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Abstract 

The purpose of this research was to analyze surface structure modification of rice straw after degradation by -L-
arabinofuranosidase. Analysis of surface structure modification was performed by scanning electron microscope. Alpha-L-
arabinofuranosidase was collected from intracellular enzyme and extracellular enzyme; the ratio of enzyme mixture and 
incubation time were then optimized. The optimum ratio of enzyme mixture was 1:1. The optimum incubation time of rice straw 
was 8 hours. Rice straw, after degradation by -L-arabinofuranosidase, was analyzed by scanning electron microscope. The rice 
straw, before degradation by -L-arabinofuranosidase, was used as the control of the analysis. The result of this research 
indicated that enzymatic hydrolysis damaged surface structure of rice straw. 
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Nomenclature 

Abfa Alpha-L-arabinofuranosidase  
SEM Scanning Electron Microscope 
LB Luria Bertani 
DNS 3,5-dinitrosalicylic acid 
P Intracellular enzyme 
S Extracellular enzyme    

1. Introduction 

Rice straw is an abundant biomass produced from agricultural harvest. The rice straw residues were often burned 
at the rice field, causing environmental problems, such as air pollution and fire. Huge amount of residual rice straw 
is able to be potentially converted into various different value added products including biofuels, chemicals, cheap 
energy sources for fermentation, improved animal feeds and human nutrients1. Rice straw consists of three main 
components: cellulose (32–47%), hemicellulose (19–27%) and lignin (5–24%)2. By using xylanase, the 
hemicelluloses will degrade into its reducing sugar, which is xylose, in enzymatic hydrolysis process. Xylanases 
catalyze the hydrolysis of 1,4-  glycosidic bond from xylan to oligomers and xylose residues. Complete hydrolysis 
of xylan involves synergistic actions of endo-1,4- -D-xylanase, 1,4- -D-xylosidase, Exo-1,4- -D-xylosidase, -D-
glucuronidase, -L-arabinofuranosidase (abfa), acetyl xylan esterase, feroryl, and also p-coumaroyl esterases. 

The abfas are accessory enzymes that cleave -L-arabinofuranosidic linkages and act synergistically with other 
hemicellulases for complete hydrolysis of hemicelluloses3. These enzymes warrant substantial research efforts 
because they represent potential rate of limiting enzymes from agricultural residues in the degradation of 
lignocelluloses. The action of abfa itself or in a combination with other lignocellulose degrading enzymes represents 
a promising biotechnological tool as alternatives for some existing chemical technologies such as chlorination in 
pulp and paper industry, synthesis of oligosaccharides and pretreatment of lignocelluloses for bioethanol production. 
Application of abfa would further enhance the delignification of pulp as the enzyme acts to release arabinose side 
chain that hinder the action of other bleaching enzymes. The enzyme acted synergistically with a thermophilic 
xylanase in the delignification process4.  

The purpose of this research was to analyze the modification of surface structure of rice straw hydrolyzed using 
abfa. The surface structure modification of rice straw was determined by Scanning Electron Microscope (SEM). 

2. Methods 

2.1. Microorganism 

A xylanolytic gene cluster from a thermophilic bacterium Geobacillus thermoleovorans IT-08 isolated from 
Gunung Pancar hotspring (Bogor, West Java, Indonesia) was successfully cloned into the plasmid pTP510 in 
Escherichia coli DH5 . This gene cluster encodes exo-xylanase (GenBank accession number DQ387047), -
xylosidase (DQ345777), and abfa (DQ387046)5. Abfa was successfully sub-cloned into Escherichia coli BL216. 

2.2. Media culture 

This Escherichia coli BL21 was used further in this research and grown in Luria Bertani (LB) medium. LB 
medium contains tryptone 1%, yeast extract 0.5%, and sodium chloride 1%. The LB medium was sterilized by 
autoclaving for 15 minutes at 121°C before it was used7.  

2.3. Enzymatic assay  

Abfa activity was routinely assayed by measuring the amount of reducing sugars released from 1% (w/v) oat 
spelt xylan, using the 3,5-dinitrosalicylic acid (DNS) method, with arabinose as the standard of the method. One 
percent (w/v) oat spelt xylan was preliminarily suspended homogeneously in a 100 mM phosphate citrate buffer (pH 
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6.0). The reaction mixture containing 100 μl enzyme solutions and 100 μl oat spelt xylan was incubated at 70°C for 
60 minutes. After incubation, 600 μl of dinitrosalicylic acid reagent was added to the reaction mixture and boiled for 
15 minutes. Absorbance was measured at 550 nm using a UV– Vis spectrophotometer (UV 1800, Shimadzu)8. The 
absorbance was converted into moles of reducing sugar which is produced by using a standard curve generated by 
arabinose. One unit of enzyme activity was defined as the amount of enzyme that liberated 1 mol of arabinose per 
minute at 70°C9. 

2.4. Sample preparation  

Rice straw was collected from Mojokerto, East Java, Indonesia. They were chopped by a cutter into small pieces 
of about 3 to 4 cm in length for SEM analysis. Then, the small pieces of rice straw were washed and dried at 40°C10.  

2.5. Optimization of Intracellular enzyme (P) and Extracellular enzyme (S) mixture ratio  

The optimum mixture ratio of P and S was determined using rice straw as the substrate. The reaction mixture 
contains enzyme solution and substrate. The mixture was incubated at 70°C for 60 minutes. After incubation, 600 μl 
of DNS reagent was added into 200 μl of reaction mixture and was boiled for 15 minutes. Absorbance was 
measured at 550 nm using a spectrophotometer (UV-1800, Shimadzu)10. 

