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ABSTRACT KEYWORDS
The prebiotic potential of fructooligosaccharides derived from native Jerusalem artichoke tuber:
Jerusalem artichoke tubers (JA-Fr) was assessed by monitoring in vitro Fructan;
effects of JA-Fr on bacterial growth. Results showed the greater Prebiotics;
survivability of beneficial bacteria (lactobacillus acidophilus) in cultures Inulin;
media containing JA-Fr in comparison with HP-inulin (a high molecular- Probiotics.

weight fraction of chicory-derived inulin). Both JA-Fr and HP-inulin led
to a significant increase in bacterial population compared to the control
(P<0.05), and the efficacy was proportional to the degree of
polymerization (DP). The pH decreased during the lactobacilli activity
and no significant differences were observed in the pH with both inulin-
type fructans. In addition, in vitro evaluation of specific growth rates of
Escherichia coli showed that the growth of these bacteriawere influenced
by the DP and concentration of fructans used in the media.
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INTRODUCTION adhere to intestinal cells and modify the metabolic

activitiesin the body!? 3.

The microflora within the human gastrointesti-
nal tract plays an important role in the health and
quality of life of the customers, and many attempts
have been made to modify the intestinal microbial
balancel.

Lactic acid bacteria such as Lactobacilli and
Bifidobacteria are well-known probiotics isolated
from normal human and animal gastrointestinal tract
(GIT). When used in adequate amountsin diet, they
can survive the passage through the digestive tract,

Beneficial mechanisms of probiotics action in-
clude: modulation of immune system, production
of bacteriotoxing®, synthesisof vitamins (such asK
and B), stabilization of barrier functionsand enhance
the calcium and other mineral absorption onthegut.
Different studies have also demonstrated positive
effects of probiotic bacteriaon bowel pH, intestinal
regularity and the colonization resistance against
pathogens €.

Prebiotics are sel ectively fermented ingredients
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that allow beneficial changes, both in the activity
and/or composition of the gut microorganisms and
affect host well-being. They promote the growth of
healthy bacterial populations and reducing patho-
genscounts”.

The most documented prebiotics are
fructooligosaccharides (FOS Oligofructose and inu-
[in) which are composed of 5(2-1) linked fructosyl
units with or without a terminal D-glucose at the
reducing end. They have different degree of poly-
merization (DP) and may originate naturally as na-
tive components in many plants or derive through
biochemi cal/enzymatic techniques®9.

The two plant species currently used in com-
mercial production of prebioticsare Jerusalem arti-
choke (Helianthus tuberosus) and Chicory
(Cichorium intybus), belong to Compositae fam-
i|y[11, 12].

Thetuber of Jerusalem artichokeistraditionally
cultivated as food and animal feed*¥. It contains
nearly 13-18% carbohydrates, of which about 80%
are inulin type fructans, 10-13% sucrose, 3.5-5%
reducing sugars, 10-17% proteing'¥ and 0.8-0.9%
important mineralsincluding K, Ca, P, Fe, Zn, Mg,
Na, Cu and Mn{*5 18],

The DP of fructans of Jerusalem artichoke tu-
bersisrather low! and mainly depends onthe plant
source, variety, climate conditions and date of har-
vestl’8 19 |n this study, we investigated the prebi-
otic potentials of fructooligosaccharides extracted
from native Jerusalem artichoke tubers on the sur-
vivability and fermentation activity of an in vitro
cultured probiotic bacteriaand compared theresults
with prebiotic effects of HP-inulin. In addition, we
evaluated the growth of Escherichia coli in the cul-
tures contai ning these prebiotics.

MATERIALSAND METHODS

Bacteriaand media preparation

Thecommercially available probiotic strain was
Lactobacillus acidophilus La5 which obtained from
Chr. Hansen (Horsholm, Denmark). Escherichia coli
PTCC 1330 was obtained from Persian Type Cul-
ture Collection. The standard prebiotic of HP-inu-

lin purchased from Orafti (Tienen, Belgium). The
fructooligosaccharides of Jerusalem artichoketubers
(JA-Fr) was extracted according to Milani et al.[9,
Growth media were MRS broth (DeMan-Rogosa
Sharp Broth) and TSB broth (Trypticase Soy Broth),
purchased from Merck (Darmstadt, Germany). All
other chemicals were obtained from Merck
(Darmstadt, Germany). The fructooligosaccharides
free media were used as the control and the basal
media. Theinoculumswere prepared from the stan-
dard strains stored in glycerol 12% at —70°C (de-
gree centigrade) using basal media. The carbohy-
drates (JA-Fr and HP-inulin) were filter-sterilized
and added to the basal MRS broth and basal TSB
broth to give final concentrations of 0.5%, 1%, 2%
and 3% (w/v).

