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Background and objective
Xylanase is a prominent industrially applicable enzyme. The present study
investigated the applicability of crude Bacillus amyloliquifaciens NRRL B-14393
xylanase for production of xylooligosaccharides (XOS) from beech wood xylan
(BWX).
Materials and methods
Crude xylanase activity was characterized in terms of xylanolytic activities present,
pH, and temperature. The effect of incubation time, enzyme dosage, and substrate
concentration on XOS production was investigated by response surface
methodology based on central composite design. The antioxidant potential of
produced XOS was assayed by 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH)
and H2O2 methods besides their correlated total phenolic content was estimated
using Folin-Ciocalteu colorimetric method.
Results and conclusion
The crude enzyme extract was β-xylosidase free and proved active over a broad pH
range. The enzyme was thermostable up to 70°C andmaximal enzyme activity was
observed at 50°C and pH 8. Functional groups and purity of BWXwere identified by
fourier transform infrared spectroscopy (FT-IR). XOS yield was optimized to
16.02mg XOS/ml xylan (400.45mg XOS/g xylan) applying 1.70mg enzyme/g
xylan, 4.91 h incubation time and 1.08%, w/v substrate concentration. Xylobiose
and xylopentose were identified by high performance liquid chromatography
(HPLC) as the hydrolysate main end products. Total phenolic content of 115
±0.60mg GAEq/g XOS explicated the high antioxidant capacities exhibited by
produced XOS.
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Introduction
The continuous application of bio-based technologies
sustains the expansion of global economy. From this
perspective, it is imperative to develop biomass
hydrolyzing enzymes with characteristic properties
in terms of yield, efficiency, and enzyme action to
regulate the overall economics of industrial level
process [1,2].

Xylanases are green biocatalyst responsible for linear
polysaccharide β-1,4-xylan hydrolysis into industrially
significant products. The essential enzyme used for
xylan hydrolysis is endo-1,4-β-xylanase, the enzyme
cleaves the β-1,4-glycoside linkage of xylan
backbone. Xylan is the second most obtainable
polysaccharide in nature and accounts for about 33%
of total lignocellulosic biomass. The biopolymer has a
large dispersity and polymolecularity, for instance, the
degree of polymerization (DP) of soft wood and hard
Wolters Kluwer - Medknow
wood xylans are 70–130 and 50–200 β-xylopyranoside
units, respectively [3,4].

Xylanases are profusely existent in nature and
generated by several microorganisms such as
bacteria, fungi, yeast, and algae. Microbial xylanases
display different substrate specificities as well as
biochemical features that make this class of enzymes
greatly applicable in biotechnological and industrial
sectors. Overall, xylanases extensively used as an
ecological molecular industrial tool in lignocellulosic
biorefinery, food, feed, textile, deinking, chemical,
pharmaceutical, paper, and pulp industries [5].
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Nondigestible oligosaccharides retain significant
physicochemical, biochemical, and physiological
properties. Their role as dietary fibers and prebiotics
allows their use for prebiotic formulations as well as
symbiotic products industry [6]. The nondigestible
sugar oligomers known as xylooligosaccharides
(XOS) are an emerging prospective of xylanase.
XOS are commercially produced owing to their
great prebiotic potential [6], immunomodulatory
activity [7], anticancerous activity [8], antimicrobial
activity [9], growth regulator activity [10], and other
biological activities such as antioxidant, antiallergic,
anti-inflammatory, and antihyperlipidaemic activities
[11,12]. Also, XOS have beneficial effect against type 2
diabetes mellitus [13] and protective effect against
oxidative stress [14]. XOS play an active role in
preparation of nanoparticles, hydrogels, and
cosmetics [15,16].

Enzymatic hydrolysis of xylan is highly specific and the
reaction operating conditions are quite mild.
Meanwhile, the physicochemical approach for xylan
hydrolysis may result in the formation of hazardous
byproducts [17]. For the production of XOS, enzyme
complex with low exo-xylanase or xylosidase activity is
preferred as higher exo-xylanase activity favors xylose
production [11].

