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Abstract: Inhibitory chemical compounds (ICCs) as by-products and acidic conditions during 

plant biomass pretreatment were inhibited microbial fermentation. This study aimed to select and 

characterize the inhibitory and acid-resistant chemical compounds of unique yeasts capable of 

producing xylitol. Meyerozyma guilliermondii InaCCY65 was selected as a potential candidate 

for bioconversion of lignocellulose to xylitol. This strain can grow in various hydrolysates in 

acidic pH and still produce xylitol. The optimum temperature and pH of InaCCY65 for producing 

xylitol are 30°C and pH 4.5. This strain was tolerating ICC and capable of detoxifying ICCs. The 

results will provide new technology to produce xylitol with yeast that are robust and tolerant to 

ICC and acidic conditions. 
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1. Introduction  

Xylitol (C5H12O5) is a sugar-containing alcohol functional 

groups favored as a sucrose alternative due to its similar 

sweetness level (0.8 to 1.0) and lower caloric content of 

2.4 calories per gram, as opposed to sucrose's 4 calories per 

gram1). Its consumption is linked to various health benefits, 

notably oral health, as it hampers microbial growth, thus 

reducing or preventing tooth decay2). Additionally, xylitol 

shows promise in managing conditions such as diabetes, 

hemolytic anemia, inflammatory disorders, and colon 

diseases while also serving as a preventive measure against 

respiratory infections, acute otitis media, and 

osteoporosis3). Over recent decades, the extensive 

utilization of xylitol across food and pharmaceutical 

sectors has surged, consequently broadening its market 

reach4). At an industrial scale, xylitol production involves 

chemically reducing D-xylose, typically employing a 

nickel catalyst at high temperatures, yielding a conversion 

efficiency of approximately 50-60%5). This chemical 

process entails temperatures ranging from 80-140°C and 

pressures exceeding 50 atm and necessitates subsequent 

separation and purification steps6). The involvement of a 

catalyst escalates production costs, contributing to the 

overall expense of the chemical process7).  

Biological processes are considered efficient and can 

potentially reduce the cost of xylitol production8). 

Bioconversion of xylose to xylitol involves hydrolysate 

containing xylose and yeast as the conversion agent. In 

pursuit of sustainable practices, the utilization of biomass 

for chemical compound production has evolved into the 

concept of a biorefinery plant9). Through an integrated 

technological approach, plant biomass can be effectively 

converted into various valuable compounds, thereby 

minimizing waste generation10). Some plant biomass has 

the potential as a substrate for biofuel and bioproducts, 

such as corn cob11), sugarcane12), rice straw13), and others. 

Plant biomass typically comprises cellulose, hemicellulose, 

and lignin14), with hemicellulose containing five neutral 

sugars: glucose, mannose, and galactose (hexosan), as well 

as xylose and arabinose (pentosan) being the predominant 

components15). The hydrolysis of hemicellulose presents 

the opportunity to obtain xylose, which, derived from plant 

biomass, acts as a potential raw source for xylitol16). 
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However, the depolymerization process usually results in 

an accumulation of growth-inhibitory compounds, such as 

5-hydroxymethylfurfural (HMF), furfural, acetic acid, and 

phenolic compounds17). 

The microbial bioconversion of xylose into xylitol boasts 

an impressive conversion efficiency ranging from 65% to 

85%18). Yeast, among various microorganisms, stands out 

as particularly proficient in xylitol production19). Opting 

for yeast-mediated bioconversion presents an attractive 

alternative to industrial chemical processes. This approach 

offers notable advantages, and it reduces energy 

consumption and a more sustainable, and eco-friendly 

profile20). Several yeasts have been reported as the cell 

factory for xylitol, such as Candida tropicalis21), C. 

sojae22), Wickerhamomyces anomalus23), C. 

guilliermondii24), Debaryomyces hansenii25), 

Kluyveromyces marxianus26), Meyerozyma guilliermondii 
27), and Clavispora lusitaniae28).  

The biological synthesis of xylitol involves yeast-mediated 

bioconversion of xylose, facilitated by the enzyme xylose 

reductase29). This process from plant biomass entails 

various stages, including pretreatment of the biomasses30), 

conversion of xylose monomers to xylitol using yeast8), 

followed by purification and crystallization to obtain the 

final xylitol product31).  

