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Abstract

Developing a use for the inedible parts of citrus, mainly peel, would have great environmental and economic benefits worldwide.
Astaxanthin is a value-added fine chemical that affects fish pigmentation and has recently been used in healthcare products for
humans, resulting in an increased demand. This study aimed to produce astaxanthin from a citrus, ponkan, peel extract using the
yeast Xanthophyllomyces dendrorhous, which has the ability to use both pentose and hexose. Feeding on only ponkan peel
extract enhanced X. dendrorhous growth and the concomitant astaxanthin production. Additionally, we determined that pectin
and its arabinose content were the main substrate and sole carbon source, respectively, for X. dendrorhous growth and
astaxanthin production. Thus, ponkan peel extract could become a valuable resource for X. dendrorhous—based astaxanthin
production. Using citrus peel extract for microbial fermentation will allow the development of processes that produce value-

added chemicals from agricultural byproducts.

Keywords Food residue - Carotenoid - Red yeast - Pectin - Arabinose

Introduction

The waste products from food industries are attractive bio-
mass resources for biorefining, which uses consolidated
(integrated) biotechnology techniques to generate various
chemicals from biomass resources as part of a bioeconomy
(Hasunuma et al. 2013; Kondo et al. 2013; Lin et al. 2013;
Sherwood 2020). Agricultural food residues are attractive re-
sources for bioproduction (Ben-Othman et al. 2020). In par-
ticular, the inedible parts of crops, vegetables, and fruits are
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valuable biomass resources for food biorefining, because they
are more easily degraded by microbial cell factories than hard
biomass, such as lignocellulosic biomass. Among these, citrus
peel is a promising bioresource for microbial fermentation
(Sharma et al. 2017; Protzko et al. 2018).

Citrus is a popular fruit worldwide. However, almost halfa
citrus fruit is inedible, consisting mostly of peel and pressed
pulp (seeds and segment membranes) (Marin et al. 2007,
Patsalou et al. 2019; Wilkins 2009). These solid residues are
referred to as “citrus wastes” and constitute an estimated 15
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million tons/year worldwide (Marin et al. 2007). Some are
used to produce animal feeds, but this is not a cost-effective
strategy, so the solid residues are mainly disposed of in land-
fills, causing severe economic and environmental problems
(Tripodo et al. 2004; Patsalou et al. 2019). Because citrus
fruits are mainly processed for juice extraction in food facto-
ries (Lohrasbi et al. 2010; Koutinas et al. 2016), the use of the
residue in microbial fermentation has been studied (Joglekar
et al. 2019). The peel is also suitable for the production of
particular value-added fine chemicals for food industries,
using zero-emission processes.

Carotenoids are value-added fine chemicals that are widely
distributed in nature. Carotenoids belong to the terpene
(isoprenoid) class of natural compounds (Muntendam et al.
2009) and are exclusively synthesized by plants and microor-
ganisms (Vachali et al. 2012; Mata-Goémez et al. 2014;
Gervasi et al. 2020; Villegas-Méndez et al. 2019; Korumilli
et al. 2020). In particular, astaxanthin (3,3'-dihydroxy-f3,[3-
carotene-4,4'-dione; C40Hs,0y4) is used in fine chemical indus-
tries, such as food, pharmaceuticals, and cosmetics, because of
its red pigmentation and antioxidant properties (Rodriguez-
Saiz et al. 2009; Hara et al. 2014a). For safety reasons,
astaxanthin must be produced with bioprocesses, not chemical
processes, especially in the food and cosmetic industries.
Therefore, viable natural astaxanthin producers have been in-
vestigated, including bacteria, yeasts, algae, and shrimp (Han
et al. 2013). At present, Haematococcus pluvialis is used in-
dustrially as an astaxanthin producer because it has higher
astaxanthin content. However, its production of astaxanthin
is very much slower than the chemical reaction used to pro-
duce synthetic astaxanthin. Therefore, we investigated a red
yeast, Phaffia rhodozyma (sexual form, Xanthophyllomyces
dendrorhous), because it has been identified as a promising
candidate microorganism with which to maximize the produc-
tion of the carotenoid astaxanthin in a process faster than that
based on H. pluvialis (Visser et al. 2003; Schmidt et al. 2011;
Melillo et al. 2013; Barredo et al. 2017; Kothari et al. 2019).
X. dendrorhous has the ability to use various biomass re-
sources, including agro-industrial waste (Villegas-Méndez
etal. 2019; Gervasi et al. 2020), because it can hydrolyze both
hexose and pentose (Rodriguez-Saiz et al. 2010; Mata-Gomez
etal. 2014).

