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Abstract

The influence of temperature on the growth and biological activity of two probiotic strains (Bifidobacterium longum CRL 849 and

Lactobacillus fermentum CRL 251) as pure and mixed cultures in soymilk (SM) were evaluated. Maximum growth was observed at

37�C in both mixed and pure cultures. In a product prepared with the mixed culture (1:1) at 37�C, the amount of lactic acid

produced was approximately 55mmol l�1 after 24 h with a slow production rate (2.8mmol l�1 h�1); the formation of acetic acid was

higher with respect to pure cultures (82.01mmol l�1 after 24 h), and final pH (24 h) was 5.0. About 85% of the total amount of

sugars in SM was reduced, mainly sucrose. Stachyose was reduced (71%) after 4 h of incubation. Maximum activity of alpha-

galactosidase (alpha-gal) (13.2Uml�1) was observed after 6 h. At 37�C the bifidobacterium strain was viable in mixed culture

throughout the period assayed. At lower (30�C) or higher (42�C) temperatures, mixed culture showed slower growth and lower acid

production in SM but the alpha-gal activity was stimulated at 30�C.

r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The potential of soymilk (SM) as a substitute for cow
or human milk has been emphasized over the years,
especially in the case of infants or children allergic to
cow milk or adults with a low level of lactase in their
intestine. SM can also be used as an economical protein
beverage when cow milk is not available or expensive.
However, the unfavorable beany flavor, flatulence
factors and the high contents of indigestible alpha-d-
galactosyl oligosaccharides such as raffinose and sta-
chyose limit the consumption of soybeans as raw food
material (Steggerda et al., 1966; Thananunkul et al.,
1976). To overcome these limitations and to improve the
acceptability and the nutritive value of SM, fermenta-
tion with various organisms has been attempted
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(Angeles and Marth, 1971; Mital and Steinkraus, 1975;
Garro et al., 1994).
Bifidobacteria are major components of the intestinal

flora of healthy humans and they are considered
beneficial to all age groups because they help build
resistance to infection in the host. Therefore, there exists
considerable interest in the use of fermented milk
products with bifidobacteria for probiotic purposes.
In previous studies, Garro et al. (1998, 1999a) have

reported that Bifidobacterium (B) longum and Lactoba-

cillus (L) fermentum used as pure starter cultures in SM
exhibited significant growth and produced substantial
amounts of acids under controlled fermentation condi-
tions (at one temperature and free pH-fermentation).
These authors demonstrated that 1:1 rate of B. longum

and L. fermentum was the best proportion to improve
the growth of each strain in mixed culture (data not
published). The survival of these pure cultures in
fermented SM during storage was also examined and
high levels of viable organisms were obtained even after
28 days of storage (Garro et al., 1999b).
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The aim of this work was to evaluate the effect of
different temperatures on the bacterial population,
alpha-galactosidase (alpha-gal) activity, residual sugars
and organic acids produced in fermented SM with pure
and mixed cultures (B. longum CRL 849 and L.

fermentum CRL 251) in order to improve their
performance in probiotic foods.
2. Materials and methods

2.1. Microorganisms and growth conditions

B. longum CRL 849 and L. fermentum CRL 251 used
in this study were obtained from the Culture Collection
(CRL) of the Centro de Referencia para Lactobacilos
(CERELA), Tucum!an, Argentina. These microorgan-
isms showed the highest alpha-gal activities. B. longum

CRL 849 is able to grow under aerobic conditions
(Garro et al., 1999a, b).
SM was used as growth medium with the following

approximate composition: proteins 3.0%, lipids 2.5%,
sugars 3.5%, ash 0.5% and water 90.5%. The sugar
fraction comprised 2.8% sucrose and 0.7% stachyose.
Prior to further use SM was sterilized at 115�C for
20min. Final pH was 6.8–7.0.

