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Abstract

Rhodotorula glutinis (BCRC 22360) is an oleaginous yeast that can accumulate
high content of total lipid. In addition for total lipids production, R. glutinis was well
known as having high content of B-carotene, which is a natural antioxidants to protect
cells from being damaged by free radical through the interruption of lipid
peroxidation chain reaction. Even though, the high cost of commercializing biosiesel
production has been a thorny issue by using the microbial oils as the feedstock. In this
study, the effects of liquid submerged fermentation on the cell growth and p-carotene
production was investigated by using crude glycerol as carbon source. The corn is

used as the substrate to reduce the cost for the extraction and the purification process.

The effects of medium ingredients and environmental cultivation conditions on
the growth of cell and the content of B-carotene in the shaker flask experiments.It was
found that under the condition of 65 % content of water, the particle sizes which less
than 0.85 mm, and cultivated for 96 hours can obtain the best consequence that the
amount of fermentates of -carotene reach 2.45 mg/kg. By dicing the substrate after
sterilizing can enhance p-carotene from 2.45 to 2.96 mg/kg fermentates significantly.
By adding 20 g/L of surcrose and 5 g/L of ammonium sulfate can enhance B-carotene

from 2.96 to 3.67 mg/kg fermentates significantly.

The effects on the growth of cell and p-carotene were evaluated by adding
different volume of subsrtate in a 2 L rotary fermenter, powdering during the period
of cultivating and methods of ventilation. While adding 200 g substrates in the 2 L
rotary fermenter, the fermentates of $-carotene we obtained was 4.14 mg/kg and it

fitted the economic benefits. The content of B-carotene was increased significantly



from 4.14 to 6.389 mg/kg with the saturated gas pass into periodicity.

The effects of C/N ratio and adding inducer in the medium on the growth of cell
and p-carotene in the shaker flask by cultivating in the liquid fermentation were
evaluated. The result demonstrated that a monoterpene ethanol solution did not
increase the content of B-carotene significantly. Additionly, the growth of the cell was
suppressed. However, it was found that adding 2.5 % palm oil can promote the growth
of cell and B-carotene, which could obtain 11.5 g/L of biomass and 0.33 mg/g of
B-carotene. In C/N ratio experiment, it seems that the increase of C/N ratio can
increase the cells growth and B-carotene content. It can get 8.2 g/L of biomass and

0.26 mg/g of B-carotene by using 60 g/L crude glycerol and 1 g/L ammonium sulfate.

The experiment of adding 2.5 % palm oil was discussed that scaled up by using
the 5 L stirred tank reactor and 5 L airlift. It was found that adding palm oil can
promote the growth of cell significantly, which could obtaine 29.8 g/L of biomass and
0.35 mg/g of B-carotene by using 5 L stirred tank reactor. While getting 24.5 g/L of
biomass and 0.29 mg/g of B-carotene by using 5 L airlift. Comparing the two reactors,

5 L stirred tank reactor was better than another one.

The experiment of changing C/N ratio was discussed that scaled up by using the
50 L airlift. The fed batch operation with the disposable feeding could enhance the
lipid content from 41 to 60 %, but not promote for synthesizing the B-carotene, which

could obtain 0.2 mg/g of B-carotene.

Keywords: Rhodotorula glutinis ~ type of fermentations ~ B-carotene ~ environmental

cultivation conditions ~ inducer
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Feedstock Rapeseed  Canola Soybean Crambe
Calcium (ppm) 24 19.7 11.0 163.3
Potassium (ppm) BDL BDL BDL 216.7
Magnesium (ppm) 4.0 5.4 6.8 126.7
Phosphrous (ppm) 65.0 58.7 53.0 136.7
Sulfur (ppm) 21.0 14.0 BDL 128.0
Sodium (%wt) 1.06 1.07 1.20 1.10
Carbon (%owt) 25.3 26.3 26.0 24.0
Nitrogen (%owt) 0.05 0.05 0.04 0.06

*BDL @ £ 77 M3 R A 477 02 R BIRILIE o
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42-3 LfafE E§ R n (Famse, 2010)

it Carotenoids

e 5 vitamin A g SR B-carotene ~ a-carotene ~ B-cryproxanthin
iy v all carotenoids

dwre B el 3k S [-carotene ~ canthaxanthin ~ B-cryproxanthin
oo dLR 4w B-carotene

W AL E HHE Ch R R b B-carotene ~ lycopene

P - s R ek lutein ~ zeaxanthin

% 2-4 ¥ LuEge B § # ks ¥ kR(El-Banna 2012)

Carotenoids Microorganism

Blakeslea trispora - Dunaliella
B-carotene Rhodotorula glutinis ~

Flavobacterium » Micrococcus

Haematococcus sp. - Phaffia rhodozyma -
Astaxanthin
Chlorella zofingiensis

Lutein Scenedesmus obliqus
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1 EBE
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k¢ B 4% Spirulina platensis “ 3+ By % ~ ¥ 22 £% %% (Danesietal,

2004 )

TEREHDE FOR Y BRI EAR B F LS ﬁh{d Aspergillus
nidulans ® # M Z7 7 £ F L2 Bl kA4 F R BRI LKPFT § 7R
Az m FRLIREEFR €275 (24 5 (Blumenstein et al., 2005) -

Y- BF Lab|+ %{ﬂ Neurospora crassa * 2 Iz 3 § £ g & White
Collar1 2 VIVID > i & chw sg E54 &8P 30 HenE SR RIFRER 20

¢ w4 _# e ek & (Borkovich et al., 2004 )

nidulans % %3 0 B2 i3 e g i Bk i B R S T U1 F iR o i B8
P2 25N e RPN By A RS Fle BFRPEI AL £ N

AP a0 @ v ped 4 AR R R ARHFHRLBE > kBRI A3

¥ LED(3849.9 pmole/s/m?)™ i£ 3] 2.6 mg/L 4p o>t 424 2 1.2 mg/L 4% & 1.16 &2 >

10



“Tr0 %t Roglutinis ki km g« AR 2 B B & HFF 2 - (Zhiping

Zhang et al., 2014) -
@) &k

RS ety 4 Kl B R R A A e TR FH Y R A AL
mAIFLE 2§ (heterotrophic) 2 4= » & 2 dof 3% - § (T 58Uk > PIFES
p ¢ (autotrophic) # 4 o BRT & imie 243 £ > R ZER BB P € H
B3 #rlfia M B RR BB R ADFERS BF oY o B

F1% 2 R I Rl A 0 & A RS 2 KRR R R BB 0 HR.
glutinis 2 Z74 "q 2 B-#" B § 2 KB4 > 700G »c' M4 A & Aofiig X

£ pFgs L A R 4R (Saengea et al., 2011)
(4) C/N ratio

PRI EHER mﬁh%&‘é Ao LM TR R A S Ful LA
A L E R EPRRE R B FF ML LR RO R A
7@ CINB K2 eS8 By 27 8 ¥ ek (Vustinetal, 2004) » &
EASEVRT A9 A4 d CIN Mprimee 2 £ g2 R4F DA TR > fe A age?
By o0 2MIrRL0 o pF > CINBFwed £iré 233 ERMR
“r¥rd] @ A B & k& P13 B (YU-ICHI YAMANE et al., 1997) ¢ %% # & if

$CINratio k3 % s+ FARRBF B 2422 M-

Im}

11



234 BEL S HEETRFT
2.34.1 %

MVA 3 s 8 8 S B-" B g 2 L B R /S4cB 2-2° @ & MVA R BHEL? »
el LHFE B+ By & OMeE - a3Fd ?),?’r“ 7 A4 MVA
RS S B ok i%%”gtb KH 4 B+ B F £ tn]&r:%ﬁ“é i ps
HMG1(Rene” Verwaal et al., 2007) # 3 4r ATP 2 NADPH i & (Jing Zhao et al.,
2013) > r2 % 5 ERGY kU4 & & 4 g % (B@ FPP i~ B-#F % hs A
= (Hiroshi Shimada et al., 1998) -

A EET EF AR AR R R Aot L DI kA 2 Acetyl CoAs iR
e MVA SRS & & & B3 B E 0 A 2 gy D g o e e fery
PEEL T IRAR T dm e A Ae o RS 32 0 130 %h B Y 2 AHA R
(Yuxia Sun et al., 2016) -

NADP NADPH

Mevalonic acid HMG-COA ¢== = == Acetyl-Co
T HMGI] ACCI

ATP
ERGI2 32

M)p> BN Malonyl-CoA

«rp JYAP I

. > ERGS |

ADP: i
MVAPP Fatty acid

AT OLEI

= P> ERG19

ADP. UFAs
IPP

IDI1 ERG20

DMAP P =G PP -
ERG20§ 7Y entE(X. d)

Ep GGPP
N BTS1(S. c.)
ERGY l (GGPP synthase) crtYB [_GGPP
Squ?lene crtl |
i
: |
! W
Ergosterol B -Carotene

Bl 2-2B-# B g & HEIL

12



2342 Ftxi i

17 70 (Palm oil) E_i 0 12 B+ «r1 % (Elaeis Guineensis) ¥ 88~ 1) ke1> 3 & kihH_
PRI T RATRA N FANY AW R G T FRR T ER o H D
BAM LB RG L ZRBERA AR L R A E560%Mbaetal,, 2015) - 217 %
dh R Y R (SR R AR FER) P FA R C e o d P RIED kih
AR (Palmoil) - d S Priz BYF D & b itz 17 = (%)@ (Palm Kernel oil) - & &4
s < ARk o R AR A & 7§ R W R(C 16)frid fR(C 18) A fhd f i iy k0 H 4
Feie B 5 0% iR i-w L & 73 " HRR(C12) > Hepfoiz R 80% ¢ - @ 247

o H - fEd ¥ B mehd 4 9 #5(Edem, 2002) o

AHBERSE RS AN AN IBRERES HREWASET 2 FE
Prdl s B EIE S 1 % A S H 5 3ct (RBD palm oil stearin) 2 ## 54 +2 (RBD palm

stearin) > A FE < LB EBBGA U2 BT RO (S RS TP L) -

13



235 AL

FRERELN Y - L AL YRS T ARG R RBE T RAMI S A AP ]
WY ABYEAFF g0 AFHATSARAFTE S R 2 £ 23— BRL LG
A S AR A 2 - A BAS 4 2 24k L £ & (Viniegra-Gonzalez et al.,
2003) -

2351 RAEFBEREFEL LR

FIAE A FE LR R A F FE L & 997 e B4 (Sato and Sudo, 1999):

(1) ARSIy r* ARl is  MAPFALEAP 2 A0 1 &

F_w.
s
=1
(7
I

°
et

TRy > FRARR L A93 G0

(2) FRAFAks § B gy o0 f R AT bR e SR

(3) o St EM TR A B E A B RS T ATOEA B kA HEA o PR

CACRCFINS e dsp U QLT AR AT el

(4) ARFEAATIAFEARFF o -2 REa2 b8 AHARIFE -

FRFAS A FBRERAT 0 40@ 8§ Kmiso ~ natto ~ tempeh -
(5) - ki ARGEFREIME S SRE AREREY  RFATHSIAEE R EFE S
(6) #HAAAEFHEAF M R L AL FERHT ) AF AR T R - R

LR R 3 % 3L T 3

14



2352 R FpE2 B

>

1)

()

(3)

(4)

(5)

(1)

2)

(3)

(4)

()

)L 5 i iR B

ok Ap L AR ERY FP 0 8RR RS R ARE RS T A o

GRSV RS A 3 R S R S £ 3 o ¥ S ST
LT e s BT R D R P AT e bldei 2~ A% (Mitchell and

Lonsane, 1992)

HAFH* 2FPnF Fo Ml F R B Ao F R LEATRFERT

FAGAT L e i+ RERBEEE §F{o- §F Ly M-

PR F g o R A AT AR A2 S ERB RIS .

