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Abstract 
 
Non-dairy probiotic yoghurt analogue was formulated  using cream variety of soybean (Glycine 
max L.) and white variety of acha (Digitaria exilis ). One kilogram of cleaned soybean and 
500grams of cleaned acha were used to produce soymi lk and acha milk. Soymilk and acha 
milk were blended in different ratios (100:0; 90:10 ; 80:20: 70:30; 60:40; 50:50; 0:100), 
respectively. The various blends were pasteurized a t 800C for 30 minutes, cooled to 44±2 0C 
fermented naturally for 8 hours until desired degre e of acidity was achieved, cooled rapidly to 
8±20C, packaged in sealed plastic bottles and stored in  the refrigerator. Microbiological 
analyses were done on the isolates obtained from in cubation in an anaerobic jar at 37 0C for 
48hours. The isolates were stored in sterile agar s lants after purification by successive 
streaking on MRS and ST agar before being subjected  to characterization. Microbiological 
screening (morphological, physiological and biochem ical tests) was done to identify 
characterized a working isolate of probiotic status . Further assessment of performance of 
probiotic strains {acidifying activity and exopolys accharide (EPS) production} were performed. 
Results show that the isolates were Gram positive, catalase negative, oxidase negative and 
non-sporing. A total of 7 isolates produced lactic acid. Among the 5 rods,3 were able to grow 
at 450C ,produced acid and gas from glucose (characterist ic of Lactobacillus spp.);2 isolates 
grew between 15 and 37 0C,at 4%NaCl and pH of 9.6 (characteristic of Strept ococcus spp) while  
2 isolates grew between 15 and 42 0C, produced acid from glucose and  lactose, citrate  positive 
(characteristic of Lactococcus spp). All the isolat es showed tolerance to 5% bile and 3.0% 
NaCl (inhibitory substances) .There was no signific ant difference (p>0.05) in the acidifying 
activities of Lactobacillus, Lactococcus and  Strep tococcus species. After 6 hours of 
incubation, an increase in pH from 4.78 to 5.87(for  Lactobacillus spp), 4.12 to 5.86(for 
Lactocccus spp) and 4.20 to 5.60(for Streptococcus spp) were observed. Lactococcus spp 
showed an acid value of 0.29g100m -1lactic acid after 6 hours and increased from 0.40 t o 0.75g 
100ml -1 after 12 and 24 hours respectively. These isolates  were used for the formulation of 
probiotic yoghurt analogue. 
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Introduction 
 
Fermented products are mainly used in human 
diet in developing and developed countries, 
which have been derived from plant or animal 
materials. It is an acceptable and essential 
part of diet in most parts of the world for 
several centuries. According to Hassan and 
Amjad (2010), yoghurt is one of the oldest 
fermented   products known. Fermentation of 
milk involves the action of micro-organisms, 
principally the lactic acid bacteria. These 
microorganisms convert milk lactose into lactic 
acid and make milk sour (Kagan, 1985). The 
popularity of yoghurt is due to its 
characteristics; the pleasant aromatic flavor, 
thick creamy consistency and its reputation as 

food associated with good health (Domagla, 
2005).  

The acidity of yoghurt varies from 0.7 
to 1.1%lactic acid with pH approximately 4.0 to 
4.2 (Wanda and Salauen, 2005).Yoghurt is 
more nutritive than milk in vitamin contents for 
its digestibility. It is also used as source of 
calcium and phosphorus. It is believed that 
yoghurt has valuable therapeutic properties 
and helps in curing gastrointestinal disorders 
(Adolfsson, 2004; Perdigon, 2005). The 
specific health benefits depend on the strain 
and viability of the culture in yoghurt (Miller et 
al., 2008; Saudy, 2008). Probiotic bacteria are 
completely non-toxic and have been 
consumed as part of cultured food such as 
yoghurt. 
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In present days, most yoghurt is 
prepared by either using special lactic acid 
producing organism or by direct acidification of 
milk by acidulant (Nobuo, 2002). High quality 
yoghurt with a pleasant taste depends very 
much on the ratio of two bacterial species: 
Streptococcus thermophilus and Lactobacillus 
bulgaricus (Fuller, 1989; Abubakar et al., 
2005). However, the diary protein composition 
is known to influence the structure and texture 
character of yoghurt (Saint et al., 2006). 
Lactobacillus species are employed in the 
production of a wide range of fermented milk, 
meat and plant products and are also routinely 
isolated from the vagina and gastro-intestinal 
tract (Callanan et al., 2008).  

Isolation of exopolysaccharide-
producing Lactobacillus cultures from 
traditional fermented foods of Thailand 
(Smitinont et al., 1999), in oat-based nondairy 
milk substitutes (Marensson et al., 2000), 
Burkina Faso fermented milk (Savadogo et al., 
2004), fermented green olives (Sanchez et al., 
2006) and a traditional fermented dairy 
product, ‘dahi’ (Vijayendra et al., 2009) was 
reported. 