Conventionally, the one factor at a time approach is
extremely time consuming and requires conducting
multiple expensive experiments. Therefore,
optimization using multivariable techniques is
favorable since they are rapid, economical, and
highly efficient to optimize multivariable
simultaneously. Furthermore, the interactive effects
among the variables provided by multivariable
method are highly advantageous [18].

Water hyacinth (Eichhornia crassipes) is claimed as the
world’s worst invasive aquatic plant due to its
exceptionally rapid proliferation and congest growth,
presenting severe drawbacks in navigation, irrigation,
and power generation systems. Earlier we have
reported the potential of the aquatic plant as cheap
alternative source for microbial xylanase production
through solid-state fermentation [19].

The present study targeted the optimization of XOS
produced by enzymatic hydrolysis of BWX. The
statistical-based approach central composite design
(CCD) was used with minimal number of
experimental sets. Bacillus amyloliquifaciens NRRL
B-14393 xylanase in its crude form was used for the
hydrolysis process and its biochemical characteristics
required for satisfactory bioprocess were investigated.
The antioxidant activity of the released XOS and their
related total phenolic content were evaluated.
Materials and methods
Materials
Water hyacinth was obtained during winter season
from El-Mansoureya canal, Giza, Egypt. The green
parts (stems and leaves) were thoroughly washed,
sliced, and then crushed to small pieces 0.5–1 cm.

Beech wood xylan, XOS standards, and p-nitrophenyl-
β-d-xylopyranoside (pNPX) were of HPLC grade and
obtained from Megazyme company (Bray, Ireland).
Other chemicals and media were of analytical grade
and purchased from Sigma-Aldrich (St. Louis, MO,
USA).
Microorganism and culture conditions
Bacillus amyloliquifaciens NRRL B-14393 strain was
collected from Agricultural Research Service, Peoria,
IL, USA. The media composition and culture
conditions were as described by Salfinger and
Tortorello [20].
Enzyme production
Crude B. amyloliquifaciens xylanase extract was
prepared by solid-state fermentation of water
hyacinth under optimal conditions as described by
Rashad et al. [19]. Briefly, 10 g of sterilized water
hyacinth supplemented with 0.5%, w/w sucrose was
inoculated with 7% of B. amyloliquifaciens inoculum at
pH 6.0 then incubated statically for 24 h at 35°C. The
crude enzyme was extracted from fermented matter as
reported by Yang et al. [21].
Enzyme assays
Crude xylanase activity was estimated by the Nelson-
Somogyi reducing sugar method [22,23]. One unit of
xylanase was defined as the amount of enzyme that
releases 1 μmol xylose/min under the assay conditions.
β-xylosidase activity in the crude extract was measured
by estimating the liberated p-nitrophenol from pNPX
as described by Corrêa et al. [24].
Effect of pH on crude enzyme activity and stability
The activity of crude xylanase was measured in pH
range of 3.0–12.0, using the appropriate buffers namely
citrate (pH 3.0–4.0), acetate (pH 5–5.5), phosphate
(pH 6.0–7.0), Tris-HCl (pH 8.0–10.0), and glycine-
NaOH (pH 11–12) at 0.05M. The stability of crude
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xylanase at various pH values was determined by
preincubating the enzyme at desired pH for 60min
at 30°C. The previously mentioned buffering systems
were applied under the standard assay conditions.
Enzyme activity in terms of relative activity (%) was
determined under the standard assay conditions.
Effect of temperature on crude enzyme activity and
stability
The maximum activity of the crude enzyme in terms of
relative activity was determined at different incubation
temperatures ranged from 30 to 70°C. Thermal
stability of the crude xylanase was determined by
incubating the enzyme at different temperatures; 30,
40, 50, 60, and 70°C for varying time intervals; 15, 30,
45, 60, 90, and 120min. Aliquots were withdrawn at
desired time intervals and cooled on ice before assaying
the residual enzyme activity (%) under the standard
assay conditions.
Analysis of BWX
The functional groups of BWX were identified by FT-
IR using JASCO-6100 spectrometer at a spectral range
of 4000–400 cm−1.
Enzymatic hydrolysis of BWX xylan and XOS
production
The production of XOS by enzymatic hydrolysis of
BWX was achieved using crude B. amyloliquifaciens
endoxylanase. The reaction was carried out in shaking
water bath under mild shaking conditions. The effect
of enzyme dosage (1.11–2.22mg/g xylan), incubation
time (1–5 h), and substrate concentration (1–3%, w/v)
on XOS production were investigated using response
surface methodology. The range of the independent
variables was based on preliminary one factor
optimization studies. The enzymatic reaction was
carried according to optimal enzyme activity (pH 8.0
and temperature 50°C). At the end of the specified
incubation time, the reaction mixture was immersed in
a boiling water bath for 5min, centrifuged at 5000 rpm
for 10min then filtered through a cellulose nitrate
membrane 0.45 μm. XOS were quantified by
HPLC, Shimadzu Class-VPV 5.03 (Kyoto, Japan)
equipped with refractive index RID-10A Shimadzu
detector and heater set at 65°C. Samples were eluted on
an amino-bonded column with a mobile phase of
10mM ammonium acetate buffer (pH 5.5)-
acetonitrile with flow rate of 0.8ml/min [25].
Xylose, xylobiose, xylotriose, xylotetraose, and
xylopentaose were taken as standard references
(2mg/ml). XOS concentrations expressed as mg/ml
xylan were estimated by measuring the area under
respective peaks.
Experimental design
The effect of incubation time (h), enzyme dosage (mg/
g xylan), and substrate concentration (%, w/v) on the
yield of XOS (Y) were determined by three-level
factors CCD with a total 20 runs. Levels were
coded as −1, 0, and +1 for low, middle, and high
levels, respectively. The model was face centered
(α=1) with six center points. The variables were
coded according to the equation:

