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ABSRACT 

Xylitol is a sugar alcohol used as a sugar substitute for several prevention of health cases such as dental 

diseases, diabetes, and other health problems. Bioconversion of xylose into xylitol needs an optimum oxygen 

supply for xylitol synthesis. This research aims to determine the effect of dissolved oxygen on hydrolysate 

fermentation from sugar cane leaf as a source of xylose to xylitol by Meyerozyma guilliermondii InaCCY65. 

Dissolved oxygen was varied in aeration and fermentation agitation using a 3L scale bioreactor. Analysis of 

cell growth for several kinetic parameters during fermentation, xylose reductase, and xylitol dehydrogenase 

activity. Bioconversion of sugarcane trash hydrolysate into xylitol by M. guilliermondii InaCCY65 is 

influenced by the oxygen transfer coefficient (kLa) and aeration conditions. The increase in kLa number showed 

increased cell growth, xylose consumption, xylitol production, and decreased InaCCY65 cells. The optimum 

conditions of kLa were obtained at 45/h with 39 g/L xylitol production under the aeration effect. Optimum 

aeration in the bioconversion of sugarcane trash (SCT) hydrolysate become xylitol by M. guilliermondii 

InaCCY65 is 1.0%; under these conditions, xylitol yield and xylitol productivity are 0.78 g/g and 1.20 g/Lh. 

The effect of oxygen in the bioconversion of xylose to xylitol also has an impact on xylose reductase (XR) and 

xylose dehydrogenase (XDH) activities of M. guiellermondii InaCCY65. The results showed that the dissolved 

oxygen concentration must be carefully controlled during xylitol bioconversion to obtain efficient xylitol. 
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ABSTRAK 

Xilitol adalah gula alkohol lima karbon yang digunakan dalam industri makanan dan farmasi sebagai 

pengganti gula untuk pencegahan beberapa penyakit gigi, diabetes, dan manfaat kesehatan lainnya. Dalam 

biokonversi xilosa menjadi xilitol dibutuhkan pasokan oksigen yang diatur optimum terhadap sintesis xilitol. 

Penelitian ini bertujuan untuk mengetahui pengaruh oksigen terlarut pada fermentasi hidrolisat daun tebu 

sebagai sumber xilosa menjadi xilitol oleh Meyerozyma guilliermondii InaCCY65. Oksigen terlarut 

divariasikan dalam aerasi dan agitasi fermentasi dengan menggunakan bioreaktor skala 3L. Analisa terhadap 

pertumbuhan sel, beberapa parameter kinetika selama fermentasi, aktivitas xilosa reduktase dan xilitol 

dehidrogenase. Dari penelitian ini diperoleh kondisi oksigen optimum yang ditandai dengan peningkatan 

xilitol. Biokonversi hidrolisat daun tebu menjadi xilitol oleh M. guilliermondii InaCCY65 dipengaruhi oleh 

kondisi kooefisien transfer oksigen (kLa) dan aerasi. Seiring dengan peningkatan kLa terdapat kenaikan 

pertumbuhan sel, konsumsi xilosa meningkat, dan penurunan produksi xilitol oleh sel InaCCY65. Kondisi kLa 

optimum diperoleh pada kondisi 45/h dengan produksi xilitol sebesar 39 g/L. Demikian pula aerasi 

berpengaruh terhadap produksi xilitol. Aerasi optimum dalam biokonversi hidrolisat daun tebu menjadi xilitol 

oleh M. guilliermondii InaCCY65 adalah 1.0%. Pada kondisi ini hasil xilitol dan produktivitas xilitol masing-

masing adalah 0.78 g/g dan 1.20 g/Lh. Efek oksigen dalam biokonversi xilosa menjadi xilitol berdampak juga 

terhadap aktivitas xilosa reduktase (XR) dan xilosa dehidrogenase (XDH) dari M. guiellermondii InaCCY65. 

Hasil penelitian menunjukkan bahwa konsentrasi oksigen terlarut harus dikontrol secara hati-hati selama 

biokonversi xilitol agar diperoleh xilitol yang efisien. 

 

Kata kunci: xilitol, oksigen, xilosa reduktase, xilitol dehidrogenase, Meyerozyma guiellermondii 

 

INTRODUCTION 

Xylitol is a five-carbon sugar alcohol that has many health benefits (Farias et al., 2022). This 

sugar has a sweet taste that is almost the same as sucrose, but it has a lower calorie than sucrose 

(Mathur et al., 2023). In addition, xylitol is an ideal sweetener for diabetes sufferers (Msomi et al., 

2023; Maringka et al., 2024), prevents dental caries and ear infections in young children 

(Nagsuwanchart et al. 2021), is used in various food products, oral and personal care, as well as 

animal nutrition (Kaur et al., 2024). 

Currently, xylitol is produced by chemical xylose reduction method originating from biomass 

sources rich in xylan, such as birch and beech wood (Sugiarto et al., 2022; Mathur et al., 2023). The 

chemical process is carried out with a nickel catalyst under high pressure and high temperature with 

a yield of around 50-60% (Akpe et al., 2023). Production of xylitol through bioconversion of xylose 

with the help of yeast provides an alternative method that is more efficient and environmentally 

friendly (Farias et al., 2022). 

Several yeasts have been reported to be able to produce xylitol, such as Candida tropicalis 

(Bevilaqua et al., 2023), C. sojae (Pant et al., 2022), Wickerhamomyces anomalus (Deng et al., 2024), 

C. guilliermondii (Estrada-Ávila et al., 2022), Debaryomyces hansenii (Jeong et al., 2022), 

Kluyveromyces marxianus (Manaf et al., 2024), Meyerozyma guilliermondii (Estrada-Ávila et al., 

2022), and Clavispora lusitaniae (Ochoa-Chacón et al., 2022). Production of xylitol from agro-

industrial bioproducts containing xylose has been reported such as from sugarcane bagasse, rice 

straw, sugarcane straw, and different lignocellulosic biomass (LCBs) (Hernández-Pérez et al., 2020). 

Sugarcane trash (SCT) contains cellulose (32–37%), hemicellulose (26–35.5%), and lignin (17.4–

21%) (Hermiati et al., 2020; Pramasari et al., 2023). With this content, hemicellulose from SCT can 

be used in xylitol production (Pramasari et al., 2023). 