 Bacterial starters have also been 
produced for a variety of fermented products 
to improve their sensory and other quality 
characteristics (Saeed et al., 2009).  Natural or 
spontaneous fermentation has been used for 
the production of fermented foods based on 
the microflora preset in the raw material(Vogel 
et al., 2002).The quality of end products was 
dependent on the types and numbers of 
microorganism in the raw material. Natural 
fermentation was optimized through back 
slopping (that is the inoculation of the raw 
material with a small quantity of a previously 
performed successful fermentation) which 
means dominance of the best adapted strains 
(Harris,1998). The direct addition of selected 
starter cultures to raw materials is a milestone 
in the production of fermented foods which 
may help control the overall standardization of 
the fermentation process and quality of the 
end product. Strains with specific physiological 
and metabolic properties were isolated from 
natural habitats or from successfully fermented 
products for use in the industrial productions 
(Oberman and Libudzisz, 1998). 

Lactic acid bacteria (LAB) are a group 
of Gram positive bacteria, catalase–negative, 
non-motile, non-spore forming rods or cocci 
and produce lactic acid as the major end 
product during fermentation. They are strictly 
fermentative, microaerophilic, acidophilic, salt-
tolerant with complex nutritional requirements 
for carbohydrates, amino acids, peptides, fatty 
acids, salts, nucleic acids 

derivatives and vitamins. The natural habitat of 
these organisms includes humans, animals 
and plants. Their long history of safe use 
(Holzapfel et al., 2001), commonly referred to 
as the GRAS (Generally Recognized as Safe) 
status ,has led to a wide range of industrial 
application ,that is flavour, texture and 
preservative qualities of many fermented foods 
such as yoghurt, cheese, sausages and sour 
bread. The overall flavour of yoghurt is 
affected by the content of lactic and acetic 
acids. Homofermentative lactic acid bacteria 
are able to convert hexoses into lactic and 
acetic (ethanoic) acid and CO2. The 
temperature also affects the ratio of lactic to 
acetic acid in addition to type of starter culture. 
Lactic and acetic acids are also produced by 
heterofermentative lactic acid bacteria from 
pentoses (Hammes and Vogel, 1995). 

Lactic acid fermented foods have  
made up a significant portion of food taken by 
humans for a long time and still do in many 
developing countries in Africa(Molin,2001). 
Lactic acid fermentation is the simplest and 
often the safest way of preserving food and 
before the industrial revolution. Lactic acid 
fermentation was use just as much in Europe 
as it still is in Africa. In this way, humans 
consumed large numbers of live lactic acid 
bacteria and presumably those associated 
with milk. Thus,  it may well be that the human 
gastrointestinal tract evolved to adapt to a 
more or less daily supply of live lactic acid 
bacteria . This supply ceased in industrialized 
countries during the 20th century, which may 
have led to intestinal problems, perhaps even 
immunologically dependent ones. 

The starter cultures for the production 
of fermented products are not presently 
produced in Nigeria and are imported for 
industrial use. The use of lactic acid bacteria 
as starter helps to improve the quality and 
shelf life of the products. The lactic acid 
bacteria of the naturally fermented dairy 
yoghurt may be used in the production of 
novel non-dairy yoghurt of probiotic status, 
which is likely to have superior quality and 
longer shelf life. Therefore, the present study 
was designed to isolate and characterize the 
suitable starter culture for the production of 
non-dairy probiotic yoghurt. 

 
Materials and Methods 
 
Procurement of strains: Bacterial strains 
were isolated from the natural fermentation of 
the formulated yoghurt analogue from 
soybean-acha blends in different ratios. 
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Growth media of bacterial strains: deMan 
Rogosa Sharpe (MRS) agar CM 361 and broth 
(M17) both manufactured by Oxoid usually 
designated for anaerobes was measured out, 
weighed and autoclaved before use. 
 
Isolation and characterization of 
microorganisms: Lactic acid producing 
bacteria were isolated from the formulated 
yoghurt analogue. Serial ten-fold dilutions of 
the yoghurt analogue samples were prepared. 
A 0.1ml aliquot of 10-5 dilution was spread-
inoculated on sterile plates of deMan Rogosa 
Sharpe agar CM361 (Oxoid).  The plates were 
incubated anaerobically in an anaerobic jar 
(containing a gaspak used to evacuate all 
traces of oxygen thereby creating an 
environment having only carbon IV oxide). The 
incubation was done for 24-72hours. Several 
developed colonies were repeatedly sub-
cultured to obtain pure isolates anaerobically. 
 
