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In vitro fermentation of the extract of Agave fourcroydes (henequen) by
lactic acid bacteria
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In order to determine the growth and fermentation capacity of Lactobacillus spp. and Bifidobacterium spp. in presence of dried extract of
Agave fourcroydes (henequen) under in vitro conditions, three strains of Bifidobacterium (B. adolescentes, B. bifidum, B. breve) and three
of Lactobacillus (L. acidophilus, L. casei, L. paracasei) were selected. The commercial prebiotics Raftilosa P95, Raftiline HP, and the dried
extract of A. fourcroydes, rich in oligosaccharides of fructans, were used as energy source. The MRS medium, without glucose, was used
as control. Cysteine was added when necessary. Higher microbial growth (P < 0.001) and pH decrease in the medium (P < 0.001) were
obtained in all the groups of bacteria in presence of dried extract of A. fourcroydes. It was superior to the sources of commercial fructans
under use, with high production of organic acids. The lactic acid bacteria fermented efficiently the dried extract of A. fourcroydes, thereby
being a proper probiotic candidate to be used in animal feeding. These results could generate further studies with the aim of obtaining new

functional feeds, such as the symbiotics, which would enhance the effects.
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The application of prebiotics, as growth promoter
additives in animal feeding, constitutes an efficient
and safe alternative to intensive production systems,
due to the beneficial effects on the health and the
productive behavior of animals subject to several
stressing factors (Chuanlai ef al. 2005 and Janssens
and van Loo 2006).

The search for new sources of prebiotics is gaining
ground at present, because they are little available
at the international market and their productions do
not fulfill the current demands, making the prices
keep high (Carro and Ranilla 2002). The Institute of
Animal Science, in Cuba, obtained a dried extract of
A. fourcroydes, rich in oligosaccharides of fructans
(Garcia 2010) that can be used as energy source by
lactic acid bacteria.

In the gastrointestinal tract, Lactobacillus spp. and
Bifidobacterium spp. are beneficial microorganisms
related to nutritional, metabolic and protection functions
in the complex microbial ecosystem and in the host (Guo
et al. 2004). Therefore, it is necessary to favor their
growth to maintain the intestinal eubiosis. Different
scientific studies reveal, in detail, the capacity of these
microorganisms of using the prebiotics, among them
the fructans (Garcia et al. 2007 and Roberfroid 2007).
This is an important tool to assess the effect of these
carbohydrates and their potentials of use in vivo as
prebiotic in animal feeding.

The aim of this work was to determine the growth
and fermentation capacity of Lactobacillus spp. and
Bifidobacterium spp. on the dried extract of Agave
fourcroydes under in vitro conditions.

Materials and Methods

Microorganisms and culture media. Three strains of
Bifidobacterium were used: Bifidobacterium adolescentes
ATCC 460 (BA), Bifidobacterium bifidum ATCC
12400 (BBF) and Bifidobacterium breve ATCC 15700
(BBR). Besides, three of Lactobacillus: Lactobacillus
acidophilus ATCC 250 (LA), Lactobacillus casei ATCC
393 (LC), and Lactobacillus paracasei ATCC 25302
(LPC). All came from the international strain bank of
the Research Center and Advanced Studies, Irapuato
Unit, Mexico.

As culture medium, MRS (de Mann et al. 1960)
was used without glucose and substituting glucose by
three sources of fructans: dried extract of A. fourcroydes
(rich in oligosaccharide of fructan) (Garcia 2010)
and the commercial prebiotics Raftilose P95 and
Raftiline HP, of the ORAFTI brand. The substitutions
were performed independently, at concentration of
20 g L' The initial pH of the media was fitted to 6.20.
For the culture of the bifidobacteria, hydrochloric
cysteine (0. 05 %) was added as reducing agent. The
culture media, without the carbon source, were sterilized
at 121 °C for 15 min. The methodology of Urias-Silvas
(2008) was followed for the preparation of the MRS-
fructan medium.

Experimental procedure. The activation of the strains
of lactobacilli and bifidobacteria was performed in
liquid MRS medium. They were incubated at 37 °C for
48 h. Aliquots of 1 mL of each strain to be assessed
were collected from the culture tubes and cultures in
all the culture media. The ratio of inoculation was of
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1/10 (v/v). The incubation was conducted in atmosphere
of CO,, for 24 h, at 37 °C.