xi= (Xi – X i,0) / Δ Xi, (i =1,2,3)         Eq. (1)

where xi is the coded value of the variable Xi, Xi,0 is the
actual value of Xi at center point and ΔXi is the step
change.

The relationship between variables and response was
calculated by the following quadratic regression
equation [26,27]:

Y = βo +β1X1+ β2X2 + β3X3 + β11X1
2 + β22 X2 

2 + β33X3
2

+ β12X1 X2+ β 13 X1 X3 + β 23 X2 X3 Eq. (2)

where Y is the predicted response, β0 is constant term,
βi (β1–3) is linear coefficients, β

ii (β11–33) is quadratic
coefficients, βij (i.e., β12) represents the interaction
parameters; X1, X2, and X3 are independent variables
representing of incubation time, xylanase dosage, and
substrate concentration, respectively.

The conditions of each run were summarized
(Table 1). The results were statistically analyzed by
Design-Expert software (version 10.0.1., Stat-Ease
Inc., Minneapolis, MN, USA). Analysis of variance
(ANOVA) was employed to estimate the regression
model. Terms with P values less than 0.05 were
considered as significant. The statistical parameters
of ANOVA (SD, CV%, and R2) were analyzed and
XOS yield from BWX was optimized.
Antioxidant activity of XOS
The antioxidant activity of XOS produced under
optimal reaction conditions was investigated.
Different concentrations of the hydrolysate (1–6mg/
ml) were evaluated using different assays. IC50

designated the concentration of sample required to
scavenge 50% of free radicals.
DPPH radical-scavenging assay
The antioxidant activity of XOS was measured by the
scavenging effect of DPPH radicals following the
method described by Veenashri and Muralikrishna
[28]. The DPPH radical-scavenging activity was
calculated according the following equation:



