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ABSTRACT 

 

Xylose is a five-carbon chain monosaccharide that can be used as a substrate in the fermentation of 

low-calorie xylitol. While glucose is a six carbon chain monosaccharide that can be processed into 

glucose syrup as a more stable natural sweetener in the food processing industry. Xylose is xylan 

monomer produced from hydrolysis of hemicellulose from plants or biomass woddy biomass, while 

glucose is the result which is also produced in xylan hydrolysis by xylanase enzymatic hydrolysys. 

In the search for the source of hemicellulose, oil palm empty fruit bunch (OPEFB) as solid waste 

from crude palm oil processing is a source that can be utilized in this research. OPEFB waste is 

abundant by the increasing world demand for vegetable oil. Considering the OPEFB enzymatic 

hydrolysis was a heterogenous solid-liquid reaction, fed-batch feeding of the substrate was thought 

to improve the reaction performance. Hydrolysis experiments were performed at temperature 50
0
C, 

pH 5 and for 96 hours hydrolysys time with substrate concentration at 15% and enzyme dose of 1%. 

The result showed that the feed-batch hydrolysis configuration provided a higher yield of xylose 

and glucose than batch configuration but insignificant. 

 

Keywords : Enzymatic Hydrolysis, Fed-batch, glucose, Xylan, Xylanase, Xylose, Xylitol. 

Diterima : 17 Maret 2018 ; Disetujui : 25 April 2018; Online Published : - 

DOI : 10.24198/jt.vol12n1.9 

 

INTRODUCTION 

 Oil palm empty fruit bunches (OPEFB) 

are biomass produced from fresh fruit 

threshing in palm oil factory. In Indonesia, the 

number of this biomass is increasing as the 

increases of oil palm plantations area and the 

need for crude palm oil exports. OPEFB is 

often left to rot in the plantation area or used 

as household fuel by being burned directly 

though this waste can be reprocessed well into 

products with high economic value. The 

products that can be produced from this 

biomass conversion are the xylose and 

glucose. Both of these are monosaccharides, 

that can be obtained from OPEFB through the 

hydrolysis of strong acids or enzymatic 

hydrolysis. Hydrolysis with strong acids, will 

produce products with a darker color and 

harder to purify. In contrast, the enzymatic 

configuration hydrolysis process easier to 

purify and to control (Mardawati et al., 2014). 

 Xylose and glucose produced from the 

hydrolysis may be used simultaneously in the 

fermentation for xylitol production as the 
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substrate and co-substrate, or used separately 

for the production of various product. The use 

of xylose as a single substrate can lead to a 

low yield of xylitol, since the carbon in the 

xylose structure consumed for cell growth 

(Mardawati, Trirakhmadi and Kresnowati, 

2017). On the other hand, the process of 

xyiltol fermentation required six carbon source 

for growth cell. The production of glucose in 

xylose hydrolysis can reduce the cost of xylitol 

fermentation. 

Batch, fed-batch and continuous are 

three types of operating methods in the 

enzymatic hydrolysis process. In the batch 

method, there is no addition of raw materials 

and no harvesting of products during the 

process. The substrate is inserted at the 

beginning of the process and the yield is 

harvested at the end of the process. The 

advantage of this method is it can be done on a 

small scale. The negative effect is as the 

substrate concentration getting bingger; the 

process hydrolysis will be facing in 

heterogenous solid-liquid reaction problem 

which made the solution harder to be stirred. 

 In the fed-batch method, the substrate or 

enzyme is added during the process, and the 

product is harvested at the end. The advantage 

of this method is increasing the yield product 

since the gradually feeding of the substrate 

could decrease the heterogenous solid-liquid 

reaction. It is the goal of this research to 

compare the effectiveness of batch and 

fedbatch methods in the enzymatic hydrolysis 

if OPEFB for xylose hydrolysate production to 

be used as the substrate for xylitol 

fermentation. 

 

MATERIALS AND METHOD 

Oil Palm Empty Fruit Bunch (OPEFB) 

Empty fruit bunch was obtained from 

PTPN VIII Cikasungka Bogor, West Java, 

Indonesia. Before processing, the OPEFB was 

washed, dried and milled into rough powder 

then analyzed by NREL method.  