At the end of the experiment, the microbial growth
capacity was determined estimating the optical density
through UV-Visible spectrophotometer, at 630 nm wave
length. In the culture media, the pH was calculated with
the utilization of digital pH-meter (Sartorius Meter
PP-25) and the concentration of organic acids, through
high performance liquid chromatography, according to
Al-Tamimi ef al. (2006).

Statistical analysis. A completely randomized design
was used, with three treatments and three repetitions per
strain. An analysis of variance was performed for data
processing. In order to find out significant differences,
the test of Duncan (1955) was applied, when necessary.
The statistical software INFOSTAT version 1 (Balzarini
et al. 2001) was used.

Results and Discussion

The strains of Lactobacillus spp. and Bifidobacterium
spp. did not grow on the medium without glucose.
However, the bacteria under study, in the culture media
with fructans, grew (figures 1 and 2), showing that they
were able of using them as energy source.

The genera Lactobacillus spp. and Bifidobacterium
spp. have fructosilfuranosidases enzymes, able of
degrading the f bonds present in the chemical structures
of the fructans (Probert and Gibson 2002 and Ehrmann
et al. 2003). This characteristic permits the growth in the
media that uses these carbohydrates as energy source.

When comparing three sources of fructans, the
greatest growth of the strains was in the medium with
dried extract of 4. fourcroydes (P < 0.001), whereas in

Microbial growth (DO)
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the media with Raftiline HP, fructans of high degree
of polymerization, the growths were the lowest. This
could be associated with the chemical composition of
the dried extract and with the structural diversity present
in the fructans, as well as with the length of the chains
that, by being made up by oligosaccharides, are easily
degraded by part of the lactic acid bacteria, compared
with the polysaccharides (van den Broek et al. 2008).

Several studies demonstrated that the presence of
oligofructans with heterogeneous structures and different
types of bonds, similar to those in the fructans of 4.
fourcroydes, induce the synthesis of larger number
of enzymes involved in the degradation of these
carbohydrates (van der Meulen et al. 2004 and van
den Broek et al. 2008). Nevertheless, the presence of
monosaccharides and disaccharides in the dried extract
could also contribute to the stimulation of the bacterial
growth (Garcia 2010).

The previous results coincid with studies of Wang and
Gibson (1993) and Van der Meulen et al. (2004), when
obtaining increments in the growth of bifidobacteria
in presence of mixtures of oligofructans, in respect to
inulins and monosacchacarides of glucose and fructose.
Also, they are similar to the studies of Urias-Silvas and
Lopez (2004), who used different extracts of plants of
the Agavaceae family. These authors obtained higher
growths of Bifidobacterium breve, Lactobacillus casei
and Lactobacillus paracasei with extracts contining
oligofructans from Dasylirium. However, with those
including fructans of high degree of polymerization,
extracted from Agave tequilana, the growth was lower.

In the metabolism of the fructans there are intra
and extracellular inducible enzymes (Lambertus et
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Figure 1. Growth capacity of Lactobacillus spp. at 24 h in MRS medium with Raftilose P95,
Raftiline HP and dried extract of A. fourcroydes as energy source



Cuban Journal of Agricultural Science, Volume 46, Number 2, 2012.

205

Microbial growth (DO)
1,2+
1_
C
0,8 c .
Raftilose
0,6 Raftiline
Henequen
0,4 9
0,2+
0_

BA

Microorganisms

*cColumns with different letters differ at
Bifidobacterium adolescentes (BA) P <0
P <0.001, SE+ 0.01 and Bifidobacterium

P <0.05 (Duncan 1955)
.001, SE + 0.01; Bifidobacterium bifidum (BBF)
breve (BBR) P <0.001, SE + 0.02

Figure 2. Growth capacity of Bifidobacterium spp. at 24 h in MRS medium with Raftilose P95,
Raftiline HP and dried extract of A. fourcroydes as energy source.

al. 2008). Ventura and Turroni (2008) noted that the
genera of lactobacilli and bifidobacteria produce larger
number of intracellular enzymes and also, have various
transport systems that facilitate the input of the oligos
to the inner part of the cell. Therefore, the degradation
of the oligoschacarides is faster, because the utilization
of polysaccharides includes the external enzymatic
hydrolysis to oligosaccharides. They penetrate to the
interior of the cell and are later metabolized, which may
delay their fermentation.

