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Application of Three Stains of Microalgae Powder in Indoor Artemia Culture

CHI Qinglei*?, GAO Meirong?, JIA Jing!?, LONG Feiping!?, WU Xingyu2, SUI Liying®
(1. SDIC Biotechnology Investment Co., Ltd., Beijing 100034, China; 2. Beijing Key Laboratory of Algae Biomass,
Beijing 100142, China; 3. College of Marine and Environmental Sciences, Tianjin University of Science & Technology,
Tianjin 300457, China)
Abstract: In this paper, three commercially produced microalgae powder Phaeodactylum tricornutum, Isochrysis
zhanjianggensis and Chromochloris zofingiensis were applied to Artemia culture, to study the optimum culture conditions
and to evaluate the nutrition quality and enzyme activity of the Artemia biomass. The optimal feeding level were clarified
for P. tricornutum and I. 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 LY). 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 (64.0%) and body length (6.96+1.00 mm) than other two
microalgae feeding. The nutritional composition of Artemia were relevant to those of microalgae. The crude fat content of
Artemia fed with C. zofingiensis had much higher lipidcontent (15.9%) and lower crude protein content (50.44%) when
compared to those fed with P. tricornutum and I. zhanjianggensis (4.39% and 4.62% forcrude fat content, 60.22% and
60.91% for protein content, respectively). Artemia fed with P. tricornutum had the highest EPA content (9.47 mg/g), while
Artemia fed with I. zhanjianggensis had the highest DHA content (0.3 mg/g) was obtained in C. zofingiensis feeding

Artemia. Moreover, C. zofingiensis feeding also resulted the highest total antioxidant capacity, total superoxide dismutase,

Yrts HEA: 2023-12-12; {&[EIHHER: 2024-05-13
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acid phosphatases and alkaline phosphatase activities of Artemia.

Keywords: microalgae; Artemia culture; highly unsaturated fatty acids
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B AR A RELEE N, 0] e B BE YR ) 7 R R A
M, g HURNRLR IS, H A KRB I TR
BRiR s SREAEEIEEE . EARA, KHEMAY)
B 1 W44 Cinstar | Artemia nauplii, A&
400~600 um) K EZEHH (Artemia biomass,
1000~1500 pm) ki s 2 2~3 i, R I 1
PAORAE GPARHIREED) AORAR A G4k 107 U
B ARE TER WA=, T8 X H gl AR R
PRI K =Bt o B HUTG T 244 i 25 ORI pr He
EAR oK, 32 T R R A R ) T P A i e
JRl HUR 2 AV VR I T AU MR R SRR A7 UR Bl %))
fu, DHEEHY (WENHESTREEE ) ETEN
5~10 J {8 FH i i SRVAC 11 i ERLRS H B AR iR
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INFIE % [0 75 SR A BT AN [F)133), SRS 1 5 A g AR
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(Phaeodactylum tricornutum) (PT) N7 %, @
PP s AR ARG, IS E R R E . SR
FREAERIE, B FT = B N e R 2 B TR R
HBEE B SENE, Oy B M B AE = R B HR R T P
AR RS % .

1 #MR5REE

1.1 e SWE
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franciscana) . 1 HUIPGEIL & 1E B 28 °C, FEELG
f 2000 lux, #hJE 30 7K FRECH| 9 N LK, MG
WA IR BAT L RS, VBN 2 /L. L 24
h JE 4 1 UG YA 5 AR I A (7 B AN B 5% 7 25 H oK
F300 H (L4% 45 pm) FRiMUSEE, FHFRERIK (G
F& 30 g/L) 7045 ifide, WSO A okt Gk i G T 40
(S EIDE LT
12 BE

KT 2 ¥ 4:3%  (1sochrysis zhanjianggensis)
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Fig. 1 Microalgae powder used in experiments
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1.3 ANEHEIRKER R E KRS

