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Abstract; The medium of photo-synthetic bacteria synthesizing carotenoid was optimized with response surface
methodology. The regression equation expressing the relationship between carotenoid yield and main components
of culture medium was established by stepwise analysis. The R-squared in the model of regression equation was
0.958, which meant the established equation could predict the carotenoid yield well at the range of factors in this
design, It was indicated that the optimum medium components were; 0.81% citric acid, 0.35% NH, Cl and
0. 18% com syrup. On those conditions, it was predicied that the highest production of carotencid was 13. 34
mg/L, which was 2. 04 times higher than initial caroternid yield befor: optimization.

Key words; Phato-synihetic bacteria, Medium, Carotencid, Response surface methedology

(NP NEREARFEN—LEEAER, HAENSHKAHAE PRIE600 7, K
FAF 40 ZRAT M AKE A . FAO f1 WHO SEIFALSINELHE M RN A RERE
£, HE S S/AFMBEFEE R, ECNERNFRNA, B ZHTR
A A Tk . YEA4HE (Photo-synthetic bacteria) A =HKEIY P REIETMAE
W2 —, AR HESRNAHY P RO B 0 #Y, MENEARRRETRA
XH% PEELERANE. AE2FVRAMEZER" . aRERENEKTE SRS
B, EEMAMEEES, TENRMARESMUMA, 5 HNEFRAHRN NS b
FEROEMBNEERAREEMNR, MNEEAROERRREAERRZIRNT.
AT PR EIE A A T 3 30 B E B AT T IR, DFSESSr AR ERE b
EERNES, URARAFTAAEE LT b REIURE,

TIFEHHFHEATE (No. BG2004323)

*TBIAEE  Tel: 02584396293, E-mail: guzx@ njau. edu. cn
HrHE R : 2005-08-15, #EHRA: 200509-20

© PERFRMENHRATIHKSHEE http://journals. im ac. cn



-12- MEHFAEM 2006 £ 33 (3)

1 ¥R5FE

1.1 E#EE

HEHE: MR AEEYEAR LR,
1.2 EmMiEsEAm

SEFBR 2.5, BERE g, (NH,),50, 1.25g, MgSO, 0.2g, CaCl0.07g, FeSO,
0.0lg, KH,P0,0.15g, FIZIEKBMIEEARZE 1L, pHT.0,
1.3 BFFHk

BLI0%BMERFLEHBRER TR THREMNHRERFED, EBFETS
28°C . MR 1,500 kx (TES-1330 BEFHHMIE) MKERMTHEH 54,
1.4 RBiT
L41 BRERE. MEMEFRESHMTRE. EENEKRFSAYHEERATL
L. LN 8 MBS NN RRM. ER&. K. B8, e, BE.wm
AR, RENEN0.05% ~1.50% ; AR 6 FEIES B0 NH,CL,
(NH,),80,, NaNO,, NaNO,, AEBMMAMEKE, EKEHEN0.05% ~2.00% ;
S MEKBATFERYSHAESE. 4AF. BAlkk. BEORAERE, RF
BN 0.02% ~0.20%,
1.4.2 wipimide: REANERRER, UHER. NH,ClAEREREN3 BEE,
HATPOCHEWMNE R, URHAE NESRARBEIR. g Design expert 3% 5L
REEATERSN, HREEHAEHTESLRS P ENREESHZE, RBFHR
*7,
L5 MEAHX
1.5.1 WAFE: 7F Mana 5" BORC0K b RS . BEHTE 10, 000 o/min K T &0
20 min, & NER, WAAZEBANERRKEHEREGC, HAEKESCTHTE
E:
L5.2 X¥®MESR: ATSESY WER FIMDBGE, HEMAKE R 3 ml/L
FthME, 28°C TR 1.5 h 5K 4 min, R H, 10,000 r/min B.0> 20 min F |
T, DIREREKYER 2 8, EFBEEPMATR, 28CKkHEHEE 30 min,
10, 000 r/min ¥ VR BE.L 20 min, B B, BELURBFENY PEERMK, F 480 om 4
MEBRAME. HUTAITHELHY PR,

KHE PEFE (mg/L) =A4-DV,/0. 16V,

AP A—480 nm LR EME; D—HRBMEE: 0. 16—R T PEMALRE;

Vi—IMARRBGHEE; V,—RTREEEMNEZERAKR.

