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Abstract 
 

Chemical composition of empty fruit bunch (EFB) is an important chemical property that determines its utilization performance in 

bioconversion process. Various chemical compositions of EFB have been reported, and these differences in composition affects EFB 

utilization in terms of conversion and product yield. Complex structure and recalcitrant characteristic of lignocellulosic biomass (LCB) 

also affects its utilization that leads to pretreatment system requirement. Pretreatment using deep eutectic solvent (DES), a group of ionic 

liquid (IL), has attracted scientific interest due to its exceptional ability in hemicellulose and lignin removal. This research determined the 

chemical composition of six native EFB sample collected in Malaysia, and identified composition difference among samples using t-test. 

The work further determined the influence of DES01 pretreatment on selected pretreated samples using enzymatic hydrolysis process. 

Chemical compositions of six native EFB samples, collected in Perak, Selangor and Negeri Sembilan in dry and wet seasons, were 

determined using National Renewable Laboratory Analysis (NREL) protocol. Enzymatic hydrolysis of pretreated EFB samples were 

conducted following NREL protocol using Cellic CTec2 and Cellic HTec2 enzymes for 72 hours. The t-test analysis on structural 

carbohydrate (SC) content of native EFB showed Sg. Siput sample (SSD) in dry season and Bahau sample (BW) in wet season had 

statistically significant difference where native SSD contained the highest SC while native BW had the lowest. Enzymatic hydrolysis 

results of DES01 SSD and DES01 BW samples indicated the influence of DES01 pretreatment. DES01 SSD substrate produced higher 

glucan and xylan conversion after 72 hours of hydrolysis with 92.40% and 68.71% respectively compared to the DES01 BW sample with 

75.82% and 18.78% only. This could be correlated with higher glucan and lower lignin contents in However, the different composition of 

native EFB also affected the hydrolysis of pretreated EFB. The variable pressure scanning electron microscopy (VPSEM) analysis 

showed that EFB structures were destroyed by the hemicellulose and lignin removal after the pretreatment and enzymatic hydrolysis. 
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1. Introduction 

Malaysia is the second largest palm oil producer after Indonesia. Thus the country has vast plantation of oil palm tree (Elaeis guineensis 

jacq.) and produces huge quantity of oil palm biomass waste approximately 4 million tonnes per year [1]. Empty fruit bunch (EFB), a 

lignocellulosic biomass (LCB), is produced in abundance as a residue product after the palm oil extraction process in palm oil mill. EFB 

is generated around 1.07 tonne with every tonnage of crude palm oil produced [2], and has become a potential raw material for utilization 

in bioconversion technology to produce bio-based products. 

Chemical composition of EFB is an important chemical property that determines its utilization performance in the bioconversion process. 

Based on the literature review, various chemical composition of EFB has been reported, and these differences in composition can affect 

the EFB utilization in terms of material conversion and product yield [3-8]. Variation in chemical composition of EFB is contributed by 

several factors such as plantation season, geographical location, plant species, soil characteristics, fertilization system and several others. 

Some studies have reported that differences in harvest time and geographical location can affect the chemical composition of corn stover 

[9-10]. Although many literature have reported different EFB chemical compositions, but there is limited information on how these 

differences can affect the utilization of EFB in the process as this is important to establish a sustainable bioconversion design and 

operation.  

EFB is composed of three main polymers which includes 35-45% of glucan, 25-35% of hemicellulose, and 15-25% of lignin [11]. It is 

considered a good source of lignocellulosic carbohydrate that can be converted into high-value intermediates and products such as 

fermentable sugars, succinic acid and few others. Glucan, primarily cellulose, and hemicellulose can be hydrolyzed into monomeric 
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sugars through acid or enzymatic hydrolysis process which is then fermented to produce bio-ethanol, bio-hydrogen, or any bulk 

chemicals such as succinic acid [12]. In addition, the complex structure and recalcitrant characteristic owing to the lignin-carbohydrate 

complex (LCC) in the cell wall structure also affect the LCB utilization that leads to requirement of pretreatment system when processing 

LCB. It is hypothesized that the LCCs are key elements in explaining the impact of lignin on cell-wall degradation. The recalcitrant 

lignin is a major barrier in utilizing LCB because it is not easily separated from cellulose. The pretreatment process is a crucial step to 

enhance the accessibility of cellulolytic enzymes to cellulose and hemicelluloses in biomass during hydrolysis process [13].  

Pretreatment of LCB using deep eutectic solvent (DES), a group of ionic liquid (IL), has attracted a widespread of scientific interest due 

to its exceptional ability in hemicellulose and lignin removal [14-17]. While IL has outperformed other chemical pretreatments in terms 

of its chemical properties, thermal stability as well as being an environment-friendly solvent [18-20], the usage of IL is subjected to 

several constraints due to its high cost, high energy requirement for IL recycling, production of toxic and high viscosity [14]. Although 

the physical and chemical properties of DES are similar with IL, the former is favorable for it is more environment-friendly and cheaper 

cost [21]. The estimated cost of DES is approximately 20% of a comparable worth of IL. This has been the driving factor for replacing IL 

with DES as green alternative for LCB pretreatment and cellulose dissolution [22, 23]. DES is a mixture of two or three ionic compounds 

which interact with each other by self-association to form a eutectic mixture that has a melting point below than that of each compound 

[24-26]. Moreover, it has been reported that DES is effective for enzymatic activity [27]. 