 

Xylanase 

Xylanase enzyme was purchase from 

Xi’an Haoxuan Bio-tech Co., Ltd, Rm. 806, 

Building 3, Orient Plaza, Nanerhuan East Sec., 

Beilin Dist., Xi'an, China. Based on DNS 

method analysis, the enzyme contain 340 U/G 

enzyme assay with 100% trough 80 mesh. 

 

Autoclave Pretreated of OPEFB 

 OPEFB autoclave pretreated was held 

in laboratory of food microbiology department 

of Food Industrial Technology Universitas 

Padjadjaran. For each hydrolysis feed, dissolve 

15% Oil palm empty fruit bunches in acetic 

acid buffer solution 0.05M pH 5, then proceed 

to pretreatment of the autoclave at 121°C for 

15 minutes. 

 

Enzymatic Batch Hydrolysis of OPEFB 

 The Enzymatic hydrolysis by batch 

method refers to the modified batch hydrolysis 

by  Mardawati (2014). Hydrolysis is done in 

incubator shaker 250mL erlenmeyer flask with 

100mL working volume of 50
0
 C at 200 rpm 

for 96 hours. 

 

Enzymatic Fed-Batch Hydrolysis of OPEFB 

 This method was performed to 

compare the yield of xylose and glucose 

produced from the batch method. The fed-

batch hydrolysis is done by gradually feeding 

the substrate four times in the first 48 hours of 

hydrolysis and divided into every 12 hours of 

hydrolysis time. Each substrate concentration 

is 15% and hydrolysis time for 96 hours. 

Xylanase dose of 1% is added just before the 

hydrolysis process begins. Hydrolysis is done 

in a 250 mL erlenmeyer flask in a shaker 

incubator at 50
0
 C at 200 rpm. 

 

Analysis of Hydrolysate Content 

The hydrolysate analysis was done in 

department of food engineering, Bandung 

Institute of thechnology using High-

Performance Liquid Chromatography (HPLC) 

series waters 1515 with refractive index 

detector to determine xylose and glucose 
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concentration. Colum used in this analysis was 

HPX87H. Details of operation method of this 

HPLC were: 5 mM H2SO4 as the carrier and 

0.6 ml/min dilution rate. Running time of each 

sample was 30 min.  

Xylose and glucose in OPEFB 

hydrolyzate were analyzed every 24 hours to 

determine the increase of product yield and 

xylanase enzyme performance during 

hydrolysis process. 

Calculating yield of Xylose and Glucose. 

The yield of glucose and xylose were calculated using folowing equation : 

                          
                     

           
                                    (1) 
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RESULT AND DISCUSSION 

 

OPEFB 

The composition of lignocellulose in 

OPEFB, varies greatly, depending on the 

genetics type and environment in which the oil 

palm is grown (Kresnowati, Mardawati and 

Setiadi, 2015). Cellulose, hemicellulose, and 

lignin are  mainly compound of lignocelulosic 

material. Table 1 shown the composition of 

OPEFB used and figured 1 shown the 

lignocellulosic composition that varies 

depending on the plant genetic and growing 

conditions of the environment. 

 

Table 1. Composition of OPEFB  

Composition % dry basis 

Hemicellulose 17,31 

Cellulose 39,47 

Lignin 23,25 

 

Lignin is the cellulose and hemicellulose 

shielding bone composed of various aromatic 

compounds. Glucose is monomer of cellulose, 

a strong hydrogen bond between glucose 

monomers, making cellulose very strong 

forming a crystalline structure.  

Hemicellulose are heteropolymer 

composed of various five-chains 

monosaccharide monomers, such as xylose, 

arabinose, galactose and mannose, so the 

bonds are weaker and easier to hydrolyze. 

However, 80 per cent of the hemicellulose 

composers are xylanes which are polymers of 

xylose (Mardawati et al., 2014) 

 

 
Figure 1. Composition of OPEFB Varies 

Genetics and Environtment growth (% dry 

basis) (Kresnowati, et all., 2015) 

 

Composition of Hydrolyzate In Batch and 

Fed-Batch Method 

 To maintain optimum conditions of 

xylanase activity, acetate buffers 0.05M are 

used with pH 5. However, acetic acid may be 

an inhibitor in the hydrolysis process, so it is 

necessary to know the concentration during the 

hydrolysis process (Figure 2). 
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Figure 2. Acetic Acid Concentration During 

Batch and Fed-batch Hydrolysis Processes 

 

The increase of acetic acid in the 

hydrolyzate during hydrolysis process occurs 

due to the hydrolysis of acetyl groups in the 

heteropolymer bond of hemicellulose (Chin, et 

al., 2014 and Guerra-Rodriguez, et al., 2012). 

