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The objective of this study was to evaluate the fermentation of a soluble soy extract using lactic 
starters such as Lactobacillus acidophilus and Streptococcus thermophilus with L. acidophilus, 
Bifidobacterium spp. (SAB) and Lactobacillus casei, varying the formulations with respect to the type of 
carbohydrate used, such as sucrose and glucose. Twelve formulations were defined in order to verify 
the fermentation efficiency and possible differences in their behavior in the presence and absence of 
sugar supplementation. At the end of storage (28 days), the number of viable cells in the beverage 
fermented by L. casei varied between 10

11
 and 10

12 
viable cells/ml, demonstrating a high viability of the 

probiotic character. The formulations containing the SAB inoculums presented counts above 10
11

 
viable cells/mL at the end of storage. For beverages fermented using L. acidophilus, the number of 
lactic acid bacteria fell to a basis of 10

11 
viable cells/ml during the 28 days of storage. As compared to 

the other formulations using different lactic starters, it could be seen that these showed a lower count 
after 28 days, but the probiotic characteristic remained viable, with significant differences between the 
formulations (p<0.01). Soy was shown to be an optimum medium for the development of the desired 
lactic cultures. 
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INTRODUCTION 
 
According to Codex Alimentarius (Food and Agriculture 
Organization of the United Nations, 2011), fermented milk 
is a milk product obtained by fermentation of milk which 
may have been manufactured from products obtained 
from milk with or without compositional modification by 
the action of suitable microorganisms and resulting in a 
reduction in pH with or without coagulation (iso-electric 
precipitation). The starter microorganisms must be viable, 
active and abundant in the product up to the date of 
minimum durability. If the product is heat treated after 
fermentation, the requirement for  viable  microorganisms  

does not apply. 
Resolution GMC 47/97 of the Brazilian legislation, 

approved by Mercosul subgroup 3, also defined 
fermented milk as "a product to which other food 
substances may be added or not, obtained by a decrease 
in pH of milk or reconstituted milk to which other lactic 
products may be added or not, and submitted to lactic 
fermentation through the action of specific 
microorganisms" (Khurana and Kanawjia, 2007). 
According to Angelov et al. (2009), fermented milks 
represent a very important group amongst  the  functional
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foods. 

The cultures used include various bacteria, amongst 
which are Lactobacillus spp., Streptococcus spp., 
Propionibacterium spp., Leuconostoc spp., 
Bifidobacterium spp., Pediococcus spp. and Acetobacter 
spp. Mathur and Singh (2005) defined fermented milk as 
a beverage produced using lactic starter cultures, such 
that the bacteria enter the intestine in large numbers and 
interact with the microbial flora. 

According to Hauly et al. (2005), like milk, soybean 
extract is also adequate for the growth of lactic cultures, 
and the oligosaccharides (raffinose and stachyose), 
which are the major carbohydrates in soybeans 
(Omogbai et al., 2005), sucrose, amino acids and 
peptides present in the soybean stimulate microbial 
growth. Thus, fermented soybean beverages obtained by 
fermentation with probiotic microorganisms present 
sensory characteristics similar to those of traditional 
yoghurt. Soy beverages contain sucrose, stachyose, 
raffinose, glucose and fructose, providing probiotic 
bacteria with a broad choice of sugar substrates (Buckley 
et al., 2011). The addition of probiotic bacteria to a soy 
product provides the benefits associated with probiotics, 
including effects on the intestinal microbial flora and on 
the immune system, and also the diversification of soy 
foods with respect to flavor and texture (Buckley et al., 
2011). However, Scalabrini et al. (1998) pointed out that 
the low fermentable carbohydrate content of soy limits 
the use of the water soluble soybean extract as a growth 
substrate for lactic cultures, which is necessary to add 
glucose, sucrose or even lactose to make the extract 
adequate for fermentation. 

The main lactic bacteria, Gram-positive organisms 
belonging to the general category of lactic acid bacteria 
(Shehata, 2012), used to ferment the water soluble 
soybean extract include Lactobacillus acidophilus, 
Lactobacillus bulgaricus, Bifidobacterium lactis and 
Streptococcus thermophilus.  