At present, there is little information available on how the pretreatment can influence differences in EFB chemical composition. Hence, 

this present study focuses on two main objectives where the first objective is to determine the chemical composition of EFB collected 

from different geographical location and season in Malaysia, and identify any difference in these compositions using statistical method. 

The second objective is then to determine the influence of DES pretreatment on these composition in terms of enzymatic hydrolysis 

performance of the pretreated EFB.  

2. Materials and methods 

2.1. Collection and preparation of EFB sample 

There were six native untreated EFB samples collected from northern to southern of part of Malaysia in two different seasons. Two 

samples were collected in each (1) Sg Siput, Perak, (2) Bestari Jaya, Selangor and Bahau, Negeri Sembilan (Fig. 1) in dry (January-

February) and wet season (October-November). The season classification is based on Oldeman method using monthly rainfall as the 

basic element where dry season has rainfall below 100 mm and wet season has rainfall above 200 mm [28]. The ecotype of all locations 

was in lowland due to their altitudes which are lower than 200 m above sea level [29]. Malaysia has a large lowland areas and usually 

planted with oil palm trees [30]. All EFB samples were collected from oil palm trees, aged between 9-18 years old, during peak-yield 

period for these trees (Ferdous et al. 2015). Samples collected were pressed (after oil recovery process) and non-shredded type. However, 

the specific palm species for all samples could not be identified. Table 1 shows the collection information of EFB samples. 

 
Table 1: Collection of EFB samples 

Sites Information Descriptions Sg Siput, Perak Bestari Jaya, Selangor Bahau, Negeri Sembilan 

Ecotype 
Altitude 

(m above sea level) 

82 

Lowland 

12 

Lowland 

65 

Lowland 

EFB Type After oil recovery process Pressed, non-shredded 
Pressed, 

non-shredded Pressed non-shredded 

Oil Palm Tree 
Age 

(Year) 
9-18 9-18 9-18 

Season 

Dry February, 2016 February, 2016 February, 2016 

Rainfall 
(mm) 

57 109 84 

Wet October, 2015 October, 2015 October, 2015 

Rainfall 
(mm) 

358 292 111 

 

Collected EFB samples were dried naturally under the sun until its moisture content reduced to less than 10% (dry weight basis, dwb). 

Moisture content of each EFB sample was analysed using IR-35 Moisture Analyser (Denver Instrument). Dried EFB sample was ground 

using cutting mill (FRITSCH Universal Cutting Mill PULVERISETTE 19), sieved with a 2 mm mesh size. Ground EFB samples were 

stored in an airtight plastic bag and kept in a cold room for further use.  

2.2. Soil analysis 

Approximately 0.1 g of the sample was weighed and placed in containers. Then, 10 mL of nitric acid (HNO3) and 5 mL of hydrochloride 

acid (HCL) were added to the sample. The sample was then heated in a microwave for 1 hour. Sample then was removed from the 

microwave and further dissolved in 45 mL of 1% HNO3. Samples were then analysed using Inductively Coupled Plasma Optical 

Emission Spectrometry (ICP-OES). The percentage of elements is calculated based on Eq. 1 below: 

Element (%) = (ICP-OES reading × Dilution ×Volume (mL) ×  

                         100) / (Weight of sample (gram × 106)                                                                                                                                 (1) 

2.3. Chemical compositional analysis                                        

The chemical composition analysis of six native untreated EFB samples with average size of 2 mm were based on Laboratory Analysis 

Protocol (LAP) developed by the National Renewable Energy Laboratory (NREL) (Golden, Colorado USA). Several LAPs were used to 

determine the composition of structural constituents in the samples in terms of glucan, xylan, arabinan, and lignin content. Composition 

of structural constituents from all samples were compared and inferential statistic method of t-test was utilized to determine the 
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difference in the composition of EFB samples based on the significance level at 0.05. Differences with p-values of less than 0.05 were 

considered to be significantly different. The same NREL compositional analysis was conducted on the DES pretreated EFB. 

2.4. Selection of EFB sample for DES pretreatment 

The efficiency of bioconversion productivity of EFB strongly depends on the biomass composition particularly the structural 

carbohydrates. Therefore, it is crucial to choose the biomass which can be converted efficiently. In this research, EFB samples identified 

with the highest and lowest carbohydrate content were selected for further study on the influence of DES pretreatment on different 

compositions of EFB samples.   

2.5. DES pretreatment 

DES solvent was prepared using choline choride and imidazole with molar ratio of 3:7 [14] referred as DES01. Choline chloride and 

imidazole (≥ 98% mass fraction purity) were purchased from Scienfield Expertise PLT (Selangor, Malaysia). EFB sample weighed 10 g 

of mass was added into DES01 at ratio 1:5 solvent loading (SL), soaked and heated at 160 °C (unpublished data) for 2 hours. The process 

was conducted at atmospheric pressure under constant stirring condition. Cotton wool and aluminium foil were used to cover the bottle 

cap to ensure minimal vaporisation of the samples. Upon completion of the pretreatment process, the pretreated EFB was separated from 

the black liquor using a cheese cloth in gravimetric filtration followed by oven drying of DES pretreated EFB at 50 °C until constant 

weight was achieved.     

