BRraziLIAN 4=
JOURNAL oF
BioLocy*

ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

Original Article
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Abstract

Fructooligosaccharide is used widely in many foods and pharmaceutical industries and produced by using different
ways such as extracting it from plants or producing it by using plants and microorganisms’ enzymes. In a previous
study, we extracted Fructosyltransferase (Ftase) enzyme from pineapple residue and produced FOS. In this study,
we measured the antagonistic activity of two synbiotics, the first synbiotic containing Lactobacillus acidophilus and
the produced FOS, the second synbiotic containing Lactobacillus acidophilus and standard FOS, against pathogenic
bacteria (P. aeruginosa, E. coli, S. aureus and B cereus). The results showed that the antagonistic activity of both
synbiotic types was very close, as there were no significant differences between them except in the antagonistic
activity against S. aureus, there was a significant difference between the synbiotic containing the standard FOS, which
was the highest in its antagonistic activity compared to the synbiotic containing the produced FOS in this study. The
activity of the fructooligosaccharide (FOS) extracted from pineapple residue was evident in enhancing the activity
of the probiotic bacteria (L. acidophilus), which had a major role in the production of acids and compounds that
inhibited the pathogenic bacteria. The diameters of inhibition areas in the current study ranged between 19.33-28
mm, and E. coli was more susceptible to inhibition, followed by S. aureus, P. aeruginosa, and B. cereus, respectively.
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Resumo

O fruto-oligossacarideo (FOS) é amplamente utilizado em muitos alimentos e inddstrias farmacéuticas, e é
produzido por meio de diferentes maneiras, como extrai-lo de plantas ou produzi-lo usando enzimas de plantas
e microrganismos. Em um estudo anterior, extraimos a enzima frutosiltransferase (Ftase) do residuo de abacaxi
e produzimos FOS. Neste estudo, medimos a atividade antagénica de dois simbidticos: o primeiro simbiético
contendo Lactobacillus acidophilus e o FOS produzido, e o segundo simbidtico contendo Lactobacillus acidophilus e o
FOS padrao, contra bactérias patogénicas (P. aeruginosa, E. coli, S. aureus e B. cereus). Os resultados mostraram que a
atividade antagdnica de ambos os tipos simbi6ticos foi muito préxima, pois ndo houve diferencas significativas entre
eles, exceto na atividade antagbnica contra S. aureus, em que houve uma diferenca significativa entre o simbidtico
contendo o FOS padrao, que foi o mais alto em sua atividade antagdnica, em comparagao com o simbiético contendo
o FOS produzido neste estudo. A atividade do fruto-oligossacarideo (FOS) extraido do residuo de abacaxi ficou
evidente no aumento da atividade da bactéria probidtica (L. acidophilus), que teve papel importante na producdo
de acidos e compostos inibidores das bactérias patogénicas. Os didmetros das dreas de inibi¢do no estudo atual
variaram entre 19,33 e 28 mm, e E. coli foi mais suscetivel a inibi¢do, seguida por S. aureus, P. aeruginosa e B. cereus,
respectivamente.

Palavras-chave: fruto-oligossacarideo, simbidtica, atividade antagonica, residuo de abacaxi.

1. Introduction

Fructo-oligosaccharide (FOS) is the most common type  market. FOS is a fructan of the inulin family that is widely
of prebiotic. It is found in some foods such as bananas,  used in functional foods. It’s one of the most well-known
wheat, honey, onions, and tomatoes, and unlike probiotic ~ oligosaccharides linked to bifidogenesis. FOS is a low-
bacteria, prebiotics are not destroyed when cooked. FOS  calorie, noncariogenic material that helps people manage
is also a high-value product with a rapidly expanding their cholesterol and lipid profiles. It is highly hygroscopic
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and water soluble (Gibson and Roberfroid, 1995;
Gibson et al., 1995; Roberfroid, 2001; Duggan et al., 2002;
Fanetal,, 2021; Wongkrasant et al., 2020; Andermann et al.,
2021; Zhang et al., 2021). The most common prebiotic
foods include soybeans, artichokes, oats, honey, berries,
asparagus, many fruits, and goat’s milk (Farnworth, 2008).

