
  

 

Abstract—Sodium hydroxide pretreatment of oil palm 

mesocarp fiber (OPMF) was carried out with NaOH from 2% 

to 10% (w/v) at temperature 500C and 700C. The performances 

of pretreatments were evaluated based on total carbohydrate 

and reducing sugar including glucose, xylose and arabinose 

after enzymatic hydrolysis on the pretreated biomass. It was 

found that the enzymatic hydrolysis had significantly improved 

when 6% NaOH in 700C applied in the pretreatment process. 

The highest total reducing sugars produced by means of 

commercial enzymes was achieved with the overall conversions 

of glucan and xylan of 87% and 60.73% respectively. The 

compositions of OPMF in this study are as follows (% g/g dry 

biomass): glucan, 28.8, xylan, 25.3, arabinan, 1.91, ethanol 

extractive, 6.32 and ash, 2.60. 

 

Index Terms—Enzymatic hydrolysis, glucose, NaOH 

pretreatment, oil palm mesocarp fiber. 

 

I. INTRODUCTION 

At present, most of the world’s production of palm oil 

comes from South-East Asia. Malaysia is the second largest 

contributor and exporter in the palm oil industry [1]. About 5 

million hectares of oil palm planted area emerged in 2011 

was as result of planted area increases in Sabah and Sarawak 

[2]. 

The palm oil industry generates large volume of 

lignocellulosic biomass from the oil extraction process. Solid 

biomass such as oil palm mesocarp fiber (OPMF) is an 

attractive feed stock because it is an abundant, renewable 

source, rich with various carbohydrate sugars and other 

useful chemical compounds that can be converted into a 

range of value added products. Due to the enormity of the 

plantation industry, about 10.9 million tons of oil palm 

mesocarp fiber is being produced annually as agriculture 

waste and contributes to the accumulation of lignocellulosic 

waste and cause emission of greenhouse gas to the 

environment [1]. Traditionally oil palm mesocarp fiber is 

either used in mulching or incinerated, however both 
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methods are detrimental to the environment thus a more 

sustainable method is required.  

Generally, lignocellulosic biomass consists of three main 

groups of polymer that are cellulose, hemicelluloses and 

lignin [3]. These compounds are also major components in 

oil palm biomass [4]. Celluloses and hemicelluloses are 

polysaccharides of the desired carbohydrate sugar. Numbers 

of research and development activities were previously done 

in order to exploit biomass content potential and transform it 

into higher valued compounds [5]-[8]. In order to achieve 

these targets, most biomass conversion process requires 

pretreatment to increase the accessibility of enzyme during 

hydrolysis process [9]. The process to remove lignin 

compound from lignocellulosic biomass prior to be used for 

enzymatic hydrolysis and fermentation process become an 

important factor in order to produce suitable source 

fermentable substrate in the next process. 

 Alkaline pretreatment has been identified as one of the 

best chemical pretreatment methods for delignification of 

lignocellulosic biomass [10], [11]. This method is efficient if 

agricultural waste being used rather than the wood materials 

[12]. The critical parameters for alkaline pretreatment are 

reaction temperature, pretreatment time and alkali loading 

[13]. Apart from that, the accessibility of surface area, the 

presence of lignin and hemicelluloses would be the key 

factors affecting the rate of enzymatic hydrolysis of cellulose 

[14], [15].  

The study aimed to investigate the best condition of 

sodium alkaline pretreatment that able to give efficient 

enzymatic hydrolysis. Hydrolysability will be evaluated 

through the chemical compositions of oil palm mesocarp 

fiber before and after the pretreatment at different percentage 

of NaOH added and the controlled temperature. 

 

II. MATERIALS AND METHODS  

A. Biomass Preparation 

The oven dried oil palm mesocarp fiber with 5% initial 

moisture content was obtained from Sime Darby Palm Oil 

Processing Mill located at Carey Island, Selangor, Malaysia. 

The fibers were ground into the average size of 2-mm using a 

grinder (model FRITSCH UCM 19) to provide a large 

surface area for enzymatic reaction. The samples were stored 

in sealed plastic bags at room temperature until used for the 

pretreatment and fibers characterization.  

B. Pretreatment Experiment 

The pretreatment process was carried out at ambient 

pressure (1atm) in different concentrations of sodium 

hydroxide (Table I) varying from 2% to 10% (w/v) and 

heated at temperature 50
0
C and 70

0
C in the closed chamber. 
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The ratio of biomass to liquid used in this experiment was 

1:10 or 10% loading. After 2 hours, the resulting fibers was 

washed, neutralized and air dried in ambient temperature. 

