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(carotene ) 28 Kz ‘B AITHY & AT A= ) it 88 3R (xantho-
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VERYEA R A PAE RN AL R AL REA R
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FAT, S B L 3 A R
e /N W T
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HIZENT AR S - MR bR A R
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e R 2L
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i O IR LT =90 10: OfRFF 10 min, - (4,35 41
T SRR R O 4, Z G H U i 0. 1% f BHT
F10.05% 1) = 2, W, Waters €2695 HPLC, Waters
2998 DAD #6 #%, {43 H Symmetry Cyq (5 pm x
4.6 mm x 150 mm) , EFEHR 20 pL, KRR 30°C , 358
1 mL/min,
1.4.7 &%4%iHE

K N R AR AR IR R RE BT
BT, B

KA NE A (pg/g) =AxD xV/0.16 x W
Ao A AR R K RS, D R H
AL, V AR R (mL) W o 4l BT (g) o
1.5 HESKITE5HH

KGR AF SPSS K Excel X 52 56 504 k47
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2.1 BFEAMHMRL

B7740 AR Gets AR ARME , O T4 s HAEY)
TR AN S LA B At A R A 3 7R S D SR
£ 20°C, 5 Rl 1% ,160 v/ min £ R FEIRA&AF T, X
FEBRIR R AT TS . AN R SRR, i
Al IF N USRI R 2 1 , S B RERY A4 IR
SEHER B HEAT TR IR AR Ly (3%) IEACTT, S0
LRI,

®1 BB EEL () EXERBIHTERSHHF
Table 1. Carbon and nitrogen sources L, (3*) orthogonal experi-
mental result and analysis

Eelbty  FAE FLBE WA

K (A)/% (B)/% (C)/% (D)/% D500 m 5D
1 0.3 0.3 0.3 0.3 6.456 +0.346
2 0.3 0.5 0.5 0.5  6.626+0.199
3 0.3 0.7 0.7 0.7 6.506 +0.204
4 0.5 0.3 0.5 0.3 6.808+0.271
5 0.5 0.5 0.7 0.3 7.051 £0.569
6 0.5 0.7 0.3 0.5  7.080 +0.369
7 0.7 0.3 0.7 0.5  6.838+0.248
3 0.7 0.5 0.3 0.7  5.848 +0.354
9 0.7 0.7 0.5 0.3 6.781+0.310
K1 12.962  20.102  19.383  20.288
K2 20.939  19.525 20.215  20.543
K3 19.466  20.366  20.395  19.162
ki 4.321  6.701  6.461  6.763
K2 6.980  6.508  6.738  6.848
13 6.489  6.789  6.798  6.387
R 2.659  0.280  0.337  0.460

P 1 FEATRZE ] M LA AR
A,D,C,B; BRI BEHy 0. 5% , 4 % b5 0. 5% , ZL bk
0.7% M4 WHE 0. 7% , IEL LK H AT A A
ISUESEES, LR B B B4 & A,D,C3B; FIIE 58k
Ry P SEBR AR A A,D,C, By BB FRAEXS B7740
PRAER B2, 25 5L 3R W] B7740 TEARTE IR AL & 3%
FRHEP AR R (GR RGN o T BRI 57 A
ARATLREI PR A A,D,C, B, B 0. 5% BEEHRZ M
¥3.0. 5% % ¥5.0. 3% FLHEFN 0. 7% 4 & N
B7740 FARRE IR I FAERC L
2.2 REEHMRKL

TERL AR RS 77 3 557 B i T, AR S 56 IS SR L
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Fig. 1. Effect of temperature on the Growth of B7740
HIE 1 Al LA ), B7740 Ridk7E 15°CHI20C T
AR, BRT 25°C M AR i, T, R
25C Jy Hobpe s IR
B SRR R pH (EX) B7740 AR K52 e 40 151 2
Fros , 85 R R W, 24 15 57 R IR pH Oy 6—10 I,
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Fig.2. Effect of initial pH on the growth of Rhodococcus sp.
B7740

