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ABSTRACT

A minimal oil palm empty fruit bunch (OPEFB) usage encourages increased OPEFB
utilization to prevent its loss of economic prospects. The xylose and arabinose constitu-
ents of OPEFB’s hemicellulose part can be utilized as raw materials for xylitol production.
A high diabetes mellitus and periodontal disease prevalence in Indonesia makes xylitol
a safe and helpful low-calorie sweetener alternative. This research explores the
OPEFB molasses-supplemented media and compares Moniliella pollinis SP5 and other
M. pollinis ethyl methanesulfonate (EMS) mutants in xylitol yields. It was found that M.
pollinis SP5 accomplished 27% better performance in OPEFB+15%(v/v) molasses than
in OPEFB from 0.48 g/g to 0.61 g/g. In addition, M4, M5, and M6 mutants from EMS
mutagenesis generated more xylitol concentration in OPEFB + 15%(v/v) molasses com-
pared to the SP5 strain. These findings provide insights into the potential of xylitol man-
ufacture with OPEFB. For future research, it is recommended that xylitol production em-
ploying OPEFB be optimized.

Keywords: Oil palm empty fruit bunches, Xylitol, Moniliella pollinis SP5, Ethyl
methanesulfonate, Molasses, Bio-based product

ABSTRAK

Minimnya penggunaan tandan kosong kelapa sawit (TKKS) mendorong pemanfaatan
TKKS untuk menghindari hilangnya prospek ekonomi TKKS. Kandungan xilosa dan
arabinosa pada bagian hemiselulosa TKKS dapat digunakan sebagai bahan baku dalam
produksi xilitol. Tingginya prevalensi penderita diabetes melitus dan penyakit periodontal
di Indonesia menjadikan xilitol sebagai alternatif pemanis rendah kalori yang aman dan
bermanfaat. Studi ini bertujuan mengeksplorasi media TKKS dengan suplementasi mo-
lase dan membandingkan hasil produksi xilitol dari Moniliella pollinis SP5 dengan be-
berapa M. pollinis mutan lainnya dari hasil mutagenesis etil metanesulfonat (EMS). Da-
lam penelitian, ditemukan bahwa M. pollinis SP5 memiliki 27% performa produksi xilitol
yang lebih baik, dari 0.48 g/g ke 0.61 g/g, di media TKKS+15%(v/v) molase daripada di
media TKKS saja. Selain itu, mutan M4, M5, dan M6 dari mutagenesis menggunakan
EMS, menghasilkan konsentrasi xilitol yang lebih tinggi di media TKKS+15%(v/v) mo-
lase dibandingkan dengan strain SP5. Hasil ini memberikan informasi mengenai poten-
sial produksi xilitol menggunakan TKKS. Temuan ini memberikan wawasan tentang po-
tensi pembuatan xilitol menggunakan TKKS. Untuk penelitian mendatang, diharapkan
bahwa produksi xilitol menggunakan TKKS dapat lebih dioptimasi lebih lanjut.

Kata kunci: Tandan kosong kelapa sawit, Xilitol, Moniliella pollinis SP5, Ethyl
methanesulfonate, Molase, Produk berbasis bio.
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INTRODUCTION

Indonesia is one of the most signifi-
cant palm oil producers in the world, contrib-
uting approximately 59% of the world's palm
oil production (Abidin 2023). According to In-
driati et al. (2021), the total oil palm empty
fruit bunch (OPEFB) waste reached 51.8
million tonnes in 2019. However, only 10%
of the OPEFB waste has been utilized for
compost and fuel (Fithri et al. 2020). There-
fore, its utilization needs to be maximized to
maintain its economic potential in the green
and circular economy era. One way is to turn
the OPEFB waste into a raw material for
sugar alcohol, such as xylitol. Xylitol is a
sugar alcohol with characteristics similar to
conventional sugar, sucrose, in terms of
aroma and taste. However, xylitol has 40%
lower calories and is also lower in the glyce-
mic index compared to sucrose (Stylianop-
oulou 2023). The use of xylitol as a low-cal-
orie sweetener is proven safe for people
with diabetes and can prevent Streptococ-
cus mutans growth that causes periodontal
iliness (Salli et al. 2019; Benahmed et al.
2020). The high potential of xylitol utilization
and the import-dependent supply of xylitol in
Indonesia makes it crucial to explore inde-
pendent xylitol production using biotechno-
logical approach to support sustainable pro-
grams like the green economy and health in-
dependence (Arifan and Nuswantari 2020).