2.6. Enzymatic hydrolysis 

The enzymatic hydrolysis method at 1% glucan loading (GL) was performed based on the Laboratory Analysis Protocol (LAP 009) 

developed by the National Renewable Energy Laboratory (NREL). Two enzymes, Cellic CTec2 and Cellic HTec2, were purchased from 

Novozymes A/S (Bagsvaerd, Denmark). Cellic CTec2 was combined with Cellic HTec2 at a volume ratio of 1:1 (v/v). The activity of 

Cellic CTec2 was at 15 FPU/g of glucan. Hydrolysis was conducted in scintillation vial at 15 mL working volume, 50 °C, 150 rpm, and 

pH 4.8 using 1 M citrate buffer for 72 hours. The hydrolysate samples were taken upon completion of the hydrolysis, and heated at 

100°C for 15 minutes to denature the enzymes. Samples were then centrifuged at 7000 rpm for 10 minutes, and filtered using 0.22 μm 

Whatman membrane syringe filter prior to HPLC analysis.  

2.7. High performance liquid Chromatography (HPLC) for carbohydrate quantification 

All monomeric sugars were analysed using High Performance Liquid Chromatography (HPLC) (UltiMate 3000 LC system, Dionex, 

Sunnyvale, CA) equipped with a refractive index (RI) detector (RefractoMax 520, ERC, Germany) at 40 °C oven temperature. The 

Rezex ROA-Organic acid column (300 mm × 7.8 mm, Phenomenex, USA), with guard column (50 mm × 7.8 mm) was used for 

quantifying the concentration of sugar in the acid hydrolysed and enzymatic hydrolysate samples. The mobile phase used was DI water at 

a flow rate of 0.6 mL/min and the sample injection volume was fixed at 20 μL. Calibration curves were established using an analytical 

grade of individual standard for glucose, xylose, and arabinose (Sigma-Aldrich, Germany). The calibration curves and sample 

concentrations were performed using the Chromeleon v. 7.2.2.6686 software (Dionex, Sunnyvale, CA). 

2.8. Glucan conversion from sugar concentration 

The efficiency of the carbohydrate EFB converted into monomeric sugar was based on glucan conversion calculated using the sugar 

concentrations in the hydrolysate samples using the following Eq.  2: 

Glucan conversion (%) = (CS / CMaxTheo,S)  × 100%                                                                                                                                      (2) 

where CS is the actual sugar concentration in unit g/L determined using HPLC, and CMaxTheo,S is the maximum theoretical sugar 

concentration in the hydrolysis sample at 1% of glucan loading. 

2.9. Variable pressure scanning electron microscopy (VPSEM) 

Morphological analysis of native untreated EFB, DES pretreated EFB and unhydrolyzed sample obtain after enzymatic hydrolysis was 

conducted by scanning the samples using Variable Pressure Scanning Electron Microscopy, VPSEM (EVO MA10 CARL ZEISS, UK). 

The native untreated EFB samples according to Section 2.4. All samples were freeze-dried before VPSEM analysis. Each sample was put 

on aluminium stubs and covered with gold using the sputter coater system Model Q150 RS (Quorum Technologies, UK). Samples were 

observed in the magnification range of 50-1000x. 

3.  Result and discussion 

3.1. Chemical composition of native EFB sample and soil analysis 

The compositional analysis result of six native EFB sample is summarized in Table 2. The total structural carbohydrate content in dry 

season samples were observed to be higher than in wet season samples. The increase of carbohydrate content in various plant tissues 

response to the water stress in dry season. Previous study reports that this could be due to the accumulation of the soluble sugars in the 

plant tissues, and suggests these sugars might contribute to osmoregulation, where the plants regulate the osmotic pressure during water 

stress [31]. Other studies indicates that higher sugar in plant tissues during dry season is due to the plant drought tolerance under water 

stress [32].  Higher level of UDP-Glc in the expression of sucrose synthase (SuSy) and UDP-glucose pyrophosphorylase (UGPase) 
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encoding genes in cotton under drought stress, shows a potentially higher cellulose biosynthesis [32]. The increase in cellulose synthesis 

could be a means to indicate cell wall integrity and cell turgor pressure are maintained, thus allowing continuous cell growth under low 

water potential. 

Wet season results in a lower oxygen level in the root zone due to this molecule’s low diffusion rate in water [33], and alters cell wall 

polysaccharides. FTIR analysis performed on maize seedlings exposed to wet season showed a degradation of cell wall polysaccharides 

and a decrease in pectin content [34]. A similar trend was observed in azuki bean seedling (Vigna angularis), where a decrease in cell 

wall sugar content was observed, correlated with cell wall thinning in rainy season [35]. 

In contrast, the acid insoluble lignin (AIL) in dry season samples was lower than wet season samples. Dry season alters lignification as 

shown by the decrease in lignin deposition. The lignin was reduced because drought stress caused disruption of lignin deposition in EFB. 

In wet season, AIL was higher because the cell wall becomes more compact, tight and less permeable to water. This is due to avoid cell 

wall damage when plants are exposed to long wet season. The compositional variability in EFB samples seemed to be more depending 

on rainfall than geographical location. 

 
Table 2: Compositional analysis of native EFB samples  

 Dry Season Wet Season 

 Sg. Siput Bestari Jaya Bahau Sg Siput Bestari Jaya Bahau 

1. SC 61.15 ± 1.95 60.98  
± 0.1 

59.79  
± 1.5 

58.79 ± 2.39 57.33 
 ± 0.04 

54.57  
± 2.26 

Glucan 37.57 ± 0.41 38.30  

± 0.79 

38.94 ± 1.68 37.15 ± 2.9 33  

± 1.06 

31.85  

± 1.07 
Xylan 22.63 ± 0.2 22.36  

± 0.26 

19.16  

± 0.28 

20.80 ± 0.82 23.35  

± 0.72 

22.72  

± 1.19 
Arabinan 0.93  

± 1.32 

0.31  

± 0.43 

1.69  

± 0.1 

0.83  

± 0.31 

0.98  

± 0.37 

0 

2. AIL 22.3  
± 0.83 

23.21  
± 0.3 

23.58  
± 0.33 

29.74 ± 1.65 28.72  
± 0.73 

30.21  
± 1.16 

*SC= Structural carbohydrate, AIL= Acid insoluble lignin 

 

Table 3: Statistical significance on structural carbohydrate of EFB samples using t-test analysis at significance level of 0.05 

 SC. 

