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Abstract: Xylitol is a sugar alcohol with five carbons that can be used in the pharmaceutical and 
food industries. It is industrially produced by chemical route; however, a more economical and 
environmentally friendly production process is of interest. In this context, this study aimed to select 
wild yeasts able to produce xylitol and compare their performance in sugarcane bagasse 
hydrolysate. For this, 960 yeast strains, isolated from soil, wood, and insects have been prospected 
and selected for the ability to grow on defined medium containing xylose as the sole carbon source. 
A total of 42 yeasts was selected and their profile of sugar consumption and metabolite production 
were analyzed in microscale fermentation. The six best xylose-consuming strains were molecularly 
identified as Meyerozyma spp. The fermentative kinetics comparisons on defined medium and on 
sugarcane bagasse hydrolysate showed physiological differences among these strains. Production 
yields vary from YP/S = 0.25 g/g to YP/S = 0.34 g/g in defined medium and from YP/S = 0.41 g/g to YP/S = 
0.60 g/g in the hydrolysate. Then, the xylitol production performance of the best xylose-consuming 
strain obtained in the screening, which was named M. guilliermondii B12, was compared with the 
previously reported xylitol producing yeasts M. guilliermondii A3, Spathaspora sp. JA1, and 
Wickerhamomyces anomalus 740 in sugarcane bagasse hydrolysate under oxygen-limited conditions. 
All the yeasts were able to metabolize xylose, but W. anomalus 740 showed the highest xylitol 
production yield, reaching a maximum of 0.83 g xylitol/g of xylose in hydrolysate. The screening 
strategy allowed identification of a new M. guilliermondii strain that efficiently grows in xylose even 
in hydrolysate with a high content of acetic acid (~6 g/L). In addition, this study reports, for the first 
time, a high-efficient xylitol producing strain of W. anomalus, which achieved, to the best of our 
knowledge, one of the highest xylitol production yields in hydrolysate reported in the literature. 
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1. Introduction 

Xylitol is a five-carbon polyol (sugar alcohol) with different applications. It possesses high 
sweetener potential, with a flavor similar to sucrose, and it can also be used as a sweetener by patients 
with diabetes because it does not require insulin to be metabolized [1,2]. Xylitol leads to preventive 
action against inflammation of the airways, such as otitis, sinusitis and tooth decay since bacteria do 
not use it for growth [2,3]. It has also been pointed out as an interesting chemical product for 
worldwide applications in the chemical industry [4]. 

Currently, xylitol is produced by chemical route, trough the catalytic hydrogenation of xylose, 
in the presence of an aluminum or nickel catalyst under extreme conditions of temperature and 
pressure (180 °C; 50 atm) [1–5]. The biotechnological conversion of xylose to xylitol, in yeasts and 
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filamentous fungi, occurs in a single reductive step, where xylose is reduced to xylitol by a xylose 
reductase (XR) enzyme. The xylitol can be secreted or further metabolized by the microorganism to 
xylulose by a xylitol dehydrogenase (XDH) enzyme. The biotechnological production of xylitol is 
attractive in a biorefinery context by the employment of environmental friendly processes to 
aggregate value to the xylose present in the hemicellulosic hydrolysates [3]. In addition, this process 
has the potential to offer lower costs for the production routes [6].  

Yeasts can produce considerable amounts of xylitol, however each species and even different 
strains of the same species present peculiarities regarding production efficiencies [7,8]. Candida 
species have been recognized as the best xylitol producers, reaching yield and productivity of YP/S = 
0.84 g/g and P = 1.01 g/L h−¹, respectively [1]. However, Candida species are considered opportunistic 
pathogens, and their utilization in biotechnological processes have been questioned due to the 
absence of a GRAS status (generally recognized as safe) [1–3]. In this context, several yeast species 
have been screened and identified, including species of Meyerozyma [9], Spathaspora [8], 
Scheffersomyces [10], Debaromyces [11], and Kluyveromyces [12]. Recently, the Spathaspora sp. JA1 strain 
stood out due to its capability to produce xylitol with yields of YP/S = 0.75 g/g on sugarcane 
hydrolysate [8]. However, a direct comparison among the xylitol producers is difficult because of the 
different experimental setups employed in each study.  

Despite the availability of xylitol-producing strains, the identification of yeasts that are naturally 
able to produce xylitol and the systematic comparison among producing strains, is still necessary, so 
that the demand for specific substrates and large-scale production conditions are supplied [5–13]. In 
this context, the aim of this study was to select and identify a new yeast naturally able to convert 
xylose from sugarcane bagasse hydrolysate into xylitol and then to compare its performance with 
strains previously known as good xylitol producers. 

2. Materials and Methods  

2.1. Yeast Strains  

The 960 screened yeasts used in this work were isolated from soil, decaying wood, and insect 
guts, collected at Brasília, Federal District, Brazil, and were deposited in the microbial collection of 
Embrapa Agroenergia. The yeasts were stored in a −80 °C freezer in Yeast Mold (YM) medium 
supplemented with xylan. The yeasts were stored in microtiter plates, which were named from JAP5 
to JAP14. The yeasts were isolated from different environments: JAP5 and JAP14 from decaying 
wood, JAP6 and JAP7 from termites, JAP8 and JAP9 from insect larvae growing in decaying wood, 
JAP10, JAP11, and JAP12 from deeper soil (around 5 cm from the surface), and JAP13 from superficial 
soil. Three yeast species previously identified were also chosen as control strains for fermentative 
kinect comparison: i) Spathaspora sp. JA1 was previously isolated from decaying wood samples 
collected in Brasilia, Distrito Federal, Brazil, by its capacity to grow on xylose. The capability of 
Spathaspora sp. JA1 to produce xylitol on hydrolysate was recently demonstrated [7]; Meyerozyma 
guilliermondii A3 was isolated by its fast growth on xylose and capability to produce xylitol on 
sugarcane bagasse hydrolysate [14]; and, finally, Wickerhamomyces anomalus 740 isolated from a 
sugarcane mill sample by its ability to grow on sugarcane bagasse hydrolysate containing high 
concentration of acetic acid (8 g/L). This strain was capable to metabolize glucose and xylose and 
produce mainly cell biomass, ethanol, and xylitol in a defined mineral medium and sugarcane 
bagasse hydrolysate.  