Flptimie ~ RS ERERZEAT ZRD] 2 BAF R TS E AT T -

Hed et N N BEA 4 F R R BRI Tl F S FE AT R R 3 Gt

¥ oo W A F A AR R ArE- SR o

A R d v g s cn- R R Y FIEL V&G Y SR RIET RERRIE

T R A EARY A P RSO R B ET R s A R R

BREALFES RO T 1t (B2 £,2004)

15



2353 AGFFEL A
ERERY GGV BERY F AT B R e 7 AL
e gl T ie B (A %, 1998;4F frt, 2000) - I BA TR AT k4 A H w
F-9 F(SCP)Z Jovi Fragpitdouflz 2 & o ¥ ¢he 70U fl* g BRRPLHL AR
B Ao HETL AT B8~ & A fRER 4 2 f8* F4e Saccharomyces sp.
Pichia burtonii §= Schwanniomyces castellii % ke 7 5 i fF k&7 9 FF2
5 1 (Yang, 1988) - c AT R A S HEJF* 25 > U FAATEAE
Trichoderma album » # &= J F2 3¢ Fz £d 6%k = 1 21.5% £ 454
Streptomyces viridifaciens **+ /A + » & (7w T F 2 2 A 14 % F4E S.rimosus
4 &% g E (Yangand Yuan, 1990) o x5 d Bl pRE (7 2 Frac g v g ot ap

ZRERPFRAAL GE -

16



2354 AGFHREALL 2k

(1) -k~ % # - RE(moisture)

A

BE A R E A Y o B kB @ TR AR

TR

K
ik
-ﬁ

TfE AR e FHEAR R F WS N F F
REF ARSI Heedm T MAZ KBRS FLERAAY F RSB ER
5~ RS % L e 4ok en3k 4 (Ramesh and Lonsane, 1990) o & if -k 4
ERE PN A BB AT A D o - E FS T 0 Bk A 43 40 %2 80 %z

Bl a2 EAdPAT  HA@ kA 84 EPHTF -

BR G FI R v gy DR E R AR 2 L L M
(Pastrana, 1996) > F#i 4 £ & A 4 2 XA fEg ¥ vk ERE A F o0 B kB E
FMRE B R R R Ao b BAEERY AP S AB AT KEY 68
RoKEHG o aBRARBPFRT IR EEA L2 L2 2 A PP R E
(Ayerim Herndndez-Almanza et al., 2014) - f¥:E 42 ¢ F 1 * 3 » B Rz 5 & F
Wb el K R Ak A A o f R KA R Y KRB ATk E o

HO~ F AP HIBARE ¥ 5 60%~80% -T2 F o5 T WA A FIE A K ek A

e

SRR r g B R TR ER - R FEY B AL kA L0 EDE
FAE s dhg B R Mgt AF o (B4 Az, 2000)(Shuler and Kargi,

1992)(Chisti, 1999) -
(2) & & (Temperature)

TR A A < R A L A e R B%(40-50 kg/m3) iR K 0 e F A F AL
Er g ks e B oA E T E SR TASARE € RIE R B

<RI RS DR R § ] o T R R R PR A A & T

=2 f}%"ﬁﬁ. i@ %"]Eg‘.m;i S ?[ﬁ 4o @ ]}\}ﬁ L’gfimm.ﬁiﬁi#

17
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http://www.sciencedirect.com/science/article/pii/S2212429214000170

L FA A A o I Ry § O R RRGE L ek R4 TR
d BB A AR R R R g AR e A A B A A
?’?&ﬁﬁﬁﬁ4?ﬁﬁﬁﬁ%°ﬁ¥*ﬁ@%%%i’ﬁﬁﬁﬁﬁﬁﬁﬂ%
&_& Jp e(Chisti, 1999) -

(3) pH
O ALFERES T o L F LG pH g o o A Rk e0i 4 UL gt
U EREA BB PHAT AR T T wE A 0 A R Y LR
h

MF VT LR IRE o FREEAY pH Y €% > 3 HE S 1304
R ALR reng R o ¥ L B AR AT pH Rl 7] % T

/%’It
34
kil
=
e
ol
|
A

WARY W pH BT FLFEARELR IR E R - X AHA S U

EEPHES TR A2 457 2 pHES L F 3 A5 7 mffidsn 4Lat

m %
%

pH
WA

-
e
=}
RN
lt
it
=
%
[E
ot
B
o
iy
e
>

spergillus niger #

‘-‘-H

pectinases > % & - %F i .5 % (Chisti, 1999) -
(4) 3p~ )

WOFRARC TR ARG T RS DR A HFon SRR P EE R AR
S g T EFATIHLE ] F AT R ERIRRANIBAPER L DY
W FRF F OBEE AP A A E TR G R AR R

Rl F BB (FI 3R g 1) AR it PR A RO E XTI A G

U] o FRH R S ) o R AR A(AE & o (Pandeyetal., 1999) -

18



236 ¥

47}7‘?\ '&4%#%‘1‘ d\%g# K%ﬁﬁvuéiﬁ’»ﬁméﬁ%alF# _‘?]

RERT U ELE PhFET AL FM AR BRI 2 LB o

ol A R g s T~ b 2w E(tipeap) 0 b A EFGR 5~ 6
% §3 FABERBT LS P HIEARLY T ik 10~14%> 5F 4 £
M TAEEIAMRE S HAA S I AR SN LB R B 2
Bk X5 R M E Ak ol a7 BB My M oA R0 FEL 9%+
gz et E (AC) HPFF (- &) ~Hada -3 f 2
FE T RBEFE A FI2H TP Ry 2 EF 2520 atiy
4 & (lysine) 2 ¢ z p& (tryptophan) - & B L F R afF e M ®w A > 2 F £ 3

A eI A s 2 CHIE BRI FREAEFE

FA ML B S A Ly o £ AL BB 00 %t 5 F
GRS L SRR SN SRS R R SR KR EN IR F A kS
é?ﬂ‘ii;?]? SedE oo K LB B AN R F DT B % 7 3854 keal ik
Stic (b §c4 2. ME % 3383 kcal /kg)o — 45304 33 F g Brais » L 4kbrdp i o
¥ d AR G RPN R TR T g (0.21 95)fed
WAL (0.08 90)F RS T R AAGILF S oA B RE DT RG A

§ XL+ B 2 (Carotene) - His R o ene R BIZEINE & 25K o

19


https://zh.wikipedia.org/wiki/%E4%B8%80%E5%B9%B4%E7%94%9F
https://zh.wikipedia.org/wiki/%E4%B8%80%E5%B9%B4%E7%94%9F
https://zh.wikipedia.org/wiki/%E8%8D%89%E6%9C%AC
https://zh.wikipedia.org/wiki/%E7%B2%AE%E9%A3%9F

$Z % REHHPE

31 REHH
311 R =%pE* A2 Rk
A9 % #r# * hjE ¥k Rhodotorula glutinis » 2 pp 4 FR G2 27 ¢
( Bioresource Collection and Research Center ) » Fjfé% 5. : BCRC 22360  f ‘= fi

- v

A Fz - o8 B A - o bR s mre AR PR B S

4o 3-1 #777 o

B 3-1 %= f%* j7 Rhodotorula glutinis BCRC 22360 # & % agar plate + 2 *} &

20



3l29 % ¥ %
TEAILZ AT REAG B 2ERTH -

2031 Zloprr FETR Y L BRI H

vl we L R

K+ b Crude glycerol X ER RGN F
YM BROTH Yeast Malt Broth ST BIO
il Yeast extract DIFCO BD
Frfik 4% Ammonium sulfate SHOWA
Frfik 4% Magnesium sulfate heptahydrate SHOWA
AL & 49 Potassium dichloride dehydrate SHOWA

% (L 4F Calcium dichloride phosphate SHOWA

F it 4 Sodium chloride SHOWA
B Hydrochloric acid AENCORE
ik Sulfuric acid Scharlau
aF 4 Sodium hydroxide SHOWA

v Methanol ECHO
i Ethanol ECHO

21



L e i

p

Ethyl acetate

Propan-2-ol

Chloroform

Acetonitrile

Tween80

Palm oil

Rice bran oil

Soybean salad oil

Olive oil

Sunflower oil

Canola oil

ECHO
ECHO
Seedchem
ECHO

BBI
LSRR
Olitalia

v

Olitalia

BR - X

fly\i,

AN
=

&

22



32 PHRRKRE

TAB2 AR PR KRBT

32 WA REFU

RERA R 35L

TH T Precisa BJ 100M
BT R AR CORNING PC-420D
pH 3+ Lutron PH-206
BREFAHS TRIDENT EA635

£ FHE TS HIGH TEN 3BH-24
FRRETREAZH LIAN SHEN LUS-150
i I Thermo Smart2Pure
5 2§ BN Biotop

5 ooy N g px Biotop

50 oA F 8N EEH Biotop

% »k 4 & 47 &R UV detector Hitachi L-2400

% 2 40 & 47 & RI detector Hitachi RI1 5450

% PR Ap A 47 & Pump Hitachi L-2130/ 5110

23



% >R 4P & +7 % Auto Sampler

HHREE

AR R

Bew Pk Sk k B2t

BE Y A s

B A e 1%

A s &

Air compressors

Vacuums pump

AR RTHERR

T5 p k%A

H% R

kg2t

Hitachi

IKA

IR 35

Thermo

Hettich

HSIANTAI

PAN CHUM

SWAN

EDWARS

MISONIX

LIAN SHEN

DECTA

T5-8W/D 110V

MR16-7W

Lutron

L-2200/ 5210

MS1 minishaker

DENVER INSTRUMENT

GENESYS 10UV

Universal-32R

CN-2200

CT-series

DR Series

RV Rotary Vane Pumps

S-3000

LO-150

DC300H

SUN

LX-113S

24



33 &3 i
3.3.1 FMER A4

Po 8 10 ml ik > fogkig 7000 rppm T e 10 min o 3 g bR B AR
£ 4o~ 5ml 4k o "}f‘_;é"? BT R ﬁ%ﬁk’i"i{%ﬁ?’]{i/y 18k 3‘9"?19 S
Al g~ R AG  p bR Pe T R AREE AU et SR e R R
# % 3¢ £ (Dry cell weight, DCW) -
3324 kA AN E

P~ 10 ml 3 p%i% - 2 ggsE 7000 rpm oo 10 min > P~ b 5% ﬁ%—ﬁ 10 > 12
0.45 pm ¢ F iE i BB g °

41 * HPLC( Hitachi RI detector 5450, Hitachi pump 5110, Hitachi Auto Sampler
5210, Hitachi High-Technology Corporation, Japan) A 54 i JE & > A 470k & @ &
11 C18 (Vercopak N50DS, 250 mm x4.6 mm, Taiwan) » # &+ 4p 5 0.01 N H2SO4 »

i 0.4 mL/min > J1 848 50 ul o

333 4,7 Tk RA 7

-

J"B" /%35‘}# lbm %ﬁ 50 mg » by 2 W ﬁ%/% l7‘;(1 2)/‘:, /]Q 5m| L pé‘ 21 %
] (

-

/v

£393 > TR AR FTHER(H F 5 T BEF 2min) R E B
lhreo £ 35d gg.o g 7000 rpm ggo 10 mine jz b F & 5B g3t e fof 2 4R

R

AP R BR 4R o 3 60 Cufaitsz 48hrod dEr w iS22 £ g

l“‘b

%

Pt

l I

B8 o1 Pl ey ?frﬂﬁ/j AR EAME T RFEEHE TG T
5 g frehg £(9%, wiw - Lipid content) » #-73 Feh g £ 3k FREE & (0L >

