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Abstract

The mustard meal (MM), mustard waste water (MRI and MPI) and mung bean meal that
obtained from the Allyl isothiocyanate (AIT) production and Glass noodle production were prepared as
substrate for growth of Xanthophyllomyces dendrorhous and astaxanthin production. The chemical
composition of all materials showed the high contents of protein (25-44%) and carbohydrate (21-34%).
The preparation of media from these materials used the 2 different methods such as extraction by hot
water and hydrolysation with 0.2 N H,SO,. The Mpstard meal extract (MME), Mustard meal
hydrolysate (MMH), Mustard residue isolate extract (MRIE), Mustard residue isolate hydrolysate
(MRIH), Mustad precipitated isolate extract (MPIE), Mustard precipitated isolate hydrolysate
(MPIH), Mung bean extract (MBE) and Mung bean hydrolysate (MBH) were obtained. The clarified
and brownish media were obtained from the hot water extraction and acid hydrolysis respectively,
except clarified MPIH. The initial concentration of all of media was investigated and found' that the
20% (w/v) of MME and MMH media, 15% (w/v) of MRIE, MEIH, MPIE, MBE and MBH media and
10% (w/v) of MPIH medium were the optimal initial concentrations for growth and astaxanthin
production by X. dendrorhous. The optimal condition for growth and astaxanthin production of all
media was initial pH 5.5, incubation temperature of 20°C  with the agitation rate of 200 rpm and
cultivation time of 120 h. for MME, MMH, MRIE, MRIH, MBE and MBH media and of 96 h. for
MPIE and MPIH media. The highest cell dry weight (19.65 g/L) and astaxanthin content (25.79 mg/L
or 1,312 Llg/g cell dry) were obtained from the cultivation X, dendrorhous in the MPIH medium with

optimal condition. The astaxathin that extracted from X. dendrorhous in this experiment found to be 90-

92 % of total carotenoids.
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2.2

A 4
n3vailenazgunInt

[ U4
ﬂ'ﬂﬂﬁi}ﬁﬂi?ﬁu
1389 HPLC -1100
m?aa shaker/incubator

N384 centrifuge

15

unn 2

JEmInaaea

1309 U-2000 UV/Vis spectrophotometer

Hot plate-stirrer
pH meter 25
Micropipette 200-1000 plL

P
TR

Acetone

Acetonitrile

Ammonium sulfate anhydrous
Ammonium thiocyanide
Boron trifluoride 14%
Chloroform

Copper (I1) sulfate anhydrous

Dimethyl sulphoxide (DMSOQO)

Ethanol 95%

Ferric chloride

Olympus

Hewlett-Packard

Heto

Beckman

Perkin Elmer

Heidolph

Radiometer

Gilson

Carlo-Erba

Fisher Chemical

Carlo Erba

Merck

Fluka

Fluka

Merck

I.ab-Scan

Fluka

Fisher
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Hexane

Hydrochlonc acid
Isopropanol

Methanol

Methyl red

Nitric acid
Orthophosphoric acid
Petroleum éther
Phenolphthalein 1% (w/v)
Phosphomolibdic acid
Potassium hydrogen phthalate
Pyrocatechol

Sodium hydroxide
Sodium chloride

Sodium phytate

Sulfuric acid

s X
BTHIIIagIYe

16

Merck

J.T. Baker

Merck

Lab-Scan

Merck

BDH

Lab-Scan

Fluka

Carlo Erba

BDH

Thasco

Carlo Erba

Sigma

Lab-Scan

Yeast extract/Malt extract medium (YM medium) ﬂs:nanﬁ’w

Glucose

Yeast extract

Malt extract

Peptone

Difco

Difco

HiMedia Laboratories
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2.6.5. M3IATIEHNUMN
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(WN.9B100 NTH)
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MM = MINNTAITA, MRI = mustard waste residue isolate, MPI = mustard waste precipitated