2.2. Media 

The media used were: Yeast Mold (YM) medium (yeast extract 3 g/L, glucose 10 g/L, bacterial 
peptone 5 g/L, and malt extract 3 g/L); YPD (yeast extract 10 g/L, bacterial peptone 20 g/L, and glucose 
20 g/L) and YPX (yeast extract 10 g/L, bacterial peptone 20 g/L, and xylose 20 g/L). The defined 
medium was composed of YNB (synthetic YNB 1,7 g/L Sigma Aldrich Y1251 and ammonium sulfate 
5.0 g/L) supplemented with xylose 40 g/L or glucose 20 g/L. Mineral medium (MM) was prepared as 
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reported by [15] and it was supplemented with sugarcane bagasse hydrolysate, or xylose (40 g/L) and 
glucose (10 g/L).  

2.3. Screening of Naturally Xylose-Consuming Yeasts 

The yeasts were screened for the ability to grow in defined medium containing xylose as the sole 
carbon source. For this, the strains were withdrawn from −80 °C stock and inoculated in 200 µL of 
YM medium supplemented with glucose 20 g/L in 96 well microtiter plates (numbered as JAP5 to 14) 
and incubated at 30 °C overnight. After confirmation that all strains grew on glucose, they were 
replicated in 200 µL of defined medium supplemented with xylose (40 g/L). The transfer was made 
using a sterile 96 pin Replicator (Boekel, Pennsylvania, PA, USA). The plates were incubated at 30 °C 
and the growth was monitored by optical density measures (OD600 nm) using a spectrophotometer 
(Molecular Devices SpectraMax M3). The collected data were evaluated to quantify the capacity for 
growth of each strain. The experiments were made in quadruplicate. The yeasts Scheffersomyces stipitis 
NRRL and Spathaspora JA1 were used as positive controls because of their ability to grow on xylose 
[8–15] in all experiments, whereas media without inoculum was used as the negative control. To 
visually represent the final growth of each strain, a heat map was constructed. For this, the calculated 
growth of each strain was calculated by absorbance variation in 120 h (OD600 120 h–OD600 0 h). The 
best growing strain showed a growth at 120 h of OD600 of 1.47. This value was considered 100% and 
used to normalize the growth of all strains. To perform the selection of the best strains, the following 
criteria were used: (i) identification of strains that reach higher OD600 nm, regardless of time, and ii) 
identification of strains with faster growth; that is, reach the stationary phase more quickly. In 
addition, to ensure diversity of strains origin, yeasts of all plates, except one, have been selected for 
the next experiments.  

2.4. Fermentative Analysis in Microscale 

The xylose conversion capability of 42 selected strains was evaluated in 200 µL of YM 
supplemented with xylose, inoculated with low cell density, in a 96 wells microtiter at 30 °C, 
overnight. After yeast growth in the preculture, they were replicated to deepwell plates (1.1 mL) 
containing 800 µL of defined medium supplemented with xylose 40 g/L using a 96 pins sterile 
replicator (Boekel, USA) and incubated at 30 °C for 48 h. After that period, the plates were centrifuged 
for 20 min at 3800× g and the supernatant was collected for analysis of sugar consumption and 
product formation.  

After the previous experiment, the eight best xylose-consumers and xylitol producers were 
selected for fermentation with higher cellular density. For this, the yeast strains were inoculated in 
10 mL of a defined medium supplemented with xylose 40 g/L in conical tubes of 50 mL and incubated 
at 180 rpm at 28 °C overnight. Then, the tubes were centrifuged and the cells were washed and 
inoculated in 1 mL of a defined medium in deepwell plates (1.1 mL). After incubation for 48 h at 28 
°C, the supernatants were collected for analysis of sugar consumption and product formation. 

2.5. Fermentative Capacity Evaluation Under Limited-Oxygen Conditions  

2.5.1. Comparison of Xylitol Production by Selected Yeasts in a Defined Medium 

A total of six yeast strains was chosen to perform high cell density fermentation in flasks. The 
six Meyerozyma sp. strains were grown in 50 mL conic tubes, with 7 mL of a defined medium 
supplemented with xylose (40 g/L), at 180 rpm and 28 °C, overnight. Then, the strains were inoculated 
to an OD600 nm of 0.2 in 50 mL of a defined medium in 100 mL flasks, and incubated at 180 rpm and 
28 °C, for 72 h. Samples were withdrawn for sugar consumption and product formation 
measurements. The experiment was made in duplicate. 
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2.5.2. Comparison of Xylitol Production by Selected Yeasts in Sugarcane Bagasse Hydrolysate 

The yeasts M. guilliermondii B12, M. guilliermondii A3, Spathaspora sp. JA1, and Wickerhamomyces 
anomalus 740 were grown overnight in 150 mL of YPX in 1 L flasks at 180 rpm, 28 °C. Then, 500 mL 
of sugarcane hydrolysate supplemented with xylose (12 g/L to reach 40 g/L) and glucose (2 g/LL to 
reach 10 g/L) in a 1 L bench bioreactor (Infors MT) was inoculated to an OD600 nm of 1. The 
hydrolysate was prepared by steam explosion followed by acid hydrolysis of the hemicellulosic 
fraction of sugarcane bagasse, and the composition in the beginning of fermentation was determined 
to be: cellobiose (0.56 g/L), glucose (10 g/L), xylose (40 g/L), acetate (6.5 g/L), furfural (0.94 g/L), and 
5-hydroxymethylfurfural (5-HMF) (0.11 g/L).  

The fermentation was carried out at 28 °C, stirrer at 400 rpm, and a pH of 5.5 adjusted with KOH 
3 M. Synthetic air was flushed during the experiment at 0.2 v.min−¹. The experiments were made in 
triplicate. 