Biomass) » ¥ 3+ & 1) 3% 55 B ek & (g/L > Total lipid) -

25



334B-" B FER AT 2

FEB Lk S 1 AR 50 mg 0 4o 2 /R A R/ R T fig(40:40:20 0 VIV)
Bir2ml R E RTBR LD T AT AP FEE (5 TR
B2min)» % 5P 1hris » £ 54 o 7000 rpm &< 10 min o B~

biFR s ZRY 045 um H BB EER

1 * HPLC (Hitachi UV detector L-2400, Hitachi pump L-2130, Hitachi
Autosampler L-2200, Hitachi High-Technology Corporation, Japan) 4~ 45 p-carotene
ik B0 A ik i 0 F 41.100-5C18 (Kromasil 100-5C18, 250 mm x4.6 mm, Taiwan)>
BoAp R ER s e /R R/ e Bt fiy (40:40:20 0 viv) > ki 0.7 mL/min >

Bl R ASTnm o> 1t E 20 ul -

26



3.4 s i
341 R4sF R

#-pp Ff8? ~ 1 Rhodotorula glutinis 2 /4 3 5% ¥ > % 2 YM Broth (Yeast

Malt Broth) ;& fi 35 % &t > S~ jEig s % 4% 12 24 C3e % 72hr> 3 0.8 ml
Akfe02ml & A kB A g P B3R LD > x4 CrkfaiFs o
3423 % A
34.2.1 %32 % # (Seed culture medium, SM)

k% 3-3 AT & A2 v s)fedl 0 T 5 Yeast Malt Broth (YM BROTH) » i

" INHCI# % pH & 5 55 -

%33 I E R

Compounds Concentration (g/L)
Yeast extract 3.0

Malt extract 3.0

Peptone 5.0

Dextrose 10.0

27



3422 #perx % & (Fermentation medium, FM)
4 B-Agmpri Az @ 2 INHCI A& pH@E s 55 -

%34 P i

Compounds Concentration (g/L)
Glucose 60.0

Yeast extract 2.0

(NH4)2504 2.0

KH2PO4 1.0

MgS0O4 - 7TH20 0.5

CaCl2 0.1

NaCl 0.1

343 #RA

#-32 % 48 hr 2. Seed medium # 3 Fermentation medium ¥ - 3##3~5 L airlift

5L #4535 ~ 50 Lairlift 384 2 4% & = Fermentation medium 10 %z %84 -

28



35 REEH

Shaker flask

Solid fermentation

Environmental factor optimization

Diced after sterilization

Add carbon and nitrogen source

Light -
Dices after 48 hr

2 L. rotate bottle

Substrates volume

. : Saturated gas
Different strategies 5

Saturated-Air folw

Citrus fruits peel

Shaker flask

Rhodotorula glutinis

Liquid fermentation

Feed-Laying hens

0Oil

C/N ratio

5 L stirred tank reactor [ Qil

5 L airlift

01l

50 L airlift

Fed batch-C/N ratio

29



36 A ER

36.1 B IS F AR

3611 2 R AFLRHE

PAEH A FATT  HEMAE 2 B ET AL B

M)

2

®)

(4)

R. glutinis #/6>* 50 ml SM 32 % 4 > ** i 150 rpm ~ & 24 Cz % a7 > 12 4

48 hr -

AR AT(E 2 MA CERE LR E 2 4)10g0 B BREE

LR ARG AR S » BOmI AL 0 FH e AWM KE T0%/E S AR
1 10%EFAEHR-SM AT FiE2Z B R A o

FEONER 2 CEA#Y 8% T2hro

3.6.1.2 M AR 2L AF

PR L EEEEE R B ERAER

@)

)

@)

(4)

R. glutinis 448> 50 mI SM 35 % 3 > >4 150rpm~ B & 24 T A7 B4

48 hr -

FB L 10g 0 F e B 0 b BOMI ALY 0 RS E K SR A

THME KR T0%MRE 324 4

10 % FEHR-SM T PiF 2 g A AP o

BENERER24 CrHAHY > ¥R APRF0-24-48-72-96~120hr) -

30



3613 2k g kEZRE
P AT AT 28 A2 R 2 k2T AMAL B R FL ALY

s
-

(1) R.glutinis &> 50mISM 2 & & > >t 150rpm~ B2 24 T EHY > B %

48 hr -

(2) #2314 100> TAe s Braafs o 4o » 50mI LY > MRS FAR IR A

u e A 2 K B(50 ~ 55~ 60 ~ 65 ~ 70 %)f ¥ i A& A o

(B M I0%EFESSMET iz E AT o

(4) #EER24TCrAHY 2% %hro

3614 2 FREA ) 2ZRHE

PemdEid e 8 K AT lis A P HAMA L BE BT RS2 BE

(1) R.glutinis #&4&>"50mISM 32 % & > >t 150rpm~ B2 24 TR A Y > B %

48 hr -

(2) =234 109> T Ae B JI* 2 B34 GE(0.8 ~ 2mm)2 E R o &R RS D
25k o Ao r SOmIFEELY > RS FEAOK S AR Tk 65%E S A

&0
() M 10%EFHESSMEED Pz KA o

(4) #EER24 T E#Y 14 %hre

31



3615 #AEL AFTRFCALEE
PerdRedihd A RR S FMA Lo 2 BB HEFHL L2 o R

R EE -y

(1) R.glutinis &> 50mISM 2 & & > >t 150rpm~ B2 24 T EHY > B %

48 hr -

(2) B3k 10Q > F4c BRS04 SOMI ALY 0 RS FAK S B AL F

TARE S KR 65%Me A A A -

B) FrURZBARFHL  BIEFETAAEEPHASE » 7H A ] FF- R o

(4) 7 10%EFHESSMED Pz KA o
(5) #B >R 24 Cr4H#Y >34 9hre

3.6.1.6 7 4 A M(EHM ~ A AT? LB
PR AT e r BUR (B )R § R(FEEAY) M2 L2 B B £

R 1 X

(1) R.glutinis 348> 50mI SM 35 % A > >t #k# 150rpm -~ & 24 T A7 B4

48 hr -

(2) #=P~2 5 10g - Hde v B s 0 b SO mIFEHECY 0 R AR SR A 0
BALY 4er BHER FRAAE 0 e B A 5 0360112 0099 ARG kE S 65%

fel S %A
() @i EARAL  BIEFEFTIREESHAR > PHA ] RE- Ko
4) 2 10%zFE#SMEI iz BEAAY -
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Q)

BEEER 24 CRAHKY 2% 96hro

?’]iﬁﬁ@i‘ 4'1/%)%’{%}?%/ kR 2B ?

Pt ed RFHEATT A FRRAGHEHAMI L2 B R H 2

M)

2

@)

(4)

()

SR E

R. gutinis #4850 mISM # % & > >t g 150rpm~E R 24 TR &= H"° B %

48 hr -

#‘I‘B"; —} 10g’ ’F 4EI,Z};§‘F1:,\+,, IEET DN SOmI;}"g—_ni\’} ) Izil%—ﬁﬁ%!‘ﬁl/‘;ﬁﬂ] y BT
ALY b xR B4R B AR S B TS 0,00 g0 4 57 8 M 4 £(0.00 -

0.18-0.36Q) > Fx 5 k8 5 65%FE ¥ % 4 -

B g ARG B EFH TSR E S AATA S R - R
210 % FE R SM BT P it 2B E AT
FREER 24 CHAHY 2% 6hre

ALERF o RRCRMBE F kR LBP

P ARG RALTT > 2 PABRAG EHFAML L2 B BT A

M)

2

4z B

R. gutinis #4850 mI SM 3 % & > *t g 150rpm~ B R 24 THA#HY B %

48 hr -

B2 ok 10g 0 De ERARS 0 4o r 50mMIHEFLT 0 RS Ak S A
A Ao AR R RORF R FRL 03690 AN R R

0.09-0.18-036Q) > Bl 5 k% % 65%F0E ¥4 4 -
A

33



(B) Flruxm%AREG > BIAFART S AAEF7HARS » PR | FHF- R o
(4 " 10%EFESSMET iz E AT o
(5) #FENER24 TCrAH#HY > 8% Bhro

3617 AR kBHEALEEP

o

PerdFid kBB AHANE L2 B R L2 B

(1) R.gutinis #&4&*50mlI SM 3 % & > »t 3 150rpm -~ R 24 CE 27 8

48 hr -

() B34 10Q0 F et B 0 e SOMIEILY + rh R E K 5 A

) A

BRI 4o~ EAER FRFR49(0.36 0~ 0.090) o EAE S KR L 65%FE H i E A -

B) FluarnAARFARL  BIEFETAAEEFPHAS > PH A ] FEF- R o

) " 10%RFE#SMEL P2 EAY

(G) #HEER24 CRAHY » Aulec$Xm%A(0-48-103.7 umol m? stz % 96
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3622 L %F@IALMXF LA

3621 Hig 2l AW L ZATEL P

PO HE AT EHANZ L2 B B 222208
(1) R.gutinis #4850 ml SM 32 % & > »t 3 150rpm~F R 24 TE {7 B %

)

®)

(4)

®)

48 hr -

A s =B~ 358 100 ~ 200 ~ 400 g ¢ - Ae 02 EEER R 0 A » 2L gdEAL Y 0 RS

i/»"
&
-~
]) <

SR 0 TR 4o~ FAEZ FRfR4%(3.6090) 0 FEZKE S 65%FE

Flan g ARFR > BIRFETAEFIHAR > PHA ] - R
110 % AR S SM D i B A AT

SR 24 Cengp? i F £ 5 2Lmins % 96 hr e

3622 ¥ k3 N

>

WRADEFRATEFES

BmiE R AT ALHANL £2 B B A2 32 B

R. gutinis 448>t 50 mI SM # % A& > >t 150rpm~F &R 24 CTrEH° > B %

48 hr -

] #=B~ 2. ;' 100 ~ 200 ~ 400 g » i 4c VUBERRE 0 Ar 2 2L REFLY 0 MR
A K L AR 0 WY b r BAER FifE4%(3.6-090) 0 F 5ok E L 65%p

DR
FHEREARFAGS > BIEFAERTAREFT7HARR > PR | FHF- R
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210 %HEFEHR-SM 4T P aF 2 s A AV

FEWERR2 Cenzpd ol g £520LMN %1 BhrsBIaFkirs?

F o BrRs R e b v B L & 48 hr o

ST LRI R

-~ A

PaniFsfid » 2 RIRAZ FHMHANML L2 B B 22 22 8F-

1.

