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ABSTRACT 

Wood sawdust xylan was used as source for produce of xylose which is used in the production of xylitol. 

Extraction of xylan from sawdust was performed under alkaline and alkaline autoclaved conditions as a suit-

able pretreatment method before enzymatic hydrolysis. The results showed that the highest of xylan yield was 

26.13% using (10% NaOH with autoclave 121 C for 15 min) in comparison to non-autoclaved 10% sodium 

hydroxide at room temperature for 24 hrs was (19.34%). Xylan was hydrolyzed to xylose using xylanase. The 

effect of concentration, temperature, and incubation time on the yield of xylose production in the enzymatic 

hydrolysis was studied, the highest productivity of xylose was 64.46%, at 50 ° C for a 45-hour incubation time, 

while the concentration of xylose produced decreased when the incubation time increased, even more. Alkaline 

autoclaved pretreatment was best for production of xylan which converted to xylose using enzymatic hydrol-

ysis of xylan. 
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INTRODUCTION 

Lignocelluloses materials such as beech wood composed of cellulose, hemicelluloses and lignin.1  
It is abundant throughout the year and its available around the world. Xylan is distinguished among 
the components of hemicellulose is its relatively high content of xylose. 2, 3 They constitute a valu-
able source for the production of high added value products for functional foods (xylo-oligosaccha-
rides and/or xylitol from xylose) according to.4 An important factor in the success of enzymatic 
hydrolysis of xylan is the ability of enzyme to access hydrolysable such as hemicellulose to mono-
saccharides such as glucose or pentose (xylose, arabinose, etc.).5 The pretreatment enhances to re-
lease of monosaccharides and makes xylan more accessible for subsequent processes such as enzy-
matic hydrolysis. 

Xylose commonly called wood sugar is a crystalline, natural five-carbon obtained from the xylan 
rich portion of hemicelluloses from plants (cell walls).6 The pretreatment process is very important 
to broken lignin in the plant cells walls to allow access of enzyme to increase the porosity of the 
material.7  Pretreatment of lignocellulosics and enzymatic hydrolysis are important steps to hydrol-
ysis of lignocellulose.8 

There are several treatments methods which including acid and alkali extractions, enzymes, hot 
water, and steam explosion, which are used to extraction of hemicelluloses from lignocelluloses. to 
optimization the economic efficiency of the biorefineries using a mild alkaline extraction process, 
the purification of the alkaline extract its different components is of importance.9 The knowledge 
of the hydrolysis of xylan, temperature, optimum pH and thermal stability of a commercial enzyme 
preparation is important when considering its use in xylan hydrolysis, to have a good xylose yield. 
The great characteristic of enzymatic hydrolysis which is give information about hydrolysate com-
positions which can vary significantly from other chemicals treatment depending on biomass and 
enzymatic hydrolysis conditions.10   

The objective of this work is to study chemical pretreatment of xylose production from wood saw-
dust wastes through enzymatic hydrolysis of xylan using Xylanase. 
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MATERIALS AND METHODS 

Materials 

 

The wood sawdust was collected from Al- Kut industrial area. The samples were washed with 
distilled water and dried at room temperature and chopped into parts approximately 1.0 - 2.0 mm 
then stored at room temperature. 
Commercial Xylanase, Beachwood xylan, and xylose standard were purchased from Sigma-Al-
drich. All other chemicals were of analytical grade.  