PR M 0.5% —4. 0% 1, B7740 A=K A% B U
2 PR X SR B AT T 22 00 AR R 4%
ARBEXT B7740 Az (Y B2 G IR 35 2% 5o LRI AT
AER LM I 2 Z 3R MITE A, 1 =
PO BR A 2 )R — 2 5 R OGRS A R 98 1 3%
Bl R R B AR YR A A W AR
BRI A 18] REUAT T e T T A, A S LA
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Table 2. Effect of inoculation rate on the growth of B7740

R/ % 0.5 1.0 1.5 2.0 2.5 3.0 4.0
ODgom £SD 0.969 +0.024  1.034 £0.065 1.071 £0.015  1.105+0.045 1.074 £0.038  1.079 £0.007  1.058 +0.008
DL B R BN SR T BT740 B bR 19 Fe ARG 57 8 2 1 B ARG

FEIT R RIEEK 1 L BERERY S o, BIAHE S o, FLHE
3¢, FE T g R IR Ay 25°C B iR pH
7.0, 5 1.0% . TR DR EAEY) & (R
B M 6.1 mg/mL #2553 23. 08 mg/mL,
2.3 ‘BRENEHMRAK
2.3.1 RGN 69t

FNE MR RE—RIREEOR A TR, — )
KA DL IR 2, A S B e 5 12 FA AL ) %k
B7740 = A ZFEATHREL, IF X255 500 (10 €8 R AR UK
AT AR AT 10 S B RIS TG, 153

ZERRY], IR EEIRIE B7740 Wik 4 h 5,2
TR LT, IE T BEFNTO/K S RExt (0 2R I S IO 307
B KIS A3 LT 463 464 F1 460 nm , Fiz K
SEEE 435 0.739.0. 617 .0, 637, M 424 J7 10 %
JE AR SR e IO K SN R IR O] .
KW RSB R P AT, 4 R A& 3, B T
460 nm AbAH B KRR IIEAN , 78 437 nm A1 489 nm Ab
A AR I X AT I N R Y o n] WG
WOGIE R . PRI S 28 52 50 ] 0Dy, [H K DF-H)
BRI
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Fig.3. Full-wavelength scan pattern of pigment extracted by ethanol

2.3.2 EFRPEFMHELSHGKA

o AR BON 2 5, il i B R R SR T
RHE EE FREIBGR pH 3R B RN R IR [A) X 8 2K 4
ISR, IAE B DR 28 S ) SR A iR AT T OE
LS 15 AR P B A A IR A R R

BHE XS R SR B AN SR 3 R, 4r B 45
REWH B EF . B.C.D 5P A A B E2E
5 (P <0.05), RURHE E i @ IR0 6 Z 3R A
W, R T LR B AR R AS, 1 R E
1:30,1:40 ,1: 50 M IEACSEER 1 3 K-

£3 B BRRENHZIE

Table 3. Effect of solid-liquid ratio on the extraction of pigments

Ab 7 A B o D E F
BRI LE 1:10 1:20 1:30 1:40 1:50 1:60
75 (mlL) 1 2 3 4 5 6
A 40 m 9.030 5.066 3.271 2.407 2.097 1.731
V X Aoy = SD 9.03 £0.717 10.133+0.318  9.812+0.626  9.627 +0.358  10.483 +0.132  10.386 +0.356

AFHEEE T , (3R A SR AN, X S92
(£ 4) PEATI7 2200 el J0, A0 B8] C LG \E B F 5403
D A Z A 22 5 (P <0.01) s mi4b B C.G,

EBF ZEJGRF2R, W ZER SN AR
SRR A 2 R, A SR e % 55.65.75°C
HAT R ISR

x4 EBEMEBHRERNEM

Table 4. Effect of temperature on pigment extraction

QbR A B C D E F G
R 40°C 50°C 55C 60°C 65°C 70°C 75°C
Ao um £SD 0.584 +£0.178  1.313+0.055 1.616 +£0.415 1.018 £0.197  1.449 +0.160 1.308 £0.183  1.609 +0.171

SRR pH X 0 R SR R a3k 5 s, Ak
HF.CEDSAHAB G HZEANREEZER
(P<0.01) . BIJG/KZ B pH O 5—8 i}, (5 Y42
WA A k2 T HAt pH MGK S A B i) pH
{H15 5 Feficiln, NI, ARSI e % pH {1 5.6.7 #E47
s A S

