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Abstract

Carotenoids are natural pigments found in many fruits and vegetables. These important nutrients
play significant roles in mental and physical health of humans. The advantages of microbial pro-
duction of carotenoids are short cycles, easy to retrieve, and not affected by climate. For this study,
a colony of pigment-producing red yeast, Rhodotorula mucilaginosa, was screened from fruits and
vegetables as a strain of fungi with the potential to produce carotenoids. This study discussed the
optimization of carotenoid production in Rhodotorula mucilaginosa. A 0.1% inoculum of the yeast
was shaken in a shake flask at 125 rpm. The controlled conditions of culture were the following:
temperature, 27.5°C; pH 5.0; carbon source, 15 g/L glucose; and nitrogen source, 2.5 g/L yeast ex-
tract. The optimal time for pigment collection was 24 hours after the yeast had reached the sta-
tionary phase of growth. Pigment production was 1469.29 pg-L-1. When a culture is subjected to
stress, its biomass and physiological metabolism changes. Therefore, after the culture had reached
the stationary phase of growth, different amounts of stress were applied to obtain higher pigment
accumulation. The stress conditions tested included a six-hour short-term high temperature of
37°C, a six-hour short-term low temperature of 10°C, and cultivation at a sustained low tempera-
ture of 22.5°C. The results showed that short-term temperature changes could not effectively in-
crease pigment accumulation in yeast cells. After 72 hours of incubation, continued cultivation at a
sustained low temperature of 22.5°C could increase pigment production to a maximum of 1533.27
pg-L-1. High pigment production was prolonged and sustained, while degradation of pigment
slowed. The results of this study can potentially be used in future in continuous fermentation to
extend high pigment yield times and sustain pigment production.
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HE

KD PRATEZRETERERNRACER, REEEFAHNTFAGRS MERMEEEMG. UME
VMAEFERAFERY. S TEWEARZSBEEMERS . AHFTARRT, HEE—ANT=EHEAIR
4L F#E} (Rhodotorula mucilaginosa), A—#REBHEFRIPE PREBHZEE. FIAFHFRITEFEREE
NERBEAETT, DEME.1%. ¥iE125 rpmBMRIESR, BWHIZMERE F27.5°C. pH 5.0, BIEAN15
g/L Glucose. EJFN2.5 g/L Yeast extractZ/ T, W4 K 2% 1LH (stationary phase) 524/ M Ak
ERWENE, 7751469.29 pg/LERTE. JHRE TR T S BRI R N EMERM L AR
W, FRBEKERENE, S TARERAE, UHBIERNOERTE, RRENRE37CHY
BEAN/NEF . FERHMEE 10 CHEEA /N AR SRR 22.5° CHF% . BHRGA, EREERL TG YR H
RERFERER, MHE72/0E, BU22.5CRENES:E, TRAGRSEREE1533.27 ng/L, ¥
EKEFERZRT-EAREFHEERNER, KMALSRNATRRESRRBAES L, TRKERT
W B 8] 5 R B R R I /T

XK ia
AR, KHED bR
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1. 5|

THEZ N MIRINY TR /I F 2 EEE AT, ASRIEAF T 75 R K N TERMRREER,
TR R B2 B 40 A i b o B AR SR . SE KRR BB RERNY MR
(Carotenoids) & —2% R IR 35 « 8 (0 2 PR AT (0 (1 R AR 3R o KR4 20 VY AN S5 1 2H ) 22 0 2540 540
FGE BTN IR T, BTSRRI . TRB O ML R BESR S ph fe  AE W P[], R IE B Y,
WAIMTE R RAER S fdh . EHATH R ER TR ZARIIRA. L. BRSFERT,
RIRKIEE P RMTR T EEkmig LS — e E .