R. gutinis #4850 mI SM # % A& > *t g 150rpm~ B A 24 THE#HY B %

R

48 hr -

A w2~ 2. 100 ~ 200 ~ 400 g 0 I 4v 2 BRRA R o 4o » 2L GERIEFLY 0 MR
FAEK LA 0 AR Y b BAER FRfL48(3.6-090) 0 F T kE L 65%Fe

EE-E 3
B A AR EAL  BIRFHE T SAEE SRR RS ) R - R
1210 % FHESSMEZT bz g E A

FERR2 Cengp? o F 85 20L/minos sos F B » Fgp enpe @ > L
A FErokEge o REgp RE ot > LR {of M~ 2L AT B AL

96 hr
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3623 M »frf -2 F L2 B P
P A Ref EHAML L B R AL S 2B

1. R.gutinis #&4&>"50mISM 3% & &L > *tg:# 150rpm~ B R 24 CE A7 » B 2%

R

48 hr -

2. & u[fEP-1 58 100 ~ 200 ~ 400 g > 4o BER s o Ao x 2L gL 0 735 R
AR AR TIRAY e~ BAEZ Fipi4e(3.6090) 0 FEFKE 5 65%peE

TE R A
3. FlrunAAREE  BIIRFHRTALLFETHALR T H A )R- K
4. 1 10%ERFESSMET Ptz & A

5. FEWER 24 Cenzp? > F £5 20L/mino o 5 4 » g p gz > A K-
ZFE O RELY o AN kot o L oRefof R 2L Y > B A2

96 hr
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3.6.3 A iR B H PR
3.6.3.1 ‘},;F ‘e ﬁi{iﬁ% g 8 Li;f%s
PemdFetp e Mg s A SR AN L2 o B2 2B

1. R.gutinis &> 50mISM 2 & & > »t & 150rpm~ B R 24 T A H7 P B 2%

48 hr -
2. MHBEEARLAM o kRE 34FESOmI A A
3. M 10%HFEMSMED ik E AT -

4, SRR 24 CEE MY 0 fidE 150 rpm o A i %A (O hr) L 2 2 % 8 7P (24 ~ 48

hr)i e 14 4 47 % & S Bei 2ml > s A PR 5 96 hr
3.6.3.2 st b LW
. 7 k2 BE
P AR CERH AN L2 B BT A2 S LB

1. R.gutinis 4> 50mISM 32 & A > *t4&: 150rpm~ E & 24 TR A7 » B2

48 hr -

2. MR FEARSBH o RERE 3-4ﬁi6f&i50m|b§%£k’jlk\lajtti§%£kv’;‘,9J§4v6
A (R AP ~ 2 202~ 2ok B A F ) kR

2 10% -
3. MI0%HEE#HSMET L E2 BEAY -

4, MER 24 Cr A4 > #@ 150rpm > 2 & 96 hr -
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thk%&ﬁﬁﬁﬁiwg

PedFd 2 FRAR TR AWML L2 B BRG F2 22058

R. gutinis #4850 mI SM #2 % #& - »>* g 150rpm~F & 24 CTr %% > B %

48 hr -

VORI AR G AR R RA SARE SOmMI R A Ko b gAY Fad

ok B i % (05 ~ 125510 15%) -
7 10% FHERSM BT P2 B AT

SRR 24 CrA 4 o & 150rpm > 3£ % 96 hr -

3.6.3.3 # f» C/N ratio 2 % 5

Pendf3t 2 PA2A 2 CINratio 3t A2 £ 2 B-o" By 22 22 ¥

%

R

R. gutinis 48> 50 mI SM £ % A& > *t g 150rmpm ~F R 24 T E#HY >

48 hr -

Ui % Rk SRR 0 kPB4 3-4 WecARIE & (30 ~ 60 ~ 120 g/L)Fe E 50 ml

% f¢ C/Nratio 35 % A& -
710 %EFRESSMEBI F bz A AT

R AR 24 Cr A& 47 o @ 150rpm > 1% 96 hr -
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36A5L N FRHNMTFHAR
36Alﬁﬁ25%yﬁﬁﬁﬁ‘1WLﬁ%m8UL%$

B oengE st 2.5 %40tz 1@ ~ 1 g/L Tween 80 7 fein s IS LR HT AL &

ERTRGALFZIPE

1. R.gutinis &> 50mISM 35 & & > *tg:# 150rpm~ B R 24 CE A7 » B 2%

48 hr -

2. MEBEFHK AR mRAESARED B i 25 %P T ek ¥

3000 ml 32 % £ -
3. MI0%EFAERSSM T FiE2 A AP o
4, =& 15hr 2% 9hr Bk -
3655L F FAFHEIIFHAR
3.6.5.1 % s 4e 25% #HIFH ~ 19/L Tween 80 2- 248

P 4751 25 %40t 17 - 1o/l Tween 80 i se3c & 5L § 544 ety - #t Aae 2

N NS EEES &

1. R.gutinis 4> 50mISM 32 & A > **4&: 150rpm~ E &2 24 TR A7 » B2

48 hr -

2. MEBREFHKIAH REASAREL AR e 25% i M pR L ¥

5000 ml 32 % £
3. I0%REFERSMEET iz BA AL -

4, & 15hr2 2 9hr B4k -
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3.6.650 L F 48 X 3 pait ¥ prae A

3.6.6.1 Fed-batch- C/N ratio 2_ # 3¢

>

% C/N ratio z_ 22 %%

H

B endR 341 * Fed-batch 441> sV ee 32 £ A hC/Nratio > A2 £ 2 B By £ 2

SER A B

1.

R. gutinis 448>t 50 mI SM #2 % #& - »> g 150rpm~F & 24 CTr%#H° > B %

48 hr -

RS EA KL AA > mRASAFE 0L AL B9 duy ks 120

g/lL -

1 1%FAEHRHSMIET FiE2 B ALY o

& 15hr 12 Z Qhr B o

WA AR RGeY W 60g/L)F JR(Frpids 1g/L ~ Yeast extract 1 g/L) -
% C/N ratio 2. §2 58

R. gutinis #48>* 50 mI SM 32 % & > >t 8¢ 150 rpm~ £ & 24 T % H#7 > 1 %

48 hr -

MR E AR LR RRAFRE OLEEA HY ey kRS 1209/l -
M 10%#EFAEHRH-SMIET FiE2Z B R A o

& 15hr 2 % 9hr B4 -

WA BARRRGEY W 609/L) -

41



37 PHERL W

i?ﬁéf‘ﬁ% ¥ l;’ﬁf—:.%‘%_%_ ) é’ é;}g—’_ﬁi\SLﬁJ}}—j\%ﬁﬁﬁﬁ ‘5'—7‘?%;\%?]5%% 50L

FORSEEEN 2 RGO -

BT1#FFAEA AL W (250 ml)

~ 51 s #ri¢ * 250 ml shaker flask » 5 * 1 =484 50 ml -

Bl 3-2 #£5F %AE B
BT25L F FAFHHEMIFHRALLF

AR TR BLF BN ERN 0 T4oW 3-3(%) 0 FOEFEMMA L 5L

B 3-35L # B EET R(z) 7+ 1 B(+)
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3735 L MeENF P E S A XL W
MR ST SLIAE SN B 348 cem AL L 284 cem s EEp

& 169cm; #MIE H E L 85cm > FEF MM 3L

B 3-45 L3 F Aty X W
3TAS0L F BN FMEAPIIRE KL R

AR AT BOL F BAFmE B A S 1026cm s b g E 2 320cm s pF E D

25.7cm > 2 ¢ & 52.7cm> £ ¢ B2 85cm . FUEFAEMA S 0L -

B 3-550L % #N s AL R
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375 B E NS4 LW

AR 2 2L FEEE AL AN 115 emsFg e pfE 6.5emsEgE 25¢em ;

3 1lem; FEFE 14cem e

B 3-6 FE& R E N XL R
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Fri REFEEUG
4.1 RABFEARAPXEFFERR

A EFE R, glutinis o gt EAE- E o RARR LY YR BIRA B &
R BEETECGET ABOEAR A N ARFHRD ha B R R

B A B B A BN e e AR RS 2 L EE R L

=g

AP a3 2 A3 2o §eta ¥ AREFRFOIL 50 F
FREES KT L E AT o T AR LB AR TR R R R o
(Ayerim Hernandez-Almanza 2014) F] ¢t & § % #-4F 3 1 * AL #F 8 £ R
glutinis 4>+ -+ B § Z BB -
411 2 kAT

AFHREY IV -HFAIG L FEIEFEALART AN EFTE KK EFE
ERENEA LR BE AN ENBEA 109 AT HEZKEZT0
%% 72hr > G5B 41 % 2 FL AT %S RET IR R
%246mg/kg HpEy B L E RS A R B0 L AT HER R D4R 42
43 44> FIRAF R LT 5 B HFF > FIARHSATTE 2L BT EY £
W A HTAeR 450 3 A S 2 Bk ek 4-10 o 2 TF S A ok gk
AN 169mglkg FERES NPT RE F o wmAET RPN E A IFLIATRISET
e oo
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3.0

2.5 A T

2.0 4 T

Beta-carotene(mg/kg fermentates)
&

0.5 A
0.0

soybean brown ricebuckwheat adlay comn  red beanmung bean

Bl 4-1 7 I A B> Roglutinis 2 2 B-+" 5 22 8

W 4-4 3 5 % 19
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3.0

I substrate
2.5+ [/ Fermentation

2.0 T

Betacarotene{ma/ka)

0.6 4 I
N I i

i

soybean brown ricebuckwheat adlay

comn  red beanmung bean

W45 2 FAT AL vs FREEF2L PRI FER

241 LATRATLE A2

B

#H2 B BY £ (mg/kg % fEd)

B
Jenr
RV

1.445+0.047

1.091+0.045

1.361+0.092

0.629+0.051

1.695+0.083

1.030+0.150

0.338+0.048
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412 Fitis X FE LB P

i@%ﬁﬁRgMWsEZF%@Tﬂﬂﬁﬁﬁﬁﬁﬁﬁw’ﬁ?gt ¥4
# o F 2 e Time course » F 5 % % 4c B 4-6 - R. glutinis 7 48 h v H OB-#*
FRAGRIT P E 24N pE B B £ 5 0.779mg/kg # 4 4 B 45
TRRABLAFPH R 2 B B 2B B Pdihs s PR g
R.glutinis 2% a7k 3 & ¢ hifai4p 4 & 48 hr o Al st 82 £ 8 >

R A R R B iE 2 & o 0 A8 hr f AREE A B e R R s R B

3

By £ 37 96hris Affd IR ERFL i no B-o By 2 ERET] 2442

mg/kg #FE4 o d LB A Roglutinis 33 & BFR 2 96 hr i 5 &3 o

3.0

Betacarotens(mag/kg fermentates)

0.5 4

U.U T T T T
0 24 43 72 96 120

Time (hr)

B 4-6 R.glutinis 2 = B-# B j 22 FR %L E
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413 2 k7 REZEE

~

FHE T 2o EEAF (@)*1OO%= A e

hud

5ok E 55005560 65-70%  F % k4B AT EF 5 RERS
% =

€k g0 0 hg kB ISOTBE0M  FMS T Rk Lo STRIE B B
4

RF/TENIF AL G5 2B RE E 0 7 L R glutinis ¥ &2 A1

\ S

)
KEBmHE TG oaF ok ERBI 5% TENBFET FRLEAB L
AR REFHRTFE KA FESRER F ORI M A R AWML £
B4 324 o (Ramesh et al., 1990)m Ak -9 2Py #F I 7K 8 & 70 %pF > &
Y

ARG APRO L HT R EAY R MERAT A A4

RadEPl2 i mAmEPT R FRELT0% N KERER 2L hF
g FRATAG - WRE TR EFIHRTATIKE L 656%
HB-#BE 27 F216mg/kg s o

3.0

2.5 A _:[_

2.0 4

1.5 4 _:[_

1.0 4

Betacarotene(mg/kg fermentates)

0.5

00 T T T T T
50 55 60 65 70

water content (%)

B 47 % F 5 kB4 Roglutinis 2 & B+ 5§ %2 8
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414 % FRIEA L 2B

*F BT K a‘ii#ﬁ‘—%ﬁd 7 e 3L 45(0.85 ~ 2 mm)sdE e d-H o A & (432
mm) ~ ¢ (4> 0.85~2mm) ~ -] (/] 3+ 0.85 mm) = fEf T 5 d 3R A ok &
SR FRMREL AR FL H R R EI A R SRS RS TR
AR A Lo fod B 4-8F BT ] ik it B B E £ 5 2449 mglkg