Mixing probiotics and prebiotics in the new world is
concerned with health (Martins et al., 2010; Maftei, 2019;
Morovic and Budinoff, 2021; Shahzad et al., 2023). The
preparation of a synbiotic mixture was never successful
without testing of dose amount, compatibility, or type
of prebiotic sugar (or non-digestible sugars) with the
probiotic strain. The combination of prebiotics and
probiotics has good synergistic effects if they are mixed
after studies involving the growth rate and fermentation
profile of different probiotic strains in the presence of
oligosaccharides. The added prebiotics not only stimulate
similar probiotic strains collectively, but also encourage
the growth of existing strains of beneficial bacteria in the
colon (Spring et al., 2000; Sims et al., 2004).

To build a synbiotic system (probiotic + prebiotic) we
need to find a vital substance that is not digested as it
passes through the human gut. Its beneficial effect on
human health should be noted as a selective stimulate
for the growth and activity of probiotic cultures. Dietary
prebiotics, which are non-digestible food ingredients,
benefit host health by promoting the growth of probiotics,
which are live microorganisms that can help restore and/
or improve gut flora. When digestive/absorptive resistance
prebiotics enter the colon from the small intestine, gut
microbes ferment them, producing nutrients and other
essential substances like antibiotics, anti-carcinogens,
and inhibitors of bacterial toxin production, among other
things. Probiotics should be supplemented with appropriate
prebiotics, collectively known as synbiotics, in order for
them to reach their full potential (Gibson and Roberfroid,
1995; Hugenholtz and Smid, 2002).

The blend of probiotics and prebiotics is alluded to
as synbiotic which is a combination of probiotics and
prebiotics that positively influence the host by improving
the viability and application of live microbial nutritional
supplements in the digestive system by stimulate the
growth selectively and | or by metabolism activation of
the beneficial bacteria and thus enhance the host health
(Gibson and Roberfroid, 1995). Synbiotic have been shown
to confer health benefits beyond those of any of them
alone. Rowland et al. (1998) reported the positive effect
of synbiotic in reducing the number of colitis infections,
as well as colon carcinogenesis in mice (Gallaher and Khil,
1999). It was found that diarrhea associated with antibiotics
could be prevented by the combined application of
Lactobacillus sporogenes and FOS in children (La Rosa et al.,
2003). The synbiotic combination of L. paracasei and
maltodextrin had a clear effect in reducing the growth
of E. coli in pig’s jejunum. This synbiotic combination
resulted in an increase in lactobacilli and bifidobacteria
and decreased clostridia and enterobacteria (Bomba et al.,
2002). On the other hand, Anderson et al. (2004) didn’t
find any improvement in bowel barrier function in patients
following treatment with synbiotic.
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In vitro growth inhibition testing is a useful procedure
that can be used to support product selection for further
investigation, for example, in clinical trials. Synbiotic may
have an extra benefit over pure probiotics, as their prebiotic
part gives a wellspring of energy, which may uphold the
expansion of their probiotic segments.

There was arapid decrease in the numbers of pathogenic
bacteria from Escherichia coli and C. perfringens in the
fermentation medium when adding oligofructose to pure
cultures of Bifidobacterium infantis (Wang and Gibson,
1993). Also, past examinations recognized LAB strains that
could use inulin or FOS in a culture medium and get more
live cell numbers. For instance, Manderson et al. (2005)
illustrated that the counts of cells from Bifidobacterium
strains was log 8.63 cfu/ml in the MRS medium, within
the existence of FOS after 24 h. In another examination,
it was found that L. acidophilus NIT200 and L. plantarum
NIT202 could utilize FOS (Pan et al., 2009).

