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The study was conceived to investigate the utilization of hydrolyzed inulins
from Jerusalem artichoke (JA) with different degree of polymerization (DP) on the growth
and antibacterial nature of probiotic bacterium, Lactobacillus plantarum. High long
chain inulin (InuL) and high short chain inulin (InuS) of acid hydrolyzed inulin were
studied as carbon sources for the growth of L. plantarum, growth inhibition of Escherichia
coli and Salmonella enterica serovar Typhi by L. plantarum, and inulin supplementation
was evaluated by using co-culture and agar well diffusion methods. The results suggested
that InuL and InuS support the growth of L. plantarum at significant level (P < 0.05)
compared to control and it improves the bacterial inhibitory nature of L. plantarum
against E. coli and S. Typhi. Whereas, influence of InuL and InuS were not observed on
well diffusion based analysis of antibacterial activity. This is the preliminary study and
more detailed explorations are required to address the inhibitory nature of InuL and
InuS mediated L. plantarum against E. coli and S. Typhi.
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Intestinal microbiota (IM) consists of
diverse, dynamic and complex populations and
they have crucial role in overall health of the host1.
Positive regulation of IM leads to health promotion
of host that can be achieved by prebiotics.
Prebiotics are, low molecular weight, short-chained
carbohydrates that are naturally found in plants,
fermented food elements that positively alter the
composition and /or activity of intestinal microbiota
to facilitate the host health promotion2. Jerusalem
artichoke (JA) is known as inulin-rich, an innate
polysaccharide, plant, approximately 14-20 % of
fresh weight accounts for inulin content3-5.
Prebioticis are officially recognized as natural food
ingredient. It is classified as dietary fiber in most
of the European countries6.

Inulin and oligofructose are non-
digestible carbohydrate consisting of linear
fructose oligomers and polymers with β (2→1)
fructosyl-fructose links7 and a glucose molecule
which typically resides at the end of each fructose
chain connected by α (1→2) bond. Inulin naturally
occurs as series of oligo- and polysaccharides with
different chain lengths from 2 to 60 units. Native
inulin is a linear β (2→1) fructan with degree of
polymerization (DP) of 2 to 60, and its partial
enzymatic hydrolysis yields oligofructose (DP of
2 to 8)8.  Inulin and oligofructose have been
identified as prebiotics due to their properties such
as resistance against gastric acidity, hydrolysis
by mammalian enzymes and fermentation by gut
microflora, most desirably it selectively stimulates
the growth and/or activity of beneficial intestinal
bacteria. These oligosaccharides promote the
colonization of probiotics, especially lactic acid
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bacteria (LAB)9.  Several studies have suggested
that oligosaccharide with different DP have
different fermentability in the colon3,10.

The present study was conceived to
analyze the acid hydrolyzed inulin, extracted from
JA, with different DP (long chain inulin (InuL) and
short chain inulin (InuS)) on growth of
Lactobacillus plantarum, known probiotic LAB.
Further, antibacterial ability of hydrolyzed inulin
co culture with L. plantarum was assessed against
major food pathogens, Escherichia coli and
Salmonella enterica serovar Typhi.

MATERIALS  AND  METHODS

Partial acid hydrolysis of inulin
Jerusalem artichoke (JA) was purchased

from Faculty of Agriculture, Khon Kaen University,
Thailand. Washed JAs were chopped and blended
into small pieces. Blended JAs were soaked in 0.01
or 0.1 % (v/v) lactic acid for 10 min to obtain inulin-
long chain (InuL) and inulin-short chain (InuS),
respectively.  The samples were then filtered
through filter cloth and dried at 60 °C for 48 h.
Dried hydrolyzed inulins were powdered using
grinder (Philips HR2102).
Characterization of acid hydrolyzed inulin