2.2. Culture preparation

Growth experiments were carried out in batch
cultures (Erlenmeyer flasks) with 500ml of SM.
Freeze-dried cells (de Valdez et al., 1983) of each strain
were used as inoculum at a concentration of 1.0� 107

colony forming units (cfu)ml�1(final concentration) in
pure cultures. Mixed cultures contained a 1:1 proportion
of each pure strain (final volume of SM, 500ml). The
cultures were incubated statically in a water bath at
three controlled temperatures (30�C, 37�C and 42�C)
for 24 h. Samples were taken at different times during
24 h and tested for pH and cell viability. Samples were
frozen at �20�C until further analysis: assaying of
residual sugars, alpha-gal activity and organic acids
concentrations. Non-inoculated SM treated equally was
used as control.
Cell populations of pure cultures and total mixed

cultures were estimated by the plate dilution method
using RCA agar (Barnes and Ingram, 1956) with the
addition of 0.0005% hemin and 0.00005% vitamin K.
Serial dilutions of each sample were plated out in
duplicate and plates were incubated anaerobically at
37�C for 72 h. In order to compare microorganism
growth in SM, results were expressed as ln ðX=X0Þ
versus time, where ‘‘X ’’ is the number of cfuml�1 at a
given time (t) and ‘‘X0’’ the initial cfuml

�1 at zero time
(t ¼ 0).
In order to differentiate the cell populations of the
mixed culture a phenotypic method for bacterial
identification was used. Previously, the enzymatic profile
of both microorganisms was examined with the API
Zym kit (Bio-Merieux, USA) and can be distinguish by
alkaline-phosphate enzyme. Modified RCA agar sup-
plemented with 50 mg/ml of 5-bromo-4-chloro-3-indolyl-
phosphate (X-phos) in H2O. B. longum strains that are
alkaline phosphatase positive developed blue colonies
on RCA agar containing X-phos and L. fermentum

strains that are phosphatase negative developed un-
colored colonies.

2.3. Alpha-gal activity

Cell-free extracts were prepared by suspending
washed cell pellets in 1ml of McIlvaine buffer (100mm

Citrate/Na2HPO4), pH 5.8. Cells were disrupted with
glass beads (0.10–0.11mm) on a vortex mixer at
maximum speed ten times during 20min with 1-min
intervals on ice. The supernatant was obtained after
centrifugation (10,000g for 10min, 4�C) and then stored
at 4�C for alpha-gal assaying. Protein concentration was
measured by the method of Bradford (1976) using
bovine serum albumin as standard protein. Alpha-gal
activity was determined in cell-free extracts with
McIlvaine buffer according to Church et al. (1980).
This technique is based on the measurement of the
absorbance at 400 nm of p-nitrophenol (pNP) released
by the action of the enzyme upon its specific substrate,
p-nitrophenyl-alpha-d-galactopyranoside (pNPG).
The reaction mixture contained: 10mm pNPG, 50 ml;

100mm McIlvaine buffer pH 5.8, 50 ml; cell-free extract,
100 ml; final volume: 200 ml. The mixture was incubated
at 37�C for 15min, and the reaction was stopped by
adding 3ml of sodium carbonate (0.25m).
One enzyme unit (U) was defined as the amount of

enzyme that released 1.0 mmol of pNP from its substrate
pNPG per min under the given assay conditions. The
results are expressed as Uml�1.

2.4. Analytical assays

Concentrations of stachyose, sucrose and their
hydrolysis products (galactose, glucose and fructose) in
SM cultures were determined by high-performance
liquid chromatography (HPLC) on a Gilson system
(Villers le Bel, France) coupled to a differential
refractometer (LKB, model 2142, Bromma, Sweden)
and an integrator (Shimadzu, model CR 601, Chroma-
topac). Samples were deproteinized (Mital et al., 1975)
before sugar determination. The supernatants obtained
were injected into the column (REZEX RSO Oligosac-
charides column (200� 10mm2) (Phenomenex, Torrance,
California, USA) through a 20 ml sample loop (Reodyne,
model 9125). Column temperature was 70�C and
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HPLC-grade bi-distilled water was used as mobile phase
at a flow rate of 0.3mlmin�1.

l(+)-lactate was determined enzymatically according
to Gutmann and Walhlefeld (1974), and d(�)-lactate
according to Gawehn and Bergmeyer (1974).
Determination of acetic acid was carried out on a gas

chromatograph (GC) (Gow Mac Instrument Co.)
equipped with a flame ionization detector and a stainless
steel capillary column (30m� 0.32mm internal dia-
meter) packed with AT-WAX (0.25 mm) (Heliflex
capillary, Alltech). Helium was used as carrier gas.
The temperature of the column was 90�C (isothermal),
the injector 130�C and the detector 190�C. Data were
analysed using an integrator (Data Jet, Spectra-Physics)
and quantification was achieved by internal standard
calibration.
The pH of the samples was measured by potentio-

metric methods.