The possibility of producing astaxanthin using
X. dendrorhous from the residue of the edible part of citrus
has already been studied (Wu et al. 2010; Korumilli et al.
2020). Here, the inedible remains of a ponkan (Citrus
poonensis) peel extract were tested as a possible bioresource
for the direct production of astaxanthin using X. dendrorhous
without the addition of other nutrients. We demonstrated that
the ponkan peel extract contains not only a carbon source, but
also a nitrogen source, minerals, and other activation factors
required for the growth of X. dendrorhous and production of
astaxanthin.

Materials and methods
Strain and media

Xanthophyllomyces dendrorhous (NBRC 10129) was
used as an astaxanthin-producing yeast in this study. It
was cultured in minimal synthetic defined (SD) medium
(6.7 g/L yeast nitrogen base [YNB] without amino acids
and 20 g/L D-glucose) or rich yeast-malt (YM) medium
(5 g/L tryptone, 3 g/L yeast extract, 3 g/L malt extract,
and 10 g/L D-glucose) as the base medium. In this study,
“Shimizu Ota” ponkan fruit harvested within a year in
Shizuoka, Japan, were used as model citrus. Ponkan peel
was dried at 50-55 °C for 72 h and stored at 4 °C until
use. The dried ponkan peel was crushed with a food pro-
cessor and then a beads cell disruptor (Shake Master Neo,
BMS, Tokyo, Japan) and added to each base medium.
First, various concentrations of ponkan peel were added
to SD medium to determine the most effective ponkan
peel concentrations for X. dendrorhous growth and
astaxanthin production. Second, media were prepared by
adding the selected most effective ponkan peel concentra-
tion for X. dendrorhous astaxanthin production to the base
media. SP, DP, and SDP media were made of the ponkan
peel to 6.7 g/L YNB solution as the nitrogen/mineral
source, 20 g/L. D-glucose solution as the carbon source,
and SD medium (6.7 g/L YNB solution + 20 g/L D-glu-
cose), respectively. SPec medium was made by adding
12.5 g/L pectin, a major carbon source in citrus peels, to
a 6.7 g/L YNB solution. Next, to explore the carbon
sources of pectin in ponkan peels for X. dendrorhous
growth and astaxanthin production, a medium containing
total sugars was prepared by adding natural ratio of the
top four pectic sugars. Furthermore, four kinds of media
were prepared by adding sugar mixtures in which one of
the four main sugars was omitted to a 6.7 g/l YNB solu-
tion. Finally, the ponkan peel was evaluated as a single
substrate compared to SD and YM medium. Throughout
all experiments performed in this study, the media con-
taining ponkan peel were autoclaved (121 °C, 0.2 MPa,
20 min) and the solid residue was removed by centrifuga-
tion at 10,600xg for 10 min at 4 °C. Yeast and malt
extracts were purchased from Becton Dickinson (Sparks,
MD, USA). Other chemicals were obtained from Nacalai
Tesque (Kyoto, Japan) or FUJIFILM Wako Pure
Chemical (Osaka, Japan). Pectin from citrus (FUJIFILM
Wako Pure Chemicall) was used to test the pectin in this
study. The specification of this reagent included: maxi-
mum loss of 15.0% on drying at 105 °C; 3.5-8.5%
methoxy group (calculated on dried basis); and 50.0—
80.0% galacturonic acid (calculated on dried basis). The
estimated molecular weight of the pectin was 50,000—
360,000 kDa.
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Cultivation and astaxanthin production of the X.
dendrorhous strain