Fermenting xylitol from lignocellulosic biomass 

conversion using yeast poses various challenges, 

particularly during the biomass pretreatment stage, where 

inhibitory compounds and low pH are produced, hindering 

yeast fermentation32). These inhibitory compounds disrupt 

yeast metabolism33). Despite yeast strains from the 

Candida genus being identified as superior xylitol 

producers34), Candida species are also known to cause 

various diseases (such as candida, endocarditis, vaginitis, 

meningitis, and endophthalmitis)35). In addition, pre-

treatment of lignocellulosic biomass using acid produces 

sugars, ICCs and acidic conditions are also formed. These 

ICCs and acidic pH compounds affected to yeast 

metabolism36). Therefore, it is necessary to explore non-

Candida yeast strains that are robust for xylitol production, 

and tolerant to ICCs and acidic pH. Thus, yeast is safe for 

food applications, and effective in the bioconversion of 

lignocellulose into xylitol. Hence, there's a need to explore 

non-Candida yeast strains for xylitol production, 

characterizing their yield, tolerance to inhibitors, and 

safety for food applications. This study intended to identify 

and assess the biotransformation of xylose from 

lignocellulosic biomass into xylitol using non-Candida 

yeast strains with high conversion yields and resistance to 

complex chemical inhibitors and acid pH. 

Accessing the potential of non-conventional yeast in 

hemicellulose hydrolysate for xylitol is an important step 

for the development of sustainable biorefinery and 

economic models37). Therefore, in this study, ninety six 

yeast strains from the Indonesian Culture Collection 

(InaCC) were selected and screened on xylose, 

hydrolysates of corn cobs (CC), sugarcane leaves (SCT), 

and oil palm empty fruit bunches (OPEFB) in various pH. 

The selected strains were further characterized, focusing 

on the growth pattern of xylose sugar consumption, and 

xylitol production under Inhibitory Complex Compounds 

(ICCs) stress conditions. It is hoped that one potential 

strain that is resistant to low pH and ICCs compounds can 

be obtained, so that an efficient xylitol biorefinery from 

lignocellulosic waste can be developed. 

2. Material and Methods 

2.1. Yeast strain 

This study involved the screening and evaluation of ninety-

nine yeast strains obtained from the Indonesia Culture 

Collection (InaCC) at the National Research and 

Innovation Agency (BRIN). The subculturing and 

maintenance process of these strains were cultivated on 

Yeast Peptone Glucose (YPG) agar medium containing 10 

g/L yeast extract, 20 g/L bacto peptone, 20 g/L glucose, 

and 15 g/L agar. The pre-culture was prepared with 

inoculated a single colony from the YPG plate into 12 mL 

of YPG liquid medium in a 100 mL Erlenmeyer flask. The 

culture was then incubated overnight at 30°C with 

agitation at 150 rpm. 

2.2. Growth test of 96 strains of InaCC yeasts 

in xylose 

In the initial screening phase, ninety-nine yeast strains 

sourced from InaCC were cultivated in Yeast Peptone 

Glucose (YPX) media. A seed culture of 100 µL was 

utilized to inoculate 1000 µL of fermentation medium in 

deep well plates, resulting in a 10% inoculation size. The 

yeasts were then cultured in 1000 µL of YPX media 

comprising 10 g/L yeast extract, 20 g/L peptone, and 20 

g/L xylose. Incubation process at 30°C, with agitation at 

1400 rpm for 24 hours using an incubator-shaker (Bio 

Shaker MBR-022UP, Titec, Japan), all experiments were 

performed in triplicate. The cell growth was analyzed 

using a spectrophotometer at a wavelength of 600 nm, 

while product fermentation analysis was carried out using 

HPLC. The non-Candida yeast strain with the highest 

xylitol production was selected for further investigation.  

2.3. Growth test of selected non-Candida and 

xylitol-producing InaCC yeasts in various 

biomass hydrolysates and at several pH 

Hydrolysates of corn cob (CC), sugarcane trash (SCT), and 

oil palm empty fruit bunch (OPEFB) underwent hydrolysis 

using 1.8% (w/v) maleic acid and were then subjected to 

microwave heating for 60 minutes30). Subsequently, the 

hydrolysate was adjusted to pH levels of 2.0, 3.0, 4.0, 5.0, 

and 6.0. After sterilization using a 0.45 µm filtration 

membrane, the hydrolysate was utilized for xylitol 
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fermentation. Eleven yeast strains selected for the study 

were cultivated in YM 10X media containing 

predetermined mineral concentrations at various pH levels. 

The YM medium composition, consisting of 10 g/L yeast 

extract, 10 g (NH4)2SO4, 2.4 g KH2PO4, 0.2 g MgSO4, and 

0.3 g CaCl2, served as the fermentation medium for 

xylitol23). The YM medium was sterilized at 115°C for 15 

minutes. The SCT, CC, and OPEFB hydrolysates were 

introduced into the fermentation medium as carbon and 

nitrogen sources. To initiate fermentation in the YM 

medium, the initial cell concentration aimed to achieve an 

optical density of 0.3 at a wavelength of 600 nm. 

