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Abstract Mutants of Yarrowia lipolytica with high ery-
thritol production were generated through an atmospheric
and room temperature plasma (ARTP) mutation system.
Among these mutants, Y. lipolytica M53 exhibited the
highest erythritol yield. In a batch culture, M53 produced
64.8 g/L erythritol from 100 g/L glycerol. The yields of
byproducts (e.g. mannitol, arabitol, and o-ketoglutaric
acid) were low, and the mechanisms underlying these
changes were examined by measuring enzyme activities in
the pentose phosphate pathway. Up to 145.2 g/L erythritol
was produced by M53 from 200 g/L of glycerol, and ery-
thritol accumulation was promoted by 3.7 mg/L of Cu>™,
10.15 mg/L of Mn**, and 30.37 g/L of NaCl. Fed-batch
cultivation of M53 in a 5-L fermentor produced 169.3 g/L
erythritol with low levels of byproducts within 168 h. This
finding confirmed the potential of M53 as an erythritol
producer on a commercial scale.
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Introduction

Erythritol (1,2,3,4-butanetetrol) is a low-calorie (0.3 kcal/
g) sweetener with 70-80% of the sweetness of sucrose
[1]. Almost all (>90%) of the ingested erythritol cannot
be utilized by the human body; thus the ingested ery-
thritol is directly excreted by the excretory system with-
out changing the glycemic index. Erythritol has been
demonstrated to be safe in animal toxicological and
clinical studies [2]. Given these properties, erythritol
plays an important role as a functional sugar substitute in
special diets for diabetic or obese patients. Erythritol can
also be used as a substitute for xylitol in dental care
because the former is unfermentable for bacteria causing
dental caries [3]. Hence, erythritol is becoming increas-
ingly important, and its demand in health care has been
consistently growing since the recent years.

Chemical and fermentative processes have been regar-
ded as the principal pathways for large-scale production of
erythritol. However, chemical processes were considered to
be poorly efficient [4]. In the past, erythritol was com-
mercially produced from glucose by using Aureobasidium
sp. and Pseudozyma tsukubaensis [5]. At present, the
unconventional yeast Y. lipolytica has received consider-
able attention because of its biotechnological potential. Y.
lipolytica exhibits obvious advantages over other strains in
fermentation processes; for instance, a larger substrate
variety, low sensitivity to heavy metals, and low concen-
trations of dissolved oxygen. These properties can ensure
the possibility of using low-priced or less-refined substrates
for erythritol production by Y. lipolytica [6-8]. Pure or
crude glycerol can be converted to erythritol by Y. lipoly-
tica in specific cultivation systems. Currently, many studies
are focusing on improving the erythritol yield and pro-
ductivity by optimizing the fermentation conditions or
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through microbial mutation [7, 9]. Under the optimal
osmotic pressure conditions, the erythritol yield of Y.
lipolytica can reach as high as 0.65 g/g of carbon source
[9].

In biotechnological research and industries, breeding is
an efficient way to obtain strains with new characteristics.
Traditionally, cells with desirable phenotypes were
obtained after exposure to chemical, physical, or biological
mutagens. However, these processes are usually accom-
panied with environmental pollution. The atmospheric and
room temperature plasma (ARTP) mutation system, a
novel mutagenic breeding method, is a recently developed
technique. ARTP provides many attractive advantages
including low jet temperature, uniform generated plasma,
rapid mutation, highly diverse mutants, low cost, and no-
pollution. The simple and safe operation also enables
diverse and rapid genome mutation in microbes in a non-
GMO manner and sequentially alters the metabolic net-
works in target microbes [10]. Nowadays, ARTP has been
successfully employed in mutation breeding (e.g.,
improvement in productivity, toxicity tolerance, or growth
rate) of more than 40 kinds of microorganisms such as
microalgae, fungi, and bacteria [10, 11]. Additionally,
ARTP is more efficient than the traditional mutagenic
methods. Zhang et al. [12] reported that the mutation rate
of ARTP mutagenesis is higher than that of other mutation
methods.

