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W E. VA= A 4B45 3 (Phaeodactylum tricornutum) | 3 T 5 $2 4 3£ (Isochrysis zhanjianggensis) F= 4% X &, % 3
(Chromochloris zofingiensis) T# AR &, IR A6 B RIF 54, IR LR SE 3T B &k B Fxfo 0 K B 75 M 49
B PR ERAHT ZABIEFRL IFREREORERRE, L E 70 REE 30 AH TH EAF, KEATE
(0IL) AR W HFEEFEKRYRTHIZAEE S L) A AN EE 01 L Fo b 70 A4 TF347 401 KKK
B, ENBRERCE RN NG ERA KRR ED TR ABIEEAL I F e, B ey TR
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Z+Z#5H Bk (DHA) 22 & & (0.3 mg/g) o RAE K &40 3509 1) R BIRAAAE ) | BAR B HALEE 0% | FREBRIR
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Abstract: In our current study,three commercially produced microalgae powder Phaeodactylum tricornutum, Isochrysis
zhanjianggensis and Chromochloris zofingiensis were applied to Artemia culture,to study the optimum culture conditions
and evaluate the effect of microalgae on the nutrition quality and enzyme activity of the Artemia biomass. The study result
clarified the optimal feeding level for P. tricornutum and 1. zhanjianggensis. It also showed that 70 salinity resulted higher
survival than that at 30 salinity, and survival rate and body length of Artemia with low stocking density (0.1 L™) were higher
than those with high stocking density (0.5 L™') . When Artemia were cultured at salinity 70 and stocking density 0.1 /L in 40 L
volume, C. zofingiensis feeding resulted significantly higher Artemia survival rate and body length than other two microal-
gae feeding. The nutritional composition of Artemia (in terms of dry mass) were closely related to those of microalgae. The
crude fat content of Arfemia fed with C. zofingiensis had much higher lipid content (15.9% ) and lower crude protein con-
tent (50.44% ) , when compared to those fed with P. tricornutum and I. zhanjianggensis (4.39% and 4.62% for crude fat con-
tent, 60.22% and 60.91% for protein content, respectively). Arfemia fed with P. tricornutum had the highest eicosapen-

taenoic acid (EPA) content (9.47 mg/g) , while Artemia fed with I. zhanjianggensis had the highest docosahexoenoic acid
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(DHA) content (0.3 mg/g) . Moreover, Artemia fed with C. zofingiensis also resulted the highest total antioxidant capacity,

total superoxide dismutase, acid phosphatases and alkaline phosphatase activities of Artemia.

Key words: microalgae; Artemia culture; highly unsaturated fatty acid
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X B (Artemia) &2 557K 7= S0 Fh B 2L 0 A= 4
PEARL, Bl 43K S0 i AN TG 8 iK™ i
PRSI, Xt p B IR G R AR
i AR /NI S, AR R R B O T A SR R
BE L EREEAERL S B 7R HAR A, i B ARIRE T
HATCHT 4K (instar 1 Artemia nauplii, /A1 400 ~ 600
um) & 8 2 H (4rtemia biomass, £+ 1000 ~ 1 500
wm) BT 2 ~ 3 ], BRI i R DLORAE (AR
MR B FOW ARG AE (P2 ahiA) i RERE P e a i
Az e R (R b R AR B R R K T S 4
B o BT LT A R 2R b7 R IR AL T ok, SR
TP A R Y LA A 5 T b R R 2 DA R
TR MREXTHR | SRAF  AFEREgh 1, D ECE i ()
TSR B 1) TERAE 5—10 A TR <
Hp R

AR RPN K B B B0 K = sh i R o e ok
INFIVE SR T SRAT BT AS R0 SR g B89 24 i LRI
FRABL R AFAE S FEATRE B AR/ NI — 45 ]
L, A Y AT 2 i . N T R Al i a
N R R R E 37 | 55 SR B (R FIK B 251, 3RS
Fr AR TN A Y2 A S5 R TR I 1 T TR AN
W) 5 & B Bk P BRI oK, X AL SR8 28 55 34
(R PRI 25 R B ORI A T

