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Abstract. Indonesia, a leading palm oil producer, generates 1,250 tons of Oil Palm Empty Fruit Bunches (OPEFB) 

waste daily, typically disposed of through polluting combustion. This study explores repurposing OPEFB as a 

substrate for erythritol production, a popular sweetener with minimal impact on blood sugar. The research utilized 

Moniliella pollinis mutant SP5, a yeast capable of producing erythritol from various substrates. The process 

involved acid hydrolysis of OPEFB followed by fermentation. When fortified with 15% v/v molasses, OPEFB 

successfully served as an optimal carbon source for erythritol production, achieving a mass yield of 0.2878 g/g. 

Further improvement came through the use of ethyl methane sulfonate (EMS) mutagenesis, with the best mutant 

(mutant 7) reaching a yield mass of 0.3298 g/g and volumetric productivity of 0.0534 g/L/h. This research aims to 

advance Indonesia's self-sufficiency in erythritol production while providing a sustainable solution for OPEFB 

waste reduction, simultaneously addressing economic and environmental concerns.  
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INTRODUCTION 

Sweetness enhances food palatability by 

improving mouthfeel and masking unfavorable 

flavors, but high sugar consumption endangers 

diabetics (Asseo & Niv, 2022). With global 

diabetes cases projected to increase from 537 

million in 2021 to 643 million in 2030, low-calorie 

sweetener demand continues rising (Soliman et 

al., 2024; Daher et al., 2022). Erythritol presents 

an ideal sucrose alternative, offering 60-70% of 

sucrose's sweetness with minimal calories (0.2 

kcal/g) (Xu et al., 2022). Its antioxidant properties 

and non-diabetogenic, non-carcinogenic nature 

make it suitable for diabetics and individuals with 

obesity. Traditional commercial erythritol 

production methods are inefficient and costly 

(Soetan et al., 2023). Biotechnological approaches 

using microorganisms to convert inexpensive 

carbon sources provide more economical 

alternatives (Deshpande et al., 2022). Oil Palm 

Empty Fruit Bunch (OPEFB), a major palm oil 

industry waste, represents one such carbon source 

(Wen et al., 2022). Indonesia, which produced 

83% of global palm oil exports in 2013, generates 

approximately 51.8 million tons of OPEFB 

annually (Indriati et al., 2021; Shigetomi et al., 

2020). 

Most OPEFB waste is currently incinerated, 

releasing pollutants and contributing to global 

warming (Adu et al., 2022). This is particularly 

unfortunate as OPEFB is enriched with sugars, 

including glucose, that could serve as an excellent 

substrate for bioprocessing (Rosli et al., 2017). 

Indonesia's abundant OPEFB resources and green 

economy initiatives create opportunities to 

repurpose this waste into valuable products using 

microorganisms like Moniliella pollinis. Research 

has shown that M. pollinis MUCL 40570 produces 

erythritol under high osmotic pressure conditions 
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(Hijosa-Valsero et al., 2022). While native strains 

yield relatively low erythritol amounts, chemical 

mutation can develop superior variants with 

improved efficiency. 

This research enhances erythritol 

productivity using OPEFB by implementing 

chemical mutations and molasses supplementation 

with M. pollinis SP5. Molasses, a sugar-

processing byproduct, contains nutrients essential 

for yeast growth, including carbon, nitrogen, 

vitamins, and minerals that serve as enzyme 

cofactors (Daza-Serna et al., 2021). Its 

approximately 50% sugar content, primarily 

sucrose, can be hydrolyzed by M. pollinis into 

glucose and fructose for growth and erythritol 

production (Sjölin et al., 2024). Molasses' high 

mineral salt content acts as a buffer system, 

maintaining a suitable pH (Mangwanda et al., 

2023), while its vitamin content, particularly 

biotin and thiamine, supports yeast metabolism 

(Evers et al., 2023). Preliminary studies with M. 

pollinis SP5 achieved an erythritol yield of 0.120 

g/g with volumetric productivity of 0.065 g/L/h.  

The production of erythritol from OPEFB 

supplemented with molasses, optimized via 

chemical mutagenesis of M. pollinis SP5, presents 

a sustainable solution that supports food security, 

health independence, and aligns with UN 

Sustainable Development Goals centered on 

societal well-being. By utilizing underused 

agricultural waste, this study advances scientific 

knowledge, promotes circular economy practices, 

reduces environmental pollution, and fosters the 

commercialization of healthier sugar substitutes.  

