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100034 ; 3. G AP ae i S o il sl A S0, b st 100142)

W OE AW LR AR AL 7 BT S 4 i = AR AR R R TR TR N SR AL, 44 5 LR v
B H Al R S 0 SR SR Ak 1 A% 1 L AR Sl AR T o ) e A 36 I R W R 1 2% ) w0 H RO S R
B A R 5 T B v R T 2 A AR AN R R K n-3 A RTRR D R (n-3 HUFA) 19 5R AL AR o
SE RN F VT 45 10 40, 78 A [A) s Ak 77 42 (0. 05,0, 1.,0. 15 F10. 2 o/L) FIA &) 3 4k i a] (12,18 Fil
24 h) F R HEAT 5 % i H s Ak (150,200 1 250 ind./mL) , S8 AL B0 AT R 1E 85%~90% , HLF 5 1k,
i W ET T | i M| B g B ) W e SR N NN S S DS WA /== 1 ) B 3 782 | = I 7D G s I SR Ny AN
SR RN AT 45 AE PR, A I 4 A B A R AL 55 B R 150~200 ind./mL, S SR AL ) R 0. 1~0. 2 /L, BRAL I
(6] 8 12~24 ho B n-3 HUFA S8 fb5C5R 55 58 Ak 0 R 2R 0 i R B DR OG0 X BRI 0 i &, 584k
= T R VT AR 10 4 R AR 10 1 R4 IR EPA B4 iR 7. 39 mg/g dw 3. 20 mg/g dw, 55 ) I 14T
EPA 5 1. 63 mg/g dw AH LE 8 2838 0 5 % 500 o AL 4, 50700 i< 4L EPA 74 14. 35 mg/g dw FH LG, BT Rl
B ff L1 B AR EPA A T (4 B 17. 59 mglg dw Fl 17, 26 mefg dw) , 3% 55 R < R 40 A o A
1 1 EPA ZR IS & A OG5 Ak 1 o BRI 6 1 A R b U DHA % B W R R L (R 4 A
S AR R R 2 A Y DHA & 53R 2 2. 31 mgfg dw, X 5 105 48 45 B A B 40 19 DHA & 5 (115 mg/g dw) F
Koo AHIFE N T BN 35 37 iR A 00 R o 2 6 30 1 1 R SR AR B AR AR K B B TP R AL T A
KR TR WA TR ) L B SRRIE; n-3 HUFA

HESES: S963.1 XHERARARRD: A

0 L (Artemia) A PR FNSCR R A SRR BERY VBT S HUFA ROFLAL AR RUOBUR: DR S 7R 4K

A EE AR, KRS AFEENER
T RS, e U 7K f0 MR R 1 & 1 o B 5 g e
AT R 7K™ B R RS 2R A AR B X
PREE 0 (i 32 31 EPA R DHA 2555 A Al
JI 5 R (HUF A ) J2 T /K £ R 58 00 55 19 i i 82 , 150
L5 A e R A L, 1k B EPA B i A
DHA 7 5L, IF B[R # (5 3 ) 19 51 3L EPA
FIDHA ARz,