R AESR T P8 4 T R R A SERE, 15 Tl LR SR B R BUR A e R [2]. — LB
T, RABRZ MEDM BT, W RA. #E. 0E. BRI EAE =R IEBCRIE3].
Forr, RIHAY KB = RS bR B E SR ORE S KA. SREAEKFS. AZIMEAR
IR A A (4], (AR R A 2 B B 3R A S FUAR 4K R IT[5] [6]. A LA A=Wk WAk
FEE R SR 0K AT e RO 0 3R AN I 1) B R

Bl i A =I5 E S 2 2 Ak, N = i bz 55 1 (Blakeslea trispora) [7]£8 4 7R SETC AN iR 5 14
FEME— 7R P Wi (Russia). 1255 >4 (Ukraine) . THEE S (Spain) &5 [ 5 Je 47 St T Ak A= B B bk . H IR &
MR R TE AR A I RE XSG N (8] [9]. Whk 73 Bk ek TF R I A 7= A S N3 2 Y,
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PSP A5 I R v 2 A7 AR A A 1 )

T MR b 7 B AL B (e ) AR AL B T, AR OR RIS D3 2 A ok IR EAT A2 77 2]
YN R EBOEWFRAFRTT AL RN A pH B R BRIR. B, RN ERI AR A A
BREE. ORTENR,

2. MREF*
2.1. M8

Jiz 41 £ (Rhodotorula mucilaginosa) g P, 2= 5256 % F 8 % 4 (Citrus paradisi) 5 52 Hr4ifv s 2 i 1,
DAKERI A rDNA TS X3 B it 2 51 741 1ITS1 5 1TS4, X 4Lk DNA AT 1. b5 F O
BER/NN 700 bp, K158 7 ) DNA 515 GenBank i JFE#E4T LEXF, 5 Rhodotorula mucilaginosa
PRiZ 100%AHLLE o

2.2. miEIEs

R R P8R, B3Rl 973 PDB(Potato Dextrose Broth) ()4t A A A 5 2 JE 44,
DAE G SR L

2.2.1. RBEWERTE

PRl 0.1%%4 48 /INFHEALES 77 2 B 41 B RF i B (yeast starter) 2 = M1 WAL, KA H R 972 PDB
(Potato Dextrose Broth)#k47 5577, ¥ & R ARG HIR S FR AR 30°C . #4k 125 rpm, HERE 12 /NTHX
FE—IR, FEATIROGIE OD600 M5 . BT 5. Krodksd pH R AREENE, & LR R, MKk
H g T SR N [

2.2.2. miBEFIRE
LA 225, 25, 27.5. 30 32.5°Cid VAT 5 7%, BEFG 12 /N EURE—IR, HEATIROG{E OD600 il 5E «
HAETHE. B34 pH 1H (4% & & (Carotenoids content) il i& .

2.2.3. mEEFIR
WEMSREIREE SRR N 50 mL, 25 LARERE(Sucrose) . FLBE(Lactose). 2 “fk#(Maltose). SRk
(Fructose). #i%i#%(Glucose). FFL¥#(Galactose)fFE NRRIR, BHRIFIKE A 15 g/L.

224, REEFRR

WEMA R TR 2GRy 50 mL, 73 7 DL BEZE B (Yeast extract). A2 (Ammonium sulfate) ff
RNEIR, FIRRES N 2.5g/L.
2.3. TiRMTERT
231 mEREER

DL 125 rpm, BOEIRE 275 CH M F 2R EW, 4T 6 /N 37.5CHEIRRNE)E, FIE KGR
FE 27.5°CH 9%, FERE 12 /NSFEURE— 1k, HEHATIOGME OD600 e . FiA T HE . & pH GRS E
T 5E .
2.3.2. FERHKE

PUEETE 125 rpm, FRIERE 27.5CHEMGEFREREN, 4T 6 /M 10°CIENEE, BIE &R
[ 27.5°CHi 9%, R 12 ANSFEURE— 1k, BEATIROGME OD600 e . HiA T 8. B X pH E MO RS E

O
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2.3.3. #FEKR
PIRERE 275 CHEMAEFREREN, FrE%A T 225 CIRIEREFE 2 IHE

2.4, EHEMZE
BT B502(9,500 rpm, 4°C, 10 min), 70 &5 _FiEWR, LA ddH20 By e, B EPemsoK, F
N PTG 5 B B R T ) 2K 45 K, B U E-80°C AVEFER . LA ETIRNE T B A AT &,
AW (Biomass)(g/L) = B AT (g)/ 15 77 % (L)

25 BEERN

& Michelon %5 AR} DMSO 5 P47 2 8 [10]. DMSO w27 4RfuidiatE, BIEY /i,
HEAT35.02(10,000 rpm, 4 °C, 10 min), YEE LIS B0 B0, 5 S 41 I BRI B3 SE ) (pellet) i A5 €L,
M FEENHTH DMSO. £ fTds i DMSO &, BEE LR PREEHBEIMAER.