Yarrowia lipolytica SWI-1b isolated from marine fish gut
was used for citric acid production in our previous studies
[13]. When Y. lipolytica SWI-1b was cultivated in a citric
acid fermentation medium, a large amount of citric acid was
produced. In contrast, Y. lipolytica SWIJ-1b produced con-
siderable amounts of erythritol instead of citric acid in an
erythritol fermentation medium. The erythritol productivity
of Y. lipolytica SWJ-1b is comparable (48.3 g/L) with that of
the majority of other microorganism previously reported.
Therefore, the present work aims to establish a mutation
library of Y. lipolytica SWJ-1b by using the ARTP mutage-
nesis. This study also aims to screen mutation with high
erythritol production (Y. lipolytica M53). Then, the erythritol
bioconversion rate of M53 was improved by optimizing the
fermentation conditions and its influence factors in an ery-
thritol production medium.

Materials and methods

Chemicals and microorganism

A wild strain of Y. lipolytica SWJ-1b was isolated from
marine fish gut from the Bohai Sea. Cells of Y. lipolytica

SWI-1b were kept at 4 °C on a yeast peptone dextrose
(YPD) agar slant containing 10 g/L. yeast extract, 20 g/L.
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peptone, 20 g/L. glucose, and 20 g/L agar. Cell viability
was maintained by transferring the culture to fresh agar
slants each month.

Helium-based ARTP mutation of Y. lipolytica

The protocols for helium-based ARTP mutation were
described in detail by Lu et al. [14]. In the current study,
for mutation of Y. lipolytica SWI-1b, 50 pL of the culture
(ODgponm = 30) was dropped onto a stainless steel plate
(8 mm in diameter) and then was treated by a helium
plasma jet. The working helium gas flow rate was
Que = 10 standard liters per minute (SLM), and 120 W of
radio frequency (RF) power was used to obtain a low-
temperature glow discharge plasma jet, which is favorable
for treating the yeast cell samples. The treatment time of
the cells of Y. lipolytica SWIJ-1b by ARTP was 2 min.
Then, the metal plate was oscillated in 1.5 mL of sterilized
normal saline for 1 min. Subsequently, 200 pL of the
diluent elute was spread on the YPD agar plate and culti-
vated at 28 °C until colonies were obtained. The mutants
were then cultured in an erythritol fermentation broth for
screening strains with high erythritol production.

Culture methods

Yarrowia lipolytica SWJ-1b and its mutants were incubated
for 24 h at 28 °C and agitated at 180 rpm. Approximately
1 mL of the culture (ODgyonm = 30) was transferred into
50 mL of the erythritol fermentation medium. The basal
medium for erythritol production comprised the following:
100 g/L glycerol, 2.3 g/L (NH,4),SOy4, 1 g/LL MgSO,4-7H,0,
0.23 g/l KH,PO,, 1 g/L yeast extract, and 26.4 g/L. NaCl.
In microelement optimization experiments, different con-
centrations of Cu®*" (2-8 mg/L) and Mn*" (5-20 mg/L)
were added to the basal medium for erythritol fermenta-
tion. Various initial concentrations of glycerol (100-300 g/
L) and NaCl (040 g/L) were added to the basal media,
respectively, to investigate the effects of glycerol concen-
tration and osmotic pressure on erythritol production.
Osmotic pressure was analyzed using a freezing-point
osmometer (Osmomat 030, Gonotec). Samples were
withdrawn for analysis at regular intervals, and assays were
performed in triplicate (data varying less than 5%). All the
results were expressed by their averages.

