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Carotenoid Production by the Rhodotorula rubra MJU11

on Corn Dust through Solid State Fermentation

Tgns Aunfane’ Auetld yoydia'
L )
UNAMea
v Xaeo -

naAnen AN NRTRUsrasdinananualsnuassaintiast Rhodotorula rubra MJU1T uuiudinglng

o

e lifhuevnadng suithutladedn mylummﬁmﬁmdﬁﬁ@‘lﬁlé’mﬂﬁm@uimﬁﬁ RNANBALAEANEH0Y
reaiaanmainensuazantlynefensaniAanms didudnnaseunemens TnsaniazEudu
A lunswsTndl A 50 e fidus N 30 avATAEng uazArNLTuNIA-Ang Sudfuwinmu 7 wa
dnsidryuazaaliUsinnualifiueeigeanludalieg 48 2eamaitn TnsiinaldUsunigadivinty 17.98
nfusaniuduinalng uasiinalf B unnualsfiueaaviniu 22.4 lulasniusenfududnotwauis uazannnig
Anmnaniasilivanzansenianiy uaznisudauAlafiuass InandseaniuUnmageuiuy Central
Composite Design (CCD) WU AN TIeEnZan A AR EUNA-AANIINGY 7 ANTLGUEL 50
wafidius uazdnsndauanfuausie lulamuinu 8 sa 1 Tnadnisasnywiniu 82.09 niuseniueudnoineg

wazra A Euaualsiveadwini 72.01 Tulasniusaniududiolna usis
AdnAty : ualsivens Rhodotorula rubra Hudnalwea nasusdnuuLusis Central Composite Design (CCD)

Abstract

This study aimed to produce carotenoid from the yeast Rhodotorula rubra MJU11 on corn dust
which can be used as animal feed. The feed is a key factor in animal production to increase growth and
productivity. It also reduces the amount of waste from agriculture and reduces air pollution from the
burning corn dust by farmers. The initial fermentation condition was carried out at 50% moisture content,
30 °C and initial pH 7.0. The results showed that the highest yield of biomass and carotenoid was obtained
at the 48" hours of fermentation with 17.98 g dry weight/g corn dust and amount of carotenoid 22.4 ug/g
dry weight corn dust. Central Composite Design (CCD) was used to optimize the condition of cell growth
and carotenoid production. It was found that optimum condition was pH 7.0, 50% initial moisture content

and C:N Ratio was 8: 1 with the biomass of 82.09 g dry weight/g corn dust and carotenoids 72.01 pg/g

dry weight corn dust.

Keywords: carotenoids, Rhodotorula rubra,com dust, Solid-state fermentation, Central Composite Design (CCD)
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3. Anwranazimanzan (Optimization) lunisiasny uaznisaanuAlsiuans Taanmsaanuuy

N19NAARYLULU Central Composite Design (CCD

Anmanasfnnzanluninsi lazninanualsiiueasaindas R rubra MIU1A vueudaing
Tnelflsunsumaunumes Design-Expert Tun1saenuuLNIMARBILLIL Central Composite Design (CCD)
UAZAATIZNANIAABNAQERE Response Surface Methodology (RSM) TnaflAimavuauas (Response : Y)
¥ Y aagisi (n3tasny) uaziBunnuualafiuags tladusauilsfasy (Factor of independent variable
- A, B and C) o Amsidlingn-ana (pH) AN (wWafidus) wardnsndanarsuauselulngian (C : N
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Table 1 The experimental design with three variables for cultivation of R. rubra and carotenoid production.

Factor Code value Actual value
-1.68 5.32
-1 6
pH (X)) 0 !
1 8

1.68 8.68
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Table 1 continued

Factor Code value Actual value

-1.68 33.2
-1 40
Moisture (%) (XZ) 0 50
1 60

1.68 66.8

-1.68 4.64
-1 6
C : N Ratio (XB) 0 8
1 10

1.68 11.36

Table 2 Central Composite Design (CCD) to evaluate of pH, moisture and C:N source on growth of R.

rubra and carotenoid production.

