaricus (31.6%), L. lactis (15.8%), L. 
acidophilus (10.5%), S. thermophilus (15.8%), S. 
cremoris (10.5%), Pediococcus halophilus (5.3%) 
and Saccharomyces cerevisiae (5.3%). The bio-
preservation of wara (w/v) in consortia of L. 
acidophilus PIT17 and L. lactis PIT30 culture 

revealed that pH, storage temperature and 
microbial load played significant roles in shelf life 
determination. Similarly, FSAI (2005) reported that 
the shelf life of many food products is dependent 
on storage temperature and microbial load. At 
refrigeration, storage temperatures of 4 and 10°C, 
fermented milk products in this study were also 
better preserved than other storage temperatures 
(2, 6, 8 and 24±1°C) employed in this study. This 
could be due to the inability of some the spoilage 
pathogenic organisms to grow at those 
temperatures and/or the presence of consortia 
culture of LAB employed. This is not the same but 
similar with the report of Mohammed et al. (2013) 
worked on bio-shelf life extension of fresh beef in 
Lactobacillus plantarum FALB 33 culture at 
different storage temperatures and revealed that 
at refrigeration storage temperatures of 4 and 
10°C, fresh beef were best preserved than other 

storage temperatures (2, 6, 8 and 24±1°C) 
employed in their study. This finding is similar to 
the report of Techno serve (1994) that most 
commercial products, like milk products are 
refrigerated at 10°C which also encourages the 
growth of many psychrophiles like Pseudomonas, 
Alkaligenes, Flavobacterium and Micrococcus 
species at room storage temperature (24±1°C). 
This is similar to the result of the present study 
where the preserved wara with the consortium 
proved effective and extended the shelf life by 2 
to6 days at different storage temperatures. This 
agrees with the report of O‟Sullivan et al. (2002) 
that as an alternative to using bacteriocin itself for 
bio-preservation of foods, direct introduction of 
live bacteriocin-producing culture of LAB as a 
protection starter has been investigated 
extensively and has achieved favourable results in 
some food systems. For example, the nisin-
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Table 3. Physicochemical, proximate and microbial qualities of soft-white cheese bio-preserved in consortium of L. acidophilus PIT 17 and L. lactis PIT30 culture. 
 

Milk product Moisture content (%) Protein content (%) Total ash content (%) Fat content (%) Total carbohydrate (%) 
pH of fermented milk 

products 

White cheese (wara) 

67.20±.13b,c 12.16±.03a 2.80±.23a 13.11±.06b,c,d 3.95±.02f 4.0 

67.22±.06b,c 14.63±.02e 2.63±.02a 13.13±.08c,d 2.12±.01b 4.0 

67.31±.01b,c 13.77±.03c 2.63±.01a 13.10±.06b,c,d 3.04±.02d 4.0 

67.31±.02b,c 14.14±.08d 2.61±.02a 13.22±.13d 2.01±.01a 4.0 

68.26±.14d,e 14.24±.06d 2.71±.01a 13.25±.03d 3.62±.01e 4.0 

67.90±.16c,d 13.20±.12b 2.67±.02a 12.91±.19a 3.10±.06d 4.0 
       

Control 68.45±.58e 13.71±.06c 2.65±.03a 12.82±.12a,b 1.94±.02a 4.68 
       

       

 
Storage temperature 

(°C) 

Microbial counts (cfu/ml or 
cfu/g) before inoculation 

with/in LAB (106) 

Microbial counts (cfu/ml or cfu/g) 
after 24 h of inoculation of milk 

products with/in LAB (105) 

Microbial counts (cfu/ml 
or cfu/g) after shelf life 
of milk products (106) 

*Days of original shelf 
life of milk products 

Days  of Improved shelf 
life (elongation) of milk 

products 

White cheese (wara) 

2 1.2 ** 7.0** 1.1 14 19** 

4 1.2 7.2 1.2 14 20** 

6 1.2 7.5 1.4 10 14 

8 1.2 7.8 1.3 7 10** 

10 1.2 8.0 1.0** 7 13** 

24±1 1.2 8.4** 1.6** 1 4 
       

Control - 1.4 9.5 1.9 - - 
 

*Recommended period (days) of shelf life (elongation) of milk products (Techno serve, 1994; FSTGL, 2003; DSGL, 2004; DHEC, 2013). FCF, Fermented corn flour. Proximate analyses results represent 
mean ± standard error mean of triplicate determinations. Results with the same superscript on the same column are not significantly different at (p > 0.05), **(p < 0.05). 