isolate AT MB = W3 1UsAUDAT0IY » ND = not detected
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22 6.11 1.58 9.25 10.80 15.25 19.65
24 4.27 0.56 7.14 8.12 10.11 13.20
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M) MME | MMH | MRIE | MRIH | MPIE | MPIH
12 0.16 0.09 0.22 0.85 1.25 1.89
24 0.32 0.16 0.79 1.23 2.46 3.25
36 1.22 022 1.48 2.13 5.25 6.12
48 2.79 0.46 2.57 4.69 8.45 10.42
60 3.77 0.58 423 6.78 11.63 15.62
72 4.07 0.81 6.19 7.45 13.58 17.86
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108 6.18 1.39 9.05 10.63 15.23 19.62
120 6.25 1.59 9.30 10.85 15.22 19.59
132 6.24 1.58 9.29 10.82 15.24 16.57
144 6.17 1.58 9.28 10.82 15.20 19.60
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@) | MME | MMH | MRIE | MRIH | MPIE | MPIH
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24 0.22 0.046 1.19 1.44 2.30 2.59
36 0.68 0.072 2.12 3.12 3.81 4.65
48 1.54 0.113 4.22 5.51 6.47 7.42
60 2.17 0.209 6.27 7.46 10.66 12.46
72 2.65 0.37 7.51 8.71 13.92 18.86
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ABSTRACT
Mustard meal after seed-oil expellavon was used as a substrate for growth of Xanthophyllo-
rryces dendrorbous and productdon of astaxanthin. The mustard meal media that provided both
sugar and nitrogen sources were prepared by boiling in water (un-hydrolyzed mustard meal
media) and hydrolyzing in acid (hydrolyzed mustard meal media). The red yeast X. dendrorbous
grew best in the un-hydrolyzed mustard meal media and produced commercially valuable
carotenoid pigments, especially astaxanthin. The maximum yield of cell dry weight (6.25 g/L),
total carotenoid (4.17 mg/L) and astaxanthin (3.83 mg/L) were obtained with opumal process
parameters of 20% un-hydrolyzed mustard meal media, an inital pH of medium at 5.0, an

incubadon temperature of 20°C and a cultuvauon time of 120 h.

Keywords: astaxanthin, carotenoids, mustard meal, Xanthophyllomyces dendrorbous.

1. INTRODUCTION

Astaxanthin (3, 3'-dihydroxy-4, 4'-diketo-
B-carotene) is an orange-pink xanthophyll. It
is onc of the most interesting and economical-
ly valuable carotenoids and it is an important
constituent of fish and poultry feeds [1].
Although astaxanthin can be synthesized by
chemical methods, it is readily produced in
significant quantties by some microorganisms.
The red yeast Xanthophyllomyces dendrorhous
(tormerly Phaffia rbodogyma) is one of the best
potential sources for the production of
astaxanthin [2]. X dendrorbous is a single species
of a relatively new genus of red yeast that was
described in 1976, and it has an intense dark
orange color [3].

The ability of X dendrorbous to use carbon
and nitrogen sources was tested by Fang and

Cheng [4]. They found that glucose and yeast
extract were the best carbon and nitrogen
sources, respectvely. Currently, a desirable goal
is the use of low cost agricultural processing
by-products as substrates for easily cultured
microorganisms to produce high yields of the
valuable astaxanthin pigment. A variety of
such applicadons have emerged in recent years.
Grape juice was employed as a medium for
astaxanthin production by X. dendrorhous [5).
Martin e 2/ [6] and Vazquez and Martin [7]
investigated the growth conditions and
carotenoids production of X. dendrorhous using
peat hydrolyzates as substrates. Okagbue and
Lewis [8] reported that alfalfa residual juice
supported good growth of the yeast X.
dendrorbous but the formaton of astaxanthin
was inhibited. A sugarcane juice-based low cost
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culture medium was studied for the produc-
tion of astaxanthin in hquid culture by X.
dendrorbous [9, 10]. Cruz and Parajé [11]
improved astaxanthin production by growing
X. dendrorhous on enzymatc hydrolyzates of
wood containing glucose and cellobiose. The
previous studies demonstrated that the
production of carotenoid pigments by X.
dendrorbous depends considerably on the
culture conditions.

The present study was designed to
determine the potential and effectveness of
mustard meal media as carbon and nitrogen
sources for astaxanthin production using X.
dendrorboxs. The mustard seeds (Brassica juncea
var. Forge) are squeezed to remove the
majority of the oil components. The by-
product remaining after seed-oil pressing is
mustard meal. Mustard meal contains 33.64%
protein, 28.6% carbohydrate, 19.2% fat and
15.2% fiber [12]. It is the cheapest protein
source at $90.60 per ton on the internatonal
market from India, lower than even peanut
and soybean meals [13, 14].

2. MATERIALS AND METHODS
2.1 Microorganism and Raw Material
Xanthophyllomyces dendrorbous TISTR 5730
was obrtained from the Thailand Instdtute of
Science and Technological Research (TISTR).
The mustard meal of mustard seeds (Brassica
Juncea var. Forge) was obtained from Lanna
Products Co., Ltd., Lamphun, Thailand.

2.2 Preparation of Mustard Media
2.2.1 Preparation of Un-hydrolyzed
Mustard Meal Media

Un-hydrolyzed mustard meal media were
prepared by adding defatted mustard meal to
100 mL of disdlled water, boiling and stirring
at 750 rpm for 30 min. The suspensions were
centrifuged and filtered through Whatman
No.1 filter paper. The un-hydrolyzed mustard
meal extracts containing 25.5 g/L total
nitrogen (TN) and 21.4 g/L total sugar (TC),
were used as the nitrogen and carbon sources

in the media for growth of X, dendrorbous and
carotenoids production.

