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Fermentation optimization by response surface methodology
for enhanced yield of docosahexaenoic acid
by Crypthecodinium cohnii LS1057
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Abstract:In order to improve the yield of DHA of Crypthecodinium cohnii LS1057 ,the fermentation medium was
optimized.Plackett—Burman design was used to evaluate the effects of medium components on the yield of DHA
by C.cohnii LS1057.The results showed that glucose, yeast extract and KH, PO, were the most important factors that
influenced the yield of DHA.Based on the experimental results, the path of steepest ascent was undertaken to
approach the optimal region of these factors, central composite design and response surface analysis were
subsequently employed for further optimization.The optimal medium for C.cohnii LS1057 was obtained, which was
composed of 79.76g/L glucose, 14.0g9/L yeast extract,0.5g/L KH,PO,,20.09/L sea salt,5.0g/L MgSO, -7H,0O,
8.09/L KNO,,0.2g/L FeSO, - 7H,0 and solution M (0.6g/L Vg, ,0.1mg/L Vg, ) 1% (V/V) .Under the optimum
conditions, the maximum yield of DHA reached 1.833g/L in theory and 1.811g/L in the experiment, with an increase
of 71.33% compared to the original medium components.The DHA yield of 70 L fermentor reached 2.112g/L under
such optimum conditions.The experimental results showed that the conditions optimization by the response surface
method were better for enhanced yield of DHA by C.cohnii LS1057.

Key words: Crypthecodinium  cohnii; fermentation; optimization; response surface methodology;
docosahexaenoic acid
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Table 1 ~ Factors and levels in the Plackett—Burman design
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Table 2 Factors and level value of response surface analysis
g 2 KF-(g/L)
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Table 4  Levels and effects of eight factors after Plackett—Burman design optimization

A B EVER
LR A% B o1y Pr> It B
X, A 0.185667 6.620327 0.007 1
X, [ANT 0.114667 4.088676 0.0264 2
X, fiaEN 0.037333 1.331197 0.2752 6
X, LKL B -0.052 -1.85417 0.1608 5
X; Wile S 4 0.096667 3.446849 0.0410 3
X, AR A 0.054333 1.937367 0.1481 4
X, B KB R W2k -0.016 -0.57051 0.6083 8
X M ¥ -0.02467 ~0.87954 0.4439 7
FeSO,-7H,0 0.2g/L M 1% (V/V) 0.02625X,-0.222958X,> = 0.08475X,X, + 0.034X,X, —
%3 Plackett— Burman 261 % i o i 32 0.148458X,>~0.0915X,X, -0.133708X,* , [u] Y= 4 7l 75
Table 3 Plackett—Burman test design and 25T LR T, BEUG T WL R 8,
results ( cellulaes activity ) £5 BB 5L
S B Y Table 5 Experimental design of
LIRS AV 1 T s steepest ascent and corresponding results
X, X, X, X, X; X, X, X, (/L) —
I 1 -1 1 -1 -1 -1 1 1 188 g WEIE WRERE g jgmfg%\
2 1 1-1 1 -1 -1-1 1 1.186 (g/L) (¢/L) (g/L) (/L)
3 -1 11 -1 1 -1-1 -1 1.229 " 20 s oo 208
4 1 -1 1 1 -1 1-1 -1 1.243 5 S0 0 03 437
5 1 1-1 1 1 -1 1 -1 1.372 3 60 " 04 1585
6 1 11 -1 1 1-1 1 1.489 A =0 » 05 L6
7 -1 11 1 -1 11 -1 1.126 s %0 16 06 1467
8 -1 -1 1 1 1 -11 1 1.041 6 90 8 08 132
9 -1 -1-1 1 1 1-1 1 1.080
10 1 -1-1 -1 1 1 1 -1 1.283 6 Box—Behnken i i T % 11 S 52 oy 45 5
11 -1 1-1 -1 -1 1 1 1 1.146 Table 6 Response surface Box—Behnken design
2 -1 -1-1 -1 -1 -1-1 -1 1.025 and corresponding response
22 ERREIEY ST HR 5T WAL 1EL A e RZ (X 5 TRy X, X, X, ——BONAm®
W A0 75 A 155 5 9 W I I S P A (/L)
54T AL EL S 0, PRI M 4 B 7 B 5 1 2 1 AR : - - 0 1064
SR S R TR £ 5 R ik X I P A A 2 -1 ! 0 1.291
S A 7 R Tk B T B S 4 T L e — SR 3 ! -1 0 1.695
AR Plackett—Burman S50 H-12 75 16 ) 10 i 25 4 7 4 : : 0 1.583
RIBORE /N 2 AT B 2 K 3R AT B B T 5 96 1 > 0 -1 -1 1.376
D R B PN 1 Y 0F > N e e S SIS 6 0 -1 ! 1.530
TSI S o, b RS R I 0 T i X L 0 ! -1 1.648
TEHE 4 UCIZBRIEE , LS I 4 10 48 (1 A 07 T 552 960 DA 8 0 ! ! 1.436
RO T A5 T T I T S5 30 T 0 -1 0 -1 1.250
2.3 Box-Behnken T B EEEHBRAE 10 ! 0 - 1632
SRFH Box—Behnken 0] i [ 53 36 B 5 . 45 14 ! - 0 : 1146
UG, ST SIS 6. 15 I S . : o
AT RIS — TR, 3R 12 A RN '
(S280 13,14, 15) BB P 0 . 2 0 42 3 14 0 0 0 1786
W TR iR 2 15 0 0 0 1774
IR 6 MSZIGEEIE, L =+ R NE Ry -3 Y FrRR AR R I 4 R B okt (i, B bk
(02800 A1, H1 SASO.2 BRI A B B T BRAE (T 1 1), BRI 78 S8 187 M B £ 7 22 4%
B Ay, Y = 1.779667 + 0.217875X, + 0.036625X, — ol , T F AR B AE 2% % /T 0.0001 , 32 1 [1] 19 F5
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AR [8) S 55 P K T S MM 4, S [R) Ak L TR) f) 22 57
JEH 2 s T EL AR ) P R e e R B R, =0.9889, 5%
HH T AH AR 7R AT L f R 98.89% I A ARAS B AL, 1
A 1.11% A8 53 0 BRI g B, [BlH SR G &
BE AR PR L AT DL I AR R X o RN M
[l O =i sy s B R P 1 = D VAT S B v 1|
(=] Y= At s Ay i o7 T D AN S (1~ 4)

