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zhanjiangensis) , s W k3 (Platymonas subcordi formis) #= s 3k 3k (Chlorella pyenoidosa) 3% L8 3 B & #h 1k (=
) M TR 24 h A I8 hE RN R4k . FOR.EPAf DHA &%, SRAV . M AN RHYKGLE
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Effects of microalgae on the growth and nutrient
enrichment of cultured Artemia

ZHANG Yuequn', CHEN Aihua?, ZHANG Yu?, YAN Shengrong', WANG Xiaohong', LU Dexiang'
(1. Department of Environmental and Biological Engineering, Nantong College of Science and Technology, Nantong 226007, China;

2. Institute of Oceanology & Marine Fisheries of Jiangsu, Nantong 226007, China)

Abstract To investigate the effects of nutrients-enriched Artemia nauplii on the growth and survival rate of aquacultural
seedlings during cultivation, Artemia is taken as study object in this study. The body length of Artemia . contents of
crude proteins as well as EPA and DHA are determined or assayed by microscopy., Kjeldahl determination and gas
chromatography methods during the development following cysts hatching. Three species of microalgae, Dicrateria
zhanjiangensis , Platymonas subcordiformis and Chlorella pyenoidosa ,are used to feed Artemia from 3 instar stage. The
body length of Artemia ,contents of crude proteins as well as EPA and DHA at 24 h and 48 h following feeding tests are
determined to evaluate the effects. The results show that: The EPA content of Artemia is reduced at 120 h following
hatching. All the 3 species of microalgae are able to promote growth of Artemia rather than increase the contents of
proteins. The enrichment with microalgae for 48 h is capable of elevating the content of EPA in Artemia. The results
suggest that the enrichment of microalgae is beneficial for the Artemia growth and enhancement of EPA contents. Of
three microalgae species tested, P. subcordiformis displays the best performance.

Keywords Artemia; microalgae; nutrient enrichment; growth

X H (Artemia sp.) JEH 5o NEE 2 WK IEH H . WA Ry K P2 Sh v B A P b g R, R4
FLAT i R4 A )32 A £R R AR . R EA R HWHREI#) ZHTa IR ER M AW E
T 38 1M LA R 38 2 1938 3R AL o R 0 R i A M M| £ K &5 W UF (Jasus edwardsii ) F 1

Wk H . 2017-12-20
EEWH . THAEE T AT EH (MS22015024)
A SRERRE. HPE . TN EA Y A B A B ST . E-mail : zyqntnx@ sina. com



78 B gkl KO IR

2018 4 5 23 %

(Morone ch,ryxops)%}{o K 7E 2 5 s W) RO
Hu, AT LB R A7 16 56, 4 i HOGT R B K IR 1 N 2R
J3 T B U BRI 7 e DL B R o3 R A G
SEMAE S . 5 pd HOE IR B AN TR A S
B R TN RAR 8 & BRI R & RS K F W
FPHE A AR AR U w3 ANHRRIR D R &
E IR AR R E R AR B 5 e AR K
S E R AR e E R ERRE . CAPRIRE A
AN T 5 Al BHORE L 32 v b R 2 E B AR T R
Hmi,

b BRI T AR R S BEAE 4000 L) B iR
i S B AE 2020 LA b CFED , U] RUAS [6] )
SE IR 22 Y L HUR A 6 2 B TR
2 BAERER SR 0. 48% M H TR E AR & &
B, HR A RO R D R A R AR AL S
(9 JCH 2 PR3 & /DAY 18 ¢ 3 n-3 A1 20 ¢ 4 n-6,3f
BZ 22 ¢ 6n-3 TR GOHE AR DA R o T A AR
PrvEoRL . A e R A R RS AR R R
i ok s A % pa AT DURD 38 Uk = 108 5
B4, L ER 3 ( Nannochloropsis salina ) WAL
P pq He, A LA AN AR R AR 5 AR % 4t 56. 506 LU
b HP AR TR ER 9. 5% EPA (Z Bk UG R
25.8%0,DHA (Z+ Z NI 4. 1805 B ACR
TS 1Ty N R TR 7] 25 SR (RGN R -2 W - & X 1
MRS p AR IR DR R DL ik KB )
T i Z R AE A A OGP AR AR 3K 5 B Y R
AR T A R MR N TR) A OG . BOR R At e ok Ak ] 5
b AT TEAR 22 o (H A BR T AN 16 0 7 R 5 A
BEFSE L AT B A 25 11 50 U R Y 24 Al 3RO
P b, Sy ik — 20 1 A 0 5 A A5 MRER e ER AR A A
B IRE R SE R, A< BIF 5T 3 I 3 b A X 0 Ak
I RHEAT TR IR A e K R R
EPA FI DHA & & #4717 2087, DL oK ™ 42 5% 3
Py A A 7 R e e R Al A R P L A e R
SR AL I [B] FBOCR S i 5 2%