2.6. Yeast Molecular Identification  

Genomic DNA was extracted using a yeast genomic DNA extraction kit (Invitrogen). The region 
D1/D2 of 26S ribosomal DNA was amplified by PCR using the primers NL1 and NL4 [16]. The PCR 
products were purified using a DNA purification kit (Thermo Scientific, Waltham, MA, USA) and 
sanger sequenced by Eurofins Scientific. The consensus sequence for each strain was constructed 
using the Geneious program. Finally, the sequence of each yeast (Table S1) was compared with the 
sequences of the D1/D2 region of the strains belonging to NCBI databases and CBS–KNAW 
Collections for taxonomic identification. 

2.7. Metabolite and Biomass Analyses 

Metabolite samples were immediately centrifuged and stored at −20 °C until analysis by liquid 
chromatography. An HPLC-UPLC (Waters AcQuity UPLC H Class) equipped with an Aminex HPX 
87H column (Bio-Rad, Hercules, CA, USA) at 45 °C and a refractive index detector (Waters 410, 
Millipore, Milford, MA, USA) was employed to quantify glucose, xylose, xylitol, glycerol, acetate, 
and ethanol. The elution was performed with 5 mM H2SO4 prepared in ultra-pure water with a flow 
rate of 0.6 mL/min. 

Cell concentrations were determined from absorbance measurements at 600 nm on samples 
diluted to give an optical density (OD) using a spectrophotometer (Molecular Devices SpectraMax 
M3). For the determination of cell dry weight, duplicate 5 mL samples, which were centrifuged, 
washed with distilled water, and dried at 60 °C for 48 h, were weighed. Cell dry weight was linearly 
correlated with OD measurements.  

3. Results 

3.1. Bioprospecting Xylitol Producing Yeasts 

A screening strategy based on the ability to metabolize xylose was employed to select yeast 
strains to produce xylitol. Initially, 960 yeasts isolated in the Cerrado biome in Brazil were evaluated 
by growth in xylose as the sole carbon source in microtiter plates. The growth profile varied 
considerably among the different yeasts (Figures 1 and 2). While some strains have reached the 
stationary phase after 24 h with relatively low cell density, others did grow slowly but reached higher 
cell densities. Figure 1 exemplifies the growth profile for 96 strains. In addition, the final OD600 
reached after 24 h was scored for all strains (Figure 1b). Strains isolated from different environments 
showed significant growth capacities on xylose (Figure 2; Table S2). In general, strains isolated from 
JAP5 and JAP11 showed the poorest growth on xylose, while JAP10, JAP12, and JAP14 showed the 
best growth capacity (Figure 2). As the preculture was performed in glucose and the growth of each 
strain was confirmed, these results are in fact related to the ability to metabolize xylose under the 
conditions evaluated.  
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Figure 1. Selection of yeasts based on growth in xylose. (a) Growth profile of the 96 yeasts in defined 
medium. The colored lines represent the different strains of the plate JAP-14 (b) Final growth in 180 
h for the 30 best strains in the microtiter plate JAP-14. Average and standard deviation for four 
replicates are shown. 
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Figure 2. Heat Map showing the growth score of the 960 yeast strains screened on defined medium 
supplemented with xylose after 120 h. The lines represent the yeast strains code in each plate, whereas 
the columns the plate numbers. All the values were normalized with the highest growth (OD600 120 
h–OD600 0 h); i.e., 100% equals to OD600 1.47. The 42 selected yeast strains are indicated by *. 

Two criteria were employed to select the best growing yeasts from each plate: (i) selection of 
strains that reach a higher final growth, regardless of time, and (ii) a selection of strains with faster 
growth; that is, reach the stationary phase in a shorter time. To ensure diversity of strain origin, yeasts 
of all plates have been selected for the next experiments, with the exception of JAP5, none of the 
yeasts of the plate JAP5 presented a growth rate above 50% in comparison with the best strain. 
Therefore, they were excluded from the next experiments. Thus, after the growth analysis of all 
yeasts, the 42 best-growing strains were selected. Among these, 9 were isolated from termite samples, 
10 came from termite larvae, 13 from deep soil, 5 from superficial soil, and 5 from decaying wood 
(Figure 2). 
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The sugar consumption and xylitol production of the 42 selected strains were evaluated in a 
defined medium supplemented with xylose (40 g/L). As expected, all strains were able to 
consume xylose; however, with significant variation among them (Figure 3). The strain JAP14-
A12, which was isolated from a decaying wood sample, consumed the highest amount of xylose 
(20 g/L), whereas the JAP8-B3 strain showed the poorest consumption (8.5 g/L). The origin of the 
yeast did not appear to correlate with xylose consumption capacity, since significant variation 
in the xylose consumption occurred even among the yeasts isolated from the same origin 
samples.  

Figure 3. Xylose consumption and xylitol production after 48 h by the 42 selected yeast strains 
inoculated at a low cellular density in a defined medium supplemented with 40 g/L xylose. Grey lines 
(consumed xylose); black lines (xylitol production). The eight selected yeast strains are indicated by 
*. 

A total of 41 strains were able to produce detectable amounts of xylitol among the 42 evaluated 
(Figure 3). The xylitol production was relatively low under the conditions evaluated (low cellular 
density), with the strain JAP12-D9 producing the highest amount (0.2 g/L). The strains JAP7-H12, 
JAP6-H5, and JAP8-B12 also showed good xylitol production (0.13 g/L, 0.12 g/L, and 0.10 g/L, 
respectively) even if they did not show the highest xylose consumption (Figure 3), which may lead 
to good production yields. Despite the yeast JAP14-A12 showing the highest xylose consumption, it 
showed a low xylitol production (0.04 g/L). Even if the aeration was limited, the conditions employed 
still favored yeast growth (data not shown). Based on the presented data, the eight yeast strains that 
most consumed xylose and produced greater quantities of xylitol were selected for further 
characterization. Four yeast (JAP6-H2, JAP6-H5, JAP6-H9, and JAP7-H12) were derived from 
termites, two (JAP8-B12, JAP9-G12) from insect larvae, one (JAP12-D9) from deep soil, and one 
(JAP14-A12) from decaying wood.  

