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SUMMARY. Yoghurts were prepared by fermentation of soy milk 
using a mixed starter culture containing Lactobacillus bulgaricus 
and Streptococcus thermophilus. Soy milk at 9° Brix was 
homogenised under pressure (17 MPa) and fermented with and 
without addition of sucrose (2.0 and 2.5 g per 100 g) for 4, 5, 6  and 
7 hours. The yoghurts were evaluated in terms of sensory qualitty, 
pH, titrable acidity, phytic acid and oligosaccharides: A yoghurt 
with the best sensory quality was obtained using the homogenised 
soy milk with 2 % sucrose addition and fermented for 6  h. 
Lactobacillus bulgaricus and Streptococcus thermophilus did not 
produce phytases and a-galactosidases at the experimental 
conditions, consequently, phytic acid and galactosides were not 
affected by the process.
Key words: Soymilk, soy yoghurt, yoghurt sensory analysis, 
phytate, alpha-galactosides.

RESUMO. Desenvolvimento e avalia^äo sensorial de iogurte 
de soja. Foram elaborados iogurtes através da fcrmcntaqäo de leite 
de soja, usando urna cultura mista de Lactobacillus bulgaricus e 
Streptococcus thermophilus. O leite de soja com 9o Brix foi 
homogeinizado sob pressäo (17 MPa) e fermentado com e sem 
adiqao de sacarose (2,0 e 2,5 g por 100 g) por 4, 5, 6  e 7 horas. Os 
iogurtes obtidos foram analisados em relaqao as características 
sensoriais, pH, acidez titulável, fitatos e oligossacarídeos. Foi obtido 
um iogurte com ótimas qualidades sensoriais, a partir do leite de 
soja homogeinizado, com adiqao de 2 % de sacarose e fermentado 
por 6  h. Os microrganismos utilizados nao produziram fitases e a- 
galactosidases e, consequentemente, os teores de a-galactosídeos 
e de fitatos nao foram alterados pelo processamento. 
Palavras-chave: Leite de soja, iogurte de soja, análise sensorial, 
fítato, alfa-galactosídeos.

INTRODUCTION

M any soy products have lim ited human use in the W estern 
h e m isp h e re  d u e  to  u n d e s ira b le  o f f- f la v o u rs  (1 ,2 ) . 
Ferm entation processes, which have long been used in the 
O rient, m ay im prove the sensorial attributes and also to 
decrease or m ask the properties o f undesirable com pounds 
contributing to the production o f better derived soy products 
(1). Lactic acid ferm entation has been reported as a mean 
to reduce beany flavours and anti-nutritional factors, such as 
phytic acid, in soy bean products and together with the 
addition o f sweeteners it is possible to obtain products with 
better acceptance by panellists (2,3).

The presence of galactosides such as raffinose and stachyose in 
soybean products leads to controversial opinions among research­
ers because these oligosacharides are not digested by non-rumi­
nants consequently forming gases in the large intestine (4). In 
contrast, galactosides are considered as probiotics and are in fact 
added to specific products with therapeutic purposes (5).

Soy-based foods may provide additional benefits for the 
consum er fo r exam ple due to  the ir hypolip idem ic, anti- 
cholesterolemic and counteratherogenic properties and also to 
their reduced allergenicity (6). Consequently, soy milk based 
yoghurts offer a considerable appeal for a growing segment of 
consumers with certain dietary and health concern. In addition,

soy milk yoghurt have several nutritional advantages over cow 
milk yoghurt such as, reduced levels o f cholesterol, o f saturated 
fat and free o f lactose. Although some reports are found in the 
literature dealing with soy milk yoghurt production, not so many 
data are available providing a complete characterization o f the 
products, including the sensory evaluation and the residual 
amounts o f phytates and a-galactosides

Thus, the purpose of the present study was to develop 
soy milk yoghurts with good acceptability, to characterize 
the products in terms o f their com position and evaluate the 
fate o f the phytates and alpha-galactosides after processing.