Chiang Mai J. Sci. 2004; 31(3)

2.2.2 Preparation of Hydrolyzed Mustard
Meal Media

The defatted mustard meals were
autoclaved at 121°C for 15 min in 100 ml of
0.2 N H,SO,. After cooling, the hydrolyzates
were centrifuged at 9,820xg for 10 min and
filtered. The hydrolyzed mustard meal
medium containing 27.2 ¢/L. TN, and 25.8 g/
L TC, were used as the acid hydrolyzed media
for fermentaton.

2.3 Culture Condition

Quadruplicate samples of mustard media
containing different percentages of mustard
meal were used for the experiments, They were
carried out in an orbital shaker with an
agitation rate of 200 rpm for 120 h using 125
mL erlenmeyer flasks containing 25 ml culture
medium. One mL of inoculum suspension
(8.5 X107 cell) was added to each flask of
media.

2.4 Optimization of Growth of X. dendro-
rhous and Its Astaxanthin Production
Condition
2.4.1 Optimization of Mustard Meal
Concentration

Preliminary experiments were conducted
to determine the optimal total nitrogen and
sugar concentrations of both un-hydrolyzed
and hydrolyzed mustard meal media. The
percent weight to volume of mustard meal
medium was varied first from 1-30% w/v
using pH 5.0 for 120 h at temperature 20°C
and an agitation rate of 200 rpm [5].

2.4.2 Optimization of the Other Growth
Condition

The ranges of values of the other growth
conditions were: pH 3.0 to 7.0 at 0.5
increments; cultivaon time from 12 tol44 h
at 12-hour increments; and temperature 15 to
28°C at 2-3°C increments. The high and low
values used for these ranges were selected on
the basis of the previous work 3, 5, 15]. The
experimental value for the optimal concentra-
tion of mustard meal extract was used for
subsequent variations in pH, temperature and
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cultivation tme, accotdingly. Once a growth
condition was optmized, it was used for the
subsequent experiments.

2.5 Analytical Procedures

Cell dry weight was determined by using
broth samples which were centrifuged for 10
min at 4,296xg and washed twice with distilled
water. The washed cells were dried at 95°C
for 48 h over aluminium pads, allowed to cool
in a desicator and weighed [16]. The total
nitrogen content (TN) was determined by the
Kjeldahl method with factor 6.25 [17]. The
amino acid content was determined as
formaldehyde nitrogen (FN) {18]. Toral sugar
was measured as glucose by the phenol-
sulfuric acid method [19]. Total carotenoid
were extracted from the cells by disruption
with 2 vol of dimethyl sulphoxide (DMSQO)
and centrifugation [20]. The total carotenoid
were calculated from the optcal density at 474
nm, using a 1% absorption coefficient value
of 2100 mg/L-cm [20] with a Hitashi U-2000
UV/VIS specaophotometer. For the determi-
nation of major carotenoid, astaxanthin, the
1 mL of yeast cells was washed and re-
suspended in water, and then subjected to the
freeze-thaw treatment and sonication to
extract the pigments from the cells. The
homogenate was combined with 20 mL of
acetone and centrifuged. The sonication step
was repeated three or four times until the
acetone extracts were colorless. The pigments
in the pooled acetone extracts were combined
with 30 mL of hexane and concentrated to 5
mL by blowing a stream of nitrogen gas across
the surface of the liquid. The pigment extracts
were kept at -20°C until analyzed.

The pigment was analyzed by High
Performance Liquid Chromatography
(HPLC) with a Hewlett-Packard series 1100
instrument equipped with a 150 mm X 4.6
mm, 5 um Microsorb-MV C,; column, using
UV detection at 450 nm. The mobile phase
was a solvent system consisting of
acetonitrile/methanol (90:10 v/v) with a flow
rate of 0.5 mL/min. A standard solutdon of
astaxanthin (0.0500 g/L) was prepared in
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chloroform.

