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Paecilomyces variotii xylanase 
production, purification 
and characterization 
with antioxidant 
xylo‑oligosaccharides production
Asmaa Abdella1, Samah Ramadan2, Ragaa A. Hamouda3,4, Amna A. Saddiq5, 
Nuha M. Alhazmi5 & Mahmoud A. Al‑Saman1*

Paecilomyces variotii xylanase was, produced in stirred tank bioreactor with yield of 760 U/mL and 
purified using 70% ammonium sulfate precipitation and ultra‑filtration causing 3.29‑fold purification 
with 34.47% activity recovery. The enzyme purity was analyzed on sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS‑PAGE) confirming its monomeric nature as single band at 
32 KDa. Zymography showed xylan hydrolysis activity at the same band. The purified enzyme had 
optimum activity at 60 °C and pH 5.0. The pH stability range was 5–9 and the temperature stability 
was up 70 °C.  Fe2+and  Fe3+ exhibited inhibition of xylanase enzyme while  Cu2+,  Ca2+,  Mg2+ and  Mn2+ 
stimulated its activity. Mercaptoethanol stimulated its activity; however,  Na2‑EDTA and SDS inhibited 
its activity. The purified xylanase could hydrolyze beechwood xylan but not carboxymethyl cellulose 
(CMC), avicel or soluble starch. Paecilomyces variotii xylanase  Km and  Vmax for beechwood were 
determined to be 3.33 mg/mL and 5555 U/mg, respectively. The produced xylanase enzyme applied 
on beech xylan resulted in different types of XOS. The antioxidant activity of xylo‑oligosaccharides 
increased from 15.22 to 70.57% when the extract concentration was increased from 0.1 to 1.5 mg/
mL. The enzyme characteristics and kinetic parameters indicated its high efficiency in the hydrolysis 
of xylan and its potential effectiveness in lignocellulosic hydrolysis and other industrial application. It 
also suggests the potential of xylanase enzyme for production of XOS from biomass which are useful 
in food and pharmaceutical industries.

Endo-1,4-β-D-xylanases (EC 3.2.1.8) hydrolyze the β-1,4-xylosidic bonds of the hemicellulose xylan backbone 
to produce xylo-oligosaccharides (XOS), while β-D-xylosidases hydrolyze the non-reducing ends of XOS to 
produce  xylose1–3. According to amino acid sequence and catalytic domain analysis, endoxylanase belong to the 
glycoside hydrolase (GH) families 10 and 11, however, they also have been mentioned in GH families (5, 7, 8, 
16, 26, 30, 43, 52 and 62)4,5. Xylanases have been reported to be potentially applicable in industry. They can be 
used in food industry such as manufacture of bread, dough, juice and  beer6,7. They can be used in pharmaceuti-
cal production as  well2. Kumar and  Satyanarayana8 reported the application of xylanases in the paper and pulp 
industry. Biorefineries also involve xylanases in ethanol  production9.

Enzymatic hydrolysis of xylan to generate XOS is one important application of xylanase. XOS has a branched 
structure comprising b-(1,4) bonded 2–7 xylose units and a number of substituent’s such as acetyl groups, 
uronic acids and arabinose units. The enzymatic production of XOS is beneficial because it does not contain 
significant amounts of harmful by-products or  monosaccharides10. XOS has a broad diversity of biological 
functions, such as promoting the production of beneficial bacteria (bifidobacteria and lactobacilli)11, enhancing 
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calcium absorption, reducing colon cancer risk, immune-modulatory and anti-infective properties, blood and 
skin effects, and antimicrobial  actions12. XOS aren’t hydrolyzed in the upper part of the gastrointestinal tract 
and they selectively stimulate the growth or activity of one or a limited number of bacteria in the colon and thus 
improve  health13. They also have many essential medicinal uses, such as dermatological applications, antioxidant 
activity, anti-histaminic and anti-inflammatory properties, immune-modulatory effects, cosmetic applications, 
cytotoxic  activity14.

Filamentous fungi were reported to be potential source of enzyme  production15. Paecilomyces variotii is the 
asexual state of Byssochlamys spectabilis, a member of the Phylum Ascomycota (Family Trichocomaceae)16. 
Paecilomyces has high growth sporulation rates and grows over a wide range of temperatures andsubstrates. 
As a result, its rapid multiplication ensures viable and affordable development of commercial  formulations17. 
Thermophilic fungi are apotential source of thermotolerant  enzyme18.