B AT S o A S R L IR I L e
TR b 25, B SR R B SR T
ST R R BIPRS00 IR
HKUEMAR g R SRR TR AR R,
BTSN IR G S 4 v A A I ) LB
A RS T ELAE K P KT R A R e
LAk 5 ) he TN RN s - (S LN (55 ) A XA EL /A
P RIRAE 7 , HREEA R R S AR
PR i 5 B i 8 A €00 EL SR PR A O FR 4 b R, T LA
R R A RS AN A A U e e R T
TRAKEE L, SR TEBEAE 10 IR A RSOR , R IR e
B 0 B A UMY AR Y D R VT A5 8 4 B8 (Isochrysis

zhanjianggensis) 1Z . i R 6, 4% 3 (Chromochloris zof-
ingiensis) CZ F =451 (Phaeodactylum tricornu-
tum) PT RAFEXT S, il PR i HUAE 06 A A KA O,
T Gid A MR o | SRR B NS B, A5 3 FhERp
BN K7 T B SR RS M A, Sl B A
e 2 B T HUSRAE A RO AR B S

1 HESHE

1.1 mHESE

K E KERB GSL < HUB (Artemia firancis-
cana) o X BIPBHL D). 28 °C, FREEME 2000 1x,
K SRICHI SR EE 30 MY THIK, TERL 4R IC
B THELL TS, BN 2 g/L. Ak 24 h JEfpa
TC WA R AL B AN R e 73 B ik, 300 H
(L1245 pm) G MUSCEE , FAFR RS K (BREE 30) Ft 4
PP, WSCAR 3 R ke R T e HRUTIG T S A A
1.2 Bk

P 2545 42 3 (Isochrysis zhanjianggensis) 1Z
i R Aa 2535 (Chromochloris zofingiensis) CZ 1= ffi15
Y8 % (Phaeodactylum tricornutum) PT $EMEpi B, FiY
B EBE YR AR T PR ml R4t (B 1) .
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(b) WEITAFHE4
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Fig. 1 Microalgae powder used in experiments
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25 pm o B TR SRR A T A N O D A A R
1.8x 100 g™, BT EEMI 43 2.6 x 10 g, fi k(%
W31x107g",

1.3 AREEIRK X 5 A RKE S

b HURAAE 24 h JEWSCER R Y I HUC T A4, BE
PUAMH , B O JC 194l iA % 1 L SEBBK A,
IR R 0.0 mL, FRAEERE R 30, IRJE
Ty (28 +1)°C, & 2d oK 1 U (oK 50%) , FRAH
14 d, AR BB = AR T8 B Y B A L /MR
DA b e 93 38 A M S5 DR = A 4 415 B M R 20 /N Y
TS5 M4 B A TIFSE . 2] Vanhaecke 25T 450
FRUfE, BEXT = MRS e RN LA G e 4 MR
KA, BAMOK R E 3 AT, FRAE R A
W H AR A p He 2 AT A Y MR, R 3 k(9
00.15:00 F121: 00) $ME 7 L (% 1) .

1 ZABIEENEISHSRENEIRKE
Tab.1 Feeding level of P. tricornutum and I. zhanjianggensis
PEIRKF/10° d!

—fraTE BTSSR T
PT-1 PT-2 PT-3 PT4 IZ-1 1Z2 1Z-3 1Z-4
06 13 25 50 13 25 50 100
19 38 75 150 38 75 150 300
29 58 117 233 58 117 233 467
42 83 167 333 83 167 333 66.7
6.3 125 250 500 125 250 50.0 100.0
83 167 333 667 167 333 667 1333
125 250 50.0 100.0 25.0 50.0 100.0 200.0
146 292 583 1167 292 583 1167 2333
150 30.0 360 450 30.0 60.0 72.0 90.0
158 31.7 380 477 317 633 760 950

11~14 158 31.7 380 477 317 633 760 95.0
BT 1453 291.1 431.0 693.5 291.1 581.5 862.0 1385.0

A al/d

O 0 N N R W N =

—_
(=3

1.4 HHZFERHRERZME

MR AR TR A 5, 4 v AR b B 43 ik
B 01mL FI05mL”, HAEEAHE 3 FAT.
HFRFEERE R 70, | (28 £ 1) °C, AR AR
I ot A4 A A o B I B 1 A A RO
0.1 mL™" 4R RS IR | f PT-3 A 12-3 $EMEK
-, B E K 0.5 mL ! ZH MRy 0.1 mL! ZH i
2 fi5 . FRAEJAIAN 30d, FAKIRR 8 Lo B RIEERI
EIEY, B 2d oK 1 KEHR 50%) o BER 9
00.15: 00 F121: 00 FMpg
1.5 EhEX K RAERKNZM