< HUR AR BERE MR DE VRIS, A — kL

s BHA: 2023-01-16 EE BHA: 2023-07-15

S IS ) AL B T B T8 b, AT A R T T LY
HUFA &8, WK air g imd e s g
TR AL M L R HLIRAE R IR B LR
HUFA , [7] B i G045 355 5 ) JoT 1 42 4% A 3R BB /K AR
JIT A S P TR B R K BT e
BT R AR R A
BRTTR M A€ 2R, LA/ N I 40 AN AN 2 i
W AR BRI, 28 T A A B Ak 300 FH T 10 HL 78 97 5
b, B0t i SR B IR BIFSE B LR A A
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R (Nanochloropsis salina) AL FE M L 8 h, A
B8 i 1T AN TR AT BT R 5 e 56.5% , A ARA
EPA #Il DHA & & 70 il $2 & 9.5% . 25.8% #i
4.18% , P T Th0 AL e BE B s AL AR o TS A
EPA I DHA Y % 7Nk i ( Chlorella sp.) JK5531
4 ¥ (Isochrysis galbana) | 2% {2 B K % (Pavlova
viridis) 25 2% 3 (Porphyridium sp.) Fl/IN# H 2212
# (Chaetoceros gracilis) 5 b i 4K 24 h, 0%
SR AL J5 Y H &)y M R 2T 6 AR 5 Bl (Takifugu
rubripes ) {1, & 358 Ak i HL ) HUFA (G H &
DHA 1 EPA) K- X0 $i 5 £ £ 10 A TG 25 A A
1 e 5 B8 ) B AT B EAE AT, b R A M e Al A
0,0 R ASCR B 7. (0 R HGE s Ak
i HU ARG (1~50 ind./mL) , (% 3 Ak 3 i
BB BE R AR A i i 45 )
A B 5T LLRT Ak A2 77 B = R AR B
(Phaeodactylum tricornutum) . V7T 25 Mi 4w
(Isochrysis  zhanjianggensis) F1 1% % %
(Schizochytrium aggregatum) ¥ MR ALH], XHE A
5 [ JCER TR % 2 531 e 30 ML RV 1 1 e TS 4l
AT v R AY, 38 3 AL pl AT R A
SEFE R, W L G A Je AR R A 2 B SRR
S DR AT 8] 5 At S04 o Ak pa R AR D R ZH RN
i T IRSRAL TSR] R pa LAY R A
R FTEAE RO T R A i B AR IR [
B R P o R R AL BRI S

IR i

1.1 SEW##

AW SE BT B HR A A Sy 56 [ R R W (Artemia
franciscana, GSL) F1 5 2% 5| v Wy 0 5 6 (A
parthenogenetica) < HU5P T F Ak .

SRAL TR = F AR R W VT A A A A
B S A PR R AT IR A Rl it 7R
U (TR Leica) T 0 5 5 Ak 70) 4 200 i A 42 0
B OB b AR, AR R = A
6 7 8~20 wm VT AE 0 4 5 4~7 m 1% 2 A TR
10~15 wmo F 5083 & A BB IACRE : =148

P 1.875%10" cells/g ., JE V155 14 4 ¥ 2.625%10"
cells/g FNE e TR 2x10° cells/g, 3 Ffam Ak 551 41 g
K/NITE o dUA IS BRI ARG BT (/T 50 wm)
ABIF 5T 3 PR AR fie /I () WA VT A5 300 45 e iR AT e 1
ST

A AR R Y 1 I R A AR R B R L 1
VR B R % A D T A9 1) B T TR 2 R RN
mANE] . XFHUFA &8 H , A TE 3 EPA &%
T (37.53 mg/g dw) , WEVT 4530 42 3 DHA %
A0 R (14.85 mg/g dw) , B 2 47 B DHA 75 7 B
7 (157.31 mg/g dw) .
1.2 XWHE
1.2.1 i Hfk

B2 g i B E T 1 LERE 30 g /L 0 H B i
K AR 24 b T HUIRIREAL S 4 < R 28 °C L
M2 000 Ix, #2270, WA TT BRI 30 o/L 1 F
BE K T2 53 Mk i A, BT 8 LR & 4%
AL

Sy I A b A iR AR | AIF T 5 Ak b
H NSRRI YL kB (S FE &5
FEY T PEAT T IR . (R AR B vl s £k 7] 7
[SELCO S. presso, INVE (THAILAND) Ltd. ] i #E
TESH B T AL B R AR ) o S Ak I [
ISR
1.2.2 pHERMEERE

K4l ) IR % B 3 B A 150, 200
250 ind./mL, DAHRVT 5550 456 R A 7], 2t fb 71
0.1 /LSRR T 0 h A1 12 h $0) , 58 Ak At [a]
24 he sRAGIEIE 25 °C, R AL 1] B S L A
1o P s i SR KT B K AR 8 Lo LA B o B
200 ind./mL 1) 24 h LU i 2 ok X R B 2 51
WE3INEHER .
1.2.3 i fUsfb Rl R &R

H AR b 8 A % R 200 ind./mL, DL
TLAE I A s Ak ) 5 Ak 770 443 591 8 0.05.,0.1
0.15F10.2 /LAWK T 0 h A1 12 h ) , sk it
)28 24 ho HABSAFR 1.2.277,
1.2.4 i HssAbE IR R