There are very few studies on xylanase production by Paecilomyces variotti19. The present study represents 
production, purification and characterization of xylanase enzyme produced from Paecilomyces variotii. The 
purified xylanase enzyme was observed to be thermophilic, alkalophilic enzyme which has high specific activity, 
efficiency, and affinity to xylan substrate compared to other xylanases reported in literature. It also aimed to use 
the produced xylanase enzyme to produce XOS from beechwood xylan and evaluate its antioxidant properties 
to be applied in nutraceutical industries.

Materials and methods
Microbial strain. This study used Paecilomyces variotii NRRL 1115, collected from the Culture Collection of 
the Agricultural Research Service (ARS) (Peoria, Illinois, USA).

Preparation of inoculum. Spores reserved in fungal stock solution (20% glycerol, 10% lactose) at − 80 °C 
were thawed and 150 μL were spread in a Petri dish containing potato dextrose agar (PDA) medium. The plates 
were incubated at 30 °C for 7 days. The spores were scraped with distilled water, giving a final concentration of 
approximately 3 ×  107 spores/mL.

Preparation of cell pellets. Cell pellets for seeding submerged fermentation in stirred tanks were pre-
pared by inoculating spores (3 ×  108) in a shake-flask containing 150 mL of the preculture medium, which con-
tained only glucose (10 g/L) as the carbon source (no glycerol and wheat bran) and all other medium compo-
nents as the fermentation medium. After inoculation, the flask was incubated at 30 °C on a rotatory shaker at 
200 rpm for 48 h.

Xylanase production in stirred tank bioreactor. A 3-L stirred-tank reactor (STR) containing 1.5 L of 
the fermentation medium (g/L) was studied for batch fermentation: 5 glycerol, 3.5 wheat bran, 7.5 corn steep 
liquor, 1  NaNO3, 0.3  K2HPO4, 0.1 KCl,  MgSO4·7H2O, and 0.01  FeSO4·7H2O. The bioreactor was inoculated with 
150 mL of preformed cell pellets after autoclaving at 121 °C for 30 min and operated at 30 °C with aeration at 2 
vvm and agitation at 450 rpm. During the fermentation, the medium pH was not controlled. To control foaming, 
silicone antifoam 204 (Sigma-Aldrich) was added as required. Broth samples were taken on  8th days and assayed 
for their β-glucosidase activities after removing the mycelia by centrifugation.

Purification of xylanase. Ammonium sulphate was added slowly with stirring to the crude enzyme togive 
60% saturation at 4 °C, allowed to stir for 60 min, and then allowed to stand for 24 h at 4 °C. After centrifugation 
at 10,000 rpm for 20 min, supernatant was decanted, and the precipitate was discarded. Ammonium sulfate was 
added to bring supernatant to 70% saturation under the same conditions. After centrifugation at 10,000 rpm for 
20 min, supernatant was decanted, and the precipitate was dissolved in 10 mL, 0.05 M citrate buffer (pH 5), and 
then dialyzed against the same buffer for 48 h. Then the clear supernatant was concentrated by ultrafiltration 
using Amicon Ultra centrifugal filters MWCO 10 kDa. The purity was checked using SDS-PAGE.

SDS‑PAGE and zymogram analysis. After ultra-filtration, sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) zymography was  applied20. SDS-PAGE was carried out using 10% polyacrylamide 
in the gel, β-mercaptoethanolwas not added to the  samples21. On completion of electrophoresis, the gel was cut 
in two parts. One part was used for Coomassie brilliant blue staining and the other was used for zymography.

Zymography was done according to Kumar et al.22. The gel was soaked inside 50 mM sodium phosphate 
buffer (pH 7.0) containing 25% isopropanol 25% for 30 min at 4 °C. Then, the gel was removed and placed 
in the same buffer containing 1.0% beechwood xylan substrate at 37 °C for 30 min. 0.1% Congo red and 1 M 
NaCl were used for staining and de-staining of the gel, respectively. Decolorized bands of the red background 
indicated xylanase activity.

