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Abstract
Purpose  The purpose of study was utilization of sugarcane bagasse, waste product of sugarcane industry, for production of 
xylooligosaccharides (XOS) and their evaluation of their prebiotic potential.
Methods  The XOS production was carried out in two steps: alkaline extraction of xylan (5, 10 and 15%KOH and NaOH) 
followed by acid hydrolysis (0.25 and 0.50M H2SO4; 20, 40 and 60 min) of xylan, and quantified using high performance 
thin layer chromatography (HPTLC). The prebiotic potency of XOS was evaluated for probiotics viz. Lactobacillus brevis, 
Lactobacillus acidophilus and Lactobacillus viridescens in comparison to standard fructooligosaccharides (FOS).
Results  The chemical compositional analysis indicated that bagasse contain 28.42% hemicellulose out of which 21.46% was 
estimated to be xylan. Maximum yield of xylan (20.5%) was obtained with 15%NaOH treatment. The best treatments for 
xylan hydrolysis were found to be 0.25M H2SO4 for 20 and 40 min with concentrations of xylose, xylobiose and xylotriose 
to be 2.014, 2.106 and 1.228 mg ml− 1, respectively, in 20 min hydrolysis and 2.138, 1.502 and 0.824 mg ml− 1, respectively, 
in 40 min hydrolysis. XOS were found to be better prebiotics than standard FOS. Pure xylobiose was found to have highest 
positive effect on growth of all three bacteria tested indicating that effects of XOS were due to presence of xylobiose, xylo-
triose and XOS with higher degree of polymerization in xylan hydrolysates.
Conclusions  Sugarcane bagasse xylan can be converted into XOS only by controlled acid hydrolysis leading to increased 
production of XOS which can be used as good prebiotics in drugs and food ingredients after their purification eliminating 
all the acidic and alkaline residues and also side products.
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Introduction

The prebiotics are non-digestible food ingredients that ben-
eficially affect the host by selectively stimulating the growth 
and/or activity of one or limited number of bacteria in colon 
and thus perk up the health of host [1]. The functional prop-
erties of prebiotics include maintenance of gut microbiota 
and stimulation of intestinal transit, change in colonic micro-
biota contributing to normal stool consistency leading to 
prevention of diarrhea and constipation [2], reduction in the 
level of triglyceride content of blood and liver [3], stimula-
tion of growth of Bifidobacterium [4] and improved nutrient 
absorption and production of B complex vitamins. All the 
health benefits together lead to improvement in the immune 
system [5]. There are numerous prebiotics having diverse 
origins and chemical properties. Stowell [6] classified the 
prebiotics based on a set of common criteria. Inulin, fruc-
tooligosaccharides (FOS), galactooligosaccharides (GOS), 
lactulose and polydextrose were recognized as the estab-
lished prebiotics whereas isomaltooligosaccharides (IMO), 
xylooligosaccharides (XOS) and lactitol were categorized as 
emerging prebiotics. XOS, although classified as emerging 
prebiotics, may present the same or more desirable proper-
ties than the established prebiotics [7].

The XOS occur in very low amounts naturally in most 
plants. XOS have favorable technological features, including 
stability at acidic pH, heat resistance, the ability to achieve 
significant biological effects at low daily doses, low calo-
rie content and non-toxicity [8]. XOS with fewer than four 
monomer units are relatively new type of non-digestible 
sugars which have gained a lot of interest recently because 

they promote the proliferation of bifidobacteria, which are 
considered as beneficial microorganisms in human intestine 
[9]. XOS have prebiotic effects when consumed as a part of 
diet. Four grams of XOS per day for three weeks improves 
the gut micro biota among people who are above 65 years 
old [10]. The non-digestible XOS can be incorporated into 
processed foods and could be promising functional ingredi-
ents in nutraceutical products [11]. Their utility is not lim-
ited to their potential nutraceutical properties but also for 
their economic benefits as they provide an opportunity for 
agro-food industries to produce value added products from 
wastes and thereby improve the environment through agro-
food waste management.