26. BRERIENE

F R ELH 2 3 H 200 pL % 96 well flat-bottom microtiters plates 41, 7} #7 475 nm i K K 2 OB A1,
WEEARANARX, BNBERS

Carotenoid yield (ng/g of dry yeast) = (Admax) x D x V/E xW

Admax: I 5E BRI K 475 nm 2 oA

D: FEAMBEAEAL

V: FBUEBAAR (mL)

E: 28814 MR H 41k & Z(molar extinction coefficient) (0.16 mol *-cm™)

W FEHUES 0 T 14 5 5 (g)

2.7. FEWEH

BRI RS DR & B (ng/g) MZEY) & (Biomass)(g/L)AH A, Bl 15 2 EKHE bR &
(ng/L).

Carotenoid content (ug/g) x Biomass (g/L) = production (pg/L)
2.8. Giit iR

SEIGAE R LS + P bRE (R 2% (mean £ SEM)FE IR, HdELL Statistical Analysis System (SAS)
V.9.4 WA HAT 5 1] A2 57 43 BT (one-way ANOVA), LA H [X 2 424 ll7%(Duncan’s Multiple Range Test)
PR & AL B B P BME R B A B 7
3. R EItE
3.1 BRNXIGSH

AREEE (0 R A PR AT 4R, B K 287 nm A2 WOLME, 5 Von Oppen-Bezalel it
o2 O RAEA R B 2 A e 45 AR R [11] (15 2), B54E 287 nm FAT e I, Sofe e vk
J7 I H 5 N VA TE LA 41 % (Phytoene) . SCHkTR i, /\E UL AT £1 25 (Phytoene) J& T L th 5% M &,
AIER SPRREER], RAPUERS AN, PR E . R WU BB =4 . 5 A5 D[12].
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T SEBRIBNATI 2 R AL B R A BB AL, SRR AL ZL R 24k, A A R T3
o SCERIR M, IRABERIR RS p-01% MR BIRFRER . B RRZRSE[13].

3.2. REBFFY

JE 411 £} 14 (Rhodotorula mucilaginosa) ££ 4 77 43I B AR AE A FE RO o 24 i 211 B T 3 o 22 F)
FREEH, BRI A K BE R (A AR A1 T 2B A K i 2k . Bl RS IR (R AL RS RIS [A] 0~3 /NS RIS
FH(Lag phase)4id, FHRI 3~36 /IMifidt AXTEUE K H(Log phase), EL& 48 /)NEFiE -T2 i(stationary
phase). fE-FEa, A4 KERETIRTHE, LA, ROBREE 4SS E L m, H
PRI 40 LA S 5 B AT AN [F] A R, T 72 /NI — (R R e B AR IS N TR R AT
Fe £} B4 (Rhodotorula mucilginosa) T- 20°C~40°C LA 5°C N4 R )85 37 SeaG vh al R B, EARTRNRE N EE K
ZERDUEE 25°C. 30°CAEKENER, WE TE 20CMAKE®E, M EE 35CRIEMAK, 40CULEE
KR MREERE R E Y 25°C~32.5 CAEESE/NA 2.5°C, HATHFR, VAITS BIGOE R %04 o
Fres iR, LIAEY R (Biomass) FIZSHHEE N RS R 275 CRIKAE, HERSE RN 21093 (uge). FWE
4.49 (g/L) (&1 1), BAKAE 27.5°C FEFR. (&8 934.25 (/L) (B 2) S H EeE R . HuUs 4L 27.5°CHE
e i i SR A AT R

BOERIE 7T 1] 3414 4 1550, B 9% IR 4L 8% B (Rhodotorula mucilaginosa) i 4, 2 £ & (Carotenoids
content)f /74 fructose 184.02 (ug/g)~ glucose 206.98 (ug/g) galactose 191.36 (ug/g); XEEAISHAZY b &
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Figure 1. Effect of temperature on carotenoids content and biomass
by Rhodotorula mucilaginosa

L mENERABSEYERKHE NREEZEN
1200 -
1000 -

800 -
600 -
400 -
200 -
0 . . . .