Code value
Experiment pH Moisture ~ C : N Ratio
1 = -1 -1
2 1 -1 -1
3 -1 1 -1
4 1 1 -1
5 -1 -1 1
6 1 -1 1
7 -1 1 1
8 1 1 1
9 -1.68 0 0
10 1.68 0 0
11 0 -1.68 0
12 0 1.68 0
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20 0 0 0
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4. AFIENNISLATY

A1AILTAUILITARAINABNNS Total plate count WAL Yeast Malt Extract (YM) uaztinliiiiey
SutmrnadiuiannnsmauduTussT I TSR
5. Apgrzdsunaualsiiuasm Foss ef al. (1984)

Fusnatnstainmin 05 N3y Huaisavans 90 iwlefidus Acetone AedaenIzLanAaLEENL 30
fadans W9ndan Wurudaawiuafiasa Wunaiuu 30 wifl nsesfeenaRlddatnszasnsetin
A2azaneilg (Acetone extract) #1H1 5 HadART lduInATN Futndu 1 193anT waziFngnsazane Ethy!
acetate 2 NaAAAT TaNITaNERIEldNARANARE UINIRAINITAANAULAY (Absorbance) Taald
SpeotrophotometerViﬂﬁmmfaﬂguum 472 unTumg (Blanktest“l%ﬁiqjﬂﬂzfm Ladams) inalAN Absorbance
75018 el Auansnanudaduaes Sunnualifiuessannguns

E™ .= 1,900
1. Absorbance — 10% of Absorbance (a)
2. @x10000 S A 2= H -8 A NNV (b)
1,900
3. (b) x [(Acetone extract 5 ml) + (Distilled water 1 ml) + (Ethyl acetate 2 ml) x (Acetone 30 ml) ........... (c)

(sample 5 g) x (Acetone extract 5 ml) x 1,000,000

4. (c) = Carotenoid contents (1N1ﬁiﬂ§’uﬁiﬂﬂ§miﬁlq1,l,ﬁ\1)

N@ﬂ'\iﬂﬂﬂ’ﬂﬂllﬂg‘aﬁ'\ifﬁ

1. MSANEINFIATULATMTNARLALSTIUARAURNERE R. rubra MJUT1 uuguinalwe

RINNNIANHINAIATTYIBSEAET R. rubra MJIUTT uneludnalne emmevdnifunan 216 40l e
Annziualiliunnualifiuess LaTNNILATY LAYLARAIKARS Table 3

AINNNIANEINITLATYUDNEAE R. rubra MJIUT1 Lueludinalne wudn8ias R. rubra MJU11 1asey 16t
mwmm‘lumimm 48 Tnsining lA3un s lsiuasfivinfu 22.4 lulasny mam‘mumﬁwmm\a (Flgure 1) LAY
m@immuumﬁmmmmmu 17.98 n3nsianineudalne (Figure 2) ummnuumammmmm Feanaiiia
mml?mmmwmulw!umﬁwm@mm s e s e s naaT R lunsEUIuM s LN L9 ATA 2957
(2529) nanadnANNERUSTzud N sty AuTNAuA TsueaMiluwus Uniphase Faluuuunnsaragns
nAanRlutsueeIniaasty dasuanualsiveadiul Uniphase @1axnannisiuinatinsmnifovestias
P RAGATNANAAEMNT SeaenAFaTNNLAdETeaNTTATY WazAE (2548) FramsfinEniaaeadad
R. glutinis DM28 L3 4NuLILNITUEN LI ianAnLAlsTIL AT NN AATLENEY 49.6
\wWafidus gouunil 30 evAnEaLTaa uazAALTlunsA-AaGLEL Winfu 6.21 WUANNILAIDY UAZHALS
UinnualsiuensiUSinnigeanludalud 144 aeanistu efinaléSunnusad 54.0 fadniuseniu
419 wazealdBunnualsfives s 1.65 lulnsnFuseniuiidng wazmn9an Chanchay (2013) WLGTLEIZL9A0
feas R, rubra L@?miﬁﬁﬁqm@gﬁ%ﬁmﬁ 72 T smadnassasneann Tinoia et al. (2004) lFAnH1aN19E
ﬁmmmwi@mm?a&l uaznINAR  walsuessaastas R. glutinis WU TaS RGN 10.35
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pladns AANLTuNIA-Ang Wil 5.91 gruugi 30.3 asmaaina uaztnilunan94.78 Tl
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Table 3 The growth and carotenoid production of yeast R. rubra MJU11 on corn dust through solid state