XOS with varying degrees of polymerization can be 
produced by hydrolysis of xylan polymer chain which is 
the major constituent of hemicellulose fraction of ligno-
cellulosic materials. Moreover, it will be quite beneficial 
to isolate them from natural sources like agricultural 
wastes as it will give dual advantage of production of 
valuable XOS and utilization of waste materials. Sugar-
cane bagasse (Saccharum officinarum), the fibrous residue 
obtained after extracting the juice from sugarcane in the 
sugar production process, forms an important waste prod-
uct of sugar milling industry. It is primarily composed of 
cellulose, hemicellulose and lignin. Hemicellulose frac-
tion is an amorphous polymer with xylan as the major 
constituent, which is actually a heteropolysaccharide with 
varying proportions of d-xylose, d-arabinose, d-galactose 
and d-mannose. These monosaccharides are linked by an 
assorted combination of ether bonds and weak hydrogen 
bonds which can be readily hydrolyzed in acid or alkaline 
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conditions. Sugarcane bagasse has 24–29% hemicellulose 
represented by 1-arabino-(4-O-methyl-d-glucurono)-d-
xylan [12]. The advantages of using bagasse as a substrate 
for production of XOS are that it is available at the site of 
processing, cheap and its supply in the sugar industry is 
constant though seasonal. Because of its lower ash con-
tent i.e. 1.9% [13], bagasse offers numerous advantages 
compared with other agro-based residues such as paddy 
straw (16%), rice straw (14.5%) and wheat straw (9.2%). 
Therefore, because of the importance of sugarcane bagasse 
as an industrial waste, there is great interest in production 
of XOS that offer economic and environmental advantages.

Till date a wide number of raw materials are tested for 
XOS production including corncobs [14], tobacco stalk 
[15], rye straw [16], and Bengal gram husk and wheat 
bran [17]. Sugarcane bagasse has been investigated as 
raw material for XOS production by enzymatic hydrolysis 
[18]. In the present study, the production of XOS by dilute 
acid hydrolysis of sugarcane bagasse xylan was explored 
followed by the prebiotic effects of XOS for growth of 
three different species of Lactobacillus as the utilization 
of bagasse generated XOS by lactobacilli has not been 
studied in details.

Materials and Methods

Biological Material

Sugarcane bagasse, obtained from local sugar mill, was 
dried at 60 °C till constant weight and then ground to pass 
45-mesh sieve. Fine powdery material obtained was put into 
plastic bags and stored in desiccator at room temperature 
until used.

Reference Standards and Chemicals

Xylose, glucose and fructooligosaccharides (FOS) were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). Xylobi-
ose was purchased from TCI chemicals Pvt. Ltd. All other 
chemicals, reagents and solvents used in the study were of 
analytical grade and obtained from SD Fine-Chem Limited, 
Mumbai, India.

Bacterial Cultures

For studying prebiotic potency of XOS, the cultures of three 
different species of Lactobacillus i.e. Lactobacillus brevis 
(NCIM 2584), Lactobacillus acidophilus (NCIM 5426), 
Lactobacillus viridescens (NCIM 2167) were purchased 

from National Collection of Industrial Microorganisms 
(NCIM), National Chemical Laboratory (NCL), Pune, India.

Instrumentation and Characterization

HPTLC (High performance thin layer chromatography) 
instrument obtained from M/s CAMAG, Switzerland 
involved Linomat-5 applicator, Camag–Hamilton Linomat 
syringe (100 ml), Camag ADC 2 Automatic Developing 
Chamber, UV lamp with cabinet, TLC scanner 3 with win-
CATS version 1.4.2.8121 evaluation software. Precoated 
silica gel (60 F254) TLC aluminum sheets (Catalogue No: 
1.05554.0007) were obtained from M/s Merck, Darmstadt, 
Germany. The absorbance values were recorded on UV–Vis 
spectrophotometer (Shimadzu UV-1800).

Determination of Chemical Composition 
of Sugarcane Bagasse

The chemical composition of sugarcane bagasse was deter-
mined using detergent system method [19] using Fibra plus 
FES6 (Pelican Equipments, India). The laboratory analytical 
procedure (LAP) for standard biomass analysis of National 
Renewable Energy Laboratory (NREL) was used for com-
plete compositional analysis of bagasse sample [20].