MATERIALS AND METHODS 

Yoghurt production
Soy m ilks w ere prepared with soybean [Glycine M ax  (L.) 

M e rr il] , c u l t iv a r  E M B R A P A -4 , su p p lie d  by S P S B - 
EMBRAPA, Ponta Grossa-PR, Brazil. The milk was obtained 
by using a  procedure already described in the literature (7). 
The soy m ilk  hom ogenization  process and the yoghurt 
production were based on previous descriptions(8). The soy 
milk tem perature was adjusted to 45°C, inoculated with 3% 
com mercial yoghurt culture (50:50 m ixture of Lactobacillus 
delbruckii subsp. bulgaricus  and Streptococcus salivarus  
subsp . th e rm o p h ilu s  from  C hr. H a n se n ’s (B raz il)  and
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incubated from  4 to  7 h at 4 5 “C. The experim ents were 
conducted using soy milk at 9° Brix hom ogenised at 17 M Pa 
and with addition o f sucrose in the concentrations o f 2.0 or 
2.5 g per lOOg o f soy milk. Fermentation times w ere o f 4, 5, 
6 and 7 h periods.

Analytical procedures
M oisture, protein and ash values were determ ined using 

standard A .O.A.C. procedures (9) and fat was determ ined by 
the Bligh-Dyer m ethod (10).

S am ples w ere freeze-d ried , m illed  and then  passed  
through a 0.75 mm sieve. The initial moisture content o f the 
samples were taken into account for data com parison. All 
results w ere reported  on a w et w eight basis. F or sugar 
determ ination the sam ples w ere previously deffated with 
petroleum ether. All determ inations were m ade in triplicate.

Titratable acidity was estimated by titrating 10 g o f sample 
with 0.1N  N aO H  using phenolphthalein as the indicator. 
Changes in pH w ere followed using a pHm eter (M icronal, 
Brazil).

The determ ination of soluble solids in the soy milk (from 
Oo to 32°Brix) was carried out using a refractom eter, (Atago, 
USA).

Phytic acid determ ination was achieved by ion exchange 
chrom atography followed by a colorim etric reaction (11).

O ligosaccharides were extracted from  the sam ples and 
purified prior to high-perform ance liquid chrom atography 
(12). A  HPLC equipm ent with a 20pi loop and a refractive 
index detector (Waters, USA) was used with a Silica-NH, 
column o f 250 x 4.6 mm, id. (Waters, USA) at a flow rate of 
1.0 ml/min. Standard solutions o f glucose, fructose, sucrose, 
lactose, raffinose, m ellibiose and stachyose w ere used for 
peak identification. Quantification was achieved by external 
standardisation using an electronic integrator (Waters, USA).

Sensory analysis
Eleven trained judges were selected based on their ability 

to discrim inate and reproduce the results.
All samples w ere served at tem peratures o f 7-10°C using 

plastic cups labelled with three-digit codes from  a random 
num ber table. W ater was available for panel m em bers to rinse 
their m ouths betw een sam ples. C rakers w ere supplied as 
needed to aid in rem oving beany flavour between tasting.

The round table discussion and the paired directional two- 
sided com parison test w ere applied (13). T he tests were 
conducted in partitioned booths with fluorescent lighting. 
The sensory analysis was directed to identify the best product 
by the form ulation o f  the following questions to the panel: 
l)w hich sample has the better consistency?; 2) which sample 
has the better taste?.

Analysis o f  variance was used for statistical treatm ent of 
the data (p<0.05)

Effect of fermentation
The coagulation o f  soy milk yoghurt occurred within 4 

hours of ferm entation, with pH o f 5,5 and titratable acidity 
o f 0,24%  (as lactic acid %) These results w ere sim ilar to 
those obtained when lactic-acid bacteria activity in soymilk 
was studied (14).