OPEFB comprises 46% cellulose,
23% hemicellulose, 16.5% lignin, and other
components (protein, oil ashes) (Adiguna
and Aryantha 2020). The hemicellulose
component of OPEFB can be hydrolyzed
through acid hydrolysis into glucose, xylose,
and arabinose, which can be used in xylitol
production by employing a yeast fermenta-
tion process (Mardawati et al. 2020). Xylitol
can be made through fermentation tech-
niques employing yeasts with the enzyme
xylose reductase, which is capable of cata-
lyzing the reduction of xylose into xylitol in
the presence of NADPH as the coenzyme
(Zhang et al. 2021). However, the lack of
NADPH in the production medium

can hinder the high level of xylitol pro-
duction, which is often seen as one of the
bottlenecks in the xylitol industry that em-
ploys yeast as the cell factor (Singh et al.
2023). Thus, to ensure smooth conversion
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of xylose into xylitol, enhancement of
OPEFB hydrolysate can be done by supply-
ing the additional NADPH source like su-
crose. The sucrose can be sourced from
other agro-industrial wastes such as molas-
ses. Molasses is an industrial cane sugar
waste that contains large amounts of sugar
like sucrose, making it suitable for energy
and NADPH supplies during xylitol produc-
tion (Karuppiah et al. 2019). The utilization
of industrial wastes in xylitol production aims
to lower the production cost in the industrial
setting as well as serve as the alternative so-
lution to tackle the accumulation of wastes
in the environment (Bevilaqua et al. 2023;
Liang et al. 2023). However, the usage of in-
dustrial wastes as the raw material in xylitol
production only focused on one type of in-
dustrial waste which is OPEFB as shown in
the study by Mardawati et al. (2022), Medina
et al. (2018), and Meilany et al. (2020). At
present, there are no studies that mention
the utilization of OPEFB and molasses to-
gether in xylitol production. Hence, this re-
search proposed an exploration study to
evaluate the potential of the carbon en-
hancement in OPEFB hydrolysate through
the addition of molasses which provides
new insight in the utilization of two types of
industrial wastes as the raw material in xyli-
tol production. Moreover, the addition of mo-
lasses in xylitol production can also provide
micronutrients that can increase the growth
of the cell factory as well as buffering agent
in the fermentation medium to prevent the
fluctuation in pH level (Vu€urovi¢ et al.
2018).

Even though the raw materials for xy-
litol production are available in many ways,
efficient production through naturally occur-
ring yeast such as Candida tropicalis was
hardly achieved due to the lack of robust-
ness, low yield, and cost-ineffective which
was mentioned in the study by Bevilaqua
et al. (2023). Therefore, this research tried
to utilize non-naturally occurring yeast to
produce xylitol by modifying the existing
gene that is closely related to the required
enzyme, xylose reductase, with a cost-effec-
tive mutation method such as chemical mu-
tagenesis. Moniliella pollinis (M. pollinis) is a
yeast that is known for its erythritol produc-
tion due to the presence of erythrose reduc-
tase. However, it is found that erythrose