T AR FE 4 200 ind./mL, AT
i A i sRART SR AL 0.2 o/ L, SRALHT ] 43
Bk 12,18 F124 he LIASIFIE[B] B745H% 5 200 ind./
mL [ 24 h iUk O RR . HoA £ R 1.2.275 .
1.2.5  AJalih £ pd B s A asOR L

I3 I EE S AL 24 b5 A GSL AR 147 HL &)
A, 0 L &l AR A B %% B A 200 ind./mL, DL = i #5
Fo o VT AR I 4 PN A TR SR AR
sRAEF R 0.2 LA HIZEO h AL 12 h e hn) | i
FEETE] A 24 b HAth S5 FR] 1.2.2795 .
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R1 ZABEREISHIEEMHRETENERIRERNSE

Tab.1 Fatty acid profile of P. tricornutum, 1. zhanjianggensis and S. aggregatum

AP Fatty acids/(mg/g dw) Pgtifjrii%m Lﬁiﬁiﬁfiis . ﬁiizim
C14:0 11.14 31.62 9.29
Cl14:1n-5 0.70 1.45 1.36
C15:0 0.41 0.73 0.49
C15:1n-5 0.88 1.08 0.04
€16:0 15.70 17.77 129.09
C16:1 n-7 27.93 10.61 1.44
C17:0 0.08 0.12 0.32
C17:1 n-7 6.42 1.08 0.95
C18:0 0.67 0.41 4.26
C18:1n-9 5.82 15.14 1.96
C18:2n-6 3.45 11.85 0.78
C18:3 n-6 1.02 36.07 2.18
C18:3n-3 1.28 21.67 1.00
€20:0 0.25 0.03 0.59
€20:1n-9 0.27 9.22 0.20
€20:4 n-6 1.35 0.70 2.93
€20:3 n-3 0.32 0.13 0.34
€20:5 n-3 EPA 37.53 1.54 2.94
€22:0 0.10 0.43 0.11
€22:1 0.41 0.85 0.83
€23:0 1.58 0.63 1.31
€22:6 n-3 DHA 3.83 14.85 15731
SRR 2B Total fatty acids 121.42 180.11 322.00

1.3 fE#RoHh
1.3.1 AR

5 Ak 25 OIS AR 5 Ak 7 Hh R AL UK AR
100 mL, JEHURE 4 YR o 10 SRR o7 HUTE 19 SR A7
TR TR AT R
1.3.2 pHMAEK

SRALSE A |, AL EE SR A HE R 20 2
PR IS (SZX 12, TP A A BR A | )
T e AR R DA SR Tt 1) R o S it g
B BRI KR (Length growth rate, LGR) .

R, .=(L,~L,) /LXx100% (1)

AR AR IR %05 L oS S5 AR 1
R, m s LA W00 4 AR K, pum
1.3.3  pqd S

s AL S IS, FHUE ISR v He, 2818 K
A2 P bR 2R B G AR AR 2, W R
IKAT G RREE , BAT ik AR
1.3.4 1< HUIR I R 4 RN 5 12 A7

W Uiz B 1 1 L AT ¥ R T (7 [ Marin
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Christ) o A58 FRHUCAR THE 50 29 0.03 g, il A 1 mg
I i BR P A% €20 2 n-6( € [ NU-CHEK PREP) .
SIS mL FEE : B 2R (3:2, V2 V) R fif T )
(95 mL & LB : FHEE(1:20,V: V), 8021 5 &
Wb 1 h AT TR B AL . FHIE C b AE UIR T g
H G e 4 , A G0 ( H AR 580 i AT BRI 1R
2 RN i I
1.4 iR

W 5 A R0 A 7 IR 20 1 5 5 i A A A
B H 24 ) SPSS 25.0 4t 1143 Mt Bk 1 Xof # 4
7 ANOVA H.[H 24347 Fl Duncan’s 2 5 FLE M
(P<0.05).,

2 HERE50Hr

2.1 BUEE

SR AK 24 h 5, 25 20 HUAE TS 2R R 80.04%~
84.67% , JC . # 22 5 (P>0.05) , WLk < B 40 77 1%
K 80.04% . 5 IF <0 AL 4l AR AR [ (447.73+
43.67) wm JFIRIIE o0 B 4K (%% FE 200 ind./mL) £
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AWrie[ (13.19+0.02) ¢ A1 EL, YU AR L 24 h 5
A 41 HUAR R RN B R A S A W e N
YU g HAE L AR AR 3 S (P<
0.05) , H 150 ind./mL 21 & % K T 250 ind./mL 21

