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Abstract: [Objective] In order to optimize the cultivation conditions of the Schizochytrium sp. 20888
to increase DHA yield. [Methods] The effects of cultivation time, carbon and nitrogen sources and
their concentrations and culture temperature on the cell growth, cellular lipid and DHA contents were
studied. A series of “one-factor-at-a-time” experiments and orthogonally designed tests were carried
out. The biomass was tested as dried weight, the lipid content was tested by Soxhlet extraction and the
DHA content was determined by gas chromatography. [Results] The optimal cultivation time was 4 d,
the proper temperature was 23 °C, and the optimal medium formula was as following (g/L): glucose 65,
glycerol 80, peptone 6, yeast extract 4, sodium glutamate 8. [Conclusion] Optimal cultivation
conditions for DHA production were obtained successfully. Under the optimal conditions, the DHA

yield was reached to 33.68%.

Keywords: Schizochytrium, Docosahexaenoic acid (DHA), Orthogonal optimization
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Figure 1 The growth curve of Schizochytrium sp. 20888
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Figure 2 The effects of temperature on DHA fermentation performance
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Figure 3 The effects of carbon sources on DHA fermentation performance
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Figure 4 The effects of carbon concentrations on DHA fermentation performance
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Note: A: The nitrogen source was peptone; B: The nitrogen source was yeast extract; C: The nitrogen sourch was sodium glutamate.

F1 BERREXMUERRKFHGR

Table 1 Factors and levels of the orthogonal optimization experiment for carbon and nitrogen sources

K& Factors
JKF Levels A B C D E
AW H Gl 282 ) BRI
Glucose (g/L) Glycerol (g/L) Peptone (g/L) Yeast extract (g/L) Sodium glutamate (g/L)
1 50 70 5.0 3.0 7.0
2 55 75 5.5 3.5 7.5
3 60 80 6.0 4.0 8.0
4 65 85 6.5 4.5 8.5
5 70 90 7.0 5.0 9.0
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Table 2 Experimental design and results of the orthogonal optimization experiment for
carbon and nitrogen sources

B3R Factors
[ DHA # it
No 1 2 3 4 6 The DHA/TLC (%)
A B c D E
1 1 1 1 1 1 1 8.20 6.71 7.12
2 1 2 2 2 2 2 7.48 6.45 6.70
3 1 3 3 3 3 3 33.01 34.15 32.47
4 1 4 4 4 4 4 3.35 3.63 427
5 1 5 5 5 5 5 18.67 20.95 21.81
6 2 1 2 3 4 5 25.28 29.57 21.24
7 2 2 3 4 5 1 19.92 2276 21.40
8 2 3 4 5 1 2 28.49 22.28 2276
9 2 4 5 1 2 3 20.76 18.17 18.45
10 2 5 1 2 3 4 18.37 13.00 19.08
11 3 1 3 5 2 4 27.61 28.57 29.32
12 3 2 4 1 3 5 19.05 19.42 15.64
13 3 3 5 2 4 1 18.44 19.05 18.15
14 3 4 1 3 5 2 25.08 26.48 25.82
15 3 5 2 4 1 3 25.95 27.80 28.20
16 4 1 4 2 5 3 27.16 29.54 26.87
17 4 2 5 3 1 4 26.37 2635 25.68
18 4 3 1 4 2 5 23.62 24.77 23.17
19 4 4 2 5 3 1 30.78 27.00 26.84
20 4 5 3 1 4 2 26.06 25.28 24.90
21 5 1 5 4 3 2 27.45 24.63 22.47
22 5 2 1 5 4 3 24.59 23.84 21.65
23 5 3 2 1 5 4 23.82 13.45 20.88
24 5 4 3 2 1 5 25.30 22.95 23.50
25 5 5 4 3 2 1 22.64 22.62 2235

i A, C. D. E4 HEMEZEEAKF P<0.01, T
iE «=0.01 FREBEN, ZRIEFEE; KR B
() KT 0.01<P<0.05, WIHAE a=0.05 /&
=, ERNE,

LR EMEE R UAHN, A.B. C.D. E
X 5 AR BT LE A 0=0.05 F ¥ HEA W E M)
S, PRI SREe X 5 R R A R AT AT

XF A4B3C3DsEy XA S EA A A T 50 UE Sk

¥, SR S iR,

FHXTAREAR 22 RSD R/ L0 I B icRe 1, FHE
B, SCIRE AR T, SRR RE, R S AL
FEi, Sc¥dh RSD 0 3.21, K, VLR SZIRHRAE
[, KIS G ABC3DSE; BN 2508 65, H
i 80, MM 6. BERERY 4. AR 8 W
AREE™ DHA BYERARIG IR A IR (/L) %, 1t
A2 DHA 2554 33.68%
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Table 3 Results of range analysis for the orthogonal optimization experiment of
carbon and nitrogen sources
K% Factors
¥5