2 GRS

2.1 BERWEERAKERL

2,11 BRIEGEE . MRS HLUCERBREAEMAREN, BAEFEBAREY MK
FREBA, MEZEAXEEER (£1), XERESMETEVIEELEXMAA
BREZETHEYE, B TERMMBETRRN 4 -5, £ L ERRERENE
#.
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£1 EEHEGaT-RNANY FETROER

¥ 5 ® B (%)
ZEs  ¥EE R BOR wEE A W & W TTHENRER
ME& 1. 171 1. 250 1.042 0.791 0. 312 0. 671 0. 421 0.921
(/L) +0.160ab £0.100a +0.06lab +0.21led £0.052f +£0.121de +0. 12lef  +0.062hc
EREMR 4.05 6.52 6.31 4.28 0.62 1.75 0.63 4.75

R (mg/L) £0.25¢  £0.35a  £0.1%a  x02lc  +0.0le  20.17d  20.02e +0.23b
i BRERESN0.25% ; ARFHEALLETEO.05 KT LERRBE

2.1.2 FPERAKTRAL: IR DRI 0.05% ~ 1. 50% WV EMAY, L& ME
BhEEMAHE P ETERENMITRRIEN0.6% ~0.8% (R2), TERRKE

SRR I B BT A, IR B D T A R £
%2 FERRENEATROENT N XTROER

_ friem (%)
5
0.05 0.15 0.25 0.40 0. 60 0.80 1.00 150
[ Vi -3 -0.54 0.63 L2 1.88 2.50 2.71 2.42 1.25
(L) +0.07d  £0.00d 0.07¢  +0.00b £0.12a x0.07a  +0.51a  x0.25¢
KA REFRE 117 2.13 3.85 7.10 8.98 9.10 5.75 1. 80
{mg/L) £0.43f  20.58e  £0.32d  =0.37b  +0.62Za  20.29a  20.50c  +0.23

2.2 @EMERAKERL
22,1 EEGmE. E3ITH, S AERERN AL MMM SRR, Wik
HEEMU R EXAESAVERE, NHLO A EAERFE=BAEHY FRTFRSLR
KfE, 4RI (NH,),S0, BEER & B 40. 00% Hl 57. 43% .

#3 gEXEGERNEAY M EFROKE

B A B (%)
b HiH .22 TR RikRE BEBH B S
<k - 4 2.625 1.875 0.917 1. 750 1. 875 1.792
(g’L) +0. 102a +0.270b 0. 212¢ 0. 102b +0. 102b +0. 118b
EWE L ETE 7.79 4.95 2.07 4.91 5.78 59
(mg/L) £0.20a +0. Mc +0. 154 +0.63c +0,39b +0.43b

H, BEEEAN0.125%.

2.2.2 NH,Cl KPR BEEPRMAHE bR~ NH,CLREEEmEk LA S

FRemgas, WERRANK NHCGERER0.3 % (%£4),
%4 NHQ FEHEREFROEEY P RTROER

NH,Cl (%)
#
0.05 0.10 0.30 0. 50 0.70 1.00 1.50 2.00
Bk 1.875 2000 2. 250 1.750 1.625 1.459 1.375 1. 500
(gL} +0.153bc  =0.144ab 20,1532 +0.088cd 20.088cd £0.059de £0.088de 0. 153de
KHE PER 600 6.13 7.35 2.19 2.28 0.9 0.43 0.47
{ mg/L) £0.06b  +0.05b  £0.31a  £0.05¢ £0.05¢ =0.13d  £0.02e =003