METHODS 

Oil Palm Empty Fruit Bunch (OPEFB) 

Hydrolysate Preparation. 

In the first stage of OPEFB processing, the 

OPEFB was chopped, dried, blended, and mixed 

into 2% (v/v) H2SO4 with a ratio of 1:10 (OPEFB: 

acid) in a sealed 1 L Duran bottle. Then, the Duran 

bottle was autoclaved using the SX-700 Autoclave 

High-Pressure Steam Sterilizer for 1 hour at 

121°C. The resulting hydrolysate was filtered 

through a cheesecloth into a 1 L beaker and 

neutralized with Ca(OH)2 until pH 5.5, then 

vacuum filtered with 0.22 μm Whatman Filter 

Paper and a Buchner funnel. The neutralized 

hydrolysate was analyzed using High-

Performance Liquid Chromatography (HPLC) to 

measure glucose, sucrose, arabinose, xylose, and 

fructose levels (Clarissa et al., 2024). To detoxify 

the OPEFB hydrolysate from fermentation 

inhibitors (e.g., furfural and guaiacol), 8.33 mM of 

sterile polyethylene glycol 6000 (PEG-6000) was 

added as much as 10% (v/v) of the hydrolysate that 

has been filtered using a 0.22 μm syringe filter 

(Nogueira et al., 2021).  

Activation and Production of Erythritol Using 

Moniliella pollinis SP5 

To activate the yeast, M. pollinis SP5 was 

inoculated into a 250 mL Erlenmeyer flask 

containing 100 mL of Potato Dextrose Broth 

(PDB) medium, then incubated at 28°C with 150 

rpm agitation for 2 days (Kembaren et al., 2025). 

After incubation, the preculture concentration was 

adjusted to a concentration of 1×107 Colony 

Forming Unit per Milliliter (CFU/mL) and then 

transferred to 300 mL of OPEFB Hydrolyzed 

Yeast Minerals Media (OHYM) (OHYM 

composition is 10 g/L yeast extract, 2 g/L NH4Cl, 

1 g/L MgSO4·7H2O, 0.2 g/L KH2PO4, and 0.07 

g/L ZnSO4·7H2O) production medium with a 10% 

(v/v) preculture ratio. Then, this was incubated at 

28°C with 150 rpm agitation for 7 days. During 

the incubation period, daily observations were 

made on the cell culture based on cell count 

(CFU/mL) and pH using an Ohaus pH meter. The 

erythritol content in the cell culture supernatant 

was analyzed using HPLC (Thermo Scientific 

UltiMate 3000). 

Optimization of Erythritol Production with 

the Addition of Molasses as a Supplementary 

Substrate 

Optimization of erythritol production was 

carried out by adding molasses in 3 different 

concentrations of 15%, 25%, and 50% (v/v) in 300 

mL of OHYM production media. Before the 

addition of 10% (v/v) preculture into the 

production media, 8.33 mM of sterile 

polyethylene glycol 6000 (PEG-6000) was added 

as much as 10% (v/v) of total media volume for 

detoxification. Then, the production media were 

incubated for 7 days at 28°C with 150 rpm 

agitation using an Incubator-Shaker (TOU-50N 

Orbital Shaker Incubator) (Kembaren et al., 

2025). During the incubation period, daily 

observations were made on the cell culture based 

on cell count (CFU/mL) and pH (using a pH 

meter), which were all done with three technical 

replicates. The erythritol content in the cell culture 

supernatant was analyzed using HPLC. 
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𝑋 =
𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 (𝐶𝐹𝑈/𝑚𝐿) − 𝑀𝑢𝑡𝑎𝑛𝑡 𝑃𝑙𝑎𝑡𝑒 𝑤𝑖𝑡ℎ 𝐿𝑒𝑎𝑠𝑡 𝐶𝑜𝑙𝑜𝑛𝑦 (𝐶𝐹𝑈/𝑚𝐿)

𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 (𝐶𝐹𝑈/𝑚𝐿)
× 100%            (1) 

 

 

Chemical Mutation in Moniliella pollinis 

Cultures 

Mutations in M. pollinis SP5 were performed 

using a chemical mutagen, specifically ethyl 

methane sulfonate (EMS) (Khatape et al., 2023). 