The X. dendrorhous strain was grown on a plate containing
YM medium agar at 22 °C for 3 days. Some colonies were
inoculated into 5 mL liquid YM medium in a 20-mL baftled
Erlenmeyer flask and cultivated at 22 °C with agitation at
250 rpm for 24 h. Each culture was inoculated into 10 mL
of the appropriate medium (described above) in a 50-mL baf-
fled Erlenmeyer flask to achieve initial ODgqo values of 0.15
without pH adjustment. Cells were then grown at 22 °C with
agitation at 250 rpm for 72 h.

Astaxanthin extraction and measurement

Extraction and measurement methods for astaxanthin were
carried out using previously described conditions (Hara et al.
2014b; Yamamoto et al. 2016). The cell concentration was
measured at ODggo using a Gene Quant 1300 spectrometer
(GE Healthcare Life Sciences, Buckinghamshire, UK) after
culturing for the appropriate time. The ODgg value was con-
verted to a cell concentration (gDCW/L) by multiplication
with the conversion factor 0.144 (gDCW/L/ODg). To mea-
sure the intracellular astaxanthin content of X. dendrorhous,
harvested cells were suspended in 1 mL acetone. The cells in
acetone were broken using Shake Master NEO and 0.6-mm
diameter zirconia beads. The resulting cell extract was centri-
fuged at 8000xg for 10 min at 4 °C, and the supernatant was
then diluted with an appropriate volume of acetone to adjust
its concentration to cover the range of the following high-
performance liquid chromatography assay.

The astaxanthin concentration was determined using a
high-performance liquid chromatography system (Shimadzu,
Kyoto, Japan) equipped with a Develosil ODS-HG-5 column
(Nomura Chemical, Aichi, Japan). The operation was per-
formed at 25 °C, with acetonitrile/methanol/2-propanol (85/
10/5 (v/v/v)) as the mobile phase at a flow rate of 0.8 mL/min,
and the detection was performed at 471 nm with an SPD-20A
UV detector (Shimadzu).

Analysis of total carbon and nitrogen

Total carbon and nitrogen in the media were measured with
TC equipped with TN (Shimadzu) using culture samples di-
luted with the appropriate volume of distilled water after the
cells were removed by centrifugation at 8000xg for 5 min at 4
°C.

Data and statistical analysis
Data are presented as the mean values = standard deviations

(SD) of three independent experiments. The cell concentra-
tions, astaxanthin concentrations, and other data were
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compared with one-way analysis of variance (ANOVA).
Significant differences (p < 0.05) between samples cultured
in the different media were calculated with two-tailed
Student’s ¢ test.

Results and discussion

Effects of ponkan peel extract’s addition on X.
dendrorhous cultivation

There have been no reports on astaxanthin production by
X. dendrorhous from ponkan peel extract. Thus, in this study,
the effects of ponkan peel extract on X. dendrorhous cell
growth were first investigated. From 0 to 50 g/L of ponkan
peel extract was added to the minimal SD medium to cultivate
X dendrorhous, and after cultivation for 72 h, cell concentra-
tions (gDCW/L) were compared (Fig. 1). Their increase was
correlated with the amount of ponkan peel extract added, in-
dicating that the ponkan peel extract enhanced X. dendrorhous
growth in the minimal SD medium. In contrast, the addition of
10 g/ ponkan peel extract decreased the cell concentration
compared with the control, which contained no ponkan peel
extract. This result indicated that the ponkan peel extract also
contains compounds that are inhibitory to X. dendrorhous
growth in minimal SD medium; however, the inhibitory effect
was less than the promotive effects at the high ponkan peel
extract concentration. Citrus peel oil (Singh et al. 2020) and
phenolic acids (Xu et al. 2008; Rafiq et al. 2018) are candidate
inhibitors of X. dendrorhous growth. It has also been reported
that ponkan peel contains higher amounts of phenolic acids
than other citrus peels (Wang et al. 2007). In contrast,
astaxanthin production increased as the amount of ponkan
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Fig. 1 Effects of the addition of ponkan peel extract on X. dendrorhous
cell growth (light gray bars) and astaxanthin (ASX) production (dark gray
bars) in SD medium after culture for 72 h. Columns marked by the same
letters on the individual error bars indicate no significant difference (p >
0.05); those with different letters indicate significant difference (p < 0.05)
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peel added to the SD medium increased (Fig. 1). The most
appropriate concentration of ponkan peel for astaxanthin pro-
duction was around 40 g/L. However, the addition of 50 g/L
ponkan peel produced less astaxanthin than the addition of 40
g/L ponkan peel, indicating that intracellular astaxanthin pro-
duction is inhibited by high concentrations of ponkan peel.