2.6. Optimization of hydrolysis incubation time  

The optimum hydrolysis incubation time was determined using rice straw as the substrate. The reaction mixture 
contains enzyme solution and substrate. The mixture was incubated at 70°C for 1, 2, 4, 8, 12 and 24 h. After 
incubation, 600 μl of DNS reagent was added to 200 μl of reaction mixture and boiled for 15 min. Absorbance was 
measured at 550 nm by using a spectrophotometer (UV-1800, Shimadzu)10.  

2.7. SEM analysis   

After the abfa was hydrolyzed at optimum condition, the modification of surface structure of rice straw was 
analyzed by SEM (Phenom). Sample was coated with gold before being measured by SEM11. In this method, rice 
straw which was not treated with abfa was used as the control in this analysis. 

3. Results and discussion 

3.1. Enzymatic assay   

The result of abfa activity assay is summarized in Table 1. 

Table 1. The abfa activity at different P and S ratio 

Ratio P : S Activity (Unit/mL) 

1 : 0 1.70 x 10-1 

1 : 10 2.97 x 10-2 

1 : 20 1.61 x 10-2 

0 : 1 8.30 x 10-3 

3.2. Optimization of P and S mixture ratio  

The optimization result of P and S mixture ratio is summarized in Table 2. The optimum ratio of P and S mixture 
for rice straw hydrolysis was 1:1. 

 



66   Anita Kurniati et al.  /  Procedia Chemistry   18  ( 2016 )  63 – 68 

 
Table 2. The optimization of P and S mixture ratio for rice straw hydrolysis 

Ratio P : S Reducing sugar concentration ( g/mL) 

1 : 10 2.88 x 102 

1 : 8 3.06 x 102 

1 : 4 3.17 x 102 

1 : 2 3.56 x 102 

1 : 1 3.79 x 102 

3.3. Optimization of hydrolysis incubation time 

The optimization result of incubation time in rice straw hydrolysis is summarized in Table 3. The highest 
reducing sugar concentration was detected at 8h. After 8 h of incubation time, the abfa activity decreased. 

Table 3. The optimization of hydrolysis incubation time 

Time (hour) Reducing sugar concentration ( g/mL) 

1 2.23 x 102 

2 2.16 x 102 

4 2.63 x 102 

8 3.25 x 102 

12 2.86 x 102 

24 2.44 x 102 

3.4. SEM analysis  

The result of SEM analysis showed that there was a modification in rice straw’s surface structure, following the 
abfa treatment. The modification of surface structure can be seen in fig. 1. 
 

 
 

Fig. 1. The SEM analysis result of rice straw’s surface structure (a) before treatment; (b) after treatment in 2000x resolution 
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Abfa from Escherichia coli BL21 was both intracellular and extracellular enzyme; however, the extracellular one 
had a low activity6. In this research, we used the mixture of intracellular and extracellular enzyme to get a low cost 
for its application in industry. Firstly, we optimized ratio of the enzyme mixture. Table 1 showed that the mixture of 
P and S in 0:1 ratio had the lowest activity, while 1:0 ratio of mixture P and S had the highest activity. Based on the 
first experiment, we conducted second optimization experiment with the mixture of P and S in 1:0 up to 1:10. DNS 
method was used to determine the best mixture ratio of P and S in rice straw hydrolysis process. The hydrolysis 
process of rice straw was determined by measuring the amount of reducing sugar. Table 2 showed that reducing 
sugar concentration increased from ratio 1:10 to 1:1 of P and S mixture, used in hydrolysis process. The optimum 
hydrolysis process was obtained at mixture ratio of P and S = 1: 1. Based on the second experiment, we performed 
the third experiment, i.e. the optimization of incubation time. Table 3 showed that the activity of abfa in rice straw 
hydrolysis increased from 1 to 8 h, and decreased after 8 h incubation. The optimum incubation time was 8 h. 
Kurniati et al.10 did a hydrolysis of water hyacinth with the same enzyme (abfa). The result of this experiment was 
as the same as that of this research. The optimum incubation of water hyacinth hydrolysis was 8 h. These results 
regarding thermostability properties of abfa were consistent to the previous study6. According to the research, the 
abfa had a stable activity during 5 to 10 h incubation and after 10 to 24 h of incubation, the abfa activity decreased.

The result of SEM analysis (Fig. 1) showed that there was some modification in the surface structure of rice 
straw after abfa hydrolysis. The surface of rice straw before enzymatic treatment was regular and compact (Fig. 1). 
After the abfa treatment, the surface of rice straw got hollower, chapped and cracked (Fig. 1). This modification was 
caused by abfa activity. Abfas are enzymes that catalyze the hydrolysis of arabinofuranosidic bonds in 
hemicelluloses, such as arabinoxylan, arabinan and other arabinose containing polysaccharides12. The L-
arabinofuranoside substitutions on xylan strongly inhibit the action of xylan-degrading enzymes; thus it prevents the 
complete degradation of the polymer to its basic xylose units. The Abfa acts synergistically with other 
hemicellulases and pectinases for the complete degradation of hemicelluloses and pectins. Abfas (EC 3.2.1.55) are 
among key enzymes of the hemicellulase system which is tremendously useful in biobleaching of paper pulp, 
bioconversion of lignocelluloses material until fermentative products for subsequent production of fuel alcohol13 as 
well as the improvement of animal feed-stock digestibility. Thus, in this case, abfa enhanced the delignification 
process of rice straw by releasing arabinose side chains linkaged to lignin. The Abfa acted synergistically with a 
thermophilic xylanase in the delignification process, releasing 19.2% of lignin4.  

4. Conclusion 

The research concluded that an abfa activity could damage the surface structure of rice straw. 
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