Fermentation was carried out in 2000 µL deep well plates, 

each containing 100 µL of seed culture, YM 10X medium, 

and hydrolysate, with a total culture volume of 1000 µL. 

The cultures were then incubated at 30°C with agitation at 

1400 rpm for 24 hours using an incubator-shaker (Bio 

Shaker MBR-022UP, Titec, Japan). All experiments were 

performed in triplicate. The cell growth was analyzed by 

using a spectrophotometer at a wavelength of 600 nm, and 

product fermentation analysis was performed using HPLC. 

The non-Candida yeast strain with the highest xylitol 

production was selected for further investigation. 

2.4. Growth test of InaCCY65 strain in pH and 

temperatures 

The optimal pH and temperatures for the InaCCY65 strain 

were determined through growth tests and xylitol 

production assessments conducted across varying 

temperature and pH levels. Initially, the growth of the 

InaCCY65 strain was evaluated at pH 4.5 under different 

temperature conditions, ranging from 25°C to 40°C. The 

cultures were incubated for 30 hours at 150 rpm. Following 

the identification of the temperature yielding the highest 

xylitol concentration, subsequent growth trials were 

conducted at various pH levels. The YPX medium was 

adjusted to pH values of 2.0, 3.0, 4.0, 5.0, and 6.0, with 

incubation at 30°C. The fermentation process of 

InaCCY65 yeast strain seed was inoculated into a 100 mL 

Erlenmeyer flask containing 12 mL of YPX medium. The 

initial cell concentration aimed to achieve an optical 

density of 0.3 at a wavelength of 600 nm. All experiments 

were carried out in triplicate, and cell growth was 

monitored using a spectrophotometer at a wavelength of 

600 nm. Product analysis was conducted using HPLC. The 

yeast strain demonstrating the highest xylitol production 

was selected for further investigation. 

2.5. Fermentation of InaCCY65 strain in 

various xylose concentrations 

The optimal concentration of xylose during early 

fermentation was investigated using a YPX medium with 

varying xylose concentrations. The InaCCY65 strain was 

cultured in 12 mL of YPX media containing 5, 20, 40, 50, 

60, and 70 g/L xylose. Fermentation was carried out at 150 

rpm and 30°C for 30 hours. The initial optical density of 

yeast at OD600 was set to 0.3 at the start of fermentation. 

All experiments were performed in triplicate, and the cell 

growth was monitored using a spectrophotometer at a 

wavelength of 600 nm. Fermentation products, including 

xylose consumption and xylitol production, were analyzed 

using HPLC. 

2.6. Fermentation of InaCCY65 strain in 

medium containing inhibitor complex 

compounds (ICCs) 

The batch cultivations were conducted in 100 mL 

Erlenmeyer flasks at 30°C and 150 rpm. In this 

investigation, YPX medium served as the control medium 

without inhibitors. Another medium, YPX medium, added 

with inhibitory compounds, including 60 mM furfural, 10 

mM 5-HMF, 5 mM levulinic acid, 60 mM acetic acid, and 

30 mM formic acid, was designated as the inhibitory 

medium (YPXi). The YPXi medium was then diluted with 

YPX medium at 0.25-fold (0.75YPX+0.25YPXi), 0.5-fold 

(0.5YPX+0.5YPXi), and 0.75-fold (0.25YPX+0.75YPXi) 

concentrations. The concentrations of ICCs in the YPXi 

medium were tuned to previously reported values that 

effectively inhibit the development of most yeast cells38). 

The batch cultivations were carried out in 100 mL 

Erlenmeyer flasks at 30°C and 150 rpm in an orbital shaker 

incubator for 30 hours. A pre-culture was utilized to 

inoculate 12 mL of fermentation medium into 100 mL 

Erlenmeyer flasks, aiming for a cell culture concentration 

of OD600 = 0.3. Samples were collected every 3 hours 

throughout the fermentation process. The samples were 

centrifuged at 6000 g for 5 minutes, and 400 µL of 

supernatant was transferred into vials for HPLC analysis. 

The cell growth was monitored by measuring OD600 using 

a UV–VIS Spectrophotometer (Shimadzu, Tokyo). 