Evaluation of ponkan peel extract as a source of
nutrients for X. dendrorhous growth and astaxanthin
production

To evaluate ponkan peel extract’s potential as a source of
carbon, nitrogen, and minerals for X. dendrorhous growth
and astaxanthin production, D-glucose and YNB in the SD
medium, which are carbon and nitrogen/mineral sources, re-
spectively, were replaced with ponkan peel extract (Fig. 2(a,
b)). As shown in Fig. 2(a), a comparison of time courses of
cell concentrations in SP, SD, and 20 g/L pD-glucose + 40 g/L
ponkan peel extract (DP) media revealed that the cell growth
rates during the initial 48 h were SD = SP > DP. In contrast,
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Fig. 2 Effects of the 40 g/L ponkan peel extract on time course of
X. dendrorhous cell growth (a) and, cell mass and astaxanthin (ASX) pro-
duction after culture for 72 h (b). Light and dark gray bars represent the
concentration of cell and ASX, respectively. Columns marked by the same
letters on the individual error bars indicate no significant difference (p >
0.05); those with different letters indicate a significant difference (p < 0.05)

the order of cell concentration at 72 h was SD < SP < DP. The
addition of 40 g/L ponkan peel extract to the SD medium
(SDP) did not change the rate of the cell growth within 24 h
compared with the SD medium, although the cell concentra-
tion at 72 h was higher than that in the SD medium and as
same as that in the SP medium. Thus, ponkan peel extract
rather than D-glucose increased the final cell concentration,
although it had less effect than D-glucose on the growth rate
during the growth phase. Growth in SP, SD, and DP media
indicates that ponkan peel extract can replace D-glucose as the
carbon source and YNB as the nitrogen/mineral source, re-
spectively. This presented the possibility that ponkan peel
extract on its own could act as a medium for X. dendrorhous.
Therefore, we tested a medium that contained 40 g/L ponkan
peel extract alone (P medium) to cultivate X. dendrorhous
(Fig. 2(a)). Surprisingly, the P medium showed the same rate
of increased cell growth as the DP medium during the initial
48 h of cultivation, although at 72 h, the cell concentration in
the P medium was lower than that in the DP medium and
higher than that in the SD medium. These results indicate that
ponkan peel extract has the potential to supply the required
nutrients, including carbon, nitrogen, and other minerals, for
X dendrorhous growth.