 
Extraction of xylan from wood sawdust 
 
The extraction of xylan from wood sawdust was performed as described by,11 with some modified. 
The extraction process was carried out using two methods. The first method of extraction of xylan 
from milled wood sawdust samples were carried out using 10% NaOH solutions (w/w) in 500 mL 
Erlenmeyer flasks at room temperature and exposure time of 24 hrs. with a solid to liquid ratio of 
1:10 w/v on a rotary shaker set at 150 rpm. The second method of extraction of xylan from the 
milled wood sawdust samples were soaked in 10% NaOH solutions (w/w) with a solid to liquid 
ratio of 1:10 w/v 500 mL Erlenmeyer flasks and, then autoclaved at 121 °C for 15 minutes, then 
cooled at room temperature.  
After alkali pretreatment, the supernatant was centrifugated at (8,000 rpm for 20 minutes) and was 
acidify with 12N of HCL to pH 5.0. Then 1.5 v/v of ethanol (95%)was added to precipitate of xylan. 
Then, xylan was dried in air dry before drying in oven dry for 6 hours at 60°C. Xylan was weighed 
and stored at room temperature for further analyses. Xylan recovery was calculated by the following 
formula:   
xylan recovery (%) = dry weight of extracted xylan (g) / weight of the sample (g) × 100. 

 
Enzymatic hydrolysis of xylan 
 
Xylan was reached to final xylan concentration of 100 g/l in 250 mL Erlenmeyer flasks containing 
50 mL citrate buffer solution (50 mM) with pH (5) and used as substrates in enzymatic hydrolysis 
with commercial xylanase (500 IU/ g dry substrates) at 50 ℃ on a rotary shaker set at 250 rpm for 
48 hrs. The enzyme was added to the reaction environment at a rate of 5 ml.  withdrawn the aliquots 
of reaction media at desired times.12 To determine the effectiveness of different factors, the effect of 
temperature (35, 40, 45, 50, 55, and 60 C) and incubation time (12, 24, 36, and 48 hours) on enzy-
matic hydrolysis of xylan was studied. 
 
Xylanase activity 
 
Xylanase activity was assayed according to.13 Commercial xylanase (0.1 ml)   was incubated with 
1.9 ml of a solution of 1% oat spelt xylan (Sigma, USA) in acetate buffer (50mM, pH 4.8)   for 30 
minutes. The reducing sugars liberated from this substrate are estimated using the DNS method. 
One unit from enzyme was defined as the amount of enzyme required produced of 1 μmol of xylose 
per minute under standard assay condition. 
 
Analytical methods: 
 
 Cellulose, hemicelluloses, and lignin were determined using methods of.14 
Xylose concentration in the liquid hydrolyzate was performed using the DNS method M. Kres-
nowati et al 2015 (Abs. was read at 515 nm).  
 
Total Sugar Concentration: 
 
 Analysis of total sugar concentration in the hydrolysates was done using Phenol-H2SO4 method. 
 
Statistical Analysis: 
 
 Data analysis for statistical significance was conducted by a one-way analysis of variance 
(ANOVA) at a significance level of 95%. 

RESULTS 
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Compositional Analysis of wood sawdust. 

Xylan extraction from wood sawdust 

Enzymatic hydrolysis of xylan 

The chemical analyses of wood sawdust were done in order to determine the principal structural 

components. Table (1) shows the chemical composition of the wood sawdust used in the study as 

a percentage. The percentages of sawdust chemical compounds were 48.06, 29.64, and 22.22 for 

cellulose, hemicelluloses, and lignin respectively. The observed results match those data reported 

by other authors for the same wood species.15, 16 Previous studies reported that lignocelluloses 

typically consists of 35-50% cellulose, 20-35% hemicelluloses, and 5-30% lignin.17 Sawdust is 

hardwood chips and is higher in cellulose and hemicelluloses than others such as softwood.6 The 

results showed that sawdust contained a high amount of hemicelluloses (> 27%) making this bio-

mass a rich source for xylose production 

 

Table 1. Main constituents of wood sawdust based (o.d.b.). 

Constituents Con-

tent  (%w/w) 

Study Zuriana et al. 2016 Guida 2019 

Cellulose 48.06 41.58 40.1 

Hemicelluloses 29.64 32.81 26.7 

Lignin 22.22 33.56 33.2 

Ash   0.43 3.08 11.95 
1 Tables may have a footer. 

The wood sawdust are hardwood categories’ and its has high cellulose and hemicellulose con-
tent compared to the softwood.6 From the result in Table 1, the composition of hemicellulose is 
(29.64) % in wood sawdust makes this biomass adequate for further processing of production. 