B R A 7K FR R DU k37 5 K R 1T
I o FREEAARER B - 5 A R AR K 3 B (30) A
HF A7t ot HURRE HH B B AIRER B (70) , BSR4

AEHEAEEE H398 Foll

B 3 ANFAT. FRAE R AR IR R 0.1 mL, 7T
AR AR R AR R P AR R R SR R
(28 £ 1) C, FREESEHIAN 9d, BANIKMAN 1L, Fnf
WM i BERTE RIS S, & 2d #ok 1K
(HoKiE R 50%) o WMREAFER 1 1Z-3 HHROKF,
R 9:00,15:00 F121: 00 $M
1.6 =FhEpEEY K R AR

Oy B R R . — AT e | VT A 4
M L, BRI 3 AT K AR IR
WYy 0.1mL", R 70, IRE RN 28£1)C, TR
588 i p A A R AR e R, SR R
18d, Bfi KA 40 Lo FERIEBRIKTRTEY), & 2d
K1 R EKER 50%) . BER 9:00,15:00,21: 00
P iy, MRS IR 1 P 1Z-3 B
1.7 IEERSHR
1.7.1 HBEHRan

FIALGE WG , BT TE D FEHLBOKFE 100 mL,
FLHURE 4 K, ICSRAR I BUAETE R, T I AT
1.7.2 B R4k agml 2

FIHLER G , BHRBEYLE 20 Hpdd, 76 SZX12
RUAOLR S (2R TR RHE GERD fAIFRAR ) T
WA (BP A S8 100 2] B2 38 o0 SO i ) |, 1A
SEEIRK
1.7.3 AR

PALRLEE R B SRR AR I E - 2 GB/T 6433—
2006 {FRVRHRALIE DI OMIE ) | SRR Rk T
FELIE 7 5 it B o SR FVBAH (35 E A T 60 2 & it
(A A2

HUEFEHRPRIINAE < BRUER Y i H7E-80 C¥&
% 24h VUL, BT 24h BT REHRFRBUE T
il 0.03 g, A 1 mg JEIFERINAR C20 : 2 (n-6) ; 47
A 5 mL S5 B ORIR G (RFREE S 3 2 2) |
SmL HTEERC ] £ M-S B BER A (R
1:20), 4351005 100 CA&W 1 h JEAT R R H ik
b, FIE O ke A BUIg W2 B R JF v i o - GC-2014
RIS AT (H A S HE A /) 647 IR Wi R 4 s A
B B8 GBIT 6432—2018 (falkl & A
e B /) STHE A ENE; 21
GB/T 6433—2006 {falkHAAR I AME ) &I
BT AR 2 A
1.7.4 BiEtegnl 2

Wtk pa s, FIJCHRE K 0hisE 3 Ik, RBRIARME
Y1, -80 CORATo A & (R mt A9 T ARG
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BRI, A PR S P R RAE ] =33

JIT) I 10 LR ST AR E T (T-AOC) i A Ak #ik;
b i (T-SOD) | & 14 W M2 i (ACP) | Bk 14 % 2 i
(AKP) 1y lIE 1
1.8 HELE
KU AT 5 R | A i T T T R 2 L

CSEIMH £ bR FOR . [ SPSS 25.0 Seitardr
BOAE X LA BHE JE 4T ANOVA B[R £ 43 Bt A
Duncan’s Z 5 AT (P<<0.05) . SRAH ¢ KeIe X7
TR ARG P T 25 S R 56, AN R EBEn 4[]
2513 (P<0.05) .

2 HRESH
21 SHWHOBES EEER . HERIEHE
a8

—Rh MR B SR I A R LR 2.
VLA S s E A R (LT i) & &
(39%) , fh Fe A B A LB 11 % S e I (19% ) 5 —
TR BRI LA S B A A R, O (TR
T 20000 1.3% F1 1.5% , ik (a3 b & A IF
B (0.03%) . —fAMTEEE TG R (EPA) % &
e (37.53 mg/g) , WEVT A6 30 4 6 — 1 koS M R
(DHA) & 505 (14.85 mg/g) , (R M4EHE C16: 0,
C18 : 1 1 C18 : 2 Fit¥ymm, 43514 59.58 mg/g.
210.30 mg/g F1 82.17 mg/g.