Probiotics are non-pathogenic microorganisms mostly 
of human origin which, when administered in adequate 
amounts, confer a health benefit on the host and are able 
to prevent or improve some diseases (Fric, 2007). They 
can be classified as homo or heterofermentative 
organisms (Axelsson, 2004). Probiotic lactobacilli are 
claimed to provide a number of health benefits, including 
antimicrobial effects against pathogens, anti-tumor 
effects, anti-cholesterol, immuno-modulation, anti-
diabetic and the treatment of diarrhea and lactose 
intolerance (Nagpal et al., 2007, 2010, 2012). Fermenting 
soymilk with lactic acid bacteria considerably increases 
its health value (Božanić et al., 2011). 

The use of probiotic cultures prevents a variety of 
health disorders due to their protective effect against 
pathogens, including coliforms (Sakhare and Narasimha, 
2003; Coeuret et al., 2004), Staphylococcus aureus 
(Sakhare and Narasimha, 2003; Coeuret et al., 2004; 
Ameshima et al., 1998), Listeria monocytogenes (Rrantes  

 
 
 
 
et al., 2004; Coeuret et al., 2004), Salmonella spp. 
(Coeuret et al., 2004), Candida spp., 
Zygosaccharomyces bailiie and Penicillium spp. 
(Schwenninger et al, 2005). Probiotics are living, health-
promoting microorganisms that are incorporated into 
various kinds of food (Kaboosi, 2011; Paraschiv et al., 
2011). 

Prebiotics are defined as non-digestible components 
that are metabolized by specific health-promoting 
bacteria such as Lactobacillus spp. and Bifidobacterium 
spp. (Gibson et al., 2010; Ringo et al., 2010). The use of 
probiotic strains together with prebiotic substances 
provides a combined effect named "symbiotic” 
(Cummings, 2009; Rastall and Maitin, 2002). 

Thus, the objective of the present study was to 
evaluate the fermentation of a soluble soy extract using 
lactic starters such as pure L. acidophilus, S. 
thermophilus with L. acidophilus and Bifidobacterium spp. 
with another lactic starter culture of pure Lactobacillus 
casei, varying the formulations with respect to the types 
of carbohydrate used, such as sucrose and glucose. 
 
 

MATERIALS AND METHODS 
 

The formulations with water soluble soybean extract were 
reconstituted in 10% water. After the homogenization process, 15% 
of guava fruit pulp, which masked the beany flavor of the soluble 
soy extract, and 2% of a prebiotic substance such as inulin, were 
added to each formulation. Different carbohydrate concentrations 
(100% sucrose, 100% glucose, 50% glucose, 50% sucrose and 0% 
sugar) were used to evaluate the fermentation of the soluble soy 
extract using lactic starters donated by SACCO

® 
(a dairy products 

company), such as pure L. acidophilus (LA3), S. thermophilus with 
L. acidophilus and Bifidobacterium spp. (SAB 440) with another 
lactic starter culture of pure L. casei (BGP 93). Twelve formulations 
were defined in order to verify the fermentation efficiency and 
possible differences in their behavior in the presence and absence 
of sugar supplementation. After homogenization, 15% sugar was 
added, varying the type of sugar according to the formulation 
defined. They were then homogenized again, packed into individual 
volumetric flasks and submitted to heat treatment. The heat 
treatment adopted was 121°C for 15 min, applied using an 
autoclave, thus promoting sterilization and producing a 
contaminant-free medium suitable for cultivation of the starter 
culture in an adequate way. 

After heat treatment, the samples were cooled to T
a
 = 37°C 

before inoculation with the starter culture. Equal amounts of culture 
were inoculated into both samples, and the inoculated samples 
were incubated at a constant temperature rigorously controlled at 
39°C. This temperature is within the optimum temperature range for 
the growth of L. acidophilus (37 to 40°C) (Ahmed et al., 2006). 