 

 

  

Figure 1. comparison of alkaline with autoclave with alkaline at room temperature treatment for the production of xylan from wood sawdust 

In report of,18 that more than 50% of the original hemicelluloses in the lignocelluloses mate-
rials could be extracted using a 10% sodium hydroxide solution whereas without treatment 
only 3.4% of hemicelluloses could be extracted from pine. In a previous study, the autoclave 
pretreatment of lignocelluloses materials resulted in a 22% higher yield of reducing sugars 
compared to the non-treated samples.  Also,18 reported that the maximum yield of xylan with 
10% and 5% NaOH were as high as 90% and 60% for 2 h extraction, respectively.  

    

0

5

10

15

20

25

30

Alkaline with autoclave Alkaline at room temp.for
24 hrs.

xy
la

n
 %

Treatments



Bionatura  2021, 13, x FOR PEER REVIEW 4 
 

 

           

                               ( a )                                                ( b) 

       

                        (c)                                            ( d) 

Figure 2. Effect of temperature and incubation time. (a) incubation time 12 hrs on xylose release from xylan using Xylanase.(b) 
incubation time 24 hrs on xylose release from xylan using Xylanase. (c) incubation time 36 hrs on xylose release from xylan using 
Xylanase. (d) incubation time 45 hrs on xylose release from xylan using Xylanase                   

Figure 2, the results showed high percentages of xylose produced from sawdust treated by auto-
clave, that the pretreatment process plays an important role in the conversion of lignin because it 
helps break down the lignin structure and change the crystal structure of hemicellulose and cellu-
lose, thus improving access to the enzyme during the hydrolysis process. 19recorded that, pretreat-
ment is necessary to degrade lignin in the cell wall, before starting the enzymatic hydrolysis so that 
the access of enzyme to the substrates is increased. 20stated that xylans could be released by alkaline 
extraction since it is known that alkaline pre-treatment can completely or partially cleave ester 
bonds between lignin and hemicellulose in the plant cell walls. The further optimization experi-
ments were carried out with autoclave treatment in order to improve the xylan release. 

DISCUSSION 

 

Figures 2. (A, B, C and D) shows the effect of temperatures and incubation time on the release of 
xylose from xylan. The research included the use of temperatures ranging from (35 to 65 ℃) to 
study their effects on the release of xylose. The results indicate that the rate of hydrolysis has in-
creased with increasing temperatures, and the maximum level of hydrolysis was at (45℃) and then 
decreased when the temperature became (50℃). This result can be attributed to thermal inhibition 
of Xylanase at high temperatures. 
found that the temperature of (50℃) was ideal for enzymatic hydrolysis of various materials of 
lignocelluloses20. 
Also, results from (Fig. 2) showed that incubation temperature for enzyme substrate reaction plays 
a critical role in xylose productivity. The xylose yield at 50 ºC was significantly higher than at other 
temperatures. However, a comparison of time hydrolysis of xylan at different temperatures showed 
that the enzyme was more stable at 50ºC than at other). The increment of hemicelluloses hydrolysis 
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through Thermal conditions was due to the hydronium ions (in the buffer system) at high tempera-
tures that interfered with the β-1,4 linkages in the xylan structure and therefore resulting in depol-
ymerization efficient into xylose.21  
Considering the stability of the enzyme and the economic cost a more specific product of xylose, a 
temperature of (50) °C was chosen as the temperature at which hydrolysis would be performed for 
subsequent experiments.  
Back to Figure 2. The enzymatic hydrolysis of xylan was carried out at an incubation time ranging 
from (12 to 45) hours. The results also showed that the highest productivity of xylose was 64.46%, 
at 50 ° C for a 45-hour incubation time, while the concentration of xylose produced decreased when 
the incubation time increased, even more. This behaviour may be due to inhibition of enzyme ac-
tivity by the accumulated hydrolysis products.  
It is difficult to set a single ideal condition for enzymatic degradation, because the optimum condi-
tion is influenced by several factors such as temperature, pH, incubation time and enzyme activity. 
The enzyme is inhibited by the final products, as the accumulation of these products negatively 
effects on the enzyme activity.22 