The preculture for mutation was grown using 10 

mL PDB media and incubated for 2 days at 28°C 

with 150 rpm agitation using an Incubator-Shaker 

(TOU-50N Orbital Shaker Incubator). Before 

mutation, the cell concentration was checked 

using the Miles-Misra method. The preculture 

concentration was adjusted to a concentration of 

1×107 CFU/mL. The preculture was divided into 4 

microtubes, with each microtube containing an 

aliquot of 1 mL preculture. The microtubes were 

then centrifuged to separate the cells from the 

growth medium. The pellet was washed using 

phosphate-buffered saline (PBS) twice and 

resuspended in 1 mL PBS. Sterile EMS was added 

to the 1 mL suspension with concentrations of 0%, 

1%, 2%, and 3% (v/v) separately in each 

microtube, then incubated for one hour at room 

temperature in a dark condition. After incubation, 

8 mL of 10% sterile sodium thiosulfate was added 

to each microtube and incubated at 28°C for 3 

hours in the dark condition. As a negative control 

for the experiment, the same procedures were 

repeated without the addition of EMS. From these 

samples, 20 µL from each microtube of mutation 

result suspension was then spread on Potato 

Dextrose Agar (PDA) medium and then incubated 

for 4 days at room temperature. The calculation of 

the mortality rate of the mutant colonies was 

performed after the incubation period. The 

mortality rate (X) was calculated using equation 

(1). 

For mutant screening, ten 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 negative control 

(untreated EMS) colony will also be kept under 

the same growth conditions for comparison. The 

erythritol content in the cell culture supernatant 

was analyzed using HPLC. The two mutants with 

the highest erythritol production were cultured 

within the OHYM medium fortified with 15% 

(v/v) molasses for 7 days at 28°C with 150 rpm 

agitation. During incubation, daily observations 

were made on the cell culture based on cell count 

(CFU/mL) and pH (using a pH meter), which were 

all done with three technical replicates. The 

erythritol content in the cell culture supernatant 

was analyzed using HPLC. 

Analysis of Erythritol Production and 

Substrate Consumption Using HPLC 

The supernatant of the collected cell culture 

was analyzed for erythritol content and 

monosaccharide content using standards such as 

glucose (Merck), sucrose (Sigma-Aldrich), 

arabinose (VWR), xylose (Sigma-Aldrich), 

fructose (Merck), and meso-erythritol (TCI) for 

identification and quantification using HPLC 

using a Thermo Scientific Ultimate 3000 HPLC 

with a Shodex™ SUGAR SP0810 column (8.0 mm 

I.D. x 300 mm). HPLC analysis was run with the 

following settings: column temperature at 80℃, 

mobile phase with 100% type 1 distilled water, 

Refractor Index (RI) detector at 50℃, flow rate at 

0.7 mL/min, and run time of each sample for 35 

minutes (Kembaren et al., 2025).  

The yield mass and the volumetric 

productivity were calculated based on the HPLC 

results. The calculation for erythritol yield mass 

(Y) was done using equation (2) 

 

𝑌 =
𝑒𝑟𝑦𝑡ℎ𝑟𝑖𝑡𝑜𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔/𝐿)

𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑐𝑎𝑟𝑏𝑜𝑛 (𝑔/𝐿)
  (2) 

 

The calculation for erythritol volumetric 

productivity (V) was done using equation (3) 

 

𝑉 =
𝑒𝑟𝑦𝑡ℎ𝑟𝑖𝑡𝑜𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔/𝐿)

𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛 (ℎ)
   (3) 

RESULTS AND DISCUSSION 

pH Results Analysis 

Microorganisms in bioprocesses require 

specific pH ranges for optimal growth, with 

deviations potentially impairing metabolism and 

affecting yield. Monitoring culture pH provides 

insight into Moniliella pollinis growth patterns, 

where decreasing pH indicates organic acid 

accumulation from metabolic activity, confirming 

fermentation progress (Pau et al., 2022). However, 

extreme pH decreases negatively impact erythritol 

production by reducing viable cells, while 

significant pH increases may signal cell death and 

fermentation cessation (Carsanba et al., 2021). 

Analysis of M. pollinis SP5 strain cultured for 7 

days revealed that OPEFB media without 
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molasses exhibited more dramatic pH fluctuations 

compared to molasses-supplemented media. 

