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Abstract: The fermentation medium of a L-lysine producing strain Brevibacterium flavum HXL109 to improve the L-lysine production
was optimizd. With the software Design Expert, a response surface model was established using the Box-Behnken design(BBD). T he effects of
glucose, (NH4)SO4, soybean cake hydrolysate , KH2PO4 3H2O , MgSOs 7H>0, FeSO47H0 and MnSO4 H20 on L-lysine yield were
analyzed. The results showed that the optimum conditions for HXL109 to produce L-lysine were as follows: glucose 89.48g/L, soybean cake
hydrolysate 30.77g/L, (NH4)2S0420.89g/L and KHPO4 3H,0 45g/L. Under these conditions, the result of confirmatory experiment (142.65g¢/L)
was in good agreement with the predicted value (143.67g/L). A comparison study showed that the established regression model had good

effectiveness in optimizing the fermentation medium of a L--ly sine producingstrain.
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FoAl[F] 1.2 e ek, R 3 1% A AR
T € Eid s » 20 7 LA 60+ 90, 120, 150, 180 g/L
MR FEAE S N, | HAthle] 1.2 RFgRgsedt, T
RIZ e, € A R InE .

1.4.2  THLRIERI#E

IEPF 30 g/L Ml EREL . AR L. BREREAE N TCHL
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HE, PR R A IE AR T A IE I AR S
435ILL 10, 20, 30. 40. 50 /L FIIRFEVENTNIN &,
Hol[A] 1.2 KEEE IR, HHATRNER R, feaid
ap/ylif= o8

1.4.3  SUKAER IR E

SYKRRE TR, R A AT
(R FR R, 4% 100 200 30, 40. 50 g/L WK JE M=
DK MEERAE e, HARFE 1.2 REEE IR, e
BT R DK ARV I
1.44 KHPO43H0. MgSO4-7H.0. FeSO47H.0.
MnSO4 H.0 [1Hii &

N 15. 25. 35, 45, 55g/L KH,POs 3H,0,
HoAt[F] 1.2 KIEHETRAE, 1 5E i id KH2PO4 3H20 ¥ I
& 02, 03. 04. 05. 0.6 g/l MgSO4 7H,0,
HoAh[R] 1.2 KPRtk #hac & MgSOa 7H20 ¥ i
&; #VN0.01. 0.015. 0.02. 0.025¢g/L FeSOs 7H:0,
FoAhIR] 1.2 ks 7t , e Aol FeSOs 7H20 VRN = s
750 0.01. 0.015. 0.02, 0.025 g/L MnSO, +20, HA:
7] 1.2 KSR AL, 1 EH0E MnSOs40 W IINTE .
1.5 WA S T A ke

75 B IR ARG G55 2em b, SRA TR R =K )
Box-Behnken Design (BBD) M 7 [ ia 3614 1172:L4141,
DIHIEINE . S ORI IRIRELA KH.PO4 3H,0 A
ZENERS MHILLA. B. C. DFER, LL LIERR
r= & (g/L) TR AREEAT AL
1.6° BRSS9

K H] Design-Expert (Mersion 7.0.0) 54X i ]
RICA B I IEEA TR R AN T 22 0 hT, R
R RV FEHEE(P<<0.05), ikt
3NEE, HiRUL L-BE RN = /L) E R

2 HRERH
2.1 HRERLE
2.1.1  R[ERRIEST L-Ha B R B i 5

120

10

i

o)

L- &0 A/ (/L)

A -

20

‘] 1 | |}
i 4 ezt ) £

1 TREIRLIEXT LB 8B & BERY 7200
Fig.1 Effect of carbon sources on yield of L-lysine
M L AAEH, ARBRIER LA 2R K IR
AN, HA DAHIE RO BR, L6 iR R 9 IR T
B, 91082 9/L, KR, RACAE IR, L6t
AR R~ 68.9 gll. L, 7F Lk