3. RESULTS AND DISCUSSION

3.1 Effect of the Parameters on the Growth
and Astaxanthin Production

3.1.1 Concentration of Mustard Meal
Media

The effect of increasing the amounts of
un-hydrolyzed mustard meal media on
astaxanthin producton at 20°C, pH 5.0 with
an agiration rate of 200 rpm for 120 h are
illustrated in Figure 1. It reached a plateau in
total astaxanthin stardng at about 10% w/v
mustard meal and the highest yield of cell dry
weight and astaxanthin content obtained at
20% w/v of mustard meal. Although the
sugar content continued to increase, duc to
its high solubility, the protein nitrogen content
increased slowly at about 5% w/v mustard
meal content, probably because of a lower
solubility. Cell dry weight increased berween
4 and 8% w/v mustard meal and then showed.
to be nearly constant. A major sugar compo-
nent in the medium is glucose and high levels
are known to inhibit cell growth [21]. Total
carotenoids and astaxanthin production,
reached maximum st levels of 4.06 and 3.78
mg/L, respectively, paralieling cell growth. The
percentage of total carotenoids as astaxanthin
increased from about 60% to nearly 95%
during this rapid growth phase. The results
corresponded to the work of Johnson and
Lewis [15], who studied a wide range of
glucose concentrations and found that the
total yield of yeast and astaxanthin producnon
increased substantally with increasing glucose
concentration, but cell growth was inhibited
at a concentration > 20 g/L. Okagbue and
Lewis [8] indicated that 10-20 g/L of glucose
is cridcal for good yields of astaxanthin and
yeast cell wall modification.

Astaxanthin was found by HPLC analysis
to be the major carotenoid in all samples
during cultivation. The trans-astaxanthin
standard (Figure 2A) shows a peak at 6.96 min
while Figure 2B shows the chromatogram of
the carotenoid-containing hexane extracts
from X. dendrorbous cultured in un-hydrolyzed
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Figure 1. The effect of different concentradons of mustard meal in un-hydrolyzed mustard
meal media on the growth of X. dendrorbous and its production of carotenoids. Experiments
were carried out at 20°C, pH 5.0 with a shaking rate of 200 rpm for 120 h. Cell dry weight (),
total carotenoid content (@), astaxanthin content (A), nitrogen content (M), sugar content (e,
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Figure 2. HPLC chromatograms of standard astaxanthin (A) and carotenoids from X.
dendrorbous cultured in un-hydrolyzed mustard meal media (B). Conditon: Microsortb-MV C
column; flow rate, 0.5 mL/min; acetonitrile/methanol (90:10 v/v); detection, 450 nm.

Astaxanthin eluted at 6.96 min.

mustard meal media. The peak at 6.96 is
assigned to astaxanthin.

3.1.2 pH

The effect of inidal pH on growth of X
dendrorbous and astaxanthin production was

investgated. It was found that pH had a slight
effect on growth and total carotenoid and
astaxanthin production in un-hydrolyzed
mustard meal media (Figure 3). The results
show that the cell dry weight increased with
increased pH untl pH 5.0 and then was nearly
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Figure 3. The effect of pH on the growth of X. dendrorbous and its production of carotenoids.
Experiments were carried out in 20% w/v of un-hydrolyzed mustard meal media at 20°C with
a shaking rate of 200 rpm for 120 h. Cell dry weight (#), total carotenoid content (@), astaxanthin

content (A).

constant between 5.5-6.5. The pH range of
3.0-5.5 obtained the maximum cell dry weight
(6.15 g/L), rotal carotenoid (4.27 mg/L) and
astaxanthin (3.88 mg/L) content. johnson and
Lewns [15] and Lango ef 4/, [5] reported that
the maximum yield of biomass and
astaxanthin production were obtained at pH
5.0. Johnson and Lewis [15] found that an
optimum value of pH was 5.0 with no
significant change in astaxanthin content at
other pH values.

3.1.3 Temperature

The highest cell dry weight, total
carotenoid and astaxanthin content were
obtained at 20°C for 120 h of incubatdon time.
The cell dry weight was relatively constant at
growth temperatures of 18-22°C, and then
decreased considerably at temperature above
22°C when cultured in un-hydrolyzed mustard
meal media (Figure 4). The maximum growth
temperature was observed at 26°C with no
growth occurring at 28°C. However, the total
carotenoid and astaxanthin contents remained
constant between 20 and 22°C, but decreased

sharply above 22°C. These results are similar
to the work of Mayer and Du Preez [22] who
reported a maximum growth temperature of
26°C for X. dendrorbous. Johnson and Lewis
[15] found that the maximum growth
temperature at 27,5°C and the optimum
temperature for astaxanthin production by X.
dendrorbous was also 22°C.

3.1.4 Cultivation Time

The culdvation time periods of growth
and astaxanthin production of X. dendrorhous
in un-hydrolyzed mustard meal media were
studied. Figure 5 shows that cell growth
occurred as the nitrogen and sugar sources
were consurmned, and then declined when the
sugar content was depleted. During cultiva-
tion, cell growth, total carotenoid and
astaxanthin production increased steadily
from 24-108 h and reached a maximum after
120 h, coinciding with the depletion of
nitrogen and sugar contents. In these
experiments, the cell dry weight yield reached
a maximum of 6.25 g/L after 120 h. The total
amount of carotenoids increased rapidly and
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the accumulaton reached a maximum of 4.17
mg/L medium, after approximately 120 h.
Astaxanthin productdon was delayed initally
at 0-24 h and then increased steadily unul 120
h, reaching a maximum of 3.83 mg/L. Meyer
and Du Preez [22] reported that astaxanthin
production decreased after the depleuon of
sugar sources. Johnson and Lewis [15] found
that the growth of X. dendrorhous began after