Measurement of xylanase and protein activity. Xylanase activity was assayed using xylan from beech 
wood (Sigma-Aldrich, Egypt) as substrate. 0.95 mL of 1% (xylan) in 0.05 M citrate buffer, (pH 5) was incubated 
with 0.05 mL of diluted crude enzyme extract at 50 °C for 15 min. Then the reaction was stopped using 0.5 mL 
of 3,5-dinitrosalicylic acid (DNS) reagent. The contents are boiled on water bath for 5 min. The absorbance was 
measured at 575 nm after cooling. The absorbance was compared to that of a substrate  control123. One inter-
national unit (IU) of xylanase activity is defined as the amount of enzyme catalyzing the release of 1 μmol/min 
of reducing sugar equivalent to xylose under the specified assay  condition24. Using a protein assay kit (BioRad 
Laboratories, USA) with bovine serum albumin as the standard, the total protein concentration was  evaluated25.
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Characterization of xylanase. The molecular weight of xylanase was confirmed by comparison with 
standard protein markers (Blue stain protein ladder, (20–245) KDa, Gold Biotechnology, USA) separated by 
SDS-PAGE. To determine optimum temperature, xylanase activity was measured attemperatures ranging from 
30 °C to 80 °C in 0.05 M citrate buffer at pH 5. To determine the optimum pH, xylanase activity was measured 
at 50 °C citrate buffer at pH 3 to 6 and phosphate buffer at pH 7 and 8. Temperature stability was determined by 
measuring the residual activity after incubating the enzyme in 0.05 M citrate buffer pH 5 at various temperatures 
(30–80 °C) for 30 min. The pH stability was determined by measuring the remaining activity after incubating 
the enzyme in series of buffer at pH range of 3 to 9 at 4 °C for 24 h. Effect of metals on the activity of purified 
xylanase was measured by incubating the enzyme with 5 mM of various metal ions  (Zn2+,  Ca2+,  K+,  Mg2+,  Mn2+, 
 Cu2+,  Na+,  Co2+) in 0.05 M pH 5 citrate buffer for 60 min at 30 °C. Then, the residual enzymatic activity was 
measured. Effect of other chemicals on the activity of purified xylanase was measured by incubating the enzyme 
with 5 mM of the following compounds (Na2-EDTA, SDS, urea, dimethylsulfoxide (DMSO), mercaptoethanol 
and citric acid) in the 0.05 M citrate buffer (pH 5) for 60 min at (30 °C). Then, the residual enzymatic activity 
was measured.

Substrate specificity for purified xylanase was investigated by incubating the enzyme with a 1% (w/v) of the 
following polysaccharides (beechwood xylan, CM-cellulose, Avicel, pectin and starch) in 0.05 M pH 5 citrate 
buffer for 60 min at 30 °C. The initial hydrolysis rate of beechwood xylan at different substrate concentrations (1, 
2, 5, 10 and 20 mg/mL) prepared in 0.05 M citrate buffer, pH 5.0 at 50 °C was used to study the enzyme kinetics. 
The Michaelis constant  (Km) and maximum velocity  (Vmax) values were calculated according to Lineweaver and 
Burk by linear regression from double-reciprocal  plots26.

Analysis of xylo‑oligosaccharides produced by xylanase enzyme hydrolysis of xylan. Fifty 
µL of xylanase was incubated with 1% w/v beechwood xylan in 0.05  M citrate buffer (pH 5) at 55  °C. Ali-
quots were withdrawn at intervals and boiled for 5 min. Control without enzyme was performed in parallel. 
Samples were analyzed by HPLC (HPLC, Shimadzu Class-VPV 5.03 (Kyoto, Japan) on an HPX-87H column 
(300 mm × 7.8 mm). The eluent was HPLC grade DI-water with a flow rate of 0.5 mL/min at 70 °C. Sugars were 
detected by a refractive index detector (Shodex, RI-101). Xylo-oligosaccharides (xylobiose, X2; xylotriose, X3; 
xylotetraose, X4; xylopentaose, X5; xylohexaose, X6) and xylose were used as standards for the analysis of the 
reaction  products27.

Antioxidant activity of xylo‑oligosaccharides. Using the scavenging effect of radicals on DPPH, anti-
oxidant activity can be monitored. 1  mL of the beechwood hydrolysis products (xylo-oligosaccharides) was 
mixed with 1  mL of 0.04  mg/mL DPPH solution. The reaction was monitored after 15  min. Absorbance at 
517 nm was used to calculate radical scavenging activity (% of inhibition) with the formula.