1050



M EmBHL

Modern Food Science and Technology

2012, Vol .28, No.8

Berh, DU ETREAE )y 2 2R LA A

140 -

.-'"""-\.
1200 o e
- N
* -
= 100t —
= 4
-1 1
5 oo »
e
oA
2ibF
¥ 1 i
[i21] ) 120 (1] 180
filf #% (L)

2 FEEX LRI A B
Fig.2 Effect of glucose concentration on yield of L-lysine
Hi & 2 T DUF t, R RO BERI0IGG, A4
e EEAN B &, BL90g/L Ao A HUBUE H .
2.1.2  AN[EVEIEXS L-Haa B IR 520

120

100

Bl F

Bl =

L- 0 /(L)

40+

0=

il i iR —_
3 FEIRIER L-HEE LR

Fig.3 Effect of nitrogen sources on yield of L-lysine
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Fig.4 Effect of (NH4)2S O4 concentration on yield of L-lysine
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Table 1 Factors and their coded levels in response surface

design
a A[#% B[EBK Clmis D[ER=
HEGL)] MRR/gL)]  (gL)]  AsFAgL)]
-1 80 20 10 3.5
920 30 20 45
1 100 40 30 5.5

221 IRIENERLAFI T 2 43T
| ] Design Expert B 4Ext 36 2 B ¥8 478 76—k
BEEIE, BEREATR .
(D) WNAE L- lysine 3RE (gL 5K R mIBE
(Coded Factors) 2 [A] {1 pf £ &
L-lysine=143.43-1.36A+3.57B+1.51C-0.15D

+0.12AB+0.075AC-0.53AD+0.000BC+0.72BD
+0.50CD-12.79A2-23.03B?-8.39C?-5.4007
(2) L-lysine ¥R (/L) Tl {E 5 45 M 2= 92 b
(Actual Factors).Z [H][1) ERELC A :
L-lysine=-1245.54583+23.06542A+13.73292B

+3.21333C+50.00000D+0.00125AB+0.00075AC
-0.052500AD+0.07250BD+0.05000CD-0.12787 A2
-0.23025B%-0.083875C?-5.40000D?

<2 M ERE R ITRER

Table 2 Response surface design and corresponding results

RBEST A B C D L-lys/(gL)
1 1 0 -1 0 118.1
2 0 1 1 0 115.6
3 0 -1 0 1 109.2
4 4 1 0 0 113.3
5 1 0 0 1 123.4
6 0 0 1 1 127.6
7 -1 0 1 0 123.7
8 0 0 0 0 1415
9 0 0 1 1 1345
10 -1 0 0 1 126.0
11 0 0 0 0 141.7
12 1 1 0 0 112.7
13 0 0 -1 -1 129.3
14 -1 -1 0 0 106.3
15 0 1 0 1 116.8
16 0 -1 -1 0 107.5
17 0 1 -1 0 114.4
18 -1 0 0 1 127.2
19 1 0 0 1 1225
20 0 1 0 1 117.9
21 -1 0 -1 0 121.9
22 0 -1 1 0 108.7
23 0 0 1 1 134.2
24 0 0 0 0 147.1
25 1 -1 0 0 105.2
26 1 0 1 0 120.2
27 0 -1 0 -1 111.0

1 3 AT, [ A R (p iH<0.0001) /5 FE 2
RKAT(p H=0.7754) A 5.3, Ui RIS 5T
L 4 A7 W, HEMKREWF T R=0.9672, i
HIX 4 AR A IR TR fARE Y A8 97.67%,
PR AR SO R ARG, Xl 2k BLIERE 1 A R ) T A
FESHA SEARDC, AT DA HAE Bl s b7 K
P 8 7 e PR 2% A A T

1052



MR ERRH Modern Food Science and Technology 2012, Vol.28, No.8

%3 EIEBUNHFED IR AR AT A S A Frépm 17 ph T 0 452 v 28 DL 1) 10 6
Table 3 Analysis of variance for fitted regression model T I %A A BRI 2542 B2 L-lysine 7= &
equation HIRNEEAT 7 AT S5 VY, TR B B AR 2K e A