In this research, M. guilliermondii InaCCY65 was used as a bioconversion agent for SCT 

hydrolysate as a source of xylose into xylitol. The latest study of xylitol production is related to the 

optimization of temperature, pH, agitation, inoculum concentration, and xylose concentration at the 

beginning of fermentation using Meyerozyma (Singh et al., 2024a). In the bioconversion of xylose 

into xylitol, an optimum supply of oxygen is needed for xylitol synthesis (Kumar et al., 2022; Singh 

et al., 2024b). An ideal oxygen supply is required for xylitol synthesis during the bioconversion of 

xylose into xylitol (Kumar et al., 2022; Singh et al., 2024b). One important factor that controls the 

effectiveness of oxygen transmission in fermentation systems is the oxygen transfer coefficient (kLa). 

This parameter's limited solubility in aqueous solutions makes it even more crucial for scale-up. A 
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lack of oxygen can have detrimental effects on the development of products as well as cell growth, 

severely impairing overall productivity. Some of the factors that influence it are agitation, aeration, 

reactor design, and the physical properties of the fermentation medium. The performance of aerobic 

fermentation processes depends on the precise management and optimization of kLa, which 

guarantees an adequate supply of oxygen (Jahanian et al., 2024). Information of the oxygen transfer 

coefficient (kLa) effect on xylitol production by yeast needs to be further analyzed. Understanding 

the vital role of kLa in ensuring effective oxygen transfer in large-scale bioprocesses (Mathur et al., 

2023). 

Xylose metabolism is initiated by two enzymatic reactions, namely NAD(P)H-dependent 

xylose reductase (XR) (Lugani dan Sooch 2020; Yang et al., 2020; Lugani et al., 2021) and NAD+- 

dependent xylitol dehydrogenase (XDH) (Ochoa-Chacón et al., 2022). XR catalyzes the reduction of 

xylose to xylitol, then XDH oxidizes xylitol to xylulose (Bianchini et al., 2022). Furthermore, 

xylulose is metabolized through the pentose phosphate pathway and the central carbon metabolism 

to become energy and biomass (Bianchini et al., 2023). NAD+ and NADH are very sensitive to 

oxygen tension (Croft et al., 2020). So limiting the amount of oxygen will limit the regeneration of 

NAD+ in the respiratory chain and cause a decrease in the NAD+/NADH ratio. This condition will 

limit XDH activity and cause xylitol to accumulate as a result of excretion by cells (Felipe 

Hernández-Pérez et al., 2019). Based on facts, the effect of dissolved oxygen (DO) concentration on 

XR and XDH activity in M. guilliermondii InaCCY65 that produces xylitol from xylose will be 

interesting to study. 

The study aimed to determine the effect of dissolved oxygen in the fermentation of sugarcane 

trash hydrolysate into xylitol. DO was varied in the aeration and agitation of a 3L scale bioreactor 

fermentation. From this research, optimum oxygen conditions were obtained, characterized by an 

increase xylitol. From this research, optimum oxygen conditions were obtained, characterized by an 

increase and efficiency in xylitol. From this research, optimum oxygen conditions were obtained, 

characterized by an increase and efficiency in xylitol. The hope is that bioconversion of sugarcane 

trash hydrolysate into xylitol can be developed efficiently 

 

MATERIALS AND METHODS 

Sugarcane trash hydrolysate preparation 

Sugarcane trash (SCT) was hydrolyzed with 1.8% (w/v) maleic acid and heated using a 

microwave for 30 minutes (Hermiati et al., 2020). Furthermore, the hydrolysate was sterilized using 

a 0.22 µm filtration membrane. SCT hydrolysate was vacuum-concentrated at 60oC and 1 x 104 Pa 

and stored at 4oC (Fan et al., 2020). The sterilized hydrolysate was used for xylitol fermentation. 

 

Microorganism and media 

M. guilliermondii InaCCY65 from Indonesian Culture Collection (InaCC), National Research 

and Innovation Agency (BRIN). InaCCY65 strain was preserved on yeast peptone glucose (YPG) 

medium (10 g/L yeast extract (Difco, USA), 20 g/L peptone, and 20 g/L glucose). YPG medium was 

sterilized using an autoclave at 121ºC for 15 minutes at 1 atm. 

Yeast Peptone Mineral (YPM) medium was used for bioconversion of SCT into xylitol using 

a bioreactor. Composition YPM medium with 10 g of (NH4)2SO4, 2.4 g of KH2PO4, 0.2 g of MgSO4, 

and 0.3 g of CaCl2. YPM medium was sterilized at 121oC for 15 minutes. SCT hydrolysate was 

supplemented into the fermentation medium as carbon and nitrogen sources. 

 

Oxygen transfer coefficient and concentration of dissolved oxygen 

The kLa was calculated using the dynamic gassing-out approach, which involves calculating 

the rate of recovery of DO concentration from the air after nitrogen degassing of the liquid phase 

(Singh et al., 2024). The kLa was investigated at various agitation speeds, the following correlations 

were found: kLa = 20/h for 1.0 vvm, 100 rpm; kLa = 30/h for 1.0 vvm, 150 rpm; kLa = 45/h for 1.0 

vvm, 200 rpm; and kLa = 85/h for 1.0 vvm, 300 rpm. Using an Ingold polarographic electrode, the 
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DO content in the liquid phase was continually measured and adjusted by varying the agitation speed 

(100-500 rpm) and aeration rate (0.2-l.0 vvm). 

 

Bioconversion of sugarcane trash into xylitol in bioreactor 3L scale 

M. guilliermondii InaCCY65 inoculum was prepared by cultivating the yeast in YPX (yeast 

extract 10 g/L, peptone 20 g/L, and xylose 20 g/L) in 250 mL flask filled with 50 mL of medium. 