The pH value and titratable acidity were monitored at 
approximately two hourly intervals for a maximum of 14 h, giving 
rise to the graphs shown in Figures 1, 2 and 3. Fermentation was 
considered complete when the pH reached a value close or equal 
to 4.5 according to Wang et al. (1994), where it stabilized. At the 
end of the fermentation process, the lactic acid bacterial counts 
were monitored during 28 days of storage. The pH values were 
determined using a digital potentiometer (DIGIMED) calibrated with 
pH 7.0 and 4.0 buffer solutions. The total acidity was determined by 
measuring the lactic acid content of 100 g of sample, by titrating 5 
ml aliquots of the samples with 0.1 N NaOH in the presence of the 
indicator phenolphthalein, according to the technique described by  
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Figure 1. Fermentation time of the formulations with L. casei. 
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Figure 2. Fermentation time of the formulations with S. thermophilus, L. acidophilus and 
Bifidobacterium spp. (SAB). 

 
 
 

Instituto Adolfo Lutz (2008). All samples were collected under 
aseptic conditions and were immediately taken to the laboratory. 

Decimal dilutions were made serially, and 10 ml of sample was 
aseptically transferred into a sterile Erlenmeyer flask containing 90 
mL of 0.1% sterile distilled peptone water. This solution was then 
homogenized and subsequent dilutions were made. 

Each sample was serially diluted from 10
-1

 to 10
-15

 in peptone 
water. One milliter of each dilution was inoculated into triplicate 
plates containing MRS agar at each dilution (De Man et al., 1960). 
All the analyses were evaluated each week over 4 week storage at 
4°C. The probiotic bacteria (L. acidophilus, Bifidobacterium spp. 
and S. thermophilus) were counted with MRS agar, followed by 72 
h incubation at 37°C under anaerobic conditions. Formulations with 
L. acidophilus were counted with MRS agar with maltose using 
spread plate method, followed by 72 h incubation at 37°C under 
aerobic conditions. L. casei was determined with MRS agar and 

glucose using the spread plate method, followed by six days 
incubation at 20°C under aerobic conditions (Farnsworth et al., 
2006). The lactic acid bacterial counts of the formulations were 
determined after 0, 7, 14, 21 and 28 days of storage. The counts of 
probiotics, performed in triplicate, were calculated from the colonies 
on agar plates and thus expressed as colony forming units per 
milliliter (CFU/ml). 

Identification of lactic acid bacteria included the catalase test and 
the Gram staining of cells and was done according to Holt et al. 
(1994).   

 
 
RESULTS AND DISCUSSION  
 
Figure 1 shows the evolution of the acidity of the
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Figure 3. Fermentation time of the formulations with L. acidophilus. 

 
 
 

Table 1. pH development in the formulations 
inoculated with L. casei. 
  

Formulations/ 
time (h) 

*F1 *F2 *F3 *F4 

0 6.53 6.55 6.50 6.47 

02:00 6.50 6.50 6.45 6.44 

04:00 6.50 6.47 6.44 6.42 

06:00 6.44 6.46 6.40 6.39 

08:00 5.78 6.01 6.30 6.29 

10:00 4.88 4.86 5.68 6.16 

11:08 4.66 4.68 5.10 5.82 

12:00   4.60 4.97 

13:00    4.75 
 

*Formulations 1, 2, 3 and 4. 
 
 
 

Table 2. pH development in the formulations inoculated 
with SAB. 
 

Formulations/time (h) *F5 *F6 *F7 *F8 

0 6.56 6.56 6.54 6.39 

02:00 6.33 6.47 6.44 6.30 

04:00 5.06 6.10 6.40 6.30 

06:00 4.67 4.83 6.05 6.29 

06:30  4.68 4.98 6.24 

07:00   4.68 6.12 

08:00    5.37 

10:00    4.76 
 

*Formulations 5, 6, 7 and 8. 
 
 
 

formulations during fermentation, where it can be seen 
that the final values were within the limits established by 

the Brazilian legislation for lactic beverages which is 60 to 
150°D (Brasil, 2005). Figure 1 shows the fermentation 
time of the formulations fermented with the lactic culture, 
L. casei. 