Identification of working isolate:  The 
taxonomic identification of the working isolate 
was based on its colony and morphological 
characteristics and standard biochemical tests 
as described in the identification schemes of 
Holt et al.( 1994). The colony morphological 
characteristics of the isolates were examined 
by observing the colonies on MRS agar plates 
while chromogenesis for the morphological 
characteristics, an 18-hour, MRS broth culture 
of the isolate was used in making a hanging 
drop preparation to determine the shape and 
motility of the isolate. The morphology was 
further determined by the reaction of the 
isolate to Gram Stain and all were viewed 
microscopically.  
 
Gram’s staining methods: Gram’s stain was 
done using the method described by Harrigan 
and McCance (1976). A heat-fixed smear was 
prepared from an 18-24 hours culture in the 
usual way from MRS broth and stained with 
crystal violet solution for 1-2 minutes. Then, 
rinsed rapidly with water and Gram’s iodine 
solution was added and left for 1 minute. The 
iodine was poured off and blotted dry. The 
slide was washed with 95% ethanol (or 
industrial methylated spirits) until no more 
violet stain runs from the slide (only 5-15 
seconds in the case of well-prepared thin 
smears).The slide was rinsed under the tap 
and stained with dilute carbol fuschin solution 
for 20 seconds. The slide was washed well 
and blotted dry. The slide was viewed under a 
microscope using oil immersion.  
 
Motility test: The motility of isolate was 
determined using the method described by 

Harrigan and McCance (1976).A small drop of 
suspension was placed on a slide and covered 
with a cover slip (glass). The preparation was 
not made too thick. It was advisable to seal the 
preparation with nail varnish or molten 
petroleum jelly to prevent it from drying out. 
The preparation was examined 
microscopically for motile organisms using the 
10 x and 40x objectives. The movement of 
small motile bacteria must be distinguished 
from the on-the-spot vibratory movement 
(Brownian movement) which is shown by all 
micro-organisms and particles when 
suspended in a fluid.  
 
Slime production: For slime production, 
strains were inoculated on the suitable media 
(MRS broth) and incubated at 420C for 24 
hours. Ropiness of colonies was tested on 
agar surfaces were tested with a loop to 
observe the formation of slime (Zambou et al., 
2007). 
 
Biochemical tests on the working isolates: 
The ability to utilize certain substrates based 
on the presence (or absence) of certain 
enzymes are characteristics important in the 
systematic studying for the identification of 
bacteria (Jideani and Jideani, 2006). The 
biochemical tests carried out to identify the 
isolates included the following: voges-
proskaeur, indole, citrate, growth in NaCl (of 
different percentages), growth on sugars 
(namely glucose, sucrose, lactose, mannitol, 
maltose) and production of enzymes (namely 
oxidase, catalase). 
 
Catalase test: Catalase test was done using 
the method described by Harrigan and 
McCance (1976). About 2-3ml of the hydrogen 
peroxide (H2O2) solution was poured into a 
test tube. Using a sterile wooden stick or a 
glass rod, a good growth (a loopful) of the test 
organism was removed and immersed it in the 
H2O2 solution. The presence or absence of 
immediate bubbling (effervescence caused by 
the liberation of free oxygen as gas bubbles 
indicate the presence of catalase in the culture 
under test) was looked for. Active bubbling 
(positive test) showed catalase was produced 
as shown in the equation below while no 
release of bubbles indicate negative test and 
no catalase was produced. 2H2O2 → 2H2O 
+O2 

 
Indole test:  Freshly prepared Kovac’s indole 
reagent was used. Two grammes of 4-
dimethylaminobenz-aldehyde was dissolved in 
30ml of isoamyl alcohol (3-methyl-1-butanol) 
solution. Then 10ml of concentrated 
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hydrochloric acid was added and mixed well 
according to Harrigan and McCance (1976). A 
loopful of the pure isolates was grown in sterile 
peptone water for 48 hours at 370C. The 2-day 
old cultures were used by the addition of 0.2ml 
freshly prepared Kovac’s reagent shaken and 
allowed to stand for 5 minutes. The 
appearances of a red coloration on the amyl 
alcohol layers indicate positive indole test (that 
is a decomposition of tryptophan to indole). A 
negative test remains as a yellow layer on the 
interface. 
 
Test for sugar fermentation (triple sugar 
iron agar): About 65g of the dehydrated TSI 
medium was dissolved in 1 litre of distilled 
water and homogenized by boiling. The 
medium was mixed well and dispersed into 
cotton-plugged test tubes. These tubes were 
sterilized by autoclaving at 151b pressure and 
1210C for 15 minutes. The medium was 
allowed to set in sloped form with a butt of 
about 1inch long. The slants were inoculated 
with test isolate by streaking the slope and 
stabbing the butt. The test tubes were 
incubated at 370C for 18-24 hours. The results 
were taken immediately after incubation as 
follows:  
 
• Yellow slant with yellow butt → 

Fermentation of lactose and glucose by 
bacteria  

• Red slant and yellow butt → Fermentation 
of glucose and not lactose and sucrose 

 
Voges-Proskaeur test: The Voges-Proskaeur 
test was done. Glucose phosphate peptone 
water was used as the base. The isolates 
were inoculated into this medium and 
incubated for 72 hours at 370C. Five millilitres 
of 40% potassium hydroxide was added. A 
knife edge or trace of creatinine was then 
added and shaken well. A deep pink colour 
within 5 minutes indicated a positive test of 
butanediol fermentation. A negative test was 
detected by a faint pink colour after 5 minutes. 
 