2.7. Fermentation product analysis  

Cell growth was monitored by measuring the optical 

density at 600 nm (OD600) using a UV–VIS 

Spectrophotometer, specifically the UV mini-1240 model 

manufactured by Shimadzu in Tokyo. Xylose and by-

products, including acetic acid, formic acid, levulinic acid, 

and xylitol, were analyzed using an HPLC system 

(LC20AB, Shimadzu, Tokyo) equipped with a 

COREGEL-87H3 column (7.8 mm I.D. 300 mm, 

Transgenomic Inc., New Haven, CT) and regulated at 

80°C. The samples were eluted at a flow rate of 0.6 

mL/min using 5 mM H2SO4 as the mobile phase. 

Additionally, the HPLC column Amminex HPX-87H 

(BioRad Labs. Inc., Hercules, CA) was utilized for 

assessing the concentration of inhibitors, predominantly 

furfural and 5-HMF, under similar conditions. 

3. Result and discussion 
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3.1. Screening of xylitol-producing yeast in 

xylose substrate 

To identify yeast strains with superior xylitol production 

capabilities, a selection was made from 99 InaCC yeast 

isolates, including Candida, Meyerozyma, Pichia, 

Trichosporon, Hyphopichia, Wickerhamomyces, and 

Kodama. Each yeast strain is identified by a numerical 

code preceding its name. The colored circles denote the 

xylitol concentration produced by each yeast strain, with 

red asterisks highlighting the strains chosen for further 

investigation (Figure 1). Although most of the screened 

isolates belonged to the Candida genus, none were 

identified as C. tropicalis, as this species is known to 

potentially cause human diseases39). 

Among the 99 yeast strains tested, Candida jaronii 

(InaCCY78) emerged as the top xylitol producer, yielding 

24.7 g/L. Additionally, among non-Candida strains, 11 

demonstrated xylitol production exceeding 20 g/L, while 

five strains produced between 15 and 20 g/L. Four strains 

yielded xylitol concentrations ranging from 20 to 25 g/L. 

The screening results were found seven strains exhibited 

xylitol production exceeding 25 g/L (refer to Figure 1). 

The objective analysis identifies non-Candida yeast strains 

capable of utilizing agricultural waste hydrolysate and 

possessing robust xylitol production capabilities (as 

illustrated in Figure 1); we selected 11 strains for further 

investigation. We utilized six yeast genera identified from 

the initial selection results: Cyberlindnera, Hyphopichia, 

Wickerhamomyces, Rhodosporidium, Meyerozyma, and 

Pichia. Several of these genera have been documented in 

various publications for their ability to produce xylitol. For 

instance, Cyberlindnera fabiani, isolated from 

lignocellulosic material, has been reported to exhibit 

xylitol-producing capabilities40). Similarly, studies by41) 

have indicated that Cyberlindnera strains can produce 

xylitol from sugarcane trash. Likewise, Hyphopicia has 

been documented as capable of xylitol production42). 

Wickerhamomyces anomalus has also been recognized as 

a xylitol-producing yeast23), particularly from sugarcane 

trash41). Rhodosporidium turoloides has been reported for 

its ability to produce lipids and xylitol from water hyacinth 

(Eichhornia crassipes) hydrolysate43). Meyerozyma has 

 

Fig. 1: Illustrates the species diversity and xylitol production capacity of the 96 InaCC yeast strains.
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shown xylitol production potential from various 

hydrolysates, including rice straw44) and sugarcane trash45). 

Furthermore, Pichia has been demonstrated to produce 

xylitol from corncob46), sugarcane trash, and olive pits 

hydrolysates47). 

Previous research has highlighted the yeast strain we 

selected, which several researchers have previously 

documented. However, exploring its xylitol production 

capabilities across various hydrolysates and pH levels 

remains intriguing. Hence, we chose 11 yeast strains to 

culture in corncob, sugarcane trash, and OPEFB 

hydrolysates. The results, including cell growth analysis 

and the concentrations of xylose and xylitol resulting from 

fermentation, are depicted in Figure 2. 

Yeast strains capable of yielding high xylitol 

concentrations have long been of interest. Carneiro et al. 

identified six strains- Meyerozyma spp., M. guilliermondii 

B12, M. guilliermondii A3, Spathaspora sp. JA1 and 

Wickerhamomyces anomalus 740-aree the most proficient 

in utilizing xylose. Depending on the substrate employed, 

these yeasts displayed a wide range of yield factors, from 

YP/S = 0.25 g/g to YP/S = 0.60 g/g, with M. guilliermondii 

B12 achieving the highest yield factor of YP/S = 0.60 g/g 

when utilizing bagasse hydrolysate42). 