2.5. Statistical analysis

All results presented in this study are the mean of
three independent experiments with three replicates
each. Data were analysed by the general linear model
procedures of the Statistical Analysis System (SAS,
1986); Po0:05 was considered significant. Means were
compared by least significant difference.
Fig. 1. Growth (—) and pH (- - - - -) of pure cultures of L. fermentum

CRL 251 (K) and B. longum CRL 849 (’) and a 1:1 mixed culture of

both strains (n) in SM at (a) 37�C, (b) 30�C, and (c) 42�C.
3. Results

3.1. Temperature effect on growth kinetic parameters and

acidification rate

Growth patterns of mixed (1:1) and pure batch
cultures of B. longum CRL 849 and L. fermentum

CRL 251 in SM are illustrated in Fig 1 (a)–(c) and
Table 1.
Cultures incubated at 37�C showed a similar growth

during the first 8 h (Fig. 1a). Maximum specific growth
rates between 2 and 6 h for mixed and pure cultures of
B. longum were 0.66 and 0.72 h�1, respectively. The pure
culture of L. fermentum demonstrated a lower specific
growth rate (m=0.44 h�1) until 8 h, after which the rate
was slow (m=0.10 h�1) reaching a maximum population
of 1.95� 109 cfuml�1 after 24 h. The pure culture of B.

longum started growth immediately but only lasted
about 8 h. Maximum population after 8 h was
1.52� 109 cfuml�1 (Table 1, Fig. 1a), after which it lost
viability (2.80� 107 cfuml�1 after 24 h). In mixed
culture, however, B. longum showed a different beha-
vior. Assays in differential medium showed growth
kinetics similar to those of the pure culture until 8 h, but
afterward it maintained its viability until the fermenta-
tion had finished (24 h) (data not shown).
Maximum pH drop (DpH=2.2) was observed in pure
cultures of B. longum incubated at 37�C for 8 h. The pH
thus reached (pH=4.7) was close to the isoelectric point
of soy proteins and therefore protein precipitation of a
semi-soft coagulum could be observed. Acidification
rate of mixed and pure culture of L. fermentum was less
(0.29–0.25 pH units h�1) than that observed in pure B.

longum culture (0.410 pH units h�1). However, final pH
of pure L. fermentum was similar to that of B. longum
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Table 1

Temperature effect on growth kinetic parameters of L. fermentum CRL 251 and B. longum CRL 849, used as starter cultures, in soymilk

Temperature Pure culture Mixed culture

L. fermentum CRL 251 B. longum CRL 849 Lf/Bl (1:1)

Pmax
� 107 cfuml�1

Gr

(m) h�1
Armean
pH unit h�1

Pmax
(� 107 cfuml�1)

Gr m
(h�1)

Armean
pH (unit h�1)

Pmax
� 107 cfuml�1

Gr

(m) h�1
Armean
pH unit h�1

30�C 12.2 (10 h) 0.63 0.09 5.5 (8 h) 0.32 0.07 21.0 (10 h) 0.55 0.21

29.9 (24 h) (6–4 h) (24–7h) 17.2 (24 h) (6–2 h) (24–7 h) 34.1 (24 h) (8–4 h) (8–6 h)

37�C 39.7 (8 h) 0.44 0.29 152.0 (8 h) 0.72 0.41 22.1 (8 h) 0.66 0.25

195.0 (24 h) (8–2 h) (8–4 h) 2.8 (24 h) (6–2 h) (6–3 h) 30.0 (24 h) (6–2 h) (8–4 h)

42�C 5.8 (8 h) 0.62 0.20 37.1 (8 h) 0.52 0.28 20.1 (8 h) 0.56 0.27

12.3 (24 h) (7–5 h) (8–5 h) 31.4 (24 h) (6–2 h) (5–0 h) 17.0 (24 h) (6–2 h) (4–2 h)

Notes: Lf: L. fermentum, Bl: B. longum, Pmax: maximum population (� 107 cfuml�1), Gr: growth rate; m (h�1), Armean: mean acidification rate; pH

(unit h�1).
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after 10 h of incubation (pH=4.5). Final pH of mixed
culture was about 5.0.
When the incubation temperature was diminished to

30�C, all cultures assayed showed a longer lag phase
than at the other temperatures (Fig. 1b), approximately
5 h after inoculation. The mixed culture showed good
growth with a m of 0.55 h�1 (between 4 and 8 h) and
reached a maximum population of 3.41� 108 cfuml�1

after 24 h. The pure B. longum culture showed less
growth with a specific growth rate of m ¼ 0:32 h�1