Molasses functions as an alternative carbon 

source, containing 30-35% (w/w) sucrose, 10-

25% (w/w) glucose, 10-25% (w/w) fructose, plus 

essential minerals and vitamins that optimize cell 

growth periods (Jamir et al., 2021). Figure 1 

demonstrates that unsupplemented media showed 

increasing pH from day 5, peaking at day 7, 

indicating cell death as ammonia accumulated. 

Conversely, molasses-supplemented media 

maintained relatively stable pH, showing only 

slight increases on day 5, suggesting continued 

growth and stationary phase maintenance. This 

stability stems from molasses' inherent buffer 

capacity, which helps maintain media pH 

equilibrium (Ungureanu et al., 2022). These 

findings highlight molasses' importance in 

maintaining favorable conditions for extended M. 

pollinis cultivation and erythritol production. 

 

 
Figure 1. pH measurement result of M. pollinis 

SP5 strain for a period of 7 days. (Symbols: ●: 

OPEFB + 0% (v/v) molasses, ◼: OPEFB + 15% 

(v/v) molasses, ▲: OPEFB + 25% (v/v) molasses, 

and ◆: OPEFB + 50% (v/v) molasses). 

Correlation Analysis of Viable Cell Count 

(CFU/mL) and Sugar Content 

The Miles-Misra method was employed to 

determine viable cell counts in production media 

by plating diluted culture samples to produce 

countable colonies. This method enables 

estimation of cell density at specific timepoints, as 

CFU/mL correlates directly with living colonies in 

the media. Measuring CFU/mL at intervals reveals 

growth curves showing cell lifecycle phases: lag 

(adaptation), exponential (growth), stationary 

(balanced growth and death), and death phase 

(declining cell numbers) (Ram et al., 2019). Figure 

2 reveals that media with higher molasses 

concentrations (25% and 50% v/v) contain 

significantly lower detectable levels of xylose and 

arabinose compared to lower molasses 

formulations (0% and 15% v/v). This occurs 

because sucrose peaks from molasses overshadow 

xylose and arabinose peaks in HPLC readings. 

While OPEFB hydrolysate primarily yields xylose 

and arabinose, molasses predominantly contains 

sucrose and glucose (Mardawati et al., 2017). The 

substantial concentration differences hinder 

detection of the lower-concentration sugars during 

HPLC analysis. 

OPEFB without molasses showed only a 

brief exponential phase on day one, followed by a 

significant decline. HPLC analysis revealed 

xylose and arabinose as the main sugars from 

OPEFB hydrolysis, but their minimal decrease 

over time indicates OPEFB alone provides 

suboptimal support for M. pollinis growth. 

Conversely, OPEFB with molasses additions 

(15%, 25%, and 50% v/v) demonstrated more 

stable growth with extended exponential phases 

(days 1-3) and gradual declines. Media with 15% 

and 25% molasses showed gradual decreases in 

cell numbers during days 3-5. The 15% molasses 

formulation provided sufficient sugar for culture 

development while leaving minimal residual 

glucose and sucrose, evidenced by their 

significant decrease as fermentation progressed. 

Decreasing sucrose and glucose levels alongside 

increasing fructose and erythritol concentrations 

demonstrate the culture's substrate utilization and 

erythritol production capabilities. M. pollinis 

contains sucrose invertase enzyme, which 

hydrolyzes sucrose into glucose and fructose, with 

activity increasing as glucose levels decline (Erian 

& Sauer, 2022). This explains decreased sucrose 

levels by day 3 across all molasses-containing 

media, increased fructose, and relatively stable 

glucose levels due to simultaneous consumption 

and replenishment from sucrose. 

A consistent spike in erythritol concentration 

appeared on day 3 in 15% and 25% molasses 

formulations, suggesting a correlation between 

invertase activity and erythritol production during 

the stationary phase. Subsequent glucose 

decreases likely resulted from rapid consumption 

for growth and erythritol production. Higher 

molasses concentrations, as shown in Figure 2 

with 50% molasses addition, did not correlate with 

increased erythritol production. Hyperosmotic 

conditions triggered by high molasses 

concentrations cause adaptive cellular responses, 

redirecting carbon flux from erythritol production 

to cell growth for survival (Carly & Fickers, 2018; 

Yang et al., 2015). Between days 5-7, M. pollinis 
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SP5 cultures showed decreasing viable cell 

numbers, indicating the onset of the death phase. 