2.3 RRESDMERKFRL
231 KRESYHE: S HRRESYH T ARG ARREERAT, HPURS
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BHEXEOZREME (KS5), BTERRKRIKENIIRPHE ™Y, XKES,
#HBfE, /- LS ERERAESHE,
£5 XRESWAAEFROEAT FRFROER

5 = RAKAH (%)
) P TR Bebk KELK k%
xR (/L) 2.400 +0.173a 2.417 20.144a 1. 800 +0.087b 2.083 +0. 144b 2. 500 £0. 250a

XA FETR (mg/l) 10.06 +0. 15a 8.97 £0.08b 7.52 £0.03¢ 6.56 £0. 10d 9.94 £0.05a

H: ARESWEESR0.1%

2.3.2 ERFKFMRA: EFEFERERER0.02 % ~0.20% 0, HEHALUES
0. 10% F R BEFEDIEFRIFEMEEBARAT PRPRERA (F6),
£6 IAERENHETRINENE PRTFEROER
ERFIEH (%)
0.02 0.04 0.06 0.10 0.20

# &=

wWE&~g (g/L) 2.307 £0.080b 2.333 £0.103b 2.350 £0.108k 2.750 £0.204a 2.500 0. 204ab
WY FEFE (mg/L) 10.33 £0.09c 10. 19 £0. 04¢ 10.30 £0.24¢  11.86+0.11a  11.11 0. 11b

2.4 (4% MRFEFEREEAL
Bl iR TR R, MR (A). NH,Cl (B) FIERKE (C) WEH

13 AR S KEREE AL, HRAET,
%7 MEASHARSERER

KYF PRTH (mg'l)

HES s (%) ik (%) ERE (%)

EhE mME
1 -1 (0.2) -1 (0.1) -1 (0.02) 3.06 2.27
2 1 (1) -1 -1 3.31 2.85
3 -1 1 (0.5) -1 2.58 3.95
4 1 1 -1 2.63 .00
5 -1 -1 1 (1.8) 3.56 3.5
6 1 1 1 il. 56 10.29
7 -1 1 1 4.63 5.18
8 1 1 1 9.75 10.64
9 -1.5 (0) 0 (0.3) 0 (1) 1.00 0.44
16 1.68 (1.27) 0 0 2.69 2.9
11 0 {0.6) 15 (0) 0 5.25 7.27
12 0 1.68 {0.64) 0 9.75 8.00
13 0 0 -1.25 (0) 7.81 7.44
14 0 0 1.68 (0.23) 12.63 12.69
15 0 0 0 11.25 11.50
16 0 0 0 11.75 11.50
17 0 0 0 11.25 11.50
18 0 0 0 11. 88 11. 50
19 0 0 U] 11. 50 11.50
20 0 0 4] 11. 50 11.50
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KPP FEFBHTESNEN (£8), MEHT PEFBRIES M FHEAERE
F (P<0.01), IFEMMEXEEREMNEE=BYFBEREW, AFREZ M E/ER
BF, MR NH,CIIEZ R, LK NH,Cl MEXREFEZRINXEAARARE,

PAKEAS DR B R 1ERR, FI Design Expert 3 X% 7 #47 ZIRE LR

&, BPENPE FETFRNREATR A, BMCH_KEAEHIE,
Y=11.50+1.51"A+0.51"B+2.17°C-3.91"A*-1.54"B*-0. 87" C?-0.38*A"B
+1.60°A°C+0.051°B*C

ERLERY, RERK (R’) =0.958, {5t (Adequate precision) =14.81, 53X

FUTERNUGERNFERRE, THATHRMNEHY M ET &,
£8 AT MNESREERBNE S

ER*M ¥HA BB B F FiE s P
81| 315.98 9 35. 11 25. 67 <0. 0001
A 29.53 1 29. 53 21. 59 0. 0009
B 3.35 1 3.35 2.45 0. 1488
C 55.26 1 55.26 40. 41 <0. 0001
A2 183. 74 1 188.74 138.01 <0. 0001
B2 29. 34 1 29.34 21.45 0. 0009
Q 7.72 1 .72 5.64 0.0389
AB 1.18 1 1.18 0.87 0.3739
AC 20. 57 1 20. 57 15.04 0. 0031
BC 0.02 1 0.02 0.02 0.9034
RE 13.68 10 1.37
SR 329, 66 19

