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Abstract: The utilization of chloride solution in the bioprocessing of sago pulp fiber waste (SPFW) 

aims to obtain high purity cellulose before its use in making bioethanol. Before the bioprocessing, 

SPFW with a powder size of 149 μm was immersed in 15% (v/v) NH4OH and 5% (v/v) H2O2 solution. 

Bioprocessing parameters reported in this study included bioprocessing time, chloride solution 

concentration, and bioprocessing temperature. Based on the optimization results, the SPFW 

bioprocessing for 5 hours using 4% hydrochloric acid and a temperature of 95oC was the optimum 

condition with the acquisition of cellulose content of 67%. SPFW cellulose was confirmed by the 

presence of specific IR absorption peaks at wave numbers 1429.4 cm-1, 1322.4 cm-1, 1157.3 cm-1, 1110 

cm-1, and 897 cm-1. Scanning Electron Microscopy (SEM) analysis shows that bioprocessing using 

chloride solutions produces a porous, rough, and fibrous cellulose surface. Also, the fiber length is 

irregular with the irregular location. Based on XRD analysis, SPFW bioprocessing produced single-

phase cellulose with a crystal size of 15 nm. Physically, the bioprocessing causes the discoloration of 

the sago pulp fiber to turn dark brown. 
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1. Introduction 

In the past year, utilization of sago processing wastes such as pulp and sago water for 

various applications has been reported as in the manufacture of nanocomposite materials [1], 

biohydrogen [2–4], fluorescent material [5–8], enzyme-substrate [9], and bioethanol [10,11]. 

In addition to the high lignocellulose content, the presence of increasing residues is the main 

cause of the utilization of the results of the sago processing waste [8–10]. Sago water waste 

has been reported to cause pollution to the aquatic environment [12]. The value of the biological 

oxygen demand (BOD) and chemical oxygen demand (COD) contained in them affects water 

quality, where the values for both are 3.4 g/L and 11.4 g/L, respectively [4].  

The composition analysis results showed that the sago pulp before pretreatment 

contained lignocellulose with different percentages. Thangavelu et al. [10] reported 

lignocellulose sago pulp content consisting of cellulose, hemicellulose, and lignin in 16%, 

9.8%, and 5.2%, respectively. Whereas [13] reported sago pulp cellulose content, 
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hemicellulose, and lignin respectively at 23%, 9.2%, and 3.9%. Where every 10 g of dried sago 

pulp is estimated to produce bioethanol of 3.85 g, bioethanol focuses on interesting studies as 

renewable energy in overcoming the world fuel crisis with economical and environmentally 

friendly advantages [14,15]. Bioethanol can be produced from various sources such as 

agricultural products and solid waste [12–15]. The manufacturing consists of several stages, 

including the pretreatment, hydrolysis, fermentation, and recovery stages. Compared to other 

stages, pretreatment is reported to be an important stage, especially in the production of second-

generation bioethanol [16–19]. This stage will increase hydrolysis efficiency through the 

breakdown of the lignocellulose complex structure, which has implications for reducing lignin 

and hemicellulose content [20–22]. In addition, this stage will break down the cellulose crystal 

structure into glucose [23–25]. 

Several pretreatment methods have been used for the release of lignocellulose 

compounds contained in sago pulp waste, such as microwave hydrothermal [10], enzymes 

[26,27], acid-enzyme combinations [15,28,29], ion liquids [30-32], and dilute acid solutions 

[33]. Nevertheless, the pretreatment stage in second-generation bioethanol production is still 

faced with several problems such as high operational costs and high energy requirements 

during initial biomass treatment. The release of lignocellulose using alkaline and acid solutions 

is a pretreatment process that has been commonly used and has several advantages such as high 

lignin solubility, rapid reaction rates, and increased cellulose accessibility. 

In addition to the essence as reported by [15], sago pulp waste can also be in the form 

of fiber (Figure 1A) whose abundance has not been utilized optimally. Based on these 

problems, this study reports the optimization of the SPFW bioprocessing based on chloride 

solution. Based on reports from previous studies, the use of alkaline solutions such as 

ammonium hydroxide before pretreatment effectively releases lignin from lignocellulosic 

materials. Meanwhile, chloride solutions such as hydrochloric acid can produce large amounts 

of sugar [34,35]. However, the use of high concentrations causes a high corrosion rate. So that 

in this study, optimization of the use of chloride solution was carried out during the 

bioprocessing. Both ammonium hydroxide and hydrochloric acid are expected to be effective 

in increasing the purity of sago waste cellulose. 