reductase and xylose reductase have a
close phylogenetic relationship with a high
similarity in the structure and the amino acid
sequences. Therefore, strain optimization to
mutate a gene that encodes for erythrose re-
ductase to a gene that encodes for xylose
reductase can be done through mutagene-
sis using mutagens such as ultraviolet light
(UV) and ethyl methanesulfonate (EMS)
(Cheng et al. 2018). In this research, the tar-
get EMS mutagenesis is M. pollinis SP5, a
mutant type of M. pollinis that has already
undergone UV mutagenesis. This approach
was done to further randomly mutate the cell
factory to improve the robustness and yield
cost-effectively and unlock the new possibil-
ity of yeast-based xylitol production in the in-
dustrial setting. Nonetheless, M. pollinis
SP5 was also evaluated for its performance
before the EMS mutagenesis in xylitol pro-
duction using the OPEFB hydrolysate that
was supplemented with molasses. Hence,
to summarize, this research was done to
evaluate the potential of OPEFB as the main
material and molasses as the supplemen-
tary material for the production of xylitol
through fermentation methods, explore the
performance of M. pollinis SP5 in xylitol pro-
duction, and increase the production of xyli-
tol by mutating M. pollinis SP5 using EMS.

MATERIALS AND METHODS

Time and Place

The research is done in the labora-
tory of the Indonesia International Institute
for Life Science (i3L) for four months of in-
tensive research time.

Materials and Equipment

Equipment used included an oven,
SX-700 Autoclave High-Pressure Steam
Sterilizer, 1-L Duran bottles, pH meter,
Biological Safety Cabinet 1300 Series
A2-1384-G, micropipettes, TOU-50N Orbital
Shaker Incubator, Thermo Scientific Dionex
UltiMate 3000 HPLC, R-100 Rotavapor Ro-
tary Evaporator, B-100 Heating Bath, V-100
Vacuum Pump, F-105 Recirculating Chiller,
Pyrex Erlenmeyer flasks (100 mL & 500
mL), and Tecan Infinite M200 Multi-Detec-
tion Plate Reader. The materials included oil
palm empty fruit bunches (OPEFB), xylitol
(Sigma-Aldrich), xylose, arabinose, Potato
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Dextrose Agar and Broth (PDA & PDB),
Phosphate Saline Buffer (PBS), yeast ex-
tract (Himedia), H.SO4, NH4CIl, Ca(OH),,
MgS0,4.7H,0, KH2PO4, NaOH (Merck), de-
ionized water, M. pollinis SP5 culture, Poly-
ethylene glycol (PEG) 6000 (Sigma Aldrich),
ethyl methanesulfonate (EMS) (Sigma Al-
drich), sodium thiosulfate (Sigma Aldrich),
micropipette tips, 1.5-mL microcentrifuge
tubes, Petri dish, 10-mL serological pipettes
(Biologix), centrifuge tubes (15 mL and 50
mL), 0.22-um syringe filter (Nest), sterile
gauze, 10-mL syringe (OneMed), Whatman
No. 1 filter paper, 96-well microplate (lwaki),
and 2-mL HPLC vials (Shimadzu).

Methods
Oil Palm Empty Fruit Bunches (OPEFB)
Preparation

OPEFB which was used in this re-
search was obtained from an oil palm farm
in West Java. It was blended by using a
blender and cleanly washed. Furthermore,
the pieces of OPEFB were dried overnight
by using an oven. Dried OPEFB was then
put in a box and stored at room temperature
in the Indonesia International Institute for
Life Science’s (i3L) rooftop storage area.

OPEFB Pretreatment: Acid Hydrolysis
and Neutralization

Acid hydrolysis of OPEFB was done
by adding the dried OPEFB into a 1-L Duran
bottle containing 2% H>SO,4 with a ratio of
1:10. After that, the mixture-containing Du-
ran bottle was autoclaved for one hour. The
OPEFB hydrolysate was then filtered
through cotton gauze and filtered with a vac-
uum pump. Next, the filtrate’s pH was neu-
tralized with the addition of Ca(OH)» until the
pH reached 5.5. The neutralized hydrolysate
sample was then collected to examine the
presence of carbon sources such as glu-
cose, fructose, sucrose, galactose, xylose,
and arabinose.