The dried pretreated fibers were kept in a sealed plastic bag at 

-8
0
C until used for enzymatic hydrolysis. 

TABLE I: ALKALINE PRETREATMENT OF OPMF 

Code Temperature (0C) NaOH Concentration (% w/v) 

Cax 50 - 

P1 50 2 

P2 50 4 

P3 50 6 

P4 50 8 

P5 50 10 

Cbx 70 - 

P6 70 2 

P7 70 4 

P8 70 6 

P9 70 8 

P10 70 10 

x Biomass without alkaline pretreatment (control) 

C. Enzymayic Hydrolysis 

The enzymatic hydrolysis of pretreated fibers was carried 

out in 250 mL Erlenmeyer flasks in an incubator shaker 

(ECOTRON EC 25) set at 50
0
C and 150rpm. About 5 gram 

(dry basis) of pretreated fibers was immersed in 0.05M 

sodium citrate buffer to maintain a desired pH of 4.8. The 

enzymes, Cellulase (Celluclast 1.5L, Novozymes A/S, 

Denmark) and cellobiase (Novozym 188, Novozymes A/S, 

Denmark) was added at 60 FPU per g glucan loading (FPU = 

filter paper unit) and 64 pNPGU per g glucan (pNPG = 

p-Nitrophenyl β-D-glucoside) and incubated for 72 hours. 

The activities of the enzymes were measured using standard 

procedures as in [16]. The filter paper activity of Celluclast 

1.5L (85FPU/ml) was determined according to the method as 

in [17] while β-glucosidase activity of Novozyme 188 (1946 

pNPGU/ml) was determined according to the method as in 

[18]. The hydrolysates were filtered before it was stored at 

-8
0
C for sugar determination. 

D. Analytical Method 

The composition of oil palm mesocarp fiber such as 

extractives and ash was determined according to the 

laboratory analytical procedure, LAP [19]. The extractives 

for both raw and pretreated fibers were analyzed for 

monomeric sugars such as glucose, xylose and arabinose. 

Other than that, ethanol extractive and lignin including acid 

insoluble lignin (Klason lignin) and acid soluble lignin were 

analyzed. The sugars monomer of raw and pretreated fibers 

were determined using high performance liquid 

chromatography, HPLC system (Model G1311A, Agilent 

Technologies) with refractive index detector and Rezex ROA 

column, (dimension of column 50 × 7.8mm; flow rate of 0.6 

mL/min; temperature at 60
0
C). The amount of 30µL aliquots 

of 0.45μm filtered sample were injected into the HPLC 

system. The hydrolysate samples composed of monomeric 

sugars were measured with another HPLC system (Model 

Waters 1525) equipped with a column (Merck Purosther, 

NH2) and ELSD detector. The column was operated at 

ambient temperature using mobile phase of HPLC grade 

acetone nitrile and deionised water at ratio 80:20 with flow 

rate of 1.0 mL/min. Total reducing sugars and total 

carbohydrates were determined by dinitrosalicylic acid (DNS) 

reagent and phenol sulphuric acid assay, respectively. The 

untreated, treated and hydrolysed fibers were sent to SEM 

(scanning electron microscopy model EVO MA10 (CARL 

ZEISS, UK)) analysis for the observation of biomass 

structure. Prior to the SEM analysis, the oven dried samples 

were prepared by applying 2.5nm thickness gold coating 

using sputter coater system Model Q150 RS (Quorum 

Technologies, UK). 

 

III. RESULTS AND DISCUSSION 

A. Biomass Characterization 

The composition of monomeric sugar and other major 

components in raw oil palm mesocarp fiber is shown in Table 

II. Glucan was the main component in the fiber followed by 

xylan, arabinan and acid insoluble lignin. From the result, the 

amount of the majority components was lesser than those 

found from published data as in [4]. The composition 

indicates that oil palm mesocarp fiber is indeed rich in 

carbohydrates and a potential source of carbon for 

biohydrogen production. 