2.2 [ HAERIEKEX K HIFEEE KA

AN TR MR AT T i AT 2R AR LS A=)
AL 3 7ESRIE 7d B, BEME S AT
HAEIE R R TR 4, PT-3 4
(100% ) B & T HABA 4 (P<<0.05) ; 7EF75H 14d
i, M =M TE e PT-3 AR ((87.0+
53)% ) W E T HABA A (P<0.05) o FEFHSE AT,

PERL VR VT S 4 12-4 g B iR K [ (5.01 +
1.81) mm ) 3 T IH AL (P<0.05) . BMEHVLEE
WE 4 dE 1Z-3 g E AW a [ (5115
65.91) mg ) WE R/ FHAMKL Gk 3) . bAYEYS
SRR ER, PT2 45 1Z-1 B
PR A Aty , HLV LSRG e A DR (b R e =
FarFESE e, IEA e 1 PRI Y S P MK P43l
o PT-3 #11Z-3,
xR2 ZHBEREMIEZEEFRRIREE
Tab.2 Main nutritional components and contents of three
kinds of microalgae powder

WD —famtel WIS AR R Ak

HE A /% 31 39 19
AEHERGEREY% 1.3 1.5 —
W2 A% — — 0.03
Cl4:0 11.14 31.62 0.94

Cl4 : 1(n-5) 0.70 1.45 0.07

Cl5:0 0.41 0.73 0.25

Cl15 : 1(n-5) 0.88 1.08 0.60

Cl6:0 15.70 17.77 59.58

Cl16 : 1(n-7) 27.93 10.61 6.90

Cl7:0 0.08 0.12 1.00

C17 : 1(n-7) 6.42 1.08 2.03

Cl18:0 0.67 0.41 18.19

C18 : 1(n-9) 5.82 15.14 210.30

gtz C18 : 2(n-6) 3.45 11.85 82.17
FH/ C18:3(n-6) 1.02 36.07 28.45
(mgg") C18:3(n-3) 1.28 21.67 2.29
C20:0 0.25 0.03 2.55

C20 : 1(n-9) 0.27 9.22 8.44

C20 : 4(n-6) 1.35 0.70 0.24

C20 : 3(n-3) 0.32 0.13 1.32

C20 : 5(n-3) 37.53 1.54 458

C22:0 0.10 0.43 0.59

C22:1 0.41 0.85 0.47

C23:0 1.58 0.63 1.29

€22 : 6(n-3) 3.83 14.85 0.42

S eTR 121.21 178.47 432.79

T —FoR AR

£33 ARERBGERRAKFI 0 BFEER ERMDEY BRI

Tab.3 Effects of different feeding levels on survival percentage, body length and total biomass of Artemia

ﬁfﬁ%/%’ a2 [=} N [= VA [=)
A 205 _ d R K/mm MY R /mg B SRR
PT-1 81.7 + 17.8% 62.0 £21.1%® 2.72 £0.25° 58.70 + 18.10° 40.4
T PT-2 933+ 11.6° 56.0£21.7° 2952046 149.50 + 32.86™ 514
iy PR
: PT-3 100.0° 87.0 +5.3° 2.74+0.81° 204.50 + 4.68" 47.4
PT-4 99.2 + 1.4 68.0 +19.2™ 2.57+0.15° 256.80 + 33.80™° 37.0
1Z-1 74.9 +13.3% 74.0 £ 8.7% 3.35+0.47% 198.80 + 20.14%* 68.4
122 75.8 + 14.0% 67.3 +11.9% 3.29 +0.74% 387.50 + 47.67% 66.6
VT A4
1Z-3 733 +6.3° 473 +4.9° 3.75 + 1.89® 511.50 + 65.91° 59.3
1Z-4 4921294 45.7 +30.0° 5.01+1.81° 444.00 +292.17* 32.1
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2.3 FEZEXMHAFEEMNERKNIZIMD
FrBH T X b AT R AR (s dnn e 2 e
TR o F PEL A b B f 35 IR B (0.1 mL") £ 14 R O AF
R B ERTESBE (0.5mL™") 20 (P<<0.05) ., 7EH
[FI5 NG OL T , B MEPRRN e ol AR R AT ik
225 . MR SR M A W (IR AR T (0.1 mL ) 4 1 R
KRR, (HA5 HAB 2 Befr o 22 5 (I 2) .