Table 1 Independent variables of the CCD model and the experimental XOS yield

Run Coded
variables

Actual variables XOS yield (mg/ml
xylan)

X1 X2 X3 Incubation time (h) Enzyme dosage (mg/g xylan) Substrate concentration (%, w/v) Observed Predicted

1 0 0 0 3 1.665 2 15.34 14.86

2 +1 0 0 5 1.665 2 15.58 14.89

3 +1 −1 +1 5 1.11 3 4.37 4.64

4 0 0 +1 3 1.665 3 14.87 14.63

5 0 −1 0 3 1.11 2 6.76 7.33

6 −1 +1 −1 1 2.22 1 12.23 11.94

7 0 0 0 3 1.665 2 14.50 14.86

8 −1 −1 +1 1 1.11 3 7.79 7.46

9 0 0 0 3 1.665 2 15.11 14.86

10 −1 −1 −1 1 1.11 1 8.57 8.35

11 0 0 0 3 1.665 2 15.26 14.86

12 +1 −1 −1 5 1.11 1 9.148 8.86

13 +1 +1 −1 5 2.22 1 14.558 14.87

14 −1 0 0 1 1.665 2 14.442 14.83

15 +1 +1 +1 5 2.22 3 14.644 14.84

16 −1 +1 +1 1 2.22 3 14.964 15.23

17 0 0 +1 3 1.665 1 14.442 15.09

18 0 0 0 3 1.665 2 13.946 14.86

19 0 0 0 3 1.665 2 15.11 14.86

20 0 +1 0 3 2.22 2 14.702 14.22

CCD, central composite design; XOS, xylooligosaccharides.
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DPPH radical-inhibiting activity (%) = 1- (A1/A0) × 100 Eq. (3)

where A0 is the absorbance of control and A1 is the
absorbance of sample at 517 nm.
Hydrogen peroxide (H2O2) scavenging assay
The potential of XOS to scavenge H2O2 was estimated
according to typical protocol [29]. The percentage of
hydrogen peroxide scavenging was calculated according
the following equation:

% Scavenged (H2O2) = ((A0 –A1))/(A0) ×100                      Eq. (4)

where A0 is the absorbance of control and A1 is the
absorbance of sample at 230 nm.

Total phenolic acid content assay
The total phenolic content of XOS expressed as mg
Gallic acid equivalent/g dry powder (mg GAE/g dry
powder) was estimated using Folin-Ciocalteu
colorimetric method according to the methodology
described by Arruda et al. [30].

Statistical analysis of data
All the data were reported as the mean±SD of triplicate
determinations. Results and CCD model were
processed by Design-Expert software (version
10.0.1., Stat-Ease Inc., Minneapolis, MN, USA).
Results and discussion
Characterization of crude enzyme
The characterization of crude B. amyloliquefaciens
xylanase elucidated its stability, xylanolytic activity,
and suitability for XOS production from BWX.

The studied hydrolytic activity of crude xylanase extract
proved the absence of β-xylosidase activity, allowing
the use of enzyme in crude form for high quality XOS
production. It is stipulated that β-xylosidase presence
releases high amount of xylose byproduct that has
inhibitory effects on endo-xylanase activity and
prebiotic properties of XOS [31].

The optimal temperature, pH, acidic/alkali-stability,
and thermal-stability have a striking effect on industrial
application of xylanase. Optimal pH is a crucial factor
for enzyme-substrate binding, substrate ionization,
catalytic activity of the enzyme as well as structure
of enzyme stabilization [32]. The effect of pH on crude
xylanase activity and stability has been examined
(Fig. 1). The crude xylanase was active over a broad
pH range with a maximum activity at pH 8, whereas its
pure form was reported to exhibit maximal activity at
pH 9.5 by Rashad et al. [19]. Moreover, the crude
enzyme retained more than 80% of its activity at pH
range 5–7.
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Figure 2

Effect of temperature on xylanase (a) activity and (b) stability.
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The crude enzyme was stable over alkaline as well as
acidic pH range upon preincubation for 60min.
Alkaline tolerant xylanases have been reported from
a number of bacteria, including Bacillus sp [33,34].