Citrate utilization: The Simon citrate medium 
was used. About 23g of the dehydrated 
medium was suspended in one litre of distilled 
water and homogenized. Eight millilitres of the 
medium was dispensed into test tubes 
plugged with cotton wool and kept in slants. 
Pure isolates were inoculated into the sterile 
medium and incubated at 370C for 24-48 
hours. Growth and blue coloration show 
positive test because of the change in 
indicator colour from green to blue indicating 
the use of the citrate as sole carbon source. 

No change in the colour of the medium (green) 
and no growth indicate a negative test. 
 
Oxidase test: One percent of oxidase reagent 
was prepared by the dissolution of 0.1g of 
tetramethyl phenylenediamine hydrochloride in 
10ml of distilled water. A drop of the freshly 
prepared oxidase reagent was added to a 24-
hour old culture agar plates. A positive test 
was observed by the production of a purple 
colouration within 5-10 seconds while a 
delayed purple colour (10-16 seconds) 
indicated negative test.  
 
Preliminary investigation/identification of 
fermenting strains for probiotic yoghurt 
analogue from soymilk-‘acha’ milk blends: 
For the isolation and identification of the 
strains, the milk samples were incubated at 
these respective temperatures. Coagulated 
samples were then streaked on MRS agar 
(Oxoid) according to DeMan et al. (1960) and 
were used for the isolation of the lactic acid 
bacteria (LAB) such as Lactobacillus while 
M17 was used for Lactococcus (Terzaghi and 
Sandine, 1975). The streaked samples on 
MRS were incubated under anaerobic 
conditions using the Gas Pak Plus Anaerobic 
System (Beckon Dickinson Microbiology 
System, Cockeyville, MD, USA) at 30, 37 and 
420C, respectively, for 48 hours. The isolates 
were purified by successive streaking on the 
appropriate agar media before being subjected 
to characterization. The purified isolates were 
stored at –200C in sterile formulated vegetable 
milk containing analytical lactose (12.5% w/v) 
for preservation and further analysis. (Notably, 
the storage of animal milk is usually in 12.5% 
w/v re-constituted Skim milk containing 15% 
glycerol for further analysis Working cultures 
were also kept on MRS agar slant at 40C and 
restreaked every 4 weeks (Samelis et al., 
1994; Herrero et al., 1996). 
 
Selection of isolates after preliminary 
identification: Isolates were selected on the 
basis of Gram reaction, morphology, catalase 
activity and spore formation (Harrigan and 
McCance, 1976). Catalase-negative and gram 
positive rods and cocci were selected and 
screened for 2-5 days; arginine hydrolysis was 
performed on selected strains according to 
Schillinger and Lucke (1987). Growth at 
different temperature 15, 37 and 450C was 
observed in MRS agar and broth, respectively, 
after 5 days of incubation and 12 days at 4 
and 100C (Schillinger and Lucke, 1987; 
Samelis et al., 1994). For coccoid strains, 
growth on Streptococcus thermophilus (ST) 
broth medium and in the presence of 6.5% 
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NaCl was also considered.  The ability to grow 
at pH 3.9 and 9.6 was tested on MRS agar 
and broth. Citrate Utilization in the presence of 
carbohydrates was performed on the media of 
Kempler and McKay (1980). Acetoine 
production from glucose was determined by 
Voges-Proskauer test (Harrigan and 
McCance, 1976). 
 
Phenotypic characterization of the isolates: 
The carbohydrate fermentation was analyzed 
in a MRS broth with bromocresol purple mixed 
at 0.02% as a pH indicator according to the 
procedure described by Cheriguene et al. 
(2006). Sugars were sterilized by filtration and 
added to make final concentration of 1% (w/v). 
Samples were incubated at 370C for 48 hours 
on MRS broth without glucose but 
supplemented at a final concentration of 1% 
(w/v) with fructose, galactose, glucose, 
mannitol, lactose and sorbitol. To ensure 
anaerobic conditions, each tube was 
supplemented with two drops of sterile liquid 
paraffin after inoculation.  