The eight yeast strains were evaluated for xylitol production with higher cellular density under 
oxygen-limited condition. The yeast strains were incubated in a defined medium supplemented with 
xylose 40g/L, and after 72 h the sugar consumption and production formation were analyzed. The 
JAP14-A12 strain that was isolated from insect larvae showed the best consumption of xylose (8 g/L) 
and xylitol production (6 g/L), with a yield of YX/S = 0,74 g/g on xylitol production, followed by JAP7-
H12 and JAP6-H9, producing 4.70 g/L and 3.81 g/L with yield of YX/S = 0.66 g/g and YX/S = 0.61 g/g, 
respectively (Figure 4). Five yeast strains were isolated from insects, JAP6-H5, JAP6-H9 and JAP7-
H12 isolated from termite viscera, and JAP8-B12 and JAP9-G12 of insect larvae, and then one strain, 
M. guilliermondii A12, from decaying wood. All six strains produced trace amounts of ethanol under 
the tested conditions. Only two yeasts, JAP12-D9 and JAP6-H2, isolated from the soil and decaying 
wood samples, respectively, showed the poorest growth, and a yield on xylitol production lower than 
YX/S = 0.50 g/g. Therefore, they were excluded from the following experiments. 
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Figure 4. Xylose consumption and xylitol production in a defined medium supplemented with xylose 
(40 g/L), inoculated at a high cellular density condition, by the eight yeasts previously selected. The 
yield (g xylitol/g xylose consumed) is represented by the numbers on the top of the columns. Xylose 
consumption (grey bars); xylitol production (black bars); ethanol production (light grey line). 

3.2. Taxonomic and Molecular Identification 

The six selected yeast strains were molecularly identified by sequencing and analysis of the 
region D1/D2 of the ribosomal DNA 26S. The analysis of similarity employing data deposited in the 
NCBI and CBS–KNAW Collections databases described showed that all the six selected strains 
belong to the genus Meyerozyma (Table 1). Five strains showed complete sequence identity to M. 
guilliermondii strains, whereas one showed a 99% identity (Table 1). The strain M. guilliermondii G12 
showed sequence identity to M. guilliermondii and M. caribbica, both with 99% identity (Table 1). After 
the taxonomic identification, the selected yeasts were called by its scientific nomination, plus the final 
code, i.e., M. guilliermondii B12. 

Table 1. Taxonomic identification of the selected yeast strains. The D1/D2 region sequence similarity 
is indicated. 

Yeast code Yeast Sequence ID ID 
JAP14-A12 Meyerozyma guilliermondii MSRY_19  KY952849.1 100% 
JAP8-B12 Meyerozyma guilliermondii MSRY_19 KY952849.1 100% 

JAP9-G12 
Meyerozyma guilliermondii N2-1 

Meyerozyma caribbica 
MF148904.1 
KX507035.1 

99% 
99% 

JAP6-H5 Meyerozyma guilliermondii DGC-G-z MG518185.1 100% 
JAP6-H9 Meyerozyma guilliermondii 2A-1C315III MG736036.1 100% 
JAP7H12 Meyerozyma guilliermondii MSRY_19 KY952849.1 100% 

3.3. Xylitol Production in Defined Medium and Sugarcane Bagasse Hydrolysate 

The xylitol production kinetics of the six yeast strains previously selected (M. guilliermondii A12, 
M. guilliermondii B12, M. guilliermondii G12, M. guilliermondii H5, M. guilliermondii H9, and M. 
guilliermondii H12) was further evaluated in shake-flasks under oxygen-limited conditions in a 
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defined medium. All six strains presented similar fermentation kinetics, consuming about 25 g/L of 
xylose in 72 h and producing mainly cell biomass and xylitol (Table 2). The strains M. guilliermondii 
H9 and M. guilliermondii B12 were the best xylitol producers, with a production of approximately 7 
g/L and yield of approximately 0.32 g/g. Thus, Meyerozyma guilliermondii B12, isolated from insect 
larvae, was selected as the best producer of xylitol among the 960 prospected, to carry the 
fermentation on sugarcane bagasse hydrolysate. 

Table 2. Xylitol production by selected Meyerozyma strains in shake-flasks under oxygen-limited 
conditions in a defined medium. Xylitol production, yield, and productivity after 72 h of incubation. 
Values are average and deviation from duplicate experiments. 

Microorganism Xylose 
consumed (g/L) 

Xylitol production 
(g/L) Xylitol yield (g/g) a Productivity 

(g//g h–¹) b 
M. guilliermondii H5  24.28 ± 5.65 6.69 ± 1.44 0.28 ± 0.01 0.009 ± 0.004 
M. guilliermondii H9 20.64 ± 2.12 7.19 ± 1.38 0.35 ± 0.03 0.009 ± 0.003 
M. guilliermondii H12 24.50 ± 2.46  6.20 ± 0.63 0.28 ± 0.07 0.009 ± 0.001 
M. guilliermondii A12 24.67 ± 4.39 6.37 ± 2.27 0.25 ± 0.05 0.010 ± 0.005 
M. guilliermondii B12 24.10 ± 0.70 7.25 ± 0.46 0.30 ± 0.02 0.011 ± 0.002 
M. guilliermondii G12 21.77 ± 2.87 6.19 ± 0.43 0.29 ± 0.02 0.009 ± 0.003 

a YX/S: xylitol yield on xylose; b Volumetric productivity. 

3.4. Xylitol Production in Sugarcane Bagasse Hydrolysate 

The xylitol production capability of the new M. guilliermondii B12 strain selected in this study 
was compared to the one of M. guilliermondii A3, Spathaspora sp. JA1 and W. anomalus 740 in sugarcane 
bagasse hydrolysate. M. guilliermondii A3 was also isolated from the Cerrado biome in Brazil, whereas 
W. anomalus 740 was isolated from a sugarcane mill and presents a high tolerance to acetic acid. 
Spathaspora sp. JA1 was recently identified as a promising xylitol producing yeast [8]. The four strains 
were inoculated in hydrolysate and the sugar consumption and product formation were evaluated 
under oxygen-limited conditions. All four yeasts consumed the glucose (aproximatelly 8 g/L) in the 
first 15 hours of fermentation (Figure 5). 