Cultivations were carried out in an orbital shaker at 150 rpm, 30oC for 18 h. Late exponential-phase 

cells were collected by centrifugation at 8000 rpm, 4oC for 5 minutes, and the pellet formed was 

washed with sterile distilled water and resuspended directly into the medium to be used in the 

fermentation. Xylitol fermentation was carried out by adding 10x YPM media and M. guilliermondii 

InaCCY65 preculture (OD600 nm= 0.5) until the total culture volume was 2000 mL. Bioreactor 

Eppendorf New Brunswick Bioflo/celligen 115 type was used as a reactor fermentation. The culture 

was incubated at 30oC for 48 hours. All experiments were performed in triplicate. For example, a 

total of 1 mL of culture sample was taken at fermentation time intervals of 0, 3, 6, 9, 24, 27, 30, 33, 

and 48 hours after incubation. The parameters analyzed were cell concentration (OD600 nm) using a 

spectrophotometer, as well as fermentation products (xylose and xylitol) using HPLC. The samples 

were also analyzed for the activity of XR and XDH.  

 

Xylose reductase activity 

After being suspended in 7 mL of 50 mM KPi buffer (pH 6.0) containing 7 µL of 100X Halt 

Protease inhibitor cocktail and 7 µL of 1 M dithiothreitol, the yeast cell around 10 mg/mL was 

extracted from the culture. The cell suspension was lysed using sonicator.  The cell lysates were 

separated using centrifugation (22.000 × g for 20 minutes at 4°C) (Terebieniec et al., 2021). The 

supernatant was designated as cell extract. XR activity assay was carried out at 30°C in 50 mM KPi 

buffer (pH 6.0) containing the appropriate amount of the cell extract, 200 mM D-xylose substrate, 

and 0.2 mM NADPH. The reaction begins with the addition of NADPH to the reaction mixture. XR 

activity was determined by monitoring the decrease in absorbance at  340 nm as NADPH 

consumption activity (Louie et al., 2021). One unit of XR activity is defined as the consumption of 

1 mole of NADPH per minute under specified conditions. 

 

Xylitol dehydrogenase activity 

 XDH activity was measured by the reduction of NAD+ as measured by increase in absorbance 

at 340 nm upon the addition of xylitol (Li et al., 2021). The activity reaction included in 50 mM 

xylitol, 1 mM NAD+, 10 mM MgCl2, 50 mM glycine-sodium hydroxide buffer at pH 9.0, and enzyme 

solution in a final volume of 1 mL. After 15 minutes of incubation at 45°C, the solution was brought 

to a boil for 10 minutes. One unit of the recombinant XDH activity was defined as the amount of 

enzyme required to liberate one μmol of NADH per minute under assay conditions (Regmi et al., 

2024).  

 

Products fermentation analysis 

Dry cell weight was determined by measuring the optical density at 600 nm (OD600). Active 

cell was estimated as viable cells using colony forming units (CFU) plated on yeast peptone dextrose 

agar (YPD) medium. A standard curve was created between cell concentration and cell dry weight 

and fermentation products were analyzed by HPLC. Samples were centrifuged at 8000 rpm agitation 

for 5 minutes at 4oC to remove the cells for extracellular metabolite analysis. Xylose and xylitol 

produced in the culture supernatant were quantified using a HPLC system (Shimadzu LC-20AB, 

Japan) equipped with detection of the compound used refractive index detector (RID) and Aminex 

column 87 HPX Biorad. Xylose and xylitol were eluted using 5 mM H2SO4 solution with a flow rate 

of 0.6 mL/min, oven temperature of column was 60ºC, injection volume of sample is 20 µL, and 

elution time of sample is 30 minutes. 
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The kinetic parameters calculation  

The calculation of the fermentation kinetic parameters was done using the formulae listed as 

follows: 

Consumption rate of xylose, XCR (
g

Lh
) =

Xyloseinitial  (
g
L

) − Xyloseresidual  (
g
L

)

Fermentation time (h)
           (1) 

 

Xylitol conversion yield, Yp/s (
g

g
) =

Xylitol (
g
L

)

Xylitolinitial (
g
L

)
                                                              (2)  

               

Xylitol productivity (
g

Lh
) =

Xylitolfinal  (
g
L

) − Xylitolresidual (
g
L

)

Fermentation time (h)
                                          (3) 

 

Xylitol yield (
g

g
) =

Xylitolfinal  (
g
L

) − Xylitolinitial  (
g
L

)

Xyloseinitial  (
g
L

) − Xyloseresidual  (
g
L

)
                                                      (4) 

 

The amounts of each media component in the fermentation medium at the time of fermentation 

are indicated by the word’s residual and final. The xylitol titer (g/L) reaches its peak during the 

fermentation period. 

 

RESULTS 

Xylitol production under variation of oxygen transfer coefficient 

The effect of kLa on xylitol production by M. guilliermondii InaCCY65 was carried out in a 3L 

scale bioreactor. Xylitol fermentation conditions were varied in several kLa conditions. InaCCY65 

yeast cell growth increased at kLa 85/h. and the growth cell of InaCCY65 was decreased under kLa 

conditions below 30/h (Figure 1A). As the kLa number is increases the growth cell of InaCCY65 

become higher.  

The activities of M. guilliermondii InaCCY65 cells grew under several kLa conditions, xylose 

consumption decreased at kLa 30/h and kLa 20/h (Figure 1B). Xylose at kLa 45/h and 80/h decreased 

relatively faster than at 20/h and 30/h. Under these conditions, no xylose remains (Figure 1B). 

Meanwhile, xylose decreased more slowly than in the two previous conditions at kLa 20/h and 30/h. 

After forty-eight hours of incubation, xylose remained 12 g/L and 9 g/L, respectively. These results 

show that the higher the kLa, the higher the xylose consumption. 

  

 

 

 

 

 

 

 

Figure 1. Response of cell growth (A), xylose consumption (B), and xylitol production of M. guiellermondi 

InaCCY65 in variation of kLa. (Respon pertumbuhan sel (A), konsumsi xilosa (B), dan produksi xilitol (C) 

oleh M. guiellermondi InaCCY65 dalam variasi kLa). 
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Simultaneously with increased cell growth and xylose consumption at kLa 85/h, the opposite 

condition occurred with low xylitol formation (Figure 1C). At kLa 85/h there was a decrease in xylitol 

formation compared to kLa conditions. The highest xylitol was obtained at kLa 45/h conditions forty-

eight hours after incubation with concentration 39 g/L. Lower xylitol production occurred in other 

kLa conditions, the higher kLa make decreasing in xylitol production. The kLa variation conditions 

above made the conversion of xylose to xylitol by M. guilliermondii InaCCY65 is influenced by kLa 

number. The resume that as kLa increases, InaCCY65 cell growth increases, xylose consumption 

increases, and xylitol production decreases. 