25C 27.5C 30C 3257C

Figure 2. Effect of temperature on production of carotenoids by
Rhodotorula mucilaginosa
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Figure 3. Effect of different carbon sources on carotenoids content
and biomass by Rhodotorula mucilaginosa
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Figure 4. Effect of different carbon sources on production of carotenoids
by Rhodotorula mucilaginosa

B 4. AR R GERE NEEBZHM

& 5 (Carotenoids content){k /%A Sucrose 155.34 (ug/g)« Lactose 151.17 (ug/g) Maltose 162.82 (ug/g), I
BE FRTE W A4 .25 7 52 (Carotenoids content) B T X , A1 12 B R 7E S A FH 1 0] e 20 e B A 350 (10 R P 2 o
BRZE S glucose FIEFR, HBHIW Mo R, W& (Biomass) B IIEUME, HAEZE 102525 (ug/l)
bR B

BOERIRTT T 5. & 6 1840, HER/E Ammonium sulfate N57%, HEEREGERN 299.53 (ug/g)-
AW E(Biomass) 4.91 (g/L). A&7 & 1139.44 (ng/L) G ERRI . M HEALE Yeast extract F159%, H
BN 231.00 (ng/g). EWE (Biomass) 4.93 (g/L). B2 & 1469.29 (ug/L) A Lt Ammonium sulfate
AT R

W BE SR A R BT S A AR K 2R s (1] 7), EDUREE 27.5°C . pH 5. i 40 B (glucose) il /% 4 15 g/L
PERRIR . T REREENA) (Y east extract)iR 5 2.5 g/L fERIETT 84 /N A i m =77 & 1494.67 (ug/L), 5
RACAGIS (1 f i (3R 77 i 1104.63 (ng/L) LA, Ak )5 (R P~ 5T 26.1%[F 35 1E .

3.3. TWiRWIBRGIRT
THREFMREFRRE 72 /M A, 4T 37.5°C i EiRiliss 6 /AN, XIRAmRrz A KT EEL.
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Figure 5. Effect of different inorganic nitrogen and organic nitrogen
sources on carotenoids content and biomass by Rhodotorula mucilaginosa
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Figure 6. Effect of inorganic nitrogen and organic nitrogen sources
on production of carotenoids by Rhodotorula mucilaginosa
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Figure 7. Optimum conditions for dynamic curve
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Figure 8. Continued cold growth dynamic curve

[E 8. FHERIRE KBNS

i 72 /NI 27.5°CHROE &R TG, WRZ T 22,5 CIRIRIER, £ E(Biomass) T 72~84 /MR A KR,
£ 96 /NN B TF % 4.51(g/L), 218 ETHT 108 /NRA B, AT WAE R AR A K RESY, T 225 CIEA
IR A KR B RCR . IR B 2R T 15 4E 120 /NS B K AE 1533.27 (ug/L).

4, g5ig

TS A L= 7 B R 97t IR AL BE & B 97 41, BRE 27.5°C pH 5. Hii&j# (glucose) &k iy
15 g/L VEBRIE B REASHUY) (Yeast extract) ik JE 9 2.5 g/L ERIR, T 84 /N A B (A K77 B 1494.67 (ug/L).
WIEAFE R, SRR 10°C BN &R 37T CHIE, ASHmERmENNSMEER, DKKER
22.5CH 7, DB ERMERTEE 1533.27 (ug/l), MR RMNAH T RRESREA L, AlEkKaR
SN ESTN ST ESEEN Yoo b pyR

E&WH
AW FLE B RS BIRB A R IEIE G R 3CR, L.
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