Therefore, 15% (v/v) molasses supplementation 

proved optimal for OPEFB media, achieving the 

best balance between providing sufficient 

substrate for growth and erythritol production 

while minimizing hyperosmotic stress effects seen 

at higher concentrations. This formulation 

supported extended exponential growth, efficient 

sucrose and glucose utilization, and consistent 

erythritol production, whereas higher 

concentrations redirected carbon flux toward cell 

survival rather than erythritol synthesis, reducing 

overall yield. 

 

 
(a) 

 
(b) 

 
(c)  

(d) 

Figure 2. Correlation of viable colonies with erythritol production and carbon sources consumption in  

OPEFB production media: (a) without molasses, and with molasses at concentrations of (b)  

  15% (v/v), (c) 25% (v/v), and (d) 50% (v/v). (Symbols: ★: log CFU/mL, ●: glucose,  

  ◼: sucrose, ▲: fructose, ▼: xylose, ◆: erythritol, and ⬣: arabinose). 

 

Table 1. M. pollinis SP5 productivity in erythritol production 

Sample Media Erythritol 

Concentration 

(g/L) 

Erythritol 

Yield Mass 

(g/g) 

Erythritol 

Volumetric 

Productivity (g/L/h) 

OPEFB + 0% 

(v/v) molasses 

0.9292 0.1854 0.0055 

OPEFB + 15% 

(v/v) molasses 

6.2421 0.2878 0.0372 

OPEFB + 25% 

(v/v) molasses 

9.7164 0.1753 0.0578 

OPEFB + 50% 

(v/v) molasses 

ND NC NC 

*ND = Not Detected; NC = Non-Calculable 
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Yield Mass and Volumetric Productivity of 

Erythritol Production 

Yield mass and volumetric productivity are 

essential metrics in bioproduct production as they 

directly indicate the efficiency, scalability, and 

economic viability of the process. Yield mass 

represents the effectiveness of converting 

substrates into the desired product, while 

volumetric productivity quantifies the production 

rate. Together, these metrics help assess the 

overall performance and profitability of the 

production process. 

In the production of erythritol, OPEFB with 

the addition of 15% (v/v) molasses showed the 

highest mass yield of 0.2878 g/g. However, its 

volumetric productivity of erythritol or the rate of 

erythritol production is relatively lower than 

OPEFB with 25% (v/v) molasses addition (Table 

1). This is due to the higher osmotic pressure of 

the media caused by the salts from the 

neutralization of OPEFB, where the cell response 

to osmotic pressure increases the yield of 

erythritol (Rywińska et al., 2024). A previous 

study by Khatape et al. in 2023 reported that the 

yield mass of erythritol produced by wild-type M. 

pollinis CBS 461.67 was 0.262 g/g on glucose 

media and similar growing conditions, so the 

production of erythritol using OPEFB media with 

15% (v/v) molasses has proven to be quite 

effective. 

Ethyl Methanesulfonate (EMS) Mutagenesis 

Result 

Ethyl Methanesulfonate (EMS) is a chemical 

mutagen that induces random point mutations in 

the DNA of organisms, generating a diverse 

population of mutants. This genetic diversity 

increases the chances of discovering strains with 

desirable traits, such as enhanced bioproduct 

production, improved tolerance to environmental 

stresses, and resistance to inhibitors. EMS 

mutagenesis can also optimize specific traits, such 

as enzyme activity (Pantaya et al., 2024). Strains 

with enhanced enzyme activity can achieve faster 

and more efficient conversion of substrate into the 

target bioproduct (Luo et al., 2021). While some 

mutations may be beneficial, many others can be 

detrimental. The unpredictable EMS mutation can 

lead to undesirable traits, such as reduced growth 

rates, impaired metabolism, or decreased viability 

of the organism (Wang et al., 2022). Due to the 

random nature of EMS-induced mutations, a large 

number of mutants need to be screened to identify 

those with the desired traits (Cheng et al., 2018). 

From the mutation results of Moniliella 

pollinis SP5 using ethyl methane sulfonate (EMS) 

in concentrations of 1% (v/v), 2% (v/v), and 3% 

(v/v), it can be seen that viable cells mutated using 

high concentrations of EMS have relatively low 

growth (Figure 3). Compared to the negative 

control, the 2% (v/v) mutation had the highest 

mortality rate of 99.38%, while the mortality rate 

of the 1% (v/v) mutation was not calculated due to 

colony count resulting in Too Numerous To Count 

(TNTC). For the screening stage, colonies mutated 

with 2% (v/v) EMS were used for the screening 

step. A mutation with 3% (v/v) EMS 

concentration had no growing colonies due to 

mutations in DNA occurring in essential genes for 

a culture's survival, causing the culture to not be 

able to function normally. A previous study by 

Khatape et al. in 2023 reported that the wild-type 

M. pollinis CBS 461.67 can still grow after being 

exposed to EMS at concentrations up to 5% (v/v). 