Inhibition (%) = 1 –  Absample −  Abblank/Abcontrol −  Abblank × 100.
where Ab sample was the absorbance of the reaction in presence of sample (sample + DPPH solution), Ab 

blank was the absorbance of the blank for each sample dilution (sample + DPPH solvent) and Ab control was the 
absorbance of control reaction (sample solvent + DPPH solution). Then, this value obtained for every concentra-
tion was plotted to obtain IC50 values in each time  point28.

Statistical analysis. All data were subjected to analysis of variance (ANOVA). Three samples of each item 
were analyzed and the main values as well as the SD were given. Significance of the variable mean differences was 
determined using Duncan’s multiple range tests (p ≤ 0.05). All analyses were carried out using SPSS 16 software.

Ethical statements. The manuscript does not contain experiments using human study.

Results and discussion
Production and purification of xylanase enzyme. Table 1 shows that the activity of xylanase enzyme 
produced in stirred tank bioreactor was 760 U/mL. The enzyme was purified by precipitation using 70% satu-
rated ammonium sulfate solution. The precipitated enzyme was concentrated by ultra-filtration (Amicon Ultra-3 
kDa, Millipore). The purification protocol led to a 3.29-fold increase in purity with 34.47% xylanase yield (recov-
ery). The specific enzyme activity of the purified enzyme fraction was 3968 U/mg protein. It is one of the highest 
specific activities ever reported for  xylanase29–32.

Characterization of xylanase. Determination of the molecular weight. Purified xylanase migrated as a 
single band on SDS-PAGE suggesting that the purified xylanase was a monomer consisting of a single polypep-

Table 1.  Chart for the purification of xylanase enzyme.

Fraction type
Volumetric activity
(U/mL)

Protein conc
(mg/mL)

Total volume
(mL) Total activity (U)

Total protein
(mg)

Specific activity (U/
mg) Purification folds Recovery (%)

Crude enzyme 760 0.63 100 76,000 63 1206 1 100

70% Ammonium 
sulphate 2560 0.96 20 51,200 19.2 2666 2.210 67

Ultra-filtration 5239 1.32 5 26,195 6.6 3968 3.29 34
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tide chain. The molecular weight of the xylanase was 32 kDa. The activity of purified xylanase was confirmed 
through zymography, which showed decolorization of the red background at 32  kDa, which confirmed the 
enzyme activity at that band (Fig. 1).

According to (Wang et al.,)33, who reported that low molecular weight xylanase is at the range of 21–34 kDa, 
this xylanase is considered to low molecular weight for xylanases. The low molecular weight of our purified xyla-
nase was identical to the enzyme reported from an Aspergillus mutant  strain34, Bacillus subtilis35, and Trichoderma 
inhamatum9. A higher molecular weight xylanase was reported for Bacillus pumilus36, for Bacillus sp.  GRE737 
and for Paenibacillus campinasensis  BL1138. For the pulp and paper industry, low molecular weight xylanases are 
favored as they can penetrate pulp fibers more easily than higher molecular  weight39.

Effect of temperature on xylanase activity and stability. The enzyme activity increased as tempera-
ture increased reaching a maximum activity at 60 °C, then activity declined at 70 and 80 °C, reaching 57% of 
its maximum activity at 80 °C (Fig. 2). The observed optimum temperature lies in the same range (50–60 °C) of 
most reported  xylanases35.

Regarding thermal stability, 80% of enzyme activity was retained after incubation for 30 min at 60 °C. Only 
68% and 55% of activity was retained after incubation for 30 min at 70 and 80 °C, respectively (Fig. 3). Our strain 
is relatively stable compared to xylanases from other Aspergillus species. Xylanase purified from A. phoenicis40 
and A. giganteus41 exhibited half-lifes of only 25 and 13 min at 50 °C, respectively. Thermal stability is correlated 
to intermolecular bonds such as hydrogen and disulfide bonds and molecular interactions such as electrostatic 
and hydrophobic interactions. Studying these stabilizing factors is beneficial in re-engineering of mesophilic 
enzymes to more stable a  enzymes42. Temperature stability is required in industrial applications, especially in 
biomass hydrolysis, which is carried out under high  temperature43.

Effect of pH on xylanase activity and stability. The pH range of 5 to 6 was suitable for enzyme activity 
with optimum at pH 5 (Fig. 4) nearly similar to A. kawachii (pH 5.5)44, A. nidulans (pH 6.0)45 and A. foetidus 
(pH 5.3)3. This result confirmed the suitability of P. variotii xylanase for use in juice manufacture in which acidic 
pH is  favorable46.