(P<0.05) . 55 AHRIWI 4R % B W UL <0 HUA L, 5
1k 24 h )5, 200 ind./mL 20 5 B A= ) 2 R
(P<0.05) , FLsm A J5 pi LA 9k BE ) U 17 %
FR 18 0 4 i (P<0.05) . W32,

®2 ARRALBEEXNBRYEEFEFER ARNSEMENT

Tab.2 Effect of enrichment density on survival, body length and total biomass of Artemia nauplii

AL 7EE % K REYE (LSS TERA g
151 Group Enrichment density/ Survival r t 1% Body leneth/iwm Total biomass/g Growth percentage
(ind./mL) vl raterse oy Tengt/p (M) of body length/%
198 B A PR
Newly—hatched Artemia 447.73243.67 13.1920.02
150 84.14+2.72 770.27+59.90* 19.41+0.22¢ 72.04+4.13
sk K B2 Enrichment 200 84.67+3.70 754.54+65.13* 23.19+0.36" 68.53+3.68
250 84.40+1.37 739.59+66.33" 27.45+1.09* 65.19+5.21
YU i 21 2] Starvation 200 80.04+0.52 713.06+53.89¢ 19.99+0.42¢ 59.26+3.46

T« [RIB PR AT AS [l RE A ) 22 57 8 3 (P<0.05) , BAT A Il A RE (I A ] 22 578 18 3% (P>0.05) .

Notes: Means with different letters in the same column are significantly different (P<0.05), and means with the same letters are not significantly

different(P>0.05).

2.2 BUFE

AN TR] 58 A 70 S 2H ) B R AE T R T
85%, JC i # 22 51 (P>0.05) . 5 AL 4 0.2 ¢/L
BF, b A R R 1 3 TR AR R 0.1 ¢/L.
0.05 o/L FYLE i 41 (P<0.05) . 5400 (ki 1 4))

TR FE 3840 ) B 0.2 o/L 2H i Uik K e i T
(91.11+4.71) % o 597 % 4y 1A S8 A8 Wy f A L,
S A0 ZH B AR W A I RGO, SR AR R A 0.2 o/L 4
B A R 2 R T A ) (P<0.05) .
W3,

R3 ARRLFIEXS 1 B ARTFE R RS E Y ER R0

Tab.3 Effect of enrichment dose on survival, body length and total biomass of Arfemia nauplii

g B . . ;E’\/ N =N K- it N
. ﬁﬂculg ZEE ek L_%i (LSS IR e
ZH 5] Group Enrichment dose/ Survival rate/% Body lenath/ Total biomass/g Growth percentage
(g/L) urvivat raterre oGy Tengtipm (&) of body length/%
B AR
- - 73+43. 3.19+0. -
Newly—hatched Artemia 447.73+43.67 13.1920.02
0.05 90.00+3.16 781.75+57.02¢ 23.68+0.61° 74.10+4.71"
0.10 86.25+3.70 806.49+68.44" 24.59+0.25" 79.49+9.92"
Sk K7 B 2] Enrichment
0.15 85.00+5.50 827.81£76.50" 25.28+0.80" 85.18+2.99®
0.20 88.75+4.87 854.71+71.75* 29.97+0.80" 91.11+0.98*
IURK 1 HLZH Starvation - 90.00+47.07 778.80+76.69° 21.45+0.33" 73.64+4.71¢

T [R5 F A A ) R R SR ] 22 57 535 (P<0.05) , b+ ) = RERY (L 1) 22 5K 1 35 (P>0.05) .

Notes: Means with different letters in the same column are significantly different (P<0.05), and means with the same letters are not significantly

different(P>0.05).