10 h of lag and a constant cell dry weight was
reached after 80 h.
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3.1.5 The Growth and Astaxanthin
Production in Mustard Meal Media

The cultivation of X. dendrorbhous and
carotenoids production using un-hydrolyzed
and hydrolyzed mustard meal media as
substrates were summarized in Table 1. The
maximum of cell dry weight (6.25 g/L)}, total
carotenoid (4.17 mg/L) and astaxanthin (3.83
mg/L) contents were achieved by using 20%
un-hydrolyzed mustard meal media as sugar
and nitrogen sources under optimal conditon

Table 1. The growth of X dendrorbous and production of carotenoids in two different mustard
meal media after 120 h under optimal conditions™*.

Parameter

mustard meal media

Un-hydrolyzed®

Hydrolyzed®

mustard meal media

Cell dry weight (g/L culture)
Total carotenoid

Cellular (mg/g cell dry weight)
Volumetric {mg/L culture)
Productvity (mg/ L day)
Astaxanthin

Cellular (mg/g cell dry weight)
Volumetric (mg/L culture)
Productivity {(mg/ L day)
Total Nitrogen

Nitrogen content (g/L)
Residual nitrogen (g/L)
Nitwrogen utdlization rate (g/L day)
FN /TN (x 107

Total sugar

Sugar content (g/L)

Residual sugar (g/L)

Sugar utilization rate (g/L day)

6252 0.5 1.59 +0.02
0.62 £ 0.50 0.54 £ 0.12
4.17 £ 0.05 0.86 £ 0.10
0.83x0.10 0.17 £ 0.15
0.01£0.10 039+ 0.10
383%0.10 0.62 £ 0.08
0.77 £ 0.06 0.18+0.11
2551 0.20 27.2+0.15

19.1 1.0 22112

1.231.0 04212
5.16 £ 0.50 8.23+0.20
21.410.10 25.8 £ 0.20
520+ 0.20 12:15x0.10
3.24 £ 0.20 2.73x0.15

* Value are means and standard deviation of quadruplicate determinations.

The optmal condition: 20% (w/v) of mustard meal (*) and 30% (w/v) of mustard meal ()

at 20°C, pH 5.0, 120 h and 200 rpm.

FN /TN is formaldehyde nitrogen/ total nitrogen ratio
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of initial pH 5.0, incubation temperature of
20°C and cultivation time of 120 h. The
highest yield of cell dry weight, total carote-
noid and astaxanthin contents in hydrolyzed
condition were found to be 1.59 /L, 0.86 mg/
L and 0.62 mg/L, respecuvely, when cultured
in 30% hydrolyzed mustard meal media under
optimal condition at 20°C, pH 5.0 for 120 h
with agitation rate 200 rpm.

The un-hvdrolyzed media showed higher
average nitrogen and supar utlizagon rates,
and higher average astaxanthin producuon rate
than the hydrolyzed mustard meal media. The
sugar (21.4 g/L) and nitrogen (25.5 g/L)
concentrations of un-hydrolyzed mustard
meal media were suitable and sufficient for
growth of X. dendrorbous and producuon of
astaxanthin. These contents were higher than
from the experimental data of Okagbue and
Lewis [8]. They reported that X. dendrorbous
can utilize disaccharides and monosacchardes
and showed thar the range of sugar (10-20 g/
I.) and nitrogen (6.6-15.4 g/L) concentrations
appeared to be critical for good yields of
astaxanthin production and yeast cell wall
modification [15, 23]. The high concentration
of sugar (glucose) in hydrolyzed mustard meal
media (25.8 g/L medium) inhibited the cell
growth and astaxanthin production of X.
dendrorbous, similar to the results of Fang and
Wang [21]. In the present work, it was found
that the formaldehyde nitrogen/total nitrogen
content ratio in hydrolyzed mustard meal
media were higher than in un-hydrolyzed
mustard meal media. This suggests that the
hydrolyzed mustard meal media contained a
high free amino acids content. This has lead
to a decrease in the efficiency of nitrogen
utilization by cells according to the study of
Paligyi et al [24]. They reported that glycine,
alanine, valine, leucine, isoleucine, methionine,
asparagine, phenylalanine, tryptophan, serine,
threonine, cysteine, lysine, arginine and
histidine were not utilized by any strain of X.
dendrorbous.