Growth of Lactobacillus acidophilus La5 and
Escherichia coli PTCC 1330 in presence of
prebiotics

To study the effects of JA-Fr on the growth and
survivability of lactobacillus acidophilus and Es-
cherichia coli strains, the bacteria were cultivated
overnight in the appropriated basal medium at 37°C.
The activated cultures centrifuged for 15 min with
2500x g at 4°C (sigma centrifuge model 2-16p), then
the precipitate was washed twice with PBS (0.1 M
phosphate buffer pH 7.4, 0.9% saline), and thefinal
pellet was suspended in PBS and diluted to about
10v cellg/mL for L. acidophilusand 10y -10'p cell¢/
ml (milliliter) for E. coli. The bacteria suspensions
were inoculated at 1% (v/v) in to different testing
media containing fructans. Then the cultures were
incubated at 37°C for 24 hours. The turbidity at 620
nm of each culture was determined every 4 hours

for up to 24 hours by subtracting 420 values of bac-

terial free medium from each test media. This was
repeated two times.

Deter mination of pH changes

pH value was measured using Inolab pH meter
model WTW (Inolab).

Growth kinetic parameters

Specific growth rate (1) was calculated for each
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microorganism during itsexponential growth phase
by the equation:

p = (Lnx —Lnx0) / (t - t0)

Where x and x0 are absorbance measured at time ©
and t0, respectively.

The generation time (tg) was calculated for each
culture from the corresponding value of (¥) by the
equation:
tg=Ln2/p
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Satistical analysis

The results obtained were statistically analyzed
using MINITAB 14 and MSTATC softwareand sig-
nificant differences between groupswere determined
by the Duncan’s multiple range test. Differences were
considered significant at p<0.05.

RESULTSAND DISCUSSION

Bacterial growth study
In order to investigate the effects of JA-Fr on
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Figure 1 : Effects of JA-Fr concentrations on the viability of L. acidophilus (A) and E. coli (b). Different letters
mean statistically significant difference among the values of the same parameter, according to Duncan test (P <

0.05)
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Figure 2 : Effectsof JA-Fr concentrations on pH changes of media inoculated with L. acidophilus (a) and E. cali (b).
Different letters mean statistically significant difference among the values of the same parameter, according to

Duncan test (P < 0.05)
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Figure 3 : Growth kinetics of L. acidophilus (a) and E. coli (b) in appropriate medium enriched with JA-Fr (@) and
HP-inulin (4) at 3% (w/v) during 48-h incubation at 37 °C

TABLE 1 Comparison of bacterial specific growth growth rates (u) in the presence of different fructans

Control JA-Fr HP-inulin
Lactobadillus 0.397+0.002 0.458+0.005* 0.380+0.005
acidophilus
Escherichia coli 0.763+0.003 0.885+0.004* 0.772+0.007

All values for u (5‘-_:) are means from duplicate determination = SD. In the same row, significant differences at P<0.05 confidence

intervals (according to Duncan test) are shown as*

the growth of L. acidophilus and E. coli, the organ-
ismswere cultured in the appropriate mediasupple-
mented with different concentrations of JA-Fr at 37
°C for 24 h (hours). Lactobacillus acidophilusLa 5
and Escherichia coli PTCC 1330 arethe strains as-
sociated with human or animal digestive systems.
Results showed that both JA-Fr and HP-inulin were
fermented by the microbia flora (Figure 4). As
shown in Figure 1(a), JA-Fr had the potentia to
stimulate the growth of L. acidophilus (La 5). The
amount of cell growth increased as the concentra-
tion of JA-Fr rose to 3% (w/v). Supplementation
with JA-Fr was found to have significantly better
effect on stimulating the growth of the bacteriacom-
pared with that without JA-Fr (p<0.05).

Growth curve of L. acidophilus showed that the
bacteriagrew rapidly after about 4h, with maximum
growth observed at about 24h, and then it reached to
the plateau phase (Figure 3 (a)).

Specific rates of growth were determined for
the media supplemented with 3% (w/v) JA-Fr com-
pared to the control and HP-inulin (TABLE 1). JA-
Fr caused greater in vitro growth rate of lactoba-
cilli than did the control and HP-inulin.

The results showed that the growth behavior of
bacteriain the presence of 3% HP-inulin was simi-

lar with the control. In the case of the lactobacilli,
as reported in other studies, growth of strains on
fructooligosaccharides appears to be species or
strain specific?: 23, With fewer studies reported
concerning fructan consumption, the preferencefor
short-chain fructooligosaccharides appears to be
stricter, only using compounds of DP from 2 to 31%*
21 Wichienchot et al. showed that oligosaccharides
extracted from white-flesh dragon fruit used as a
carbon source, significantly stimulated the growth
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Figure 4 : Comparative growth of L. acidophilus and E.
coli in the presence of JA-Fr (light grey) HP-inulin (dark
grey), and control (black) after incubation at 37 °C for

48 hours. The data represent the results of a duplicate
experiment
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of L. delbrueckii®®. In a consistent findings, using
invivo studies, Gibson et al. reported that numbers
of lactobacilli were not affected by oligofructose
(DP 2-6), but inulin increased lactobacilli counts,
although not significantly (P = 0.075)1".