SS Dry - 0.2 0.31 0.22 0.26 0.01 

SS Wet 0.2 - 0.25 0.24 0.67 0.11 

BJ Dry 0.31 0.25 - 0.04 0.14 0.07 

BJ Wet 0.22 0.24 0.04 - 0.26 0.11 

B Dry 0.26 0.67 0.14 0.26 - 0.06 

B Wet 0.01 0.11 0.07 0.11 0.06 - 

  Dry Wet Dry Wet Dry Wet 

  SS SS BJ BJ B B 

*SC= Structural Carbohydrate, SS= Sg Siput, BJ= Bestari Jaya, B=Bahau 

The bold values are the p-values that are less than 0.05. The components with <0.05 p-values were considered to be significantly different. 

 

The soil samples were also analysed to determine its effect on the composition of the EFB sample. Table 4 shows the characteristics of 

all soils samples. The soil samples were characterised in terms of pH as well as major elements such as phosphorous (P), potassium (K), 

sulphur (S), calcium (Ca), magnesium (Mg), and sodium (Na).  

The pH value acted as an indicator to determine the status of the soil whether acidic, neutral, or alkali, and identified changes in either 

biological or chemical activity in the soil [36]. The pH of the soil samples ranged between 4 to 5 indicates that the soil is acidic. Previous 

studies reports that the suitable pH of the soil for oil palm plantation are in the range of 3 to 5 [37-38]. Another study conducted in 

Southeast Asia shows that almost 95% of oil palm trees are estimated to grow on acidic soil which has a pH value of less than 5 [39].  

During dry season, the contents of P, K and Ca were higher than in dry season for EFB sample in Sg Siput and Bestari Jaya. P, K and Ca 

contents in wet season was lower due to the removal of top soils or lost due to the soil erosion during heavy rain [40]. On the other hand, 

element such S, Mg and Na contents of all soil samples did not shows a lot of differences. Major elements in the soil have significant role 

on the quality of EFB samples, where high carbohydrate content of EFB samples in dry season (Table 2) could have been the result of 

high content of major element in the soil samples. 

 
Table 4: Topsoil (0 to 30 cm depth) characterisation for soil samples 

Season Dry Wet 

Location Sg. Siput Bestari Jaya Bahau Sg. Siput Bestari Jaya Bahau 

pH 4.58 4.32 4.02 4.88 4.27 3.99 

Major elements 

Phosphorous (P) 0.23 0.24 0.03 0.02 0.03 0.03 

Potassium (K) 0.22 0.23 0.05 0.04 0.16 0.04 

Sulphur (S) 0.04 0.04 0.05 0.01 0.04 0.05 

Calcium (Ca) 0.37 0.40 0.04 0.03 0.05 0.04 

Magnesium (Mg) 0.04 0.04 0.03 0.05 0.02 0.03 

Sodium (Na) 0.01 0.01 0.01 nd 0.01 0.01 

 

The inferential statistic using t-test analysis on structural carbohydrate of EFB samples (Table 3) showed the EFB samples in dry season 

in Sg Siput (SSD) and wet season in Bahau (BW) had lowest p-values with value of 0.01. This indicated that EFB sample of SSD 

contained the highest structural carbohydrate (SC) content which corresponded to the lowest lignin content. EFB sample of BW had the 

lowest SC content with the highest lignin content (Table 2).  Therefore, these two EFB samples of SSD and BW were selected for further 

study to investigate the influence of DES pretreatment on EFB with different compositions. 

3.2. Chemical compositional changes in pretreated EFB 
 

Table 5 shows the compositions of native EFB of SSD and BW samples and pretreated DES01 SSD and DES01 BW EFB samples. The 

composition of the structural carbohydrates (SC) and glucan content of the native untreated SSD sample was 61.2% and 37.6%, while 
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native untreated BW sample was 54.6 % and 31.9%, respectively.  The SC increased by 8% and 12% in both DES01 SSD and DES01 

BW respectively owing to the increased in glucan content. The glucan content increased by 38% and 35.1% in the respective DES01 

SSD and DES01 BW. The increase of glucan content in both sample could be accounted for the removal of hemicellulose and lignin in 

the pretreated samples.   

Hemicellulose and lignin were decreased after DES01 pretreatment for both EFB samples. This is due to the pretreatment role to break 

the chemical bonding and remove the hemicellulose and lignin fractions which could possibly improve the cellulose accessibility in the 

enzymatic hydrolysis. DES01 pretreatment had the ability to reduce lignin as reported in corn cob pretreatment using imidazole-based 

DES [14]. This is due to the interaction between imidazole ring and phenyl ring of lignin. Based on other study, DESs has ability and 

polarity of H-bond acceptor that contributes in dissolving the lignin [41]. DESs would promote the cleavage of ether bonds cause 

degradation of lignin [42]. Similar effects are also observed using imidazolium-based IL pretreatment. The IL of imidazolium cation had 

played a role in delignification [43]. Comparing to native EFB of SSD and BW, lignin contents were reduced by 36.7% and 46.7% in 

DES01 SSD and BW respectively (Table 5). Generally, DES01 pretreament was an effective method to pretreat EFB it was able to 

remove both hemicellulose and lignin, and therefore resulted in an increase in the glucan fraction in both DES01 SSD and BW samples. 