Cu®*, Mn**, and NaCl were selected as the fundamental
factors influencing erythritol production and were sub-
jected to response surface methodology to obtain the
maximum concentrations. Cultures were prepared as
designed and were incubated at 30 °C, 200 rpm for 7 days.
Samples were analyzed as follows: Design-Expert V8.0.6
was used to design the experiments as well as to model and
analyze the results.
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Preparation of crude extracts and activity assays
of key enzymes

Up to 100 mL of cultured broth was centrifuged at 4 °C
(10,000xg, 1 min), and 5 g of the wet cells obtained
was washed and suspended in 5 mL of phosphate buffer
(20 mM, pH 6.5). After ultrasonic decomposition of the
suspension for 20 min at 4 °C, cell extracts were cen-
trifuged at 10,000xg and 4 °C for 10 min to remove the
cell debris. According to the method previously descri-
bed, the activities of erythrose reductase (ER), transke-
tolase (TK), transaldolase (TA), hexokinase (HK),
glucose-6-phosphate dehydrogenase (G6PDH), 6-phos-
phogluconate dehydrogenase (6PGDH), pyruvate dehy-
drogenase (PDH), and citrate synthase (CS) were
determined as previously described [15-22]. Protein
concentrations in cell extracts were determined by the
Lowry method [23]. A unit of enzyme activity represents
the amount of enzyme required to convert the substrate
into 1 pmol product per minute.

Analytical methods of products

Samples from shake-flask experiments and bioreactor cul-
tivations were centrifuged (3063 xg; 10 min). The super-
natant was used to determine the yields of the products, and
the cell pellet was collected and washed for biomass deter-
mination. The supernatant was filtered and diluted in
deionized water (1:9). Levels of glycerol, erythritol, man-
nitol, arabitol, citric acid, and o-ketoglutaric acid in the
supernatant were determined by HPLC (Agilent 1200
infinity series, Santa Clara, CA, USA) with an Aminex HPX-
87H ion exclusion column (300 x 7.8 mmz; Bio-Rad Lab-
oratories Inc., Hercules, CA, USA). Up to 5 mmol/L H,SO,
was used as the mobile phase, which flowed at the rate of
0.6 mL/min to elute the column at 35 °C. The sample
injection volume was 10 pL. The concentrations of the
products were detected using a refractive index detector
(RID). All values were expressed as averages of three
independent extraction processes. The cell dry weight used
for biomass determination was measured as reported by Liu
etal. [13].

Erythritol production by batch cultivation

Erythritol fermentation was scaled up in a 5-L fermentor.
The fermentor was equipped with an oxygen sensor, an
alkali pump, a heating element, a stirrer, and a temperature
sensor. 60 mL of the seed (ODgpgnm = 30) culture was
transferred into 3 L of the erythritol fermentation medium.
Fermentation was performed under an agitation speed of
250 rpm, with an aeration rate of at least 3 L/min/L

medium and a temperature of 28 °C. During the fermen-
tation, the dissolved oxygen value (DO) was maintained at
20-30% of air saturation. In the fed-batch cultures, the
initial glycerol concentration was measured at 200 g/L.
The glycerol concentration was maintained at 150 g/L by
adding glycerol into the culture broth at an interval of 12 h
until the productivity of erythritol began to decline. During
the fermentation, 20 mL of the culture was collected at
24-h intervals for determination.

Results and discussion

Mutation and selection of the mutants
with improved erythritol productivity

High-lethality radiation can obtain more mutants with
changed physiology [14]; thus 50 pL of the culture (diluted
to 1 x 10° cells/mL) was treated with the helium-based
ARTP for 2 min, and the lethality rate of Y. lipolytica SWJ-
1b reached 97%. In spite of the high lethality rate,
approximately 1.5 x 10° cells survived, and all the sur-
vived colonies were conserved for further screening. The
mutants were selected on the basis of the high yields of
erythritol in the erythritol production medium, and 104
strains of the mutants showed improved erythritol pro-
ductivities. Among the positive mutants, strain MS53
showed the highest erythritol production (64.8 g/L) and
was selected for further research (Data not shown).