In our investigation, we observed that M. guilliermondii 

InaCC Y65, isolated from Ledok, Cepu, Central Java, 

Indonesia, produced approximately 5 g/L of xylitol using 

xylose as the medium. Despite other strains, InaCC Y65 

underwent further examination to explore the potential 

utilization of various agricultural by-products for xylitol 

production. 

3.2. Screening of xylitol-producing yeast in 

lignocellulosic hydrolysates and pH 

In pursuit of superior strains capable of utilizing 

agricultural residues for xylitol production, a hydrolysate 

was derived from three abundant agricultural by-products: 

sugarcane trash, corncobs, and oil palm empty fruit bunch. 

The material underwent immersion in sulfuric acid to 

achieve a pH range of 2 to 6. The resulting hydrolysate was 

then assessed for its xylose content. Subsequently, the 

substrate was inoculated with 11 selected isolates, 

specifically strains capable of producing xylitol in excess 

of 5 g/L. The outcomes of this selection process are 

depicted in Figure 2. 

Figure 2 illustrates the varying xylitol production 

capacities of 11 yeast strains across corncob, sugarcane 

trash, and OPEFB hydrolysates at pH levels ranging from 

2 to 6. The M. guilliermondii InaCC Y65 exhibited robust 

growth and xylose assimilation, yielding relatively high 

xylitol concentrations (4-5 g/L) from corncobs and 

sugarcane trash hydrolysates at pH 3-5. However, this 

strain produced approximately 3.0-3.9 g/L of xylitol when 

utilizing OPEFB hydrolysate in the medium at pH 5-6. 

Additionally, another strain from the same genus, M. 

caribbica InaCCY67, demonstrated xylitol production 

potential by hydrolyzing corncobs at pH 4 and sugarcane 

trash at pH 5. Consequently, M. guilliermondii InaCCY65 

was selected for further xylitol production using 

lignocellulosic hydrolysate. 

Furthermore, other tested strains, including Cyberlindnera 

fabiani InaCC Y34, Hyphopicia burtonii InaCC Y35 and 

InaCC Y44, Wickerhamomyces anomalus InaCC Y52, 

Rhodosporidium turoloides InaCC Y57, Hyphopicia 

burtonii Y66, Meyerozyma caribbia InaCC 67, 87, 88, also 

exhibited the capability to utilize corncob and sugarcane 

trash hydrolysates. This indicates that yeast strains with 

xylitol-producing potential are taxonomically diverse. To 

our knowledge, this study represents the first report of M. 

caribbica InaCC Y67, InaCC Y8, InaCC Y88, and Pichia 

silvicola InaCC Y95, which can assimilate corncobs and 

sugarcane trash hydrolysates for xylitol production.  

We conducted a comparison of the YP/S values among 

different isolates across various pH hydrolysates, revealing 

that the InaCC Y65 isolate exhibited a higher value 

compared to other strains (see Table 1). InaCC Y65 

 

Fig. 2: The production of xylitol from 11 selected strains of yeast InaCC in corncob residue, sugarcane trash and OPEFB 

hydrolyzed at different pH
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demonstrated the ability to convert xylose from corncob 

and sugarcane trash hydrolysates into xylitol across a pH 

range of 2 to 6, respectively. Notably, the corncob 

hydrolysate at pH 4 and pH 5 exhibited the highest YP/S 

values, exceedingly approximately 0.5. The sugarcane 

trash hydrolysate at pH 3-5 displayed the highest YP/S 

value of approximately 0.4. Conversely, in the case of 

OPEFB, xylitol production by the InaCC Y65 isolate was 

only observed at pH 5.0, yielding a YP/S value of 0.1. This 

contrasts with Debaryomyces hansenii ITBCC R85, who 

demonstrated that xylitol formation only occurred at pH 

5.0 after 24 hours of incubation, with a xylitol 

concentration of 0.047 g/L and a xylitol yield against 

xylose of 0.045 g/g48). These results suggest that InaCC 

Y65 exhibits a higher YP/S at OPEFB compared to D. 

hansenii ITBCC R85. Furthermore, the InaCC Y65 isolate 

demonstrated relative resistance and a broad pH range for 

xylitol production, spanning from pH 2 to 6.  

Xylitol production is preferably reduced at higher pH 

levels, such as pH 6, due to its impact on the xylose 

transport system, thereby restricting xylitol formation 

within the fermentation solution and impeding its uptake 

by the cells. Conversely, at lower pH levels, such as pH 2 

and 3, xylitol formation is also relatively limited. This 

phenomenon is attributed to disturbances in the redox 

balance of the bioconversion process, alterations in 

intracellular pH leading to a decline in the enzymatic 

reaction rate for xylitol synthesis, compromised yeast cell 

permeability, and the lack of assimilation of micronutrients 

owing to micronutrient precipitation47). 