(Table 1). Maximum population was 1.72� 108 cfuml�1

after 24 h of incubation. The pure culture of L.

fermentum showed a specific growth rate of 0.63 h�1

until 6 h and after this time growth continued slowly
(0.070 h�1), reaching a maximum population of
2.99� 108 cfuml�1after 24 h. Two exponential growth
phases (0.6370.05 and 0.0770.01 h�1, respectively,
Fig. 1b) were observed for this microorganism. The
shift in exponential growth phase occurred at a
population level of 1.22� 108 cfuml�1 (approximately
10 h). Maximum population was reached after 24 h
(2.99� 108 cfuml�1).
The mixed culture grown at 30�C showed a higher

acidification rate (0.21 pH units h�1) than the pure
cultures (0.09 pH units h�1) in SM (Fig. 1b, Table 1).
Even though the acidification rate was higher in mixed
culture, final acidification of fermented SM with all
three cultures at 30�C was little (pH values above 5) at
the end of the period assayed (24 h) (Fig. 1b).
When the incubation temperature was increased to

42�C, growth kinetics of mixed culture were similar to
those of pure culture of B. longum (m ¼ 0:56 and
0.52 h�1, respectively) (Fig. 1c, Table 1). Both cultures
reached a stationary phase after 8 h of incubation. Little
growth was observed for L. fermentum in mixed culture
using differential cell count, but it maintained viability
throughout the incubation time (24 h) (data not shown).
Pure culture of the microorganism showed a lower
growth rate compared with both other cultures assayed
(lag phase was longer than 5 h, Fig. 1c) and cell growth
was less than at the other temperatures assayed. Cell
growth was low (5.80� 107 cfuml�1) after 8 h of
incubation, showing a very short exponential growth
phase and an insignificant increase in cells after 24 h of
incubation (1.23� 108 cfuml�1), whereas the cell num-
ber of mixed and pure B. longum cultures increased 2–3
times at this temperature.
The acidification rate of mixed culture was similar to

that of pure B. longum culture (0.27 and 0.28 pH
units h�1, respectively) (Table 1) suggesting that acid-
ification in mixed culture was primarily due to the action
of B. longum. Little acid was produced by the pure
culture of L. fermentum at 42�C, and the pH decreased
only 0.12 units in the first 5 h.

3.2. Temperature effect on the production of organic

acids

A temperature effect was also noticed on the
production of organic acids (Figs. 2a–c). Mixed culture
at 37�C showed a different behavior from that observed
in pure cultures (Fig. 2a). During the first 6 h of
incubation the main product in pure cultures was
lactic acid (production rate between 10.5 and
12.9mmol l�1 h�1), whereas production of this metabo-
lite was low in mixed culture. An increase in lactic acid
occurred only after 10 h and at a lower production rate
(2.8mmol l�1 h�1). However, the amount of lactic acid
at the end of the fermentation period (24 h) in mixed
culture was similar to that of pure L. fermentum

(approx. 55mmol l�1).
Temperature conditions (37�C) favored formation of

acetic acid in mixed culture during the first 10 h with
values similar to those of pure L. fermentum, but lactic
acid synthesis was lower (Fig. 2a). After 10 h, the
production of both acids was higher with a molar ratio
between acetic and lactic acid of 1.5:1.0. Production rate
of acetic acid (3.7mmol l�1 h�1) was highest, reaching
maximum concentration after 24 h (82.01mmol l�1,
3.3 times that of pure cultures). In contrast, acetic
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Fig. 2. Lactic acid (—) and acetic acid (......) production in pure and

mixed cultures (n) of L. fermentum CRL 251 (K) and B. longum CRL

849 (’), grown in SM at (a) 37�C, (b) 30�C, and (c) 42�C.
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acid production in pure cultures was much lower
(max. 25mmol l�1), even in B. longum, known for its
molar acetic acid:lactic acid ratio of 3:2. In our case this
molar ratio was about 0.5:1.0, in favor of lactic acid
production.
At 30�C, organic acid production was low in all
cultures and the patterns were quite similar (Fig. 2b).
During the first 6 h of incubation of pure L. fermentum

acetic acid formation was predominant. This micro-
organism is heterofermentative and under the given
growth conditions acetic acid seemed to be favored (the
acetic acid:lactic acid ratio changed from 3.5:1.0 to
4.0:1.0). After 6 h the process was inverse and lactic acid
production was higher. Acetic acid production of
pure Bifidobacteria culture was higher after 24 h
(59.79mmol l�1), whereas maximum lactic acid produc-
tion was 34.93mmol l�1.
At high incubation temperature (42�C) production of

both organic acids in mixed culture was similar to that
of B. longum, which indicates only little influence of L.