In the past few years, random mutagenesis by ultra-
violet (UV) or chemical mutagens has been performed to
enhance the erythritol production. Lin et al. [24]
obtained a high-erythritol-producing (59.5% yield)
mutant of Moniliella sp. from nitrosoguanidine (NTG)
treatment. Rywinska et al. [8] reported the mutant Y.
lipolytica Wratislavia 1.31, which was isolated after
exposure to UV irradiation of the wild strain Y. lipolytica
A-101, for the first time to improve the erythritol pro-
duction of Y. lipolytica through mutagenesis. However,
the erythritol productivities of the mutants obtained using
methods mentioned above were relatively low. Moreover,
all the chemical mutagenesis approaches are hazardous
to the operator and the environment. Recently, the ARTP
mutation system was developed and successfully
employed for mutation breeding, and researches have
confirmed that ARTP was powerful and environmentally
friendly for generating a microbial mutant library [10].
In the present study, mutant M53 obtained from ARTP
can give high yields of erythritol. After 20 subcultures,
the erythritol production of M53 maintained stability.
This finding suggests that MS53, the mutant of Y.
lipolytica SWIJ-1b generated by ARTP, can be used for
further study.
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Metabolic flux analysis by determining the activities
of the key enzymes

For erythritol accumulation, an imbalance should exist
between the metabolic fluxes in the pentose phosphate
pathway [7]. However, the pathways involved in regu-
lating erythritol production by Y. lipolytica have not been
studied in detail. Thus, enzymes related to erythritol
synthesis in M53 were determined when they were
grown on various media. In particular, Y. lipolytica M53
was cultured in a 500-mL Erlenmeyer flask for 72 h, and
the activities of the main enzymes in the pentose phos-
phate pathway (such as TA, HK, TK, G6PDH, 6PGDH,
and ER) and the tricarboxylic acid cycle cycle (PDH and
CS) were determined. As shown in Fig. 1, all the mea-
sured enzyme activities in M53 tended to be higher than
those of Y. lipolytica SWI-1b, and the relative activities
of enzymes involved in the pentose phosphate pathway
were obviously higher than those involved in the TCA
cycle.

Researchers suggested that less inhibition of ER resulted
in a high yield of erythritol in Torula corallina [25]. The
improved erythritol biosynthesis in Y. lipolytica was also
correlated with an enhanced activity of ER [26]. In Tri-
chosporonoides megachiliensis, higher erythritol produc-
tivity might be ascribed to the higher activity of the
enzymes involved in the pentose phosphate pathway, such
as TK and TA [27]. ER activity in Y. lipolytica mutants
generated by UV was enhanced, which thereby promoted
the erythritol production [28]. Consequently, the high
erythritol productivity of Y. lipolytica M53 may be attrib-
uted to the increased activity of these enzymes in the
pentose phosphate pathway.

250

200

100

Relative activities (%)

TK HK

TA  G6PDH 6PGDH ER PDH CS

Fig. 1 The changes in relative activities of the enzymes involved in
products synthesis in M53. Data are given as mean £+ SD, n =3
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Optimization of supplemental minerals in erythritol
production medium

Minerals such as Cu®", Fe**, Mg?", and Zn?" affected the
ER activities in Y. lipolytica during erythritol fermentation
[26]. Among these minerals, Cu>™ and Mn>" were reported
to exert the most obvious effect on erythritol biosynthesis
[29]. To investigate the effects of metal ions on erythritol
biosynthesis in M53, Cu®" and Mn*" were added to the
erythritol fermentation medium with the concentrations
varying from O to 8 mg/L and 0 to 20 mg/L, respectively.
As shown in Fig. 2(A), both cellular growth and erythritol
yield were influenced by the medium with additional Cu*™,
the biomass decreased with the increasing concentration of
Cu?", and the maximal erythritol production (72.1 g/L,
0.76 g/g glycerol) was obtained in the cultures containing
4 mg/L of Cu®*. Cell growth was also negatively affected
when Mn?" was supplemented to the erythritol fermenta-
tion medium. However, the cells’ capability for erythritol
bioconversion was observed to be more sensitive to Mn>"
than to biomass, and the highest erythritol yield (77.2 g/L,
0.8 g/g glycerol) was obtained when 10 mg/L Mn*" was
added to the medium (Fig. 2(B)).