Further characterization of 25% of the 
isolates was carried out using the API 50 CH 
System (API System bioMerieux, Marcy 
L’Etoile, France). Cells used as inoculum were 
prepared as recommended by the 
manufacturer. The results were recorded after 
24 and 48 hours and interpreted using the 
APILAB Plus computer-aided identification 
program (bioMerieux). A percentage correct-
identification (%Id) value was obtained for 
each strain and standard taxonomic 
descriptions from Wood and Holzapfel (1995). 
 
Performance tests for the isolate acidifying 
activity: Acidifying activity of the strains was 
measured according to the International Dairy 
Federation (IDF) standard 306(IDF, 1995; 
Allonso-Calleja et al., 2002). The strains were 
subcultured in MRS broth at 300C for 24 hours. 
The microbial culture was inoculated at a level 
of 1millilitre per 100millilitre in sterile 
formulated soymilk-acha milk blends 
containing analytical lactose 10% (w/v). 
Titrable acidity and pH were determined after 
6, 12 and 24 hours of incubation at 300C.  
 
Microbiological screening for the selection 
of a working isolate: A working isolate was 
screened for from the formulated probiotic 
yoghurt analogue obtained from the 
fermentation of blended samples of soymilk 
and ‘acha’ milk in different ratios [SOAC 
(0:100; 100:0; 90:10; 80:20; 70:30; 60:40; 
50:50)] and a commercial yoghurt(Farm Fresh 
Yoghurt) which served as the positive control. 
 

Isolation of the micro-organisms:  One 
millilitre of each sample was pipetted 
aseptically into nine millilitre of sterile, peptone 
physiological saline solution [1% peptone 
(oxoid), 0.9% NaCl, pH 7.0]. Serial dilutions 
(10-1 to 10-8) were made for each sample and 
0.1millilitre of the appropriate dilutions (10-3 
and 10-4) were spread plated on deMan, 
Rogosa, Sharpe [MRS agar CM361 (Oxoid)] 
which was used for the enumeration and 
isolation of the lactic acid bacteria 
(Lactobacillus or Lactococci species).  The 
plates were incubated anaerobically for 24-72 
hours at 420C in a carbon IV oxide jar 
(Anaerobic jar). A gaspak systems (Gener box 
anae indicator Biomerieux) was used evacuate 
every trace of oxygen. Isolations were 
obtained randomly from the countable plates 
of MRS and purity was checked by successive 
streaking on the same media and stored on 
slants (of the same media) at 40C for further 
investigation. 
 
Identification of lactic acid bacteria (lab) to 
the genus level: The bacteria were 
characterized by microscopic examination and 
by conventional biochemical and physiological 
tests (Zeinab et al., 2008). The cultures were 
examined for colony and cell morphology, 
motility, Gram stain and production of acid 
from glucose (Harrigan and McCance, 1976), 
in addition to the oxidation and fermentation 
tests according to Hugh and Leifson (1953). 
 
Identification of lactobacilli: After their 
microscopic examination, Gram positive and 
catalase negative, Lactobacilli were tested for 
their sugar fermentation pattern, production of 
ammonia from arginine in addition to their 
ability of growth at 150C and 450C according to 
Harrigan and McCance (1976).  
 
Identification of streptococci  group: The 
cocci strains were grown on ST 
(Streptococcus thermophilus) broth at 420C 
(Ronald et al., 1996). Streptococci were further 
identified by their production of carbon IV 
oxide (CO2) from glucose using Gibson Litmus 
milk, production of acid from sugars and 
production of ammonia from arginine (Harrigan 
and McCance, 1976). The salt tolerance test 
was done using MRS broth (Oxoid) containing 
4% (w/v) NaCl with anaerobic incubation. 
Growth at pH 9.2 and at 400C was determined 
in MRS broth.  
 
Selection of probiotic strains: The selection 
of the probiotic strains for the formulated 
probiotic  yoghurt  analogue was carried out in 
according with biosafety aspect, bacterioscopy 
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(morphology), Gram staining, viability of 
strains kept in deMan, Rogosa Sharpe (MRS) 
agar while stored at 4-70C (Reque et al., 
2000), bile tolerance (5%) and best survival 
rate at room temperature 
 
Biochemical Characterization of Screened 
Working Probiotic Isolate/Strain        
 
Gas production from glucose: Overnight 
isolated cultures were inoculated at 10% (v/v) 
in MRS broth containing inverted Durham 
tubes and incubated at 370C. The gas 
production from glucose was observed after 
24 hours (Davis, 1955). 
 
Growth at different temperatures: Overnight 
isolated cultures were inoculated at 10% (v/v) 
in MRS and incubated at 150C, 370C, 400C, 
420C and 450C for 24 hours. Total populations 
were determined by the pour plate method, 
incubating the plates at 370C for 48 hours 
(Buchanan and Gibbons, 1974).  
 