fermentation.
Time (Houn) 5 ight (/ dust) Carotenoid
ime our ry wel corn aus
yWelgntigrg (ug/g dry weight corn dust)
24 14.48+0.13" 8.07+0.01°
48 17.98+0.26° 22.4+0.07°
72 11.42+0.27° 5.24+0.03°
96 10.23+0.24° 4.54+0.04°
120 9.80+0.41" 3.61+0.04°
144 9.62+0.07° 3.28+0.03'
168 8.41+0.27° 2.14+0.02°
192 7.51+0.06" 1.52+0.01"
216 7.21+0.01' 1.10+0.04’
2 25
3
S 20
&
g 15
[l
o
10
g ¢
3 5
g
§ 0
1 2 3 4 5 6 7 8 9
Time (Day)

Figure 1 The amount of carotenoid from yeast R. rubra MJU11 on corn dust through solid state

fermentation.
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Figure 2 The growth of the yeast R. rubra MJU11 on corn dust through solid state fermentation.

2. Anwannzimunzan (optimization) lunaia3ny waznisuanualsfiveas tnen1saanuuLNng
NAARY Wil Central Composite Design (CCD)

ANNNIANEN AR MNAZEA (optimization) lunnsiasny waznisuanualsuess lnanisaanuuy
n1snAREILLIL Central Composite Design (OCD) Tneldnglaa uundspnsuay LL@&JIMLﬁﬂN daa 1iu
wiaelulngiau Ansniladafans 3 1lade Aa ANAINELNIA-FN (pH) Lﬂmmummmmu LazanIda
msueusieluinsiay s BanaaTliiuesd WAZNITLATEY (Enuiinsaduie) sinnamdn 48 dalug
UAZLAANHAAT Table 4

ANNNIANENANIZA N =@ (optimization) lunnaiasey uazkaldlunisnisuanualsfivess lne
N17RANLUUNNTNAANLLY Central Composite Design (CCD) Mﬁd@ﬁﬂﬁﬁm’%@a@ﬁ 48 %Tm (Table 4) wu
fransimnzay An AAILEILNZA-AWINTL 7 AETunA 50 1lefifus warsnandauen e
Tulnsiauyingu 8 sie 1 Insiualfiunualsnueadviaiu 72.01 Tulasniusenfududnanaudia uaznis
WML 82.09 nfusanFNHudNa e uAnFnaaNNTATUT LaTAE (2548) AnEAgnE iz auRanIs
Wulm waztFunnunalsiinesfaestas R, glutinis DM28 uns1dna tneinnseeniun1snaaeduwly CCD WU
41 ANMETIMINZa AD ANANAITINIA-AWINGL 5 AAELENEUYIAY 70 wefifud Snadauaniiien
Aalulnaaumingy 4 e 1 lnaniseswindy 88.2 Radnfusaniuidn uaziBunnualiuesfivindu 2.12
Tulasnsusianiuindng uazqus (2552) Anwnisiasoyaestias R. Rubra sLuﬂﬂW]i‘Lgﬂ\‘lL%‘ﬂQﬁlﬁ‘NWliﬁﬁu A9
nglag 10 nfustedns willnu 5 nFusedns uaviiasdann 3 niuseanslnaniameaeeuUy CCD wWudn A1ATIN
\{unsa-Aawiniu 6 gouugil 33 evraaidea T Bunnualsiueaiiviniu 0.0685 ulasnnseniininmin
WARWHY LAZF19a1N Chanchay (2013) 'Fﬁﬂmaquﬁmmmuiumm‘?mmm R. rubra 189N"THAR
Lm‘ﬁiﬁu@ﬂﬁwu'j’]Lﬁ'fmgmL%fﬂ’lumquﬁﬁﬂqimLﬂul,mz\'mﬁu'auﬁﬂ?mm 10 nfustedns Huonlutandaims
fuumas WlnsiaufitBunns 1 niusedns meﬁmmﬁmmﬁmﬁLﬂuﬁ@@“ﬂmLzﬁmm@?‘m@uimﬁ'ﬂ?mm 1
nfusiedns ihiemaiaeidasnunsananualsfuesAld S unamnnie 30.39 Tulasniusansutminu
UFIANIREITEEARANNUALNINARBILLL CCD Unglaauluunasanfueuiiliunn 23.77 nfusedng
wenufiendamnduuvaduinsaufitsunn 3.19 niusedns mmﬁ”m@mﬂmﬁLﬂuﬂ@f«%Tﬁmm?nJLﬁuimﬁ
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504 3.19 ninsiedns Arauunsn-Ane 7 6.69 WargungRi 37 a9AEaidua INN1sNAAeLIALNITe