£S5 AR pH X BRREHZIM

Table 5. Effect of different pH value of solvent on the pigment

extraction
AbEE PHAE Ao +SD AbFE PH{E Ay uw £SD
A 3 2.118 £0.057 E 7 2.548 £0.101
B 4 2.294 +0.035 F 2.640 £0.105
C 5 2.561 £0.079 G 2.192 £0.112
D 6 2.516 £0.123 H 10 2.128 £0.115

e U ] X6 €0, 28 4 B R M AR A, R S B 4
(£ 6)EATTr 220 kW] A0 B A 5403 B C.D \E
ZIA PR E 225 (P <0.01) B AR FEH 1 .2,

3.4 h i, SRR 2 = TR 0.5 h i, Ay
Zyta], FEACRAS , AL A B (C R IE A 5L 1)
3 MK
2.3.3 &ER L (3") EXXE

PR R TR A ) A % AR R AR L
G — R R XS S0 7 A B, I RE A 1H R
BREIECRE, Hieh ZHRZ R ES%, 1
PRI AR, SRR BUR B (A) R G (B) |
FEIR) pH (C) A4 B[] (D) 31X 4 AP Al L
(3 M IEAC L8, LRI KA IR 5 ink 7
BN o

XPIESSIRIG 45 R (R 7) 2= Hr el A, (R 48
WS R 1 FRIY y C > A >D > B, Bl
BGR) pH Sl FZEIRER , HUI2 e BUIL B2 RN 42 Bt ],
BRI AT ZR R, W, @R RS R &
N CoA DB, RSG5 R 7 22 40 A AR, Ak B
3754031 2. 4.5.6 .8 92 AR EE(P <
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x6 REAEN BRENHZIT

Table 6. Effect of extraction time on extraction of pigment

Qb A B C D E
A [a]/h 0.5 1.0 2.0 3.0 4.0
Ao nm £SD 1.775 £0.190 2.223 +£0.218 2.410 £0.223 2.561 +£0.253 2.615 £0.242

KT REEMHL () EXKEEHERSHH

Table 7. Extraction conditions L, (3*) orthogonal experimental results and analysis

PR R (A)/C BHEEL(B) FRIGH pH(C) W (D)/ h R (pg g7
1 55 1:30 5 0.5 424.063
2 55 1:40 6 1.0 501.667
3 55 1:50 7 2.0 614.583
4 65 1:30 6 2.0 525.000
5 65 1:40 7 0.5 497.500
6 65 1:50 5 1.0 413.542
7 75 1:30 7 1.0 600. 625
8 75 1:40 5 2.0 537.292
9 75 1:50 6 0.5 529.688
Kl 1 540.313 1 549.688 1 374.897 1451.251
K2 1 436.042 1 536.459 1 556.355 1515.834
K3 1 667.605 1557.813 1712.708 1 676.875
k1 513.438 516.563 458.299 483.750
k2 478.681 512.153 518.785 505.278
k3 555.868 519.271 570.903 558.958
R 77.187 7.118 112. 604 75.208

0.01) AbHH 3.7 Z ) JC & 22 5, B S $ 54y
AR 3 5 7 B, 65K AR BUSCR I B T AR
WoRtr . g A3 3 (A, B,C,D;) 7(A;B,C,D,) 5
MBI G CA DB, — R, 45R%
WL ZER ) S50, Ab Bl 7 (0 R A5 R d i, il ik
1 160. 625 pg/g( THIA) , BILF LA FI b #1 3
A ZRAFA 0500 1.006. 25 we/g F1903. 125 pg/g
CHRAE 1.4.7 P 38 o AT, (R AR i

FEZAT R pH A T M TEK A% 1230 ARk L FE
75°C T HEMURE 1 h,
2.3.4 EFRBREAHK

PRI IUG R PR IR A 2] 85% LU | (=%
L4, SHR RIS INE) |, 5 = IR BB (3 5 $2 X
FRHA12.11% (£ 8) , BT WEEA I, AL g X 4
AT 2 IRFREIL

x8 BRERRHY

Table 8. Extractin time of Pigment

M J6HZ (ODygp i )

FHE e

wE— EE EE EEN HEH
1 RAEHEL 2.184 2.223 2.154 2.490 2.040 2.218 57.91
2 YRAREL 1.220 1.050 0.980 1.432 1.060 1.148 29.97
3 RERE 0.450 0.531 0.470 0.502 0.368 0.464 12. 11