Table 1 presents the results corresponding to the
performance of the pH in the medium at 24 h, with the
strais of Lactobacillus spp. and Bifidobacterium spp.,
respectively. In all the instances, the cultures with dried
extract of 4. fourcroydes showed lower pH, compared
with Raftilose P95 and Raftiline HP (P <0.01). Rycroft
etal. (2001) stated that low values of pH indicate higher
acidogenic metabolic activity of the strains in the culture

Table 1. Effect of the energy source on the pH
Lactobacillus spp. and Bifidobacterium

medium.

The variations in the pH values of the medium at 24
hin all the treatments were related to the concentrations
of organic acids. Several authors found correspondence
between these indicators when using prebiotics, because
these compounds constitute the energy source of lactic
acid bacteria, that in their fermentative processes
produce, primarily, acids that diminish the pH (Kneifel
et al. 2000 and Van der Meulen et al. 2006).

The lactic acid was the principal product of the
fermentation for Lactobacillus acidophilus (figure 3)
and the responsible for the differences between the
media for this strain, being superior in the dried extract
of Agave fourcroydes (P < 0.01), whereas for the rest
of the microorganisms the differences were determined
by the productions of lactic and acetic acid (P < 0. 05)
(figures 3 and 4).

The differences in the concentrations of organic

values of the medium at 24 h in the cultures of
spp..

Culture media

Microorganisms MRS-Raftilose MRS-Raftiline MRS- SE+
P95 HP A. fourcroydes

L. acidophilus 4.09° 4.61° 3.74¢ 0.03%**

L. casei 5.81° 6.142 5.07¢ 0.01***

L. paracasei 5.74° 6.03* 5.28¢ 0.02%#*

B. adolescentes 5.79° 6.13* 5.05¢ 0.01%**

B. bifidum 5.72° 6.09? 5.06° 0.01***

B. breve 4.54° 5.68? 4.19¢ 0.02%**
#cMeans with different letters in the same column differ at P< 0.05 (Duncan 1955) ***P<0.001
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acids between the strains could be due to the 1986). The fermentation patterns of the carbohydrates
type of fermentation, because L. acidophilus is are specific for each microorganism (Poolman 1993 and

homofermentative, while the rest of the bacteria under ~ Sghir ef al. 1998).

study were heterofermentative (Kandler and Weiss The largest productions of acids in the medium wit
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Figure 3. Production of organic acids by Lactobacillus acidophilus (a), Lactobacillus casei (b) and Lacto-
bacillus paracasei (c) in MRS medium with Raftilose P95, Raftiline HP and the dried extract of

Agave fourcroydes
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Figure 4. Production of organic acids by Bifidobacterium adolescentes (a), Bifidobacterium bifidum (b)
and Bifidobacterium breve (c) in MRS medium with Raftilose P95, Raftiline HP and dried extract
of Agave fourcroydes.
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the dried extract of A. fourcroydes could be associated
with the chemical and structural differences between
the fructan sources under use. This propitiated that the
extract, by having a mixture of structures, was better used
as energy source, because it attained higher microbial
growth and fermentative activity.

Marx et al. (2000) found increments of lactic and
acetic acid, by fermenting oligofructans by different
species of bifidobacteria. However, van der Mulen et
al. (2004), when evaluating th strain of Bifidobacterium
animalus DN 173010, they only noted rises of the acetic
acid in the medium with oligofructans, and they did not
find growth in the presence of inulin, with high degree
of polimerization. Kneifel e al. (2000) and Crittenden et
al. (2002) proved that there are differences in the patterns
of fermentation of prebiotics that depend, mainly, on the
structure and composition of the carbohydrates, as well
as on the microbial species under study.

According to Lyons (1997), the concentrations of
organic acids could favor the processes of digestion
and absorption of nutrients, as well as the leubiosis
of the intestinal microbial ecosystem (Lyons1997). It
is determinant that the sources selected as prebiotics
provoke in the benefical bacteria high capacity of
production of organic acids, because it would reduce
the intestinal pH. This, together with other factors,
causes the inhibition of the growth of enteropathogens
such as Salmonella ssp. (Adams 2000 and Chaveerach
et al. 2002).

The utilization of dried extract of 4. fourcroydes
stimulates the growth and the microbial fermentation of
lactobacilli and bifidobacteria, thereby making it a good
prebiotic candidate to be used in animal feeding. Besides,
further works could be generated in the obtainment
of new functional feeds, such as the symbiotics,
potentiating the effects.
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