It has been reported that 87.1% of citrus peel is a carbohy-
drate and the major (37.3%) carbon source is pectin, which is
mainly contained in the cell walls (Wang et al. 2007; Yapo
et al. 2007). Therefore, we used YNB + 40 g/L ponkan peel
extract (SP) medium or YNB + 12.5 g/L pectin (SPec) medi-
um to grow X. dendrorhous (Fig. 2(a, b)) and produce
astaxanthin (Fig. 2(b)). The X. dendrorhous cell concentration
after cultivation in SPec medium for only 24 h reached 2.0
gDCW/L; however, no further cell growth was observed at
later time points (Fig. 2(a)). This value was higher than the
value when grown in SD medium for 24 h. This result indi-
cates that pectin is more quickly used as a resource for cell
growth during the growth phase compared with D-glucose.
The higher cell concentration in SPec medium than in SP
medium at 24 h indicates that pectin, which was eliminated
from ponkan peel by the crushing and autoclaving pretreat-
ment, was completely consumed by cell growth after less than
24 h. On the contrary, the lack of growth from 24 to 72 h in
SPec medium demonstrated that the pectin in SPec medium
was exhausted after less than 24 h. Thus, the continuous in-
crease in cell growth beyond the cell concentration of 2.0
gDCW/L observed in the SP medium (Fig. 2(a)) indicates that
nutrients other than pectin were utilized for cell growth.
However, the cell concentration in SD medium reached 2.4
gDCW/L, which was similar to the value achieved in the SPec
medium. Thus, 12.5 g/L pectin corresponds to 20 g/L D-glu-
cose as a carbon source.

The astaxanthin concentration in the X. dendrorhous cells
after culture for 72 h was measured (Fig. 2(b)), and showed
that the astaxanthin production increased with time, and
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correlated almost perfectly with the cell concentration. This
indicates that astaxanthin biosynthesis in X. dendrorhous is
yeast growth dependent.

Exploring the carbon sources in ponkan peel used for
X. dendrorhous growth

Next, we investigated the main carbon source in pectin. D-
Galacturonic acid was a candidate because it is the major
chemical in the main carbon chain of pectin. However,
X dendrorhous cell growth was not observed in medium con-
taining YNB + 12.5 g/L p-galacturonic acid, even though the
pH was adjusted to 7.0 (data not shown). This result indicated
that chemicals other than D-galacturonic acid in the pectin of
ponkan peel extract act as the carbon sources for
X. dendrorhous growth. Therefore, we evaluated the top four
most abundant sugars in the pectin of ponkan peel extract as
the carbon source for X. dendrorhous growth (Table 1).

The pectins extracted from various citrus fruits contain
12.3-58.5% arabinose, 15.1-47.5% galactose, 3.8—14.9%
glucose, and 1.8-45.9% rhamnose (Kawabata and
Sawayama 1975) as the four most abundant neutral sugars,
together with other minor sugars, such as mannose and xylose
(Pourbafrani et al. 2010; Schmitz et al. 2019). In this study, we
used the proportions of sugars in the mandarin (48.4% arabi-
nose, 29.8% galactose, 14.9% glucose, and 6.8 % rhamnose as
the four most abundant neutral sugars, and 0.1% other sugars)
as reported by Kawabata and Sawayama (1975) for the exper-
iment shown in Table 1. We prepared four kinds of sugar
mixtures in which one of the four main sugars was omitted,
as shown in Table 1. Then, X. dendrorhous was cultured in
each medium containing each sugar mixture and YNB solu-
tion for 72 h. The largest decrease in cell concentration com-
pared with the other medium occurred in the medium lacking
arabinose. This result indicated that arabinose is the major
carbon source in pectin for X. dendrorhous growth.
Interestingly, the absence of rhamnose resulted in an increase
in cell concentration compared with the medium containing
the four main sugars (Table 1). This result indicated that the
rhamnose contained in ponkan peel extract could act as an
inhibitor of X. dendrorhous cell growth, as shown in Fig. 1.

Evaluation of ponkan peel extract for astaxanthin
production by X. dendrorhous

The potential of ponkan peel extract alone, or in the SD or YM
medium, to act as a resource for astaxanthin production by
X. dendrorhous was evaluated after cultivation for 72 h
(Table 2). The ponkan peel extract (40 g/L) alone resulted in
the production of 0.92 mg/L of astaxanthin. The addition of
ponkan peel extract to SD medium enhanced astaxanthin pro-
duction by 1.7-fold (1.22 mg/L) compared with SD medium
(0.71 mg/L). Furthermore, the addition of ponkan peel extract
to YM medium also enhanced astaxanthin production by 1.9-
fold (2.05 mg/L) compared with YM medium (1.06 mg/L).
Thus, the astaxanthin production in both media was increased
owing to the increase in X. dendrorhous cell growth caused by
the ponkan peel extract (Table 2).