As show n in the F igures 1 and 2 the titrab le  acidity 
increased and pH  decreased as a function o f ferm entation 
time, particularly in the samples enriched with sucrose hich 
is in a g re e m e n t w ith  o th e r  o b se rv a tio n s  (2 ,1 5 ). A cid  
production in the medium depends upon the growth o f the 
o rg an ism s and  th e ir  a b ility  to  fe rm e n t the av a ila b le  
carbohydrates. S. therm ophilus readly utilises sucrose, the 
m a jo r  fe rm e n ta b le  su g a r  in  so y b e a n s , an d  p ro d u ce s  
su b stan tia l am o u n ts  o f  ac id  in soy m ilk , how ever, L. 
bulgaricus is unable to  use this sugar (16). A fter 7 h of 
fe rm en ta tio n  the pH  o b ta in ed  w as 4 .5  w hich  is q u ite  
acceptable for yoghurts (17).

FIGURE 1 
Variation of titratable acidity in function 

o f ferm entation time
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Fermentation time (hours)

♦ Standard fermentation
■ Fermentation with 2% sucrose addition
• Fermentation with 2.5% sucrose addition
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FIGURE 2
Variation of pH in function o f ferm entation tim e

Fermentation time (hours)

♦ Standard fermentation
■ Fermentation with 2% sucrose addition
•  Fermentation with 2.5% sucrose addition

T he proxim al com position of soy m ilk before and after 
ferm entation at different tim es is presented in Table 1. The 
results did not show any great differences when com pared 
with other soy milks described in the literature (3). The car­
bohydrate com position showed that the a-galactosides are 
readly extracted from the flour, w ith stachyose largely pre­
dom inant over raffm ose (Table 2). The presence o f chrom a­
tographic peaks that appear within the first 5 min o f analy­
sis, w ith sim ilar retention tim es for glucose, fructose and 
galactose, in addition to the galactosides which are eluted 
later in the chrom atogram  have been reported (16). In the 
present work a small peak appeared with a sim ilar retention 
tim e of glucose and this was considered to represent the total 
monosaccharides present in the samples.

The am ount o f m onosaccharides increased significantly 
(P<0.05) with the ferm entation in all treatm ents probably due 
to the hydrolysis o f major carbohydrates with higher degree 
o f polim erization.

L. bulgaricus  and S. therm ophilus  do  not possess a -  
galactosidade activity but S. thermophilus has invertase ac­
tivity (16). In the present w ork while raffinose and stachyose 
concentrations w ere not significantly reduced (P<0.05), a 
reduction in sucrose of 90%  was reached, as shown in Table 
2, supporting the indication o f low a-galactosidase and high 
invertase activities.

According to the results shown in Table 2, the phytic acid 
concentration did not change significantly (P<0.05) during 
ferm entation in any one o f the studied conditions indicating 
that the bacteria used is not efficient to decrease this anti- 
nutritional factor extracted from the soy flour.

TABLE 1
Proxim al com position of 9° Brix soy m ilk and yoghurts 

from different fermentation times

Sample Moisture Fat Protein Ash Carbohydrates* 
________________________ (N x 6.25)______________________
1 90.7a 2 .6  a 4.5b 0.5 a 1.7
2 91.0a 2 .6  a 4.3 a 0.5 a 1 .6

3 90.9 a 2 .6  a 4.3 a 0.5 a 1.7
4 91.2a 2.5 a 4.3 a 0.5 a 1.5
5 91.2a 2 .6  a 4.2 a 0.5 a 1.5
6 89.7b 2.4 a 4.1 b 0.5 a 3.3
7 89.3 b 2 .6  a 4.3 a 0.5 a 3.3
8 89.6 b 2.5 a 4.2 a 0.5 a 3.2
9 89.8b 2.4 a 4.1 b 0.5 a 3.2
1 0 89.6” 2 .6  a 4.2 a 0.5 a 3.1
11 89.1b 2.4 a 4.0 b 0.5 a 4.0
12 89.3 b 2 .6  a 3.6C 0.5 a 4.0
13 89.2 h 2.5 a 3.5° 0.5 a 4.3
14 89.1 b 2.5 a 3.T 0.5 a 4.2
15 89.0b 2 .6  a 4.0b 0.5 a 3.9