AL 24 h R WA R i B TC T 444, Bl
MUBEAT 4340, BB B IEHT 4R 2 1 L SEE6 s fr K R
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GHISEWE 4 MORAKCE, BABIRKF 3 A
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B AR 3% (9:00. 15:00 Al 21:00) FME ki (%
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*1 BROAZABIEENELIFESRENRRKTE
Tab.1 The feeding level of P. tricornutum and I. zhanjianggensis

HEIRKAA/104 d
B [ /d =R TRV 54 4
PT-1 PT-2 PT-3 PT-4 1Z-1 1Z-2 1Z-3 1Z-4
1 0.6 1.3 2.5 5.0 1.3 2.5 5.0 10.0
2 1.9 3.8 75 15.0 3.8 7.5 15.0 30.0
3 2.9 5.8 11.7 23.3 5.8 11.7 233 46.7
4 42 8.3 16.7 33.3 8.3 16.7 33.3 66.7
5 6.3 12.5 25.0 50.0 12.5 25.0 50.0 100.0
6 8.3 16.7 33.3 66.7 16.7 33.3 66.7 133.3
7 12.5 25.0 50.0 100.0 25.0 50.0 100.0 200.0
8 14.58 29.2 58.3 116.7 29.2 58.3 116.7 233.3
9 15.0 30.0 36.0 45.0 30.0 60.0 72.0 90.0
10 15.8 31.7 38.0 47.7 31.7 63.3 76.0 95.0
11-14 15.8 31.7 38.0 47.7 31.7 63.3 76.0 95.0
M 145.4 290.9 431.0 693.4 290.9 581.7 862.0 1385.0

14 pHEBEXEARE K

MRYERTIABE TR 45 R, 4 o e AR W) 46 % 5 43 )
WHEN0.1mLLAI0.5 mLt, FANE A B 3 AN TAT.
XHFRAEERE 70, (R (28#1) °C, FAIREME
i HU A K B R B iE R . BB N 0.1
mL ARSI 1.4 B PT-3 F11Z2-3, ICEEN
0.5 mL T MR E N 0.1 mLt 4HA 2 f%. F7#5E 53 30
d, HAKIE 8 L. BRIGHIEHEY, B 2dHoKkl
R (H7KE N 50%) . BEK 9:00. 15:00 1 21:00 #%
M 1]
1.5 FHE XA KRIFE

oI HUFR B FH 7K H R 7 i R 37 o K R T
150 FREEKAAER B4 B B 9 R AR ER B (30D
FIEF A1 b th it HORP B LI AR R T (700, A
EREHE 3 AT, TR AN Y 0.1
mL™, 78S AR B o A AR B S R
FRAHIRE (2841) °C, FREEHAM 9d, HALKIE 1L,
VTS M 43 . BERTE BRSNS Y, & 2.d #oK
1R (KEHR 50%) « HRER 14 1Z2-3, FK
9: 00, 15: 00 F11 21: 00 #ME.,
1.6 =FhEpEsEstRE KRN

ARG —MmTRiE. IS S
FEPR T L, REAVERME R 3 AT Ak
WIG# v 0.1 mLt, B 70, WRE (2841 °C,

700 P B o AR K R B RS R AR, R
N 18d, FALAKAR 40 L. BERTERREHTEY, & 2d
K 1 Ik (K& 50%) - K 9:00. 15:00. 21:00
B H, BWRESRE L H1Z-3,
1.7 f&¥RSHR
1.7.1 BEFRNE

FRFALE WG, BN FRAEE A BEYLEBOKEE 100 mL,
JEEURE 4 WK, DR i SRR, TR X AR
.,
1.7.2 B RKKMNZ

FRIHEE R G, BRI 20 K<, £ SZX12
RUARL BB (ZE e R EER)ARAFD Tl
B CHI S T 2 R i 7 Xom R RS , i
K
1.7.3 EFRUR
1.7.3.1 3FREHE RN T