2.3 sE{LEtE

AL 12 18 A1 24 h 5 , X AL 3 R 4 78
88% LA I 5 B AR S A 5 A Isf [) i ot A7 R AT T
REAIG , (H 45 20 1] 0 I 35 2% 5 (P>0.05) . B 5 Ak Al
L B ) ZE K e H gl AR AR K R 3 8 i (P<
0.05), 34k 18 h Al 24 h 21 1 H A 3k
T HAb 4 5 (P<0.05) , W5 4.,

2.4 AEMmHBERBAMELIR
2.4.1  SEEREREI K H

KWk R R 4 R EPA & & AR R
(1.63 mg/g dw) , DHA % & % fik (0.03 mg/g dw) ;
YLk 24 h )5 , EPA & & 4 1.05 mg/g dw, DHA &
14 0.01 mg/g dwo SYLER K U L, PP L
B R0 R ER ) < SRR R B e XA AN R R
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HOHE = A T8 i IR YT 45 0 4 e v Ak 1) e R dw, DHA & 243517 0.07 mg/g dw F10.32 mg/g dw
LR EPA & 243 51 K 7.39 mg/g dw Fi1 3.20 mg/g (#£5),

F4 AREGRLEEX K RAEFERYE KK D EYER I

Tab. 4 Effect of enrichment duration on survival, body length and total biomass of Artemia nauplii

JSEE7h (USSP ITERA g

21 31 Group Enrii%lfift- I:Jme h Sunﬁfie 1% Body ﬁi};h fum Total ‘l)iomass/g Growth percentage of body
(7)) length/%

198 i 4

Eﬁfﬁ_‘iﬁﬁ iwmia - - 447.73+43.67 13.19+0.02 -
12 93.75+10.67 805.87+62.62" 28.68+1.33 80.00+0.32™

AL i H12H Enrichment 18 92.50+5.00 829.98+47.67" 30.44+0.34° 85.37+2.01"
24 88.75+4.87 854.71+71.75" 30.78+0.31° 90.90+2.40°
12 92.50+5.00 753.54+88.63" 24.89+0.20¢ 68.30+7.32¢

YUK < HL4 Starvation 18 91.25+6.61 768.38+59.31° 25.08+0.55 71.62+5.31%
24 90.00+7.07 778.80+76.69 26.23+0.48° 73.94+4.38

T RIS bR A AN [ B A B ] 22 57 18 35 (P<0.05) , A AR ) 7 Bk B B ) 22 53 A4S 1825 (P>0.05) o
Notes: Means with different letters in the same column are significantly different (P<0.05), and means with the same letters are not significantly

different(P>0.05).

RS AHBMERUNAEME HYENIEHBRARKRSE

Tab. 5 Fatty acid profile of GSL Artemia nauplii enriched with two microalgae

3L R HL Enriched Artemia Uk .
JE M2 Fatty acids /(mg/g dw) = VT A 4 L);Effl N PURE T .
P. tricornutum 1. zhanjianggensis Artemia ewlyhatched Ariemia
C14:0 1.08 1.11 0.50 0.88
Cl4:1n-5 0.94 0.92 0.67 1.51
C15:0 0.21 0.19 0.14 0.19
C15:1n-5 0.51 0.49 0.41 0.63
C16:0 12.65 10.77 8.72 16.33
C16:1n-7 4.62 2.92 1.43 3.65
C17:0 0.70 0.56 0.49 0.47
C17:1n-7 0.81 0.69 0.53 2.11
C18:0 8.61 7.39 6.44 6.72
C18:1n-9 21.84 19.58 17.42 28.76
C18:1n-7 8.03 6.77 7.20 6.92
C18:2n-6 6.35 5.60 4.81 10.76
C18:3n-6 30.43 27.20 21.50 49.58
C18:3n-3 4.24 4.98 435 9.27
€20:0 0.23 0.24 0.77 0.39
€20:1n-9 0.89 0.77 1.16 0.86
€20:4 n-6 0.67 0.62 0.54 0.46
€20:3n-3 1.32 4.98 1.06 1.54
€20:5 n-3 EPA 7.39 3.20 1.05 1.63
€22:1 0.38 0.37 0.24 0.65
(22:6 n-3 DHA 0.07 0.32 0.01 0.03
SRR & & Total fatty acids 111.97 99.67 79.44 143.34

SOV B L RIE S AR TE IR L EPA A 600% . {H 50 TG A5 A A AH L, 5 Ak = A
RGN 604% , AL FLL AF I A B d UEPA % 4348 B0 I EPA & N 353% , iR AL VLA D
H N 205% 5 TR AL VT 25 4 i i U DHA & 43 R DHA & B3 967% (K 1) .