Carbon Sources Concentration Examina-
tion by High-Performance Liquid Chroma-
tography (HPLC)

The concentration of carbon sources
(glucose, fructose, sucrose, galactose, xy-
lose, and arabinose) in the hydrolysate was
analyzed by using an HPLC (Thermo
Scientific Dionex UltiMate 3000) with
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Shodex SUGAR SP0810 column: ID 8.0 x
300 mm. The HPLC was set with the follow-
ing settings: column’s temperature at 70°C,
deionized water for the stationary phase, re-
fractive index detector's temperature at
50°C, water flow at 0.6 mL/minute, and each
sample was processed every 45 minutes.
The concentration of glucose, fructose, su-
crose, xylose, and arabinose could be cal-
culated from the result obtained from HPLC
by using the equation of each carbon
source’s standard curve.

M. pollinis SP5 Mutagenesis with EMS
and Sodium Thiosulfate

M. pollinis SP5 was pre-cultured in
PDB for two days until the culture concentra-
tion reached 1x108 CFU/mL, and the culture
was checked with the Miles-Misra method.
The preculture was then centrifuged, and
the pellet was washed with PBS twice. After
that, the washed pellet was resuspended in
1 mL PBS, and 20 pyL (2%(v/v)) of sterile
EMS was added to the culture. The usage
of the 2%(v/v) of sterile EMS was based
on the results of the preliminary research.
Preliminary research was conducted with
different concentrations of EMS: 0 (con-
trol),1, 2, and 3%(v/v), and based on the re-
sults of the preliminary research, 2%(v/v)
EMS led to 99.38% of the death rate of M.
pollinis SP5, which was sufficient for the mu-
tation of yeast (Figure 3). The culture was
then incubated at room temperature under
a completely dark environment for one hour.
After that, 8 mL of 10% sterile sodium thio-
sulfate was added to the culture, and the
sample was incubated for three hours under
dark conditions. As a negative control for the
experiment, the same procedures were re-
peated without the addition of EMS. From
these samples, 20uL from each microtube of
mutation result suspension was then spread
on PDA medium and then incubated for 4
days at room temperature. For mutant
screening, 20 growing mutant colonies on
the PDA medium were selected randomly to
be grown in the OHYM medium fortified with
15% (v/v) molasses for 5 days at 28°C and
150 RPM agitation. The control (untreated
EMS) colony will also be kept under the
same growth condition. The erythritol con-
tent in the cell culture supernatant was ana-
lyzed using HPLC as the indicator of
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whether the amount of xylitol produced af-
fects the production of erythritol as the main
product of M. pollinis.

Xylitol Production by M. pollinis Mutants
Preculture of M. pollinis Mutants

M. pollinis SP5 and 20 colonies of M.
pollinis SP5 EMS-treated mutants isolated
from the random mutation were pre-cultured
in PDB for two days. The preculture process
was done in the TOU-50N Orbital Shaker In-
cubator at 37°C with 150 RPM agitation.

Xylitol Production by Mutant M. pollinis
in OPEFB Hydrolysate with Molasses En-
hancement

The OPEFB hydrolysate was enriched
with yeast extract (10 g/L), NH4Cl (2 g/L),
MgS0O4.7H.O (1 g/L), KH2PO4 (0.2 g/L),
ZnSO, (0.07 g/L), 10%(w/v) PEG 6000,
and molasses (0%(v/v) and 15%(v/v), re-
spectively). Preculture of M. pollinis SP5
and 20 colonies of EMS-treated mutants of
M. pollinis SP5 were inoculated into the
OPEFB hydrolysate with an inoculum size of
10%(v/v) for seven days. During the fermen-
tation period, the cultures were sampled
daily and analyzed for their pH, viable col-
ony count, biomass weight, and HPLC sam-
ple. However, the 20 cultures of mutated M.
pollinis SP5 were only sampled on the fifth
day for the screening step using HPLC.