28 GB/T 6433—2006 (¥} okt g iy ol i )
K 2 APV AT IR B & e . R VAH
R T B R S E T .
1.7.32 X REHREAFNE

PSR 51 HU7E-80 °CYA 1% 24 h L) I, FEi3E4T 24 h
AT

FEWARBUATRESZ) 0.03 g, AN 1 mg flg/iR
WHR C20 : 2 (n-6) o 2RI 5 mL HEES H 4k
FAEL A 3 ¢ 2 MI¥AT 5 mL BT e R ) & 2 Bk 5 PR A
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FUE A 12 20 3, 2% 5 100 °CE Wk 1 h it
AT RE TR ek, FHOE O AEEUIR IR G v 4
F GC-2014 RIS AHEE (HASEATE]D AT IEN
PR 2H AN 2 e .

Z 8 GBIT 6432—2018 (tal & A KM E
JURERE) HHTHEASENNE: 28 GBIT
6433—2006 {ralk} R TR D AT e ) 1) 2 Al i
HEATHE G 17 5 1 ) 5
1.7.4 B&EH

WA, HTCRERKMEE 3 IREBRIRRIE
Y, -80C TRfr. ARG (R nt @Y TAR T
FUHTD WE i B BUEARE ) (T-AOC) . %L
VI ALEE (T-SOD) « MRIUEEEREE (ACP) FIf ik
B2l (AKP) 1% /7.

1.8 HUEAIE

B HUAFEE 2R K AR ) B AN S B 3 DL
Pl e 2 HoR . 18] SPSS 25.0 G it #r #cfFxot
DL E 4 3617 ANOVA R 2 730 H1 Al Duncan’s £ &
FLE T (P<0.05) o SR t RS0 A736 2 AR K £
Pk AT Z R, AR R RHN E R B E
(P<0.05) .

2 GRE5QH
21 HEEMNEELD. BRER. ISR
BEE

BT MEHE R S ER A (39%) , R
SEHE A S ERIC (19%) ; = METEEAEIT
WS A E R, SED AN 1.3%AM 1.5%, 1
e ROGEPEHINE R (0.03%) . XTHRMRS =
M&, =fMifaiE EPA &8 HKm (37.53mg/g) , #
LEE1A 4 DHA &8 (14.85 mglg) , KRG
433 C16:0.C18:1 M1 C18:2 & & 4 &1, 43 74 59.58
mg/g. 210.30 mg/g #1 82.17 mg/g.

w2 CHEAMERIEERROREE

Tab. 2 Main nutritional components of microalgae

ARBR LGSR

C16:1 (n-7) 27.93 10.61 6.90
C17:0 0.08 0.12 1.00
C17:1 (n-7) 6.42 1.08 2.03
C18:0 0.67 0.41 18.19
C18:1 (n-9) 5.82 15.14 210.30
C18:2 (n-6) 3.45 11.85 82.17
C18:3 (n-6) 1.02 36.07 28.45
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 4.58
C22:0 0.10 0.43 0.59
c22:1 0.41 0.85 0.47
C23:0 1.58 0.63 1.29
C22:6 (n-3) 3.83 14.85 0.42

SEDTER 121.21 178.47 432.79

AR TR A S e KRB

HEA (%) 31 39 19
BEWER (% 1.3 15
IR (%) - - 0.03
. Cl4o 11.14 31.62 0.94
HHE}?E& Cl4:1 (n-5) 0.70 1.45 0.07
2H 1 %
C15:0 0.41 0.73 0.25
o/
C15:1 (n-5) 0.88 1.08 0.60
(mg/g)

