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Abstract This study was to optimize the medium components for astaxanthin production in Paracoccus sp. through
surface response methodology. A screening test was first conducted on 5 medium components using a
Plackett-Burman design, from which MgSO, and yeast extract were identified as the significant factors affecting
astaxanthin production. These significant factors were optimized by central composite design of experiments
and response surface methodology, as 2.83 g/L MgSO, and 7.02 g/L yeast extract, respectively. The expected
astaxanthin concentration with these optimized medium compositions were 0.925 mg/L. In flask culture, the
experimentally obtained concentration of astaxantin was 1.02t mg/L, where it had been 0.4 mg/L before

optimization.
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rhodozyma(5), 827l Haematococcus pluvialis(6),
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£ AFollA] astaxanthin A3t W|ABE-LS Paracoccus sp.
N81106 (MBIC 01143, Marine Biotechnology Institute
Culture Collection, Iwate, Japan)2 AFE3ITE o] #FE
Marine Broth (Difco Laboratories, Sparks, MD, USA)
izl HE3H 30% glyceroldl] EEFEle] 70T B
3l AME3IH. 0B, Marine Agar (Difco) HIAE o] 83}
25 CollX Alh wiFstch

i BHX| 3¢ BHQF =

ZuleF e ¥iA= Marine Agar ¥iA] (Difco)ol] HE
o] 25°C o)A 48417 Wi gBled ARSSHATE HA) w ke
Marine Broth ¥jA|& 25 mL* 250 mL baffled flaskl]
Y1 BFE ¥ FFE WESH 25T oM 150 pmeg
il 3871 Wi

A A8 AAE A% ¥R 2L Blaszezyk] HlA|
£ F3(11)3}4 K,HPO, (Junsei, Tokyo, Japan) 7.0 g/L,
KH:PO4 (Yakuri, Osaka, Japan) 3.0 g/L, sodium citrate:
2H;O (Sigma, St. Louis, MO) 0.5 g/L, KNO; (Yakuri)
1.8 g/L, MgS0, * TH,0 (DO Chemical co, Seoul, Republic
of Korea) 0.5 g/L, tryptone (Difco) 0.25 g/L, yeast extract
(Difco) 1 g/L, NaCl (DO Chemical Co) 2 g/L, (NH4):SO;4
(DO Chemical Co) 1 g/Lo} ZAL ALg3kch
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Table 1. The amount of astaxanthin produced by Paracoccus
sp. in Marine Broth and modified Blaszczyk medium

Astaxanthin Astaxanthin

medium conc. (mglL) content (mg/L/OD)
Marine Broth 039 + 003 237 £0.02 0.6 £ 005
Modified Blaszczyk medium 0.40 + 001 149 £0.02  0.26 & 0.04

Table 19} #©°] Marine Brotho)|419] astaxanthin FE+=
0.39 mg/L9] kS 7FHth Modified Blaszczyk BiX|E ©]

Table 2. Plackett-Burman experimental design matrix for screening of important variables for astaxanthin production

Code levels Real variables Response value
Xi X X3 X4 Xs X1 MgSOy4 (g/L) X. tryptone (gil) X; Yeast extract (g/L) Xa NaCl (glL) Xs (NH4)SO4 (g/L) Y astaxanthin (mgiL)
141 1 1 A1 0 0 0.5 1 0.5 0.26 £ 0.00
41 1 A 1 0 0 0.5 1 1.5 0.28 + 0.01
-1 1 A 1 1 0 0 0.5 3 0.5 0.29 £ 0.00
1 -1 A 1 1 0 0 0.5 3 15 0.29 £ 0.00
-1 A1 1 1 -1 0 0 1.5 1 0.5 0.33 + 0.01
1A 1 -1 1 0 0 1.5 1 1.5 0.31 £ 0.00
-1 A 1 1 -1 0 0 1.5 3 0.5 0.39 £ 0.02
B | 1 1 1 0 0 1.5 3 1.5 041 £ 0.02
-1 1T 1 1 A1 0 0.5 0.5 1 0.5 0.31 + 0.00
-1 1 1 A 1 0 0.5 0.5 1 1.5 0.31 £ 0.01
-1 1 -1 1 A1 0 0.5 0.5 3 0.5 0.33 £ 0.01
-1 1 A1 1 1 0 0.5 0.5 3 1.5 0.33 £ 0.01
-1 1 1 1 - 0 0.5 1.5 1 0.5 0.56 + 0.05
-1 1 1 41 1 0 0.5 1.5 1 1.5 0.56 + 0.01
-1 1 1 1 1 0 0.5 1.5 3 0.5 0.63 £ 0.02
-1 1 1 1 1 0 0.5 1.5 3 1.5 0.66 + 0.03
1 1 1 1 A1 1 0 0.5 1 0.5 0.51 £ 0.07
1T 1 1 41 1 1 0 0.5 1 15 0.46 + 0.03
1 1 A 1 -1 1 0 0.5 3 0.5 0.46 + 0.02
1 1 A 1 1 1 0 0.5 3 1.5 0.47 £ 0.02
1 4 17 1 -1 1 0 15 1 0.5 0.45 + 0.04
1 -1 1 -1 1 1 0 1.5 1 15 0.46 + 0.05
1 -1 1 1 41 1 0 1.5 3 0.5 0.50 £ 0.01
1 41 1 1 1 1 0 1.5 3 15 0.46 + 0.01
1 1T 1 1 4 1 0.5 0.5 1 0.5 0.50 + 0.02
1 1 -1 -1 1 1 0.5 0.5 1 1.5 0.51 £ 0.01
1 1 - 1 1 1 0.5 0.5 3 0.5 0.50 + 0.02
1 1 1 1 1 0.5 0.5 3 1.5 0.52 + 0.02
1 1 L | 1 0.5 1.5 1 0.5 0.52 + 0.04
1 1 1 1 1 1 0.5 15 1 1.5 0.50 + 0.04
1 1 1 1 A1 1 0.5 1.5 3 0.5 0.39 £ 0.01
1 1 1 1 1 1 0.5 1.5 3 15 0.40 £ 0.01
0 0 0 0 0 0.5 0.25 1 2 1 0.40 £ 0.01
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< 7T BEa(17)0) W} MgSO0, - 7TH,0, (NH,),SO4
2} 2491 tryptone, yeast extract, 1)1l NaCl-S Z}z}e]
SHUFE T astaxanthin F5F =43} astaxanthin
o IS F= AAE Btk