 

Xylitol production under variation of aeration 

The aeration effect on xylitol production by M. guiellermondi InaCCY65 was analyzed at 

variations of 0, 0.7, 1.0, and 1.5%. Figure 2A-C showed the cell growth, xylose consumption, and 

xylitol production by M. guiellermondii InaCCY65 under different aeration conditions. The highest 

cell growth of M. guiellermondii InaCCY65 occurred at aeration 1.5%, especially in the 24 h after 

incubation. The smaller the aeration (0, 0.7, and 1%), the lower the cell growth (Figure 2A). The 

specific condition under these aeration conditions there was a phenomenon of slowing down the 

maximum growth of InaCCY65 cells at the 33 h after incubation.  

The growth cell can make xylose as a substrate decreases in concentration. The decreasing of 

xylose concentration is means that substrate consumption occurs by InaCCY65 cells. The fastest rate 

of xylose consumption occurred at 1% aeration of 3.16 g/Lh which occurred at the 9 h after 

incubation. The lowest level of xylose consumption occurred at 1.5% aeration of 0.82 g/Lh are in 9 

h after incubation. 

The increasing of xylose consumption due to the highest xylitol production by the InaCCY65 

strain was obtained at 1% aeration after 33 h of incubation with a concentration of 39 g/L. In aeration 

condition of 0.7%, 0%, and 1.5% there were a decrease value in xylitol production such as 34, 25, 

and 18 g/L respectively (Figure 2B). Thus, xylose consuming by M. guiellermondii InaCCY65 and 

it will be converted into xylitol. The xylitol yield during fermentation at 1.0% aeration at 33 h was 

0.78 g/g. The xylitol yield was higher than during fermentation under other aeration conditions such 

as 0.50, 0.68, and 0.39 g/g at 0, 0.7, and 1.5% aeration respectively (Figure 2C).  

 

 

 

 

 

 

 

Figure 2. Response of cell growth (A), xylose consumption (B), and xylitol production of M. guiellermondii 

InaCCY65 in variation of dissolved oxygen concentration. (Respon pertumbuhan sel (A), konsumsi xilosa (B), 

dan produksi xilitol (C) oleh M. guiellermondi InaCCY65 pada variasi konsentrasi oksigen terlarut). 

 

Based on aeration conditions variations on above the conversion of xylose become xylitol by 

M. guilliermondii InaCCY65 is influenced by aeration conditions. Existing data shows that increasing 

aeration relate to the increasing of InaCCY65 cell growth (1.5% aeration). This condition causes an 

increase in xylose consumption and xylitol production, the highest xylose consumption rate was 

obtained at 1.0% aeration conditions, and the highest xylitol production was obtained at 1.0% 

aeration. 

  



    449 

 
 

 

 

 

 

 

 

Figure 3. Xylose reductase (XR) and xylitol dehydrogenase (XDH) activities of M. guilliermondii InaCCY65 

under varying dissolved oxygen concentration. (Aktivitas xilosa reduktase (XR) dan xilitol dehidrogenase 

(XDH) dari M. guiellermondi InaCCY65 dalam variasi konsentrasi oksigen terlarut). 

 

The effect of DO levels on xylitol production by M. guiellermondii InaCCY65 can be explained 

by knowing the activities of XR and XDH (Fig 3). The XR activity (xylose reduction to xylitol) was 

found to be maximum at a DO concentration of 0 and 0.7% and the XR activity of both conditions 

was relatively stable from 24 h to 72 h after incubation due to DO 1.0 and 1.5% there was a decrease 

in XR activity after 48 hours of incubation. 

 At DO levels of 0% and 0.7%, the highest XDH activity was obtained at 24 h after incubation. 

After that, XDH activity decreased by around 54% and 69%, respectively at DO 0% and 0.7%. 

Otherwise at DO levels of 1.0% and 1.5% there was an increase in XDH activity in both conditions 

compared to DO 0% and 0.7% up to 189-300%. The highest XDH activity was obtained at 24 hours 

after incubation and decreased after 48 hours of incubation. This condition occurs at DO levels of 

1.0% and 1.5%. The activity values of the two enzymes was mentioned previously XR and XDH are 

influenced by DO levels during the fermentation of xylose to xylitol by M. guiellermondii InaCCY65. 

 

 

DISCUSSION 

M. guilliermondii is an unconventional yeast that naturally assimilates xylose. Yan et al., 

(2021) reported that this yeast is a cell factory for xylitol production. In the metabolism of M. 

guilliermondii, the enzyme XR catalyzes the conversion of xylose to xylitol. Where the function of 

this enzyme depends on nicotinamide adenine dinucleotide (NAD) hydrogen (H) (Atzmüller et al., 

2020). Furthermore, XDH-dependent NAD+ converts xylitol to xylulose. Low oxygen supply results 

a low NAD+/NADH ratio, which promotes xylitol buildup (Figure 4). Otherwise, this condition can 

reduce the carbon flow through the pentose phosphate phatway (PPP), which is primarily required 

for NADH renewal. It can be concluded that regulated oxygen supply contributes significantly to 

xylitol synthesis (Kumar et al., 2022). 

The results of the bioconversion of xylose from sugar cane leaf hydrolysate into xylitol by 

M. guilliermondii InaCCY65 are influenced by kLa conditions. Existing data showed kLa increases, 

cell growth increases, xylose consumption increases, and xylitol production decreases by InaCCY65 

cells. The growth of M. guilliermondii InaCCY65 cells implies good metabolic activity and 

membrane integrity during fermentation (Yan et al., 2021). The existence of metabolic activity is 

known by the consumption of xylose during fermentation and production of xylitol by InaCCY65 

cells. In micro-aerobic conditions (below 45 h kLa), cell growth decreased and xylitol productivity 

was reduced. When kLa increased from 20/h to 85/h, cell growth showed an increase from 4.98 to 

13.1 g/g. The maximum xylitol production was 35.8 g/l at kLa 30/h, while the maximum xylitol 

productivity was 0.667 g/Lh at kLa 45/h. When kLa was increased from 45/h to 85/h, there was a 
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marked increase in cell growth and there are increasing number of xylitol production. The xylose 

consumption showed a difference relate with kLa range and changes in oxygen supply and xylose 

carbon flux from xylitol production to growing cells (Veras et al., 2019; Prabhu et al., 2020). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. The metabolic pathways for xylose metabolism in yeast. (Jalur metabolisme xilosa pada khamir). 