The degree of polymerization (DP), besides the release of xylose in the hydrolysate, is influenced 
by the xylanolytic activities of xylanase preparation and biochemical properties of xylanases. En-
zymatic hydrolysis of wood xylan using xylanase from Thermomyces lanuginosus produced more 
than 90% (w/v) of xylose in the hydrolysate, equivalent to 9.28 mg/mL in 24 h of reaction time.16 

CONCLUSIONS 

The results revealed that the pretreatment of wood sawdust with the alkaline was more efficient in 
extracting of xylan.  The results showed that treatment was effective to increase the accessibility of 
enzymes. Autoclave treatment with sodium hydroxide treatment was efficient processes to produce 
xylose with the enzymatic hydrolysis after 36 hours, at 50°C, and 120 rpm speed rotation in a 
shaker incubator. Wood sawdust biomass contains above 29.64% hemicelluloses, which is a prom-
ising source for xylose production. 

REFERENCES 

 

1. Waqas M., A.S. Aburiazaiza.,R. Minadad.,M. Rehan.,M.A. Barakat and A.S. Nizami A.S. Development of biochar as fuel and catalyst in 

energy recovery technologies. J. Clean. Prod., (2018); 188, 477-488. 

2. Kleindienst, Q., A. Besserer, M. L Antoine, C. Perrin, J.F Bocquet,, L. Bléron, Predicting the beech wood decay and strength loss in-ground. 

International Biodeterioration and Biodegradation 2017; 123: 96-105. 

3. Chien, Y.C., T.C.. Yang.,  K.C Hung,., C.C Li,., J.W .Xu,., J.W .Wu,., Effects of heat treatment on the chemical compositions and thermal 

decomposition kinetics of Japanese cedar and beech wood. Polymer Degradation and Stability 2018: 158: 220-227 

4. Simangunsong, E., Ziegler-Devin, I., L. Chrusciel,. P. Girods,., N. J. Wistara,.and N. Brosse,., Steam explosion of beech wood: Effect of the 

particle size on the xylans recovery. Waste and Biomass Valorization (articles not assigned to an issue), 2018: Pp. 1-9. 

5. Pažitný, A., A. Russ, Š. Boháček,  M . Stankovská,.  Š. Šutý: Various lignocellulosic raw materials pretreatment processes utilizable for 

increasing holocellulose accessibility for hydrolytic enzymes. Part I. Evaluation of wheat straw pretreatment processes. Wood Research,  

2019; 64(1): 13-24. 

6. Sundeep K., S. Sonam and K. Pardeep. Bioethanol production from mild alkali pretreated sawdust and groundnut shells; Int. Res. J. Biolog-

ical Sci. (2018); Vol. 7(12), 8-14. 

7. Mardawati E. H. Herliansah, and Q. Adillah, “The Effect of Ozonolysis Pre-treatment of Xylose Hydrolysis Yield of Oil Palm Leafs and 

Petioles,” ACBS2016-3rd Asian Conf. Biomass Sci., pp. 49–55. 

8. Ayeni, A. O. S. Banerjee, J. A. Omoleye, F. K. Hymore, B. S. Giri, S. C. Deskmukh, R. A. Pandey and S. N. Mudliar, Optimization of 

pretreatment conditions using full factorial design and enzymatic convertibility of shea tree sawdust, Biomass and Bioenergy., 2013; 48, 

130-138. 

9. Oriez, V., J. Peydecastaing, and P. Y Pontalier,. Lignocellulosic biomass mild alkaline fractionation and resulting extract purification pro-

cesses: Conditions, yields, and purities. Clean Technologies, (2020);  2(1), 91-115. 

10. Gigac, J., M.. Fišerová, , M. Stankovská and A. Pažitný,., Enzymatic hydrolysis of extruded wheat straw with addition of sodium hydroxide 

and calcium hydroxide. Wood Research 2017: 62(6): 919-930. 

