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 
ABSTRACT 
 
Xylitol is a type of alcohol sugar that is often used in various 
pharmaceutical and food industries. Xylitol can be produced 
from raw materials that contain lots of hemicelluloses. 
Hemicellulose is commonly found in various agricultural 
wastes such as bagasse, corncobs, oil palm bunches, and 
others. This review discusses various methods for xylitol 
production. In general, the production of xylitol uses 
chemical and biotechnological processes. Chemical 
production is generally carried out by hydrolysis using 
chemical catalysts or metals, while the biotechnological 
production is carried out by enzymatic and fermentation 
utilizing the role of microorganisms. Xylitol production in 
biotechnological methods has been developing rapidly to 
replace chemical production because xylitol yields are high 
and are environmentally friendly.  
 
Key words: Xylitol, hemicellulose, xylose, sweetener, 
biotechnology.  
 
1. INTRODUCTION 
 

Xylitol (C5H12O5) is a natural sweetener used in foods as a 
substitute for sucrose due to its sweetness and low-calorie 
content [1]. It is a pentose alcohol sugar, which is usually used 
as a substitute for sugar because xylitol has mainly benefits 
related to functional effects on health [2]. Xylitol has several 
advantages when applied to the chemical, pharmaceutical, 
and food industries [3]. Xylitol has been widely applied to 
various formulations in the food industry, especially in the 
confectionery, bakery, and pharmaceutical industries [4], [5]. 
Xylitol has good sweetening properties for health because it 
has the activity and ability to inhibit the microorganisms and 
shows the presence of anti-carcinogenic properties [2]. 
Xylitol has been proven to provide various health effects, 
especially for teeth and different other organs such as skin, 
digestive tract, bones, ear nose, throat, immune function, and 
weight management [6]. 
 

 

Xylitol can be produced from organic materials that 
contain high amounts of xylose sugar [2], [3]. Xylose-rich 
hemicellulose hydrolyzate has been developed as a substrate 
for producing xylitol [7]. Xylose is a component of 
hemicellulose. Material containing hemicellulose can be used 
as a raw material for producing xylitol. Besides, xylose can be 
modified into various kinds of derivative components other 
than xylitol, including furfural, propanol, acetoin, succinic 
acid, lactic acid, butanol, ethanol, acetic acid, acetone, butyric 
acid, and 2,3-butanediol [8]. 

Various agriculture-based industries produce waste or 
by-products that usually still precious of lignocellulose or 
materials containing pentose sugar and hemicellulose in large 
quantities [7]. Some ingredients that contain high pentose 
sugar include cornhusk and bagasse. Cornhusk is a 
by-product of corn milling. It contains pentosan, which is rich 
in arabinoxylan, which can be used as a raw material for the 
production of xylitol [2]. While sugarcane bagasse, which is 
the residue of the sugarcane extraction process, is a source of 
biomass rich in lignocellulose for the production of biofuels 
and additional sweeteners such as xylitol [9]. 

Xylitol can be produced chemically, thermo-chemically, 
and biotechnologically. At present, xylitol production is 
generally carried out chemically [2]. Industrially, xylitol is 
produced by chemical hydrolysis and xylan hydrogenation 
[10], followed by the reduction of xylose derivatives from 
hemicellulose hydrolysates. Chemical processes require 
catalysts such as ruthenium, palladium, and nickel at high 
temperatures (80-140 °C) and high pressures (±50 atm), thus 
requiring high energy and costs [7]. Chemical processes are 
usually expensive and require a lot of energy because they use 
metal catalysts, which are costly and produce low selectivity 
resulting in the formation of L-Arabinitol and other 
by-products [11]. As an alternative, xylitol can be produced 
biotechnological replacing conventional chemical processes 
[7]. Biotechnology or bioprocess production has developed 
rapidly for various synthesis or production of organic 
components such as protein modification into bioactive 
peptides [12], [13], modification of lipids into structured 
lipids [14], [15], and carbohydrate modification to modify 
starch and various types of sweeteners [16]. 
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In biotechnology, xylitol is produced by fermentation using 
microorganisms or enzymatic [17], [18]. The advantages of 
biotechnological production using both microbiology and 
enzymatic are relatively low temperatures, specific reactions, 
and does not cause environmental problems or are 
environmentally friendly [18], [19]. In general, 
microorganisms used in biotechnological production of 
xylitol are yeast. This review discusses various methods for 
xylitol production, especially by biotechnological processes 
using microorganisms. 
 