The un-hydrolyzed mustard meal media
consisted of rich nitrogen (25.5 g/L) and
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sugar (21.4 g/L) and X. dendrorhous can
produced astaxanthin content (3.83 mg/L).
From the previous studies [15, 25], X. dendro-
rhous has grown in the refined carbon and
supplement nitrogen sources and the yield of
astaxanthin ranged from 0.58 mg/L with
xyiose (10 g/1) to 2.27 mg/L with D- cello-
biose (10 g/L). Although, the supplementa-
tion or use of highly retined material may
increase the vield, it will usually also increase
the cost significandy. Moreover, the astaxan-
thin content obtained from the un-hydrolyzed
mustard meal media was higher than from
sugarcane juice [9, 10], grape juice [5], alfalfa
residue juice [8] and wood hydrolyzate [11].

For the comparison between astaxanthin
and total carotenoid, the results demonstrate
that the astaxanthin produced by X dendrorbous
in un-hydrolyzed mustard meal media was
93% of the toral carotenoids (Table 1).
Johnson and Lewis [15] showed that
astaxanthin of X. dendrorbons cultured in YM
medium was §3-87% of the toral carotenoids.
In addivon, X. dendrerbous cultured in xylose
can produce astaxanhtin of 91% of total
carotenoid [25].

4. CONCLUSION

The present work demonstrates the
efficacy of using a low-cost substrate, un-
hydrolyzed mustard meal extract media, for
astaxanthin producton by X. dendrorbous. This
is readily available matenal that can be used
as a source of both carbon and nitrogen,
without hydrolysis and supplementaton.
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Abstract

Astaxanthin production in the wild strain Xanthophyllomyces dendrorhous
TISTR 5730 was investigated using different mustard waste isolate media, including
mustard waste residue isolate extract (MRIE), mustard waste residue isolate
hydrolysate (MRIH), mustard waste precipitated isolate extract (MPIE), and mustard
waste precipitated isolate hydrolysate (MPIH). The growth of X. dendrorhous and the
production of astaxanthin were dependent on the type and initial concentration of
mustard waste isolate media. The MPIH medium was the best substrate resulting in
yields of biomass and astaxanthin of 19.62 g/LL and 25.77 mg/L, respectively, under
optimal conditions. MPIH medium improved astaxanthin production 16-fold

compared to the commonly used commercial yeast malt medium, and 5-10-fold

compared to other mustard waste media.

Keywords Astaxanthin - Xanthophyllomyces dendrorhous - Mustard waste -

Introduction

Astaxanthin (3, 3'-dihydroxy-B,3'-carotene-4,4'-dione) is an important and
valuable keto-carotenoid pigment. It has been widely used as a food colorant and in
cosmetic and medical applications due to its high antioxidant activity (14). Studies
report that it has a nearly 10-fold higher antioxidant activity than other carotenoids
and has a 100-500-fold higher activity than a-tocopherol (19, 29, 21). Astaxanthin has
been produced commercially by chemical synthesis (13) but the product contains only
8% astaxanthin and costs $25,000 — 30,000 kg''. When substances are used as food
additives, consumers prefer materials made using biological and/or biotechnological

processes rather than chemical synthesis. Among the microorganisms that contain



astaxanthin that might be utilized for commercial bio-production are Brevibacterium,
Mycobacterium lacticola (22), Agrobacterium auratium (33), Haematococcus
pluvialis (6) and the red yeast Xanthophyllomyces dendrorhous (formerly Phaffia
rhodoxyma) (1). However, to date, no commercially viable processes have been
developed to produce significant quantities.

Among these microorganisms, the yeast X. dendrorhous may be suitable for
commercial production because astaxanthin accounts for 80-90% of the total
carotenoid compounds. Drawbacks include the low astaxanthin level in wild-type
strains (200-300 pg/g yeast) and the rigid cell wall that makes it difficult to extract
intracellular products (12). Strategies employed to increase product yields from
microorganisms include (i) the use of overproducing strains, (ii) addition of bacterial
and fungal enzymes that disrupt the yeast cell wall, and (iii) the development of low-
cost culture media that diminish production costs (5, 7- 9,18, 20).

Previous studies using low-cost byproducts and residues of agro-industrial
origin have shown the possibility of astaxanthin production from several materials
such as molasses (10), grape juice (17), hemicelullosis hydrolysates of eucalyptus
(23), peat hydrolysates (32) and hydroysates from Yucca fillifera (26). Use of these
low-cost culture media showed significantly increased growth and astaxanthin
synthesis (1.1 — 3.8-fold) compared to yeast extract/malt extract (YM) medium. The
current study focuses on the possibility of using mustard waste isolates as low-cost
alternative substrates for astaxanthin production by X. dendrorhous. The mustard
waste is abundantly produced during the production of allyl isothiocyanate (AIT)
from mustard seed (Brassica juncea var, Forge) (25). Ten tons of mustard seed
produces 70 tons of mustard waste suspension (in water) that is usually discarded.