 
TABLE II:  COMPOSITION OF THE RAW OPMF 

Composition  Content (%) 

Glucan 28.8 ± 0.48 

Xylan 25.3 ± 0.65 

Arabinan 1.91 ± 0.12 

Acid Insoluble Lignin (AIL) 28.97 ± 2.07 

Ash 2.6 ± 0.34 

Ethanol Extractive 6.32 ± 0.51 

B. Effect of NaOH Pretreatment on Compositional 

Changes of OPMF 

Table III represents the change of fiber composition with 

different reaction temperature and different percentage of 

added NaOH during pretreatment process. As indicated by 

sample P8, around 23.7% of acid insoluble lignin was 

removed when treated with 6% NaOH at 70
0
C and the 

amount was further increased when the fiber was treated with 

8% and 10% NaOH at 70
0
C. The total weight loss of each 

component (as shown in the parentheses) is mainly attributed 

to the extractive being removed during the pretreatment 

process. Apart from that, by increasing sodium hydroxide 

concentration from 2% to 10% and reaction temperature from 

50
0
C to 70

0
C, gave significant effect on lignin degradation by 

4-folds that was from 7.5% to 27.4%.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

As shown in Table III, pretreatment could cause the loss in 

cellulose by less than 7.5% for all experiments. However, as 

it can be seen, the degradation of hemicelluloses was quite 

significant and highest loss was obtained by pretreatment in 

10% sodium hydroxide.  This result indicates that 

hemicellulose is more vulnerable when using this 

pretreatment process compared to cellulose [20]. Previous 

works done by [21] and [9] also agree that, alkaline 

pretreatment could cause cellulose fibers to swell rather than 

directly degrading it. They concluded that this pretreatment is 

the best method to avoid further fragmentation of 
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hemicelluloses polymers as well as break up the ester bonds 

between lignin, hemicelluloses and cellulose [22]. 

It should be noted that the amount of total reducing sugar 

and total carbohydrate especially in the black liquor of the 

hemicelluloses portion was quite high. It was found that 

higher NaOH concentration caused increased amount of 

chemical component available in the black liquor as shown in 

Fig. 1 and Fig. 2. The previous study has shown by [23], [24] 

that the extracted xylan from the black liquor contains 

functional oligosaccharides that are proven to be effective in 

enhancing human immune system, as dietary fiber-like action, 

antioxidant and antibiotic alternative [25], [26]. 

 

 
Fig. 1. Total reducing sugars production in black liquor with different NaOH 

pretreatment condition. 

  TABLE III: COMPOSITION OF SODIUM HYDROXIDE PRETREATED OPMF AT DIFFERENT TEMPERATURE AND CONCENTRATION 

 

Composition of solids fractions x, y (g/100 g initial dry biomass) 

Pretreatment  Lignin Glucan  Xylan Arabinan 

 
        

Cn 
29.01 28.79 25.29 1.91 

P1 26.85 (7.46%) 28.02 (2.70%) 23.91 (5.49%) 1.76 (7.92%) 

P2 26.03 (10.26%) 27.71 (3.76%) 22.19 (12.27%) 1.65 (13.67%) 

P3 25.66 (11.56%) 27.53 (4.38%) 23.35 (7.70%) 1.67 (12.39%) 

P4 23.70 (18.31%) 27.24 (5.41%) 21.72 (14.14%) 1.28 (33.18%) 

P5 22.99 (20.75%) 26.89 (6.62%) 21.78 (13.88%) 1.27 (33.59%) 

P6 24.46 (15.69%) 27.42 (4.78%) 23.91 (5.47%) 1.55 (18.82%) 

P7 24.10 (16.90%) 27.16 (5.66%) 23.85 (5.73%) 1.24 (35.01%) 

P8 22.14 (23.68%) 27.01 (6.61%) 18.00 (28.82%) 1.1 (42.65%) 

P9 21.14 (27.11%) 26.76 (7.08%) 15.46 (38.87%) nd 

P10 21.05 (27.44%) 26.65 (7.45%) 16.39 (35.20%) 1.1 (42.70%) 

x Data are means of replicate. 

y Data in parentheses are the % amount of composition removed during the pretreatment. 
  

 
Fig. 2. Total carbohydrate production in black liquor with different NaOH 

pretreatment condition 

C. Overall Conversion of Carbohudrates in OPMF 

The experimental results of enzymatic hydrolysis of oil 

palm mesocarp fiber by different pretreatment conditions are 

shown in Fig. 3. Effects of the amount of sodium hydroxide 

with different reaction temperature were evaluated by 

comparing the total reducing sugar produced after enzymatic 

hydrolysis process. It was observed that the pretreatment with 

6% NaOH in higher temperature 70
0
C yielded the highest 

total reducing sugar. However, further increased of NaOH 

concentration resulted decrease amount of total reducing 

sugar in the hydrolysate. 

The results also showed that some products of the treated 

fiber such as glucan, xylan and arabinan was found 

solubilized in the black liquor during the pretreatment 

process at high NaOH concentration and high reaction 

temperature condition. This finding is agreeable as in [27] 

when they also found some factors such as temperature, 

concentration and treatment time are the most important 

manipulated parameter in the hydrolysis process in order to 

maintain or retain the carbohydrate sugars in the treated fiber. 