Extraction of Xylan from Sugarcane Bagasse

Sugarcane bagasse was given different alkaline treatments 
(5, 10 and 15%, w/v of KOH and NaOH) with solid:liquid 
ratio of 1:10 under steam application (121  °C, 15 psi, 
20 min). The extract was separated by vacuum filtration 
and centrifuged at 5000 rpm for 20 min followed by neu-
tralization (pH 5.0) with glacial acetic acid and precipita-
tion with three volumes of cold ethanol. The xylan precipi-
tated was centrifuged at 8000 rpm for 10 min at 4 °C, dried 
at 60–70 °C until constant weight, weighed, powdered by 
grinding and stored at room temperature for further analysis. 
The recovery (%) of xylan was calculated. Xylan was struc-
turally characterized by FT-IR, 1H and 13C NMR spectra.

Hydrlolysis of Xylan into Xylose 
and Xylooligosaccharides

Xylan powder (0.2 g) was treated with 10 ml of dilute acid 
solutions (0.25 and 0.50M H2SO4) under steam application 
(121 °C, 15 psi) for different time intervals i.e. 20, 40 and 
60 min (for each concentration of acid). The reaction mix-
tures were neutralized by adding calcium carbonate and the 
supernatants were collected by filtration with Whatman filter 
paper number 1. The resultant supernatants (xylan hydro-
lysates) from each treatment were subjected to qualitative 
and quantitative analysis by high performance thin layer 
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chromatography (HPTLC). Total reducing sugars were also 
quantified from xylan hydrolysates using DNS method [21] 
using xylose as standard.

Qualitative and Quantitative Analysis of Xylan 
Hydrolysates Using High Performance Thin Layer 
Chromatography (HPTLC)

HPTLC was performed on 10 cm × 10 cm silica gel 60 F254 
TLC plates. Appropriately diluted samples were applied to 
the plates as 8 mm bands, 6 mm apart, 10 mm from the bot-
tom, and at least 15 mm from the edges of the plate. The 
distance between the tip of the syringe and TLC plate was 
fixed at 1 mm for sharp application of bands. Nitrogen gas 
was used for drying the spots. Loaded plates were viewed 
inside the cabinet under UV light (254 nm) to ensure proper 
application before development.

The solvent system used for development of the plate was 
2-propanol, ethyl acetate, nitromethane and water (6:1:1:2, 
v/v). The plates were placed gently in developing cham-
ber, previously pre-saturated with the mobile phase (plate 
preconditioning for 10 min and tank saturation with 10 ml 
mobile phase for 10 min). Potassium thiocyanate (KSCN, 
800 ml) was used for humidity control in the developing 
chamber.

After development by single ascent, orcinol reagent (0.2% 
w/v orcinol in methanol:sulfuric acid, 90:10) was sprayed 
over the dried plates and color development was undertaken 
after incubating the plates in oven at 105 °C for 3–4 min. 
The developed TLC plates were scanned using the HPTLC 
software so as to calculate the concentration of xylose and 
XOS. The concentrations of xylose and XOS in different 
hydrolysates were quantified using average peak areas com-
pared with the peak areas of standards and expressed as mg/
ml. Xylose and xylobiose were used as standards at the con-
centrations of 1 mg/ml and linear calibration was achieved 
for both standards.

Study of Prebiotic Potency of Xylan Hydrolysates

Pure cultures of Lactobacillus brevis, Lactobacillus acido-
philus, Lactobacillus viridescens were maintained on MRS 
(Man Rogosa Sharpe) medium slants and stored at 4 °C. 
The culture of test bacteria (1%, v/v) was added to MRS 
broth supplemented with 1% glucose/xylose/xylobiose/
fructooloigosaccharides(FOS)/samples containing XOS 
(produced by hydrlosis of xylan). Serial dilutions (10− 4, 
10− 5 and10− 6) of inoculant samples (100 µl) were spread 
on MRS medium plates. The plates were incubated at 37 °C 
for 24 h in BOD incubator. Colony forming units (cfu) were 
enumerated at 24 h post incubation and converted to log 
value using following formula:

where a is the mean number of bacterial colonies, bn is the 
dilution factor.