 
Figure 5. Xylitol production in sugarcane bagasse hydrolysate in a bench bioreactor. (a) M. guilliermondii A3, (b) 
M. guilliermondii B12, (c) Spathaspora sp. JA1, and (d) W. anomalus 740. Xylose (purple line), xylitol (red line), 
glucose (orange line), ethanol (black line), acetate (blue line), and biomass (green line). Experiments were 
performed in duplicate and one replicate is shown. 
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Xylose assimilation only started after the glucose was almost completely consumed (Figure 5). 
The strains M. guilliermondii B12 and M. guilliermondii A3 showed a slower sugar consumption rate 
than Spathaspora sp. JA1 and W. anomalus 740. Indeed, they spent more time adapting in the 
hydrolysate medium and only consumed approximatelly 20 g/L xylose after 62 h of the fermentation 
process and produced approximatelly 5–6 g/L of xylitol (Figure 5a,b and Table 3). On the other hand, 
Spathaspora sp. JA1 and W. anomalus 740 showed similar fermentative profile, consuming all the 
xylose in 50 h (Figure 5c,d) and producing maximum xylitol production at 44 h with 21 g/L and 24 
g/L, respectively. These resulted in xylitol producing yields above 0.80 g/g (Table 3). After 50 h, there 
was no more carbon source in the culture media. However, the concentration of xylitol started to 
decrease, suggesting that the yeasts began to assimilate the xylitol in the absence of other carbon 
sources available (Figure 5c,d). All the four yeasts did grow well under the conditions evaluated. The 
yeast Spathaspora sp. JA1 and W. anomalus 740 consumed more sugar and produced more cell biomass 
(Figure 5 and Table 3).  
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Table 3. Fermentative parameters for the xylitol-producing yeasts M. guilliermondii A3, M. guilliermondii B12, Spathaspora sp. JA1, and W. anomalus 740 in sugarcane 
bagasse hydrolysate. Values represent average and standard deviation of duplicates values calculated at 44 h of the experiment. 

Microorganisms Xylose consumed 
(g/L) 

Xylitol 
production (g/L) 

Xylitol yield 
(g/g) a 

Productivity 
(g/g.h–¹) b 

Ethanol 
production (g/L) 

Ethanol yield 
(g/g) a 

Biomass yield 
(g/g) c 

M. guilliermondii A3 11.68 ± 0.10 6.12 ± 0.59 0.60 ± 0.01 0.155 ± 0.017 0.83 ± 0.03 0.08 ± 0.00 0.29 ± 0.02 
M. guilliermondii B12 15.00 ± 3.14 5.00 ± 0.42 0.42 ± 0.08 0.014 ± 0.001 0.87 ± 0.09 0.14 ± 0.06 0.39 ± 0.03 
Spathaspora sp. JA1 31.29 ± 4.15 21.09 ± 1.97 0.74 ± 0.03 0.057 ± 0.006 3.39 ± 0.11 0.18 ± 0.07 0.24 ± 0.01 

W. anomalus 740 33.07 ± 3.21 24.75 ± 1.70 0.83 ± 0.13 0.101 ± 0.035 n.d. n.d. 0.23 ± 0.01 
a YX/S, YE/S: xylitol and ethanol yield on xylose, respectively; b Volumetric productivity; c YB/S: biomass yield on xylose and glucose. n.d. not detected. 
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4. Discussion 

Lignocellulosic bagasse-derived sugars can be employed for a variety of biotechnological 
processes. The sugarcane bagasse is one of the most abundant and available residues derived from 
the bioethanol production in Brazil [17–19]. One of the biggest challenges regarding its use is the 
conversion of xylose in the presence of inhibitory compounds present in the lignocellulosic biomass 
hydrolysate, such as acetic acid, one of the major inhibitory compounds present in the sugarcane 
hydrolysate [20]. As the most utilized yeast in ethanol production, S. cerevisiae cannot ferment 
pentoses, and natural xylose-consuming yeasts have been extensively evaluated for xylitol 
production, including Meyerozyme sp. [21], Debaromyces [22], Hansenula sp. (Wickehamomyces) [23], 
Kluyveromyces [24], as well as others such as Scheffersomyces [10]. Thus, in this work, we screened for 
new yeast strains capable of producing xylitol and compare their performance in different 
experimental setups.  

The bioprospecting of 960 isolated yeasts from soil, decaying wood, and insects resulted in the 
selection of six Meyerozyma strains that are able to consume xylose and produce xylitol. Five strains 
were identified as M. guilliermondii and one could not be differentiated between M. guilliermondii and 
M. caribbica. It was shown that these two strains have an almost identical fermentation profile and 
are identified by its characteristic of producing coenzyme-Q9, and the separation between them is 
uncertain [25,26]. The species of the genus Meyerozyma belong to the phylum Ascomycota and are 
inserted in the clade Saccharomycotina CTG. However, the phylogenetic structure of the yeasts of 
this group is not fully understood [24–27]. Even if the scientific advances enabled the proper 
identification of some yeasts from this clade, it was pointed out that one of the major problems in this 
identification is the range of incorrect or non-updated taxonomic annotations in public databases 
addressing Meyerozyma species [28,29]. 

Although, the screened microbial collection has a variety of yeast genera, such as Candida, 
Spathaspora, Pichia, and Wickerhamomyces [7], and all of the selected yeasts in this work were identified 
as the genus Meyerozyma. This fact can be explained by the ubiquity of the species of this genus, they 
can be isolated from different environments [30] (thermal waters, fruits, insects, and soil), as well as 
standing out for its ability to grow fast on pentoses, such as xylose [24–26. Indeed, a previous 
screening based on the capability to tolerate sugarcane bagasse hydrolysate with a high content of 
acetic acid (~7 g/L), employing some of the same strains of this study, resulted in the selection of 
Candida tropicalis strains [7]. With this in mind, it is possible to relate that among the 960 yeasts in the 
collection, the specific Meyerozyma strains were selected by the capability to grow fast in culture 
medium containing xylose as the only carbon source. 