Tolerance to inhibitory substances: 
Inhibitory substances such as bile (Sigma), 
phenol (Merck) and sodium chloride (Biotec) 
were tested. MRS broth containing 5% bile, 
0.4% phenol and 5% and 6.5% sodium 
chloride (Davis, 1955) were determined by 
inoculation at 10% of the overnight isolated 
cultures and incubated at 370C for 24 hours. 
Total populations were determined by the pour 
plate method, incubating the plates at 370c for 
48 hours. 
 
Fermentation of Different Carbon Sources:  
A suspension was made in the medium with 
the microorganism to be tested and each tube 
of the strain was inoculated. During incubation, 
carbohydrates were fermented to acids, which 
cause a decrease in the pH, detected by the 
colour change of the indicator (Biomerieux, 
2005). The carbohydrate fermentation profiles 
of the purified isolates were determined using 
API 50 CH system (Biomerieux, 2005). 
Interpretations of these fermentation profiles 
were facilitated by systematically comparing all 
results obtained for the isolates studies with 
information from the computer-aided database 
API LAB Plus v3. 2.2. (Zambou et al., 2007).  
 
Assessment of technological performance 
of strains acidifying activity:  The acidifying 
activity was determined by Zambou et al. 
(2007) procedure. Before use, the 
Streptococcus and Lactobacilli strains/cultures 
were propagated twice in ST broth and MRS 
broth, respectively and incubated at 420C for 
16 hours. Seventy millilitres of broth media 

(MRS) for rods and ST broth (for cocci) were 
inoculated with 10% overnight, activated 
subcultures of LAB strains. The growth of 
cultures in broth media was monitored at 
650nm using Spectrophotometer (Pharmacia 
LKB NOVASPEC II) for 6 hours. At the early 
stationary growth phase, bacterial cells were 
harvested from the media by centrifugation of 
the culture (4000g, 10 minutes, 40C). The cell 
pellet was washed twice with 10ml ringer 
solution and suspended in sterile reconstituted 
skim milk (12.5w/v) and formulated probiotic 
yoghurt analogue containing analytical lactose 
(12.5w/v). This mixture was stored in ice at 
40C overnight. Sterile reconstituted skim milk 
and the formulate probiotic analogue 
containing analytical lactose was inoculated 
with 2% of the cell pellet suspended in milk/ 
milk analogue. The change in pH was 
determined using pH meter (Microcomputer 
pH-vision, model 05669.20) during six hours 
incubation at 420C. The variation of pH (∆pH) 
was calculated as the difference between the 
value immediately after inoculation and values 
at different time. The cultures were considered 
fast, when change in pH (∆PH) of 0.4 unit was 
achieved after 3 hours.   
 
Exopolysaccharide (EPS) production: The 
screening of the exopolysaccharide production 
was performed on the strains showing weak 
pellet formation after centrifugation according 
to the procedure described by Zambou et al. 
(2007). The screening of exopolysaccharide 
consisted to reveal the presence of diffuse 
capsules surrounding bacterial cells as 
described by Prescott et al. (1996). For slime 
production, strains were streaked on the 
suitable media (MRS or ST) and incubated at 
420C for 24 hours. Ropiness of colonies on 
agar surfaces was tested with a loop to 
observe the formation of slime. 
 
Technological properties of fermented milk 
and yoghurt manufactured with single or 
mixed selected strains of probiotic status: 
The isolates from the fermentation of soymilk-
acha milk blends for yoghurt analogue were 
selected on their acidifying and 
exopolysaccharide (EPS) production abilities 
according to the procedure described by 
Zambou et al. (2007). The strains, stored at –
200C, were reactivated in ST broth and MRS 
broth and incubated overnight at 420C. Inocula 
were prepared by incubating cultures in 12.5% 
reconstituted skim milk and formulated 
probiotic yoghurt analogue containing 
analytical lactose for 16 hours at 420C and the 
freshly curdled cultures were used for the 
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preparation of fermented soymilk-acha milk 
blends into probiotic yoghurt analogues. 
 
Results  
 
Isolation, characterization and 
identification of starter cultures: Table 1 
shows the isolation, characterization and 
identification of starter culture from the natural 
Fermentation of soymilk- ‘acha’ milk blends in 
the formulation of probiotic yoghurt analogue  

 
Microbiological screening for the selection 
of a working isolate: The results for the 
isolation and characterization of the starter 
culture from the natural fermentation of 
soymilk-‘acha’ milk blends used in the 
formulation of probiotic yoghurt analogue are 
presented in Table 1. The data obtained 
constitute the profile of the strains and are also 
used for the identification or determination of 
their genus. All strains reacted positively to 
Gram straining (based on the bacillary 
morphology. The morphological, physiological 
and biochemical tests revealed a diversity of 
lactic acid bacteria (LAB) which were classified 
based on the genera-Lactococcus, 
Lactobacillus and Streptococcus. All the 
strains/ isolates were Gram positive, catalase 
negative, oxidase negative and non-spore 
forming.  