For studying the effects of different compounds and sam-
ples containing XOS on bacterial growth, 100 µl of bacterial 
suspension was used to inoculate modified MRS broth (pH 
6.8), containing 1% glucose/xylose/xylobiose/fructooloigo-
saccharides (FOS)/samples containing XOS. All the inocu-
lants samples were incubated at 37 °C in BOD incubator. 
Bacterial growth was measured by turbidimetric method 
by studying absorbance at intervals of 2 h at 600 nm. As 
control, same amount of bacterial suspension was used to 
inoculate MRS broth. The growth curves were plotted with 
absorbance value as function of time interval and the effects 
of different xylan hydrolysates and pure compounds on the 
growth of bacteria were studied.

Statistical Analysis

The experimental results are expressed as mean ± SD (stand-
ard deviation). Data was analyzed statistically using analysis 
of variance (ANOVA) appropriate in completely randomized 
design using CPCS1 and CD (5%) was calculated.

Results and Discussion

Chemical Composition of Sugarcane Bagasse

As determined in our previous study [22], the contents of 
hemicellulose, cellulose and lignin in sugarcane bagasse 
estimated by detergent system method were found to be 
28.42, 42.11 and 19.20%, respectively. On the basis of 
compositional analysis using NREL (National Renewable 
Energy Laboratory) method, the amount of xylan in sugar-
cane bagasse was found to be 21.46%.

Extraction of Xylan from Sugarcane Bagasse

Xylan, a major portion of hemicellulose, was extracted from 
sugarcane bagasse using different concentrations of potas-
sium hydroxide (KOH) and sodium hydroxide (NaOH). It is 
reported that physical treatment like milling of barley husk 
yields only 7.21% xylan [23]. Harsh reaction conditions dur-
ing extraction or pretreatment lead to partial degradation 
of xylan and generation of toxic compounds derived from 
sugar decomposition that could affect the hydrolysis [24]. 
Therefore, steam treatment was used for extraction of xylan 
as it has been recorded to be more efficient as compared to 
other extraction processes [25]. The dried pellet obtained 
after extraction process was presumed to be xylan since cel-
lulose is neither soluble in sodium hydroxide nor potassium 

log (a × bn) = log a + n log b
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hydroxide [26] and alcohol does not precipitate lignin [27]. 
The per cent yields of xylan (based on dry matter of initial 
amount of raw material) obtained with 5, 10 and 15% KOH 
treatments were found to be 9.5, 16.5 and 17.0, respectively 
whereas 12.5, 18.5 and 20.5% yields of xylan were obtained 
with 5, 10 and 15% NaOH treatments, respectively. Taking 
the xylan content of bagasse sample as 21.4%, the per cent 
recoveries of xylan were calculated and have been presented 
in Fig. 1.

It was observed that sodium hydroxide was found to be 
more effective than potassium hydroxide to ensure higher 
recovery of xylan. Increasing concentrations of alkali led to 
increased recovery of xylan. These results were supported 
by Ruzene et al. [28] who suggested that increasing the 
concentration of sodium hydroxide or temperature resulted 
in higher recovery of xylan (49.3% of the total available 
hemicellulose) from wheat straw and highest extraction yield 
was possible to achieve with 0.50 mol/l sodium hydroxide. 
Samanta et al. [14] achieved 83.5% recovery of xylan from 
corn cobs with 12% sodium hydroxide followed by steam 
application.

FT-IR spectra of alkali extracted xylan showed charac-
teristic vibrational bands at 3434 (O–H stretching), 2926 
(C–H stretching), 1413(C–H deformation), 1248 (C–O–C 
stretching), 1040 (C–O stretching) [14] and 898 (character-
istic of β-xylosidic linkages) [29] confirming the presence 
of various functional groups in xylan. 1H NMR spectra of 
xylan showed a large signal at 8.18 ppm due to presence 
of –OH groups in the xylan structure. Two signals at 3.43 
and 1.71 ppm were observed due to aliphatic protons [30]. 
A large signal at 78 ppm in 13C NMR spectra due to ring 
carbons of xylan was also observed.