R = 0.958, Adjusted R® = 0.921, Adequate Precision =14. 81

HE AR, EERRIKER 1% 5, M NI C REZRXEHERAREE;
REE M NHCLER RIS K, XS MRS EYHER LA TRYBESE, XE

B, & MM IRFRREAIERRT NHC SBHATEEXAD PR~ R,
HMY b EB/(mglL)

0.50
™ £
Y S

o o -
f E 0.30
§ 1121
b7 0.20
fio34}
0.10 T T T T
0.20 0.40 0.60 0.80 1.00
AlriEmR/% AFrim/%

B 1 PRI NH, G RENENS b R-RIEW
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WERMEKEREZ AHZEEARBE, SERKRERRN, SL5RRET
WA BT CIRIRB LT PR R, WYERREAREKTE, FKKRER

HAFTHMENE FE-R (BA2),
XN MR B/(mg/L)

0.18

% 0.14 - \m/

g

™ 2

k iaw— s®

g H

B O

X 006 - }5/
0.02 1 T T y]{

0.20 0.40 0.60 0.80 1.00
AR Y AR %

2 FRMEERFEEMNKAY PRTBRAOER
LBEORKRBERARRT, NH,ClENEAD P RTFBEERAL; YERRKKEX
F0.15 %, P | Z-EM NH,C EMNE S LS TR % NH,C#®
AR, K8% MRREEEKRBEMINTEN (E3),
4% X B/(mp/L)

0.18

(1]

0.06

W bR R (mg/L)

/i(!(

0.02
0027010 0.10 0.20 0.30 0.40 0.50

B:NH.C% BNH.CI/%
B3 NHCMIRERENXHAY bR BT
EXNENE PR REN RSB FEREREER, {HTHE0.81% . NH,C
0.35% MEXKK 0.18% Bf, K@Y b H ™ BA BB AE 13.34mg/L, HRILRTH
6.52mg/L (F1) #ET 103.66% ,
2.5 RiEERR
RIFHRRER K, ERNERAKKFEEN, XS bR BEIRENHR
MEDSBRERE (R9), RitzAmyEAR R HAAINENAE PR>BHER
AR TEYE, MELREFRAHIEL
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£ BiERER

LI KHE PETE (mg/L)
o (%) Eikek (%) KK (%) b {E HiME
0.6 0.1 0.10 10.75 9.49
0.6 0.3 0.18 12.38 12.77

3 i

¥RMATEMS AR T EES SIS HHERK = REES, BmyRKRM
FEBRERBRHEE TEEAEER, XAMTERAR FEF-RORERM, BH
M SN, REBUES NS EEN S HE MM EMEER, M FE LR
BHS, AEHEEAMANEAEMERE, AHRERRAL NLC HRE, HHK
BEX0.35%0, HAHENENE METREER. NHC TEDEEARK 238,
AR THREBREHE, ATRSEHT PEFR, X5 Mara F HBIRERMH.
HENHCREIHSMEFREREEEE, B AR ER EEUM. HREP
FoRRAEE Lnt, HMAHY PR, X5 AT REGOERRTRS=
RANKEHGHREAS PEMS R -8 ERERTRANLGHAFEREBSNER
RFAMBTRS, CEZBEETFHEIRBEMAR. WA, EXRPHEKREEA
HRAXSY FEZ—, ERABRPERERTHLALAE N EOWERYR, A
iR PR S N RE & .

HERFHANER, SASRARARMASRERNOEFTFMHZESBEK. FDA
EFREIEFRASARAEEEREEHERIGAR, HIGERwH D SRR
MEBAR, AANEHAEREBIANEND PRREXRCE, XRA—EBFM
. Bk, RAXGHAREBEL LS FREABBRAXSGCROKER RS
HERWZENTE.
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