The strains M. guilliermondii B12 and M. guilliermondii A3 employed in this study produced 
xylitol in relatively high yields considering that the production process was not optimized for 
sugarcane biomass hydrolysate (Table 3). Under similar fermentation conditions, in a previous work, 
the yeast C. guilliermondii FTI 20037 produced xylitol with a yield of 0.50 g/g in hydrolysate 
supplemented with glucose (10 g/L) and urea (4 g/L), which is similar to the one registered for M. 
guilliermondii A3 and B12 (YX/S = 0.60 g/g and 0.42 g/g, respectively) (Table 3) [31]. Another study has 
reported even lower production yields for xylitol production in non-detoxified (YX/S = 0.19 g/g) and 
detoxified hydrolysate (YX/S = 0.14 g/g) Meyerozyma strains [21]. Despite the relatively high xylitol 
production yields for M. guilliermondii B12 and A3, these strains could not completely overcome the 
hydrolysate toxicity and showed reduced xylose consumption (Figure 5 and Table 3). This may be 
associated with the acetic acid present in the sugarcane bagasse hydrolysate (~6 g/L), which has been 
shown to inhibit xylose metabolism in C. guilliermondii (M. guilliermondii), even in low concentrations 
(~4 g/L), as well as in other yeasts [32]. 

Contrary to M. guilliermondii strains, Spathaspora sp. JA1 and W. anomalus 740 were not strongly 
inhibited by the toxicity of the hydrolysate. Indeed, the yeasts W. anomalus 740 and Spathaspora sp. 
JA1 were able to consume the complete xylose present in the culture and showed xylitol production 
yields above 0.75 g/g (Figure 5c,d and Table 3). The yeast W. anomalus is extensively studied for its 
antimicrobial [33,34], thermotolerance [35], and biosurfactant production [36]. To the best of our 
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knowledge, this work reports the best xylitol production yield by a strain of W. anomalus in the 
literature. Previously, Zha [37] has selected yeast strains for their tolerance to hydrolysate inhibitors, 
and found a strain of Pichia anomala 29X (W. anomalus) able to grow using xylose in sugarcane bagasse, 
but the yeast was not able to produce xylitol.  

The strain W. anomalus 740 was able to produce 24.75 g/L of xylitol with a yield of YX/S = 0.83 g/g 
(Table 3) in sugarcane bagasse hydrolysate with approximately 6 g/L of acetic acid, inoculated with 
a low cell concentration. These values stand out in the literature and are comparable with the best 
xylitol production yields in hydrolysate reported in the literature [3–8]. C. guilliermondii FT120037 in 
the presence of high xylose concentration (~90 g/L) in rice straw hydrolysate, achieved a yield of YX/S 
= 0.84 g/g [38]. Morais [7] reported a yield of YX/S = 0.86 g/g for xylitol production by C. tropicalis JA2 
in sugarcane bagasse hydrolysate with ~7 g/L of acetic acid in a fermentation with a high cellular 
concentration. Prakash [39] also published a high yield for xylitol production (YX/S = 0.82 g/g) with 
immobilized cells of the yeast Debaryomyces hansenii in the presence of a high (100 g/L) xylose 
concentration in sugarcane bagasse hydrolysate. 

The yeast Spathaspora sp. JA1 showed xylitol production yields similar to previously published 
work (YX/S = 0.74 g/g) [8], confirming its potential to be a xylitol producer. Other Spathaspora spp. 
strains have been reported to be able to produce xylitol with good yields [13]. However, the strain 
Spathaspora sp. UFMG-XMD-16.2 reached a xylitol production yield of 0.57 g/g [13], while the strains 
S. roraimanensis UFMG-CM-Y477 and S. brasiliensis UFMG-CM-Y353 reached 0.56 g/g and 0.47 g/g, 
respectively [40]. 

5. Conclusions 

A screening strategy based on yeast capability to grow on xylose as the sole carbon source was 
employed to prospect a collection of 960 strains. The six best xylose-utilizing strains obtained in the 
screening were identified as Meyerozyma spp. Physiological comparisons demonstrated differences 
among the six strains and pointed out the potential of M. guilliermondii B12 for xylitol production on 
a defined medium and sugarcane bagasse hydrolysate. In addition, systematic comparison of yeast 
performances in hydrolysate confirmed the potential of Spathaspora sp. JA1 for xylitol production and 
demonstrates, for the first time, the potential of W. anomalus as an excellent xylitol producer with 
yield as high as 0.83 g/g on sugarcane hydrolysate. 

Supplementary Materials: Supplementary materials can be found at www.mdpi.com/xxx/s1. 

Author Contributions: Conceived and designed the experiments, C.V.G.C.C., F.C.d.P.e.S. and J.R.M.d.A; 
performed the experiments, C.V.G.C.C.; analyzed the data, C.V.G.C.C., F.C.d.P.e.S. and J.R.M.d.A.; contributed 
reagents/materials/analysis tools, J.R.M.d.A; wrote the paper, C.V.G.C.C. and J.R.M.d.A. 

Funding: This research was funded by EMBRAPA, Project Supermicro 02.11.02.004.00.00. Clara Vida G. C. 
Carneiro received a scholarship from CAPES.  

Acknowledgments: We thank Paula F. Franco for technical support and the National Council for Scientific and 
Technological Development (CNPq) and Coordination for the Improvement of Higher Education Personnel 
(CAPES). 

Conflicts of Interest: The authors declare no conflict of interest.  

References 

1. Albuquerque, T. L. De; Da Silva, I. J.; MacEdo, G. R. De; Rocha, M. V. P. Biotechnological production of 
xylitol from lignocellulosic wastes: A review. Process Biochem. 2014,.49, 1779–1789. 