Further, Chin et al. (2014) explains that 

hemicellulosic monomers such as xylose 

associated with acetyl groups can be 

hydrolyzed to acetic acid. In the reported study 

there was an increase of acetic acid to a 

constant at a concentration of 4.7 g / L 

predicted when it reached a constant point, all 

the acetyl groups in the xylose had been 

converted to acetic acid. The result of this 

formation of acetic acid is the decrease of the 

yield of xylose in the hydrolysis process (Chin, 

et al., 2014). 

The concentration of acetic acid that can 

be the inhibitor in the xylitol fermentation 

process is at a concentration of 10.5g / L 

(Ferrari, et al., 1992). In the research reported 

by Guerra-rodriguez, et al (2012) reported that 

the concentration of acetic acid in hydrolysis 

of 2.3 - 2.6 g/L did not affect the fermentation. 

 

Concentration of Substrate in Batch and 

Fed-batch Configuration 

 The use of different hydrolysis methods 

can lead to differences in xylose and glucose 

composition in OPEFB hydrolyzate. The main 

product in hydrolysis of hemicellulose by 

xilanse is xylose (figure 3). 

 
(a) 

 
(b) 

.  

Figure 3. Concentration of Xylose (a) 

and Glucose (b) during Hydrolysis Process 

Batch and Fed-batch 

From Figure 3 it can be seen that in 

hydrolysis fed-batch during gradual addition 

of substrate at 12 to 48 hours can increase the 

composition of glucose and xylose in 

hydrolyzate. Then the composition of glucose 

and xylose will be the same at 48 hours 

hydrolysis time, at that time, the volume of 

buffer and substrate is already in the same 

state in both enzymatic hydrolysis methods. 

The condition of the solid-liquid reaction at 48 

hours is also in the same condition. 

 The xylose and glucose composition 

at 72 hours of hydrolysis is higher in the fed-

batch method, because the xylanase reaction 

rate in the fed-batch method is greater. At the 

end of the hydrolysis time (96 hours) although 

not significantly different, the xylose 

composition in the hydrolysis of the fed-batch 

hydrolysis results is greater than that of the 

batch hydrolysis. Further analysis of t test 

statistics for hydrolyzate compositions is 

presented in Table 2. 
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Tabel 2. Composition of Xylose and Glucose in OPEFB Hydrolyzate 

Hydrolysis 

Time 

(Jam) 

Glucose (g/L) Xylose (g/L) 

Fed-batch Batch Fed-batch Batch 

0 0.9 + 0.07 0.7 + 0.03 0.8 + 0.01 0.5  + 0.34 

24 3.5 + 0.23 2.3 + 0.22 1.8  + 0.08 1.2  + 0.19 

48 3.8 + 0.33 3.5 + .49 1.7  + 0.19 1.7  + 0.18 

72 4.7 + 0.43 4.0 + 0.37 1.9  + 0.16 1.7  + 0.05 

96 5.9 + 0.52 5.2 + 0.29 2.2  + 0.17 2.0  + 0.02 

 

In batch hydrolysis method, substrate 

concentration will be higher than fed-batch 

method so that hydrolysis process will be 

limited by very heterogeneous solid-liquid 

reaction (Kresnowati, et al., 2015). This causes 

mass transfer between the enzyme and the 

substrate to be more difficult (Mardawati, et 

al., 2014). 

 Sun and Chen (2002) reported that 

substrate susceptibility to enzymes is 

influenced by substrate structure (degree of 

crystallinity), degree of polymerization, 

surface area and lignin content. The liquid-

solid reaction is related to the surface area in 

the TKKS substrate which affects time transfer 

between enzyme and substrate. The mass 

transfers will increase by reducing the 

heterogeneous conditions of the substrate 

solution through the gradually addition of 

substrate solution. 

 The yield yield of xylose and glucose in 

fed-batch hydrolyzate was higher than the 

batch method hydrolyzate (Table 3). This is 

because the solid-liquid reaction in fed-batch 

hydrolysis is lighter that the xylanase enzymes 

could work more optimally (Sugiharto et al., 

2016). 

 

Table 3. Yield of Glucose and Xylose in Batch 

and Fed-batch Hydrolysate. 