The enhancement of X. dendrorhous cell growth by the
addition of ponkan peel extract to not only the SD medium
but also the YM medium indicated that ponkan peel extract
contains a growth enhancer compound(s) for X. dendrorhous.
This insight from the results shown in Tables 1 and 2 indicates
that arabinose is a candidate growth enhancer of
X. dendrorhous. This indicates the great antioxidant produc-
tion potential of X. dendrorhous, which has the ability to use
not only hexose but also pentose monosaccharides, such as
arabinose.

Astaxanthin production by X. dendrorhous from only
ponkan peel extract

As shown in Table 2, the ponkan peel extract diluted
into distilled water (DW) to adjust to 40 g/L has the
ability to support X. dendrorhous growth and astaxanthin
production. The X. dendrorhous cell and astaxanthin
concentrations at 72 h in the P medium containing 40
g/L ponkan peel extract were lower than those in the DP
medium (Fig. 2(b)). These results indicate that in the
medium containing only 40 g/L ponkan peel extract,
the carbon source is the limiting factor for
X. dendrorhous growth. To determine the most appropri-
ate concentration of ponkan peel extract for astaxanthin

Table 1 Effects of sugars in

pectin on X. dendrorhous growth Arabinose (0.78 Galactose (0.48 Glucose (0.24 Rhamnose (0.11 Cell concentration
g/L) g/L) g/L) g/L) (gDCWI/L)
+ + + + 0.26 £0.036
- + + + 0.07 £ 0.042
+ - + + 0.25+0.032
+ + - + 0.22 £0.043
+ + - 0.34+0.012

EH)

“+” and “—” represent the presence and absence of each sugar, respectively
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Table 2  Effects of ponkan peel extract on astaxanthin production by
X. dendrorhous

Based medium Ponkan peel extract concentration

0g/L 40 g/L
DW n. d. 3.86+0.09 °
n. d. 0.92 +0.040 °
SD 1.74 + 0.04 3.60£0.13
0.71 +0.010 1.22 +0.080
YM 4.03 +£0.06 10.1 +0.07
1.06 + 0.024 2.05 +0.093

#Upper: cell concentration (gDCW/L)
®Lower: astaxanthin concentration (mg/L)
DW, distilled water; n.d., not detected

production by X. dendrorhous, we measured cell and
astaxanthin concentrations after cultivation for 72 h in
the medium including only ponkan peel extract at differ-
ent concentrations (Fig. 3). As shown in Fig. 3, the dras-
tic increase in the cell concentration was correlated with
the ponkan peel extract’s concentration when it was less
than 120 g/L, but the cell concentration decreased at
concentrations greater than 160 g/L. Thus, the optimum
ponkan peel extract concentration for cell growth was
120 g/L. However, as shown in Fig. 3, the increase in
astaxanthin production was generally correlated with the
ponkan peel extract’s concentration when it was less than
80 g/L, but production decreased at concentrations great-
er than 120 g/L (Fig. 3). In particular, a ponkan peel
extract concentration greater than 160 g/L resulted in a
drastic decrease in astaxanthin production. The optimum
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Fig. 3 Effects of the addition of only ponkan peel extract on
X. dendrorhous cell growth (light gray bars) and astaxanthin (ASX) pro-
duction (dark gray bars) after culture for 72 h. Columns marked by the
same letters on the individual error bars indicate no significant difference
(p > 0.05); those with different letters indicate a significant difference (p <
0.05). n.d.: not detected

ponkan peel extract concentration for astaxanthin produc-
tion was 80 g/L.