Klewicki and Klewicka (2004) showed that the inhibitory
activity of L. acidophilus, L. casei, and L. paracasei in the
presence of gal-xylitol as a carbonic source against the
enteric bacteria Escherichia coli, Salmonella typhimurium,
Shigella sonnei S, Enterobacter cloacae and Citrobacter freundi
ranged between 1- 5.6 mm, as the inhibition activity of L.
acidophilus against the pathogenic bacteria was 4.3, 2.1,
1, 5.1 and 4.8 mm, respectively. The inhibitory activity of
the same bacteria in the presence of gal-erythritol as a
carbonic source against the intestinal bacteria Escherichia
coli, Salmonella typhimurium, Shigella sonnei S, Enterobacter
cloacae and Citrobacter freundi ranged between 3.6-7.5 mm,
whereas the inhibition activity of L. acidophilus against
the pathogenic bacteria was 4.7, 5.9, 5.8, 6.7 and 6.2 mm,
respectively (Klewicki and Klewicka, 2004).

Watson et al. (2013) showed that the growth of
Lactobacillus spp. in the presence of maltodextrin and
inulin was weak compared to the effect induced by glucose.
Similar behavior was observed by Iraporda et al. (2019) in
terms of the effect of inulin. McLaughlin et al. (2015) also
noted when using Maltodextrin, beta-glucan, or corn fibers
as the carbon source for growing Lactobacillus spp. that the
strains did not produce any growth or weaker growth than
when glucose was used as the carbon source. Moreover, the
researchers noted that inulin supports the growth ability of
one of ten species of Lactobacillus spp. to a similar extent as
glucose, which also indicates the dependent nature of the
bacteria’s ability to utilize carbohydrates (McLaughlin et al.,
2015). The high prebiotic fermentation capacity of L. casei
L1 providing bile salts and acidity resistance, as well
as anti-bacterial activity (Tulumoglu et al., 2018). Onal
Darilmaz et al. (2019) illustrated an increased growth
in Lactobacillus spp. in the presence of 5% (w/v) of inulin
compared to cultures conducted in the MRS medium in
the presence of 2% (w/v) glucose.

Although L. reuteri is known to produce a bacteriocin
(reutrin) bound as antimicrobial against pathogens such
asE. coli, it has shown a significant increase in the growth
rate and inhibitory action against bacteria when using FOS
as a sole source of carbon (Manning and Gibson, 2004;
Bengmark, 2005).

Likotrafiti et al. (2015) and Kanjan and Hongpattarakere
(2017) noticed an overall decrease in S. Typhimurium

Brazilian Journal of Biology, 2024, vol. 84, 258277



SA2093 cells in the presence of both inulin and the
probiotic L. paracasei.

Additionally, Chaiyasut et al. (2017) also noted a
significant decrease in Salmonella spp. in the presence
of Lactobacillus spp. and inulin. The tested prebiotics
Fructo-Oligosaccharide (FOS) and inulin improved the
antimicrobial activity of the probiotic L. acidophilus,
L. lactis and L. casei supernatants against gram positive
S. aureus to a greater extent compared to the gram-negative
E. coli, showing that the metabolites participated with the
antimicrobial activity are different or act in different way
(Stefania et al., 2017).

Among the species of Lactobacillus spp., including
L. rhamnosus GG, L. casei L1, showed just inhibitory action
to the cell-free supernatant when grown in MRS medium
and when FOS and inulin were utilized as a carbon source,
demonstrating that this strain produces antimicrobial
materials, potentially bacteriocin. L. casei L1 showed
more antimicrobial activity against E. coli, S. aureus and
P. aeruginosa when cultivated with FOS compared to
inulin (Tulumoglu et al., 2018). The cell-free supernatant
of L. casei L1 with FOS gave antimicrobial activity against
Gram-positive and Gram-negative pathogenic bacteria
(Tulumoglu et al., 2018).