Xylitol Production and Carbon Sources
Consumption Quantification

HPLC was used to quantify the pro-
duction of xylitol and consumption of carbon
sources (glucose, fructose, sucrose, xylose,
and arabinose). The HPLC was set with the
following settings: column’s temperature at
70°C, deionized water for the stationary
phase, refractive index detector’'s tempera-
ture at 50°C, water flow at 0.6 mL/minute,
and each sample was processed every 45
minutes. The HPLC results were used to
calculate the xylitol production and carbon
sources (glucose, fructose, sucrose, xylose,
and arabinose) consumption in the OPEFB
hydrolysate media. The parameters of the
performance comparison were in the
form of xylitol production yield and xylitol
production productivity, which was calcu-
lated by using the following formulas:



total of xylitol produced (g)
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Xylitol production yield =

total of all carbons consumed (g)

xylitol concentration (g/L)

(1)

Xylitol production productivity =

Comparison of Xylitol Production by
other M. pollinis Mutants through Statis-
tical Analysis

Statistical analysis was done using a
paired T-test with JASP 0.17.0.0 to compare
the xylitol production between 20 M. pollinis
SP5 mutants with the control being M. pol-
linis SP5. The significance of the difference
in xylitol production was assessed through
the p-value, where a p-value of less than or
equal to 0.05 indicates a significant differ-
ence.

RESULTS AND DISCUSSION

Carbon Sources from OPEFB Pretreat-
ment and OPEFB Media Profile After
Molasses Enhancement

Most studies on xylitol production uti-
lize xylose as the primary carbon source.
However, reliance on xylose significantly in-
creases production costs. To address this
issue, it is essential to explore alternative,
cost-effective carbon sources, such as
agroindustrial waste. One promising option
is oil palm empty fruit bunches (OPEFB).
This biomass requires pretreatment to con-
vert it into fermentable monosaccharides
suitable for xylitol production. The pretreat-
ment method for oil palm empty fruit
bunches (OPEFB) involved acid hydrolysis
with 2% H,SO. followed by neutralization

fermentation time (h)

)

using 2 M Ca(OH),. This pretreatment pro-
cess was carried out to recover important
carbon sources in this research, specifically
xylose as the main target and arabinose as
an additional target, which are the primary
materials in the production of xylitol. Acid hy-
drolysis plays a crucial role in breaking down
the hemicellulose component of OPEFB, re-
leasing monosaccharides such as xylose
and arabinose. The mechanism involves the
cleavage of glycosidic linkages in the hemi-
cellulose polymer through the protonation of
oxygen atoms in glycosidic bonds, making
them more susceptible to nucleophilic at-
tack. This process results in the release of
the desired monosaccharides (Becker et al.,
2021). After the acid hydrolysis to the
OPEFB, the neutralization was done using
Ca(OH),. The reaction between Ca(OH).
and H,SO., forms neutral salt, resulting in a
more neutral media that is more suitable for
the growth of the cell factory. In addition, the
neutral salt from the neutralization can be
easily separated through a filtration process
which increases the convenience of the pre-
treatment process (Unrean and Ketsub
2018). Additionally, the carbon source in the
neutral pretreated media was further en-
riched by the addition of molasses. The re-
sults of the HPLC analysis can be seen in
Table 1.

Table 1. Carbon source percentage after the OPEFB pretreatment and Molasses Enhancement

Carbon Source

OPEFB 0%(v/v) Molasses

OPEFB 15%(v/v) Molasses
(9/L) (g/L)