2. Chen, X.; Jiang, Z. H.; Chen, S.; Qin, W. Microbial and bioconversion production of D-xylitol and its 
detection and application. Int. J. Biol. Sci. 2010, 6, 834–844.  

3. Dasgupta, D.; Bandhu, S.; Adhikari, D. K.; Ghosh, D. Challenges and prospects of xylitol production with 
whole cell bio-catalysis: A review. Microbiol. Res. 2017, 197, 9–21. 

4. Werpy, T.; Petersen, G. Top Value Added Chemicals From Biomass Volume I : Results of Screening for 
Potential Candidates from sugars and synthesis gas. Golden 2004.  

5. Venkateswar Rao, L.; Goli, J. K.; Gentela, J.; Koti, S. Bioconversion of lignocellulosic biomass to xylitol: An 



Microorganisms 2019, 7, 484 14 of 15 

 

overview. Bioresour. Technol. 2015, 213, 299–310. 
6. Zhang, J.; Geng, A.; Yao, C.; Lu, Y.; Li, Q. Xylitol production from d-xylose and horticultural waste 

hemicellulosic hydrolysate by a new isolate of Candida athensensis SB18. Bioresour. Technol. 2012, 105, 134–
141.  

7. Morais Junior, Wilson G.; Pacheco, Thályta F.; Trichez, D.; Almeida, João R.M.; Gonçalves, Sílvia B. “Xylitol 
Production on Sugarcane Biomass Hydrolysate by Newly Identified Candida Tropicalis JA2. Yeast 2019, 
36, 0–2. 

8. Trichez, D.; Steindorff, A. S.; Soares1, C. E. V. F.; Formighieri, E. F.; Almeida, J. R. M. Physiological and 
comparative genomic analysis of new isolated 2 yeasts Spathaspora sp. JA1 and Meyerozyma caribbica JA9 
reveal 3 insights into xylitol production. FEMS Yeast Res. 2019, 19, foz034. 

9. Sukpipat, W.; Komeda, H.; Prasertsan, P.; Asano, Y. Purification and characterization of xylitol 
dehydrogenase with L -arabitol dehydrogenase activity from the newly isolated pentose-fermenting yeast 
Meyerozyma caribbica 5XY2. J. Biosci. Bioeng. 2017, 123, 20–27. 

10. Cadete, R. M.; Viana, M. A. M. A. L.; Rosa, C. A.; Rosa, C. A. The yeast Scheffersomyces amazonensis is an 
efficient xylitol producer. World J. Microbiol. Biotechnol. 2016, 32, 207. 

11. Duarte, C. Æ.; Medeiros, R.; Gı, Æ. F. M. Xylitol production by Debaryomyces hansenii in brewery spent 
grain dilute-acid hydrolysate : effect of supplementation. Biotechnol. Lett. 2007, 29, 1887–1891. 

12. Zhang, J.; Zhang, B.; Wang, D.; Gao, X.; Hong, J. Xylitol production at high temperature by engineered 
Kluyveromyces marxianus. Bioresour. Technol. 2014, 152, 192–201. 

13. R. M. Cadete et al., “Diversity and physiological characterization of D-xylose-fermenting yeasts isolated from the 
Brazilian Amazonian Forest,” PLoS One, vol. 7, no. 8, 2012. 

14. Pessoa, J. R. M.; R. R.. ; Paes, B. G. ; Antunes, A. C. S. ;Alves, N. ; Franco, P. F. ; Almeida, João R. M. Improved 
yeasts for production of fuels and chemicals from renewable resources. Available online: 
https://scholar.google.com.ph/scholar?q=Improved+yeasts+for+production+of+fuels+and+chemicals+from
+renewable+resources&hl=zh-CN&as_sdt=0&as_vis=1&oi=scholart (accessed on Sept 2019) 

15. Verduyn, C.; Postma, E.; Scheffers, W. A.; Dijken, J. P. Van Effect of benzoic acid on metabolic fluxes in 
yeasts: a continuous-culture study on the regulation of respiration and alcoholic fermentation. Yeast 1992, 
8, 501–517. 

16. Kurtzman, C.P.; Robnett, C.J. Identification and phylogeny of ascomycetous yeasts from analysis of nuclear 
large subunit (26S) ribosomal DNA partial sequences. 1998, 73, 331. 
https://doi.org/10.1023/A:1001761008817. 

17. Veras, H. C. T.; Parachin, N. S.; Almeida, J. R. M. Comparative assessment of fermentative capacity of 
different xylose-consuming yeasts. Microb. Cell Fact. 2017, 16, 153. 

18. De Freitas Branco, R.; Dos Santos, J. C.; Da Silva, S. S. A novel use for sugarcane bagasse hemicellulosic 
fraction: Xylitol enzymatic production. Biomass Bioenergy 2011, 35, 3241–3246. 

19. Bergmann, J. C.; Trichez, D.; Sallet, L. P.; de P. e Silva, F. C.; Almeida, J. R. M. Technological Advancements 
in 1G Ethanol Production and Recovery of By-Products Based on the Biorefinery Concept,” in Advances in 
Sugarcane Biorefinery. Elsevier 2018, 73–95. 

20. Martínez, E. A.; de Almeida e Silva, J. B.; Giulietti, M.; Solenzal, A. I. N. Downstream process for xylitol 
produced from fermented hydrolysate. Enzyme Microb. Technol. 2007, 40, 1193–1198. 

21. Martini, C.; Tauk-Tornisielo, S. M.; Codato, C. B.; Bastos, R. G.; Ceccato-Antonini, S. R. A strain of 
Meyerozyma guilliermondii isolated from sugarcane juice is able to grow and ferment pentoses in synthetic 
and bagasse hydrolysate media. World J. Microbiol. Biotechnol. 2016, 32, 80. 

22. Sampaio, C.; Chaves-alves, M.; Converti, A. Influence of cultivation conditions on xylose-to-xylitol 
bioconversion by a new isolate of Debaryomyces hansenii. Sci. direct 2008, 99, 502–508. 