DP profile of acid hydrolyzed inulins was
determined by high-performance anion exchange
chromatography with a pulsed amperometric
detector (HPAEC-PAD) using Dionex ICS 3000
(Sunnyvale, CA, USA) equipped with ED 40-pulsed
electrochemical detector. Gold and silver chloride
served as working and reference electrode,
respectively. The hydrolyzed inulins were diluted
to appropriate concentration with deionized water,
and filtered through 0.45 µm Nylon membrane filter
(Corning, NY, USA). The injection volume was 25
µL. A CarboPac PA200 column (3 mm x 250 mm)
connected to the associated guard column was
used with two gradient eluents at the flow rate of
0.20 ml/min. The mobile phase consisted of 150
mM sodium hydroxide (eluent A), 150 mM sodium
hydroxide and 500 mM sodium acetate (eluent B).
The elution gradient was 0-15 min with 100 % eluent
A, 15-45 min with linear gradient from 0 to 60 %
eluent B, 45-90 min with linear gradient from 60-90
% eluent B, 90-110 min with linear gradient from 90
to 100 % eluent B, and 110-120 min with linear
gradient from 100 to 0 % eluent B.

Enzyme hydrolysis of inulin
Average degree of polymerization (DPav)

of acid hydrolyzed inulins was calculated. The
inulins were hydrolyzed using the mixture of exo-
and endo-inulinase to remove the fructose and
glucose residues from inulin. 2.5 g of acid
hydrolyzed inulins were mixed with 50 mL of 100
mM sodium acetate buffer pH 4.5 and 10 µL of 10-
fold diluted solution of Fructanase (Megazyme,
2000 Unit/mL). The mixture was hydrolyzed at 45
°C for 12 h. The reactions were then heat
inactivated.
Determination of fructose and glucose in enzyme
hydrolyzed inulin

Fructose and glucose composition of
enzyme hydrolyzed inulins were analyzed by using
High Performance Liquid Chromatography (HPLC)
(Thermo Scientific, Fremont, CA) that is equipped
with ConstaMetric 4100 solvent delivery system,
Water 410 Millipore-RI refractive index detector
and Spectra SYSTEM AS3000 auto sampler. The
data was acquired using the Clarity lite V 2.6.06.574
(DataApex, Prague, The Czech Republic). Shodex
Asahipak NH2P-50 4E column (5 µm, 4.6 × 250 mm)
was used with acetonitrile-water (75:25) as mobile
phase for isocratic elution. The flow rate was 1.0
mL/min. The sugar and oligosaccharide standards
were purchased from Wako (Osaka, Japan).
Prebiotic and probiotic preparation

Two forms of hydrolyzed inulin with
different DP (InuL and InuS) were tested for
prebiotic nature on probiotic strain, L. plantarum
as per the guidelines of evaluation of probiotics in
food11. L. plantarum was received from Health
Innovation Institute, Chiang Mai, Thailand.
Growth of L. plantarum on hydrolyzed inulin

L. plantarum was cultured at 37 ºC for 24
h in MRS (de Man, Rogosa, Sharpe) broth and
resuspended in PBS (phosphate buffer saline).
Population density was determined by reference
to an optical density curve to provide 108 CFU/mL.
The suspensions were incubated in MRS broth
with 2 % of (w/v) dextrose (control), and MRS broth
with InuL or InuS (1 % w/v) at 37 ºC for 48 h. The
fermentation broths were collected at 0, 6, 12, 18,
24 and 48 h, respectively. The growth of L.
plantarum was determined by plating onto MRS
agar and incubated at 37 ºC.
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Inhibition of pathogenic bacteria using co-culture
technique

Bacterial pathogens such as Escherichia
coli ATCC 25922 and Salmonella Typhi were
provided by the Health Product Research and
Development Unit, Faculty of Pharmacy, Chiang
Mai University. E. coli and S. Typhi (105 CFU/mL)
were incubated with or without (control) L.
plantarum (106 CFU/mL) in MRS broth (2 % w/v
dextrose) and MRS broth with InuL or InuS (1 %
w/v) at 37 ºC for 48 h. The samples were collected
at 0, 3, 6, 9, 12, 18, 24 and 48 h of incubation. The
growth of E. coli and S. Typhi were determined by
plating onto EMB (Eosin methylene blue) agar and
SS (Salmonella Shigella) agar, respectively and
incubating at 35 ºC for 48-72 h. Percentage of
inhibition were calculated as follows.