Xylanase enzyme retained 100% activity at pH 5–6, while 87%, 75% and 62% of activity was retained when 
assayed at pH 7, 8 and 9 respectively, after 24 h incubation (Fig. 5). The pH stability of xylanase from Aspergil-
lus were different it ranged from pH (2 to 7) in case of A. ochraceus47, (4.5 to 6) in case of A. niveus, pH (6.0 to 
8.0) in case of A. fumigatus48 and pH (7 to 9) in case of A. carneus  M3449. The pulp bleaching process is usually 

Figure 1.  Cropped SDS-PAGE and zymogram of xylanase enzyme produced by Paecilomyces variotti. Lane M: 
Standard protein marker (250, 150, 100, 75, 50, 40, 30, 20, 15, 10, 5). Lane A: SDS-PAGE of the partially purified 
xylanase enzyme. Lane B: Zymogram of the partially purified xylanase enzyme. (Full-length gels are presented 
in supplementary figures S1 and S2).
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carried out in a high temperature (60–80 °C) and high pH (8–10)  atmosphere50, therefore, the xylanases for this 
application are required to be thermophilic, thermostable, alkaliphilic, and alkali-stable51.

Effect of metals on xylanase activity. Solution of different metal ions at 5 mM concentration was added 
to purified xylanase and their effects on xylanase activity are summarized in Table 2. Xylanase activity increased 
by 32% with  Cu2+, 20% with  Mn2+, 15% with  Mg2+, and 13% with  Ca2+; similar increases in activity in the pres-
ence of  Cu2+ have been reported for xylanase purified from A. niger30 and A. ficuum52. In contrast, xylanases from 
A. giganteus53, Sorangium cellulosum32 and Geobacillus thermoleovorans54 were inhibited by copper. Enhance-
ment of activity by  Mn2+ was also reported for PXII-1 xylanase purified from A. awamori PXII-155 and for 
Xyn11NX xylanase purified from Nesterenkonia xinjiangensis56. (Hmida-Sayari et al.,57) also reported that  Mg2+ 
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improved the xylanase activity purified from A. niger by 12%. This may be due to structural stability induced 
by  Mg2+58. Increases in activity in the presence of  Ca2+ was also reported for xylanase purified from A. niger30 
(Elgharbi et al., 2015). These metals may serve as a cofactor in the enzyme–substrate  reaction6,59,60. Calcium also 
protects xylanase from proteinase inactivation and thermal  unfolding61.

The metal ions  Co2+,  Zn2+,  K+,  Fe2+,  Fe3+ reduced xylanase activity by 8%, 11%, 7%, 37%, and 48%, respec-
tively, at concentrations of 5 mM. The inactivation of xylanase enzyme by the addition of salts of heavy metals 
such as  Fe2+ and  Fe3+ is well known. Yi et al.62 reported that  Fe2+ inhibited activity of xylanases of Aspergillus sp. 
This inhibition may be due to nonspecific salt formation with the  enzyme36,63. Metal ion interaction with SH or 
carboxyl groups will alter protein  configuration64.

Effect of chemicals on xylanase activity. Table 3 shows the effects of 5 mM solutions of different chem-
icals on the enzyme activity. β-mercaptoethanol, due to its reducing activity, enhanced enzyme activity by 55%. 
Moreira et al.65 also reported enhancement of activity by β-mercaptoethanol for xylanase from A. terrus. This 
could be attributed to the prevention of oxidation of the thiol group in the  enzyme66,67. Vieira Cardoso and 
Ferreira  Filho68, also related the protection of cysteine residues from oxidation by mercaptoethanol and this 
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Table 2.  Effect of metals ions on activity of xylanase enzyme.

Metal ions Relative activity %

Cu2+ 132

Ca2+ 113

Co2+ 92

Mg2+ 115

Mn2+ 120

Zn2+ 89

K+ 93

Fe2+ 63

Fe3+ 52

Na+ 97

Table 3.  Effect of chemicals on activity of xylanase enzyme.

Chemical Relative activity %

DMSO 93

Na2-EDTA 75

SDS 23

Citric acid 93

Urea 95

Mercaptoethanol 155
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maintain tertiary structure of the active site in Penicillium citrinum and Acrophialophor anainiana xylanases, 
respectively.