)

iEd o B ipgs xR+ B 2 5 1473 mglkg HEEd o A kTP e B-

_\g_

-

=4

CEEE 5 1077Tmolkg #FEER 0 T AT KA L T E 2 E B F T 2

Frd AR OR BA AR RN AR R A & e

A AR T 2 KA B 4-9 ~ 4-10 ~ 4-11 0 T O IR ] 2 R
*

SRR o] M T AU R A T AT KRRk sk T 1 0 e d R4 o BR
RERARAC T e THEEOBE S ART T - G F RS hEe T
Flt i x B B FERF A BRI o

30

25 A

2.0 -

Betacarotene{mg/kg fermentates)
o

05 4

0.0

T T T
small normal big

partical size

B 4-8 7 iz~ # R glutinis 2 = B B § 228
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B 4-10 s ¢ ch(between 0.85 mm and 2 mm) 4 & 7

B 4-11 = = =(lager than 2 mm) 24 £ -3
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415 B AELAFTREFIHALBE
e PR R R TR RS T RS FONER A
Fa o FA ] %R%Ff@’“?ﬁ CRF R A G Rt s 1R

TEAMAE ST 0 RATAEH LIS T A AW j‘%’:gﬁiﬁdj‘g‘/é?]‘

WA E FdR LY T AT LR R 4120 8 3 0 R A
A TR A OB T RF > R EE 120 A 1 L s F o
F ok B 4130 G sk (Tor(E B Y R EARAR A A R

%7 12% > 7iE3 2963 mg/kg s o

Bl 4-12 3 173 B 16 7 o 4 B
35

3.0 1 T

25 4 T

2.0

1.5 1

1.0 1

Betacaroteneimg/kg fermentates)

0.5 1

0.0 T T
non cube cube

Strategy

Bl 4-13 ;& FiB A 17 b2 B
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416 FsemF R(EW BV RAT Y LB

¥ 5 @ae CINratio & ML F A & S aEe B A § HF Soik (Vustinetal,
2004) > A& FEager By £ o A1 4p 0 C/Nratio MpFimse 4 K2 fdFend o e
LT B E 0 AMAPHKRZL ApF > A C/Nratio 3 FFimre 4 £ 4ré X T F kR
BB FrE] 0 @ 4 B &k & P % (YU-ICHI YAMANE et al., 1997) - 827X 5 5 & ¥
TEH AR RAFE RS FMA RO HET R AP HRET BMEE AT
”P;‘,’F%c SR E R RFEFAWMLBESL EERER A 2 BMA S EY L4 & 5 C/Nratio

AR RAPR el SRAE e B ® Pt B R WIS s A AR
l. F]iﬁﬁiit‘u] 4“‘%&'{%§‘%/¢4ka’ 25

AP F R4 4 R 5 00900 A R E MR £ 5 0094018036
g o AoM 414 0 2 E MRS R 0369 2k g o B2t Y AT W 4272

mg/kg By o A d e 2754 mglkg FRES 0 H B T 915 R F ki
K %_0.18-0.36 g F1j. Jﬂ%ﬂr%v B B R RARMEF RS ET A LR

PEEE AN B CINF PG B By R E AR -
1. ‘f-]iﬁ?il%/,rﬁ/%)ivi%ﬁﬁii 47]‘4“/%)2’ BE

AP FCEMG R 0369 A A4 4 £ 5 0.09-0.18-0.36
g ¥ RIeM 415 o % T ERALR R F 0080 00k ok 0 B B
§ & ER 2T 3.660 mg/kg B FEd o AP IR 22423 molkg B R 0 BB
1915 kAL 01650329 EIEACK R G 'EF ARRACR A RS
)l FRE L S B B A 0 fE Y B 4% 0.36 9 A4 0.08 g ik s
B o
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5.0

4.5 4
T
4.0

3.5 4

3.0 A

2.5

2.0

1.5 1

1.0 1

Betacarotene(mg/kg fermertates)

0.5

U.U T T T T
0.09 0.18 0.36 control

Sucrose (g)

W 4-14 B R4 4o £ 0.00 g 5<% EHE e £(0.09 ~ 0.18 - 0.36 )2 &

4.5

4.0 1 l l

3.5

3.0 4

2.5 4
2.0+
1.5 1

1.0

Betacarotene(mgikg fermentates)

0.5 1

U.U T T T T
0.09 018 0.36 control

(NH,),S0, (9)

B 4-15 B R A 4o & 0.36 ¢ e An k4t 4o £(0.09 ~ 0.18 ~ 0.36 0)2 §
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417 PR ABRALEP

dOTE R BB ET RSl & AP AT hE 4 (FhEae, 2011) 0 © 0 v ik

e

(Sakaiu, Nakanishi et al. 2001)4p &1 R. glutinis 7 ]33 6 Sk PR 4T #-g 2 = -7
By2nupbd ki S{Esand L4050 R A H T LGRS N g
BRp 0 FEAdRL &a PEAMDL R EABHA L D2 2 Fpt > A
F B #F 3 B k(0 umol m?s™) ~ p k(4.8 pmol mPs™) 2 2 % (1037

umol m2s™) ¥+ R.glutinis 2 £ 2 B-#* HF 24 A2 5 F %% % 4oF 4-16

d ki LPRAS R SRR 0 0 Roglutinis AEAEAEY 2 A Y B2 &

Betacarotene(mg/kg fermertates)

T
0 48 103.7
llluminance (umol m-2 s-1)

o

B 4-16 2 FEBAEH R glutinis 2 2 B-# &g 2285
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4.22 L ¥ #kAg B B 4 5 5 B AT A

N RAEFEAF VIR EFE IR E S 03 NG A B

So o AMEF TR EAATEG 0 RGOS SR R TEATALR

4

AECERFMAL LG HFLIW D0 P BRI R g LG R
s g B T G BOERS § LT - BIAD HEDLTF LS A
5 % - Bk BEACTER AR R B T

Fl AR A A R AR

Gk FSkiE R 2L AT {1 R BB gl kv g B ALY § 4

EH o BT e dpr TR
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421 B2 L Al SRE EATE2 B F

500 F ol FEEAMAE LR BB oE 0 A ulRE 7 b 100 ~ 200 ~ 400
g AFE 2L Ay » A% LS 4oH 417 7431009 2 2009 A FE
WMk AR P B EAMS 6 LB X7 LT @5 42molkg Bt
B By & &% 14009 PR 95 27 mglkg B pES 0 d AT B
WEHREREEOCK R L T AR SE L e EE o R iR
PEREF e R L &nh b A 2009 A TREFRE ARG 4

Betacarotene(mg/kg fermentates)

0 T T T
100 200 400

Substrate (g)

Bl 4-17 s R EigF a2 AT R.oglutinis 2 2 B-+ & § 22X
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422 =i 3N
(1) “RADTFHATEFER

AL W S AT 2 R R D A SR £ D A8 hr e b
BIRFHET P R - g ' 0 pE R pEss ¢ R glutinis ¢ 2 SR
P AR LRFLARADR G FIRAPT G FHELF - AT R 0E
o ht PR BT A § TR A L B SR AT

BRIME AT AL Z G KRR FHORAE -

() FARHF PP

\

I

dONRAGEY TR IS A RAEAT AL LR LA Tt

PRPMAT R EREELT RPN A RPHARLE - h T R

3

el o~ F AR rokEY o M ALY o 2 ST g A ok E A
EPFR o~ g )R ATENPIR gk 120 T3 % R RITIRT F D
xS SN RRERAD T ATARANE RFE REAM] S RESZ
ERAE

1)) E & 2 SN A R SR S S 4B 418 T R(D)B A 2
DB R Eock T P W2 043 molkg BFEES 0 R A
A8 hr {5 A F A RAR 2 RS TR 0 B { eid T A FORA A 0 2 )

WEHEBE AL A QPR A FONFERIPE T ERE T 158 2
B EY FF D 639mo/kg FEESF ER 0 A3 SN ER AeTEl 0 @

AFaf- TR/RERMEREL 7R HHE T {F -
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Betacarotene(malkg fermentates)

U T o T
control (1) 2)

Fermentation Strategies

Bl 4-18 2 %238 (1) R AP FHATEFTER (2 BRI » &4

fo# W R glutinis 4 & P+ H§ & 2 B
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423 WEBE rfef M- 5 E2 B

ARk R 12 30mMin 2 B F R 0 Y B A fof 2
B %% hoB 4-19 > 12 L Lmin 2 % 2k R > 2 B B F £ 7 73] 7.03 mglkg
FE o SN e Qi iEdlesnlT7 B A 2 3UminB-#F B E A 5
6.39 ~3.99mg/kg HAES B+ B FEFULF TR A TE R LEF 2SN
LESME e 8 B 12hr AR B Y 12hr B F B ke o R
AL AR AR e A NS AR R R AR A RGEROTE R L
MATEBRRESE S EHMATZ S ERFHMAL 2 ERL o

Betacarotene(mg/kg fermentates)

0 T T T
1 2 3

Air flow (L/min)

W 4-19 W BHA F -2 f £ 2 B
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4.3 iFh R I F PARR
MVA &3 m 28 & B-of BJ A L R BT A & MVA BB /LY > K2
A AP L P B A AL Fir 5w Y G B4 MVA B
% 3%

%’ﬁf ke Bt R AR ARG F T MVA SR

S
=3
¥
A
;ﬁ
=%
;
iaeh»

R AE) e AR A~ Sacs S B b F L)
%ﬁtLﬁg% R.glutinis 2 = B-# ®§F 22 & o
431 FHYFHEFALFRLEF
HMG-CoA B s 8.5 % B A = end B4 > Flot > 57 4§ 2c#k = -

HEREFEZEOEY ORITLAA AT S E L EmEL HMG-CoA E it ki
EB B ZAZ A HPHFA? TE2RFF L 5B A G FERRG G
BB B B R AHMRLY £& - %o
AFSHRET CRBITLAM B EA ZARFTES o DR ERS DR L L (9
o EERA(M) S 1:100 vt Bl FE B> 2 FRER 5 95% 0 X BT F B
B R RE: ‘fFl‘4 24 'T—"]L/Tﬂ ® & 2mil ’;ﬁ:ﬂ #BR %)ﬁ Sk R j\pf?%‘]ﬂ#’

EEPR R E D@ R AL G EAHAML L > 8 B B A
o R A S RRHRET G B FERER S AURR L FR o ARR

R. glutinis ¢4 £ 53520 2 B-# B § & chd & o

Bkt % hoB 4-200 FF IR A Omlﬁiﬁﬁ’ﬁﬁﬁfﬁ%ié’

=

L)

CEELE RAFG S A E G EFI WA £ b4 0 @ 24hrse G X Plaed] o B

Tt AR E AFPFEY o Lok Ag 0 @ 48 hr (S FHE YR e
ViR Re e AR BRFY > RAFD L bpﬂf‘,l se E B W o ie R, glutinis
ARP-F R F LEET A 4D FU 4 iR 17 #0 R. glutinis 2 2 g

=
=i
B o)
|4 -
i

G gTE s EMF A % Blaed] o
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12 0.6
10 4 B Cicmass L 0.5
I Beta-carotene
g - 04
=
o
> 6 - 0.3
o .
E
o
m
4 4 0.2
2 - - 0.1
0 0.0

Oth 24th 48th contral
Adding timie (hr)

F14-20 14 1f 47 % A 3P0k i 4o 5 I BR4 R, glutinis 2 2 5

62

Beta-carotene(mg/q)



432 G4 i i 2 B

ENGL S S LR S SR AL O IR e R LD S S AL e
B R e mé;&ﬂr e l1% F it gAY 5 243 Glucidum-= =t e end
o VRS HEZ 2 0.13mg/ml 4 1 0.18 mg/ml (Yang et al., 2000) ; 1| *
Streptomyces fradiae # # Tylosin » 4 312 75 (¥ 2 aR G 245042 A E e
Tylosin jk & (Choi etal., 1996)° gcib #q @ #7 7 " 4L 330 8 &% & = =0 38