Agar well diffusion technique
Cell free supernatant of L. plantarum

cultured in MRS broth with 2 % w/v dextrose
(control) and, MRS broth with InuL or InuS (1 %
w/v) was tested for antibacterial activity against
E. coli and S. Typhi by agar well diffusion method
(12, 13). Moreover, aluminum rings (9 mm) were
used to create wells on pre-swabbed TSA with
test pathogens (Trypticase soy agar). 100 µL of
cell free supernatant of L. plantarum was used
and the plates were incubated at 37 ºC for 24 h.
After incubation, zone of clearance was measured
and the results were interpreted according to M100-
S18 document14.
Statistical analysis

Values are represented as mean ± standard
deviation (SD). Data were analyzed using SPSS
17.0 for windows® (2009 SPSS, Inc.). One-way
analysis of variance (ANOVA) followed by Duncan
student range test was performed. Differences were
considered significant at P < 0.05.

RESULTS  AND  DISCUSSION

Partial hydrolysis of inulin and determination of
sugars and oligosaccharides

 The DP profile of acid hydrolyzed inulins
was determined by HPLC (Fig. 1). The levels of
monosaccharide, disaccharide and
oligosaccharides were determined and average DP

(DPav) were calculated15 (Table 1). DPav was
calculated using the following equation,

Whereas Fend, Fstart, Gend and Gstart represented the
concentration of fructose after hydrolysis,
concentration fructose before hydrolysis,
concentration of glucose after hydrolysis and
concentration glucose before hydrolysis,
respectively. Significant level of differences was
observed in monosaccharides, oligosaccharides
content and DPav value between InuL and InuS
(Table 1). The amount of monosaccharides and
oligosaccharides (DP 3-10) in InuS was found as
higher than InuL.
Effect of hydrolyzed inulin on growth of
L. plantarum

The growth of L. plantarum in the
presence of InuL or InuS (1% w/v) was determined.
Gradual bacterial multiplication was observed in
all the conditions up to 18 h of incubation followed
by the decline phase at the latter incubation. As
per the data gathered after 18 h of incubation, the
concentration of bacterial load, in terms of log CFU,
was slightly higher in InuS (9.26 ± 0.10 log CFU/

Fig. 1. Chromatograms of InuL (a) and InuS (b). G, F
and S represent the glucose, fructose and sucrose,
respectively
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mL) than InuL (8.06 ± 0.20 log CFU/ mL). Whereas,
after 48 h of incubation, the data suggested that
equal rate of decline has been occurred in all the
conditions (Fig. 2) and also revealed that
hydrolyzed inulin, both InuS and InuL, can be used
as the carbon source by the selected probiotic
strain. The significant difference was not observed
between control and InuS supplemented sample,
may be due to the monosaccharide content of InuS,
which can be directly utilized by bacteria for

growth. However, slight differences were observed
between InuS and InuL, due to the high content of
mono and disaccharides in InuS (Table 1). The
efficiency of prebiotic inulin depends on DP3. The
high DP provides more resistant against
saccharolytic fermentation, which facilitates the
effective attaining of prebiotics to distal colon16, 10.
The growth of L. plantarum in MRS + InuL medium
was found to be slower but consistency in growth
was observed. This data suggested that inulin,

Table 1. Composition, DP distribution and DPav of acid hydrolyzed inulins (%).