EDTA decreased P. variotii xylanase activity by 25% similar to A. giganteus  xylanase53. This may be explained 
by the enhancement of xylanase activity by some metal ions for xylanase activity, as was observed in this study. 
Since EDTA is a metal chelator, decreased xylanase activity would be expected in the presence of  EDTA66. 
SDS reduced activity by 77%. This large decrease in activity by SDS, which is an anionic surfactant, confirms 
the importance of hydrophobic interactions for stabilization of enzyme  structure69. Hmida-Sayari et al.57 also 
reported that SDS decreased activity of xylanase enzyme purified from A. niger by 80%.

Substrate specificity. The greatest activity (5230 U/ml) was observed with beechwood xylan, which con-
tains β-1,4 linkages between D-xylose  residues70. The residual activity was 7.2% for pectin. This may be due to 
presence of xylan residues in  pectin71. The enzyme was completely inactive with starch, avicel and carboxy-
methyl cellulose sodium salt as substrates (Table 4). The same results were obtained by Chen et al.,72 who also 
observed that a xylanase enzyme produced from A. niger had no activity towards starch, Avicel and carboxy-
methyl cellulose. Bai et al.,73 also reported that xylanase from Bacillus was inactive towards CMC, pectin, and 
starch.It has been suggested that shape recognition of the polysaccharide chain conformation plays a role in 
polysaccharidase speci¢city. Xylanase recognize the threefold helical structure of xylan as substrate and didn’t 
recognize the flat ribbon like conformation of  cellulose74.

Determination of kinetic parameters of xylanase. The hydrolytic activity of the purified xylanase was 
measured using beechwood xylan as a substrate at concentrations of 1, 2, 5, 10 and 20 mg/mL. The xylanase was 
observed to exhibit Michaelis–Menten Kinetics. The  Km and  Vmax values obtained from the Lineweaver–Burk 
plot for beechwood xylan were 3.33 mg/mL and 5555 U/mg respectively (Fig. 6). Xylanase produced in our study 
was shown to have low  Km 3.33 mg/mL and very high  Vmax 5555 U/mg compared to A. terrus, A. fumigatus, A. 
kawachii, Penicillium glabrum, Sorangium cellulosum and Saccharopolyspora pathumthaniensis which have  Km 
(2.09, 3.12, 10, 3.1, 26.5 and 3.92) and  Vmax (640, 2587, 1250, 194,7.89 and 256)  respectively29–32,75. Table 5 A low 
 Km indicated high affinity to substrate while high  Vmax indicate high enzyme activity.  Km and  Vmax values were 
in the range of reported literature (0.09 to 40.9 mg/L for  Km) and (0.106 to 10,000 U/mg for  Vmax), respectively.

Table 4.  Substrate specificity of purified xylanase enzyme.

Substrate Relative activity (%)

Xylan from beechwood 100

Carboxy methyl cellulose (CMC) sodium salt 0

Avicel 0

Starch 0

Pectin 7.2
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Figure 6.  Lineweaver–Burk plot of xylanase enzyme from Paecilomyces variotti. 
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Analysis of xylooligosaccharides produced by xylanase enzyme hydrolysis of xylan. The 
hydrolytic constituents of insoluble beechwood xylan incubated with xylanase were identified to give better 
understanding of the mode of action of purified xylanase. The concentrations of XOS from hydrolysis for dif-
ferent times are depicted in Fig. 7. The XOS produced with xylan hydrolysis by xylanase secreted by P. variotti 
mainly were composed of xylobiose (X2), xylotriose (X3), and xylotetrose(X4), together with a small amount of 
xylopentaose (X5) and xylohexose (X6) and xylose (X1).

The accumulation of XOS in the hydrolysate was about 0.8% X1, 14% X2, 27% X3, 23% X4, 18% X5 and 13% 
X6 after incubation for 0.5 h.The fast accumulation of X3 and X4 during the initial 0.5 h was possibly due to the 
preferential action of xylanase enzyme on xylan chain termini. The finding was consistent with Lin et al.,76 who 
stated that higher levels of X3 and X4 were found at the initial stage of hydrolysis reactions. After 3 h, X1 (9%), 
X2 (45%) and X3 (39%) contents had increased and the content of X4 (5%) decreased. While X5 and X6 disap-
peared. The disappearance of X5 and X6 was due to rapid hydrolysis of X5 and X6 into smaller oligosaccharides 
immediately after release. The same findings were obtained by Akpinar et al.,77 who stated that by increasing 
time of hydrolysis, concentration of XOS with a higher degree of polymerization (DP > 5) decreased. After 6 h, 
X1 (18%), X2 (56%) had increased, while X3 (30%) and X4 (2%) contents decreased. Since xylose concentration 
was less than the concentrations of XOS, especially xylotriose and xylobiose, it can be concluding that the purified 
xylanase was an endo-xylanase that randomly cleaves the internal glycosidic linkages in xylan as a  substrate78.