Table 5: Compositional analysis of native and pretreated EFB of each season and location 

Location Sg. Siput Bahau 

Season Dry Wet 

Chemical Components Native EFB Treated SSD Native EFB Treated BW 

1. Struc. Carb. 61.2 ± 2.0 66.1 ± 0.0 54.6 ± 2.3 61.6 ± 0.5 

Glucan 37.6 ± 0.4 51.9 ± 0.2 31.9 ± 1.1 43.1 ± 0.1 

Xylan 22.6 ± 0.2 13.9 ± 0.2 22.7 ± 1.2 18.5 ± 0.4 

Arabinan 0.9 ± 1.3 0.3 ± 0.0 0 0 

2.  Lignin 22.3± 0.8 14.1 ± 0.1 30.2 ± 1.2 16.1 ± 0.2 

3.3. Enzymatic hydrolysis of native and DES pretreated EFB samples 

The physical structure of pretreated EFB changed significantly after DES pretreatment due to the removal of undesirable components 

such as hemicellulose and lignin that increased the porosity of biomass structure. Enzymatic hydrolysis of cellulolytic biomass 

hydrolyses the cellulose into fermentable sugar, which can be further converted into biobased products using microbial fermentation 

process. Fig. 2 shows the time profiling of (A) glucan conversion and (B) xylan conversion of 1% glucan loading for native and DES01 

pretreated SSD and BW EFB samples. 

 

 
Fig. 1: Study area in a) Ladang Elphil, Perak, b) Ladang Tennamaram, Selangor and c) Ladang Kok Foh, Negeri Sembilan 
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Fig. 2: Time profiling of (A) glucan conversion and (B) xylan conversion for native and DES01pretreated EFB for SSD and BW sample. 

 

Glucan and xylan conversion increased dramatically during the first 8 hours of the hydrolysis process. The sugar production rate slowly 

decreased as the hydrolysis process continued [44]. The enzymatic hydrolysis model is divided into two levels where at the first level that 

is the initial hydrolysis rate is almost linear. On the other hand, at the second level, the hydrolysis rate is flat and can slowly decreases 

[45]. 

The hydrolysis of DES01 SSD sample proceeded at high initial hydrolysis rate during the first 8 hours compared to DES01 BW sample. 

The glucan and xylan conversion from 0 to 8 hours for DES01 SSD sample was 0% to 58.73% and 0% to 38.89% respectively, whereas 

the glucan and xylan rate for DES01 BW sample was 0% to 51.89 and 0% to 13.48% respectively. Hence, the high hydrolysis rate of 

DES01 SSD substrate produced higher glucan and xylan conversion after 72 hours of hydrolysis with 92.40% and 68.71% respectively 

compared to the DES01 BW sample with 75.82% and 18.78% only (Fig. 2).  

This could be correlated with higher glucan and lower lignin contents in DES01 SSD pretreated sample. Lignin removal also enhanced of 

the enzymatic hydrolysis in this study. The enzymatic hydrolysis results of DES01 SSD and DES01 BW samples indicated the influence 

of DES01 pretreatment on both samples. This can be observed on the improvement of the hydrolytic performance of both DES01 SSD 

and DES01 BW samples over the native untreated samples.  

 

However, the glucan and xylan conversion obtained during hydrolysis for both pretreated samples also depended on the initial 

composition of the native EFB. Comparing the hydrolysis of the native SSD with native BW sample, the former sample had higher 

glucan and lower lignin content initially with 37.6% and 22.3% respectively thus providing higher glucan and xylan conversions with 

39.5% and 10.62% respectively. Native BW had lower glucan and higher lignin content (Table 5), hence resulting with lower glucan and 

xylan conversions with 23% and 1.3%, more than 10% lower than in native SSD. 

Therefore, while it is clear that DES01 pretreatment able to influence the SC and glucan composition in the respective pretreated EFB 

samples to give better hydrolysis performance, the initial composition of the native EFB also affected the degree of improvement made 

by DES01 pretreatment. 

 

3.4. VPSEM analysis of native, DES pretreated EFB and unhydrolysed DES of EFB 
 

Fig. 3 shows the VPSEM analysis of native untreated EFB samples of SSD (Native EFB SSD) and BW (Native EFB BW), DES01 

pretreated EFB samples of SSD (DES01 SSD) and BW (DES01 BW), and unhydrolysed DES01 EFB samples of SSD (UH DES01 SSD) 

and BW (UH DES01 BW). The surface of native untreated EFB had silica bodies on the fibre surface. DES01 SSD, the EFB sample after 

pretreatment, showed the presence of xylem helical (Fig. 3A2). The UH DES01 SSD showed the fibre surfaces changed and xylem 

helical appeared to more exposed after enzymatic hydrolysis (Fig. 3A3).  Fig. 3B2 demonstrates that DES01 pretreatment able to remove 

silica from the native EFB as observed in DES01 BW sample, pretreated EFB sample of BW, thereby leaving fibres with holes known as 

craters. VPSEM observation of Fig. 3B3 on unhydrolysed sample of DES01 BW (UH DES01 BW) shows the porous materials of 

cellulose.  