3.3. M. guilliermondii InaCCY65 in glucose-

xylose as substrate 

To investigate the effect of various carbon sources on the 

yeast's xylitol production capacity, glucose and xylose 

were used as culture mediums. The outcomes of the tests 

conducted using these two carbon sources are consolidated 

and illustrated in Figure 3.  

The physiological traits of M. guilliermondii InaCCY65 

were examined under both glucose and xylose conditions, 

where both sugars were utilized for biomass growth 

(Figure 3). Xylose consumption commenced only after 

glucose depletion in the medium containing both glucose 

and xylose. Xylitol production occurred subsequent to 

xylose assimilation and was exclusively observed in the 

presence of xylose in the medium; glucose was not utilized 

Table 1: The YP/S of eleven yeast strain in a YP medium containing corncob, sugarcane trash, and OPEFB after incubation at 30oC 

during 24 h incubation (p < 0.05, Tukey’s test)  

 
pH 

Strain Code of InaCC 

Y34 Y35 Y44 Y52 Y57 Y65 Y66 Y67 Y87 Y88 Y95 

H
y

d
ro

li
sa

te
 

Corncob 
2 

0,1±0,

12bcB 

0,2±0,

15bcB 

0,1±0,

11cB 

0,1±0,

09cB 

0,2±0,

11bcB 

0,2±0,

15aB 

0,2±0,

12bcB 

0,2±0,

11abB 

0,1±0,

10cB 

0,1±0,

12cB 

0,1±0,

11bcB 

3 
0,2±0,

11bcB 

0,2±0,

11bcB 

0,1±0,

15cB 

0,1±0,

11cB 

0,1±0,

12bcB 

0,3±0,

14aB 

0,2±0,

11bcB 

0,2±0,

11abB 

0,1±0,

12cB 

0,1±0,

11cB 

0,1±0,

14bcB 

4 
0,2±0,

12bcA 

0,2±0,

11bcA 

0,1±0,

14cA 

0,1±0,

13cA 

0,2±0,

12bcA 

0,5±0,

12aA 

0,3±0,

10bcA 

0,4±0,

11abA 

0,1±0,

12cA 

0,2±0,

15cA 

0,2±0,

11bcA 

5 
0,2±0,

14bcA 

0,2±0,

12bcA 

0,2±0,

11cA 

0,2±0,

10cA 

0,2±0,

09bcA 

0,5±0,

09aA 

0,2±0,

11bcA 

0,3±0,

10abA 

0,2±0,

11cA 
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for xylitol production. The quantity of xylitol generated 

was contingent upon the xylose concentration in the 

medium; thus, ethanol was not detected in the medium, 

indicating the absence of fermentation (refer to Figure 3).  

3.4. M. guilliermondii InaCCY65 in various pH 

and temperatures 

To identify yeast species with superior xylitol production 

capabilities across a broad pH range (3.0-6.0) and 

temperature range (25-40°C), a cell growth assay was 

conducted using xylose, a commonly utilized medium. The 

performance of M. guilliermondii InaCCY65 across 

various pH levels and temperatures is depicted in Figure 4. 

When cultivated in xylose, the optimal temperature for 

xylitol production by InaCCY65 was 30°C at pH 4.5, with 

diminished cell growth observed at both 25°C and 40°C. 

The stationary phase of cell growth was obtained after 24 

hours. Moreover, the ideal pH for cell growth and xylitol 

production by M. guilliermondii InaCCY65 was pH 4.5. 

Deviations from this pH value resulted in reduced efficacy. 

These findings align with previous results (refer to Figure 

2 and Table 1), underscoring the ability of M. 

guilliermondii InaCCY65 to produce xylitol within the pH 

range of 3 to 5. Various reports have highlighted the 

influence of temperature conditions on xylitol production 

by different yeast strains. Optimal xylitol yields were 

achieved under specific conditions: Candida parapsilosis 

at pH 5.0; Candida guilliermondii at pH 4.5; Candida 

boidinii at pH 6.049); and Hansenula anomala50) at pH 

4.551). Additionally, the pH range for xylose-to-xylitol 

bioconversion by Debaryomyces hansenii UFV-170 was 

 

(A) 

 

(B) 

 

(C) 

Fig. 3: Growth characteristics of strain InaCCY65 in 

medium containing glucose (A), xylose (B), glucose and 

xylose (C) after incubation at 30°C, 150 rpm, for 30 hours. 