120
100} a
< 80 NN\
@{ 60 |
& 40
20 b
o LD
PT/0.1  PT/0.5  1Z/0.1 12/0.5
415
(a) FAGZR
8
71
£ °l
N B
PT/0.1  PT/0.5  1Z/0.1
21531
(b) &
B2 FEZEXNRFEEMEKEZIE

Fig.2 Effects of stocking density on survival percentage

and body length of Artemia

2.4 HEIXHBRFEAEKAIID

ERFEXT i AT SRR B2 i an & 3 Fos o 76
IR RS0 9d )5, SR 70 HFFIE R
ERTHE 30 HrfEiE % (P<0.05) . £RFE 30 41
A 70 4 pd AR SO0 (3.42 £ 0.55) mm FiI
(3.46 £ 0.45) mm, Jo i #2257 (P>0.05) .
2.5 =ThEpmERT K MTEE  EKIEFERBNT
2.5.1 R EREK

AN RGEERT 7 A TR A s i an ] 4 B
TN TEFRHH 18 d J , $MRAA R (e g AP TG 3
B R I P, R AR A A T AT R
ik (P<<0.05) . BeMA FRtazgisadh i A ((6.96 +
1.00) mm ) %5 T HAWH ., SR = MAEiE e
i AR [ (6.35+0.93) mm ) 5T A #i 4
PELH P AR [ (6.19 £1.30) mm ) B B EPEE

FUHBLEEHB $39% $oll

52(P>0.05)
80
) 60
'1\& N
20+ \\:
-
30 .
@) 1EE%
5
L
|
0 30 70
ok
b) fhi

Fig. 3

Fig. 4

B3 X REERIERKEZm
Effects of salinity on survival percentage and body
length of Artemia

100

80

60

FEIE 21%

40

A /mm

(b) K
AERGERT 5 HTFE E A A0
Effects of different microalgae on survival per-
centage and body length of Artemia

E 4
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252 B RERUAA
AR TR A MR o e AR AR s 35 1L i
JITRREH e B A R LR 40 9% 18d J5, M= A1
03 15 b AR TV A5 I 1) UKL EE 1 i R
60.22% 1 60.91% , BEMA R (LR EEL P A S
Qi 8K, LR 07 75 i e o $MR AR A R 4 TR
EPA & BHIR 7 (9.47 mg/g) , FEMR LT 250 4 e 41
M DHA & idiis (0.30 mg/g) 5 BEMRAL I st dE 4l
A EPA 7 (1.16 mg/g) A — MaTE Bl
4t DHA %8 (0.16 mg/g) fieff o BRI LA
B C18 1 1(n-9) . C18 : 2(n-6) LA K BRI R & it
e, A 116.10,24.69 . 190.97 mg/g.
x4 AERHERRBROEEEFEER &2 B
HEREE
Tab.4 Crude protein content, crude fat content and, fatty
acid profile of Artemia fed with different micro-

algae
5 AW AR ARG
aridl  SEEd g
HEESR/% 60.22 60.91 50.44
HHRE T % /% 4.39 4.62 15.90
Cl4:0 1.46 1.73 0.89
Cl14 : 1(n-5) 0.71 0.72 0.53
Cl15:0 0.30 0.34 1.12
C15: 1(n-5) 0.13 0.17 0.26
Cl6: 0 8.42 5.81 17.86
C16 : 1(n-7) 9.27 2.77 7.02
Cl7:0 0.57 1.15 0.59
C17 : 1(n-7) 0.59 0.37 0.37
CI8: 0 4.84 3.88 6.98
- C18 : 1(n-9) 13.82 11.14 116.10
- C18 : 1(n-7) 9.88 8.06 —
Py C18 : 2(n-6) 2.78 3.28 24.69
B C18 : 3(n-6) 0.93 4.71 6.82
(mg-g™)
C18 : 3(n-3) 0.50 1.27 0.40
C20: 0 0.41 0.07 0.58
C20 : 1(n-9) 0.48 0.25 4.61
C21:0 0.19 0.29 0.14
C20 : 4(n-6) 1.08 1.35 0.38
C20 : 3(n-3) 0.19 0.58 0.04
C20 : 5(n-3) (EPA) 9.47 2.68 1.16
C22:1 0.50 0.17 0.26
C22 : 6(n-3) (DHA) 0.16 0.30 0.17
SRR TR 66.68 51.09 190.97
W —Fm AR
253 EpEK