2T WA T 208
Table 7 Analysis of variance( ANOVA)

of quadratic polynomial model

BmZE P2

KR AME e S F A4 Pr>F
(i) 9 0.753316 0.083702 139.53  <0.0001
TRZETN 5 0.002999  0.0006

AT 3 0.002927 0.000976 26.85092 0.0361
SRR IE T 2 0.000073 0.000036

At 14 0.756315

£8 T R AR E VR YR

Table 8 Significance test of regression coefficient

I AhHE t {8 Pr> |tl
X, 0.217875 25.16048 <0.0001
X, 0.036625 4229502 0.0083
X -0.02625 -3.03138 0.0290
X,? -0.22296 -17.492 <0.0001
X, X, -0.08475 -6.92048 0.0010
X, X, 0.034 2776358 0.0391
X,’ -0.14846 -11.6472 <0.0001
X, X, -0.0915 -7.47167 0.0007
X,’ -0.13371 -10.49 0.0001

Y, (g/L)

X, 09 -0.9
Fixed levels: X;=0

B A S R A8 R RN R R T R Y
U300 e 17 TR 1)
Fig.1 Response surface plot for the interaction effects
of glucose and yeast extract on the yield of DHA

L ERE R, BT LR [mH O R
RE A, IR KA . X Y AT UG 34T , 49 34 KB
BTt B 45 3 R X, X, VXS Y g 6 43 S R
0.488 .0.000 ,0.000, H[I % 78 HE 1k BF Sy 79.76¢/L, [+
PRI M 14g/1, KH, PO, Yk 2y 0.5g/L., 7E UL 55 T
M RN M IR I 77 i O 1.833g/L, X, X,, X, |
Xs F X, X BYAE R LR AR MG B, 22 B T 3R (8] i 32 5
(SR S
2.4 WIERW
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Y, (g/L)

X; 0.9
Fixed levels: X,=0

K2 #%HES KH,PO, S8 H LR~ — N 5 i
T o . 1 ]
Fig.2 Response surface plot for the interaction effects

of glucose and KH, PO, on the yield of DHA

Y, (g/L)

1.44

09 ‘ i
X5 -09
Fixed levels: X,=0
K3 MRS KH,PO, S8 SN — - /SIS IR ™ B Y
T o 7 v ]
Fig.3 Response surface plot for the interaction effects of

yeast extract and KH,PO, on the yield of DHA
2

178 AN _ =

Y1

-1 X, 1 -1 X, 1 -1 X, 1
4 HERE EEREF A KH, PO,
SN o RN R e B T ) v
Fig4 Prediction profiler of glucose,yeast extract and
KH, PO, on the yield of DHA , respectively
A S ASE IR TR B HER 1 TR AR R EAT S
2H J TSI ey , T U A A BB N U R 1 7 B 43 ) R
1.810, 1.815, 1.807 , 1.814 | 1.809¢/L, 3 4 y= & &
1.811g/L, S RY PO i 42 0T, 2% W] B 1145 14 E
AR By Ml PN S s B8 A2 RS 10 o
25 HIKKEELE
TEDCAR S B 38060 A 7 15 IR BE 20 R, X R A R
LS1057 #E47 T TOL P i) o b Ak Al s g6 . 3t
BEAT T 3 Uk aal R T 52 0, — U R T - 3 R K
Ve AR ZE W) R IA B 28.13g/L, B IR E RN
23.49% , . TWRONIRIRZ R 2.112¢/ L, FURRIR
W) 1.811g/L 5 T 16.62% . SIEG &5 R HK W &
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PEAT T PR 43 AT, 07 358 HH 4 A0 LB REE (K HPO,
S FBRN E AR R B T B 52 56 328 25 i AR
AR 38 AT A i 1 TAT X i S AR R Box—
Behnken H7.0>2H &R, I 485 -G il 5 TH (4 43 BT 45
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