Products Yield (%) 

Fed-batch Batch 

Xylose 7.6 + 0.6 6.9 + 0.1 

Glucose 9.1 + 0.8 7.9 + 0.5 

 

The reduction rate of xylan or substrate 

concentration (Figure 4) can be illustrated by 

assuming the formation of xylose products in 

OPEFB hydrolyzate. 

 

 
Batch 

 
Fed-batch 

 
Figure 4. Substrate consumption and xylose 

production during hydrolysis time 

 

 Figure 4 can also be used to describe the 

concentration of the substrate in the hydrolysis 

process, represented by the substrate mass (g) 

contained in the buffer solution. In batch 

hydrolysis, the OPEFB mass is greater than the 

OPEFB mass in fed-batch hydrolysis. In fed-

batch hydrolysis, OPEFB can still be 

immersed by a buffer solution, whereas in 
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batch hydrolysis, the surface height of OPEFB 

solids in the erlenmeyer glass is proportional 

to the buffer solution. 

In this study the results of xylose and 

glucose concentrations obtained did not differ 

significantly between batch and fed-batch 

hydrolysis methods. This is due to low 

substrate concentrations, if the concentration 

of the substrate is increased by more than 

15%, there will be significant different product 

concentrations between batch and fed-batach 

hydrolysis methods. What happens in this 

experiment also occurs in experiments 

conducted by He et al (2017) and Gao, et al 

(2014) which states that at a substrate 

concentration of more than 20%, xylose can be 

produced with a number far greater than the 

substrate concentration below 15%. 

 He, et al (2017) conducted a comparison 

of enzymatic hardwood hydrolysis by batch 

method and fedbatch with 15% substrate 

concentration to produce bio-sugar. The report 

states that the amount of bio-sugar produced 

from fedbatch hydrolysis is 10.7 times greater 

than the batch hydrolysis method. 

Subsequently reported subsequent fed-batch 

enzymatic hydrolysis would be more effective 

at substrate concentrations starting with a 

substrate concentration of 15% with fedding 

intervals every 24 hours. 

 Gao et al. (2014) reported that enzymatic 

hydrolysis of fed-batch bagasse was conducted 

with a substrate concentration of 12-33% and 

could increase the concentration of xylose, 

glucose, and selobiose produced compared to 

the batch method. Furthermore, Gupta et al. 

(2012) reported that at a substrate 

concentration of 20%, the fed-batch hydrolysis 

of the juliflora enzymatic propellant can 

produce monosaccharides up to 127g / L 

compared with a batch method which yields 

only monosaccharides of 80.78g / L. 

 

Effect of Enzymatic Hydrolysis Method on 

the Morphological Characteristics. 

Figure 5 shows a comparison between 

batch and fed-batch enzymatic hydrolysis 

method. Figure 4a is the morphological cross-

section structure of OPEFB hydrolysis with 

batch mode, white figure 5b show 

morphological structure of OPEFB which 

hydrolysis with fed-batch mode. 

Figure 4. Morphological cross-section of hydrolysis solid residu 

 

Its sees obviously that the OPEFB 

morphological which had fed-batch method 

cause a substantial removal of lignin and some 

of the internal microfibers appeared in 

comparison with batch mode. Holistically, 

there is a dramatic change in the visual aspect 

with much crumble on its surface at fed-batch 

mode. Crumbel on the surface desribe as a thin 

layer in the middle of lignocellulose which 

mostly contains  hemicellulose (Kristensen et 

al., 2016). Meanwhile the porous bubble 

structrure are broken cellulose layer 

(Mulakhudair, Hanotu and Zimmerman, 

2016), its explain the larger glucose 

composition on hydrolyzed than xylose. It 

seen that the bubble porous structure is much 

broken than the thin layer structure.  
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CONCLUSIONS AND SUGGESTION 

 The results showed that enzymatic 

hydrolysis of lignoselulosic on OPEFB with 

fed-batch method increase xylose and glucose 

yield than batch method, but insignificant in 

15% of substrat concentration. The enzymatic 

fed-batch method can increase the 

performance of the process up to 28% – 33% 

for xylose and glucose yield. More efforts 

should be spent on the optimization of higher 

substrate concentration to produce more 

xylose and glucose in fed-batch configuration. 

Moreover substrate particle size optimization 

to reduce the effect of solid-liquid reaction 

between OPEFB solution and xylanse. 
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