It can be seen that formulations A1 and A2 (no 
supplementation and supplemented with sucrose) 
presented the shortest fermentation times of 
approximately 11 h. On the other hand, formulation A3 
(supplemented with 50% sucrose and 50% glucose) 
required more than 12 h, and formulation A4, containing 
glucose, took more than 13 h. Since L. casei was a pure 
culture, fermentations using this culture took longer time 
to reach the ideal pH value (approximately 4.5) for 
fermented milk (Table 1).  

For the formulations fermented using the SAB mixed 
lactic starter culture (composed of S. thermophilus with L. 
acidophilus and Bifidobacterium spp.), the fermentation 
time was shorter than that of the formulations prepared 
using a pure culture (Figure 2). Formulation A5 (with no 
added sugar) reached the final pH value in the shortest 
time, nearly 6 h (Table 2).  

Formulations A6 and A7 (100% sucrose and 50% 
sucrose plus 50% glucose, respectively) showed 
fermentation times close to 7 h. On the other hand, 
formulation A8, containing the sugar glucose, showed the 
longest fermentation time of approximately 12 h. 

The use of a mixed lactic culture favors the elaboration 
of fermented beverages, since according to Robinson 
(2002), the presence of the microorganism S. 
thermophilus favors the process, and it is a starter culture 
for fermented milks and yogurts. Thus, the fermentation 
process starts quicker and continues, in this case, with 
the inocula of L. acidophilus and Bifidobacterium spp., 
the optimum pH for the start of the activity of L. 
acidophilus being between 5.5 and 6.0 according to 
Gomes  and  Malcata  (1999).  Most  lactic  acid  bacteria  



 

 
 
 
 

Table 3. pH development in the formulations inoculated 
with L. acidophilus. 
 

Formulations/time (h) *F9 *F10 *F11 *F12 

0 6.52 6.52 6.45 6.45 

02:00 6.43 6.40 6.35 6.38 

04:00 6.43 6.40 6.35 6.30 

06:00 6.40 6.30 6.27 6.16 

08:00 4.74 4.70 4.67 5.21 

10:00 4.41 4.52 4.50 4.94 

12:00    4.78 

13:00 

13:30 
   

4.51 

4.46 
 

*Formulations 9, 10, 11 and 12. 
 
 
 

grow well at a pH below 6.5 (Raja et al., 2009). Lactic 
acid bacteria are neutrophilic, that is, they show optimum 
growth pH between 5 and 9, with the exception of a few 
Lactobacillus and Leuconostoc species (Granato et al., 
2010). 

Matijević et al. (2009) observed that the fermentation 
with Bifidobacterium animalis subsp. lactis BB-12 was 
shorter (approximately 11 h) than fermentations with L. 
acidophilus La-5 (approximately 13 h), suggesting the 
influence of the type of culture on the fermentation and 
survival of the microorganisms. The probiotic strains 
studied, such as L. acidophilus, L. casei ssp. paracasei 
and Bifidobacterium bifidus, in multiple combinations with 
mesophilic lactic bacteria (Flora Danica), also showed  
different behaviors and survival ( Paraschiv et al., 2011). 

Several factors that may influence the ability of the 
probiotics to survive in the product and become active 
when entering the consumer’s gastrointestinal tract, must 
be considered when probiotics are added to fermented 
foods (Heller, 2001). These include the physiologic state 
of the probiotic organisms added (whether the cells are 
from the logarithmic or the stationary growth phase), the 
physical conditions of the product storage, such as 
temperature, chemical composition of the product to 
which the probiotics are added, and finally the possible 
interactions of the probiotics with the starter cultures, 
such as bacteriocin production, antagonism and also 
synergism. Several investigations have shown that 
bacteria from the logarithmic phase are much more 
susceptible to environmental stress than bacteria from 
the stationary phase (Heller, 2001).  

Of the formulations fermented using the pure L. 
acidophilus culture, it can be seen that formulations A9, 
A10 and A11 presented the same fermentation time 
(Figure 3). On the other hand, formulation A12, 
containing the sugar glucose, only reached the ideal pH 
value after 14 h (Table 3). 

Since this is a pure culture and the optimum pH value 
for fermentation by L. acidophilus is between pH 5.5 and 
6.0, and considering that the beverage started to  ferment  
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at pH 6.53 on average, this microorganism took longer 
time to start its microbial activity. 