1 #M#EEFRE

1.1 R5e 44

MR T H 0 B (Artemia sp. ) B ) TS £R H
B HUBN R AL, R 5 BT WV SUHE 4 3 (Dicrateria
zhanjiangensis ). W . H W W ( Platymonas
subcordi formis) Fl/NER B (Chlorella pyenoidosa )
BB VLI AR W K BT T .

AW 45 52 W B (NikonE2400) | ¥ 7R 25 .0 HlL
(BK-DL-5M) 548 7890B-7000C 5t Ik FHAX 55
1.2 KWFHE
1.2.1 ##ERHK

TEVT SCHE 423 W0 TE it BE R/INER B BG R i &
HR AR IA A5, R T A ARG IR, KR 24 ~26 C,
o3k 4 REGFR B2 TG0 TR b 40 i Y %5 2 3 il
K F) 300X10" 15X 10" Fl 500X 10" 4>,

1.2.2 5 kL

100 L S ALAR S AR BE 30200 (/K . B AR
HLpa B 10 g J3C A 0 Ak A Hh 7S SO0 AL L 0 Ak TR
28 °C,

1.2.3 X EaEH

b HUE AL IS L o B O e R A TE T A iR T T
BRI AN . o B R P B2 1 000 ind /L,
B A0 L @SRl N AT B L B R 50 0K,
1.2.4 ®ALESR

KRR H 2 SR 72 b R AASNRE
TV RLE SRR Ak 5 . IR 4 R R AL B DU
ANBMERLZH Sy X B 5 5 3 AP AT . 4 Fh R
A3 500 AT VT UM 4 9 0 TR i R L NER G IR B R
CHE VT SCHE 4 8+ 08 i B /N ER B o IR IR
IO B2 T TR b A0 ) T T S 4
3X10" ~4X10" 4, WO TE i i 0. 5X 10" 4>, /NER
B 8X10" ~10X 10" A~ IR A B MR Ah e 1) 1/3
AR o S I I S AEDRY 5 B, B IR I G AR
1.3 MEmMBRA X
1.3.1 B kakkalg

BRI A A BE LI 30 Hpd o, A T B 40 1A A
KRB AR,

1.3.2 %% i .EPA # DHA 430 &

R MSOAS [ B[] 5019 b SR &l 4K, 0.1 My PBS
(pH7.4) v 3 W, —20 CLRAF, I T Ia Lk i,
AT & O SR LG 2 A (GB 5009, 5—
2010), EPA.DHA & & &2 . FFBE (320 Mk B ) <
EC R SRS R L] (10 = 10 = 1) hn A Sz 7 2,
70 °C W EBEIW RN 2 he ¥ H A S WU SF
HOBGECKE)ZE .60 Cheft 7 k. Mok d ke
JEZY, of BE AR, RO S5 MF: 83 A HP-SMS
(30 m>X 0. 25 mm X 0. 25 pm), #EKE O IE JE.
250 CLiFMER 1.0 pL, N3, #A: He, K
1.2 mL/min, FFi 5100 C (f£#F 5 min) D)
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SRBRHESF o IO 7 5 AL X it A= R 37 43 1Y 2 T 79

4 °C/min F+ % 240 C (f#F 20 min) . MSD &£k
250 °C. FUiEAAF R EL B 7R, & 7 IR E
230 C, MU ATIREE 150 °C, i B RE R 70 eV, 214
R R (n/2) :50~500, 7 i 0 T AR
Aok,
1.4 HESH