23. Lourdes, M.; Sánchez, S.; Bravo, V. Production of xylitol and ethanol by Hansenula polymorpha from 
hydrolysates of sunflower stalks with phosphoric acid. Ind. Crop. Prod. 2019, 40, 160–166. 

24. Park, J.; Kim, J.; Kweon, D.; Kweon, D.;Seo, J.; Ha, S. Overexpression of Endogenous Xylose Reductase 
Enhanced Xylitol Productivity at 40 ° C by Thermotolerant Yeast Kluyveromyces marxianus. Appl. Biochem. 
Biotechnol. 2019, 1–12. 

25. Bergman, J. C.; Trichez, D.; de Moraes, W. J.; Ramos, T. G. S.; Pacheco, T. F.; Carneiro, C. V. G. C.; Honorato, 
V. M.; Serra, L. A.; Almeida, J. R. M. Biotechnological application of non-conventional yeasts for xylose 
utilization. Non-Conv. Yeast 2019, 23–74. 

26. Kurtzman, M. Meyerozyma Kurtzman & M. Suzuki (2010). Elsevier 2011, 621–623. 



Microorganisms 2019, 7, 484 15 of 15 

 

27. Kurtzman, C. P.; Suzuki, M. Phylogenetic analysis of ascomycete yeasts that form coenzyme Q-9 and the 
proposal of the new genera Babjeviella, Meyerozyma. 2010, 51, 2–14. 

28. Marco, L. De ; Epis, S.; Capone, A.; Martin, E.; Bozic, J.; Crotti, E.; Ricci, I.; Dassera, D. The Genomes of Four 
Meyerozyma caribbica Isolates and Novel Insights into the Meyerozyma guilliermondii Species Complex. 
G3: Genes, Genomes, Genet. 2018, 8, 755–759. 

29. Romi, W.; Keisam, S.; Ahmed, G.; Jeyaram, K. Reliable differentiation of Meyerozyma guilliermondii from 
Meyerozyma caribbica by internal transcribed spacer restriction fingerprinting. BMC Microbiol. 2014, 14, 
52. 

30. Corte, L.; Cagno, R.; Groenewald, M.; Roscini, L.; Gobbetti, M.; Cardinali, G. Phenotypic and molecular 
diversity of Meyerozyma guilliermondii strains. Food Microbiol. 2015, 48, 206–215.  

31. Hernandez-Perez, A. F.; Costa, I.AL; Sliva, D.D.V.; Dussan, K.J.; Villela, T.R.; Canettieri, E.V.; Carvalho, 
J.A.; Soares Neto, T.G/; Felipe, M.G.A. Biochemical conversion of sugarcane straw hemicellulosic 
hydrolyzate supplemented with co-substrates for xylitol production. Bioresour. Technol. 2016, 200, 1085–
1088,. 

32. Silva, D. D. V; Felipe, M. G. A.; Mancilha, I. M.; Luchese, R. H.; Silva, S. S. Inhibitory Effect of Acetic Acid 
on Bioconversion of Xylose in Xylitol by Candida Guilliermondii in Sugarcane Bagasse Hydrolysate. 
Brazilian J. Microbiol. 2004, 35, 248–254,  

33. Oro, L.; Feliziani, E.; Ciani, M.; Romanazzi, G.; Comitini, F. Volatile organic compounds from 
Wickerhamomyces anomalus , Metschnikowia pulcherrima and Saccharomyces cerevisiae inhibit growth 
of decay causing fungi and control postharvest diseases of strawberries. Int. J. Food Microbiol. 2017, 265, 18–
22. 

34. Schneider, J.; Rupp, O.; Trost, E.; Jaenicke, S.; Passoth, V.; Goesmann, A.; Tauch, A.; Brinkrolf, K. ,Genome 
sequence of Wickerhamomyces anomalus DSM 6766 reveals genetic basis of biotechnologically important 
antimicrobial activities. FEMS Yeast Res. 2012, 12, 382–386. 

35. Choudhary, J.; Singh, S.; Nain, L. Bioprospecting thermotolerant ethanologenic yeasts for simultaneous 
sacchari fi cation and fermentation from diverse environments. J. Biosci. Bioeng. 2017, 123, 342–346.  

36. Schwan, R. F.; Rodrigues, L. R.; Teixeira, K. S.; Gudi, E. J.; Dias, D. R.; Teixeira, J. A. Improvement of 
biosurfactant production by Wickerhamomyces anomalus CCMA 0358 and its potential application in 
bioremediation. J. Hazard. Mater. 2018, 346, 152–158. 

37. Zha, Y.; Hossain, A. H.; Tobola, F.; Sedee, N.; Havekes, M.; Punt, P. J. Pichia anomala 29X: a resistant strain 
for lignocellulosic biomass hydrolysate fermentation. FEMS Yeast Res. 2013, 13, 607–613. 

38. Mussatto, S. I.; Roberto, I. C. Xylitol production from high xylose concentration: Evaluation of the 
fermentation in bioreactor under different stirring rates. J. Appl. Microbiol. 2003, 95, 331–337. 

39. Prakash, G.; Varma, A. J.; Prabhune, A.; Shouche, Y.;Rao, M. Microbial production of xylitol from d-xylose 
and sugarcane bagasse hemicellulose using newly isolated thermotolerant yeast Debaryomyces hansenii. 
Bioresour. Technol. 2011, 102, 3304–3308. 

40. Cadete, R. M.; de las Heras, Alejandro M.; Sandström, Anders G.; Ferreira, C.; Gírio, F.; Gorwa-Grauslund, 
M.-F.; Rosa, C. A.; Fonseca , C. Exploring xylose metabolism in Spathaspora species: XYL1.2 from 
Spathaspora passalidarum as the key for efficient anaerobic xylose fermentation in metabolic engineered 
Saccharomyces cerevisiae. Biotechnol. Biofuels 2016, 9, 167. 

 

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