Glucose
Fructose
Sucrose
Xylose

Arabinose
Galactose

1.59 17.39
- 10.95
- 47.19
11.80 10.07
211 4.60
0.98 -

Based on the results of the OPEFB
pretreatment in Table 1, it is evident that xy-
lose obtained the highest percentage

among other carbon sources in the recovery
process using this pretreatment method,
with a concentration of 11.8 g/L, followed by
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arabinose at 2.11 g/L after neutralization.
These results indicate that this OPEFB pre-
treatment process is capable of recovering
both the primary and additional targets
needed in this research. However, the per-
centage of xylose is still relatively low. Ac-
cording to a study by Manjarres-Pinzon et al.
(2017), the xylose concentration recovered
from OPEFB reached 32.59 g/L using 2%
H>SO4 with a 1:8 ratio. This suggests that
the pretreatment method in this research is
still not effective in recovering the main car-
bon source contained in OPEFB, and the
pretreatment process needs to be optimized
to increase the carbon source recovery rate
from OPEFB. Due to the low concentration
of the carbon source gained from the
OPEFB pretreatment, enhancement with
molasses was conducted to provide an ad-
ditional sucrose carbon source that could be
focused on as an energy source for growth
and NADPH, which is important in xylitol
production (Karuppiah et al. 2019; de Souza
Queiroz et al. 2021). In Table 1, it can be
seen that there is an increase in carbon
sources in glucose, fructose, sucrose, and

arabinose. This can encourage the cell fac-
tory to avoid using xylose and arabinose as
energy sources, instead leaving them solely
as raw materials for xylitol production.

Comparison of M. pollinis SP5 Perfor-
mance in the OPEFB Media with 0%(v/v)
and 15%(v/v) Molasses Enhancement

To increase the xylitol production
yield, PEG 6000 was added to the media,
which aimed for effective cell protection from
harmful by-products generated from the acid
hydrolysis pretreatment such as furfural and
guaiacol that can hinder the growth of the
cell factory, preventing cell damage (Pham
Le Khanh et al. 2022). To further boost cell
productivity, the yeast extract concentration
in the media was set to 10 g/L to balance the
carbon and nitrogen ratio in the media. This
is confirmed by the study of Xie et al. (2022),
which stated that the ratio balancing process
can increase the growth and cell viability
rate. The performance of M. pollinis SP5 in
the OPEFB-Molasses enhanced media is
shown in Table 2.

Table 2. The performance of M. pollinis SP5 in the OPEFB-Molassed Enhanced media

Parameter M. pollinis SP5 M. pollinis SP5
(0%(v/v) Molasses) (15%(v/v) Molasses)

Glucose consumption (g/L) 1.34 17.30

Xylose consumption (g/L) 3.38 5.24
Arabinose consumption (g/L) 1.67 -

Xylitol production (g/L) 2.40 3.19

Xylitol production yield (g/g) 0.48 0.61

Xylitol production productivity (g/L.h) 0.0143 0.0190

As shown in Table 2, M. pollinis SP5
consumed more xylose and produced more
xylitol in the media with 15%(v/v) molasses.
This indicates that molasses can supply car-
bon sources for cells in the bioconversion
process of xylitol as it contains sucrose, glu-
cose, and fructose which are essential for
the energy source and NADPH supply.
Therefore, the cell factory of M. pollinis SP5
will not utilize xylose and arabinose as the
energy source but rather for xylitol biocon-
version only (Karuppiah et al., 2019). On the
other side, there were changes in the pH
level in the culture media, which shows the
slight acidification of the media in the middle
of the fermentation process (Table 3), an in-
dication of microbes’ activity that resulted in
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an acidic by-product such as acetic acid and
citric acid (Deshpande et al. 2022). Even
though the pH turned acidic during the fer-
mentation, the medium pH nearing the end
of the fermentation process shifted to a
more neutral pH. This is evident in (Table 3),
which shows that the pH of M. pollinis SP5
cultured in OPEFB with 0% (v/v) and 15%
(v/v) molasses increased on days 4 and 5,
respectively. This pH rise suggests partial
cell death, likely due to the accumulation of
metabolites such as ammonia in the me-
dium. This was also potentially caused by
the consumption of nitrogen sources from
the yeast extract, yielding the basic ammo-
nia and the buffering activity from the molas-
ses (El-Asri and Farag 2023).
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Table 3. Data for pH of OPEFB-Molassed Enhanced media fermented by sp5 M. pollinis