 

The results of aeration optimization show that along with increasing aeration there is an 

increase in InaCCY65 cell growth (1.5% aeration). However, this condition does not necessarily 

cause an increase in xylose consumption and xylitol production. The highest xylose consumption rate 

was obtained at 1.0% aeration conditions, and the highest xylitol production was obtained at 1% 

aeration. Under micro-aerobic conditions (DO below 1.5%), cell growth decreases and xylitol 

productivity also decrease. The condition under aerobic conditions (DO concentration above 1.5%), 

cell growth was markedly increased, and xylitol production was suppressed. The optimal xylitol 

production within DO must be maintained at a low level. The maximum xylitol concentration from 

50 g/l xylose is 39 g/L at a DO concentration of 1.0%, while the maximum xylitol productivity is 

0.78 g/L at a DO concentration of 1.0%. In this DO range, changes occur in cell growth, xylose 

consumption and xylitol production. This is related to the oxygen content which changes the xylose 

carbon flux into xylitol. The results of this study indicate that DO concentrations must be carefully 

controlled for efficient xylitol production, and low DO levels (in the range of approximately 0-1.0%) 

are best for xylitol production by M. guiellermondii InaCCY65. 

The effect of oxygen in the bioconversion of xylose to xylitol also has an impact on the XR 

and XDH activities of M. guiellermondii InaCCY65. The high level of xylose reductase activity 

resulted in xylitol production of up to 39 g/L at aeration 0.7% (Figure 2C). The XDH connected to 

NAD+, xylitol is removed from cells or oxidized to xylulose. XDH activity increased to 189-300% 

with increasing DO concentration, namely at 1.0% and 1.5%. In both conditions, high levels of XDH 

activity cause most of the xylitol present to be converted into xylulose, which is then metabolized 

into cell material (Figure 4). Thus, less xylitol production and more cells accumulate. These findings 

indicate that oxygen limitation is the main factor in the formation of xylitol in accordance with the 

results of several previous studies (Kim and Kim 1997; Singh et al., 2024b). 

 High DO concentrations cause NADH to be oxidized to NAD+, and high NAD+/NADH 

ratios cause the oxidation of xylitol to xylulose. This condition causes xylitol to be further 

metabolized into cell material. Thus, the xylitol product becomes less with more cells accumulate 

(Yan et al., 2021). The best aeration conditions for xylitol production by M. guilliermondii InaCCY65 

are 0.7% as a comparison of xylitol productivity from several yeasts using different hydrolysates is 

shown in Table 1. Xylitol yield from M. guilliermondii InaCCY65 was higher than other yeast strains. 

This means the yeast strain is more efficient in converting xylose from SCT into xylitol compared to 
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other microorganisms in the table. However, the xylitol productivity of strain InaCCY65 has a value 

below that of C. tropicalis ATCC13804 in wheat straw. Xylitol productivity is defined as the highest 

xylitol concentration at that time. The difference in xylitol productivity values is thought to be due 

to the use of different substrates and fermenter vessel volumes. 

 

Table 1. Comparative reports of xylitol productivity from various hydrolysates (Laporan komparatif 

produktivitas xylitol dari berbagai hidrolisat) 

 

Microorganism 

(Mikroorganisme) 

Hydrolisate 

(Hidrolisat)  

Vessel 

(Kontainer)  

Xylitol 

Yield 

(Hasil 

Xylitol) 

(g/g) 

Xylitol 

Productivity 

(Produktivitas 

Xylitol) 

(g/Lh) 

Reference 

(Referensi) 

 

 

M. guilliermondii InaCC 

Y65 

Sugarcane 

trash 

3 L bench 

fermentor 

0.78 1.20 Present study 

C. tropicalis ATCC 13804  Wheat 

straw 

1 L bioeractor 0.58 1.49 (Singh et al., 2024c) 

C. tropicalis ATCC201935 Sugarcane 

bagasse 

1 L bench 

fermenter 

0.60 0.33 (Hernández-Pérez et al., 
2022) 

C. guilliermondii FTI 

20037 

Sugarcane 

bagasse 

2.4 L 

bioreactor 

0.65 0.28 (Vaz de Arruda et al., 
2017)  

C. tropicalis MTCC 6192 Rice straw 14 L 

bioreactor 

0.60 0.26 (Singh et al., 2021) 

      

 

CONCLUSION 

Bioconversion of sugarcane trash hydrolysate into xylitol by M. guilliermondii InaCCY65 is 

influenced by kLa and aeration conditions. As kLa increases, cell growth increases, xylose 

consumption increases, and xylitol production by InaCCY65 cells decreases. Optimum kLa conditions 

were obtained at 45/h with xylitol production of 39 g/L. The optimum aeration in the bioconversion 

of sugarcane trash hydrolysate into xylitol by M. guilliermondii InaCCY65 is 1.0%. The optimum 

aeration condition such as xylitol yield and xylitol productivity are 0.78 g/g and 1.20 g/Lh. The effect 

of oxygen in the bioconversion of xylose to xylitol also has an impact on the XR and XDH activities 

of M. guiellermondii InaCCY065. The results showed the dissolved oxygen concentration must be 

controlled during xylitol bioconversion to obtain efficient xylitol production. 

 

ACKNOWLEDGMENT 

This work was supported by the National Research and Innovation Agency (BRIN) 

[RP3_Topic2_036, 2023-2024].  

 

AUTHOR CONTRIBUTIONS 

AT: conceptualization, research performing, writing – original draft and editing, visualization, 

methodology, formal analysis, and data curation. AK: conceptualization, validation, supervision, data 

curation, and review. SL: validation, supervision, and review. AM: conceptualization, validation, 

supervision, and review.  