2. XYLITOL PRODUCTION 
 
2.1 Chemical methods for the production of xylitol 
 

Chemical methods for xylitol production can be carried out 
through several stages, including hemicellulose extraction, 
hydrolysis of hemicellulose to xylose, and hydrogenation of 
xylose to xylitol [2]. The extraction of hemicellulose 
components can be conducted using Tetrabutylammonium 
hydroxide (TBAH) [20]. Hemicellulose-rich material mixed 
with TBAH then agitated at 50-70 °C for 60-120 minutes, 
then centrifuged. The liquid fraction was adjusted to pH 4, 
then stored overnight in cold temperatures (4 °C) to 
precipitate hemicellulose. The liquid fraction was then 
centrifuged to collect hemicellulose. Furthermore, ethanol 
(95%) was used to wash centrifuged pellets. 

Isolation of the hemicellulose fraction can also be initiated 
by dewaxing the sample using a mixture of 50:50 ethanol/ 
toluene (v/v) for 2 hours to remove the lipid component. The 
dewaxed sample was then added with KOH. The hydrolyzate 
obtained was then collected, and the pH adjusted to 5.5 by 
H2SO4, then 95% ethanol was added, and the solution was 
incubated at room temperature. The solids obtained were then 
washed using 75% ethanol and deionized water. Solids were 
collected through centrifugation after everything was washed 
and dried [2]. 

Hemicellulose obtained was then hydrolyzed by mixed with 
72% H2SO4 and refluxed at 30 °C for 1.5 hours [2]. The 
concentration of acid was then reduced by adding water. The 
mixture was then heated at 100 °C for 2 hours, then cooled, 
while the pH was adjusted to neutral pH by adding NaOH 
solution. Liquid sugar was then reduced by adding NaBH4. 
Xylose was concentrated in the hemicellulose fraction; 
therefore, hemicellulose from the sample needs to be isolated 
and used for the preparation of xylose extract. Isolates from 
the hemicellulose fraction were hydrolyzed using H2SO4 to 
release sugar. The hydrolyzate was then reduced using NaBH4 
after the pH adjustment became neutral. 
According to Delgado et al. [8], the chemical production 
process of xylitol, in general, is Lignocellulosic hydrolysis 
biomass rich in xylan with acid catalysts that will produce 
hydrolyzed rich in xylose. Xylose obtained was then purified 
and hydrogenated using H2 gas to produce xylitol. Xylitol 

obtained was then separated and purified, whereas 
thermochemical production is generally carried out by mixing 
samples with water and hydrolyzed in a reactor to release 
sugar at high temperature (±250 °C) at a pressure of about 
27.6 MPa. The hydrolyzate was then reduced using hydrogen 
with a Ru/C catalyst. 

2.2 Production of xylitol by biotechnological methods 
Hemicellulose-rich ingredients are pre-treated by 

hydrolysis of acid dilution and detoxification [3]. The sample 
was diluted using acid in a stainless steel reactor. 
Pre-treatment with acid dilution using different treatments. 
Dhar et al. [21] hydrolyzed acid dilution in sorghum by 
sulfuric acid at 121 °C for 70 minutes in the autoclave. The 
obtained biomass was then washed, and then the pH was 
adjusted to neutral by calcium carbonate followed by sodium 
hydroxide. The biomass was then concentrated to produce 
pentose (mostly xylose) by vacuum concentrator. 