Fermentation time (days)

OPEFB + 0%(v/v) molasses

OPEFB + 15%(v/v) molasses

5
5
5
4
45
5
5.5
5.5

N o o0~ WON P O

5
5
4.5
4.5
4
5
5
55

Furthermore, the growth of M. pollinis
SP5 in OPEFB with 0%(v/v) molasses
showed patterns of a log phase until day-2,
stationary phase until day-5, and death
phase from day-6 whereas the growth of M.
pollinis SP5 in OPEFB with 15%(v/v) molas-
ses showed a log phase until day-2, station-
ary phase until day-6 and death phase until
day-7 (Figure 1 and Figure 2). These re-
sults show that the addition of 15% (v/v) mo-
lasses enriches the medium, effectively de-
laying the progression of cell death. Moreo-
ver, it can be seen that M. pollinis grown in
the 15% (v/v) molasses enhancement had a
higher biomass concentration than M. pol-
linis in the 0%(v/v) molasses enhancement.
This means that the molasses enhancement
in the OPEFB media can encourage the
multiplication of the cell factory which leads
to higher xylitol production, in which the xy-
litol product yield increased by 27% with
15%(v/v) molasses (Table 2). The xylitol
production by M. pollinis SP5 in the OPEFB
media without the molasses enhancement
resulted in 2.40 g/L of xylitol with a product
yield of 0.48 g/g and volumetric productivity
of the cell factory reached 0.0143 g/L.h.

la 1

Viable colony count
(log CFU/mL)
- N W ? o O

However, when the OPEFB media was en-
riched with 15%(v/v) molasses, the xylitol
production increased to 3.19 g/L of xylitol
with a product yield of 0.61 g/g and volumet-
ric productivity of the cell factory reached
0.0190 g/L.h. These results were higher
when compared with the previous studies
that fermented OPEFB hydrolysate with De-
baryomyces hansenii with a product yield of
0.201 Qyyiito/Ouylose, and employed the com-
bination of Saccharomyces cerevisiae and
D. hansenii, of which xylitol production of
2.86 g/L was obtained with a product yield of
0.297 Qyyiitol/xylose (Mardawati et al. 2018;
Mardawati et al. 2022). In another study, fer-
mentation of OPEFB hydrolysate with
adapted Candida tropicalis resulted in a
product yield of 0.44 Qyyitof/Oxyose (Kim,
2019). The higher xylitol production and
yield by M. pollinis SP5 indicates that M. pol-
linis SP5 strain has a potential as one of the
xylitol producers besides C. tropicalis and D.
hansenii, and the addition of molasses as
substrate enhancement in the OPEFB me-
dia can positively affect the xylitol produc-
tion and the performance of the cell factory
in producing xylitol.

-1.5
-8~ \/iable colony count

- Biomass
~-1.0

0.5

(1/8) ssewolg
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o
o

24 48 72 96 120

Fermentation Time (hour)
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Figure 1. M. pollinis SP5 growth curves in OPEFB + 0%(v/v) molasses Media
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Figure 2. M. pollinis SP5 growth curves in OPEFB + 15%(v/v) molasses Media

Comparison of M. pollinis EMS Mutants
in OPEFB 15%(v/v) Molasses Media

In this research, the potential of M.
pollinis EMS mutant strains was inspected
further since there are no studies that eval-
uate the effect of EMS on M. pollinis in in-
creasing xylitol production. Mutagenesis
employing EMS was done to alkylate the
guanine (G) base, resulting in a transition of
the G/C base pair into A/T that can cause
the mutation in the gene that produces the
enzyme that can be used for xylitol biocon-
version in the cell factory which is xylose re-
ductase from erythrose reductase (Cheng et
al. 2018). However, this mutation method is

considered unpredictable and creates a di-
verse mutant population. While it is possible
for mutants with desirable traits—such as en-
hanced bioproduct production and in-
creased enzymatic activity—to occur, there
are also possibilities that EMS generates
mutants with undesirable characteristics like
reduced growth and viability. Therefore, ex-
tensive screening is required to select the
best strains that can produce xylitol in a
higher yield compared to the previous M.
pollinis UV mutant which is M. pollinis SP5.
The result from the EMS mutagenesis can
be seen in Figure 3.