-The soy milk used was homogenised at 17 MPa o f pressure 
-Results are expressed in g per lOOg o f sample.
-*Calculated by difference.
-(P<0.05). Identical letters means not significantly different.
-Sample 1 is soy milk at 9° Brix. Samples 2 to 5 are the same milk fermented 
for 4, 5 , 6  and 7 hours, respectively.
-Sample 6  is soy milk with 2g% o f sucrose added. Samples 7 to 10 are as 6  

but fermented for 4, 5, 6  and 7 hours, respectively.
-Sample 11 is soy milk with addition o f 2.5g% o f sucrose. Samples 12 to 15 
are as 11 but fermented for 4, 5 , 6  and 7 hours, respectively.

Sensory characteristics of yoghurt
Although som e authors have used cow m ilk based yoghurt 

for panellists to be com pared with soy milk based yoghurt
(2,19), in the present work the panel concluded that the two 
yoghurts are two different products, therefore, the cow milk 
yoghurt can not be reference. The most relevant attributes o f 
soy milk yoghurt determined by the taste panel were: a) visual 
texture (great syneresis); b) texture or consistency in the mouth 
(consistent, firm, creamy, chalky, airy, and greasy); c) taste 
(soy, bitter, oil, sweet, acid, bean, and nut).

In preliminary experiments the panel rejected the yoghurt 
prepared w ith  5° B rix soy m ilk  because o f  consistency. 
Excessive syneresis after 20 h o f production could be an effect 
of the use of 13 M Pa of pressure for homogenization. However, 
they did not detect any significant difference (p<0.05) between 
pressures o f  17 and 20 MPa, when evaluated by the paired 
directional two-sided comparison test. The panel also rejected 
glucose in favour o f sucrose which they considered to be a 
better sweetner then glucose. Based on these inform ation, 
further experiments were carried out using only sucrose as 
sweetner, soy milk at 9° Brix and 17 M Pa o f homogenization 
pressure and the other results were discharged.
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TABLE 2
Variation o f carbohydrate and phytic acid concentration of soy yoghurt in function

o f fermentation time

Sample Monosaccharides Sucrose Raffinose Stachyose Total PA

1 0.09a 0 .6 8 a 0.08 0.48 1.33 0.25
2 0 . 1 2 ab 0.32h 0.08 0.52 1.16 0.25
3 0.13 b 0 .2 2 ° 0.07 0.52 1.05 0.25
4 0.14b 0 .12 d 0.08 0.50 0.97 0.25
5 0 .1 2 h 0.07c 0.08 0.46 0.85 0.26
6 0.06“ 2.92° 0.09 0.43 3.50 0.26
7 0.14b 2 .6 6 b 0.09 0.46 3.45 0.25
8 0.13b 2.59c 0.08 0.45 3.34 0.25
9 0.13b 2.43d 0.08 0.41 3.15 0.26
10 0 . 1 0 b 2. IT' 0.08 0.40 2.78 0.27
11 0.0T 3.4T 0.08 0.35 3.85 0.26
12 0.13 b 3.04b 0.08 0.37 3.71 0.26
13 0.13 b 3.00bc 0.09 0.37 3.68 0.26
14 0 .1 2 b 2.97c 0.08 0.38 3.63 0.26
15 0 . 1 2 h 2.61d 0.08 0.38 3.26 0.25

(P<0.05). Identical letters means not significantly different.
-Samples 1 to 5 are as described in Table 1. Sample 6  is soy milk with 2g/100g of sucrose added.
Samples 7 to 10 are as 6  but fermented for 4, 5, 6  and 7 hours, respectively. Sample 11 is soy milk with addition 
of 2.5g% of sucrose. Samples 12 to 15 are as 11 but fermented for 4, 5, 6  and 7 hours, respectively.
-Results are expressed in g per lOOg of dried and deffated samples.
-All yoghurts were obtained with soy milk homogenized at 170 bar of pressure.
-PA = Phytic acid .
-Raffinose, stachyose and PA did not show significant (p<0.05) differences with different treatments.
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