fermentum in the mixture. A pure culture of B. longum at
this temperature showed its typical metabolism with a
higher acetic acid production (2:1molar ratio). How-
ever, maximum acetic acid and lactic acid production
after 24 h in both mixed and pure culture of B. longum

was only 45 and 50mmol l�1 and 28 and 32mmol l�1,
respectively. Organic acid production in a pure culture
of L. fermentum at 42�C (Fig. 2c) was similar to that at
30�C (Fig. 2b), with 20mmol l�1 for acetic acid and
24.4mmol l�1 for lactic acid.

3.3. Temperature effect on carbohydrates consumption

and alpha-gal activity

The amount of metabolized sugars after 24 h of
incubation in mixed batch culture at 37�C was similar to
that in a pure culture of L. fermentum (Table 2). The
level of sucrose increased between 2 and 4 h, followed by
a high utilization rate with a reduction of ca 80% after
10 h of incubation. A 73% of stachyose was metabolized
after 4 h of fermentation. After 10 h the hydrolysis
products (glucose, fructose, galactose and raffinose)
were only scarcely detected. In pure B. longum culture
sucrose was metabolized preferentially showing a
reduction of 79.30% after 9 h, while the consumption
of stachyose was less (52.33% of the original concentra-
tion was reduced after 8 h (Table 2)). This behavior is
the result of alpha-gal activity of the microorganisms
assayed at 37�C (Table 3). B. longum used as pure
culture reached a maximum activity of 7.7Uml�1 after
8 h. L. fermentum showed maximum activity after 6 h of
incubation (49.8U), loosing more than 70% after this
time. The production patterns of mixed culture at 37�C
and 30�C (see below) were similar, but with less activity
(13.2U) at 37�C. A loss of activity of more than 60%
was observed in all cultures after reaching the stationary
phase.
The low cell growth observed at 30�C in all the

cultures assayed (pure and mixed) was reflected in the
low utilization of carbohydrates (sucrose and sta-
chyose): more than 75% remained in the SM after 24 h
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Table 2

Residual sugars in soymilk inoculated with B. longum CRL 849 and L. fermentum CRL 251, used as starter cultures, at 37�C

Fermentation time (h) Residual sugar (%)

B. longum CRL 849 L. fermentum CRL 251 Mixed culture (1:1)

Stachyose Sucrose Stachyose Sucrose Stachyose Sucrose

0 100.00 100.00 100.00 100.00 100.00 100.00

2 78.30 80.20 66.57 59.74 70.10 61.30

4 65.20 62.97 27.15 66.96 29.30 69.20

6 58.60 55.97 27.61 34.40 28.50 37.40

8 47.67 32.00 15.29 22.66 18.90 25.60

24 41.54 18.42 14.09 14.17 15.20 16.10

Table 3

Temperature effect on alpha-gal activity in soymilk fermented with B.

longum CRL 849 and L. fermentum CRL 251, used as starter cultures

Fermentation time (h) Alpha-gal activity (Uml�1)

30�C 37�C 42�C

B. longum CRL 849

2 0.150 0.610 0.690

4 0.530 1.800 2.670

6 0.760 6.300 13.820

8 1.200 7.700 8.800

10 3.105 0.310 6.500

24 4.500 0.000 2.810

L. fermentum CRL 251

2 0.267 0.610 1.600

4 0.590 35.200 3.400

6 0.840 49.880 10.100

8 6.830 4.850 13.670

10 NA NA 10.100

24 5.530 0.720 2.370

Mixed culture

2 0.588 0.196 0.570

4 3.370 7.603 8.500

6 14.580 13.169 6.500

8 NA 11.500 5.200

10 17.911 10.020 2.800

24 3.292 1.745 2.460

Notes: NA: not assayed.
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of fermentation (data not shown). The enzymatic
activity of all cultures showed the maximum at the
early stationary phase. Mixed culture showed maximum
activity (17.9U) after 10 h, whereas pure cultures
showed minor activity (Table 3).
Total sugar consumption by B. longum in pure and

mixed culture grown at 42�C was similar. The sugar
utilization pattern of this microorganism was the same
as that at 37�C, but the amount consumed was less
(15%) (data not shown). L. fermentum displayed poor
sugar consumption similar to growth at 30�C (data not
shown). At 42�C, maximum enzyme activity coincided
with the beginning of the stationary growth phase in all
cultures assayed. Mixed culture showed lower enzyme
activity than in pure cultures, which remained constant
after 10 h (stationary growth phase) of incubation
(Table 3).
4. Discussion