In the report by Lee et al. [29], the erythritol yield by
Torula sp. was improved when Mn®" and Cu®" were
supplemented. Moreover, the ER activities in cells can be
significantly increased by adding Cu®" in the medium. As
such, supplemental Cu®" can reduce the production of
fumarate, a strong inhibitor of ER [25]. Unlike Cu2+, Mn**
exerts entirely different effects on erythritol production. In
particular, Mn>" can alter cell permeability [30], thereby
increasing the export of the intracellular erythritol. Con-
sequently, intracellular erythritol would be immediately
transferred out of the cells. However, an excess of Mn>*
might break the intracellular balance, thus reducing the
erythritol production. Therefore, the increased cell per-
meability caused by the addition of 10 mg/L Mn*" and the
elevated activity of ER improved by 4 mg/L Cu** resulted
in high erythritol productivities [26, 29]. These finding
agreed with the reports of Lee et al. [25, 29].

Effects of initial glycerol concentrations
on erythritol production by M53

For osmophilic microorganisms, glycerol acts as both an
osmotic regulator and a carbon source. Therefore, high
initial concentration of glycerol is beneficial to erythritol
synthesis [7]. As Y. lipolytica can tolerate high osmotic
pressure, the effect of glycerol concentration on the fer-
mentation parameters of M53 should be evaluated. As
such, erythritol fermentation experiments were conducted
in media with glycerol concentrations varying from 100 to
300 g/L. As shown in Table 1, 100 to 200 g/L glycerol
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Table 1 Effects of the initial glycerol concentrations on erythritol biosynthesis in M53

Glycerol concentration (g/L)  Erythritol (g/L)

Productivity (g/L/h)

Ypss of erythritol (g/g)  Residual glycerol (g/L)  Biomass (g/L)

100 772 £ 19 0.64 + 0.02 0.77 £ 0.2 39+ 0.7 9.5+ 09
150 1143 + 2.1 0.79 £+ 0.01 0.76 + 0.1 54+ 1.1 104 + 0.6
200 138.7 £ 1.0 0.82 £+ 0.01 0.69 £+ 0.1 10.7 £ 2.5 119 £ 0.3
250 149.5 + 1.1 0.77 £ 0.01 0.60 £ 0.1 28.1 &£ 2.7 124 £ 0.2
300 1583 £ 1.5 0.73 £ 0.01 0.52 £ 0.0 479 + 6.7 12.6 £ 0.1
Data are given as mean £ SD, n = 3

yielded relatively high erythritol concentrations 1675 could produce high levels of erythritol in an envi-

(0.77-0.69 g/g). The maximum volumetric production rate
of erythritol was detected in the medium containing 200 g/
L of glycerol. Most glycerol in the fermentation medium
was consumed by M53. However, the erythritol yield and
productivity decreased significantly when the initial glyc-
erol concentration was higher than 200 g/L. When the
initial glycerol concentration was as high as 300 g/L, the
biomass was 12.6 g/L, the yield of erythritol decreased to
0.52 g/g, and the erythritol productivity decreased to
0.73 g/L/h because of the prolonged fermentation time. At
the end of cultivation, up to 47.9 g/L of residual glycerol
remained in the medium. On the basis of the above results,
the optimal initial concentration of glycerol was deter-
mined to be 200 g/L.