When studying the inhibition of E. coli, S. typhimurium,
and C. difficile in the laboratory, by using probiotics
containing S. boulardii, all four pathogens were inhibited
(Piatek et al., 2020). Similar inhibitors have been seen with
a bacterial probiotic containing three various strains (Pen,
E/N, and Oxy) of L. rhamnosus comparing with the current
inhibition of these probiotics, the inhibitory impacts of the
multi-cultures synbiotic complex, containing nine various
strains of probiotic (6 Lactobacilli and 3 Bifidobacteria)
and fructooligosaccharide, were significantly stronger. The
highest inhibition was seen by the complex multi-strain
synbiotic against all four tested pathogens (Piatek et al.,
2019).

Piatek et al. (2020) studied the inhibitory activity of
Saccharomyces boulardii, and probiotics (L. acidophilus,
L. casei, L. paracasei, L. plantarum, L. rhamnosus GG,
L. salivarius, B. bifidum, B. longum). B. lactis and mixtures of
this bacterium with the fructo-oligosaccharide against E. coli
EPEC, Shigella sonnei, S. typhimurium, K. pneumoniae, and
C. difficile. The pathogenic bacterial inhibition was moderate
by Sac. Boulardii and L. rhamnosus GG, and mediated by
L. reuteri and L. rhamnosus, and strong by the synbiotic
mixture. Inhibition’s diameters ranged from 4-14.1 mm.

Laal-Kargar et al. (2020) showed the inhibitory efficacy
of four strains of Lactobacillus bacteria in the existence
of 0.3% sorbitol, ranose, trehalose, inulin, using the (well
diffusion agar) method against Acinetobacter baumannii and
Enterocoocus faecalis. The L. rhamnosus cell-free supernatant
of and trehalose exhibited the highest inhibitory activity
against A. baumannii (28.8 + 2.1mm) and the cell-free
supernatant of L. rhamnosus with all prebiotics used against
E. faecalis (29.8 + 0 mm) compared to that of probiotics
alone. Prebiotics could enhance the inhibitory effect of
probiotics against Gram-negative A. baumannii higher
than Gram-positive E. faecalis.

The inhibitory ability of a mixture of Lactobacillus spp.,
Including L. rhamnosus, L. paracasei, L. reuteri, L. plantarum,
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and L. pentosus differed towards the pathogenic bacteria.
Where it was observed that the ability to reduce the number
of pathogenic bacteria was dependent on the prebiotics
used as a source of carbon in the culture, as well as the type
of pathogenic bacteria. The strongest inhibitory activity
against pathogenic bacteria was observed when using a
co-culture in the presence of 2% (w/v) of inulin, which
resulted in an overall decrease in Salmonella spp. counts
and it became undetectable after 24 h. of incubation.
However, the number of L. monocytogenes was reduced
from the log 7.29 to the log 2.39, which is a decrease of
approximately 70% of the bacterial number. On the other
hand, similar results were observed in the co-culture of
the combination of probiotics L. monocytogenes in the
presence of maltodextrin, as well as against S. Choleraesuis
when apple pectin and beta-glucan were used as carbon
sources. Moreover, the most vulnerable pathogenic
bacteria to inhibitory activity were Salmonella spp., with
the exception of co-cultures cultivated in the presence of
apple pectin and beta-glucan, in which inhibition against
S. Choleraesuis was weaker than against L. monocytogenes
(Slizewska and Chlebicz-Wojcik, 2020).

The objective of our study was to evaluate the
antagonistic activity of the produced FOS (from pineapple
residues) against pathogenic bacteria compared to the
standard FOS, seeking about a potential good new source
of FOS.

2. Material and Methods

2.1. Probiotic bacteria

Lactobacillus acidophilus was obtained from LGGTM
(Finland).