No. 1 2 3 4 5

A B C D E
K1 222.98 341.75 291.52 267.90 327.68
K2 321.56 307.30 341.44 302.06 322.68
K3 354.56 358.53 397.22 399.12 363.37
K4 394.40 302.38 290.07 303.40 289.30
K5 342.14 325.70 315.40 363.17 332.62
k1 14.87 22.78 19.44 17.86 21.85
k2 21.44 20.49 22.76 20.14 21.51
k3 23.64 23.90 26.48 26.61 24.23
k4 26.29 20.16 19.34 20.23 19.29
k5 22.81 21.71 21.03 2421 22.18
W2 Range 11.43 3.74 7.14 8.75 4.94

BARIKF The better level Aq Bs (& Ds E;

x4 BAREXMUKEAESTER
Table 4 Results of ANOVA analysis for the orthogonal optimization experiment of
carbon and nitrogen sources
A F AR Source A SS HEE g ¥HFMS F{H Fvalue PfH Pvalue  3EVE Significant level
A 1092.19 4 273.05 22.56 0.000 1 Sat
B 147.17 4 36.79 3.04 0.0255 &
C 526.41 4 131.60 10.87 0.000 1 S
D 745.36 4 186.34 15.40 0.000 1 gt
E 186.32 4 46.58 3.85 0.008 4 ok
ZSH Blank 501.08 4 125.27
AR Model error 501.08 4 125.27 10.35 0.016 9
HEIR%E Repeat error 605.10 50 12.10
A IFRZ Combined error 1106.18 54 20.49

. ek P<0.001, RIAZSREE; **.

significant level variance.
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P<0.01, FWHERAEF BE; *.

P<0.05, EHERTH

Note: ***: P<0.001, Stand for most significant level variance; **: P<0.01, Stand for more significant level variance; *: P<0.05, Stand for
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Table 5 Results of validation for the orthogonal
optimization experiment of carbon and nitrogen sources
G DHA &t (-] DHA &t RSD
No. The DHA/TLC (%) The average DHA/TLC (%) (%)

1 32.65
2 33.60
3 34.81

33.68 3.21

BRI R SE BT B SR B A B SR R A
FiN e I 0 S AT e | W S SRR e 2o S (E P
IEAE S 1) B R R — 251 B R R SRR i 4G
FEAC PP SRR A BC 7 B BB AR A 2 e . B
SR IE A TG 1) 45 FE VAT e B R S 45 R H K
MR AR R, (R IE A S BB T % PR R AE BT
IR REFR IS T IrRek 2 B K, liE e T
B R R Oy S et

FERRR RS, S0 &M EY R B
S DHA & (B0 DHA/TLO)fS T gL, AR
PR 25 S 060 5 BRI 1 32 S 30 45 I 2K B 4% 18 3
AR LSRG & i 2 e L AR KT,
Wl R HAE S DHA W, R IE A8 S 5 a5 0
%< DHA 7% &, DHA & & = el — 11
FEA TR bR, DHA &t = 0 T3 i 1 0 BA
NI

3 4

Xt T 2458 A7 1 Schizochytrium sp. 20888 & B/
77 DHA, #%05. Hil, RO, BERb . AEm
BN TS A R R IR, T REE . (NH4)2SO04 .
NH4NO;, NaNO;. JRE . 4 RE SRR
XFFarat R R 2, ol B R BRI 4 d,
FOl H R K BERE A 23 °C; el iy 3R 5 AU
MR A(g/L): H#i%E 65, Hl 80, M 6. k)
¥ 4. RARE 8; HULRALRTFRILE v B 51
YA DHA 4 33.68%.
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