Oh et al. [31] proposed that an increased initial con-
centration of glucose usually caused an osmotic effect on
cells or substrate repression on glucose-consuming
enzymes, and the optimum glucose concentration for ery-
thritol production by Torula sp. was determined to be
300 g/L. Yang et al. [7] also reported that exposing the
yeast to an environment with high osmotic pressure was the
prerequisite for erythritol production, and the osmotic
pressure was usually provided by high concentrations of
glycerol or NaCl. It was observed that Y. lipolytica CICC

ronment with high osmotic pressure caused by high con-
centration of glycerol [7]. When an acetate-negative
mutant of Y. lipolytica was grown with 300 g/L raw
glycerol, 170 g/L erythritol was produced, corresponding
to a yield of 56% [32]. By contrast, the identified con-
centration of glycerol for erythritol production was not
high (200 g/L) in the present study. To achieve relatively
high osmotic pressure in the medium for erythritol pro-
duction, additional NaCl was added and optimized in the
following experiments.

Optimization of initial NaCl concentration
in erythritol production medium

Osmotic pressure significantly influences the growth and
intracellular metabolism of cells [33]. Thus, an appropriate
increase of osmotic pressure in the fermentation medium
can effectively enhance erythritol production by Y. lipoly-
tica. The concentrations of the carbon source and NaCl
were two key factors influencing osmotic pressure. Nev-
ertheless, exceeding high concentrations of glycerol caused
a sharp decrease in erythritol yield (Table 1). Yang et al.
[7] supposed that the initial concentration of NaCl rather
than the substrate exerted more important effects on

@ Springer
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osmotic pressure. Thus, in the current study, NaCl was
used as the osmotic agent to adjust the initial osmotic
pressure of the culture system. NaCl was added to the
medium (200 g/L glycerol, 4 mg/L Cu**, 10 mg/L Mn*™")
with the concentrations ranging from O to 40 g/L, and the
results are presented in Fig. 3. The maximum erythritol
concentration was achieved (144.4 g/L) at the initial
osmotic pressure of 4.2 osmol/kg when 30 g/L. of NaCl
was added to the medium. This finding indicated that
higher osmotic pressure was beneficial for erythritol
biosynthesis in M53. However, when NaCl concentration
was extremely high (i.e., 40 g/L), cell growth and the
erythritol production were obviously inhibited.

Optimization of production medium using response
surface analysis

Considering that the yield of erythritol depends on the
supplemental minerals (Cu*™ and Mn®") and the osmotic
pressure (NaCl) in the production medium, response sur-
face methodology was then used for statistical optimization
of media to increase the erythritol production by M53. In
the preliminary one-factor experiments, 4 mg/L Cu>™,
10 mg/L Mn**, and 30 g/ NaCl were the optimal con-
ditions for erythritol production. After analysis using
Design-Expert V8.0.6 software, the response data were
obtained, and 3D contour plots were generated (Data not
shown). A response surface analysis model of three com-
ponent-three level-one response was then applied to
examine the combined effects of these three factors. The
theoretical optimal concentrations of the three composi-
tions were determined to be 10.15, 3.7, and 30.37 g/L,
respectively. Under these conditions, the yield of erythritol

increased to 145.2 g/L, which was close to the yield ana-
lyzed by the model (146.8 g/L).

Fed-batch of erythritol production by M53 in 5-L
bioreactor

As the carbon source also acts as an osmotic regulator in
erythritol fermentation mediums [7], the consumption of
glycerol during the fermentation did not only reduce the
carbon supply but also decreased the osmotic pressure in
the medium, thereby influencing the production of ery-
thritol [33]. Consequently, the addition of glycerol into the
culture broth at certain intervals to maintain the concen-
tration of the carbon source is a potentially effective way to
improve the erythritol production by the microorganism.
Fed-batch fermentation of erythritol was performed in a
5-L fermenter containing 3 L of the optimal medium.
During the experiment, the glycerol concentration was
maintained at a constant level, and the erythritol produc-
tivity remained at a relatively high level during the glyc-
erol-feeding stage. After the feeding stage, the
fermentation process was continued until 168 h. The time
course of the fed-batch fermentation is shown in Fig. 4. At
the end of the fermentation, the maximum concentration of
erythritol reached 169.3 g/L (0.65 g/g of erythritol yield),
whereas the biomass showed no obvious increase after the
glycerol feeding (Fig. 4(A)). The preparation of byproducts
is shown in Fig. 4(B). Among the byproducts, mannitol
showed the highest production, which was 26.2 g/L. at
144 h of cultivation. The yields of citric acid and o-ke-
toglutaric acid were obviously inhibited (9.1 and 3.0 g/L,
respectively) during erythritol fermentation. Except for
citric acid, all the byproducts slightly decreased at the end