2.2. Prebiotic

Fructo-oligosaccharides from chicory were obtained
from SIGMA (USA).

2.3. Pathogenic bacteria

The pathogenic bacteria (Pseudomonas aeruginosa,
Escherichia coli, Staphylococcus aureus and Bacillus cereus)
were obtained from the laboratories of Food Science
Department- Agriculture College - University of Basrah
- Iraq.

2.4. Preparation of probiotic cell-free supernatant with
produced and standard prebiotic

108 cfu/ml of probiotics (Lactobacillus acidophilus)
were inoculated in 10 ml of MRS broth medium prepared
according to the ingredients of HiMedia MRS broth with
the addition of 2% of FOS, once (the produced FOS) and
once (the standard FOS) instead of glucose and incubated
for 48 hours at 37 °C under anaerobic conditions. Then,
centrifugation was performed at 7000 rpm for 20 minutes
at 4 °C, and the supernatant was filtered with a sterile
Millipore filter.
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2.5. Evaluation of synbiotic antagonistic activity against
pathogenic bacteria

To evaluate the antagonistic activity (for Synbiotic) of
the probiotic Lactobacillus acidophilus with produced and
standard (FOS) against pathogenic bacteria (Pseudomonas
aeruginosa, Escherichia coli, Staphylococcus aureus, and
Bacillus cereus), well diffusion agar was used.

2.6. Well diffusion agar method

The filtrated cell free supernatant of synbiotic cells
was gathered and utilized in a well diffusion agar method,
Mueller Hinton agar was used after its preparation and
poured into dishes and left to harden. L-shape was used
to spread the pathogenic bacterial culture on the agar
surface. Then, the cork borer was used to make holes of
0.5 cm in diameter in the agar. The cell-free supernatant
of the synbiotic was added to the holes and incubated at
37 °C for 48 h. After the incubation period, the growth
inhibition area was estimated and compared with the
control group.

2.7. Statistical analysis

The results were analyzed using SPSS (Statistical
Package for Social Sciences) of 2019, and the results were
compared using the least significant difference at the level
of significance of 0.05.

3. Results and Discussion

3.1. Evaluation of synbiotic antagonistic activity against
pathogenic bacteria

Figure 1 shows the antagonistic activity of two types
of synbiotic, the first synbiotic Lactobacillus acidophilus
with standard FOS and the second synbiotic Lactobacillus
acidophilus with the produced FOS in this study against
pathogenic bacteria (P. aeruginosa, E. coli, S. aureus and
B. cereus). The results show that the antagonistic activity
of both synbiotic types was very close, as there were
no significant differences between them except in the

antagonistic activity against S. aureus, as there was a
significant difference between the synbiotic containing
the standard FOS, which was the highest in its antagonistic
activity compared to the synbiotic containing the produced
FOS in this study.

The activity of the fructo-oligosaccharide (FOS) extracted
from pineapple residue was evident in enhancing the
activity of the probiotic bacteria (L. acidophilus), which had
a major role in the production of acids and compounds
that inhibited the pathogenic bacteria. This is similar to
what Manning and Gibson (2004) and Bengmark (2005)
found when using only FOS as a carbon source with
L. reuteri, which had a significant role in the growth of
probiotic bacteria, and inhibition of E. coli. Also, the cell-free
supernatant of the mixture of L. casei, inulin and FOS as a
carbon source had good antimicrobial activity against E. coli,
S. aureus and P. aeruginosa and had more antimicrobial
activity against pathogenic bacteria when cultivated with
FOS compared to inulin (Tulumoglu et al., 2018). “FOSs”
are a typical growth factor for lactic acid bacteria and are
perhaps the most widely used fructo-oligosaccharide on the
market (Bouhnik et al., 1999). As well as Pan et al. (2009)
illustrated that L. acidophilus NIT200 and L. plantarum
NIT202 could utilize FOS as carbon source.