 

REFERENCES  

Akpe, S.G., Choi, S.H., Ham, H.C. 2023. First-principles study on the design of nickel based 

bimetallic catalysts for xylose to xylitol conversion. Physical Chemistry Chemical Physics, 

26(1), pp.352–364. https://doi.org/ 10.1039/D3CP03503D 

Atzmüller, D., Ullmann, N., Zwirzitz, A. 2020. Identification of genes involved in xylose metabolism 

of Meyerozyma guilliermondii and their genetic engineering for increased xylitol production. 

AMB Express, 10(1), p.78. https://doi.org/10.1186/s13568-020-01012-8 

https://doi.org/%2010.1039/D3CP03503D
https://doi.org/10.1186/s13568-020-01012-8


    452 

Bevilaqua, G.C., Maugeri, F., Forte, M.B.S. 2023. Simultaneous production of xylitol and arabitol 

by Candida tropicalis fermentation improving agro-industrial wastes valorization. Food and 

Bioproducts Processing, 140, pp.29–45. https://doi.org/10.1016/j.fbp.2023.04.006 

Bianchini, I.d.A., Jofre, F.M., Queiroz, S.d.S., Lacerda, T.M., Felipe, M.d.G.de. A. 2023. Relation 

of xylitol formation and lignocellulose degradation in yeast. Applied Microbiology 

Biotechnology, 107(10), pp.3143–3151. https://doi.org/10.1007/s00253-023-12495-3 

Croft, T., Venkatakrishnan, P., Lin, S.J. 2020. Nad+ metabolism and regulation: Lessons from yeast. 

Biomolecules, 10(2), p.330. https://doi.org/ 10.3390/biom10020330 

Deng, Y., Luo, X., Wang, H., Li, S., Liang, J., Pang, Z. 2024. Xylitol fermentation characteristics 

with a newly isolated yeast Wickerhamomyces anomalus WA. Fungal Biology, 128(2), 

pp.1657–1663. https://doi.org/10.1016/j.funbio.2024.01.004 

Estrada-Ávila, A.K., González-Hernández, J.C., Calahorra, M., Sánchez, N.S., Peña, A. 2022. Xylose 

and yeasts: a story beyond xylitol production. Biochimica et Biophysica Acta (BBA)-General 

Subjects. 1866(8), p.130154. https://doi.org/ 10.1016/j.bbagen.2022.130154 

Fan, Z., Lin, J., Wu, J., Zhang, L., Lyu, X., Xiao, W., Gong, Y., Xu, Y., Liu, Z. 2020. Vacuum-

assisted black liquor-recycling enhances the sugar yield of sugarcane bagasse and decreases 

water and alkali consumption. Bioresource Technology, 309, p.123349 

https://doi.org/10.1016/j.biortech.2020.123349 

Farias, D., de Mélo, A.H.F., da Silva, M.F., Bevilaqua, G.C., Ribeir,o D.G., Goldbeck, R., Forte, 

M.B.S,. Maugeri-Filho, F. 2022. New biotechnological opportunities for C5 sugars from 

lignocellulosic materials. Bioresource Technology Report. 17, p.100956. 

https://doi.org/10.1016/j.biteb.2022.100956 

Hermiati, E., Laksana, R.P.B.R.P.B., Fatriasari, W., Kholida, L.N.L.N., Thontowi, A., Yopi, 

Arnieyanto, D.R.D.R., Champreda, V., Watanabe, T. 2020. Microwave-assisted acid 

pretreatment for enhancing enzymatic saccharification of sugarcane trash. Biomass Conversion 

and Biorefinery, 12, pp.3037–3054. https://doi.org/10.1007/s13399-020-00971-z 

Hernández-Pérez A.F., de Arruda, P.V., Sene, L, da Silva, S.S., Chandel, A.K., de Almeida, F.M.d. 

G. 2019. Xylitol bioproduction: state-of-the-art, industrial paradigm shift, and opportunities for 

integrated biorefineries. Critical Reviews in Biotechnology, 39(7), pp.924–943. https://doi.org/ 
10.1080/07388551.2019.1640658 

Hernández-Pérez, A.F., Antunes, F.A.F., dos Santos, J.C., da Silva, S.S., Felipe, M das G de A. 2022. 

Valorization of the sugarcane bagasse and straw hemicellulosic hydrolysate through xylitol 

bioproduction: effect of oxygen availability and sucrose supplementation as key factors. 

Biomass Conversion and Biorefinery. 12(11), pp.4901–4915. https://doi.org/ 10.1007/s13399-

020-00993-7 

Hernández-Pérez, A.F., Chaves-Villamil, A.C., de Arruda, P.V., dos Santos, J.C., Felipe, M das G 

de A. 2020. Sugarcane syrup improves xylitol bioproduction from sugarcane bagasse and straw 

hemicellulosic hydrolysate. Waste Biomass Valorization, 11(8), pp.4215–4224. 

https://doi.org/10.1007/s12649-019-00742-6 

Jahanian, A., Ramirez, J., O'Hara, I. 2024. Advancing precision fermentation: minimizing power 

demand of industrial scale bioreactors through mechanistic modelling. Computers Chemical 

Engineering, 188, p.108755. https://doi.org/10.1016/j.compchemeng.2024.108755 

Jeong, D.M., Yoo, S.J., Jeon, M.S., Chun, B.H., Han, D.M., Jeon, C.O., Eyun, S.il, Seo, Y.J., Kang, 

H.A. 2022. Genomic features, aroma profiles, and probiotic potential of the Debaryomyces 

hansenii species complex strains isolated from Korean soybean fermented food. Food 

Microbiology, 105, p.104011. https://doi.org/10.1016/j.fm.2022.104011 

Kaur, G., Kaur, P., Kaur, J., Singlam D., Taggar, M.S. 2024. Xylanase, xylooligosaccharide and 

xylitol production from lignocellulosic biomass: exploring biovalorization of xylan from a 

sustainable biorefinery perspective. Industrial Crops and Products, 215, p.118610. 