Five isolates of lactic acid bacteria 
were isolated from the formulated probiotic 
yoghurt analogue from soymilk-‘acha’ milk 
blended in difference ratios (Table 1). The 
seven isolates obtained from MRS plates were 
grouped as lactic acid bacteria according to 
the fact that they were Gram positive, catalase 
negative, oxidase negative and non-spore 
forming rods and cocci. Among the suspected 
lactic acid bacteria isolated, 2 isolates 
produced gas from glucose. Of the 5 rods, 3 
were able to grow at 450C and were tentatively 
identified as Lactobacillus spp while from the 
tentative identification of Streptococcus, 2 
isolates were able to grow at 4% NaCl and at 
pH 9.6. In relation  to the inhibitory 
substances, the isolates showed better 
tolerance to 5% bile, 3.0% NaCl but not 6.5% 
NaCl when compared with the control (farm 
fresh yoghurt) grown on MRS and M17 and 
these characteristics compared with other 
researchers. 
 Among the cocci, 2 isolates were able 
to grow at between 100C and 420C but not at 
450C and at a pH 9.6 broth. These strains did 
not survive beyond 450C for 30 minutes. About 
2 isolates could grow in 3 and 5% but not in 
6.5% NaCl broth, produced acid from glucose 

lactose but acid production from sorbitol was 
negative. 

Two isolates of rods were classified as 
belonging to the genus Lactobacillus as 
suggested by their sugar fermentation 
patterns. All strains fermented lactose, 
sucrose and glucose. There was an evidence 
of acid and gas production from glucose. 
These isolates were also classified by their 
incapacity to grow below 10 and characterized 
by their ability to form acid from most of all the 
sugars. Further characterization was done by 
their sensibility to NaCl and their inability to 
ferment sorbitol. Two isolates were considered 
as species to their ability to grow between 15 
and 300C because they are heat-resistant. 
These organisms (species) were included in 
starter cultures during the production of 
yoghurt and cheese manufacture according to 
literature. In this present study, results of acid-
producing activity of the isolates are presented 
in Table 2. No significant (p>0.05) differences 
in the acid-producing ability was found 
between the strains even within the same 
species. After 6 hours of incubation, a 
decrease in pH among the isolates ranged 
from 4.12 to 5.87. All these strains were 
described as highly acidifying since the 
variation of pH by 0.4 units were achieved 
within 4 hours. 

The genus Lactococcus had those 
that showed the highest acidifying capacity, 
developing an acidity of 0.29g 100ml-1 lactic 
acid after 6 hours and 0.40-0.75g 100ml-1 after 
12 hours (Table 2). After 24 hours, the pH of 
the culture medium decreased to values lower 
than 4.1 and then the acidity reached values 
around 0.7-0.8 g100ml-1. Basically, most of the 
differences with respect to acidifying capacity 
were observed after 6 hours. All the 
Lactobacillus isolates had similar behaviour 
after 24 hours, although 2 isolates showed the 
highest acidifying capacity throughout the 
incubation time. Lactobacillus isolates showed 
a relatively low acidifying capacity, with 
average values of acidity of 0.31-0.55g 100ml-1 
after 6 hours. The strains of this species 
showed differences after 12 and 24 hours. 
After 24 hours, one isolate with highest 
acidifying capacity. 
 
Discussion 
 
From these results, Lactobacilli metabolize 
lactose more slowly than Lactococci but the 
final acid production can be similar to or even 
higher than, that of the Lactococci. The 
isolates of Lactococcus from the formulated 
probiotic yoghurt analogue showed an 
acidifying activity after 6 hours of incubation  
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Table 1: Isolation, characterization and identifica tion of starter cultures 
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Key: - = negative, + = positive, A = acid production, G = gas production 
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Table 2: Acidifying activity of some strains of lac tic acid bacteria isolated from formulated 
probiotic yoghurt using soymilk +‘acha’ milk blends   

Incubation Time (Hours) 
6 12 24 

 Strain 

pH TA* pH TA* pH TA* 
I Lactobacillus spp 5.87±0.01 0.31±0.03 5.28±0.01 0.48±0.00 4.78±0.03 0.55±0.01 
II Lactococcus spp 5.86±0.03 0.29±0.02 4.96±0.05 0.40±0.01 4.12±0.00 0.75±0.02 
III Streptococcus spp 5.60±0.01 0.31±0.02 4.45±0.02 0.67±0.00 4.20±0.01 0.75±0.01 
Key TA = Titrable acidity * = Titrable acidity expressed as g100ml-1 lactic acid  
 
similar to that detected for Lactococci isolated 
from milk cheeses by Requena et al. (1991) 
which suggested that strains of Lactobacillus 
whose acidifying capacity are higher than 
0.25mg/100ml of lactic acid after 6 hours of 
incubation could be used as starter culture in 
cheese manufacture. The differences 
observed from one lactic acid bacteria species 
to another were explained by De Roissart 
(1986). In fact, the acidifying acidity of each 
strain is related to its specific capacity to break 
down the substances in the medium and 
render them capable of assimilation. In some 
occasions, differences are also due to the 
presence or absence of nutrient transport 
systems (Albenzio et al., 2001).   