 
 
Probiotic microbial count 
 
The minimum cell count of a specific culture 
recommended for fermented lactic beverages at the 
moment of consumption is 1.0 x 10

6
 viable cells/mL 

(Ostlie et al., 2003). Although quantitative standards vary 
from 10

6
 to 10

7
 cfu/g viable cells as minimum 

requirements, it is generally recommended that yogurt or 
fermented milk should contain at least one million viable 
cells per gram at the time of consumption (Damin et al., 
2008).    

The minimum concentration of probiotic bacteria 
necessary to cause a beneficial result has generally been 
accepted as 10

6
 viable cells/ml at the moment of 

consumption (Sartor, 2004; Ostlie et al., 2003; Talwalkar 
and Kailasapathy, 2004; Shah, 2007). According to 
Cummings (2009), the dose of probiotics needed to exert 
a benefit is of the order 10

10
 or 10

11
 bacteria. 

The final viable cell count in the fermented beverage 
after 28 days of storage was within the limits 
recommended for this product (Table 4), making it 
attractive as a supplement in the human diet. The 
formulations containing the SAB inoculum showed lactic 
bacterial counts above 1 x 10

11 
viable cells/mL at the end 

of storage. The same results were obtained for the other 
formulations containing other types of lactic culture. 

In the beverage fermented by L. casei, the viable count 
increased during the first 14 days of storage and then 
started to decrease. This was because the 
microorganisms were still active during the first 14 days 
of storage, although at a decreased rate, as compared to 
the fermentation time in the fermenter. At the end of 
storage (28 days), the number of viable cells in the 
formulations varied between 10

11
 and 10

12 
viable cells/ml, 

demonstrating a high viability of the probiotic character. 
The formulations inoculated with SAB showed lactic 

bacterial counts of above 1 x 10
11 

viable cells/ml at the 
end of storage. The same result could be observed for 
the other formulations that used other types of lactic 
culture. 

For beverages fermented using L. acidophilus, the 
lactic acid bacterial counts at zero day were only above 
10

14 
viable cells/ml for the formulation with 0% sugar, 

reaching a pH value of 4.4. However, during the 28 days 
of storage, the number of lactic acid bacteria fell to a level 
of 10

11
 viable cells/ml. As compared to the other 

formulations fermented using different lactic starters, it 
could be seen that these formulations showed a lower 
count after 28 days, but the probiotic characteristic 
remained viable. All the formulations presented 
significant differences (p<0.01). 

Contrary to the report by Scalabrini et al. (1998), soy 
was shown to be an optimum medium for the
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Table 4. Viable cell counts in the fermented formulations during the storage period. 
 

Sample 

Storage period (days) 