AN [ R 3 M i HE P4 R A B T R 92 T
W2 5.355% 18d Ji , ARG M X ) T-AOC F1
T-SOD . ACP . AKP & VEA TSR], Hh B4k R
OLRBE K R AKP BTG VE S ST S M e e A

BEMEER, H4y T-AOC. T-SOD F1 ACP [
B E T HANA (P<<0.05) (% 5).,

x5 AERGERREAMTENENMEBEEEYE
Tab.5 Antioxidant capacity and immunoenzyme activity
of Artemia fed with different microalgae

bR “fikateiEdl BT AR AR
T-AOC/(U'mg")  3.86+0.21° 438+0.15° 5.73+0.19°
T-SOD/(U'mg") 36.38+0.69° 38.40+026"  48.47+0.15
ACP/(Umg")  0.16+0.01° 0.15+0.01° 0.21 £0.01°
AKP/(Umg')  0.13+0.01° 0.18+0.01° 0.19+0.01°
3 it i

MRS S EAR RN KRR
e FR M BRI 1 ) P K B F o i
TR AU 3 E SR K/ NEREE (Chlorella)  BER
#: (Nannochloropsis) . %54l 4: ¥ (Isochrysis) . = ffi 18
T8 ¥ | 1 B (Chaetoceros) Fl'E 4k ¥ (Skeletonema)
5 AN RN TR A Rk 22 R, i R B
T8 X pef F A K A IR R TR IR A AN R
W =AM TS B LA A AE PT-3 A 1Z-3 JKF
T AT R o DA SRR RS
REE, WS TSR 4 P 12-3 KPR e

X1 BT T 32 480 B iz i AR BE S (20 ~ 250) , {H
T35 48 FH B O AEAE , 76 A SR i L — e £
JE 70 ~ 180 £51F T AT LI IS R R BE ) AR5 He
BT WKL EE (30) Fi A SR IRIEAAE T el R AE
it 32 ) Fee (IR ER BE (70) YA K FAETE G 10, & PRI ER BE
T RIS S E AR, X SRR B AT i
PUHFERE A T8 B R DL RO IR &R 2 i A
WIS A O o TERAIKIR T F2H I A5 R R W, Femik
F B LR P AT A 2 TR = A4
F PRV R A e Y pld L, — Dy T A R Rt
()5 S B B 75 ) 5 ol BT AR R s, DT ) T 1
AR, 5 —Jy AL TEZ PRARTE R (9 ~ 25 pm)
AIREH IS G AN AR B W B TR £, X2 R o iRt
Wik KNS g R k.,

Z B0 VE B i HA NN AR DT IR 6
ARG R i A2, [t e A e P EPAL AN
DHA & #im o M sk i 5= 5% R Wy )y X hs
F5 A UK AR R R AR 2 AR R PO Ao o g
18 d MG, BEME = FAE HE A RV T A5 4 e 2 b
R (18 i (60.2290F1 60.91%) 1 T4 % fa. 4k
2 b 1 (50.44%) , TR MR T 4 455 20 pa HLU KL 1D
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i (15.9%) W37t g F 7T S M4 e 2l A — fl a8 e
ZH R HL (4.62%F1 4.39%) , X SR LA SRR
EEE G (9% AR R IR R S =
(432.79 mg/g) 43 5% [RIET, B0 = A48 5 B 1< HL i
EPA & (9.47 mg/g) B, F5 ML VT S5 0 4 e 4 o
HAY DHA i (0.3 mg/g) 86 , SRR R (ke g
K C18 ¢ 1 S (116.10 mg/g) , X 5 = fMAfs
BB EPA St (37.53 mg/g) | VT AR 4 e
v DHA &t (14.58 mg/g) FE R (o 40 i e 1)
C18 : 1 & (210.30 mg/g) A K.