BarluieslfriRnsnwudianunsonanualsives s ldvintu 235.84 lulasninsianinimtinud

Table 4 The optimal condition for carotenoid production and dry weight by R. rubra MJU11 using CCD.

. Code value Actual value Dry weight Carotenoid
Experiment
pH Moisture C:N Ratio pH Moisture C:N Ratio
(A) (B) (C) (A) (B) (C)
1 -1 -1 -1 6 40 6 40.01 30.54
2 1 -1 -1 8 40 6 41.01 31.38
3 -1 f Y 6 60 6 37.65 27.91
4 1 1 -1 8 60 6 38.92 28.32
5 # -1 1 6 40 10 32.89 23.17
6 1 -1 1 8 40 10 29.87 20.21
7 -1 1 1 6 60 10 53.18 42.63
8 1 1 1 8 60 10 41.05 31.40
9 -1.68 0 0 5.32 50 8 39.99 29.55
10 1.68 0 0 8.68 50 8 39.76 29.72
1 0 -1.68 0 7 33.2 8 40.87 30.99
12 0 1.68 0 7 66.8 8 41.70 31.78
13 0 0 -1.68 7 50 4.64 69.58 58.71
14 0 0 1.68 7 50 11.36 38.87 28.15
15 0 0 0 o 50 8 80.64 69.42
16 0 0 0 7 50 8 82.09 72.01
17 0 0 0 7 50 8 82.09 72.01
18 0 0 0 7 50 8 81.09 70.93
19 0 0 0 7 50 8 80.64 69.42
20 0 0 0 7 50 8 80.64 69.42

Note : Dry weight (g/g corn dust) and Carotenoid (ug/g dry weight corn dust)
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fadetiuasaniananualsfiuen s I Aranaiiiunga-ea (A), AT (B) wassnandiunnfiay
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naanilaqesaunii (Interaction effect) aa9A1AaNKLUNTA-ANT (A), mw%u (B) wazeMI4a1uASUaUsD 1
Taau (C) wanssisluannis Y1 uay Figure 3 Lmzﬂqﬁﬁﬁﬁmmmﬂ@ﬂ; Toun Amanalunsna-rng (A),
AT (B) wazdmadauansuausalulnia (C) Tnaf A udNusT LT aduie ludn ez dulE uang

Aeluannng Y2 uae Figure 4

Final Equation in Terms of Coded Factors:
Carotenoid (Y1) = 21.02 - 0.13A + 0.2B - 0.31C - 6.80A” - 6.70B” - 6.26C” - 0.13AB - 0.31AC + 0.65BC ;

R? = 0.9961
Dry weight (Y2) = 81.32-0.97A + 2.08B - 3.83C - 15.37A° - 14.87B- 10.30C*-1.11AB - 2.18AC + 4.49BC;
R? = 0.9522

RINNANINAFDIVBIAINTY uazAIANITUNIA-A19 289N sHAALATsIuRKANE AR R. rubra
MIUTTwUdn wlefiiusdnanuaugeqgare 55 wlafidus uaznnganae 45 wasidus wiriaaadunse-Aneas
AnnuFauieunanisuanalsivesd iy Figure 3
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Figure 3 Shows the relation between the acidity - alkalinity (A), moisture (B) and the ratio of carbon per

nitrogen (C) are associated with amount of carotenoids.

AINNANIINAADITDIANTY WazAAHTIuNIA-A1e 18 BN nusasuisandas R. rubra MJU11
wudn wWefiduirnuannTugega Ae 55 wWefidus uavsngane 45 wWefidus usAianuilunsa-pnasd
al LR 4 .
nsulBeuiaunatBuanmasuiialy Figure 4
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Figure 4 Shows the relation between the acidity - alkalinity (A), moisture (B) and the ratio of carbon per

nitrogen (C) are associated with cell dry weight.
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