Jia et al. [20] hydrolyzed hemicellulose in acid dilution 
using 7% sulfuric acid, then heated 100 °C for 2 hours. The 
resulting hemicellulose hydrolyzate was collected using 
filtration and subsequently detoxified. In another study, 
Kumar et al. [11] hydrolyzed hemicellulose using HNO3 at 
concentrations of 0.25-1.5%.  The mixture was autoclaved for 
30 minutes, then followed by cooling to stop the reaction. The 
precipitation results were removed by centrifugation at 
10,000 rpm for 15 minutes. The parameters that affect the 
hydrolysis process are pH, temperature, and reaction time 
[11]. Acid dilution also causes changes in the sample cell wall 
[22]. The cell wall initially shows an uneven surface, 
surrounded by many filled cavities. Treatment with acids 
causes most cells to lignify on the inside of the cell wall 
matrix. HNO3 dilution treatment at high temperatures causes 
changes in the structure of the cell wall. The process of 
hydrolysis removes the amorphous component and changes 
the structure of crystalline. The loss of lignin results in the 
formation of pores because hydrolysis causes the damage of 
the cell wall resulting in swelling of the fiber and causes the 
formation of large hollow spaces [22]. 

Several methods can be used to improve product formation, 
including concentrated hydrolyzate is detoxified by H3PO4 
and CaO, then followed with the addition of charcoal powder. 
The final pH was adjusted to about 5.5 by sodium hydroxide 
[3]. Jia et al. [20] detoxified hemicellulose hydrolyzates using 
5% (w/v) of charcoal. The mixture was then filtered to 
segregate the charcoal. The pH was adjusted to 10 using 
calcium carbonate, then sodium sulfite was added, while the 
pH was adjusted to neutral by adding sulfuric acid. In another 
study, Kumar et al. [11] have successfully detoxified using ion 
exchange resins, namely hemicellulose hydrolyzate  (nitrate) 
and the fermentation inhibitors (phenolic content) removed 
by the formation of a strong cationic ion exchange resins 
using A-15 hydrogen followed by A-15 hydrogen A-IRN78 
strong anion ion exchange resin. 
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The detoxified hydrolyzate was then fermented using a 
bioreactor with different fermentation capacity based on the 
tools used. The fermentation process will produce xylitol. In 
addition to fermentation production, saccharification 
processes can also be carried out. Enzymatic saccharification 
was carried out on the shaker orbitals at temperatures of 30 
°C, 200 rpm, with percentages of solids of 5-10%. The 
enzyme used was Cellic CTec2 because it has high cellulase 
and hemicellulase activity. Samples were then analyzed using 
HPLC to determine the concentration and yield obtained [10]. 

In general, the process of producing xylitol by means of 
biotechnology includes the stages of acid dilution hydrolysis, 
detoxification, and fermentation or saccharification. The 
main problem in the process of producing xylitol in large 
quantities is the presence of inhibitors in the hydrolyzate [9]. 
Hemicellulose hydrolyzate contains a mixture of pentose and 
hexose sugars and other components that formed during the 
hydrolysis [7]. One way to increase xylitol productivity is by 
ultrasound-assisted xylitol fermentation [9]. 

Ultrasound-Assisted Xylitol Fermentation can be 
conducted in an Erlenmeyer flask placed in an ultrasound 
bath. Erlenmeyer flask was laid out in the middle of a bath 
sonicator that has been filled by water. The fermentation 
temperature was maintained at about 30 °C for a specified 
period. Fermentation was carried out until the residual 
concentration of xylose was reduced to less than 10%. The use 
of sonication during fermentation shows that xylitol 
productivity has more than doubled [9]. 

Vaz de Arruda et al. [3] conducted a study to scale up the 
xylitol production with the yeast of Candida guilliermondii. 
The study was conducted using a pilot-scale with a bioreactor 
capacity of 125 L and compared with the lab-scale (2.4 and 18 
L). Measurement of kLa value was carried out in the absence 
of respiration of microorganisms. The fermentor was 
conditioned to fit the research needs, and the fermenter after it 
was filled with the medium, then oxygen was removed by 
nitrogen filling. The dissolved oxygen (DO) values were 
observed based on stirring conditions and airflow. The results 
showed that the conversion of xylose to xylitol could be raised 
with a minimum of conversion efficiency was about 60%. 
 