Figure 3. Morphology of mutated SP5 M. pollinis before EMS treatment (control) (a), after 10 pL (b), 20

pL (c), and 30 pL EMS treatment (d)
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The M. pollinis EMS mutants were
compared and 20 colonies were chosen ran-
domly. The EMS mutants were named M
as mutants, followed by numbers that in-
dicate the order during the random picking.
The 20 mutants along with the control which
is M. pollinis SP5 were inoculated into 15%
(v/v) molasses OPEFB media and after 7-
day fermentation, the xylitol concentration
was checked and statistically analyzed. The
performance comparison of the other M. pol-
linis EMS-treated mutants and the control
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mutant (M. pollinis SP5) was revealed
through a paired t-test analysis and the p-
values can be seen in Table 4. Among 20
mutants, 11 mutants were able to produce
xylitol and from the 11 mutants, three were
capable of producing xylitol significantly
more than the control (M4, M5, M6), seven
mutants produced xylitol significantly lower
than the control (M2, M3, M7, M8, M11,
M12, M16), and one mutant was not signifi-
cantly different than the control (M1).

Table 4. P-values from other M. pollinis mutants paired t-tests

Mutants Xylitol concentration (g/L) p-value
Control M. SP5 3.19 -

M1 2.70 0.064
M2 2.00* 0.028
M3 1.60* 0.019
M4 4.04* 0,019
M5 8.86* 0,010
M6 10.56* 0,030
M7 0.29* 0.002
M8 0.96* 0.001
M9 ND -
M10 ND -
M11 0.21* 0.002
M12 0.25* 0.006
M13 ND -
M14 ND -
M15 ND -
M16 0.33* 0.002
M17 ND -
M18 ND -
M19 ND -
M20 ND -

Note: *: Significantly different Xylitol production (p<0.05), ND: Not Detected.

From the statistical analysis, it can be
seen that the mutants (M4, M5, and M6)
were capable of producing xylitol with a sig-
nificant increase in comparison to the control
mutant (M. pollinis SP5), as much as 0.26
times higher by M4, 1.77 times higher by M5,
and 2.31 times higher by M6 than the control
mutant (Table 4). This shows that mutagen-
esis using chemical mutagent can improve
the performance of the cell factory to pro-
duce the desired products which is also
aligned with the previous study (Prabhu et
al. 2020). Furthermore, this result indicates
the possibility of using non-naturally occur-
ring organisms in producing xylitol which
gives the xylitol industry more choices in cell
factories for production. According to
Khatape et al. (2023), for instance, EMS

mutagenesis successfully produced a mu-
tant with an increase in the production of an-
other sugar alcohol, erythritol, by 30%.
Therefore, this gives an insight into the po-
tential of further optimization for xylitol pro-
duction using OPEFB and molasses in
terms of the cell factory.

CONCLUSION

OPEFB pretreatment methods have
successfully retrieved xylose and arabinose
as the carbon source of xylitol. In addition,
molasses enrichment in OPEFB media and
the use of SP5 mutant M. pollinis increased
the xylitol product yield by 27%, achieving
xylitol product yield from 0.48 to 0.61 g/g.
Moreover, other M. pollinis mutants showed
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a higher xylitol production in the
OPEFB+15%(v/v) molasses media, where
M4, M5, and M6 produced xylitol 0.26, 1.77,
and 2.31 times more than the control. In this
research, there is still much room for more
optimization that can be further inspected in
the future, such as the use of other industrial
waste for xylitol production and the improve-
ment of purity from the purification. There-
fore, such optimizations are expected to be
done in the next research to support sustain-
ability in Indonesia.
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