W5 RA , /NER B i i, T S AR T e
T-SOD Flish & Ak U W A TG 1 o ASHIF G B8R £ R
{233 B T-AOC F1 T-SOD & i iz (435K
5.79 U/mg 1 48.50 U/mg) , 5 M = F # 45 6 4 e AIX
4351k 3.8 U/mg H1 36.44 U/mg) , & B A [ 1H
Ak AL SEE X i A BT AR BRI AT S AR S
1 A LR IR 2 (0.03%) , IR 2 HA R
SEALTEPER ) R R T T WA AR AV,
A PGS B8 A Wk 20 B S TR P 0 SO S P 1 il
SE AN R (R bR R, 55 A K AR AR Bl i L L Y
fE AR R, A HUABETRE, 48 AP A %
Y25 T TR TG 1 5 555 45 o ML e A B A G, T
VR 7 2k o HL G0 328 T RE S 55 IO F b o AR 9T 25 SR
B, PR R (2 2 e R e Bl R TG 1 (ACP Al
AKP) #2755 (0.21 U/mg 1 0.19 U/mg) . K, i B35
B R R PR A IE B AERE, T DL AR S, A
RO DU A5 , DT B b 4 H B 2 A s
1RE AEN AP ERL, i W) E 3R LA K BT A A ey
T AL K Sl 1 B S R 2 VT AH G

4 £ i

PR O R, R R A
5 BEAEAE DT BE AL o ASSCHAE T — i e
AT A4 B3l O 1) Focilh O, DA TRAE b IR
AER IR B L R 0.1 mL™" FIEREEN 70, R
FrRLHL S ORI B 1 B SR DA SR, AT LUAR G SR
SH H AR e 3 LR BER B RR S o AT I D TR A 3
TE 8 BN T SR B P N RIS

Sk -

[1] SORGELOOS P,DHERT P,CANDREVA P. Use of the

brine shrimp, Artemia spp. in marine fish larviculture[J].

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

AEHEAEEE H398 Foll

Aquaculture,2001,200 (1/2) : 147-159.

LAVENS P, SORGELOOS P. Manual on the production
and use of live food for aquaculture[R]. Rome:FAO
Fisheries Technical Paper, 1996: 101-154.

BARROS H P, VALENTI W C. Ingestion rates of Ar-
temia nauplii for different larval stages of Macro-
brachium rosenbergii[J]. Aquaculture , 2003 , 217
(1/2/3/4) :223-233.

XUWEAR, XS UERI, T2AA, 4. R [R)7™ b A i =
Je Bt )y AR T BE I RO (], RHEFRHL
K4 ,2022,37(2) : 18-23.

OB, AR, w5 5o, 2. ANTR] ™ H b R A 1A% L
G IR AFAR A A UL 2R 2 BT aa B ) s (D]
T K =R, 2022,29 (1) £ 70-78.

LAVENS P, SORGELOOS P. The history present status
and prospects of the availability of Artemia cysts for
aquaculture[J]. Aquaculture, 2000, 181 (3/4) : 397-403.
BECKER E W. Microalgae for human and animal nutri-
tion[J]. Handbook of microalgal culture: applied phycol-
ogy and biotechnology, 2013,25:461-503.

CARBONI S, VIGNIER J,CHIANTORE M, et al. Ef-
fects of dietary microalgae on growth, survival and fatty
acid composition of sea urchin Paracentrotus lividus
throughout larval development[J]. Aquaculture, 2012,
324:250-258.

CHEN F,LENG Y,LU Q,et al. The application of
microalgae biomass and bio-products as aquafeed for
aquaculture [J]. Algal research, 2021, 60: 102541.
BFEIF, DU, BT, 3 A s —sR AR
b FERE R BF 5 (D). 3 T 3 4R, 2007,
29(2) : 123-128.

IR, 258, XME, 2. JURPET i SR AR 1Y
FEROTSE (V). R IF R 27224l (A SRR D) L 1995,
28(1) : 102-104.

VANHAECKE P, PERSOONE G. Report on an intercali-
bration exercise on a short-term standard toxicity test
with Artemia naupliilJ]. National institute of health and
medical research, 1981, 106:359-376.

SRR, K AR X p A AR B A i (D]
HEIK R R AR A, 2000, 9 (2) : 93-96.

SRERAE, PRz, KN, o s IR am AL pd BUE R AIE
I W (1], rp RO R 2244, 2018, 23 (8)
77-84.

L AURTLG, SRS, 55, AN R BREE R X b T
HuA K R BT A G P e (T, KRR R



2024 412 H

BRI, A PR S P R RAE ]

« 37

(16]

[17]

(18]

[19]

2020,47(6) : 337-345.