https://doi.org/10.1016/j.indcrop.2024.118610 

https://doi.org/10.1016/j.fbp.2023.04.006
https://doi.org/10.1007/s00253-023-12495-3
https://doi.org/%2010.3390/biom10020330
https://doi.org/10.1016/j.funbio.2024.01.004
https://doi.org/%2010.1016/j.bbagen.2022.130154
https://doi.org/10.1016/j.biortech.2020.123349
https://doi.org/10.1016/j.biteb.2022.100956
https://doi.org/10.1007/s13399-020-00971-z
https://doi.org/%2010.1080/07388551.2019.1640658
https://doi.org/%2010.1080/07388551.2019.1640658
https://doi.org/%2010.1007/s13399-020-00993-7
https://doi.org/%2010.1007/s13399-020-00993-7
https://doi.org/10.1007/s12649-019-00742-6
https://doi.org/10.1016/j.compchemeng.2024.108755
https://doi.org/10.1016/j.fm.2022.104011
https://doi.org/10.1016/j.indcrop.2024.118610


    453 

Kim, S.Y, Kim, J.H., Oh, D.K. 1997. Improvement of xylitol production by controlling oxygen 

supply in Candida parapsilosis. Journal of Fermentation and Bioengineering, 83(3), pp.267-

270. https://doi.org/10.1016/S0922-338X(97)80990-7 

Kumar, K., Singh, E., Shrivastava, S. 2022. Microbial xylitol production. Applied Microbiology and 

Biotechnology, 106(3), pp.971–979. https://doi.org/ 10.1007/s00253-022-11793-6 

Li, M., Zhu, W., Meng, Q., Miao, M., Zhang, T. 2021. Characterization of xylitol 4-dehydrogenase 

from Erwinia aphidicola and its co-expression with NADH oxidase in Bacillus subtilis. 

Process Biochemistry, 104, pp.92–100. https://doi.org/10.1016/j.procbio.2021.03.007 

Louie, T.M., Louie, K., DenHartog, S., Gopishetty, S., Subramanian, M., Arnold, M., Das, S. 2021. 

Production of bio-xylitol from d-xylose by an engineered Pichia pastoris expressing a 

recombinant xylose reductase did not require any auxiliary substrate as electron donor. 

Microbial Cell Factory, 20(50), pp.1-13. https://doi.org/10.1186/s12934-021-01534-1 

Lugani, Y., Puri, M., Sooch, B.S. 2021. Recent insights, applications and prospects of xylose 

reductase: a futuristic enzyme for xylitol production. European Food Research and 

Technology, 247(4), pp.921–946. https://doi.org/10.1007/s00217-020-03674-x 

Lugani, Y., Sooch, B.S. 2020. Fermentative production of xylitol from a newly isolated xylose 

reductase producing Pseudomonas putida BSX-46. LWT- Food Science and Technology, 134, 

p.109988. https://doi.org/10.1016/j.lwt.2020.109988 

Manaf, S.F.A., Luthfi, A.A.I., Nasoha, N.Z., Engliman, N.S., Jamali, N.S., Tan, J.P. 2024. Phenotype 

adaptation of Kluyveromyces marxianus for enhanced conversion of biomass into xylitol. 

Process Biochemistry, 139, pp.104–115. https://doi.org/10.1016/j.procbio.2024.01.019 

Maringka, C.T., Putra, A.B.N., Lo, D. 2024. Development of gummy candy with polydextrose, 

isomalto-oligosaccharides, fructo-oligosaccharides, and xylitol as sugar replacers. 

International Journal of Gastronomy and Food Science, 35, p.100881. 

https://doi.org/10.1016/j.ijgfs.2024.100881 

Mathur, S., Kumar, D., Kumar, V., Dantas, A., Verma, R., Kuca, K. 2023. Xylitol: production 

strategies with emphasis on biotechnological approach, scale up, and market trends.  

Sustainable Chemistry and Pharmacy, 35, p.101203. 

https://doi.org/10.1016/j.scp.2023.101203 

Msomi, N.Z., Erukainure, O.L., Salau, V.F., Olofinsan, K.A., Islam, M.S. 2023. Comparative effects 

of xylitol and erythritol on modulating blood glucose; inducing insulin secretion; reducing 

dyslipidemia and redox imbalance in a type 2 diabetes rat model. Food Science and Human 

Wellness, 12(6), pp.2052–2060. https://doi.org/10.1016/j.fshw.2023.03.023 

Nagsuwanchart, P., Nakornchai, S., Thaweboon, S., Surarit, R. 2021. Mogroside, palatinose, 

erythritol, and xylitol differentially affect dental plaque pH in caries-active and caries-free 

children: an in vitro study. Pediatric Dental Journal, 31(3), pp.242–247. 

https://doi.org/10.1016/j.pdj.2021.08.004 

Ochoa-Chacón, A., Ramos-Valdivia, A.C., Poggi-Varaldo, H.M., Villa-Tanaca, L., Martinez, A., 

Ponce-Noyola, T. 2022. Fermentation performance of a Mexican native Clavispora lusitaniae 

strain for xylitol and ethanol production from xylose, glucose and cellobiose. Enzyme and 

Microbial Technology, 160, p.110094. https://doi.org/10.1016/j.enzmictec.2022.110094 

Pant, S., Ritika, Prakash, A., Kuila, A. 2022. Integrated production of ethanol and xylitol from 

Brassica juncea using Candida sojae JCM 1644. Bioresource Technology, 351, p.126903. 

https://doi.org/10.1016/j.biortech.2022.126903 

Prabhu, A.A., Bosakornranut, E., Amraoui, Y., Agrawal, D., Coulon, F., Vivekanand, V., Thakur, 

V.K., Kumar, V. 2020. Enhanced xylitol production using non-detoxified xylose rich pre-

hydrolysate from sugarcane bagasse by newly isolated Pichia fermentans. Biotechnology for 

Biofuels, 13(209): 1-15. https://doi.org/10.1186/s13068-020-01845-2 

Pramasari, D.A., Oktaviani, M., Thontowi, A., Purnawan, A., Ermawar, R.A., Sondari, D., Ningrum, 

R.S., Laksana, R.P.B., Lianawati, A., Fahrezi, M.Z.M., et al., 2023. The use of hemicellulose 

acid hydrolysate for hydrolysis of sugarcane trash and its fermentation for producing xylitol. 