TN 2 900% , 58 Ak — fA 4 45 i 1 L DHA % i
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n w
[e] Do
[=3 (=3
(=] (=}

2 400
| @ EPA/XTRRT 4%

B EPA/YLIR X &

EPA/starved Artemia

= DHA/HUH T
DHA/starved Artemia

800 [

400

n—3HUFA & EMINE S
Increase percentage of n—3 HUFA content/%

(=]

ZREIEE

P. tricornutum

2 000 EPA/newly-hatched Artemia
1 600 | O DHA/WIRER Y54l

DHA/newly-hatched Artemia
1 200

S 3 B 3

1. zhanjianggensis

1 P RERRA R KT 5 R4 5 EPA 71 DHA & £ M E 5Lk
Fig.1 Percentage increase of EPA and DHA content of GSL Artemia enriched with
P. tricornutum and I. zhanjianggensis

2.4.2  JEIRE R

B Xop R b R E SRR AL BR T LA = AT i
VLA & AL A iR e FH T DHA &
o R A O o O P )RR 4N EPA 5 fR
14.35 mg/g dw, DHA % 54 0.02 mg/g dw; JLifk 24 h
Jii EPA 54 16.60 mg/g dw, DHA 44 0.06 mg/
g dwo SYLER R AL, 584k 24 W5, i < 2Ll
IR & e A R R AR B AR AL, — e S I L4
AR AL U EPA B i s, (k2 ar 1
s Ak T ) DHA 552 B 31 (2.31 mg/g dw) , I
F 6. SULHR R HUMH L, 5 Ak 5 A B i LA I
DHA & 5513 750%; SHIBETC 19 SRR I, s dk
AT T e HRAIR DHA S8 11 450% (& 2) .

3 e

P R i EL Y SR SR A W R L R A A
QU AS NI =E SN IE 2R DIPYSEN
SR TP 1 55 5 R RS I8 A AR O
AT GE e FH T Tl K 7 55 B8 FH 060 T FCE T
P, Hoh = M TR i EPA S 505 (37.53 mg/g
dw) , VT %5 11 42 9% DHA 557 (14.85 mg/g dw) o
A0 A7 P BT R I LA, 24 7 DHA Y BHAR
A e R, AW 5T BT % A 1A DHA & &l
157.31 mg/g dw,

P H Y T R SR Ak TR I B IR R Ak A
KRR ALY SR PR T I SRR —
£330 h 952 R, BB i HORE 5 S AL 1Y 3 52
JR AL T3 P, ST R/ e O 3 3R Y

RN AR S R A SR 5 A R b
26 AR B SRR R] | p H D FR R AR
BB DG Bl 2 AR T s R 4 S
0.075.0.15 1 0.225 g/L B KB UMK (Euphausia
superba) XT < AR HEAT G W R s Ak , < HL %
4 45~50 ind./mL, 58 AL B[] 53511 6 .12 1 18 h, 5%
W5 &40 1 4R ) DHA FTEPA & &3 2w
T AR IE L, {2 DL AL 5] 0.15 o/L . 5k AL I [|]
12 h A1 18 h AR Fie (. B BRI 261 R F fef 7%
INERE 0T i 3 R EE VT S 4 R i Ak — % 10
i A i B B R 1 ind /mL, 584K 48 h )5 4%
s A2 K0 AR EPA i3 B 2 TR b dd
Horb e B2 i, LR /N R A
SRR NG /NER B BR AR I 4 BRI A 2R
DL K B85 3 T A A AL V 4 B3 T 6 h Ml 12 h
SRAY , g 5N 16 ind./mLL, & 30 HUIG T2 Y
S AR 5 5 AR A A I ] O, e s ik
12 h &Rt i FH SR AR V 5 Ak 6 h &R B
AT GE LAETT A 3 4 SR AR B X KSR
Hoah ok E 17 78 IR s Ak, 7 & e R 8 (150~
200 ind./mL) 58 1k 12~24 h, & H7E T R L 7E 85%
Ph b, 16 B R Iz o A A5 R AT LAk T AT
FEF AL AR R AR K A58 45, 5 BB
Yl i ARSI ZE SRR AT R R AT 4R
i g A R A S5 s 4 R R Ak B 150~
200 ind./mL, 58 AL 5] H 0.1~0.2 /L, 58 AL I} A] 12~
24 ho SR B < U AR AR L, R H R AL
CIRTEST a2 4 iRe e = g I ELT i S AN o N