C16:0 15.70 17.77 59.58

2.2 AN[E)ERRSE IROK S X pa B A FE A A K A £2 0

3T IR 7 d A 14 d, ISE B HRAETE R . 4
RRE, 567 d B = AAE TR A R T
MRV AR ¥4 e, PT-3 40 (100%) &3 T HAth %
4 (P<0.05) : FRHHH 14d, HMR=MIETEEE PT-3
(87.045.3% ) A7 3 2. 3 =y T HoAth %41 (P<<0.05) .
FREEAE WA, BRBLT AR S 1Z-4 A R K
(5.014.81 mm) &3E & T HALA (P<0.05) . %M
BT SRS 1Z-3 A& (511.5465.91 mg) &
FEmTHMSH (£3) . MAEYESREEERL
HERM, PT-2 51Z-1 iR RS, HEHTE
Wi G PR R A R B = R . oR L, HE
T PR B B IS R R B A N PT-3 R 1Z-3.
2.3 FEZEEXEARFEEMEKNEIN

PP R, R A R (0.1 mLD) A7
TR KT E % 20 (0.5 mLt) (P<<0.05).,
FHIF) 2 BEAB LR, PR P B 2H o AF T 8
EPEZER . MRS &SR EE (0.1 mLD
4 pq AR K R OK (6.3240.87 mm) , {H 5 HARZHEA
BEMERN (K2 .
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Tab. 3 Effects of different feeding levels on the survival percentage, body length and total biomass of Artemia

®3 TRMERRKENERFER. FKMDEYENZE

a5 TR % hkimm  fEfimg E‘iig R
PT-1 81.7417.8%c  62.0421.12 2.7240.255 58.70+18.1°¢ 40.4
e PT-2 93.3+11.6% 56.0421.72 2.9540).46° 149.5432.86bC 51.4
PT-3 1002 87.045.32 2.7440.81° 204.5+44.682bc 47.4
PT-4 99.2+] .42 68.0+19.22b 2.5740.15° 256.8+433.82bc 37.0
1Z-1 74.9413.3% 74.048.7% 3.3540).47% 198.8420.14¢2bc 68.4
1Z-2 75.8+14.0°¢ 67.3411.92 3.294). 742 387.5447.67% 66.6
T
1Z-3 73.3346.3¢ 47.344.9° 3.75+1.892P 511.5465.912 59.3
1Z-4 49,242 9d 45.7430.0° 5.01+.812 444.04292.17% 32.1
(a) BIER (a) BIER
(b) &4 (b) &4

El 2 FFEREXNEBFEEERNEKHZIE
Fig. 2 Effects of stocking density on survival percentageand
body length of Artemia
24 EHEXEBAFENE KM
IR FR0E 9d Ja, 3R/ 70 HAFIER
(59.78%) it T #h1E 30 4475 % (30.22%) (K
3) (P<<0.05) . #h/F 30 41ANE: A 70 4H i dufk Koy
BN (3.4240.55) mm 1 (3.4620.45) mm, &3
Z&F (P>0.05) (K3) .

B3 FREXERFFERFFCHFN
Fig. 3 Effects of salinity on the survival percentageand
body length of Artemia

25 Z=MEBEEMNRBATEE. EKMERERNT
i
251 RREHFELEK

FRBE 18 d JT, AR IR Sk 2 o HUAE TG R
(64.0%) 3w T HAMMAH, HME=FMETREHX
R RERAR (20.0%) (P<<0.05) (& 4) . #m
PR3 UK (6.961.00 mm) 3% & T H A
P . PR = MAETREEL i HUR K (6.3540.93 mm)
B PR MR A B < 8 g R A (6.19:4.30 mm) P
BAEENEER (P>0.05) .