 
3.  MECHANISM OF FORMATION OF XYLITOL BY 
MICROORGANISMS 
 

Microorganisms that play a role in the formation of xylitol 
in the fermentation of hemicellulose biomass are various 
types of yeast. Some types of yeast used are Candida 
guilliermondii FTI 20037 and Debaromyces hansenii (NRRL 
Y-7426) [1], Candida tropicalis MTCC 184 [9], Candida 
guilliermondii FTI 20037 [3], Candida nepalensis [7], 
Candida magnolia TISTR 5663 [23], Komagatela pastoris 
[24], Saccharomyces cerevisiae PE-2 [10], Candida 
tropicalis MTCC 6192 [11], Candida tropicalis [20], [25], 

and Kluyveromyces marxianus ATCC 36907 [22]. 
According to Dhar et al. [21], apart from xylose, xylitol could 
also be produced from arabinose where xylose and arabinose 
were transported through microorganism cells. D-xylose was 
converted to xylitol in the presence of NAD(P)H dependent 
reduction. L-arabinose was converted to xylitol with a 
combination of L-xylulose reductase, D-psicose 3 epimerase, 
and arabinose isomerase. The reduction equilibrium of 
NAD(P)H in the reaction was produced by the pentose 
phosphate pathway. The production of xylitol in cells was 
excreted through unknown transporters. Fermentative xylitol 
production had been successfully carried out as a product of 
yeast fermentation that depends on several parameters such as 
the inoculum concentration, the presence of other 
contaminants or toxic contents, initial xylose concentration, 
temperature, pH, and oxygen [3]. 

4. YIELD OF XYLITOL 
Yield conversion of xylose to xylitol could be calculated 

based on the ratio between xylose consumption and xylitol 
concentration [3]. Xylitol yields from several studies, 
including Jia et al. [20], that producing xylitol from 
hemicellulose hydrolyzate corncobs in biotechnology using C. 
tropicalis CICC1779 obtained yields reaching 0.77 g/g. 
Fairuz et al. [22] produce xylitol from hemicellulose oil palm 
fronds (OPF) by biotechnological methods using K. 
marxianus ATCC 36907, yielding around 0.35 g/g. Whereas 
Vaz de Arruda et al. [3] produced xylitol using sugarcane 
bagasse as raw material, biotechnologically using C. 
guilliermondii, yielding around 0.66 g/g. Baptista et al. [10] 
producing xylitol from biotechnologically conditioned media 
using recombinant yeast of S. cerevisiae PE-2-GRE3 
obtained yields reaching 0.99 g/g. Whereas Pappu and 
Gummadi [7] produce xylitol from Media + glucose 10 g/L + 
xylose using D. nepalensis obtained yields reaching 0.54 g/g. 
Based on the xylitol yield data, it shows that the highest yield 
is in raw material with conditioned media and recombined 
yeast. Naturally, yeast S. cerevisiae cannot metabolize xylose, 
so recombination needs to be conducted first [10]. The 
increasing of xylitol yield can be performed by modifications 
to the xylitol production process are needed. Modifications 
are often used to improve the yield, nutritional, sensorial, and 
physicochemical properties of the products [26], [27], [28]. 
Modifications can be made starting from the preparation 
phase of hemicellulosic materials, purification technology or 
detoxification of xylose rich hydrolyzate, optimization of 
fermentation conditions by microorganisms or chemical 
catalyst selection and reaction conditions, xylitol purification 
obtained, and the crystallization process of xylitol [29]. 
Various studies to improve yield conversion from xylose to 
xylitol continue to grow. Xylitol has the potential to be a 
sweetener substitute for sucrose which is safe for consumption 
by diabetics. Diabetes has become a deadly disease and 
continues to increase throughout the world [30]. 
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5. CONCLUSION 
The production of xylitol can be conducted both chemically 
and biotechnologically. Still, the biotechnological method has 
several advantages, especially the use of low temperatures, 
environmentally friendly, and it produces a higher xylitol 
yield. The combination of treatments in each production 
process can produce differences in the yield of xylitol 
produced where the yield in the biotechnological process 
using conditioned media and recombined S. cerevisiae show 
good effectiveness and high yields.  
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