http://www.shhydxxb.com



358 RGN I I N S 3%
F6 WHMEBMEMHETERUNBIENRSEREHBREARREE
Tab. 6 Fatty acid profile of Aral Lake Artemia nauplii enriched with two microalgae and S. aggregatum
SRAE G B Enriched Artemia Lk i W0 K th 4 A
NG TR Fatty acid /(mg/g dw) =ffde THVT 285 4 vt e Starved Newly—hatched
P. tricornutum L.zhanjianggensis S. aggregatum Artemia Artemia
C14:0 1.45 1.60 1.22 1.41 2.50
Cl14:1n-5 0.71 0.78 0.59 0.72 0.66
C15:0 0.43 0.47 0.37 0.70 0.55
C15:1 n=5 0.56 0.61 0.48 0.59 0.42
C16:0 12.58 13.04 12.56 12.39 15.05
C16:1 n-7 14.10 14.32 10.92 13.47 16.05
C17:0 0.69 0.79 0.63 0.76 0.40
C17:1 n=-7 1.73 1.93 1.51 1.83 1.52
C18:0 5.85 6.06 5.50 6.02 3.49
C18:1n-9 22.47 24.09 19.84 22.93 17.90
C18:1n-7 13.45 13.46 11.67 13.04 -
C18:2n-6 5.84 6.25 4.98 5.84 3.82
C18:3 n-6 10.26 11.10 8.64 10.20 0.55
C18:3n-3 2.40 2.73 2.09 2.50 10.09
C20:0 0.57 0.73 0.86 0.95 -
C20:1n-9 1.11 1.22 1.15 1.26 0.49
C20:4 n—6 1.43 1.55 1.76 1.64 1.00
C20:3 n-3 0.02 0.03 0.02 0.02 -
C20:5 n-3 EPA 17.59 17.26 14.71 16.60 14.35
C22:0 0.22 0.46 0.21 0.72 0.13
C22:1 0.77 0.63 0.79 0.71 0.58
C22:6 n-3 DHA 0.03 0.07 2.31 0.06 0.02
S IR 25 B Total fatty acids 114.26 119.18 102.81 114.36 89.57
14 000
m EPA/YER 8 B
- 12 000 EPA/starved Artemia
2 o® 10 000 | ™ DHA/HLERE R
= DHA/starved Artemia
L 0
§ § g 8 000 } | EPA/?‘)]%%%@J%
g 0 EPA/newly-hatched Artemia
@ g £ 60001 = DEA/MIEETSIE
E 3 DHA/newly-hatched Artemia
E LT 4000
RSIN =
a5
2 000 |
0
=HeTRE BTSSR BRTE
-2 000" P tricornutum 1. zhanjianggensis S. aggregatum

2 FFHEBREFHNE T ERLAEIE N R4 K EPA I DHA 2218 ME 7t
Fig.2 Percentage increase of EPA and DHA content of Aral Lake Artemia enriched by P. tricornutum,
1. zhanjianggensis and S. aggregatum
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http://www.shhydxxb.com



2 4 1R IR, A+ BN BRI 2 Al TR X et R 4 A R e R R R AL SR P RIRCR R S 359

AR B AR EPA 7 iR B 3 Ao 3 %
EPA A JFE 48 R SRR par HL 4 A, T 50 s i Ak
Ji B U EPA e B R BN | T 5 A TR SR Ak
JHCHE b 4 A Y DHA 75 535 31 2.31 mg/g dw, iX
4 A AR B A DHA 5 (115 mg/g dw)
H, I, 5wk i Hn-3 HUFA & & 09 32 71 &
JEEASSOIBCRE T3 Ak 7R 19 B T 2H RS R 5  , ig FEL
55 11 HUAR R 05 TR 4 R R 5 B