 
Figure 1. SPFW biomaterial. 
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2. Materials and Methods 

2.1. SPFW biomaterial preparation.  

SPFW, which still contains starch, is treated through immersion at a temperature of 

110oC for several hours. Immersion results are then mashed and filtered using a sieve with a 

pore size of 149 μm. The fine powder obtained is dried in an oven at 80oC until constant weight. 

2.2. Bioprocessing of SPFW. 

A total of 25.0 g of sample was immersed in a 15%(v/v) ammonium hydroxide solution 

24 hours. The immersed solids are separated using a vacuum pump and placed in a volumetric 

container containing 5% (v/v) H2O2 solution. Furthermore, it is heated at 65oC by giving 

ultrasonic waves for 1 hour. The residue was washed with distilled water and dried at 70oC to 

a constant weight. Next on, 2.50 g solids were hydrolyzed using 100.0 mL hydrochloric acid 

solution with variations in hydrolysis temperature 75-100oC, hydrochloric acid concentration 

1.5-10%, and hydrolysis time 1-7 hours. 

2.3. Glucose content analysis. 

Samples that were being hydrolyzed were taken 1 ml every 12 hours and put in a 

microtube, then centrifuged for 10 minutes at a speed of 10,000 rpm to separate the precipitate. 

After centrifugation, 0.2 ml of solution was taken, and 1.8 ml of distilled water was added to 

the test tube. Then add 3 ml of DNS solution and vortex it to mix it evenly. Furthermore, heated 

with boiling water for 10 minutes and cooled with ice water for 10 minutes. Then, after the 

normal solution’s temperature (± 25oC), the absorbance is measured using a spectrophotometer 

at a wavelength of 540 nm. 

2.4. Cellulose, hemicellulose, and lignin analysis. 

A total of 1.0 grams of SPFW (weight a) to be analyzed for cellulose, hemicellulose, and 

lignin content is put into a 250 ml round bottom flask, then 150 ml of H2O is added to the flask. 

The reflux mixture at a temperature of 100oC with a water bath for 1 hour, then the results are 

filtered with filter paper. The residue obtained is washed with 300 mL of hot water to remove 

the remaining extract that is not wasted. The solid obtained is dried in an oven at 60oC until its 

weight is constant. The weight of this solid is called (weight b). Next, solid b was put back into 

the 250 mL round bottom flask, then 150 mL of 1 N H2SO4 was added and refluxed with a 

water bath for 1 hour at 100oC. The result is filtered and washed until the pH is neutral and the 

residue is dried to a constant weight in an oven at 60oC. The weight of this solid is called 

(weight c). In the next stage, solid c was put back into the 250 mL round bottom flask, then 

added 10 mL of 72% H2SO4 and left at room temperature for 4 hours, then added 150 mL of 

H2SO4 1 N and refluxed with a water bath for 1 hour at 100oC. The result is filtered and washed 

until the pH is neutral and the residue is dried to a constant weight in an oven at 60oC. The 

weight of this solid is called (weight d). Then the solid d is ignored and weighed; the weight of 

this solid is called (weight e). How to find out the levels of cellulose, hemicellulose, and lignin 

using this method is by using the following equation:  

Cellulose content = [
c − d

a
] x 100% 
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Hemicellulose content = [
b − c

a
] x 100% 

Lignin content = [
d − e

a
] x 100% 

3. Results and Discussion 

3.1. FTIR, SEM, and XRD analysis. 

Figure 2 shows the FTIR analysis of SPFW before the bioprocessing (dot line) and after 

the solid line (solid line). Significant differences are seen in absorption intensities and specific 

wavenumbers. Before bioprocessing, the intensity of IR absorption was relatively weak. This 

was influenced by the presence of lignin, hemicellulose, and other chemical compounds. 

Whereas after the bioprocessing, the IR absorption intensity was stronger and sharper. Specific 

differences for wavenumber values are indicated by the appearance of absorption peaks at 

1734.3 cm-1 and 1251.1 cm-1 from SPFW before bioprocessing and absorption at 1429.4 cm-1, 

1322.4 cm-1, 1157.3 cm-1, 1110 cm-1, and 897 cm-1 of SPFW after bioprocessing. Wave 

numbers 1734.3 cm-1 and 1251.1 cm-1 are specific wavenumbers for lignin-derived from group 

C=O stretching for ketone, carboxyl, and unconjugated esters. Whereas wave number 1429.4 

cm-1, 1322.4 cm-1, 1157.3 cm-1, 1110 cm-1, and 897 cm-1 are specific for cellulose. The 

existence of these wavenumbers reinforces the assumption that the bioprocessing carried out 

successfully obtains cellulose. The details of specific IR absorption from cellulose can be seen 

in Table 1. 