VA5 00 B i R AT 5 22 40 Hr L R HEAT 2 AR
(P<<0.01 REAEZFWMEE.P<0.05 FRER
WE),

2 HRE5SMH

2.1 MHEHEAFBLXENHAGTK. EAKR.EPA K

DHA 2T

i AL R o B 22 LAE 3R L P R A
1B — i, 07 b o BUAE = 8 S fk i A B &R
HIBETF R E ., A H — IR % 3%
24 h)  — I JEW (53 34 h) L I B (353 54 h) .
SR EI (R 72 h) HEFE 96 hoBEFE 120 h %5 6 4
R[] A5 DU S R ARG . S5 IR R W 4 IR AE By 7
B 3 KRR K & P, B 0. 432 mm 3 fm )
0.808 mm, ¥ H# K 0.125 mm;4 K5 KIEE
N R PR RS GR D,

x1 HNHEHEREBEHEK
Table 1 Body length of Artemia at different

developmental stages

Kr SR T H] /b &K /mm
Culture time Body length
24 0.43240.002
34 0.50440. 006
54 0.74740. 041
72 0.808+0.016
96 0.820+0. 021
120 0.81240. 006

B AR AN [R] & I 8 B A AR — R
b, —ZE = OESR 24 2 72 DR EARS
wEFAKR., MELKEWHT. EQSEEEHEM,
REH 4 K 5 K, 4 k& A5 & 55 0 ik 2
56 % F159. 8% (T ) (& 2).

x2 NHHYFEFAENPEARRESB(TE)
Table 2 Contents of crude proteins (DW) in

Artemia at different developmental stages

AR/ %

Percentage of protein

HiFRwi(a /h

Culture time

24 53.0+3.61
34 53.2+1.14
54 52.2+3.53
72 54.0+3.46
96 56.0E2.65
120 59.8+1.59

Xof &I AN [) & B AN 60 RN B R EPA
SR E S BRI EPA SRS R E N AR
Al kA W E AR Ik . — I EPA & & 5 BRI
R & i) 1,97 % ML B Ei n . 21k & 96 h, & &
RE AR 3. 34% . B JE A It F R, R 2.59%
(% 3),

£33 HHHIEAEBE EPASE
Table 3 Contents of EPA in Artemia at

different developmental stages

Hi Fr it [l /h

Culture time

EPA (5 SR i 2 1/ %6
Percentage of EPA in total fatty acids

24 1.9740.021
34 2.30£0.067
54 2.98+0.012
72 2.93£0.072
96 3.3440.107
120 2.59+0.076

i I AOAS [R] s R BEAG N B DHA & &,
2.2 WEMEAR.EPA R DHA &2

3 P e R IR PR B B0 L 4 B
W52 H R (5 JEPA Fl DHA &, 458 30].3 f
e NBR SR 15 EPA I DHA 194 &8 5 5
3R 38, 4% 11, 3% 1 4. 87 % 5 i 3 Y 1
EPA & HIRZ 4031 34. 5% F1 8. 63% 5 4 i 75 [
B EPA & S BE AL T i 3% . (0 DHA & & 5 T 3.
KFE3.12% (kb
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Table 4 Contents of microalgae nutrients %

7 R
i .

& (T ED

Content of crude

Breed
proteins (DW)

DHA %5 & Jiig 1 2 Ee 4]
Percentage of DHA in

EPA (% & I8 i % e 5]
Percent age of EPA in

total fatty acids total fatty acids

IINER 38.44+1.78 11.3340. 365 4,8740.082
Chlorella pyenoidosa
WL i 3 34.5+2.03 8.6310. 452 2.144+0.031
Platymonas subcordi formis
THET SUHE <5 33.6+1.63 7.25%0. 214 3.12+0.028
Dicrateria zhanjiangensis
2.3 WEEFEBRAMEREKHZM WFEZEF(P>0.05) ;MR 48 h J& . 5 HU4) A AR K
P HURE R B 2 SR R MV M 9 L EER R AR S R, A M2 R B B 3R

T i AN ER B IR AL IR B IR 24 bR 48 b fREF
ek 2 T OB EORE Th 40 M Y % R 0 ) Ol 3 ~4 X 10",

0.5X10* Fll 8~10X10* 4~, SRALIEME 24 h J5, X H
LA 5 08 HEZE AR LY ORI ZHD i AT 34 (B 347

TXIE(P<<0.0) 75 3 R AL HEIE o, B0 i 0k 1
WA KR E & B, EWEK L3
0. 935 mm; HRZ/NER S, K 0. 882 mm(ZE 5. 1),
A RN L SO SR AL R MR A o AR

x5 MEEFEANREKNIZ W
Table 5 Effects of microalgae on the body length of Artemia mm
Ak B e 24 h M 48 h
Treatment Nutrient enrichment time 24 h Nutrient enrichment time 48 h

CK 0.82040. 021 0.81240. 006
INER 0.847+0.033 0.882+0.012
Chlorella pyenoidosa

0T it 0.858=+0.024 0.935£0.012
Platymonas subcordi formis

VL S 45 0.83140.010 0.860+0.013
Dicrateria zhanjiangensis

RE 0.83240.012 0.876+0. 022

Mixed microalgae

TE % Hl e 22 B FRIR 22 5 AE 0,05 H1 0. 01 K

R .