Acid Hydrolysis of Xylan

Xylan can be hydrolyzed to xylose and XOS by chemical 
methods, direct enzymatic methods or a combination of 
chemical and enzymatic treatments [31]. Though enzymatic 
production of XOS is preferred because it requires mild con-
ditions for hydrolysis, however, several hours of incubation 

are required to generate the XOS through application of 
specific enzymes [15, 32]. Moreover, enzymatic treatments 
are expensive and might require special conditions for stor-
age and handling of the enzymes. Therefore, acid hydrolysis 
was chosen for production of XOS from sugarcane bagasse 
xylan. The effects of dilute sulfuric acid (0.25 and 0.50 M) 
on XOS production from bagasse xylan in different hours 
of treatment (20, 40 and 60 min) were evaluated through 
estimation of reducing sugars and high performance thin 
layer chromatography (HPTLC) analysis.

HPTLC plates showing spots of standards and samples 
hydrolyzed with 0.25M H2SO4 and 0.50M H2SO4 for dif-
ferent time intervals (samples from six different treatments, 
T1-T6) are shown in Fig. 2. Table 1 shows the results of 
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Fig. 1   Per cent recoveries of xylan by treatment of sugarcane bagasse 
with different concentrations of NaOH and KOH

Fig. 2   Results of HPTLC analysis- HPTLC plates showing spots of 
standards (1-xylose, 2-xylobiose, 3-mixture of xylose and xylobiose) 
and a samples (4-T1, 5-T2, 6-T3) hydrolyzed with 0.25M H2SO4, b 
samples (4-T4, 5-T5, 6-T6) hydrolyzed with 0.50M H2SO4
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HPTLC analysis and reducing sugar estimation from differ-
ent xylan hydrolysates. Xylan was hydrolyzed to a number 
of oligosaccharides ranging from X1 (xylose) to X3 (xylotri-
ose) and above. From HPTLC plate shown in Fig. 2a, it was 
evident that increasing the time of hydrolysis with 0.25M 
H2SO4 enabled higher degradation of xylan into xylose 
and XOS. XOS with increasing degrees of polymerization 
appeared as spots with gradually decreasing Rf values [18]. 
The longer reaction time resulted in further degradation 
of XOS into xylose. The amount of xylose increased from 
2.014 (T1, 20 min) to 2.838 (T2, 40 min) and 3.944 mg ml− 1 
(T3, 60 min). Correspondingly, the amounts of xylobiose 
and xylotriose were found to decrease as the treatment time 
was increased from 20 to 40 and 60 min. This may be attrib-
uted to hydrolysis of xylosidic linkages of xylobiose and 
xylotriose at increased reaction times to yield the monosac-
charide xylose in highest amounts. Treatment with 0.25M 
H2SO4 for 20 min was found to produce various XOS upto 
xylohexaose or above as is clear in HPTLC plate whereas 
in treatment for 40 min, XOS upto four monomers i.e. xylo-
tetraose were formed. Further increasing the reaction time 
to 60 min reduced the concentration of XOS and higher 
concentration of xylose was produced. The production of 
reducing sugars was also found to increase along with time 
as also reported previously [33].

From Fig. 2b and Table 1, it is clear that in acid hydroly-
sis with 0.50M H2SO4 (T4–T6), the amounts of xylobiose 
and xylotriose were decreased with increase in treatment 
time. Only upto xylotetraose were produced by hydrolysis 
with 0.50M H2SO4. The spots for XOS were not as clearly 
separated and visible in this plate as were on HPTLC plate 
in Fig. 2a. This may be due to increased hydrolysis of oligo-
saccharides leading to formation of monosaccharides. The 
formation of xylose and reducing sugars was higher in case 
of hydrolysis for 20 min (T4) and decreased as the reac-
tion time was decreased. The reason for this may be further 
hydrolysis of monosaccharide sugars into products such as 
furfural and hydroxymethylfurfural. The furfural produc-
tion increases with increasing acidic strength as the stronger 
acid catalyzed hydrolysis of pentosans into xylose and sub-
sequent cyclodehydration to furfural to greater extent [34].