B4 FRRCEMEBRFEE (L) fMEK (F) "
Fig. 4 Effects of different microalgae on survival percentage
(up) and body length (down) of Artemia

252 W RFIRUEM

Bi9R 18 d Jm, BOR=ShE T BT SR
(¥ 1 HHURH B 1 25 40 T2 60.22%F1 60.91%, FMRAL
Ko RE A S B ML (50.44%) o &R
Pe R Gt 2 pq R IR T & By (15.9%) , YL
S5 I < 3B M1 = A 48 1 8 o LR IR 10T S B i o
4.629%11 4.39% . IR = fii T & HL EPA & B i
(9.47 mglg) , FMEFITAEHES 3 X DHA & &
7 (0.3 mglg) ; MM K okt ) B EPA & (1.16
mg/g) FIFME = MR A < i DHA & & (0.16
molg) Hf%. FEMEME e (s i C18:1 n-9. C18:2
n-6 VLK IR TR & B fe i, 9 116.10. 24.69. 190.97
mg/g (£ 4) .
F4 TREEREaHMEEAMERERSE. BHiRA

BREEE
Tab. 4 Crude protein content, crude fat content and fatty acid
profile of Artemia fed different microalgae

ARBR LGSR

C16:0 8.42 5.81 17.86
C16:1 (n-7) 9.27 2.77 7.02
C17:0 0.57 1.15 0.59
C17:1 (n-7) 0.59 0.37 0.37
C18:0 4.84 3.88 6.98
C18:1 (n-9) 13.82 11.14 116.10
C18:1 (n-7) 9.88 8.06
C18:2 (n-6) 2.78 3.28 24.69
C18:3 (n-6) 0.93 4,71 6.82
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)
(DHAJ 0.16 0.30 0.17
SETR 66.68 51.09 190.97

=ftats LSS RS

B . gl
HEAGE (%) 60.22 60.91 50.44
B &2 (%) 4.39 4.62 15.9
C14:0 1.46 1.73 0.89

K7L
TR 4 sy o 0.72 0.53

R
15:0 0.30 0.34 1.12

(mg/g>

C15:1 (n-5) 0.13 0.17 0.26

253 BgEHNE
B¢ 18 d Ja, AFIEEAR R R T-AOC,
T-SOD. ACP il AKP & 1 BT AR, He PR i %
(25 i HBR AKP 5 1 5 P MR AR 4 R
EME 2z 74, H4 T-AOC. T-SOD 1 ACP i (5.79
U.mg? prot. 48.50 U.mg* prot. 0.21 U.mg* prot)
BEmTHAMA (P<0.05) (K5 .
x5 AREFCERMEHIRE N NG REENT
Table 5 Effects of different microalgae on T-AOC, T-SOD,
ACP and AKP activity of Artemia

AR T AL VRV S e AL e K 5 A
T-AOC/ U.mg?  3.8640.21° 4.3840.15° 5.734).192
T-SOD/ U.mg™  36.3840.69° 38.4040.26° 48.4740.15%
ACP/ U.mg* 0.1640.01° 0.1540.01° 0.2140.012
AKP/ U.mg'1 0.1340.01° 0.18#0.012 0.19 #0.012

3 W i

B E S EAR. R, RARORNZ RS
% S R R ANE M 4 B K T o e )
TEARH B 8 A FE MG /K /N EREE (Chlorella) + T
Bk (Nannochloropsis) . Z¢#f4:3% (lsochrysis)
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= #TE#E (P tricornutum) . f4 & (Chaetoceros)
I 4% (Skeletonema) 2%, 40k /INFIE 35 A%
AR ZE S, T VR R B kT pi A R 7R A
RN TR AT AN [FIES8) - ACHIE 7 v 5 M = A 4 i S A
BT A4S FEAE PT-3 1 1Z-3 /KFF i A7 0% ek
Ho PApd A E RN R R B E, B
VLS8 4 4 1Z-3 7T I RO et

o<1 BT iR 52 3O FE 2 B S VE L (20~250)
T 524 # M & #H 1IAFE, TEHARR xR —HK
TE#FE 70~180 FERR AR SAFPTEDC], ACHIE 7 Lh A T ¥/K
SEYIERE (300 A SRS AF T pd RN 52 11
BAKERE (70) FHAKMGE, KOKEE N
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