I EEFE Y
A TRRRAL RS T B L AR A FIAR D © AR A~ MVA SR
BB R T ARG R § PR TS A U

0
TR R A

e

o

I 7 RfEFB 2P

ARFHVEBEERAY AT e ¥ L@ BR 2 AR 2R

/

Tﬁ"fg’/‘* S h T

i e 1g/L e Tween80 " MFld Fak B E R m d B2 el §F PR - FHE

i) R rgisphle Fded 420 Fock R RS 10% 0

L 4@ 4-21 ) TR BRAES W Tﬁﬁ%:«-ﬁg‘”; (R R R
PARAREF LI AN > vE 1040/l A B-F B R A REF O G 2K
o kR 5 0.38mglg . it Eedle s A B3 E T 8 20 % EE L E 46 % B-
CEEAAGHTRTE T LM S et 430 P A F AT F 45(9.86

o/L ~ 0.37 mg/g)endic iz 47 i 17 & s e
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I e FRRKR WD L BF

AR REY AR B TR A R RARA0541225+5.210+15

%)% R. glutinis ehEE 22 B B 22 B8 %S5 4oW 422 HEEF

Wﬁ%&ﬁ%aj%ﬁg’ 2.5 %2 15 B An AR T 5 Rl ELE 5 fn IR IE

THARGE T F R R A G F A P AMA R X DR FAZY
FIpH 24 @pH g HH % > A FIEMA £ > 7 B E§ 24 L2 25%
EP B &I 25%p§m§m/] SRR FEME B RY E A BED 115

O/L - 0.33 mglg » 15 4 11 25 Yoerik e ifp etk T 5 L AR H G L 7 % -
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12

10

Biomass(g/L)

Control Palm oil Rice bran oil Salad oil  Olive oll

I Giomass(g/L)
I Betacarotene (mg/g)

Oil species

0.5

- 0.4

0.3

0.2

0.1

- 0.0

Canola oiSunflower Oil

B 4-21 % 4547 10 %12 2 1 g/L Tween 80 ¥ R. glutinis 2. 2%

0.40

Biomass(g/L)

I Biomass(g/L)

I Betacarotene (mg/q)

F0.35

F0.30

F0.25

F0.20

F0.15

) 4-22

05 1

25 5 10
Additive conc. (%)

15 control

F Ik R 2 #0iR 47 i 4e $F R glutinis 2 3
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%42 & S vARL S

@88 Saturated Fatty Acid Unsaturated Fatty Acid
Palm oil Palmitic Acid (z ## %) 43.5% Linoleic Acid (37 # f%) 9.1%
(#E+ 17 Stearic Acid (& *; fit) 4.3% Oleic Acid (;# fiz) 36.6%
i) Myristic Acid (¢ & xf4) 1%
Rice bran  Palmitic Acid (1 ## f%) 21.5% Linoleic Acid (I # fi%) 34.4%
oil Stearic Acid (A % i) 2.9% o- Linoleic Acid (o & fi i fit) 2.2%
(FA8)  Myristic Acid (¢ 2 572) 0.6% Oleic Acid (;# fit) 38.4%
Soybean Palmitic Acid (1# ## %) 6-8% Linolenic Acid (3; i %) 52%-65%
Salad ol Arachidic Acid (77 fit) 01%-0.4%  a- Linoleic Acid (a & i i)
(X294 gtearic Acid (] % ) 3%-5% 2%-3%
i) Oleic Acid (7 i) 25%-36%
Olive oil Palmitic Acid (#z ## %) 13% Linoleic Acid (I Ji# %) 15%
(AR e ) Palmitoleic Acid (2 # /¢ a- Linoleic Acid (o 37 Ji7é fi$)0.5%
2 0/4- 0,

fi£)0.3%-3.5% Oleic Acid (;# &) 70%

Stearic Acid (# 75 fiz) 1.5%
Canola oil ~ Palmitic Acid (#z ## f%) 4% Linoleic Acid (& # fi%) 21%
(& =) Stearic Acid (4 5 i) 2% a- Linoleic Acid (o & friv fik)

9%-11%
Oleic Acid (i# f2) 61%

Sunflower  Palmitic Acid (1 ## &) 5% Linoleic Acid (7 i# fix) 59%

oil (% 7=

W)

Stearic Acid (# #5 %) 6%

Oleic Acid (¥ p&) 30%
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%043 & 5

e fasg Price (NTD) for 1L
Palmoil (#iciz4##) 80-100

Rice branoil (= F#) 220-340

Soybean Salad oil (* 2/ 44) 55-75

Olive oil (& 7e) 250-360

Canolaoil (7 1<) 90-100

Sunflower oil (3 <) 100-120
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4.3.3 % ¢ C/IN ratio 2. 2 5

*F B AF e AR (Glucose) 2 & R ((NH4)2S04) v &%+ R. glutinis # £ 2 %
=2 )gie(Braunwald, Schwemmlein et al. 2013)45 %} C/N #%& F it &= B-+* B § % 0
LA ARG L HEF Rk AR ((NHg).S0,, 1 g/L)» 22 % 88k & A& (glucose, 30
60 ~120g/L) » #CIN & 5 F ¢ M= 3L » F oL 54 B 4-23 EEFRRER#
A HEMZE B R ES 72 RT 0dER BAUREAR 5 60 1200/L 2 B
chZ B 572 % 0 R R glutinis Adpfict £ 8152 pH < g T R 150 2 £ A
FRRAE TP F- XA I RIRERT 0 AME A KB SRR Y T -

PR EONES o

10 0.30
I Biomass (g/L)
I Betacarotene (mg/q)
F0.25
8 -
Lo20 D
— o
R E
5 o)
c
o L015 @
P o)
="
5 5
@ 4 ©
L 010 ©
o
2 -
F 0.05

Low medium high

C/IN

Bl 4-23 7 = 42 & 2. C/N ratio[(Low, 30:1) ~ (Medium, 60:1) ~ (High, 120:1)]%t

R. glutinis # = B-#=" & § % 2 B X

68



4451 ISP FBRLA

A9 %% 5L a2 7 R glutinis 22+ » HEH I B2 B
e B R kR R DR R
4.4.1 7 e 25% #H¥EIH ~ 1g/L Tween 80 2 238

AR RE FILF R ATIT2FE(HRP ~ 25 %) & 7RIF 7 &%
Pl do @l 4-24 > 4 159 hr FE 3 < B R 2980/ v irdlieh A ER B

HT8% T LA EFlpH MR B hRT o RS E 2 20 pH

E

M oB-7 BF R s 15hr v iE R 0.25mglg A AR & 72hr 4 iE T
RR  BEABRRA N R B AR G A L AR A B R

MVA R3S & = B B g 2 A frdlen R ETI AW L BFD A §F 4

FEEdd 44TV AR HKRERATEL PV R ARV ERY
R R FEEI RS W B B R ARH A PR
FAR AT 7

BBRA T G e E > e A S d 0.061g/L/hr 422 3 0.119

E%’\:IPT—gB gg’%mgﬂ;ﬂs rSA,\d 7\44?15,—7‘?/1‘5‘125%

g/Linr> @ 2 4-5 B etz AR b 2 G 4e @ 7 R glutinis 7a sk e g 0 g o A0
S frin e (H P ~ BAFR) bl H 82 3~4% > @ A & fory mpad § TR A
PR T ARt d RA28%T T 18% 0 A L frd e " 2~3% 0 2t
R BET AR ERE S FR A RE S E L oty AR

Lo

B AARIOIg AR TE MR A E BRI B~ RS T R ER e

<k
/4
ey

ok
i\
X
>
i
<

2.
|

div

iE o m SEENTEY RE o it gk~ FERAR AR L A

e R N R ;7&,13‘4,);1—,})4 iﬁﬁﬂ-mﬁfh-ﬁ‘ \W%‘r 7 e i@ )yL,}lqlﬁ

ﬁaa*
3 ow
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RRCEFFETREZTORERF F X TMRAIMNATER 25 (511

Pt enif iz fo it 'E(Hiroaki Imahara et al., 2006 ; 2 2 ~ sk 2 & > 2006) °

25 - 35 0.6
—— Control
30 + —— Palmoil 2.5% 0.5
20 4 — i
=
%” 25 .
= 04 2
Jo15{ = £
= T 20 T
= o C
S > 3 2
18] — [=]
o | Pt
= = 15 (]
6 101 = 8
g 02 @
£ 10
2
54 m o1
5 3
U - U T T T T T T T T T T T T T U.U
0 12 24 36 48 60 72 B84 96 108 120 132 144 156
# Biomass (g/L) Time (hr)
+ Betacarotene(mg/g)
B Glycerol(g/L)
w Total lipid (g/L}

B 4-24 5 L #4550 % ﬁ?—ﬁ-ﬁl& SRS 25%2 B

% A4-45 LA S e 25 B iR P 2 6 4 B SR i

Max. Max. Max. Max. Glycerol Max.

biomass jB-carotene biomass [B-carotene consumption lipid

(o/L) (mylg) productivity  productivity rate productivity

(g/L/hr) (mg/L/hr) (g/L/hn) (g/L/hr)

Cotrol  16.8 0.368 0.106 0.037 0.274 0.061
25% 298 0.358 0.187 0.067 0.276 0.119
palm
oil
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F 45 i 4e 25 %d iR i g ppL A T
|

B )i Control (%) 7 be 25 %tz e (%)
C16:0 (12 {7 i) 4.3 8.7

C18:0 (& *5 k) 21.8 24.8

C18:1 (i p&) 28.7 18.6

C18:2 (I i ft)  35.2 32.9

C18:3 (= & Frb fit) 0.39 0.15
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4551 F BAERER PP HAR

A BRI SL MR F AR e 7 R oglutinis 2 X B & 0 AT % K
EAe AR R kR 0 A DR R
451 7% 25% HixH¥H ~ 19/l Tween 80 2 2 F

AR AHRE Y BT RTITLGEE (AR AP 225 %)+ 1 5L F B H IR
BRI SRR 425 & 159 hr 2 15 FMEE R ERAFT T 55 24 g/L
B-# By E R 87Thr 45T+ 18027 mglg > & F k%% ¥ 30 5L a0 %
FEt v AR RSN R 2 B B R L BT BRI
Hed 4 4-67 @y v 027 g/l/hr F3F BX 019 g/l/hr - A 34
S22 AR AR K019 g/L/hr 4 B F BN 013 g/l/hr e Fpl R TR Y 2 BUR
PR BRI E At £ B RE G X AR ey o A S E R Y B
A ERBEPRAREEIF T HAME G v R E AW
325 0 gk LR RS A SR R A e L B R
LA TP AFE R B R FOR ML AR .