It was found that the time and concentration of acid played 
a very critical role in the production of XOS. The acidic 
hydrolysis treatments using 0.25M H2SO4 for 20 and 40 min 
(T1 and T2) gave the higher amounts of XOS and hence 
were considered best among the six treatments employed 
during the study. Therefore, the experiment revealed that 
XOS could be produced from the alkali extracted bagasse 
xylan only by controlled acid hydrolysis.

Prebiotic Potency of Xylan Hydrolysates

The prebiotic potency of XOS from xylan hydrolysates was 
assessed by enumerating the colony forming units (cfu) of 
three probiotic bacteria viz. Lactobacillus brevis, Lactoba-
cillus acidophilus and Lactobacillus viridescens after 24 h 
of incubation (Table 2). Sugarcane bagasse generated XOS 
were found to be capable to influence the growth of probiotic 
organisms positively as compared to xylose, glucose and 
established prebiotics fructooligosaccharides (FOS) and the 
growth of bacteria (log cfu/ml) was found to be significant 

Table 1   Amounts of xylose, 
XOS and total reducing sugars 
in xylan hydrolysates quantified 
by HPTLC

*Values depicted are mean (± SD) of triplicate values
a Total reducing sugars

Amount*
(mg ml− 1)

0.25 M H2SO4 0.50 M H2SO4

20 min (T1) 40 min (T2) 60 min (T3) 20 min (T4) 40 min (T5) 60 min (T6)

Xylose 2.014 ± 0.01 2.838 ± 0.02 3.944 ± 0.06 4.549 ± 0.01 4.328 ± 0.02 3.860 ± 0.04
Xylobiose 2.106 ± 0.01 1.502 ± 0.05 0.742 ± 0.01 0.937 ± 0.02 0.709 ± 0.06 0.671 ± 0.05
Xylotriose 1.228 ± 0.03 0.824 ± 0.04 0.531 ± 0.04 0.726 ± 0.09 0.420 ± 0.01 0.204 ± 0.06
TRSa 5.824 ± 0.09 6.123 ± 0.05 6.314 ± 0.06 6.718 ± 0.05 5.937 ± 0.04 5.234 ± 0.08

Table 2   Effect of xylan hydrolysates and standard compounds on col-
ony forming units (cfu, log values) of L. acidophilus, L. brevis and L. 
viridescens 

*Values depicted are mean of triplicate values
a For xylobiose, values are from 10− 5 dilution

Treatments log cfu/ml (10− 4 dilution)*

L. acidophilus L. brevis L. viridescens

T1 6.738 6.714 6.528
T2 6.601 6.535 6.482
T3 6.376 6.226 6.172
T4 6.533 6.454 6.322
T5 6.424 6.170 6.130
T6 6.248 6.077 5.899
Glucose 6.520 6.476 6.036
FOS 6.651 6.642 6.262
Xylose 6.341 6.321 5.984
Xylobiosea 7.300 7.170 7.037
Control 6.297 6.251 5.889
CD (5%) 0.116 0.103 0.157
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as is clear from the CD values (5%). Pure xylobiose, how-
ever, was responsible for growth of bacteria to great extent 
as compared to all other standard compounds and samples. 
As compared to xylose, all other compounds and samples 
were found to have positive effect on growth of Lactobacil-
lus studied. Xylan hydrolysate samples were found to have 
increased effect on growth of all species of Lactobacillus as 
compared to standard glucose and fructooligosachharides 
(FOS). The highest positive effect on growth of all three spe-
cies of Lactobacillus by pure xylobiose clearly revealed that 
the samples T1 and T2 served as the most effective prebiot-
ics because of presence of higher concentrations of XOS 
especially xylobiose in them as compared to other samples. 
It has been reported that XOS with fewer than four monomer 
units are important for prebiotic applications because they 
promote the proliferation of bifidobacteria, which are con-
sidered as beneficial microorganisms in human intestine [9].