Note: * and *x mean differences at the 0. 05 and 0. 01 probability levels, respectively. The same bellow.

2.4 WEEFEBANORESRSENHIT
SRR 7 12 ot 5 AL 50 WR 1L 24 h s o B
AN HAh A 21 i SR R b A SR S A R R &

W
e

2T P f ol 3 (P<<0. 05) , T /NER 38 20 F YR & 28 ) V%
B REES W 48 h )5 . 41K AT EE S &
I i BE L AN TR BRI R R B 35 (P<<0. 05) (36 6,18 2),
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2 02F
<ok o [
g0 AN i n
24 B 48
TR WS IR [7]/h
Nutrient enrichment time
L1 CK NERFE Chlorella pyenoidos
P Ji B Platymonas subcordiformis & \%w‘k' ore? aPy eﬁm( osa .
R4V Mixed microalgae 4% Dicrateria zhanjiangensis
1 EEFEANCRERKNIMRE
Fig. 1 Effects of microalgae on the body length of Artemia
x6 WREEFBANGIHEARESE(TE )N
Table 6 Effects of microalgae on the protein contents (DW) of Artemia %
4ib 3 M 24 h B 48 h
Treatment Nutrient enrichment time 24 h Nutrient enrichment time 48 h
CK 56.0+2.65 59.8+1.59
JNER 55.8+2.03 56. 041, 83
Chlorella pyenoidosa
0 i 56.7+1.67 59.0+1.11
Platymonas subcordi formis
T SUHE 5 B 53.14+2.01 57.5+1.04
Dicrateria zhanjiangensis
RA 55.0£1.73 58.64+2.12
Mixed microalgae
§70' . 2.5 MEEFEMNLIXH EPA 1 DHA €2/
E Ed
8% . ? * . ' 7‘ #
250t 7 p
as §%§ 0 ] B G RO B S 24 R s o
= & i =T S S
| §% EPA 4 ik % 75 fL . /NER S 40116 s 95 P ok EPA 4
| §% 535 5 P 0. 05, 0 i 9628 9.5 16 3
# £ jop %% . 7 HECP <0, 05) 1R 7 ¥ 4t 0 35 1% F X I (P <
S o RSP A 0 01 s BRI R BN 48k L B 4§ o EPA &
B BB ERN A BOR AL EPA & BB E BT
Nutrient enrichment time
CK S = N =R 0
L . . I /NERSE Chlorella pyenoidosa HR(P<20.01) , v Ji 4 A1 35 B dic g, Oy 3. 46 %
P Ji B Platymonas subcordiformis e . . . G - N 0 A A
1R Mixed microalgae & B Dicrateria zhanjiangensis /H\:U\E/J\ IER TR ZE ’ j‘j 3. 36 A ’ Wﬁ e éﬂ EPA =3
BTl i R 4 > 0 43 B
2 REERBALNEAEAREBOKE B RBERE, % 2.86% (M 3, R 1. HRE

Fig. 2 Effects of microalgae on the protein

contents of Artemia

7N RO B IR R A AT R TR OE i R A R EPA SR
o,



5 S AP

2018 4 5 23 %

KT WMEEFEBNLI DR EPA SENRIM

Table 7 Effects of microalgae on the EPA contents of Artemia %
EPA & SR iz L 471
Ik s Percentage of EPA in total fatty acids
Treat t
reatmen pEim 24 1 pEi 48 1
Nutrient enrichment time 24 h Nutrient enrichment time 48 h

CK 3.347+0.107 2.5940.076
JINER 3.50+0.068 3.36+0.065
Chlorella pyenoidosa
W I e 3.13£0.153 3.46=0.050
Platymonas subcordi formis
T B 4 3.3740.035 3.0340. 047
Dicrateria zhanjiangensis
RA 2.9740.010 2.8640.140