T S AR, A SO A T A ] B 5
AL HUEPA FIDHA &5 6, A T HX T n-3 HUFA
SRALASCR o 55 10 P AR R R 2 A D A L B
U IR A1 , PR R 98 v A A 1 R R T
(Chnsp g R MBER ), 45 N g
XoF B S XoF pe L 1Y) 4 R R A AR R AN — 2P Y
S BTRIPEAT , ks B E T A I i L4 R R
PR P P A A S 4

4 25

A 5% 8 3 VA VL AR D 4 9 R Ak
MAE TG 3 R KRB AE Y BT, W T
i i T 30 i A o PR ) A B B 2R A BRI e ER %
B 150~250 ind./mL, 5% 4k 7 £ 0.05~0.2 ¢/L, 5%
FEEFIE] 12~24 b, 5846 G 2 n-3 HUFA &5 & (1) $2
TERCR 5 5 AR R R A OC (B A TR] il & 5 1
U ) s AR IR A AN TR o SR Ak = A 4 e e R
VL AR 30 4 X KR b dL EPA A o 3 4 THE
FH 1B % 807 i HL EPA FI DHA & & 9 32 742
/b, T A 9 A 5 A A R P9 HL 4 K DHA &

R FERTT.
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Optimal conditions and effects of high-density and short-term nutritional
enrichment of Artemia nauplii with microalgae and Schizochytrium
aggregatum

GAO Meirong', DENG Honggang', XING Mingwei', JIA Jing”’, ZHOU Guanghang®’, LONG Feiping™’,
WU Xingyu”®, WANG Pian**, SUI Liying'

(1. Asia Regional Artemia Reference Center, College of Marine and Environmental Sciences, Tianjin University of Science and
Technology, Tianjin 300457, China; 2. SDIC Biotechnology Investment Co. , Lid, Beijing 100034, China; 3. Beijing Key
Laboratory of Microalgea Bioenergy and Bioresource , Beijing 100142, China)

Abstract: Short-term Artemia enrichment is an efficient approach for improving the desired nutritional value
of live feed Artemia nauplii. To investigate the optimal enrichment conditions, newly-hatched Artemia nauplii
were enriched with commercially produced dry powder of microalgae Phaeodactylum tricornutum and
Isochrysis zhanjiangensis, and fugus Schizochyirium aggregatum in this study. And the n-3 HUFA enrichment
with the above products was compared with two commercially important Artemia strains from Great Salt Lake,
USA (GSL) and Aral Lake, Uzbekistan. Higher Artemia survival percentages (85%-90%) were obtained
when Artemia nauplii were enriched with 1. zhanjiangensis under the following conditions: enrichment dose
(0.05, 0.1, 0.15 and 0.2 g/L) , enrichment duration (12, 18 and 24 h) and Artemia density (150, 200
and 250 ind./mL). And the individual body length and total biomass of Artemia increased with prolonged

duration and increased dose. Considering the Artemia size preference and easy operation in the hatchery, the
optimal enrichment parameters were proposed with Artemia nauplii density of 150-200 ind./mL, enrichment

dose of 0. 1-0. 2 g/L, and enrichment duration of 12-24 h. Fatty acid analysis showed that fatty acid profile
of the enriched Artemia was closely related to the enrichment agent and Artemia strains. For GSL Artemia, P.

tricornutum and I. zhanjianggensis enrichment remarkably increased the EPA contents (7. 39 and 3. 20 mg/g
dw, respectively) in Artemia when compared with newly-hatched Artemia nauplii (1. 63 mg/g dw) ; whilst for
Aral Lake Artemia, slight increase of EPA content could be observed between the enriched-Artemia (17.59
mg/g dw and 17. 26 mg/g dw, respectively) and newly-hatched Artemia nauplii (14. 35 mg/g dw) , showing
that the enrichment effect closely linked to the original EPA content of Artemia strains. On the other hand,
the DHA content in two Artemia strains did not show remarkable improvement when enriched with
microalgae, but S. aggregatum enrichment remarkably improved the DHA content of Aral Lake Artemia
(2. 31 mg/g dw), which should be attributed by the high DHA content of S. aggregatum (115 mg/g dw). The
results of this study will support development of microalgae enrichment agent and application of Ariemia
nutrition enrichment in hatcheries.

Key words: microalgae; Schizochytrium aggregatum; Artemia; nutritional enrichment; n-3 HUFA
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