Higher amount of lignin removal was observed in DES01 SSD sample than in DES01 BW sample. The epidermal layer of the DES01 

SSD sample was torn peeled and ruptured significantly. Generally, DES01 pretreatments roughened the secondary cell wall surface of 

the fibre and was able to disrupt the structure of the lignin [46]. Other research using ionic liquid pretreatment, which has similar 

properties with DES, has shown similar results where the surface of the biomass became more porous and the enzymes managed to gain 

easy access during enzymatic hydrolysis [47]. 

Most of the silica body’s craters initially found on the surface of the native untreated EFB’s surface were destroyed. Delignification 

removed the waxy lignin on the EFB surface causing the defibrated inner microfibrils to become significantly exposed. 
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Fig. 3: Surface morphology at 1000x magnification of (A) SSD for (1) Native EFB SSD (2) DES01 SSD, (3) UH DES01 SSD and (B) BW for (1) Native 

EFB BW, (2) DES01 BW (3) UH DES01 BW. 

 

4. Conclusion 

The research work determined the composition of six native EFB samples collected from Sg Siput, Perak, Bestari Jaya, Selangor and 

Bahau, Negeri Sembilan in dry and wet season using National Renewable Energy Laboratory (NREL) protocols. The inferential analysis 

using t-test conducted on structural carbohydrate (SC) content of native EFB showed Sg. Siput sample (SSD) in dry season and Bahau 

sample (BW) in wet season had statistically significant difference where native SSD contained the highest SC while native BW had the 

lowest SC. Compared to native EFB of SSD and BW samples, after DES01 pretreatment the SC increased by 8% and 12% in both 

DES01 SSD and DES01 BW respectively owing to the increased in glucan content. The glucan content increased by 38% and 35.1% in 

the respective DES01 SSD and DES01 BW samples and this increase of glucan could be accounted for the removal of hemicellulose and 
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lignin after pretreatment. High hydrolysis rate of DES01 SSD substrate produced higher glucan and xylan conversion after 72 hours of 

hydrolysis with 92.40% and 68.71% respectively compared to the DES01 BW sample with 75.82% and 18.78% only. This could be 

correlated with higher glucan and lower lignin contents in DES01 SSD pretreated sample. The enzymatic hydrolysis results of DES01 

SSD and DES01 BW samples indicated the influence of DES01 pretreatment on both samples. While it is clear that DES01 pretreatment 

able to influence the SC and glucan composition in the respective pretreated EFB samples to give better hydrolysis performance, the 

different composition of the native EFB also affected the hydrolysis of pretreated EFB. Variable pressure scanning electron microscopy 

(VPSEM) analysis showed that EFB structures were destroyed by the hemicellulose and lignin removal after the pretreatment and 

enzymatic hydrolysis.  

Acknowledgements 

The authors would like to thank to Universiti Kebangsaan Malaysia and Yayasan Sime Darby for providing financial support on this 

work. This research is funded under Geran Universiti Penyelidikan (GUP), Universiti Kebangsaan Malaysia under grant no: GUP-2016-

007 through project of “Enhanced Hydrolysability Performance of Anhydrous Ammonia Pretreated Empty Fruit Bunch and Sago Bark 

Through Multivariate Optimization for Efficient Bioconversion: Effect of Particle Size and Glucan Loading”, and Sime Darby Grant 

under grant no: ST-2014-017 through project of “Pretreatment of Biomass for Biohydrogen Production”. The author also thanked the 

academic staff and support staff of CESPRO, and Biomass and Biorefinery Laboratory.  Also thank to the laboratory members who 

assisted and supported throughout this research study.  

References   

[1] Amalina N, Abdul S, Zulkafly SA, Zulaikha U & Jaman K (2018), Characteristics analysis of bio - based silica extracted from sarawak palm oil 
waste. International Journal of Engineering & Technologhy, 7(3.18), 94–96. 

[2] Ibrahim SM, Badri KH & Hassan O (2012), A study on glycerolysis of oil palm empty fruit bunch fiber. Sains Malaysiana 41(12), 1579–1585. 
[3] Triwahyuni E, Hariyanti S, Dahnum D, Nurdin M & Abimanyu H (2015), Optimization of saccharification and fermentation process in bioethanol 

production from oil palm fronds. Procedia Chem. 16, 141–148. doi:10.1016/j.proche.2015.12.002. 

[4] Kristiani A, Effendi N, Aristiawan Y, Aulia F & Sudiyani Y (2015), Effect of combining chemical and irradiation pretreatment process to 
characteristic of oil palm’s empty fruit bunches as raw material for second generation bioethanol. Energy Procedia 68, 195–204. 

doi:10.1016/j.egypro.2015.03.248. 

[5] Yang J, Kim JE, Kim HE, Yu JH, Cha YL & Kim KH (2017), Enhanced enzymatic hydrolysis of hydrothermally pretreated empty fruit bunches at 
high solids loadings by the synergism of hemicellulase and polyethylene glycol. Process Biochem., 58, 211–216. 

doi:10.1016/j.procbio.2017.04.019. 

[6] Sugiharto YEC., Harimawan A, Kresnowati MTAP, Purwadi R, Mariyana R, Andry, Fitriana HN & Hosen HF (2016), Enzyme feeding strategies 
for better fed-batch enzymatic hydrolysis of empty fruit bunch. Bioresour. Technol., 207, 175–179. doi:10.1016/j.biortech.2016.01.113. 