11. Kim S.J., Y.Y. Lee and T.H. Kim. A review on alkaline pretreatment technology for bioconversion of lignocellulosic biomass. Biores. 

Technol., (2016);199, 42-48. 

12. Adetayo A. and A. Ayoola,. Optimization of enzymatic digestibility of sodium hydroxide-hydrogen peroxide oxidative pretreated siam weed 

for reducing sugar production. American Journal of Engineering Research (AJER), (2014); 3(9), 119-126. 

13. Bailey, M. J. P. Baily and R. Poutanen, Interlaboratory testing of methods for assay of xylanase activity: J. Biotechnol., 1992; 23: 257–270 

. 

14. Van Soest, P., J. Robertson and B. Lewis. Methods for dietary fiber, neutral detergent fiber and nonstarch polysaccharides in relation to 

animal nutrition. J. Dairy Sci., 1991; 74:3583-3597. 

15. Zuriana S. A. S. A. Mimi and M. S. Farhan, Characterization of Meranti wood Sawdust and Removal of Lignin Content using Pre-treatment 

Process ; The National Conference for Postgraduate Research 2016, Universiti Malaysia Pahang. 

16. Guido, E. S., J. T. Silveira, and S. J. Kalil, Enzymatic production of xylooligosaccharides from beechwood xylan: effect of xylanase prepa-

ration on carbohydrate profile of the hydrolysates International Food Research Journal 2019; 26(2): 713-721. 



Bionatura  2021, 13, x FOR PEER REVIEW 6 
 

 

17. Al-Maathedy, M. H., Mohammed, Th. T. & Al-Asha’ab, M. H. The effect of vitamin e supplementation and different levels of dried tomato 

pomace on common carp diets (cyprinus carpio l.) on productive performance. Biochemical and Cellular Archives. 2020, 20(2): 5371-5377.. 

18. Ohmayed, K. H. .; Sharqi, . M. M. .; Rashid, H. M. . Comparison Of The Physical And Chemical Changes In Local Organic Waste After 

Cultivation Of The Ganoderma Lucidum Mushroom And Composting By Common Methods. JLSAR 2020, 1, 1-9. 

19. Ibraheem M W, Muhaimeed A R, Mohammed Th. T. Leg cuts from Awaasi lambs fed a diet with varying levels of Rhus coriaria L., Physical 

dissection and chemical composition. Revis Bionatura. 2022;7(4) 4. http://dx.doi.org/10.21931/RB/2022.07.04.4 

20. Farhat, W. Investigation of hemicellulose biomaterial approaches: the extraction and modification of hemicellulose and its use in value-

added applications (Doctoral dissertation) (2018). 

21. Sathisha T. and N. Y. S. Murthy. Optimisation of xylose production using xylanase; Int. J. Chem. Sci 2010;. 8(2), 909-913. 

22. Al-Rawi, K. F.; Ali, H. H.; Guma, M. A.; Alaaraji, S. F. T.; Awad, M. M. The Relationships of Interleukin-33, Ve-Cadherin and Other 

Physiological Parameters in Male Patients with Rheumatoid Arthritis. Pertanika J Sci Technol 2022, 30 (1), 123–140.  

23. Guido, E. S., J. T. Silveira, and S. J. Kalil, Enzymatic production of xylooligosaccharides from beechwood xylan: effect of xylanase prepa-

ration on carbohydrate profile of the hydrolysates International Food Research Journal 2019; 26(2): 713-721. 

 

  

24. 2023 September Published:15 / 2023 August 26 Accepted: 2023/ June 25 Received: 

 

Citation:  khlaif H . , Nasser J.M. Extraction of xylan from wood sawdust for xylose production using enzy-

matic hydrolysis method. Revis Bionatura 2023;8 (3) 121 http://dx.doi.org/10.21931/RB/2023.08.03.121 

http://dx.doi.org/10.21931/RB/2022.07.04.4