The highest xylanase activity was observed at 50°C due
to the increase in the number of collisions between the
reacting molecules (Fig. 2a). The decrease in enzyme
activity at higher temperature might be due significant
conformational changes or self-digestion of the enzyme
[35]. Likewise, the observed optimal temperature of
the crude xylanase was consistent with its purified form
[19].

Upon studying the thermal stability of crude xylanase
in the absence of xylan substrate, the results showed
appreciable stability (Fig. 2b). The crude enzyme
displayed an appreciable half-life up to 60°C for a
period of 90min. Furthermore, the crude enzyme was
thermostable up to 70°C for 30min and complete
inhibition of the enzyme was attributed to
denaturation upon longer exposure. The crude
enzyme was more thermostable compared with its
pure form as reported by Rashad et al. [19].
Suitability of xylanase complex preparations is a
fundamental step when considering its use in xylan
hydrolysis. The knowledge supports high XOS yield
and make mass production bioprocess more feasible.
FT-IR analysis of BWX
Standard BWX was analyzed by FT-IR and the main
functional groups in the sample were identified
(Fig. 3). The broad band between 3400 and 3000
cm−1 correlated with hydroxyl groups vibrations were
noted. The carbonyl stretching band was observed at
1630 cm−1. The same band pattern in xylan was
reported earlier [26,36]. The absorbance pattern at
3422, 2923, 1423, 1253, 1163, 1049, and 894 cm−1

are featured in xylans. Low-intensity shoulder at 1162
cm−1 identified the presence of arabinosyl side chains
attributed to C–O–C vibration. The band at 894 cm−1

specified ring frequency that substantiated the presence
of β-xylosidic linkage as pinpointed by Gupta et al.
[37].
Optimization of XOS production
The effect of incubation time, xylanase dosage, and
substrate concentration on XOS yield were determined
by three-level factor CCD. The CCD experimental
matrices consisted of a total sum of 20 sets of
independent runs and a total of six central points,
eight factorial points, and six axial points (Table 1).
The predicted XOS yield of all the center points were
14.86±0.56mg XOS /ml xylan, whereas the observed
experimental values were varied.

The ANOVA confirmed the validity of the response
model (Tables 2 and 3). The ANOVA test was used to
assess the significant effect of the regression models
statistically at a probability level (P) of 0.05. Otherwise,
the regression models mathematically explained the



Figure 3

FT-IR spectrum of beech wood xylan.

Table 2 Statistical parameters of ANOVA

Parameter Values Parameter Values

SD 0.56 R2 0.9833

Mean 12.82 Adj. R2 0.9735

CV% 4.35 Pred. R2 0.9266

PRESS 16.42 Adequate precision 29.998

Adj. R2, adjusted R2; ANOVA, analysis of variance; Pred. R2,
predicted R2; PRESS, predicted residual sum of squares.
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relationship among the responses and the independent
variables [27].

The model was significant (P<0.0001) with
appreciable R2 (98.33%) and adjusted R2 (97.35%)
and nonsignificant lack of fit (P=0.4780). The lack
of fit F value of 1.09 proved insignificant relative to the
pure error. Furthermore, the predicted R2 of 0.9266
was in reasonable agreement with the adjusted R2 of
0.9735. Adequate precision of 29.998 ratio indicated
an adequate signal of the model. High coefficient of
determination R2 suggested high correlating
relationship between XOS yield observed and
predicted values as well as the fitness of the model.
Values of % CV (4.35), SD (0.56), and predicted
residual sum of squares “PRESS” (16.42) were in
acceptable range validating high reliability and
precision of the model. The findings were in
coincidence with former study [38].