The results obtained were in 
accordance with the physiological and 
biochemical characteristics described by 
Kandler and Weiss (1986). According to Halm 
et al. (1997), Lactobacillus species could be 
isolated from cereal-based fermented product. 
Wardlow (1999) identified that the 
Lactobacillus sp. (Lactobacillus acidophilus) is 
used in the production of different types of 
fermented dairy products and could be utilized 
to correct lactose maldigestion and 
intolerance. Therefore, it could be used 
probiotic which upon ingestion exert health 
benefits beyond inherent basic nutrition 
(Wood, 1992). Lactobacillus sp. was similarly 
reported by Wood (1992) as obtained in this 
study. 

The above identification results were 
confirmed by carbohydrate fermentation and 
assimilation profile obtained by API chart 
which correlated with Bergey’s Manual 
(Teuber et al., 1986). Lactose and sucrose 
were fermented by all the isolates while the 
fermentation of glucose was strain/genus 
dependent. The fermentation of selected 
carbohydrates of the API 50 CH gallery 
(Biomerieux, 2005) was carried out, that is the 
catabolism of these sugars that results in the 
production of organic acid and detected by the 
pH turning point and titrable acidity. 

Strain selection for industrial purposes 
must consider some specific technological 
activities such as acidification from the  
 

 
isolates, the lactic acid bacteria with probiotic 
potential were considered particularly 
Streptococcus, Lactococcus and Lactobacillus. 
Among the cocci, 7 isolates were able to grow 
at between 150C and 400C but not at 450C. 
According to other reports, Lactococcus spp.  
was more frequently isolated from raw milk 
samples (Moreno and Busani, 1990) and Dahi 
and buttermilk samples from India 
(Padmanabha-Reddy et al., 1994). According 
to Crow et al. (1993), Lactococcus spp. were 
isolated only from natural sources. According 
to WeerKamp et al. (1996), Lactococci isolated 
from natural sources were usually identified as 
Lactococcus lactis subsp lactis  where as the 
phenotype Lactococcus lactis subsp cremoris,  
which is common in industrial mixed strain 
starter cultures, was isolated rarely (Beukes et 
al.,  2001). 
 Streptococcus spp. play a vital role in 
commercial milk fermentation. Selected 
isolates were deliberately added as starters 
and their primary role is to ferment lactose to 
lactic acid (Gisele et al., 2006). Streptococcus 
isolates / strains are used in commercial milk 
fermentation in which the temperatures 
reached during manufacture are relatively high 
(up to 550C). This organism is normally used 
as part of mixed starter culture, the other 
component being Lactobacillus spp. for 
yoghurt. Data obtained from pure cultures do 
not consider phenomena related to 
interactions between microorganisms typical of 
mixed culture. Yoghurt is a simple ecosystem 
whose successful manufacture relies on 
interaction between two thermophilic lactic 
acid bacteria (Streptococcus thermophilus and 
Lactobacillus delbruecki bulgaricus). This 
bacterial association had significant effect on 
acid production by strain of Lactobacillus 
delbruecki bulgaricus, possibly because of a 
production of formic acid by Streptococcus 
thermophilus isolate (Zourari et al., 1992; 
Courting and Rule, 2004). In previous study, 
Veringa et al. (1968) showed that all strains of 
Streptococcus thermophilus produced some 
formate, which is considered important in 
stimulating the growth of Lactobacillus 
delbruecki subsp bulgaricus in yoghurt 
cultures. Similar reports were obtained in the 
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formulated probiotic yoghurt analogue with 
slight modifications. 
 
Conclusion: The increasing public awareness 
about the health promoting properties of 
probiotic foods is a commendable 
development that should be promoted. In 
America, Europe and oriental countries 
particularly Japan where there exist the trained 
manpower and available technologies for 
commercial production of various types of 
probiotic (both dairy and non-dairy) foods, 
consumers normally access a variety of such 
foods. In Africa, there is also a growing 
awareness about the health promoting 
properties of probiotic foods and peoples of 
different regions in Africa produce foods 
containing probiotic organisms, though at 
small scale level. Therefore, there is the need 
to train manpower and develop technologies 
that would optimize production processes 
beginning from reliable characterization of the 
probiotic organisms to strain level. An 
exploitation of nondairy materials as potential 
carriers of the probiotic organisms would 
assuredly be a viable alternative to consumers 
who are either lactose intolerant or 
vegetarians. 
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