The process generates about 2,400 metric tons of waste per year so finding another



value-added use for this material through further processing would provide economic

benefits as well as reduce its environmental impact.

Materials and Methods
Microorganism

Xanthophyllomyces dendrorhous TISTR 5730 (formerly Phaffia rhodozyma)
was obtained from the Thailand Institute of Science and Technological Research

(TISTR). The yeast strain was maintained on the YM agar (Difco, USA) slant at 4°C

and subcultured monthly.

Initial mustard residue and precipitate preparation

The mustard waste suspension resulting from the production of allyl
isothiocyanate (AIT) was collected from Lanna Product Co., Ltd.,, Lamphun,
Thailand. Mustard waste residue isolate (MRI) powder was prepared directly from
the waste suspension by centrifugation and drying in a hot air oven at 50 °C. The
mustard waste precipitate isolate (MPI) powder was prepared from the waste
suspension by precipitation with 0.2% citric acid at pH 5, followed by washing with

hexane and drying in the hot air oven (25).

Mustard waste isolate media preparation

The un-hydrolyzed mustard waste isolate media extracts (E) were prepared by
adding a specific amount of either MRI or MPI powder to distilled water in an
Erlenmeyer flask, followed by boiling and stirring for 30 min. The amount of MRI or
MPI and distilled water used defined the percent composition (as % (w/v)) of the

medium for later experiments (0 to 30%). The mixture was centrifuged and filtrated



(31). The liquid supernatant was designated as either mustard waste residue isolate
extract (MRIE) or mustard waste precipitate isolate extract (MPIE).

Acid hydrolysates (H) from the MRI or MPI powders were obtained by
mixing a specified amount of either MRI or MPI powder with 0.2 N H,S0O4, followed
by autoclaving at 121°C for 15 min. The amount of MRI or MPI and sulfuric acid
used defined the percent composition (as % (w/v)) of the medium for later
experiments (0 to 30%). Centrifugation and adjustment of the supematant to pH 6.0
with 2 M NaOH (2) yielded the mustard waste residue isolate hyrolysate (MRIH) or

mustard waste precipitate hydrolysate (MPIH).

Culture condition

The preculture was prepared in YM broth. X. dendrohous cells were incubated
at 20°C for 28 h on a rotary shaker (200 rpm). The yeast cells were harvested by
centrifugation and washed twice in sterile distilled water. One mL of the preculture
suspension (x 10’ cells) was incubated in a 125 mL Erlenmeyer flask conta.ining 30
mL of a specific mustard waste isolate medium, All media were incubated at 20°C on

a rotary shaker (200 rpm) for 120 h. Experiments were performed in quadruplicate.

Analytical methods

The total nitrogen content was determined by the Kjeldahl method (3). Total
sugar was measured with the phenol-sulfuric method (4). For cell dry weight
determinations, 5 mL broth samples were centrifuged for 10 min. at 3500xg and
washed twice with distilled water. The washed cells were dried in predried aluminium
pans for 48 h at 95 °C, allowed to cool in a desiccator and weighed. Carotenoids were

extracted from cells by disruption with DMSO and centrifugation. The total



caroteniods were determined from the optical density at 474 nm, using an absorption
coefficient value of 2100 mg/L-cm (27) with a Hitashi U-2000 UV/Vis
spectrophotometer. To prepare pigment extracts, X. dendrorhous cells were disrupted
by the freeze-thaw treatment and sonication at 3-minute intervals ten times. Multiple
extractions (3-4) with sonication were carried out until the extract was nearly
colorless (31). The pooled acetone extracts were re-extracted with hexane and then

concentrated to 5 mL by blowing with nitrogen gas. The pigment extracts were kept at

-20°C until analyzed.

Astaxanthin was determined by High Performance Liquid Chromatography
(HPLC) with a Hewlett-Packard series 1100 instrument equipped with a 150 mm x
4.6 mm, 5 pm Microsorb-MV C,; reversed-phase column, using UV detection at 450
nm. The isocratic eluent consisted of acetonitrile : methanol (9:1 v/v) with a flow rate
of 0.5 mL/min. A 0.0500 g/L. standard solution of astaxanthin (Sigma, USA) was

prepared in chloroform and used as the external standard. Samples and standard

were stored at -20 °C.

Results

The utilization of various mustard waste isolate media as substrates for growth
and astaxanthin production by X, dendrorhous was investigated. Comparisons of cell
growth and astaxanthin production were made using four different mustard waste
isolate media as sole carbon and nitrogen sources: mustard waste residue isolate
extract (MRIE), mustard waste residue isolate hydrolysate (MRIH), mustard waste

precipitated isolate extract (MPIE) and mustard waste precipitated isolate hydrolysate
(MPIH).