FERR  FiA AEE HAAA FHE (Prob>F) B 10 AT LABE B &) 6 S S UK AR A AT SRR
Model(# %) 3271.89 14  233.71 35.87 <0.0001** B, ARG BRS8N, ERbKMIR S MR, o
2214  3.40 0.0901 DEK e SR — ST IR SR — B PI AL

A-glucose 22.14 1
B-soybean 15265 1  152.65 23.43  0.0004** HAE R me L pHh T A S 2R, S AR T
C-(NH.:S0s 2730 1 2730 419  0.0632 S BTZEUMIE T, REIRE A B AR A RAE FAN
D-KH,PO43H0 0.27 1 027 004 08421 G5, NPAR Y e A AR A WA TR AR o
AB 0.06 1 006 001  0.9236 M 10 Hr] DAE R A H,  SREGTR 2000 mi R fE
AC 0.02 1 002 0003 09541 52 MR Ak 4, DA (Rl 488 i S OB oK i M AE
AD 1.10 1 110 017  0.6880 R BT A AT IR A , Al LA Bt 7R -
BC 0.00 1 000 000  1.0000 HIETFERREE Y 89.48 /L, UK 30.77
BD 2.10 1 210 032  0.5804 /L, TR PRER HVK B 0N 20.89 o/L, BAIR S BRI
CD 1.00 1 100 015 07021 45g/L, M L-lysine /= Ef KTINME A 143.67 g/L.
A2 87211 1  872.11 133.87 <0.0001** R SR AIE B VRS R mT R, DA ST SO 758 1 AL
B2 2827.47 1 2827.47434.01 <0.0001** R R BT T 3 UCPAT IR UESE 50, iR G A3 2 1) L-lysine
c? 37520 1 37520 57.59 <0.0001** FEERTHIME Y 142.65.g/L,  STRIME(143.67 g/L)WI &
D? 15552 1 15552 23.87  0.0004** P, Ut BA R AR e PN S PR AT . AR Ak
RE 7818 12 651 J& (R R B R Bk HXL109 [ L-lysine = B4R
K T 5799 10 580 057  0.7754 1 31.4%.
eig £ 2019 2 10.09 3 i
PR 335007 26
R4 BRTEESN T BRSSPI T BT v 52
Table 4 Fit Statistics for the model GikaE N E’ﬁfﬁkﬁﬁfﬁ TRIREANBEIR — &80 4 MAER
Std. Dev. 2.55 R-Squared 0.9767 f L-lysine r= )52, R4S BBD S BTE 1 4145
Mean 12139 AdjR-Squared 0.9494 3Pk 27 A*EM" JH Design Expert $itfALFESTS AL
CV. % 210 Pred R-Sqliared 0.85 P, AR TR AR DL K B AR S A AR 2%
PRESS 379.45 Adeq Precision 21.4788 R HIK T SR I0E HIZ AR A& H A 520, REfS
2.2.2 TN l%wawm BUUF HTI L-lysine PRI 5. LR -G R 2R e Al
: e W2 TR A, e T B AR R R R 5R
/? Q\ il %) % 89.48 g/L, UK ARIE 30.77 g/L, BRREL 20.89

s . = g/L, MR _E4H 4.5 g/L, BiEREE 0.5 g/L, BRER Bk
&Fa\“ PN . Vi ™ 0.015 g/L, FiFR%H 0.015 g/L, VH 140 pg/L, VB: 1
* - ; | . { il ( ) 1 mg/L, Thr20 mg/L. k)5, £ 3 fHikseseiE, ik
= E - I P EME S BUMEEE, Llysine F= st fbarse
1 31.4%. R, R A BT 20 bT AR B AT
HXL109 7= i 28 B & T TR A 1A T A 2 v A7 1)
" , W R — S 30k
/ ' .
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Fig.10 Response surface and contour plots 2010
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