Cell growth (◼︎), glucose (☐), xylose (●), xylitol (○) and 

ethanol (△) 

 

(A) 

 

(B) 

 

(C) 

Fig. 4: Cell growth and xylitol production of M. 

guilliermondii InaCCY65 at different temperatures (A and 

B) and pH (C and D) after incubation at 150 rpm for 30 h 
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reported to be 4–851), while Pichia stipitis demonstrated 

optimal performance at pH 5.051). Kluyveromyces 

marxianus CCA510 exhibited peak activity at pH 6.052), 

and Candida boidinii was most effective at pH 6.053). 

3.5. Characterization of selected xylitol-

producing yeast in initial xylose concentration 

The initial concentration of xylose as a substrate 

significantly influences xylitol fermentation. M. 

guilliermondii InaCCY65 was cultured in media 

containing xylose concentrations ranging from 10 to 80 

g/L to investigate the impact of initial substrate 

concentration on xylitol production capacity. A summary 

of the experiments assessing the effect of xylose 

concentration on xylitol production by M. guilliermondii 

InaCCY65 is presented in Figure 5. 

Figure 5 summarizes xylitol production by M. 

guilliermondii InaCCY65 across various initial 

concentrations of xylose. The Figure illustrates that xylitol 

production commences following the assimilation of 

xylose, with higher xylitol concentrations observed as the 

initial xylose concentration increases, peaking after 24 

hours of incubation. Elevated xylose concentrations 

corresponded to increased xylitol levels. However, the 

yield coefficient (YP/S) after 24 hours of incubation at 

each initial xylose concentration was observed to decrease, 

with values of 0.71, 0.45, 0.42, 0.34, and 0.33, indicating 

a reduction in YP/S as xylose concentration rises. The 

highest YP/S of 0.71 was achieved at an initial xylose 

concentration of 20 g/L. These findings suggest an 

inhibitory effect of high xylose concentrations on the 

 

(A) 

 

(B) 

Fig. 5: Illustration of physiological reaction of M. 

guilliermondii InaCCY65 to varying initial concentrations 

of xylose uptake (A), as well as the resulting xylitol 

production (B) 

growth of InaCCY65, resulting in a slower attainment of 

xylitol conditions. Consequently, the results indicate that 

an initial xylose concentration of 20 g/L is the most 

efficient for xylitol production. 

Deng et al. reported the influence of initial xylose on 

xylitol production by Wickerhamomyces anomalus WA 

found that increasing the xylose concentration from 20 g/L 

to 180 g/L resulted in a corresponding increase in xylitol 

production from 0.61 g/g to 0.91 g/g. These findings were 

attained by supplementing the fermentation with 20 g/L 

glycerol as a co-substrate23). 

3.6. Growth profile of InaCCY65 in medium 

containing inhibitory chemical complex (ICC) 

The main obstacle in utilizing agricultural by-products for 

xylitol production lies in the existence of ICCs54,55). To 

assess the impact of these inhibitors on xylitol production, 

M. guilliermondii InaCCY65 was cultured in media 

containing varying concentrations of ICCs. The 

concentration of ICCs in the growth medium was adjusted 

to achieve concentrations ranging from 5.0 to 70.0 mM 

furfural. The influence of ICCs on both cell growth and 

xylitol production is depicted in Figure 6.  

The rate of cell growth and xylose consumption exhibits 

variability depending on the concentration of ICCs present 

in the medium. Xylitol production is closely linked to the 

growth rate, as it escalates promptly following the onset of 

xylose consumption. In the YPXi medium, the strain 

experiences minimal growth and fails to consume xylose. 

Essentially, when ICC concentrations are excessively high, 

xylose assimilation ceases, leading to a complete halt in 

cell growth. 

Figure 6 depicts a delay in xylose consumption as ICC 

concentrations increase. The rate of xylose assimilation 

varies with ICC levels in the medium. Higher ICC 

concentrations prolong xylose assimilation during 

fermentation. In the 0.5YPX+0.5YPXi medium, a 

reduction in xylose assimilation is evident, with some 

remaining unused until the end of fermentation, after 30 

hours of incubation. This slowdown in xylose consumption 

affects both cell growth and xylitol production. Similar 

effects are observed in the 0.25YPX+0.75YPXi and YPXi 

media. These results indicate that M. guillormondii 

InaCCY65 exhibits resilience to inhibitory compounds, 

tolerating ICC concentrations up to 75% of the total. 

Despite significant inhibition of cell growth in the YPXi 

medium, InaCCY65 cells fail to assimilate xylose, 

resulting in reduced xylitol production, approximately 

around 2 g/L. Furfural toxicity has been associated with 

modifications in cell wall and plasma membrane 

composition, DNA damage, oxidative stress, suppression 

of RNA synthesis, and disruption of protein synthesis56). 