2.4 BREEHLR

R CBE IS AR R S, IR S AL A
LR, BRG] TR I W 005 (R A I Bk S
ZRACBE BN, S DL B I SE R A 2 0
KR AR o R A K

W (E 3) AN PRIFHE. M B-#% PR
NFR i, 2R 2 AT (TLC) i iRy 200980 € 3%
(HPLC) 731 1 B7740 B #K™ (43R, iZ AR 0 I
ZTORMER B I ) A A BB N R AR R B (R 4
gre WZZHTEE T B7740 (AR A > A, H G- #
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I ZRARIE h ) 0 BE ZR K00 0] 2 0. 811 A1 0. 808 (]

4) HU5F A, AR 3 FE o A B B D M PR
28.631 2 minl 8135 1 bl 410 BB )5 v
(IS R 6) o RIRLSRFTRHIIA BT740 Fkk™ € o
RKPWIesA g-E PR,
3 ihe
WA A T E AT TR R IR E R PR 22
PE, 1R TR R AR )12 AT R
TFRUR IS, 9 B C B —E iR . EFHE L
N R E it
st M BB B ) 174 3 B780 EATRA T
FER EEEB%EB o ﬁAﬁE%[%] NG T Fig.4. Thin-layer chromatogram of the pigment produced by B7740
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Fig. 5. High-performance liquid chromatogram of pigment A, produced by B7740
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Fig. 6. High-performance liquid chromatogram of B-Carotene standard
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BR300 A T KRR R AR AR LR A UM
RIETERTRBE o AHER B E W2 S
SERYBEIR, TG N A AR IR A I Y, i 2 AT
7 HE B RFER I AR B R ) TR BE D AT, P9 ke
FRRR T A AR L A= 0 9 X T T T A 7 R A 35 L
AEEFL,

ARSI R B bR B7740 SRR F Lok, 55
Bk B RE R A B A A RS AR ——2R W
MR R R AR B RUIR, 15—30C A K
R, 37T C AR A2 2 Ao X — 45 m -5 8l 6k
PRI IE S AN BT /N 2 S 0 1 = S
NRAVLLER R AE 15—40°C M AE K R U7, 45C AR
Koo ASLHR A FRIRE N 25°C , M@ M iy
PR W f 3 A K RE O 35°C ey, TR AR T
B7740 G AR5 F7 1 A A O B bR TS S i XU

FF BT740 BRIRR S 57 (9 B I 2k, LA 4 1 7L
BRI, WERER -5 28 B R SR, X — 2 2R R I
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Abstract

Rhodococcus sp. (strain B7740) isolated from the Arctic Ocean can accumulate large numbers of yellow pig-

ments, but the biomass of these bacteria is very low. In this study, an optimal growing medium was developed u-

sing single factor and orthogonal experiments on carbon and nitrogen sources, temperature, initial pH and inoculum



H2H SRANZREE . — Wk 78 B AU K LR B7740 f9 A4 K AR S HORIZRIH 2 N R IR0 219 fk 177

concentration. On this same basis, extraction conditions were optimized for the type of extraction solvent, pH, ex-
traction time and solid to liquid ratio. Five grams of yeast extract, 5 g of glucose, 3 g of lactose and 7 g of beef ex-
tract were added to 1 L of old sea water. With an initial pH of 7, a temperature of 25°C and an inoculum concentra-
tion of 1.0% , the sea water was cultured for 7 days on a shaker at a speed of 160 r/min and the biomass of B7740
increased from 6.1 mg/mL to 23. 08 mg/mL, an increase of 278.4% . Dry cells were used for the experiment and
anhydrous ethanol at pH7 was used as the extracting reagent with a ratio of sample to solution of 1: 30, temperature
was set at 75°C and the extraction time was 1 h, repeated twice. Using this method, the output of the pigment
reached 1 160. 625 pg/g dry cells. Analysis showed that the pigment was carotenoid. The results of this experiment
provide the foundation for the further study of extraction methods for carotenoids produced by the polar microbe,
Rhodococcus sp. (strain B7740).

Key words Rhodococcus sp. , carotenoids, extraction methods