Multiple regression analysis of the model (Table 4)
indicated enzyme dosage (X2), incubation
time–enzyme dosage correlation (X1X2), incubation
time-substrate concentration correlation (X1X3),
enzyme dosage–substrate concentration correlation
(X2X3) and enzyme dosage2 (X2

2) as significant
terms. Independent variables with smaller P value
corresponds to higher significance of regression
coefficient hence greater impact on response.
Furthermore, positive and negative signs of the
terms specified the effect of variables [39,40]. The
estimated VIF value (1) verified the orthogonality of
each term. The quadratic regressionmodel was fitted to
the following equation:

Y = 14.86 + 0.03 X1 + 3.45 X2 -0.23 X3 + 0.61 X1X2

- 0.83 X1X3 + 1.05 X2X3 - 4.09 X2
2 Eq. (5)

where, X1, X2, and X3 represent incubation time,
xylanase dosage, and substrate concentration,
respectively. Y is predicted XOS yield. The equation
identified the relative impact of each variable by
comparative analysis of estimated coefficients.

Linear interactions of enzyme dosage (P<0.0001) have
a strong significant impact on XOS production. The
enzyme dosage–substrate concentration interaction
(P<0.0002) and incubation time–enzyme dosage
interaction (P=0.0097) resulted in synergetic effect
on XOS yield, whereas the incubation time-substrate
concentration interaction (P<0.0012) as well as
quadric variable enzyme dosage2 (<0.0001) has a
diminishing effect on XOS yield. Previous report
suggested that the linear interaction of substrate
concentration and enzyme dosage has significant
effect on XOS yield, whereas the interaction
between substrate concentration and enzyme dosage
was insignificant [41].

The graphical representations of the regression
equation emphasized as 2D contour plot and 3D
response surface allow identification the interaction
between variables as well as the optimal predicted
value of response [39,42]. The interactions between
variables and their impact on XOS yield has been
denoted as 2D contours and 3D response surface
plots (Fig. 4a-c). Accordingly, the optimal
conditions for maximum XOS yield (16.02mg
XOS/ml xylan; 400.45mg XOS/g xylan) were
xylanase dosage of 1.702mg/g xylan, substrate
concentration at 1.08%, w/v, and 4.91 h incubation
time. Overall, the model proved fitting to design space



Table 3 Analysis of variance (ANOVA) of the model for XOS production from BWX

Source Sum of squares Degree of freedom Mean square F value P value

CCD model 219.96 7 31.42 100.90 <0.0001

Residual 3.74 12 0.31

Lack of fit 2.26 7 0.32 1.09 0.4780

Pure error 1.48 5 0.30

Cor total 223.69 19

BWX, beech wood xylan; CCD, central composite design; XOS, xylooligosaccharides.