In the present study, the XOS obtained were principally composed of xylobiose, xylotriose, and xylotetraose. 
Therefore, in biotechnological applications, xylanase may have potential applications, because these applications 
rely on its ability to solubilize hemicellulose rather than complete hydrolysis to xylose.

Antioxidant activity ofXylooligosaccharides. The DPPH radical-scavenging ability of XOS mixtures 
obtained from enzymatic hydrolysis of xylan using xylanase enzyme after 6 h of enzymatic hydrolysis was shown 
in Table 6. Xylo-oligosaccharides have a dose dependent antioxidant activity. The antioxidant activity increased 
with increasing concentration of XOS mixtures. Based on statistical analysis; the maximum scavenging per-
centage (70.57%) was observed using the concentration of 2  mg/mL (p < 0.05). moreover, the concentration 
of 0. 1 mg/mL gave the lowest scavenging potency with an average of 15.22% (P < 0.05).The same results were 
obtained by Bian et al.,79 who stated that increasing XOS concentration, increased antioxidant activity.  IC50, of 
XOS mixture obtained after 6 h enzymatic hydrolysis using xylanase enzymes was 0.7154 mg/mL.

XOS has a branched structure comprising b-(1,4) bonded 2–7 xylose units and a number of substituents such 
as acetyl groups, uronic acids and arabinose  units80. Structure of XOS vary in degree of polymerization (DP), 
monomeric units, and types of linkages depending on the source of xylan used for XOS  production81. In addition 
to xylose residues, xylan is usually found in combination with other side groups such as α-D-glucopyranosyl 
uronic acid or its 4-O-methyl derivative, acetyl groups, or arabinofuranosyl  residues82. Rao and  Muralikrishna83 
demonstrated that the existence of uronyl or acetyl sugars imparts strong antioxidant activity to polysaccharides. 
Carboxyl groups have also been reported to enhance the antioxidant function of  polysaccharides84. The antioxi-
dant mechanism may be also due to the supply of hydrogen by polysaccharides, which combines with radicals 
and forms a stable radical to terminate the radical chain reaction. The other possibility is that polysaccharides can 
combine with the radical ions which are necessary for radical chain reaction; then the reaction is  terminated85. 
These findings showed that beech xylan XOS has outstanding radical-scavenging activity of DPPH and can be 
useful against oxidative damage.

Conclusion
Overall, Paecilomyces variotii strain produced low molecular weight thermophilic alkalophilic endoxylanase 
enzyme. It exhibited high stability at relatively high temperature and alkaline pH. It has a high affinity for xylan, 
very high  Vmax and one of the highest specific activities ever reported for xylanase. The properties of the purified 
xylanase make it an ideal candidate in hydrolysis of lignocellulosic materials and other industries. It also suggests 
the potential of xylanase enzyme for production of XOS with potent antioxidant activities which are useful in 
food and pharmaceutical industries.

Table 5.  Comparison of characteristic of xylanase enzymes purified from different microorganisms.

Microorganism
Km
Beechwood (mg/ml) Vmax (U/mg) Reference

Paecilomyces variotti 3.33 5555 This study

Aspergillus terrus 2.09 640 Elgharbi et al.,2015

Aspergillus fumigatus 3.12 2587 Amir et al.,2013

Penicillium glabrum 3.1 194 Knob et al.,2013

Sorangium cellulosum 26.5 7.89 Wang et al.,2012
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Figure 7.  (A): HPLC analysis of xylo-oligosaccharides (XOS) of beechwood xylan with purified xylanase 
enzyme produced by Paecilomyces variotti; (B) effect of reaction time on enzymatic hydrolysis and relative 
concentrations of XOS. * Xylose (X1), xylobiose (X2), xylotriose (X3), xylotetraose (X4), xylopentaose (X5), 
xylohexose (X6). 
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