However, in this experiment, cultures exposed to 

3% (v/v) EMS concentration showed no sign of 

growth. This is likely due to the different initial 

cell counts used for mutation in their study (3 × 

108 cells/mL) (Khatape et al., 2023). 

 

 
Figure 3. Comparison of M. pollinis SP5 

colonygrowth across different EMS 

concentrations (a) control without EMS, (b) 1% 

(v/v) EMS, (c) 2% (v/v) EMS, and (d) 3% (v/v) 

EMS. 

 

To find the highest erythritol-producing 

mutants, ten random surviving colonies were 

analyzed for their erythritol production after being 

grown for 5 days on OHYM media with 15% (v/v) 

molasses. M. pollinis SP5 (control) was also 

grown in the same conditions for comparison. 

Data obtained from mutant screening results were 

CFU/mL and the erythritol content of each 
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screening medium (Table 2). Mutants 7 and 10 

achieved the highest erythritol concentrations, 

producing 6.19 g/L and 6.49 g/L, respectively, 

representing increases of 1.23-fold and 1.29-fold 

compared to the control culture (5.04 g/L). These 

enhancements are likely due to EMS-induced 

mutations that improved specific aspects of the 

erythritol biosynthesis pathway, either by 

enhancing enzyme activity or optimizing substrate 

utilization (Mirończuk et al., 2017). Based on the 

CFU/mL data of mutants 7 and 10, when 

compared to other mutants, the cell growth rate 

does not significantly affect the amount of 

erythritol produced because other mutants also 

had similar CFU/mL values, even mutant 8, with 

relatively high CFU/mL, had the least erythritol 

produced. Therefore, the tendency of the culture to 

produce erythritol was selected as the main 

criterion for choosing the best mutants. For that 

reason, both mutant 7 and 10 cultures were 

selected and were grown on a production medium 

of OHYM enhanced with 15% (v/v) molasses. 

 

Table 2. Erythritol concentration and number of 

living cells in screened mutants and controls 

Mutant 

Isolates 

Erythritol 

Concentration 

(g/L) 

CFU/mL Erythritol 

Concentration 

Significance 

1 5.54 5.5046 Increase** 

2 5.74 5.5073 Increase** 

3 5.46 5.5306 Increase** 

4 5.41 5.3286 Increase** 

5 4.96 5.1324 Decrease** 

6 5.98 5.3795 Increase** 

7 6.19 5.4251 Increase** 

8 4.20 5.3713 Decrease** 

9 5.29 5.2825 Increase** 

10 6.49 5.3138 Increase** 

Control 

(M. 

pollinis 

SP5) 

5.04 5.6655 Control 

Note: symbol *: p value <0.05 (significant); **: p 

value <0.01 (highly significant) 

 

Based on the following graph (Figure 4), the 

pH between the control M. pollinis culture with 

mutants 7 and 10 showed a similar pH growth 

graph, where the stationary phase continued until 

day 7. This shows that the addition of 15% (v/v) 

molasses to OHYM media had a buffer capacity 

effect, which results in a more stable pH, 

indicating that culture growth continues. 

 

 
Figure 4. pH measurement results of M. pollinis 

mutant strain culture for 7 days.  

  (Symbol explanation: ◼: Control, ●: Mutant 7, 

▲: Mutant 10). 

 

As shown in Figure 5, the number of live cells 

in both mutants 7 and 10 had a similar value of log 

CFU/mL, and when compared to the control 

culture (Figure 2), the number of viable cells also 

reached a similar value of 6 log CFU/mL. This 

correlation indicates that the cell growth 

capabilities of mutant cultures 7 and 10 are not 

compromised by the mutagenesis. In addition, the 

viable cell graphs of mutants 7 and 10, when 

compared to the control culture, experienced an 

increase in cell number that lasted 1 day after 

inoculation, namely an exponential phase and a 

stationary phase that occurred earlier and lasted 

longer, from day 1 to 7. The following extension 

of the stationary phase gives more time for the 

cells to produce erythritol, and the rapid 

attainment of the stationary phase can increase the 

efficiency of sugar utilization into erythritol as 

well. 
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(a)  

(b) 

Figure 5. Number of viable mutant colonies on production media for 7 days for (a) mutant 7 and (b)  

mutant 10. (Explanation of symbols: ★: log CFU/mL, ●: glucose, ◼: sucrose, ▲: fructose,  

▼: xylose, and ◆: erythritol). 