APEE, B A, HOUME. TR TR B AR B R X p LR
VSN SIE RN AR e 2 N N sb(s3153E N
#2,2024,33 (1) : 86-98

MAKRIDIS P and VADSTEIN O. Food size selectivity
of Artemia franciscana at three developmental stages[J].
Journal of plankton research, 1999,21(11) :2191-2201.
SHI T, YU A, LI M, et al. Identification of a novel C22-
A4-producing docosahexaenoic acid (DHA) specific
polyunsaturated fatty acid desaturase gene from Isochry-
sis galbana and its expression in Saccharomyces cere-
visiae[J]. Biotechnology letters, 2012, 34 (12) : 2265-
2274.

GLADYSHEV M I,KHARITONOV A Y,POPOVA O
N, et al. Quantitative estimation of dragonfly role in
transfer of essential polyunsaturated fatty acids from
aquatic to terrestrial ecosystems[J]. Doklady biochemis-
try and biophysics,2011,438 (1) : 141-143.

[20]

[21]

[22]

[23]

[24]

e, BRI NE , 25, 45, M R AsE s 7 IR R
M5 S A0 S ke 2 A (0], BN A B,
2021,37(5) : 52-62
CHEN Z Q, XIAO J, LIU H, et al. Astaxanthin attenuates
oxidative stress and immune impairment in D-galactose-
induced aging rats by activating Nrf2/Keap1 pathway and
suppressing NF-kB pathway[J]. Food and function,
2020, 11(9) : 8099-8111.
DAIM Q, LI CJ,YANG Z, et al. The astaxanthin aggre-
gation pattern greatly influences its antioxidant activity: a
comparative study in Caco-2 Cells[J]. Antioxidants,
2020,9(2) : 1-13.
CHENG T C. Specificity and the role of lysosomal hy-
drolases in molluscan inflammation[J]. International
journal of tissue reactions, 1986, 8 (6) : 439-445.
ARTTAR, BREE, akAR K, A UK B AR LR g
AHOCIK gl € (7). LRl R, 2010, 38 (4)
1888-1889.

REGRE: R4

(L% 6 W)

[27]

[28]

[29]

[30]

[31]

DING Y, YUAN Q,MA M G, et al. Engineering metal-
phenolic networks anchored cotton fabrics with boosted
photothermal properties for sustainable solar desalina-
tion[J]. Cellulose, 2024, 31 (6) : 3893-3906.

ZHONG X, WU Y M, ZHANG P, et al. Turnover
polypyrrole decorated cotton fabric based solar evapora-
tor for cost-effective and steady desalination[J]. Journal
of cleaner production, 2023,417:138088.

XIONG J,ZHANG Z N, YI J,et al. Hierarchical MnO,
nanosheets grown on cotton fabric as a flexible and
washable solar evaporator for seawater desalination[J].
ACS Applied nano materials , 2021 , 4(12) : 13724-
13733.

LI J Y,GAO J K,FANG J Y, et al. Environmental-
friendly regenerated lignocellulose functionalized cotton
fabric to prepare multi-functional degradable membrane
for efficient oil-water separation and solar seawater de-
salination[J]. Scientific reports, 2023, 13 (1) : 5251.
TIAN Y K,LI Y J,ZHANG X Y, et al. Breath-figure
self-assembled low-cost janus fabrics for highly efficient
and stable solar desalination[J]. Advanced functional
materials, 2022, 32 (33) : 2113258.

[32]

[33]

[34]

[35]

[36]

DING R H,MENG Y S,QIAO Y Q, et al. Functionaliz-
ing cotton fabric via covalently grafting polyaniline for
solar-driven interfacial evaporation of brine[J]. Applied
surface science, 2022, 598: 153665.
KOU H,LIU Z X,ZHU B, et al. Recyclable CNT-
coupled cotton fabrics for low-cost and efficient desalina-
tion of seawater under sunlight[J]. Desalination, 2019,
462:29-38.
BAI W B,LIN H M, ZHENG S J, et al. Highly efficient
water steam generation via natural black urushiol-Fe
polymeric microspheres coated-cotton fabric[J]. Desali-
nation, 2022, 538: 115906.
ZHANG D,ZHANG M H, CHEN S Y,et al. Scalable,
self-cleaning and self-floating bi-layered bacterial cellu-
lose biofoam for efficient solar evaporator with photo-
catalytic purification[J]. Desalination , 2021 , 500 :
114899.
SUIZ Y,XUE X L, WANG Q H, et al. Facile fabrication
of 3D Janus foams of electrospun cellulose nanofi-
bers/rGO for high efficiency solar interface evapor-
ation[J]. Carbohydrate polymers, 2024, 331:121859.
RiEHE: AL E