Higher concentrations of the media yielded higher biomass (Figure 1) and
higher astaxanthin levels (Figure 2), with a rapid plateauing above 15%. For MPIH
the highest production of astaxanthin was at 10%, with a slight decrease at 15% and
plateauing until 30%. MPIH was the most effective medium for both growth and

astaxanthin production at all concentrations investigated.

The carbon and nitrogen contents at 10% concentration for all four media
(Figure 3) show that the supematant above both the MRI and MPI powders after
extraction (MRIE and MPIE) have lower C and N contents compared to the
hydrolyzed media (MRIH and MPIH). C and N in MRIE (or MPIE) are expected to
be lower than those in the MRIH (or MPIH) since hydrolysis of the suspended

materials would make more C and N available to the ycast.

At optimal concentrations of media (15% for MRIE, MRIH, MPIE and 10% of
MPIH) the maximum yiclds of astaxanthin were 12.10 mg/L, 14.05 mg/L, 19.04

mg/L, and 25.77 mg/L, respectively. Astaxanthin levels for 10% MPIH were 1.3-2.1

times higher than for other media.

Using the optimum conditions of 10% MPIH, the time course of growth and
astaxanthin production were monitored in parallel with the cell growth and the
depletion of nutrients (nitrogen and carbon sources). Figure 4 shows that both
biomass and astaxanthin production increased over time as total nitrogen and carbon
in the mustard waste isolate media decreased. The maximum levels of biomass (19.62
/L) and astaxanthin (25.77 mg/L) were reached at 96 h, when the carbon source had
been depleted, reaching a constant level from 96-144 h. Similar time course

relationships were found for other media and other concentrations.



Discussion

The present work examined the use of waste agro-industrial material from
mustard processing as a potential medium for astaxanthin production from X
dendrorhous. Boiling water extraction and acid hydrolysis of mustard waste produce
useful culture media, but the precipitated and hydrolyzed medium MPIH was the most
effective, yielding a biomass of 19.62 g/L. and astaxanthin at 25.77 mg/L with a
medium concentration of 10% w/v. Nutrient availability, as carbon and nitrogen
sources, limit growth and astaxanthin production, and hydrolysis clearly increases
these components. However, at high levels (above 15%) there is no additional
enhancement, consistent with previous work (8) suggesting that high carbon and
nitrogen levels can inhibit growth. The time course of the culture development shows
the characteristic exponential and stationary phases (15-16, 32), reaching a maximum
level after about 100 h under the present conditions.

Another explanation for decreased growth and astaxanthin production in
MRIE and MRIH compared to MPIE and MPIH is the presence of high levels of
erucic acid, phenolic acid compounds and glucosinolate, considered to be
antinutritional factors (25, 28, 30). Acid precipitation during the preparation of the
MPI powder (25) can reduce the amounts of these toxic substances.

Table 1 provides comparisons among a number of potential culture media for
astaxanthin production and demonstrates that MPIH, without supplementation, gives
the highest yield on a mg/L basis, and yields comparable to peptone-supplemented
molasses or peptone-supplemented peat hydrolysates on a pg/g basis. Astaxanthin
production under optimal‘conditions was more than ten times that obtained from
supplemented hydrolysates of eucalyptus and un-supplemented corn wet-milling (11),

5 times that from supplemented peat hydrolysates, and nearly double that of the



supplemented molasses medium. Comparison to mustard meal extract (31), the higher
astaxanthin yield was nearly 7 times. Production of astaxanthin was 16 times higher
than glucose, peptone, yeast extract and malt extract (YM) medium and 5 times than
xylose supplemented with peptone, glucose and yeast extract (24). MPIH could be an
effective medium for commercial production of astaxanthin at low cost because

supplementation is not necessary and the waste material is widely available during

AIT production.
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Figure 1 Cell dry weight (g/L) of X .dendrorhous TISTR 5730 cultured in
mustard waste isolate media at different concentrations under optimal
conditions: 20°C, pH 5.5, 200 rpm for 120 h. (A = MRIE, ¢ = MRIH, m = MPIE

and e = MPIH)
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Figure 2 Astaxanthibn content (mg/L) by X .dendrorhous TISTR 5730 cultured

in mustard waste isolate media at different concentrations under optimal

conditions: 20°C, pH 5.5, 200 rpm for 120 h. (A = MRIE, ¢+ = MRIH, m = MPIE

and ¢ = MPIH)
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Figure 3 Carbon and nitrogen contents at 10% w/v of mustard waste isolate

media. (m = carbon content and o = nitrogen content)
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Figure 3 Time-course of the growth and production of astaxanthin by X
dendrorhous in 10% (w/v) of MPIH media. Experiments were carried out at
20°C and initial pH 5.5. (¢ = Cell dry weight; A = astaxanthin content; ® = sugar

content and m = nitrogen content)
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