In a study [14] on in vitro effects of crude XOS from 
corncob xylan on growth of Enterococcus fecalis, Entero-
coccus faecium, Lactobacilllus maltromicus and Lactobacil-
lus viridiscens, the influence of FOS on growth stimulation 
was found to be higher than either XOS or glucose. The 
authors believed that the differences may be due to crude 
preparation of XOS compared against pure FOS. On the con-
trary, in this study, XOS from sugarcane bagasse xylan were 
found to have higher growth stimulatory effects on Lacto-
bacillus acidophilus, Lactobacillus brevis and Lactobacillus 
viridescens as compared to glucose and standard FOS. In 
corroboration with our study, XOS have been reported to be 
promising oligosaccharides that stimulate increased levels of 
bifidobacteria to a greater extent than does FOS [35].

Further, growth curves of Lactobacillus acidophilus, 
Lactobacillus brevis and Lactobacillus viridescens and the 
effects of XOS, xylose, xylobiose, glucose and fructoo-
ligosaccharides (FOS) on growth curves were also studied 
(Fig. 3) by measuring the absorbances of modified broths. 
The effects of XOS were studied by taking the xylan hydro-
lysates from two best treatments (T1 and T2). The growth of 
three probiotic bacteria viz. Lactobacillus acidophilus, Lac-
tobacillus brevis and Lactobacillus viridescens was found 
to be stimulated by xylose (X)/xylobiose (X2)/glucose (G)/
FOS/XOS. The same effects by different compounds on 
growth of bacteria were observed as indicated by cfu val-
ues. Highest growth increase was caused by xylobiose. XOS 
(from samples T1 and T2) were found to have more posi-
tive effect on growth as compared to glucose and standard 
FOS. Xylose had less effect on growth but the growth of 
bacteria was increased as compared to control. These prebi-
otic effects of XOS enable in the improvement of intestinal 
functions by increasing the number of healthy gut bacteria.

The enhanced growth of all bacteria indicated that these 
bacteria possessed carbohydrate degrading enzymes which 
ferment the oligosaccharides and produce short chain fatty 
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Fig. 3   Effects on growth of a Lactobacillus acidophilus, b Lacto-
bacillus brevis, c Lactobacillus viridescens by xylose (X)/xylobiose 
(X2)/glucose (G)/FOS/XOS (produced by acid hydrolysis of xylan, 
T1, T2)
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acids which provide metabolic energy for the host [17]. It 
has been reported that corn cob generated XOS could well 
support the growth of Lactobacillus brevis, because of their 
capability to utilize the same as source of energy [36].

To produce food-grade XOS, the autohydrolysis liquors 
have to be refined by removing both monosachharides and 
nonsaccharide compounds to obtain a concentrate with XOS 
content as high as possible. The usual purity of commer-
cial XOS lies in the range of 75–95% [7]. Several methods 
have been reported for the purification of XOS like solvent 
precipitation using ethanol, acetone and 2-propanol [37], 
adsorption in combination with other treatments intending 
either separation of oligosaccharides [8, 38] or the removal 
of undesired compounds [39], chromatographic separation 
[17], ultrafiltration and nanofiltration etc. [7].

Conclusions

Alkali extracted xylan from sugarcane bagasse can be conven-
iently hydrolyzed using dilute sulfuric acid to produce XOS 
under controlled conditions as the increased concentration of 
dilute acid and hydrolysis time could lead to more production 
of monosaccharides. Therefore, optimization of hydrolysis 
conditions is necessary and in our study, the best conditions 
were found to be steam treatment with 0.25M H2SO4 for 
20 min; increasing the acid concentration and reaction time 
led to decrease in production of XOS. The sugarcane bagasse 
generated XOS were found to be more potential prebiotics for 
the growth of Lactobacillus acidophilus, Lactobacillus bre-
vis and Lactobacillus viridescens as compared to established 
prebiotics fructooligosaccharides (FOS). As pure xylobiose 
was found to increase the growth of probiotic bacteria to great 
extent as compared to xylan hydrolysates, it is suggested to 
make attempts for isolation of pure XOS eliminating all the 
monosaccharide and nonsaccharide compounds produced in 
the reaction media and their use in prebiotic drugs.
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