0 7 14 21 28 

Average 

(CFU/ml) 
sd 

Average 

(CFU/ml) 
sd 

Average 

(CFU/ml) 
sd 

Average 

(CFU/ml) 
sd 

Average 

(CFU/ml) 
sd 

A1 6.33E+12
ab 

2.17E+12 8.03E+12
a 

5.69E+11 4.07E+13
b
 1.80E+13 6.13E+12

cd
 8.74E+11 6.93E+11

ab
 1.63E+11 

A2 2.03E+13
abc

 2.31E+12 7.97E+12
a 

8.33E+11 5.13E+12
a
 9.61E+11 4.13E+12

b 
5.86E+11 1.77E+12

c
 6.11E+11 

A3 1.03E+13
ab

 5.77E+11 1.47E+13
c
 3.06E+12 2.70E+13

cd
 3.46E+12 7.20E+12

d 
7.55E+11 1.83E+12

c
 5.86E+11 

A4 2.20E+13
bc

 4.58E+12 9.03E+12
ac

 7.02E+11 1.83E+13
ac

 6.11E+12 5.23E+12
bc 

3.51E+11 1.30E+12
bc

 2.00E+11 

A5 8.93E+12
ab 

5.51E+11 8.23E+12
a
 4.16E+11 6.80E+12

a
 4.00E+11 2.07E+12

e 
3.06E+11 8.07E+11

ab
 7.51E+10 

A6 8.13E+13
e
 4.51E+12 7.90E+12

a
 6.24E+11 5.90E+12

a 
4.58E+11 9.13E+11

ae 
2.52E+10 4.27E+11

a
 7.77E+10 

A7 3.20E+13
cd

 3.00E+12 9.03E+12
ac

 1.53E+11 6.90E+12
a
 2.00E+11 3.80E+12

b
 3.61E+11 7.87E+11

ab
 5.03E+10 

A8 2.00E+12
a 

3.61E+11 9.40E+11
b
 2.65E+10 8.60E+11

a
 2.00E+10 5.93E+11

a
 7.09E+10 1.33E+11

a
 3.21E+10 

A9 1.20E+14
f
 1.73E+13 8.30E+13

d
 6.56E+12 3.93E+13

b
 9.07E+12 6.43E+12

cd
 9.07E+11 6.40E+11

ab
 2.31E+11 

A10 4.00E+13
cd

 5.00E+12 6.30E+12
ab

 1.21E+12 3.33E+12
a
 1.20E+12 6.00E+11ª 1.42E+11 2.03E+11ª 3.21E+10 

A11 4.93E+13
d
 8.62E+12 6.27E+12

ab
 7.77E+11 2.00E+12

a
 7.94E+11 4.20E+11

a
 7.00E+10 8.40E+10ª 8.00E+09 

A12 3.43E+13
cd

 9.29E+12 7.33E+12
ab

 7.09E+11 3.13E+12
a
 7.02E+11 3.97E+11

a
 8.62E+10 7.13E+10ª 8.33E+09 

 
          

ANOVA 

*(p-value) 
<0.001 <0.001 <0.001 <0.001 <0.001 

 

*p-value<0.01 means there are significant differences between the formulations. Means sharing the same letter within a column are not significantly 
different at 5% significance level. 

 
 
 
development of the desired lactic cultures, the 
carbohydrates stachyose and raffinose which is available 
for fermentation. Soy milk is rich in soybean-
oligosaccharides such as raffinose and stachyose and is 
an excellent growth medium for lactic acid bacteria 
(Kamaly, 1997; Wang et al., 2002, 2003; Beasley et al., 
2003).  

Since it is a tetrasaccharide with 2 molecules of 
galactose, one molecule of glucose and one molecule of 
fructose, stachyose [β-D-fructofuranosyl-O-α-D-
galactopyranosyl-(1→6)-α-D-galactopyranoside-(1→6)-α-
D-glucopyranoside], which is an indigestible 
oligosaccharide,  provides 4 molecules of hexoses, 
whereas raffinose [β-D-fructofuranosyl-O-α-D-
galactopyranosyl-(1→6)-α-D- glucopyranoside], which is 
a trisaccharide (and also an indigestible oligosaccharide) 
with 1 molecule each of glucose, fructose and galactose, 
(Suarez et al., 1999), provides 3 molecules of hexoses, 
making the medium rich in a substrate adequate for the 
development of probiotic cultures, as pointed out by 
Kamaly (1997), Wang et al. (2002, 2003) and Beasley et 
al. (2003).  

Unlike the results obtained by Božanić et al. (2008), 
who showed that L. casei presented the best growth in 
soymilk with the addition of glucose, the present study 
indicated that L. casei, like the other strains in question, 
grew better in a substrate with the addition of 100% 
sucrose, although it also grew in a substrate with the 
addition of glucose, but presented a shorter fermentation 
time in the first substrate. 

In conclusion, the samples supplemented with  sucrose  

showed a more rapid evolution of acid as compared to 
the others. This was because sucrose is a disaccharide 
(formed of fructose and glucose), making more substrate 
available for the microorganism, in addition to that 
already in existent in the soybean besides the added 
inulin.  

The formulation containing glucose presented a 
delayed evolution of acidity as compared to the others. 
When comparing the initial acidities of the mixtures at 
zero fermentation time, both should have presented the 
same acidity since the base mixture was of the same 
origin. The differences could have been occasioned by 
the physicochemical quality of the glucose (acid sugar) 
resulting from the storage conditions and exposition to 
other unknown factors. 
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