Industrial Crops and Products, 193, p.116163. https://doi.org/10.1016/j.indcrop.2022.116163 

https://doi.org/10.1016/S0922-338X(97)80990-7
https://doi.org/%2010.1007/s00253-022-11793-6
https://doi.org/10.1016/j.procbio.2021.03.007
https://doi.org/10.1186/s12934-021-01534-1
https://doi.org/10.1007/s00217-020-03674-x
https://doi.org/10.1016/j.lwt.2020.109988
https://doi.org/10.1016/j.procbio.2024.01.019
https://doi.org/10.1016/j.ijgfs.2024.100881
https://doi.org/10.1016/j.scp.2023.101203
https://doi.org/10.1016/j.fshw.2023.03.023
https://doi.org/10.1016/j.pdj.2021.08.004
https://doi.org/10.1016/j.enzmictec.2022.110094
https://doi.org/10.1016/j.biortech.2022.126903
https://doi.org/10.1186/s13068-020-01845-2
https://doi.org/10.1016/j.indcrop.2022.116163


    454 

Regmi, P., Knesebeck, M., Boles, E., Weuster-Botz, D., Oreb, M. 2024. A comparative analysis of 

NADPH supply strategies in Saccharomyces cerevisiae: production of d-xylitol from d-xylose 

as a case study. Metabolic Engineering Communication, 19, p.e00245. 

https://doi.org/10.1016/j.mec.2024.e00245 

Singh, P., Jain, V., Behera, A.R., Kiran, U., Goswami, P.K., Ghosh, S. 2024b. Xylitol biosynthesis 

and process scale-up from wheat straw hemicellulosic hydrolysate using Candida tropicalis. 

Industrial Crops and Products, 217, p.118855. https://doi.org/10.1016/j.indcrop.2024.118855 

Singh, P., Kiran, U., Dutta, B.C., Bhutani, S., Ghosh, S., 2024c. Bioconversion of hemicellulosic 

fraction of wheat straw biomass to bioethanol by Scheffersomyces stipitis: a kLa-based scale-

up study. Industrial Crops and Products, 214, p.118461. 

https://doi.org/10.1016/j.indcrop.2024.118461 

Singh, S., Arya, S.K., Krishania, M. 2024a. Bioprocess optimization for enhanced xylitol synthesis 

by new isolate Meyerozyma caribbica CP02 using rice straw. Biotechnology for Biofuels and 

Bioproducts, 17(31), pp.1-16. https://doi.org/10.1186/s13068-024-02475-8 

Singh, S., Kaur, D., Yadav, S.K., Krishania, M. 2021. Process scale-up of an efficient acid-catalyzed 

steam pretreatment of rice straw for xylitol production by C. Tropicalis MTCC 6192. 

Bioresource Technology, 320, p.124422. https://doi.org/10.1016/j.biortech.2020.124422 

Sugiarto, S., Pong, R.R., Tan, Y.C., Leow, Y., Sathasivam, T., Zhu, Q., Loh, X.J., Kai, D. 2022. 

Advances in sustainable polymeric materials from lignocellulosic biomass. Materials Today 

Chemistry, 26, p.101022. https://doi.org/10.1016/j.mtchem.2022.101022 

Terebieniec, A., Chroumpi, T., Dilokpimol, A., Aguilar-Pontes, M.V., Mäkelä, M.R., de Vries, R.P. 

2021. Characterization of D-xylose reductase, XyrB, from Aspergillus niger. Biotechnology 

Reports, 30, p.e00610. https://doi.org/10.1016/j.btre.2021.e00610 

Trout, M., Harcum, S.W., Groff, R.E. 2022. Sensitive real-time on-line estimator for oxygen transfer 

rates in fermenters. Journal of Biotechnology, 358, pp.92-101. 

https://doi.org/10.1016/j.jbiotec.2022.09.005 

Vaz de Arruda, P., dos Santos, J.C., Rodrigues, R.C.L.B., da Silva, D.D.V., Yamakawa, C.K., de 

Moraes Rocha, G.J., Júnior, J.N., da Cruz Pradella, J.G., Vaz Rossell, C.E., de Almeida Felipe, 

M.G. 2017. Scale up of xylitol production from sugarcane bagasse hemicellulosic hydrolysate 

by Candida guilliermondii FTI 20037. Journal of Industrial and Engineering Chemistry, 47, 

pp.297–302. https://doi.org/10.1016/j.jiec.2016.11.046 

Veras, H.C.T., Campos, C.G., Nascimento, I.F., Abdelnur, P.V., Almeida, J.R.M., Parachin, N.S. 

2019. Metabolic flux analysis for metabolome data validation of naturally xylose-fermenting 

yeasts. BMC Biotechnology, 19(1). https://doi.org/10.1186/s12896-019-0548-0 

Yan, W, Gao, H., Qian, X., Jiang, Y., Zhou, J., Dong, W., Xin, F., Zhang, W., Jiang, M. 2021. 

Biotechnological applications of the non-conventional yeast Meyerozyma guilliermondii. 

Biotechnol Advance, 46, p.107674. https://doi.org/10.1016/j.biotechadv.2020.107674 

Yang, B.X., Xie, C.Y., Xia, Z.Y., Wu, Y.J., Li, B., Tang, Y.Q. 2020. The effect of xylose reductase 

genes on xylitol production by industrial Saccharomyces cerevisiae in fermentation of glucose 

and xylose. Process Biochemistry, 95, pp.122–130. 

https://doi.org/10.1016/j.procbio.2020.05.023 

 

https://doi.org/10.1016/j.mec.2024.e00245
https://doi.org/10.1016/j.indcrop.2024.118855
https://doi.org/10.1016/j.indcrop.2024.118461
https://doi.org/10.1186/s13068-024-02475-8
https://doi.org/10.1016/j.biortech.2020.124422
https://doi.org/10.1016/j.mtchem.2022.101022
https://doi.org/10.1016/j.btre.2021.e00610
https://doi.org/10.1016/j.jbiotec.2022.09.005
https://doi.org/10.1016/j.jiec.2016.11.046
https://doi.org/10.1186/s12896-019-0548-0
https://doi.org/10.1016/j.biotechadv.2020.107674
https://doi.org/10.1016/j.procbio.2020.05.023