[7] Palamae S, Dechatiwongse P, Choorit W, Chisti Y & Prasertsan, P (2017), Cellulose and hemicellulose recovery from oil palm empty fruit bunch 

(EFB) fibers and production of sugars from the fibers. Carbohydrate Polymers, 155.  
[8] Sudiyani Y, Styarini D, Triwahyuni E, Sudiyarmanto Sembiring KC, Aristiawan Y, Abimanyu H & Han MH (2013), Utilization of biomass waste 

empty fruit bunch fiber of palm oil for bioethanol production using pilot - Scale unit. Energy Procedia 32, 31–38. 

doi:10.1016/j.egypro.2013.05.005. 
[9] Templeton DW, Sluiter AD, Hayward TK, Hames BR & Thomas SR (2009), Assessing corn stover composition and sources of variability via 

NIRS. Cellulose, 16(4), 621–639. doi:10.1007/s10570-009-9325-x 

[10] Arundale RA, Bauer S, Haffner FB, Mitchell VD, Voigt TB & Long SP (2015), Environment has little effect on biomass biochemical composition 
of miscanthus giganteus across soil types, nitrogen fertilization, and times of harvest. Bioenergy Research, 8(4), 1636–1646. doi:10.1007/s12155-

015-9613-2 

[11] Rosli NS, Harun S, Md Jahim J & Othaman R (2017), Chemical and physical characterization of oil palm empty fruit bunch. Malaysian Journal of 
Analytical Sciences, 21(1), 188–196. 

[12] Tan JP, Md. Jahim J, Wu TY, Harun S, Kim BH & Mohammad, AW (2014), Insight into biomass as a renewable carbon source for the production 

of succinic acid and the factors affecting the metabolic flux toward higher succinate yield. Industrial and Engineering Chemistry Research, 53(42), 
16123–16134. doi:10.1021/ie502178j 

[13] Galbe M & Zacchi G (2007), Pretreatment of lignocellulosic materials for efficient bioethanol production. Advances in Biochemical 

Engineering/Biotechnology, 108(July), 41–65. doi:10.1007/10_2007_070 
[14] Procentese A, Johnson E, Orr V, Garruto CA, Wood JA., Marzocchella A & Rehmann L (2015), Deep eutectic solvent pretreatment and 

subsequent saccharification of corncob. Bioresource Technology, 192, 31–36. doi:10.1016/j.biortech.2015.05.053 

[15] Ghandi K (2014), A review of ionic liquids, their limits and applications. Green and Sustainable Chemistry 4(1), 44–53. 
doi:10.4236/gsc.2014.41008 

[16] Shill K, Padmanabhan S, Xin Q, Prausnitz JM, Clark DS & Blanch HW (2011), Ionic liquid pretreatment of cellulosic biomass: Enzymatic 

hydrolysis and ionic liquid recycle. Biotechnology and Bioengineering, 108(3), 511–520. doi:10.1002/bit.23014 

[17] Remsing RC, Swatloski RP, Rogers RD & Moyna G (2006), Mechanism of cellulose dissolution in the ionic liquid 1-n-butyl-3-methylimidazolium 

chloride: a 13C and 35/37Cl NMR relaxation study on model systems. Chemical Communications 12, 1271. doi:10.1039/b600586c 

[18] Fu D & Mazza G (2011), Aqueous ionic liquid pretreatment of straw. Bioresource Technology, 102(13), 7008–7011. 
doi:10.1016/j.biortech.2011.04.049 

[19] Gräsvik J, Winestrand S, Normark M, Jönsson LJ & Mikkola, JP (2014), Evaluation of four ionic liquids for pretreatment of lignocellulosic 

biomass. BMC Biotechnology, 14, 1–11. doi:10.1186/1472-6750-14-34 
[20] Kumar P, Barrett DM, Delwiche MJ & Stroeve P (2009), Methods for pretreatment of lignocellulosic biomass for efficient hydrolysis and biofuel 

production. Industrial and Engineering Chemistry Research, 48(8), 3713–3729. doi:10.1021/ie801542g 

[21] Gorke J. T., Srienc F. & Kazlauskas R. J. (2008), Hydrolase-catalyzed biotransformations in deep eutectic solvents. Chemical Communications 10, 
1235. doi:10.1039/b716317g 

[22] Xia S, Baker G, Li H, Ravula S & Zhao H (2014), Aqueous ionic liquids and deep eutectic solvents for cellulosic biomass pretreatment and 

saccharification. RSC advances, 4(21), 10586–10596. doi:10.1039/C3RA46149A.Aqueous 
[23] Zhao H, Zhang C & Crittle TD (2013), Choline-based deep eutectic solvents for enzymatic preparation of biodiesel from soybean oil. Journal of 

Molecular Catalysis B: Enzymatic, 85–86, 243–247. doi:10.1016/j.molcatb.2012.09.003 

[24] Dom P & Mar D (2013), Recent trends in (ligno) cellulose dissolution using neoteric solvents : switchable, distillable and bio-based ionic liquids. 
July, doi:10.1002/jctb.4201 

[25] Hayyan M, Hashim MA, Hayyan A, Al-Saadi MA, AlNashef I M, Mirghani MES & Saheed OK (2013), Are deep eutectic solvents benign or 

toxic? Chemosphere, 90(7), 2193–2195. doi:10.1016/j.chemosphere.2012.11.004 



International Journal of Engineering & Technology 274 

 
[26] Dai Y, Van Spronsen J, Witkamp GJ, Verpoorte R & Choi YH (2013), Ionic liquids and deep eutectic solvents in natural products research: 