 
 
 

Table 4. Organoleptic characteristics of white cheese (Wara) bio-preserved in consortium of L. acidophilus PIT 17 and L. lactis PIT30 
culture. 
 

Parameter  Colour Aroma Texture Taste General acceptability 

White cheese 5.50±0.00
c
 5.40±0.00

f
 5.60±0.00

p
 5.60±0.00

o
 5.80±0.00

o
 

Control 6.00 6.00 6.00 6.00 6.00 
 

Results with the same superscript on the same row are not significantly different (p > 0.05). 

 
 
 
producing starter has been shown to have the 
potential to inhibit L. monocytogenes in 
Camembert cheese manufacture. Furthermore, it 

was reported that Lactobacillus or Pediococcus 
strains producing an antilisterial class IIa 
bacteriocin could inhibit L. monocytogenes growth 

in meats and meat products. The lacticin 481-
producing and lacticin 3147-producing cultures 
have  been  used   successfully   to   improve   the 
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quality of Cheddar cheese through the inhibition of 
NSLAB (Ryan et al., 1996; O`Sullivan et al., 2003). 
O`Sullivan et al. (2003) reported a reduction of 4 log units 
in the number of NSLAB after 4 months of ripening in 
experimental Cheddar cheese with lacticin 481-producing 
strain L. lactis CNRZ 481 used as an adjunct to the 
lactococcal starter culture L. lactis HP, compared with the 
same number of bacteria in the control cheese (obtained 
with the standard starter culture only). The recorded 
decrease in the number of NSLAB was 2 log units 
achieved at the end of the ripening period (after 6 
months). Nisin Z-producing strain L. lactis IPLA 729 has 
been successfully applied on the inhibition of the spoilage 
strain of Clostridium tyrobutiricum CECT 4011, a late 
blowing agent, in semi-hard Vidiago cheese making as 
reported by Rilla et al. (2003). 

The results of the proximate analysis of the bio-
preserved wara showed major differences at different 
storage temperatures employed. The variation in the 
proximate compositions could be attributed to presence 
of the biopreservation culture or differences in storage 
temperatures employed in this study. This is similar to the 
report of Elewa (2009) who revealed that the proximate 
analysis of cheese samples produced using combined 
culture of Lactobacillus bulgaricus and L. plantarum had 
the highest protein content (29.5%), while the sample 
produced by natural fermentation had the lowest protein 
content (26.66%). The moisture content of the samples 
ranged between 26.64 and 32.09%. This is also similar to 
the report of Ramzi and Ahmed (2013) who worked on 
soft-white cheese and revealed that the total solids, fat, 
crude protein, titratable acidity, pH, and volatile fatty 
acids were affected by the storage period, while there 
was no significant difference (p>0.05) in ash contents.   

The organoleptic characteristics observed in this 
present study on the wara revealed that there were 
significant difference (p < 0.05) in colour, texture, aroma, 
taste and general acceptability compared with the control. 
This is similar to the findings of Papetti and Carelli (2013) 
who worked on composition and sensory analysis for 
quality evaluation of a typical Italian cheese and revealed 
that  cheese were evaluated for various sensory 
attributes (taste, flavour, texture, and overall 
acceptability) during storage. In the affective tests, the 
panellists evaluated the samples for overall quality. The 
results proved that months of production had significant 
effects on the sensory quality of the cheese. This is also 
similar to the report of Katikou et al. (2005) who worked 
on sensory changes in colour and odour of sliced-bio 
preserved-refrigerated beef with bacteriocin and revealed 
that instrumental colour measurements changed with 
storage time, but no treatment effects were observed 
during the whole 28-day storage period. This is not the 
same but similar to the report of Mohammed et al. (2014) 
who worked on sensory evaluation of African Catfish 
(Clarias gariepinus) bio-preserved in culture of 
Lactobacillus sake FMB 9 and revealed that the shelf  life  

 
 
 
 
of the African catfish was extended significantly (p < 0.05) 
between 2 and 5 days at the different storage 
temperatures employed. The implication of these 
research  findings is that bio-preservation of wara using 
consortia culture can extend the shelf life of the products 
particularly at refrigeration temperatures of 4 and 10°C, 
respectively. In conclusion, the findings of this study 
demonstrate that the use of consortium of 
bactriocinogenic LAB improved the nutritional quality, 
shelf life and acceptability of the wara.  
 
 

RECOMMENDATION 
 
It is therefore recommended that this method of 
biopreservation be used in food and dairy industries. 
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