In vitro experiments on the comparative fermen-
tation of HP-inulin and JA-Fr in the culturesinocu-
lated with E. coli showed that growth promotion of
E. coli by JA-Fr isdose dependently over therange
0.5% to 3% as evidenced by increased turbidity of
the bacteriasuspensions (Figure 1(b)), indicating that
E. coli grew faster in the presence of these carbohy-
drates. Figure 3(b) shows the growth curves of E.
coli strain cultured with both carbon sources. HP-
inulin wasfound to be less effective on theviability
of E. coli. Thedoubling time (tg) of thestrain grown
in the presence of JA-Fr, HP-inulin and the control
medium are compared in TABLE 2. Doubling time
was used as a measure of the efficacy of various
carbon sources in modul ating growth rate. tg in the
medium containing JA-Fr wasminimal.

Ingeneral, theability of coliformsto utilize pre-
biotic oligosaccharides has been contradictory. Sev-
era studies have reported that FOS can support
growth of E. coli, Enterobacter and Salmonellal?®
21, |n contrast, others have indicated no growth of
E. colif?t 3032,

Lopez-Molina et al. studied the utilization of
chicory and Artichokeinulin (different DP) in mixed
cultures of colonic bacteriaand showed that growth
of Escherichia coli and total anaerobes was slower
but longer-lasting in the presence of bothinulin com-
pared to the control with glucose®. Van Lagreet al.
reported that arabinooligosaccharides could support
the growth of E. coli but FOS could not®4.

Our findings were implying that the degree of
polymerization of fructans was an important factor
that decides the accessibility of fructansto the bac-
teria. According to Biedrzycka and Bielecka, sus-
ceptibility of saccharides to fermentation mainly
depends on water solubility, chemical structure, de-
gree of polymerization, chain length, branched or
linear structure and composition of monomer units™.
Roberfroid et al. reported in vitro fermentation of
inulin by human fecal bacteria, molecules with
DP>10 were fermented on the average half as
quickly as molecules with DP<109. The degree of
polymerization of fructans from Helianthus
tuberosustubersisrather low!*”! in comparison with
HP-inulin and mainly depends on the variety, cli-
mate conditions and time of harvest!8 19,

The pH of bacteria extract was recorded for
the strainsgrown with the various carbohydrates. In
the case of L. acidophilus, as shown in Figure 2(b),

TABLE 2 : Doubling times (tg) of the strains in different media

Control JA-Fr HP-inulin
Lactobadillus acidophilus 1.746+0.002 1.513+0.005* 1.824+0.005
Escherichia coli 0.908+0.003 0.783+0.004* 0.898+0.007

All values for tg (h) are means from duplicate determination + SD. In the same row, significant differences at P < 0.05 confidence

intervals (according to Duncan test) are shown as*
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Figure 5 : Changes in pH of media inoculated with L. acidophilus (a) and E. coli (b) in the appropriate medium
enriched with JA-Fr (o) and HP-inulin (A) at 3% (w/v) during 48 h incubation at 37 °C

ngogecﬁnofo_q

Hn Tndéan

e



BTAIJ, 11(12) 2015

Ali Mohamadi Sani et al.

481

————, FurL PAPER

apH decrease correlates with the popul ation growth
during theincubation period, indicating the produc-
tion of acetic and lactic acidd®. The pH continued
to decline in a similar way for the control media
and in the presence of both JA-Fr and HP-inulin.
After 24 hoursof incubation, the pH dropped to 3.98
in JA-Fr-containing media, and to 3.86 in mediawith
HP-inulin (Figure 5(a)). The differences of pH val-
ues between two fructanswere significant (p<0.05).
Thelower pH is believed to have additional effects
in body because the production of these acids re-
duces intestinal pH and restricts or prohibits the
growth of many pathogen and putrefactive bacteria
Also it increases minera uptake®,

Figure 2(b) demonstrates the changes in TSB
medium pH which occur during 24-h fermentation.
pH has similar behavior in both media containing
JA-Fr and HP-inulin. It was approximately 7.0 prior
to inoculation, then there was a continued fall in
medium pH over the first 4h and at thistime, it be-
gantorise (Figure 5(b)). Thisis probably dueto E.
coli growth and metabolism, especially the deami-
nation of amino acidg®, since casein isa principal
nutrient in TSP medium. The differences between
the pH values of two media were significant
(p<0.05).

CONCLUSION

Knowledge of the fermentative capacity of
probiotic species can assist in both understanding
of the effects that different non-digestible carbohy-
drates have on popul ation dynamicsintheintestina
mi crobiota and mechanisms of polysaccharide fer-
mentation inthe human colon. Resultsof current study
demonstrated that improvement of growth, activity,
and viability of Lactobacillus acidophilus and Es-
cherichia coli in the media are dependent on the
carbon source and concentration. Jerusalem arti-
choke fructooligosaccharides can affect probiotic
survival during a 24-hour incubation period in, in
vitro conditionsand providethe greater stability and
acid production to L. acidophilus (La5); however,
further sudiesare needed with other probiotic strains
used in human dietary. In addition, in vivo health
benefits of native Jerusalem artichoke

fructooligosaccharides still need to beinvestigated.
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