Additionally, it induces the aggregation of tubular 

mitochondria and inhibits enzymes involved in central 

carbon metabolism57). The compound of 5-HMF is 
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hazardous because it inhibits glycolysis and disrupts RNA 

and protein synthesis58). Furthermore, inhibitor 

compounds have been documented to impede xylose 

reductase activity in the xylose metabolism of 

Thermomyces lanuginosus59) and D. nepalensis60). The cell 

growth and xylitol production of these strains inhibited in 

the presence of furfural, 5-HMF, acetic acid, vanillin, 

gallic acid, and phenol. 

Several approaches can be employed to mitigate the 

toxicity of lignocellulosic hydrolysates to yeast, including 

hydrolysate detoxification, cell encapsulation, cultivation 

with high cell density59), adaptive strain development33), 

and genetic engineering61). However, these strategies 

inevitably entail increased energy consumption and costs. 

The inherent resistance of M. guilliermondii InaCCY65 to 

inhibitors presents a promising avenue for its utilization as 

a cell factory in xylitol fermentation from lignocellulosic 

hydrolysates. 

3.7. The profiles of detoxification of inhibitory 

chemical complex (ICC) 

Superior isolates may employ several physiological 

mechanisms to reduce the effects of ICC compounds on 

cell growth and their ability to produce xylitol. Therefore, 

the ability to grow and produce xylitol of strain InaCCY65 

was tested using different concentrations of ICCs, 

including 5-HMF, furfural, formic acid, acetic acid and 

levulinic acid. The detoxification of the tested compounds 

by the InaCCY65 strain is shown in Figure 7. 

Based on the cell growth profile and inhibitor 

detoxification, the cells exhibited survival through 

successful detoxification of inhibitors, namely 5-HMF and 

furfural (as depicted in Figures 7A and 7B). 

 

(A) YPX 

 

(B) 0.75YPX+0.25YPXi 

 

(C) 0.5 YPX+0.5YPXi 

 

(D) 0.25YPX+0.75YPXi 

 

(E) YPXi 

Fig. 6: Growth diagram of M. guilliermondii InaCCY65 in 

medium YPX (A), 0.75YPX+0.25YPXi (B), 

0.5YPX+0.5YPXi (C), 0.25YPX+0.75YPXi (D), and 

YPXi (E). Cell growth (●); xylose (△); and xylitol (○)  

The concentrations of furfural and 5-HMF declined during 

the fermentation process in accordance with their initial 

concentrations. In the YPXi medium, cell death occurred 

due to an inability to withstand the inhibitors, as indicated 

by the inhibitor profiles showing unsuccessful 

detoxification. In this medium, furfural remained at its 

original concentration of 40%, while 5-HMF was less 
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(A) 

 

(B) 

 

(C) 

 

(D) 

 

(E) 

Fig. 7: Detoxification of 5-HMF (A), furfural (B), formic 

acid (C), acetic acid (D), and levulinic acid (E) during 

fermentation of M. guilliermondii InaCCY65 in the 

medium YPi (●), 0.75YP+0.25YPi (○), 0.5YP+0.5YPi 

(◼︎), 0.25YP+0.75YPi (☐)  

detoxified, with 80% of its original concentration 

remaining due; to We observed that InaCCY65 cells 

managed to detoxify 5-HMF and furfural as the 

concentrations of inhibitors decreased during fermentation, 

particularly in the 0.75YP+0.25YPi, 0.5YP+0.5YPi, and 

0.25YP+0.75YPi media. It is believed that 5-HMF and 

furfural directly inhibit the activity of critical enzymes 

involved in xylose metabolism, such as xylose reductase62). 

An intriguing aspect that warrants further investigation is 

the bioconversion of furfural and 5-HMF compounds into 

other compounds, which can fulfilled the information of 

their metabolism. 

4. Conclusion  

In conclusion, Meyerozyma guilliermondii InaCCY65 

excels as a top candidate for converting lignocellulosic 

biomass into xylitol due to its adaptability and productivity. 

Thriving in diverse hydrolysates and acidic conditions, the 

strains of InaCCY65 consistently produce xylitol and 

utilize both glucose and xylose efficiently. The optimal 

conditions of temperature and pH were 30°C and pH 4.5 to 

further enhance its productivity. The InaCCY65's 

resilience against inhibitors and acidic environments were 

ideal for industrial applications, promising innovations in 

sustainable xylitol production and bioeconomy 

advancement. 
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