Inulin Monosaccharide Sucrose DP 3-10 DP 11-20 DP 21-30 DP > 30 DPav

InuL 5.89 4.57 42.55 21.38 13.33 12.27 23
InuS 8.19 4.04 56.54 14.37 8.92 7.66 18

especially InuL, could be the potent prebiotic
constituent.
L. plantarum and inulin inhibits the growth of
bacterial pathogens

Bacterial growth inhibiting nature of
L. plantarum combined inulin was assessed
against E. coli and S. Typhi by co-culture method.
No significant changes were observed in control
and MRS + inulin formulas, with respect to the
growth of E. coli. Whereas, slight reduction in the
log CFU value of E. coli was noticed during co-
culturing with L. plantarum. Surprisingly, no live
E. coli cells were recovered from MRS + L.
plantarum + inulin (InuS and InuL) based co-
culturing flask after 48 h of incubation. Gradual
reduction in the live bacterial load was clearly

recorded (Fig. 3a). Similar pattern was observed
against S. Typhi also; however, more surprisingly
complete eradication of live S. Typhi cells were
documented in co-culturing with L. plantarum. In
the presence of hydrolyzed inulin, the inhibitory
nature of L. plantarum was found to be improved
against S. Typhi (Fig. 4a).

Hundred percentage of inhibition of E.
coli was found to after 18 h of incubation in all the
co-culturing formulas. The specific growth rate of
E. coli in control was found to be 0.93 ± 0.02 log
CFU per h with average doubling time of 44.58 ±
0.88 min. There was no significant difference (P >
0.05) in E. coli growth in both control and MRS
with InuL or InuS. Specific growth rate of E. coli
co-cultured with L. plantarum in all media was

Table 2. Specific growth rate (ì) and doubling time (td) of E. coli or E. coli co-cultured with
L. plantarum in MRS broth (control) and MRS broth with InuL or InuS.

Treatment Specific growth rate Doubling time (td)
(µ) (h-1)  (min)

E. coli in MRS 0.93 ± 0.02A 44.58 ± 0.88C
E. coli in MRS + InuL 0.92 ± 0.05A 45.35 ± 2.62BC
E. coli in MRS + InuS 0.90 ± 0.05AB 46.55 ± 2.60BC
E. coli in MRS with L. plantarum 0.76 ± 0.03BC 55.10 ± 2.36AB
E. coli in MRS + InuL with L. plantarum 0.75 ± 0.10C 56.55 ± 8.00A
E. coli in MRS + InuS with L. plantarum 0.73 ± 0.07C 57.15 ± 5.38A

Values are represented as mean ± SD. Alphabets indicates the significant differences
(P < 0.05) between treatments.
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found to be significantly lower (P < 0.05) than E.
coli cultured without L. plantarum (Fig. 3b). The
specific growth rate of S. Typhi in control was
found to be 1.33 ± 0.02 log CFU per h with average

doubling time of 31.39 ± 0.39 min. The rest of the
results were similar as E. coli (Fig. 4b).

As detailed in materials and methods,
antibacterial activity of cell free supernatant of L.

Fig. 3. (a) The growth inhibition of E. coli co-cultured
with L. plantarum in MRS broth and MRS broth with
InuL or InuS after 48 h of incubation (E. coli in MRS
²%, E. coli in MRS + InuL ¡ and E. coli in MRS + InuS
¨, E. coli in MRS with L. plantarum Æ%, E. coli in
MRS + InuL with L. plantarum l and E. coli in MRS +
InuS with L. plantarum n). (b) Percent inhibition of E.
coli co-cultured with L. plantarum in MRS broth and
MRS broth with InuL or InuS after 48 h of incubation
(E. coli in MRS with L. plantarum n, E. coli in MRS +
InuL with L. plantarum Æ% and E. coli in MRS + InuS
with L. plantarum l).