Mixtures of solids as extraction solvents. Journal of Natural Products, 76(11), 2162–2173. doi:10.1021/np400051w 
[27] Lehmann C, Bocola M, Streit WR, Martinez R & Schwaneberg U (2014), Ionic liquid and deep eutectic solvent-activated CelA2 variants 

generated by directed evolution. Applied Microbiology and Biotechnology, 98(12), 5775–5785. doi:10.1007/s00253-014-5771-y 

[28] Bayong Tjasyono (2004), Klimatologi umum / Bayong Tjasjono Klimatologi / Bayong Tjasyono. ITB. Retrieved from http://library.um.ac.id/free-
contents/download/book/booksearch.php/cuaca dan iklim.pdf 

[29] Golijan J, Zivanovic L & Kolaric L (2017), Organic production of industrial crops in Serbia. Ratar. Povrt.,  54(2), 68–72. doi:10.5937/ratpov54-

13251 
[30] Århem K, “Environmental consequences of the palm oil industry in Malaysia”, (2011), Unpublished BSc. Dissertation. Retrieved from 

http://www.natgeo.lu.se/ex-jobb/exj_216.pdf%5Cnpapers2://publication/uuid/E597E76F-FEF1-4E51-9D60-28B4CEDDA5E2 
[31] Bhattacharjee S, & Saha AK (2014), Plant water-stress response mechanisms. Approaches to Plant Stress and Their Management 149–172. 

https://doi.org/10.1007/978-81-322-1620-9_8 

[32] Gall H, Philippe F, Domon JM, Gillet F, Pelloux J & Rayon C (2015), Cell wall metabolism in response to abiotic stress. Plants, 4(1), 112–166. 
[33] Christianson JA, Llewellyn DJ, Dennis ES & Wilson IW (2010), Global gene expression responses to waterlogging in roots and leaves of cotton 

(Gossypium hirsutum L.). Plant and Cell Physiology, 51(1), 21–37 

[34] Vitorino PG, Alves JD, Magalhaes PC, Magalhaes MM, Lima LCO & De Oliveira LEM (2001), Flooding tolerance and cell wall alterations in 
maize mesocotyl during hypoxia. Pesquisa Agropecuaria Brasileira, 36(8),  1027–1035. 

[35] Ooume K, Inoue Y, Soga K, Wakabayashi K, Fujii S, Yamamoto R & Hoson T (2009). Cellular basis of growth suppression by submergence in 

azuki bean epicotyls. Annals of Botany, 103(2), pp. 325–332. 
[36] Marzukhi F, Elahami AL & Bohari SN (2016), Detecting nutrients deficiencies of oil palm trees using remotely sensed data. IOP Conference 

Series: Earth and Environmental. 

[37] Sahapatsombut U, Rahong R & Jai-in S (n.d.), Oil Palm Plantation in Acid Soil at Rangsit Field. Slides, 30. 

[38] Rozieta R, Sahibin AR, & Wan Mohd RI (2015), Physico-chemical properties of soil at oil palm plantation area, Labu, Negeri Sembilan. 

doi:10.1063/1.4931216 

[39] Mutert E (1999), Suitability of soils for oil palm in Southeast Asia. Better Crops International, 13(1), 36–38. Retrieved from 
http://www.ipni.net/ppiweb/bcropint.nsf/$webindex/0E6C325D25A04F80852568F6005A0DC1/$file/i99-1p36.pdf 

[40] Rankie I, & Fairhurst TH (1999), Management of phosphorus, potassium and magnesium in mature oil palm. Better Crops International 13(1), 10–

15. 
[41] Jessop PG, Jessop DA, Fu D, Phan L, Jessop P & Jessop D. (2012), Green Chemistry Solvatochromic parameters for solvents of interest in green 

chemistry. 1245–1259. 

[42] Li T, Lyu G, Liu Y, Lou R, Lucia LA, Yang G & Saeed HAM (2017), Deep eutectic solvents (DESs) for the isolation of willow lignin (salix 
matsudana cv. zhuliu). International Journal of Molecular Sciences, 18(11). https://doi.org/10.3390/ijms18112266 

[43] van Osch DJLJ, Kollau A, van den Bruinhorst S, Asikainen MA, Rocha & Kroon MC (2017), Ionic liquids and deep eutectic solvents for 

lignocellulosic biomass fractionation. Physical Chemistry Chemical Physics. 
[44] Cara C, Moya M, Ballesteros I, Negro MJ, González A & Ruiz E (2007), Influence of solid loading on enzymatic hydrolysis of steam exploded or 

liquid hot water pretreated olive tree biomass. Process Biochemistry, 42(6), 1003–1009. doi:10.1016/j.procbio.2007.03.012 

[45] Peri S, Karra S, Lee YY & Karim MN (2007), Modeling intrinsic kinetics of enzymatic cellulose hydrolysis. Biotechnology Progress 23(3), 626–
637. doi:10.1021/bp060322s 

[46] Nor NAM, Mustapha WAW & Hassan O (2016), Deep Eutectic Solvent (DES) as a Pretreatment for Oil Palm Empty Fruit Bunch (OPEFB) in 

Sugar Production. Procedia Chemistry 18(Mcls 2015), 147–154. doi:10.1016/j.proche.2016.01.023 
[47] Li WY, Teck NA, Gek CN & Adeline SMCh (2012), Regression analysis on ionic liquid pretreatment of sugarcane bagasse and assessment of 

structural changes. Biomass Bioenergy, 36, 160–169. 

http://www.natgeo.lu.se/ex-jobb/exj_216.pdf%5Cnpapers2:/publication/uuid/E597E76F-FEF1-4E51-9D60-28B4CEDDA5E2
https://doi.org/10.1007/978-81-322-1620-9_8