=4 Z3} astaxanthinS 714 o] W33 wll#] 2Ae
MgSO, - TH,07} 7} A 23, tryptone 0.5 g/L, yeast
extract 1.5 g/L, NaCl 3 g/L, (NH4).SO4 1.5 g/L7} 37}
HAS WAL astaxanthin AAFELS 0.66 mg/L2] LM
< B3tk 7T AA A viRE MgS0, - TH,09)
tryptone©| H7F=|A] ¢52 yeast extract 0.5 g/L, NaCl 1 g/L,
(NH4)2S04 0.5 g/L9] 245 7HE A99oH, o] 0
astaxanthin AJ2HFE 0.26 mg/L-S Rt

o] 4% AHRES AT IARTE B3 T8 HFE
g1k A} MgSO0, - TH,0, yeast extract, tryptone, NaCl,
(NH4):80,8] 222 t-gko] &= A= o™, MeSO, -
TH,09} yeast extract”} astaxanthin 43439 FQ Wz
ERI =3t o]ol We} K.HPO;4 (7.0 g/L), KH:PO, (3.0 g/L),
sodium citrate - 2H,O (0.5 g/L), KNO; (1.8 g/L), tryptone
(0.25 g/L), NaCl (2 /L), (NH.),S04 (1.0 ¢/L)S T84
7]3 MgS04 - TH,09} yeast extract®] F5o] #3lE F0)
steepest ascent experiment (SAE)E =43}tk

Table 3. Design and results of the steepest ascent experiment

Code levels Real variables Response value
Step change value X X3 %

ok MgS0, (g/L) yeast extract (g/L) astaxanthin (mg/L)
Center point 0 0 0 0 00
A 1 1 0.5 1 0.32 £ 0.01
Center point + A 1 1 0.5 1 0.38 £ 0.01
Center point + 248 2 2 1 2 0.38 + 0.01
Center point + 3A 3 3 1.5 3 0.46 + 0.05
Center point + 42 4 4 2 4 0.55 + 0.01
Center point + 5A 5 5 2.5 5 0.60 + 0.01

Xi® 1 X1=0+y1%0.5.
)(3C : X3=0+)(3x1.

Steepest ascent experiment (SAE) ¥ Hi2xH
24 (response surface methodology ; RSM)&
o|Est uix| ==z}

SAEE ¥ iR 24 ¥ Z7E Table 39 ARXSIATE
X1 =25 gL, X5 =5 glL & MgS0,9] 557} 2.5 gL,
yeast extract®] F=7} 5 /LYW 71 %2 astaxanthin
(0.60 mg/LyZ A4ttt ojuje] M,ghs F4He=E
3te] CCD AYPAAIZ MgS049} yeast extractd] TEE
AHeE Sl AP0 FE AL astaxathin®] ALHFS
U A2 3] Table 49} Zo] ¥hgEARAE AAgH
A3} o3t 222Ul AT 2).

Y = 0.5944 - 0.0060 x X; + 0.0360 x X3 - 0.0066
x X7+ 0.0089 x X; x X3 - 0.00058 x X5’ )

Table 4. The experimental design and results of the CCD

Code levels Real variables Response value
X:® MgSO: Xs&° Yeast extract Y astaxanthin

voom (o) (o) (mglL)

-1 -1 1 35 0.721

1 -1 4 3.5 0.672

-1 1 1 6.5 0.858

1 1 4 6.5 0.889

0 0 2.5 5 0.840

0 0 25 5 0.802
-1414 0 0.397 5 0.767
1414 0 4.621 5 0.852

0 -1414 25 2.879 0.734

0 1414 2.5 7.121 0.924

0 0 2.5 5 0.809

0 0 25 5 0.789

X® : X1=2.5+y1x1.5.
X5 : X3=5+y3%1.5.

Y= astaxanthin®] FEF 3T, X1, Xs3= MgSO4
9} yeast extract Fx7} coding® S YRt £42
7} AAAF (R 08042 AREATE ol AR4A 3
astaxanthin 43 A7)} 89.4%9] AL HYSE
Smgict. RgE  0} 1A1e)el] EAlHR, Rk > 0.75
o o wEAg APHEAE QT E 5 Aok

MgSOQs, yeast extract®] 559} astaxanthin AJAHg19]
WAE Fetslr] 9sf Fig. 13} o] 33k Tz ol §5
azs FEIH a9} o] yeast extractd] T
7} S7V4E astaxanthin®] AJAFFo] S715199.01, yeast
extract’} 571855 MgSO, H3F S7181<d¢} astaxanthin©]
Aol ST AL & 71 AU =, astaxanthin
ALk 71 B2 3RS F= WS yeast extract©] 1L
], MgSOs= ¥4 F=0olA] astaxanthing] A2H3-S =7}
AA TG 94 F5 o] MgS0O, 7} Al astaxanthin
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Fig. 1. (a) Three-dimensional response surface plot and (b)
contour plot showing the interaction between MgSO,
and yeast extract for the astaxanthin.
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