Mixed microalgae

Cl

&

=

=]
1

* sk gk

350 *

§ ok B
3.00 -
2.50 7 7

R/ %o

Content of EPA in total fatty acid

EPAZr it £ 1%

0.50
0.00 A 1 A J
24 48
TR IR IR )/
Nultrient enrichment time
I /NBRSE Chlorella pyenoidosa
4% Dicrateria zhanjiangensis

cK
W i ¥ Platymonas subcordiformis
1A% Mixed microalgae
B3 fEEFEAKHR EPASEMZM
Fig. 3 Effects of microalgae on the

EPA contents of Artemia

SR K H 24 h 5, R BER I B K 4K
HA & &;#% "™ 48 h [, DHA & &K 0. 357%.
LTk A 45 MR 2 A e 4 A p 24 SR RE K I 31) DHA
%

o

-

oy

3 W54

MU R RN 105 R 5 R K 22 5 S e
ol A A A TG R BT B2 R . BB P
CR SRS AUNERNINE NGRS iR Y O @R
HEAES L [RIRE L An SRR bl 2 AN A R 0 1R T

& EPA #l DHA, — 864 2401 (1 7 1 A KR 08 /0
1502 . BAR TG BUERL R i A A
TR0 R i Uy TR 5 kT LA B R R i A AR K H R S TS
LK ot LA B xfE DA ) X 8 SR . I SR 1 LA
TR S5 G R R B K™ 22 5% sl Wy vl Rl R OR 32 = %))
HI A7 5 R R T iR e 0 RN R AT A2 ) A
PR

b H AR RO S B R Sh A T,
A IS AR T A UR B AE L AH & T SR S
SELL AR R AR Y SRR T S AR L (R
T AN VR R 107 R % B R T e R s,
HoZ EPA F1 DHA 5 &, J5L P2 o e gl iR i 5 1
B U RN RRRR DR . B, AR e R R R A
7R R AL 77 R 3 B Al R v Y 2 A BE O A
FIURE 7 AR & . H2E fbAer I 45 SR 3R W1 AN [ PR A
S AL IR 77 L 5 2 HL AR AR AR S R T (R
KGN & &R A s, ARy
Tetraselmis suecica "eFE i B, Al IR B EH &
it AFL [ e R AR 7 R K Ak A A Y R
FHAG T8 B VERHA B 0T e i $E g i o 4 AR A4 PR —
grreE R iR AL i IR AR B . AR SCHF RS R R
WY o L VI SO 45 98 0 T2 i 986 R/ N 3K B 7R R A 1
Hugh ik, S N BE 4R o B g iR B A A
DHA & it fH AT DL g s 4 (K 42 K Fi EPA (R
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BTN 2 5% S W i TR A W e R fie A
AP T B R R

B HL R R R AL SOR BR T S RS B B SR
Iy RN L Ib 5 R P A A A R L 3E R T
R T Y AL A Y BB SR 5 RO
) PHRL SR AL b 6 A 12 b F 5% & 30 /IN BR ) i
ity EPA 1 DHA SRALACR AR 80 At
FEAERAFRW] /N EREET LR 3 4 0 4R EPA
R ERT R e R N RE i S e e Ll )
AE S R T 56 P I 8] £ 22 St B 8 BRI BT Ak T 119
ATFAER A . e oh B 58 A BB R R & e PR
PR AN L 7R 3R R AR R R R A A
K EPA 838 75 1 B A 5 AL EPA F i g
AR, X ATRES pa B GHORE R E E  EA OC
T 95 5 9 T BE — FLRR B 2 o ek

Sy 3 R e B o7 AL b HUA AR e BT fie
T &0 A A 5 T RO O B L > /N ER A >
IR B> 4 %41 (48 h) s fE3 m EPA & &y i,
Jiit BEZH >/ NIR A > B A IR A WH 48 b &
MR b 3R PR 2 2x S B HORL B R R RO R AIT.
I R8RSR R AL i R A PR A v AT B AR ST
HEHS R ER ., RAE/NEREE A LEPA I
DHA B & B 5 e (5 A2 5 e 4y 0K A K OF 2
EPA &1 77 1h A L 5 . 0T BE 55 /N BRBE TS 10 46 i BE
Ao TR K. AR ERE T 3 R R MR RO
11 75 A HU A L3 H B & EPA M DHA
AT TR R IR R g B IR ATy
Lt 72%,
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