 
Figure 2. FTIR Analysis of SPFW. 

Table 1. Details of specific IR uptake of sago pulp fiber cellulose. 

Wave numbers 

 (cm-1) 

Explanation 

1429.4 CH bending* 

1322.4 CH2 bending* 

1157.3 C-O-C asymmetric vibration 

1110 OH bending* 

897 Shows the typical structure of cellulose 

(because of the cellulose glucose ring β-glycosidic bond) 

Note: * Typical for polysaccharides [36, 37]. 

Before pretreatment

After pretreatment

Sago pulp fiber :

3348.1 cm-1

1058.9 cm-1

897 cm-1

1110.0 cm-1

1157.3 cm-1

1322.4 cm-1

1429.4 cm-1

1608.7 cm-1

2359.9 cm-1

2906.6 cm-1

2924.8 cm-1

3346.3 cm-1

2360.3 cm-1

1734.3 cm-1

1635.5 cm-1

1251.1 cm-1

1041.7 cm-1
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Based on SEM analysis results (Figure 3A), the cellulose obtained has a porous, rough, 

and fibrous surface with irregular length and irregular fiber location. Chemical treatment is 

reported to affect morphology [1,38]. In addition, another cause underlying this problem is the 

presence of non-cellulose components [39-41]. XRD analysis shows that cellulose has a single-

phase (Figure 3B). This is confirmed by the ICDD 9004-34-6 data standards. In addition, the 

results of the analysis showed that there were 5 crystalline fields of cellulose, namely (101), 

(10-1), (021), (002), and (040). The degree of crystallinity and crystal size of cellulose were 

0.894 and 15 nm, respectively. 

 
Figure 3. Cellulose of SPFW : (A) SEM analysis and (B) XRD analysis. 

3.2. Optimization of chloride solution.  

The use of ammonium hydroxide before optimization resulted in a reduction in mass 

and a brown discoloration of the SPFW powder. Ammonium hydroxide causes an increase in 

the lignocellulose pore size. Besides, it also facilitates the formation of oxidative agents that 

play an important role in bioprocessing. Oxygen in the ammonium hydroxide solution will be 

reduced to superoxide radicals (-O2•) by reaction with the phenolic hydroxyl group [42,43].  
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Figure 3. Optimization of sago pulp fiber hydrolysis process: (A) optimization of hydrolysis time; (B) 

optimization of HCl concentration; (C) temperature optimization. 

 

Figure 3 shows the optimization results of the chloride solution in the bioprocessing. 

The optimum value of each treatment is determined based on the amount of dissolved glucose 

removed. During the bioprocessing, hydrochloric acid will damage the hemicellulose long-

chain bonds [44-46]. The best optimization results took place at 95oC using 4% hydrochloric 

acid and 5 hours hydrolysis time based on the image. 

3.3. Lignocellulosic content of SPFW. 

The lignocellulose content of the bioprocessing SPFW was then compared with the 

lignocellulose content of the SPFW without bioprocessing. Figure 4 shows that the SPFW 

without bioprocessing is dominated by holocellulose compounds such as cellulose and 

hemicellulose with a percentage of 24.35% and 27.28%, respectively. Compared with waste 

sago pith, the holocellulose content of SPFW in simple treatment was much higher. The high 

holocellulose content makes SPFW without pretreatment potential to be applied as an 

alternative raw material in producing renewable bioenergy such as bioethanol or biohydrogen. 

 The chloride solution optimization process was quite effective in increasing cellulose's 

purity from the SPFW biomaterial. The use of chloride solutions will cause the hemicellulose 

structure to break down into D-glucose monomers.  

 
Figure 4. Effectiveness of SPFW bioprocessing. 
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Meanwhile, the use of ammonium hydroxide before the hydrolysis process will 

specifically reduce the lignin content. In general, the effectiveness of the bioprocessing is 

shown in Figure 4. The image shows a decrease in the content of lignin and hemicellulose after 

bioprocessing. The SPFW delignification process's efficiency uses an ammonium hydroxide 

solution of 35%, while the hydrolysis process uses hydrochloric acid by 74%. The purity of 

SPWF cellulose after bioprocessing increased dramatically with the level of purity obtained by 

67.22%. 

4. Conclusions 

The utilizing of chloride solution in the SPFW biomaterial pretreatment process 

succeeded in increasing the purity of cellulose. The optimization process is the initial stage for 

developing the hydrolysis method based on chloride solution. So that SPFW cellulose 

purification can be more effective, the hydrolysis residue obtained can be used at the 

fermentation stage. The cellulose purity obtained was 67%, with the characteristic presence of 

IR absorption at wave number 897 cm-1. 
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