 
Fig. 3. Total reducing sugars production in hydrolysis process from 

pretreated oil palm mesocarp fibers with NaOH of 2%, 4%, 6%, 8% and 10% 

(w/v) at 500C and 700C for 2 hours. 
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The overall glucan and xylan conversion after hydrolysis 

process were summarized in Fig. 4 and Fig. 5. It was noted 

that when pretreatment temperature increased to 70
0
C greater 

overall glucan and xylan conversion were observed. 

Compared to untreated fiber (control), the hydrolysis of the 

treated fiber had resulted in more glucan and xylan 

production. The rate of hydrolysis reaction was found to be 

more rapid with the treated fiber. This could be the reason 

greater fraction of oil palm mesocarp fiber hemicelluloses 

able to sollubilized into the black liquor after treated with 

NaOH. In addition, after pretreatment it was also noted that 

lignin was removed and leaving the carbohydrate fraction in 

cellulose form [9]. Apart from that, the cellulose fraction of 

the fiber had swelled and changed it configuration from 

crystalline form to the more reactive amorphous form [28]. 

This transformation significantly increases the accessibility 

of enzyme during hydrolysis process. 

 

 
Fig. 4. The Overall conversion of glucan after 72 hours enzymatic hydrolysis 

of NaOH pretreated oil palm mesocarp fibers 

 
Fig. 5. The overall conversion of xylan after 72 hours enzymatic hydrolysis 

of NaOH pretreated oil palm mesocarp fibers 
 

D. The SEM Observation of Untreated, Treated and 

Hydrolyzed Fiber 

Fig. 6 represents the images of OPMF observed by 

scanning electron micrograph (SEM) for verification of the 

structural changes caused by NaOH pretreatment and 

enzymatic hydrolysis. The images taken were on raw OPMF, 

pretreated OPMF and hydrolyzed OPMF. It was found that 

the initial structure of single strand of raw OPMF covered 

with small particles or globules (Fig. 6(a)). This figure 

describes that the raw fibers consist of lignin that cemented 

the cellulose and hemicelluloses. The presence of lignin 

hinders the accessibility of enzymes, cellulase and 

hemicellulase from the targeted substrates, hence decreasing 

the effectiveness of enzyme hydrolysis.  

Fig. 6(b) shows the structure of pretreated fiber with 6% of 

NaOH (w/v) which had been transformed and the surface of 

the fiber had become loosened and roughened. The pores 

structure was formed on the fiber when the lignin was 

solubilized and removed by NaOH pretreatment. It can be 

observed that more severe pretreatment with higher NaOH 

concentration cause greater disruption on the fiber structure 

and creating number of large pores. This phenomenon 

significantly increases the accessibility of enzyme during 

hydrolysis process [3]. After the enzymatic hydrolysis, the 

structure mesocarp fiber was completely destroyed and wall 

of the fibers was completely ruptured as shown in Fig. 6(c). A 

parallel observation was reported as in [29] and [30]. 

 

  
                         (a)                                                    (b)      

 

 
(c) 

Fig. 6. Electronic scanning microscopic pictures of untreated, treated and 

hydrolyzed fibers,  (a) OPM fibers, magnified 500x, (b) NaOH treated OPM 

fibers, magnified 500x, (c) Hydrolysed treated OPM fibers, magnified 
1000x. 

 

IV. CONCLUSION 

Alkaline pretreatment of oil palm mesocarp fiber by 

sodium hydroxide has shown capable in reducing lignin 

content and also enhancing enzymatic digestibility. This 

study showed that pretreatment at 6% of sodium hydroxide 

concentration at temperature 70
0
C gave the best result in the 

digestibility of oil palm mesocarp fiber in order to increase 

the total reducing sugar production during hydrolysis process.  

More than 90% of the cellulose retained in the treated fiber 

after pretreatment process with 6% of sodium hydroxide 

concentration at 70
0
C reaction condition. Meanwhile, 20% of 

the acid insoluble lignin and solubilizing 60-70% of 

hemicelluloses was also removed by the pretreatment. 

Therefore, 67% (% g of total reducing sugar/g untreated 

biomass) conversion was achieved for the whole process with 

the overall conversion of glucan and xylan were 87% and 

60.73% respectively. This study shows that this pretreatment 

could be applied on oil palm wastes for higher conversion in 

enzymatic hydrolysis that potentially to be used for various 

purposes. 
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