 

Based on the sugar data obtained through 

HPLC results, the mass yield and volumetric 

productivity were calculated to analyze the 

erythritol production capacity of both mutants 

(Table 3). The volumetric productivity of the two 

mutants, compared to the control in the same 

OHYM medium with 15% (v/v) molasses, 

increased significantly from 0.0372 g/L/h to 

0.0534 g/L/h for mutant 7 and 0.0585 g/L/h for 

mutant 10. This indicates a faster erythritol 

production rate in the mutants. The yield mass of 

mutant 7 significantly increased from 0.2878 g/g 

in the control culture M. pollinis SP5 to 0.3298 

g/g, demonstrating that mutant 7 has a higher 

sugar utilization efficiency for erythritol 

production. The data indicate that both mutants, 7 

and 10, exhibit faster and higher erythritol 

production capacities. Notably, mutant 7 shows 

the highest conversion efficiency of sugar to 

erythritol. Mutants 7 and 10 were chosen as the 

samples with the highest potential because of their 

increased concentration and volumetric 

productivity compared to the control, which was 

cultivated in the same conditions. Especially 

mutant 7, which has the highest yield mass. 

 

Table 3. Erythritol production productivity of M. 

pollinis mutant 7 and mutant 10. 

Sample Erythritol 

Concentration 

(g/L) 

Yield 

Mass 

(g/g) 

Volumetric 

Productivity 

(g/L/h) 

Mutant 7 8.9732 0.3298 0.0534 

Mutant 10 9.8289 0.2612 0.0585 

Control 6.2421 0.2878 0.0372 

 

Based on the results, OPEFB has been 

successfully utilized as the primary carbon source 

for erythritol production using Moniliella pollinis 

SP5 culture. Supplementing the medium with 

molasses further increased erythritol yield. 

Additionally, mutations induced by EMS 

treatment in Moniliella pollinis SP5, particularly 

in mutants 7 and 10, demonstrated significant 

potential to enhance erythritol production from 

waste in Indonesia. These mutants not only 

produced higher erythritol concentrations 

compared to the control but also maintained the 

stationary phase for a longer duration. With 

further optimization, these two mutants could 

boost erythritol productivity on an industrial scale, 

contributing to both sustainable production and a 

reduction in OPEFB waste burning in Indonesia. 

This study demonstrates the potential of 

combining OPEFB and molasses as effective 

feedstocks for erythritol production- an approach 

not previously explored (Kembaren et al., 2025). 

In addition, it investigates the use of chemical 

mutagenesis to enhance microbial productivity, 

setting it apart from most existing research. By 

confirming the viability of these substrates, the 

study advances scientific understanding while 

contributing to societal progress through the 

promotion of a circular economy, stimulation of 

sustainable economic growth, and reduction of 

environmental pollution from improper OPEFB 

disposal.  

CONCLUSION 

Fermentation using the hydrolysate of Empty 

Palm Oil Bunches (OPEFB) as the main substrate 

by Moniliella pollinis SP5 over 7 days 

successfully produced erythritol. The addition of 
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15% (v/v) molasses to the production medium 

significantly increased erythritol yield, achieving 

a high mass yield of 0.2878 g/g. However, 

excessive molasses can reduce productivity due to 

increased osmotic pressure, emphasizing the need 

for optimal molasses concentration. EMS-induced 

mutations led to the development of two superior 

mutants, 7 and 10, which produced 1.23 and 1.29 

times more erythritol than the control, with mutant 

7 achieving a mass yield of 0.3298 g/g and 

volumetric productivity of 0.0534 g/L/h. This 

research has the potential to advance Indonesia's 

self-sufficiency in erythritol production while 

reducing OPEFB waste. Future work should focus 

on optimizing media components such as 

micronutrients, pH, and detoxification methods, as 

well as exploring additional mutagens or 

screening techniques to further enhance mutant 

quality. 
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