AR e 0 d 4 46 WS E TR i F 0119 g/L/hr 3 3t OB
30 0.07 g/L/hr > e iRl L5 BN R F RERF AP TR 0 2
MR PTREBERG FI TR (GRAT T, 2011) 0 @ SRR 5 425 30 %dp

$Hc l o
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25 - 35 06 - 25
—— 5L Airift
30 4 —— & L Stirred tank
20 - - 20
o
5 2 5 2
£ 8 S
> 1{ o S tw £
U] m _%i =
m
5 -5
0- Lo
B4 96 108 120 132 144 156
—#— Biomass (g/L) Time (hr)
—k— Betacarotene(mg/g)
—B— Glycerol (g/L)
—w— Total lipid (g/L)
B 4-25 47 2.5 %3 4e-5 L 8 5% v.s 5 L 9455 5 i
2 4-65L F BB MM e 250 P 2 B 4 F Rl i
Max. Max. Max. Max. Glycerol Max.
biomass jB-carotene biomass [B-carotene consumption lipid
(g/L) (mylg) productivity  productivity rate productivity
(g/L/hr) (mg/L/hr) (g/L/hn) (g/L/hr)
S5L##E 298 0.358 0.187 0.067 0.27 0.119
FS
5L 24.5 0.291 0.127 0.011 0.19 0.07
B
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4650 F B FEHFHLs

4.6.1 Fed-batch- C/N ratio 2. ;5

AFHRN Y AR SRR R A PEURGEY B)F R(FEL A B 5 )
st ) 0 #F3 A CINratio $t4 £ 7 ehR. glutinis 2. §2 588 « AF %A 2 & W o
o N R A F T RF A KA PE o AR 60 g/L ke 4 b~ 1 g/l g de L &
1g/L ihps2 584 > ;“gth ez & ¢ ehCINratio » F %% % 4-F 4-26 > 7 5%
RAE AP HFFRF 150 HEV #94360L 7 B B F 0

018 Mglg 2 15 % TAE T » po 300 F Fedbt 5 5 - 304 2 HR

B e L EFM ST B A KPR 600/l e b o FE R
RAAY HCINTatior T L% 4B 427 PHFRAFRADEFR A AP #CIN
ratio - St irdle B B AT A A £ B2 95 02molg0 HE 159 hr 7 7
53459/l d % 47T+ F ok 2 A @ F 5 0.217 g/L/hr > $b 42 4]
e 027g/Lhr 2 R A > BEAF R IR E AL L A TS T
FoREIIE 50 EFRS AT R d 41%% S 1 60 % 0 iRl AL

*gﬂz—gfﬁﬁﬂzﬁlﬁm %FI/F'IP °

# 4-T50 L 5 # ;%% p%# Fed batch 2 #+ 4 & S i

Max. Max. Max. Max. Max. Max.
biomass [B-carotene  biomass [B-carotene lipid lipid
(o/L) (mg/g) productivity  productivity productivity  content
(g/L/hr) (ug/L/hr) (g/L/hr) %)
Control 43.6 0.188 0.19 1.39 0.127 41.02
Experient  34.5 0.225 0.22 1.40 0.128 60.00
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60 ~ 45 4 60
24
55
40 + L 22
50 50 20
¥ 45 |
- 18
40 A 30 A 40
— —_ — 16
7 = 25 =
o D 25 (P2 s
= 0 o
o 304 & r30E Ly
8 E 20 - =
= = F28 8 | 4g
O] m 2
20 15 y 20 L g
F 15 L
10 | 6
10 F10 L4
g 4
F& -2
U - U T T T T T T T T T T T [] - []
0 12 24 36 45 60 72 84 96 108 120 132
—a&— Biomass(g/L) Time (hr)
—#— gGyceral (g/L)
—&— Lipid content(%a)
—— Total lipid {g/L)
—&— Betacarotene(mg/qg)
i8] 4-26 Fed batch-control
5E - 40 65 - 30
R &0
45 4 ) s 25
b - 50
w{ "
| F™ . 20
213221 a0 £
=] = £
= 30 o F35 2
o @ 20 1 5 15
[T P30 o
= 5 e 2
0 g ] @ 15~ P =
— 1o
15 2
= 10 1 L 15
10 A L g
c F 10 =
5 4 - | 5
U - U T T T T T T T T T T T T T U - U

0 12 24 3B 48

—=&— BiomassigL)
—8— Glycenl (g/L)
—a— Lipid content™e)
—&— Total lipid (g/L)
—=&— Betacarotene{mg/g}

B0 72 B84 85 108 120 132 144 155
Time (hr)

18] 4-27 Fed batch-% C/N ratio 2. §2 ¢
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Total lipid {g/L)

Total lipid (g/L)

r 0.60
+ 0.55
F 0.50
F 045
F 040
F0.35
F 0.30
F 025
F0.20
F 015
F0.10
- 0.05

- 0.00

- 0.60
L 0.55
L 0.50
L 0.45
L 0.40
L 0.35
L 0.30
L 0.25
L 0.20
L 015
L 0.10
L 0.05

- 0.00

Betacarotene(ma/g)

Betacarote ne(mg/q)



47 FRE&E R %
dA B R AT IR R X A E 25 BT RYAL
Al > FOR-H AR A1 A 2. F2 k-7 (Sofia Fredriksson et al., 2006) » F]4t 2 7 ¥ 2

IS T E T T ST

b

WAy AT By FoRF R AL
#

A

R
AA LA g Ao B H PG T Bt B AR e X Rene B R

L T

ARHREGHEALERER A TEI L AR T L S AL E REPE R
FEIE AT T Bt B R o AN RFFRAL R DT RT o Bt GRS
10 % #3900 %Rt @ o B R R AU B R E ARG e 0 A R
s & RN o d pEOT I LB PR B EBT R 202 B L FE
PS4k 4-8 0 FF R * R R 10 % e R AR 90 %id 4 % 144 hr
SRR Y2 B Ry EkAEd 153482 3.73mgkgegg yolk - 3% % 2.5
Boom i FAL A 10 %45 e R4k 90 %id Ak & 144 hr is 0 R P75 2 B-
FEFEEARLNLAB T LR T REEY TiE 2 B B A B
ZOTAIERY o L FBR Y 4oBl 4-28-4-29-4-30 d B BY £ L
BEFAZOH T RFRAGFLLHY €S 285 0L 4057 FARS
A-xsrzasd 2 AJPFE T LFS%RES ALY 0 &% &% 73 R glutinis

el AT iR 2 Frdeo B R - X Rt F A

2048 FME RABAFAZ TEAML PP EF 2R

Higs A 200g x5 lessthan0.85mm; k& 70% ; 12 4.17
%96 hr; i 5§ £ 2L/min

e iy % 50 L Airlift(fed batch) ; 1.5vvm ; e jd ~ #ipkds  0.18
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B 4-29 FHpie (R 2 FP)F W
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B 4-32 A 10%35 s % gpd it

78



%49 2 el ek 144hr BEers 2 B B 2

B-# & § % (mglkg egg yolk)

-+ B * (ug)

Control -100% feed

10% Liquid +90% feed

10% Solid +90% feed

1.53+0.035

3.73+0.057

2.18+0.092

45.9+1.04

118.8+1.72

65.5+2.78

% 4-10 REEES A - 2 or2 ad 2 AEPRE (75

24 % A(ugR.E)

Ey

20 i~

25 i ~

35 i~

55 A ~

70 i~

500

600

600

600

600

500

500

500

500

500

:x:1ugRE=1ug AREm=6ugp-+* & § %
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2 AL BRI FEHTRE Y LR

Fermentation strategy ~ Carobon source/  Max. biomass Max.p-carotene  Max. B-carotene  Max. B-carotene  Reference

(aeration, feeding Nitrogen source (g/L) content (mg/g) conc. (mg/L) productivity

volume) (mg/L/hr)

Batch- 5 L stirred tank  Glucose / 28.1 4.2 0.07 Zhiping Zhang
Ammonium etal., 2014
sulfate

Batch- 1 L stirred tank  Glucose / Yeast 16 0.09+0.02 1.44 0.02 Prakash Bhosale

(0.7 vvm) extract etal., 2001

Batch- 125 ml shker Hydrolyzed mung 10.35+£0.13 3.48+0.02 J. Tinoi et al.,
bean waste flour / 2005
Sweetpotato
extract

Continuous - 3 L Radish brine 1.4 0.08 0.02 C. Malisorn and

stirred tank (1 vvm), W. Suntornsuk

dilution rate 0.24 hr-1 2009

Batch -5 L Stirred tank  Crude glycerol 29.7 0.358 10.64 0.067 This study

(1 vwm, DO 30%)

Ammonium
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sulfate

Batch-5 L Airlift Crude glycerol 24.5 0.291 7.13 0.011 This study
(1.5 vwm) Ammonium
sulfate
Fed batch -50 L airlift ~ Crude glycerol 43.6 0.19 8.28 0.061 This study
(1.5 vwm) Ammonium
60 g/L crude glycerol  sulfate
2 g/L ammonium
sulfate
Fed batch -50 L airlift ~ Crude glycerol 34.5 0.22 7.59 0.0478 This study
(1.5 vvm) Ammonium
60 g/L crude glycero sulfate
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5.

$ RBEAREY

~ 9 %7 * Rhodotorula glutinis 32 % > » = = * WL FAT (V)AL T &

1% 3330 2 2 L B g AR 34 R glutinis ¢4 £ TR TS5 2 B QiR ik

PRI AL B LN 5L F RN 501 F BN ENEA

% %4 2 2 C/Nratio $F R. glutinis 04 £ 2z B @25 (3)3 A pE Al i ri@ 2 B A

pEd 5 X . L)
PR T FIAE P Bk o T R SRR

>

T i 5T

R. glutinis 2_ & it i+ 2 24 175 A F~ 7 K& 65%-~F 4] 0.85 mm ~

BAME S 96hre

WRE Y RomR(ERE) - § RGN BT A2 B2 B B A2

/5 %ﬁ B f\?ﬁ;/k}iltﬁ&ﬁ#‘/k}i =S 4-11»\1\:‘}7 5@&@;,] ekt o

NRETHATEFATRIFMLI LG HT Lot AT L 7 2

S EEAE

Pk ¥t B3 & Roglutinis © & P & 1E* > PR ELFLFHAL S wBRE

RS
43
—=\

Kﬁlo

A 2 L i

2L g Eg 2 A1 20095 0 S B3R B MG E T daipl AR
PAETFHREREF A EMEATRECERL S CRABVREY F% R

REAE R FE x4 o
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MRAPTFRAFTE-HER - BRTRFHEL LG Mo &30 45 PR

TAFEG KRS T oRT EA e 7 LSS E

Bl f Ve R WHAE A fof Mo 1200 B RE O HFMA £GP

e ZRPIS SRRV AFAT 2 k& 0 E REM
R HEILT

WRAAY R AL PR MR RIFH 2 7 2 R glutinis £

SRS SRS EERERE S EPSCE RS N Ey. T R

e
T
-
=
q
e
e
T
)
el
[}
E-)
N
|
by
3
=
#
p-.
&=
N
3
w
=
3
jer]
)

F T F REREAAERBO~60~1209/L) 0 ABRER F DEFIRT o ¥
WRAMERRF PEORE A - R ARA L o d 242 R glutinis
Bdpdicd @2 pH AT RS2 L BURA L > F oA Bl

BRGE 1730 Pafe - B K 0E S o
s 5L PR

PR i 2 e it gl AR AR 2 R T R W I FR S A B
B-# Hyg 2EARZLEZ < » T2 R glutinis 2 P 35pk e H & {ory 35
P d A Ao g PRI TE SRR AT L TR F IR BE
IR GBS L AR F LR Y LA E R TR R
FATA RN 2 &SR e
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R 5L F BB

BE AT 2 et T R SRS R A B KB 4
RERFARF R PR RL > RAFE PHE R ENE AT AA
it AN R £ o

7 50 L § 88 N e

f1* Fedbatch 3 B 32 % A ¢ ¢hC/Nratio § 253t R 5 330 B B § 2
P2 4 fpl A S pH S T F RCER £ PR T o BT

B M 5 SRR R A o
R A T &R

BAL Pk 4o Roglutinis i fi 2 B2 F AP AT VRIS 0 2R R
FUBFERFFERARSY ORARFFAEGE A RLF A 10%F

FRA P it v ALY B2 g X3 RUWIR A A - X AR R o
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52 A% B ¥
W27 0 7 0T MR B R B e