Fig. 4. (a) The growth inhibition of S. Typhi co-cultured
with L. plantarum in MRS broth and MRS broth with
InuL or InuS after 48 h of incubation (S. Typhi in MRS
²%, S. Typhi in MRS + InuL ¡ and S. Typhi in MRS +
InuS ¨, S. Typhi in MRS with L. plantarum Æ%, S.
Typhi in MRS + InuL with L. plantarum l and S. Typhi
in MRS + InuS with L. plantarum n). (b) Percent
inhibition of S. Typhi co-cultured with L. plantarum in
MRS broth and MRS broth with InuL or InuS after 48
h of incubation (S. Typhi in MRS with L. plantarum n,
S. Typhi in MRS + InuL with L. plantarum Æ% and S.
Typhi in MRS + InuS with L. plantarum l).

Table 3. Specific growth rate (ì) and doubling time (td) of S. Typhi or S. Typhi co-cultured
with L. plantarum in MRS broth (control) and MRS broth with InuL or InuS.

Treatment Specific growth Doubling time (td)
rate (µ) (h-1) (min)

S. Typhi in MRS 1.33 ± 0.02A 31.39 ± 0.39C
S. Typhi in MRS + InuL 1.03 ± 0.03B 40.43 ± 1.00B
S. Typhi in MRS + InuS 1.03 ± 0.01B 40.33 ± 0.32B
S. Typhi in MRS with L. plantarum 0.89 ± 0.01C 48.04 ± 0.30A
S. Typhi in MRS + InuL with L. plantarum 0.87 ± 0.02C 47.48 ± 1.06A
S. Typhi in MRS + InuS with L. plantarum 0.88 ± 0.02C 46.77 ± 0.83A

Values are represented as mean ± SD. Alphabets indicates significant differences (P < 0.05) between
treatments.

plantarum cultured with the supplementation of
InuL and InuS was assessed by the comparison
with gentamicin. Clear zone formation (16-17 mm)
due to antibacterial nature of the supernatant was
measured after 24 h. No significant differences (P
> 0.05) were observed among the control and InuL
and InuS supplemented samples with respect to
the inhibitory zone against tested pathogens. The
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result demonstrated that metabolites of L.
plantarum and hydrolyzed inulin displayed the
antibacterial activity. Moreover, inulin
supplementation will not affect the efficacy.

Probiotic bacteria have been reported to
possess antagonistic activity against food-borne
pathogens such as Staphylococcus aureus,
Salmonella spp., E. coli and Clostridium
perfringens17-19. L. plantarum has been reported
as antagonist for E. coli 20 as well as inhibit food
pathogens such as Bacillus cereus, E. coli and S.
enterica21. In the present study, significant growth
reduction was observed against E. coli and S. Typhi
upon co-culturing with L. plantarum. The
reduction in the bacterial cell might be due to the
production of organic acids, liberated secondary
metabolites and some bacteriocin as well as
nutrient competition22. Some scientific reports have
revealed that L. plantarum has anti bacterial impact
against Salmonella spp., E. coli and Cl.
perfringens by in vitro23-25 and in vivo studies26.

Various in vitro and in vivo studies
revealed that inulin and/or fructooligosaccharide
(FOS) supplements promote the growth of
bifidobacteria and lactobacilli, moreover, it
selectively suppresses the growth of pathogens27,

28. Short chain fatty acids (SCFAs) are proven as
prebiotic by in vitro and in vivo studies29.
Significant level of increased SCFAs production
was observed in the cecum (P < 0.05) of the rats
fed on inulin compared to other fibers tested30.

CONCLUSIONS

Hydrolyzed Inulin of JA by lactic acid has
been proved as potent prebiotic ingredient. The
current study suggested that InuL and InuS
isolated from JA, enhances the antibacterial and
probiotic ability of L. plantarum. Results of well
diffusion assay suggested that mere antibacterial
activity of L. plantarum has not been influenced
by inulin. Thus, further detailed investigations are
needed to address the inhibitory nature of InuL
and InuS mediated L. plantarum against E. coli
and S. Typhi.
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