One reason for the drastic decrease in astaxanthin produc-
tion at a ponkan peel extract concentration greater than 160 g/
L would be a decrease in cell growth. However, this was
insufficient because the rate of decrease in cell growth was
not large compared with the decrease in astaxanthin produc-
tion. Another important reason is the inhibitory effects of
chemicals contained in ponkan peel extract on astaxanthin
synthesis in X. dendrorhous. Another reason is the Crabtree
effect, which is the phenomenon in which respiration de-
creases in the presence of high concentrations of carbon
sources. X. dendrorhous is a Crabtree-positive yeast and its
astaxanthin production correlates positively with its respira-
tion (Reynders et al. 1997; Yamane et al. 1997; Alcaino et al.
2016).

Thus, using ponkan peel extract on its own, with no addi-
tional nutrients, to produce astaxanthin from X. dendrorhous
has economic and environmental advantages; however, using
the correct ponkan peel extract concentration is important for
establishing efficient industrial astaxanthin production
processes.

An advantage of using ponkan peel as a resource for X.
dendrorhous growth and astaxanthin production rather than
other citrus peels is that it has a higher arabinose content.
Table 1 shows that arabinose is the critical sugar for
X. dendrorhous growth. Flavonoids and carotenoids are other
beneficial compounds and are also present at higher levels in
ponkan peel than in other citrus peels (Wang et al. 2007), and
these precursor compounds for astaxanthin can be metaboli-
cally converted into astaxanthin by X. dendrorhous.

Finally, to evaluate the full kinetics of the best-performing
cultures, X. dendrorhous was cultured in medium containing
80 g/L ponkan peel for 96 h. The cell concentration,
astaxanthin production, and carbon and nitrogen depletion
were measured over time (Fig. 4). Astaxanthin production
correlated positively with cell growth and with carbon and

N
[&)]
T

2.5

0
1.5

O Total carbon (g/L)
o >

0.5

O Cell concentration (gDCWI/L)
® ASX concentration (mg/L)
< Total nitrogen (102 g/L)

0 1 1 1 1 0
0 20 40 60 80

Time (h)
ig. 4 Kinetics of the best-performing 80 g/L ponkan peel extract

I

@ Springer



12646

Environ Sci Pollut Res (2021) 28:12640-12647

nitrogen depletion. These results indicate that ponkan peel
supplied not only the carbon source but also the nitrogen
source for both cell growth and astaxanthin production. The
C/N ratio was constantly around 60 during the time courses,
except at 24 h, when it was 96.5, indicating that the initial cell
growth consumed nitrogen faster than it consumed carbon. As
shown in Fig. 4, the cell concentration and astaxanthin pro-
duction of wild-type X. dendrorhous reached 11.1 gDCW/L
and 1.7 mg/L, respectively, after culture for 72 h with the
addition of 80 g/L ponkan peel only. These values are higher
and lower, respectively, than those in a previous study of a
higher-astaxanthin-producing mutant X. dendrorhous strain
on rich YM medium with the addition of 5 g/L. ponkan peel,
which were 9.1 gDCW/L and 5.2 mg/L, respectively, (Kothari
et al. 2019). The higher growth of wild-type X. dendrorhous
with astaxanthin production from ponkan peel without the
addition of other nutrients in this study compared with the
previous study is attributable to the use of ponkan peel and
its appropriate concentration. The combination of the mutant
strain used in the previous study and ponkan peel in the ap-
propriate concentration determined in the present study would
combinatorial increase the astaxanthin production from
ponkan peel.

Conclusion

This study revealed the potential of ponkan peel extract alone
for producing an antioxidant, astaxanthin, from X.
dendrorhous. This indicated that ponkan peel extract contains
all the components required to grow X. dendrorhous and pro-
duce astaxanthin. In the ponkan peel extract, pectin, particu-
larly its arabinose content, was identified as the core substrate
for cell growth with astaxanthin production. Citrus peel ex-
tract, when used at its optimal concentration, has the potential
to be used as a nutrient source in microbial fermentation for
biorefining.
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