FEALEEN PEPE e f T R AT IR 2 kER A

BT F BT FRAN A RERRRE AT  TEALATIRE
E R AR L AL £

% 7 Fed batch x5 C/Nratio %4 » § F#cE EF R - AR > £ 11— =
R - S gUS pH # i< 2. BRIRER 2 *{r(% 7 ¥ ;&)’%J’LL M pH & B iR
REAMESP B F ©

S R LD B ER R Ay SR B I o O R
BB R R R FWER 2 B-o By RRAR D FhiEd

BT AW RS G TR R A R AREAE A TRE G 2 R

AT L E R P AR F AR A R S S R R TR

T
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1 RFTF TR L o

e (2005) o e ML FSSRF A S PP LAY L Fa

ARl A HrAE L e e

Ashok Pandey “Solid-state fermentation” Biochemical Engineering Journal (2002);

13:81-84

86



Ayerim Hernandez-Almanzaa, Julio Montanez-Saenza, Cristian Marti'nez-Avila, Rau”
| Rodriguez-Herreraa, Cristobal N.Aguilar “Carotenoid production by

Rhodotorula glutinis YB-252 in solid-state fermentation” Food Bioscience

(2014); 7: 31-36

Ayerim Hernandez-Almanza, Julio Cesar Montanez,Miguel A. Aguilar-Gonzalez,
Cristian Martinez-Avila, Raul Rodriguez-Herrera, Cristobal N. Aguilar
“Rhodotorula glutinis as sourceofpigments and metabolitesforfoodindustry” F

ood Bioscience (2014); 5: 64-72

Changhua Hu, Yi Zou, Wenting Zhao “Effect of soybean oil on the production of
mycelial biomass and pleuromutilin in the shake-flask culture of Pleurotus

mutilis” World Journal of Microbiology and Biotechnology (2009); 25:

1705-1711

Chanika Saengea, Benjamas Cheirsilpb “Potential use of oleaginous red yeast
Rhodotorula glutinis for the bioconversionof crude glycerol from biodiesel plant

to lipids and carotenoids” Process Biochemistry (2011); 46: 210-218

Malisorn C, Suntornsuk W. “Improved B-carotene production of Rhodotorula glutinis

in fermented radish brine by continuous cultivation” Biochemical Engineering

Journal (2009); 43: 27-32

Malisorn C, Suntornsuk W. “Optimization of B-carotene production by Rhodotorula

glutinis DM28 in fermented radish brine” Bioresource Technology (2008); 99:

2281-2287

Hiroaki Imahara, Eiji Minami, Shiro Saka “Thermodynamic study on cloud point of

biodiesel with its fatty acid composition” Fuel (2006); 85: 1666-1670

87



Hiroshi Shimada, Keiji Kondo, Paul D. Fraser, Yutaka Miura, Tishiko Saito and
Norihiko Misawa “Increased Carotenoid Production by the Food Yeast Candida
utilis through Metabolic Engineering of the Isoprenoid Pathway” Applied and

environmental microbiology (1998); 64: 2676-2680

Jing Zhao, Qingyan Li, Tao Sun, Xinna Zhu, Hongtao Xu, Jinlei Tang, Xueli Zhang,
YanheMa “Engineeringcentralmetabolicmodulesof Escherichiacoli for improving

[-carotene production” Metabolic Engineering (2013); 17: 42-50

Jinlong Hu, Yanxu Lin, Zhenting Zhang, Ting Xiang, Yuxia Mei, Shumiao Zhao,
Yunxiang Liang “High-titer lactic acid production by Lactobacillus pentosus
FL0421 from corn stover using fed-batch simultaneous saccharification and

fermentation” Bioresource Technology (2016); 214: 74-80

Tinoi J, Rakariyatham N, Deming R.L.”Simplex optimization of carotenoid
production by Rhodotorula glutinis using hydrolyzed mung bean waste flour as

substrate” Process Biochemistry (2005); 40: 2551-2557

Konstantina Nanou, Triantafyllos Roukas “Waste cooking oil: A new substrate for
carotene production by Blakeslea trispora in submerged fermentation”

Bioresource Technology (2016); 203: 198-203

Leya Thomas, Christian Larroche, Ashok Pandey “Current developments in

solid-state fermentation” Biochemical Engineering Journal (2013); 81: 46-161

Liu Shao, Li Qi, Liu Hui-lin, Jia Tao, Xie Da-ping “Mutation Breeding of High-Yield
Carotenoid Producing Rhodotorula mucilaginosa by N+ Implantation and
Optimization of Solid-state Fermentation Conditions for Carotenoid Production”

Food science (2012); 33: 244-248

88



Vustin M.M, Belykh E.N, and Kishilova S.A Relationship between astaxanthin
production and the intensity of anabolic processes in the yeast Phaffia

rhodozyma” Microbiology (2004); 73: 643-649

Pattana Sripalakit, Janya Riunkesorn, Aurasorn Saraphanchotiwitthaya “Utilisation of
vegetable oils in the production of lovastatin by Aspergillus terreus ATCC 20542

in submerged cultivation” Maejo International Journal of Science and

Technology (2011); 5: 231-240

Prakash Bhosale, R.V. Gadre “Production of B-carotene by a Rhodotorula glutinis

mutant in sea water medium” Bioresource Technology (2001); 76: 53-55

Rene Verwaal, Jing Wang, Jean-Paul Meijnen, Hans Visser, Gerhard Sandmann, Johan
A. van den Berg, and Albert J. J. van Ooyen “High-Level Production of
Beta-Carotene in Saccharomyces cerevisiae by Successive Transformation with
Carotenogenic Genes from Xanthophyllomyces dendrorhous™ Applied and

environmental microbiology (2007); 73: 4342-4350

Roadjanakamolson, M. and W. Suntornsuk “Production of B-Carotene-enriched rice
bran using solid-state fermentation of Rhodotorula glutinis Journal of

Microbiology and Biotechnology (2010); 20: 525-531

Sang-Hwal Yoon, Sook-Hee Lee, Amitabha Das, Hee-Kyoung Ryu, Hee-Jeong
Jang,Jae-Yean Kim, Deok-Kun Oh, Jay D. Keasling, Seon-Won Kim
“Combinatorial expression of bacterial whole mevalonate pathway for the

production of B-Carotene in E. coli” Journal of Biotechnology (2009); 140:

218-226

Sofia Fredriksson, Klas Elwinger, Jana Pickova “Fatty acid and carotenoid

89



composition of egg yolk as an effect of microalgae addition to feed formula for

laying hens” Food Chemistry (2005); 99: 530-537

Yogendra Shastri, Alan Hansen, Luis Rodriguez, K.C. Ting “Development and
application of BioFeed model for optimization of herbaceous biomass feedstock

production” Biomass and Bioenergy (2011); 35: 2961-2974

Yuxia Sun, Liang Sun, Fei Shang, Guoliang Yana “Enhanced production of
[-Carotene in recombinant Saccharomycescerevisiae by inverse metabolic

engineering with supplementation ofunsaturated fatty acids” Process

Biochemistry (2016); 51: 568-577

Yu-Ichi Yamane, Katsuya Higashida, Yutakanakashimada, Toshihide Kakizono, And
Naomichi nishio “Influence of Oxygen and Glucose on Primary Metabolism and
Astaxanthin Production by Phaffia rhodozyma in Batch and Fed-Batch Cultures:

Kinetic and Stoichiometric Analysis” Applied and environmental microbiology

(1997); 63: 4471-4478

Zhiping Zhang, Xu Zhang, Tianwei Tan “Lipid and carotenoid production by
Rhodotorula glutinis under irradiation/ high temperature and dark/ low

tempterature cultivation” Bioresource Technology (2014); 157: 149-153

90



1.8e+6

1.6e+6

1.4e+6

1.2e+6

1.0e+6

Area

8.0e+5 1

6.0e+5

4.0e+5

2.0e+5

0.0

R?=0.999

y=31386x-924.18

0 10 20

30

Betacarotene conc. (mg/L)

p-carotene &35 ¥ 43 4750 ¢

[-carotene conc. = (Peak area+924.18)/31386

91

40

50



45 B

ERLE At

1.4e+8

12848 1

1.0e+8

8.0e+7 ~

Area

6.0e+7 ~

y=6E+06x+248872

4.0e+T

R?=0.999
2 0e+7

0.0

0 5 10 15 20
Glycerol conc. (g/L)
Glycerol % f& € &> 425¢ ¢

Glycerol conc. = (Peak area-248872)/600000

92



4k C

HPLC B B-+ &5 2 &8 5

D-2000 Elites HORM Series: 1075 Report: ariginal Systerm: Sys 1

D-2000 HPL C Systan Manager Report
hralyzed: 2016/04/01 0734 T4 Reparted: 2016/07/1201:17 4
Processed: 2016/04/0107:54 T4
Data Path: C:\WINZZARP\D2000HSMHORMYDAT &4 1075,
Processing Method: beta-carotent

Systernfacouisiion): Sys 1 Serigs: 1075

Application: HOR M wial Mumber: 4
Sample Mame: betacarotene S35 Wial Type: UMK
Ihjection from this wial: 1of 1 Yolurmne: 20,0 ul

Sample Description:

Chrorn Types HPLC Chanrel @ 1

200 —
g 150 —
B .
E 100 —
50 —
1. 2 aa moR WS g onE oy 50 0% 2T =3 %
1% 5 a& G ow omm g dd o owom e omem m
D—_:.—| R Ad A A A A Ad A
T T T T T T T [ T T T [ e e
o 2 4 & E 10 12 14 16 18 20

Retention Time (min]

93



HPLC BI3# B-+* B § 2 (B8 %)

D-2000 Elite: HORM Series: 1080 Report: ariginal Systern: Sys 1

D-2000 HPL C Systean Manager Report

fralyzed: 2015/12/13 0L51 2 Reported: 2016/07/12 0123 L4
Processed: 2015/12/13 02:11 R

Data Pathy CVWIMZ22PP\D2000HSMHORMDAT &1 10680%

Processing Method: beta-carotent

Systemiacquisiion): Sys 1 Series: 1060

Application: HORM Wial Murnber: 19
Sample Marme: UNKMNOWHO019 Wial Type: LMK
Injection from this val: 1of 1 Volume: 20.0ul

Sample Description:

Chrom Type: HPLC Chanrel @ 1

: =
= P

!

] 2 4 g g 10 iz 14 16 is 20

Intensity (mif)
e
o
rpdaaaa oo daoaadoaaa i ald
L

Retention Time imin)

94



HPLC Bz B-+* & § 2 (R LB R)

D-2000 Elite: HORM Series: 1090 Report: original Systern: Sys 1

D-2000 HPL C Systan Manager Report

ralyzed: 2016/06/20 10:25 T4 Reparted: 2016/07/1201:25
Processed: 2016/06/20 10:45 T

Data Patty CVWIN32APPYD2000HSMYH ORM DAT A4 1090°

Processzing Method: beta-carotert

Systemiacouisiion): Sys 1 Series: 1000

Application: HORM wial Murnber: 13
Sample Mame: ¥d8dSm 2.5 150 Wal Type: UNE
Injection from this wial: 1of1 wolume: 20.0ul

Sample Description:

Chrom Type: HPLZ Chanrel @ 1

15 —
-~ B
E i0 — -
b 7 =
E - -
=
] =
] A
g
o
] b
- o
T _J\ = = = = S W = @
16 ooe 2w : . . '
= . . . .. .. - ) '3 L " C= C=C= -1 =
== A H  ws A a1 =1 A Add A A
0 ]
0 z 2 6 & 10 12 14 16 18

Ratantion Time [min)

95