Fig. 3 Effects of initial NaCl 160 16 115 =
concentrations on erythritol —_ =
biosynthesis in M53. Erythritol = =
iosynthesis in - Erythrito 140 1uu® z
production (gray), yield (light - £
gray), biomass (black), g d12 8
productivity (white circle), g 120 —H 12 .E _;5
osmotic pressure (white square). ) = =
Data are given as mean £ SD, S 100 410 E ;'
n = 3. ** represents b5 ~ 09 £
0.001 < p < 0.05, * represents = % =
0.05 <p <0.1 c 80 18 £ £
—:. g - 0.6 %

= 60 =16 2 o8

s 2 B

& e =

= 40 —14 = =

£ 03 =

s _

20 {2 £ £

S g

0 0 0.0 E

@ Springer

10

20 30 40

Concentration of NaCl (g/L)



Erythritol production by Yarrowia lipolytica

985

250 14
112
200 — i % /+\i/'/§
% L 10
sl )
g 18
_% L
3 X
2 A
g 100} 6
I A
g 44
=
m 50
42
0 1 1 1 1 1 1 1 0
0 24 48 7 9% 120 144 168
(A) Time (h)

Fig. 4 The changes in main products and byproducts, biomass and
residual glycerol during 5 L fermentation. (A) Erythritol (black
circle), biomass (black square), glycerol (black up-pointing triangle);

Biomass(g/L)

30

25

Man, Ara, CA, a -KA(g/L)
i - 153
< h =
T T T

wm
T

0 24 48 72 96 120 144 168

(B) Time (h)

(B) mannitol (black down-pointing triangle), arabitol (black square),
citric acid (black circle), a-ketoglutarate (black up-pointing triangle).
Data are given as mean £+ SD, n = 3

Table 2 Comparison of the reported erythritol fermentation using various microorganisms

Strains Carbon source Erythritol (g/L) Ypss (g/2) Erythritol productivity (g/L/h) References
Torula sp. Glucose 192 0.48 2.26 [31]
Moniliella sp. N61188-12 Glucose 237.8 0.60 1.98 [24]
Candida sorbosivorans SSE-24 Glucose 60.2 0.38 0.50 [34]

Y. lipolytica A16 Crude glycerol 110.7 0.48 1.01 [35]

Y. lipolytica Wratislavia K1 Raw glycerol 170 0.56 1.0 [32]

Y. lipolytica Wratislavia K1 Glycerol 220 0.43 0.54 [36]

Y. lipolytica M53 Glycerol 164.1 0.65 1.05 This study
Data are given as mean £ SD, n = 3

of cultivation. Similar results were reported by Mironczuk ~ Fund for Colleges and Universities in Jiangsu Province

et al. [32].

Erythritol production of various yeasts is summarized in
Table 2. Moniliella sp. N61188-12 produced 237.8 g/L
erythritol when grown in a medium containing glucose [8],
which provided the highest yield (0.6 g/g) among the
reported results. Erythritol production was also reported by
Rywinska et al. [9]; in their report, 132 g/L (0.44 g/g) of
erythritol was produced by Y. lipolytica Wratislavia K1 in
the fed-batch mode and optimized medium. In the current
study, a culture of Y. lipolytica M53 exhibited the highest
erythritol yield (0.65 g/g) from glycerol in the fed-batch
fermentor compared with most of the other strains of Y.
lipolytica that were ever reported (Table 2). Table 2 shows
that the erythritol productivity of M53 was higher than
most of the other erythritol producers in the list.
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