The diameters of inhibition areas in the current study
ranged between 19.33-28 mm, and E. coli was more
susceptible to inhibition, followed by S. aureus, P. aeruginosa,
and B. cereus, respectively. These areas of inhibition are
much bigger than what Piatek et al. (2020) found with
different bacterial strains and FOS against E. coli EPEC,
S. sonnei, S. typhimurium, K. pneumoniae, and C. difficile,
as the inhibition diameters ranged between 4-14.1 mm
and larger than what Klewicki and Klewicka (2004 ) found
when using gal-xylitol and gal-erythritol as a carbon
source with L. acidophilus, L. casei and L. paracasei bacteria
against pathogenic bacteria, where the inhibition diameters
ranged between 1-5.6 mm, while study results were close
to what Laal-Kargar et al. (2020) found, that the regions
of inhibition were between 28.8-29.8 mm when trehalose
was used with L. rhamnosus against A. baumannii as well
as with all prebiotics used against E. faecalis, respectively.

The antagonistic activity of synbiotics cell-free supernatant
against pathogenic bacteria

o wun

Pseudomonas
aeruginosa

M Inhibition zone mm Standard FOS

30
25 =
20 ‘
15
10

Escherichia coli Staphylococcus Bacillus cereus

aureus

M Inhibition zone mm Produced FOS

Figure 1. Antagonistic activity of synbiotic cell-free supernatant against pathogenic bacteria.
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Escherichia coli

Bacillus cereus

Staphylococcus aureus

Psendomonasaeruginosa

Figure 2. Photos of antagonistic activity of synbiotic cell-free supernatant against pathogenic bacteria. (A) L. acidophilus + Produced

FOS; (B) L. acidophilus + Standard FOS.

The inhibition effect was comparable on gram negative
and gram positively with little superiority in inhibition
against gram negative bacteria, and this is in agreement
with Laal-Kargar et al. (2020) who showed the possibility
that prebiotics enhance the inhibitory effect of probiotics
against gram negative A. baumannii bacteria higher than
gram positive E. faecalis, while Stefania et al. (2017) found
that the effect of inhibition by using FOS and inulin with
L. acidophilus, L. lactis and L. casei against gram positive S.
aureus was higher compared to the gram negative E. coli.
The inhibitory activity of LAB bacteria results from its
acid-forming capabilities. The formation of lactic and acetic
acid from carbohydrates lowers the pH of the medium (Lee
and Salminen, 1995), which inhibits the growth of many
pathogenic microorganisms that contaminate food. Ethanol,
acetaldehyde, and hydrogen peroxide were found in media
containing different carbohydrates as the carbon source for
lactic acid bacteria (Kandler, 1983; Vandenbergh, 1993).

The results of the antagonistic activity of synbiotics
agreed with Wang and Gibson (1993) when using
oligofructose with B. infantis, as there was an apparent
inhibition or reduction of the pathogenic bacteria E. coli and
C. perfringens in the fermentation medium. Study results did
not agree with what Watson et al. (2013), McLaughlin et al.

Brazilian Journal of Biology, 2024, vol. 84, 258277

(2015) and Iraporda et al. (2019) reported that the used
prebiotics (maltodextrin, inulin, beta-glucan or corn fiber)
did not improve the growth of probiotic bacteria when
using as a carbon source. The present study agreed with
the finding of Slizewska and Chlebicz-Wéjcik (2020), that
2% (w/v) of inulin was suitable with probiotic bacteria
to induce significant inhibition against the pathogenic
bacteria. Figure 2 illustrates the antagonistic activity area of
synbiotic cell-free supernatant against pathogenic bacteria

4. Conclusion

Considering the obtained results, the produced FOS from
pineapple residues was close in its antagonistic activity to
the standard FOS against the tested pathogenic bacteria
and that means pineapple residues is a good source for
FOS that enhanced the growth of probiotic bacteria and
its metabolites which inhibited the pathogenic bacteria.
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