Table 4 Estimated regression coefficients for XOS production from BWX

Factor Coefficient estimate Degree of freedom P value 95% CI low 95% CI high VIF

Intercept 14.86 1 14.47 15.24

X1 0.030 1 0.8670 −0.35 0.41 1.00

X2 3.45 1 <0.0001 3.06 3.83 1.00

X3 −0.23 1 0.2147 −0.62 0.15 1.00

X1X2 0.61 1 0.0097 0.18 1.04 1.00

X1X3 −0.83 1 0.0012 −1.26 −0.40 1.00

X2X3 1.05 1 0.0002 0.62 1.48 1.00

X2
2 −4.09 1 <0.0001 −4.63 −3.54 1.00

BWX, beech wood xylan; CI, confidence interval; XOS, xylooligosaccharides; VIF, variation inflation factor.
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and the observed values of response matched its
predicted values (Fig. 5).
Degree of polymerization (DP) of produced XOS
The type of xylan from its source and the mode of
action of the enzyme affect the DP of obtained XOS
[43]. Released XOS in the hydrolysate were analyzed
by HPLC. Chromatograms of standard sugars (xylose,
xylobiose, xylotriose, xylotetraose, and xylopentaose)
were depicted (Fig. 6a-e). Xylopentaose (99.52%) was
the main end product followed by xylobiose (0.36%)
along with very slight amount of xylose (0.12%) under
conditions mimicked optimum XOS production by
enzymatic hydrolysis of BWX (Fig. 7).The
enzymatic production of XOS from BWX has been
mentioned in several reports, but the resulted reducing
sugar profile differed according to xylanolytic activities
of xylanase preparations [44,45]. The slight amount of
xylose in BWX hydrolysate was attributed to the purity
of xylan itself because no β-xylosidase activity was
detected in the crude enzyme mixture. Guido et al.
[44] reported formation of xylose byproduct (4.97%)
from BWX using β-xylosidase-free xylanase from
Thermomyces lanuginosus.
Antioxidant potential of produced XOS
The antioxidant activity of XOS was expressed as IC50

by two different methods (Fig. 8). Upon interacting
with DPPH, XOS were able to reduce the stable
DPPH radical to the yellow-colored diphenyl-
picrylhydrazine at dosage-dependent pattern
indicating their scavenging abilities. Estimated IC50
value of XOS for DPPH scavenging was 3mg. The
percent of inhibition of XOS gradually increased and
reached 61.00% at the concentration of 5mg. The
scavenging ability of XOS was attributed to either
electron transfer or hydrogen transfer, thus
neutralizing DPPH free radical nature [46].

Hydroxyl radical is one of oxygen radicals, which causes
severe damage to cell-adjacent molecules [47]. The
produced XOS was capable of scavenging H2O2 in a
concentration-dependent manner. The IC50 value of
XOS was 1.5mg. It can be concluded that XOS acted
as H2O2 scavenger by donating hydrogen atoms to
reduce the H2O2 into H2O.

The total phenolic content in the XOS mixture was
estimated to be 115±0.60mg GAEq/g XOS. The
scavenging capacities exhibited by XOS mixture
could be attributed to the transfer of hydrogen or
hydroxyl molecules from the bound phenolic
compounds [48]. Considering phenolic compounds
molecular structure, factors such as the abundant
presence of conjugated double bonds as well as the
multiple hydroxyl groups provide the phenolic
compounds the optimal chemical characteristics to
prevent and encounter oxidative damage caused by
free radicals [49].
Conclusion
The crude B. amyloliquefaciens free β- xylosidase
xylanase broad pH stability and thermophilic



Figure 4

Contour and 3D response surface graphics for xylooligosaccharides yield representing the interactions between (a) time–enzyme dosage, (b)
enzyme dosage–substrate concentration, and (c) time–substrate concentration.
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characteristics satisfied the criteria required for efficient
catalytic production of XOS from BWX. The absence
of β-xylosidase activity in the crude extract enhanced
the bioprocess. The FT-IR analysis of BWX indicated
a typical signal pattern for xylans. The application of
statistical design CCD showed that the synergistic
effects of enzyme dosage–substrate concentration
and incubation time–enzyme dosage interactions
enabled the maximization of XOS yield (16.02mg
XOS/ml xylan; 400.45mg XOS/g). XOS profile in
the hydrolysate was determined as xylopentose and
xylobiose by HPLC. The produced XOS showed
acceptable antioxidant capacity and its IC50 values
were found to be at 3 and 1.5mg against DPPH
and hydroxyl free radicals, respectively. The high
antioxidant potential of produced XOS was



Figure 5

Actual observed vs. predicted xylooligosaccharides yield correlation.

Figure 6

HPLC chromatograms of standard (a) xylose, (b) xylobiose, (c)
xylotriose, (d) xylotetraose, and (e) xylopentaose.

Figure 7

HPLC chromatogram of xylooligosaccharides produced from beech
wood xylan.

Figure 8
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attributed to their estimated total phenolic content of
115±0.60mg GAEq/g XOS. These findings suggest
that this type of xylanase preparation is very promising
for obtaining high XOS yield with low DP and high
antioxidant capacity available for commercial
production.
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