B. longum and L. fermentum are commonly used as
starter cultures in different fermented foods (dairy
products, vegetables, meat, etc.), due to their beneficial
probiotic properties (Rasic and Kurmann, 1983;
Kurmann and Rasic, 1991; Hammes and Knauf, 1994;
Stiles and Holzapfel, 1997; Gardiner et al., 2002). This is
the first paper that discusses the behavior of mixed
culture of B. longum CRL 849 and L. fermentum CRL
251 in SM. Several fermentation parameters such as
changes in bacterial population and acidification prop-
erties of SM fermented with these cultures at different
temperatures were assayed in order to improve the
performance of these microorganisms in probiotic
products.
The mixed culture in SM incubated at 30�C and 42�C

demonstrated slow growth rate and a consequent low
production of organic acids respect to 37�C.
The growth of B. longum in SM as pure culture at

37�C was highest until 8 h then it showed a great loss of
viability. The acidification rate was higher than that in
the others cultures assayed. A similar phenomenon has
been observed previously by Garro et al. (1999a, b) and
Turner and Thomas (1975). Various factors such as low
pH and a high salt concentration can cause growth
inhibition of lactic acid bacteria but without modifying
carbohydrate metabolism and product formation. Ta-
niguchi et al. (1987) have observed that initial lactate
and acetate concentrations higher than 10 g l�1 rapidly
decreased the growth rate of B. longum YT 402, and
growth was completely inhibited in media containing
more than 18g l�1 of both lactate and acetate. Desjardins
et al. (1990) have reported that the metabolism of B.

longum was completely inhibited in milk with concen-
trations of lactate and acetate higher than 12 g l�1. In
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our experiments production of both organic acids was
less (o6 g l�1) and consequently the loss of viability is
probably due to a low pH reached under the given
growth conditions.
On the other hand, behavior of B. longum in mixed

culture was different from that in pure culture, as
viability maintained stable even during the stationary
growth phase. Production of organic acids also
differed, although final pH values were similar.
Furthermore, acetic acid production in mixed culture
increased, which suggests that co-existence of both
microorganisms would stimulate the natural fermenta-
tion pathway of Bifidobacterium. According to our
results B. longum CRL 849 could be used in this mixed
starter culture without encountering difficulties in
viability.
Interactions among different strains can have either

stimulatory or inhibitory effects on microbial growth
and on their metabolic activity. A co-culture with L.

fermentum could offer nutrients or conditions that
somehow maintain the viability of B. longum in the
mixed culture. Other cases of co-cultures and symbiosis
have been reported by Bouquien et al. (1998) and
Bellengier et al. (1997). The best-known example is
probably the yogurt culture starter, in which growth of
L. bulgaricus is stimulated by activators produced by S.

thermophilus (Galesloot et al., 1968; Moon and
Reinbold, 1976). Viability of bifidobacterium in dairy
products is still an important problem to be solved
(Medina and Jordano, 1995).
The SM used in this experiment contains approxi-

mately 3.5% fermentable carbohydrates sucrose (2.8%)
being the major component which was preferentially
hydrolysed by pure and mixed cultures at the different
temperatures assayed. B. longum CRL 849 and L.

fermentum CRL 251, both have alpha-gal necessary
for stachyose hydrolysis, but their mode of action is
different (Garro et al., 1998, 1999a). The type and
amount of residual sugars as well as the production of
alpha-gal during fermentation at 37�C were character-
istic for each microorganism. A pure culture of L.

fermentum displayed highest activity (49.8Uml�1 after
6 h) under the given conditions, but in mixed culture
final activity was similar to that of a pure culture of B.

longum at 42�C. The co-culture of both microorganisms
had no effect on the production of alpha-gal, and
neither showed a stimulatory effect on the consumption
of stachyose.
The results of this investigation showed that 37�C was

the optimal temperature to improve the performance of
B. longum CRL 849 and L. fermentum CRL 251 as
mixed culture in SM products. This mixed starter
can therefore be considered as a suitable alternative
for improving galactosaccharides digestion when bio-
processed soya bean products are included in the
human diet.
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