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A IR 5 B A M S FN B E 7K R

R, T 8, ®mE%K, ¥ A7
(CRMTTREVER 5 (b7 TR, R CFIRERIE 5 TR, K 300457)

M OE. ERBOKFAALT AR R BR AR (C/N) 2 & HARA P 0 RAEHF = EIRMERKR G
ve. LB — 78 £ (NF, 100%) . %4& (LF, 60%) #f=#84% (VLF,30%)3 ALK 33 (Dunaliella salina) 3% K-FF , 5%
A B Ao S B AT AR IR, C/N 4 20. 3 ALK BERRAKFA LF, 50 R g mAr 8308, C/N 454
20 Fo 40. FAZIRFEARAA 1000 mL, W48 REE 1.5mL™, kA% HE 50,BH 24~25C,RMEAH 14d. &R %
W, FEARR LR ERRAT T, AR B ER S0 R AHF (P<0.05) ; Kk ¥ EAR (TAN) . NO; . NO; #= % &
(TN) AR-F K 4@V, pH A BTEAK, 6 AR I e Cl16: In7 2B A PTIgm, m C20 : 5n3 A2 A FTEAK. 2%
BT kAN EWRFAERAE QR PEAYERAGOHREL, X—ETHAE LIERRART T, Fog RS IR
BR R AEH TGN T ROREFFR IR, LR ERE EHBAER, > TEME LN ERERARET. S
CN R kAT H R EH

KR L B MUK BRI BRELL; KR
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Improving Artemia Biomass Output and Water Quality Through
Carbon Supplementation
SUI Liying, WANG Jiao, GAO Meirong, ZENG Yan

(Tianjin Key Laboratory of Marine Resources and Chemistry, College of Marine Science and Engineering,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Effects of carbon sources and C/N ratio on the output and nutritional quality of Artemia biomass and water qual-
ity were studied in zero-water exchange culture system. In Experiment I, microalgae Dunaliella salina were fed to Artemia at
100% normal feeding (NF) , 60% low feeding (LF)and 30% very low feeding (VLF) of the feeding levels, respectively. Su-
crose and starch were supplemented in the culture area at a C/N ratio of 20. In Experiment II , sucrose and starch were sup-
plemented at a C/N ratio of 20 and 40, respectively, and D. salina was fed at low feeding level (LF) . Artemia were cultured
in 1 L brine water with an initial density of 1.5 mL™" for 14 days; the salinity was 50 and temperature 24-25 “C. The results
showed that the supplementation of sucrose and starch in culture medium significantly enhanced Artemia biomass output at
the same microalgae feeding levels (P<<0.05) , and improved water quality by remarkably reducing the content of total am-
monia (TAN) , nitrite, nitrate and total nitrogen (TN) in the culture medium. Carbon supplementation slightly decreased pH,
whilst the viscosity remained stable. Carbon supplementation also resulted in higher fatty acid C16:1n7 content, but de-
creased C20: 5n3 in the Artemia biomass. The improvement of Artemia biomass output in the presence of extra carbon source
is closely related to the bioflocs formed in the culture system, which has been justified by the fact that supplementary carbon
can reduced microalgae requirement and lower the level of various nitrogen in the culture medium. Compared with starch,

sucrose with simple molecular structure has better effect on Artemia biomass output. Increasing C/N ratio has no remarkable

effect on it.
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W R 4 R (biofloc technology , BFT) & 7E &
5 B FBR PR K S A2 R G, 8 AL B I B B
FEAR M e e (I UV R R 3 B /K AR Hh g i R LE (C/N)
P IR YR A A A AR Y B T, L5558
IR, LA E K R ARG R AR ) H AT,
OB T BFT MG AP HE ML EEXTHR
(Litopenaeus vannamei) *>" | %' 4k £ (Oreo-chromis
niloticus)'® | H 7% 2& %F #F (Marsupenaeus  japoni-
cas) BHNE FIBEF (Macrobrachium rosenburgii) *V4.

Ht (Artemia) FEE53 A5 T N BRI AN H W95 :ER 3%
ZEICU A R B KA b AR TG S AT RS A | g A
PRHIREE 3 ANBYEE. 1 HURHR DR S, TR A Alighi , i
I T AN AR , WA R 2, Sl K fa T 52
K AR AT A Wy RO i B g R R RS2
NS IS RS U0 A TE N F 5P e 12 N
)R, o HUBP TG SR ARG I, AR/ E SR
15 F1 g TR BIR P9 1t J5 bt HROA N TS 57 4 H 25 52 3

) AR RIS A sh Yy, B DL s AT A AL
HEEAE, BERK. MEFETEIRERZHR
i, [ K e iV FR O pa A U o i e P o
A A BRI T BN TG SR G R
C/N, {2 3F 5 I 4 b 1) S50, Sy pd M4t 78 2 A0 AR}
FEA ARSI R T, BRIEAT C/N XK
P KT R R AR 5 i S T A L R
MuBEERRACAE T, S R 2R BIEORTE 1 BN T3 57 5E
Hh ) o R B .

1 MES5AEE®

1.1 SEIgT

S — B SN [7] B B 5 M AKCF T B 5 X pe H
B AR BT s . S At 3 KA, SEgmd oy
SIS I EEREFIVEHR (C/N 20) , X6 BEZH AN AT o] Bk
UE. R 3 M ERMERRIKE, BIIE & $RIKE
(NF) | B AR K- (LE, 60% NF) FAR A5 M 7K -
(VLF, 30%NF).

SEHG T RFSY C/N R pa BB | B SR N
IKETRRENR. SR 5 41, 43 RIS INEEREFITER , C/N
A3 20 F1 40, X RRALAN TR IIAT A R . S e 4%
MK IE B PR 1 60% .

B HU R S5« IR 24 ~ 25 °C, 2R 50, 14k
A SR 14 d. B 3 APATHE, S SRAE
KK 1000 mL, 3 HAILAEEE N 1.5 mL.

TE BRI M 7K SF- 2% Vanhaecke 25 Y
HECER B (Dunaliella salina) T FEH M, TR IR5E
W PATIE M. BRI Z% Avnimelech!'®!
P (D) 5

ACH = (Feed x Nieeq X Nexeretion) /0.05 ))
K ACH WHRIEA NI ; Feed MM ; Npeeq A1
BHAE 5 Nexoretion M FF7H S HE M 2 o5 TR EHA
(R EA (— 5K 50% ) 5 0.05 a4k,

b PG R P 5 3 3 MKCF B IS It (C/N 20)
MRS R 3% 1.

F1 HERHEEEREATERBIERME (CON 20)

Tab.1 Optimal feeding level of Dunaliella salina and the
supplementing amount of carbon source (C/N 20)

o TR MR RN N

(10°L7"d™) (mg:L™"-d™")
1~2 1.03 24
3~4 1.38 32
5~6 1.73 40
7~8 2.08 48
9~10 2.42 56
11~ 14 2.90 68

- AN M AR MR 1 KO (NF, 100% ), AIREEIRIKSFE (LF)
J 60% NF , B AK A MK S (VLF) 24 30% NF. By i Ll O/N 20 31
B, C/N 40 250 F il ds g 3 2 £

1.2 MR

H W £637510 /K (BREE 200) 25 W75 | B
ACFRS £ . FR5H 0 HON B PE ARS8 &R Artemia firan-
siscana Vinhchau strain. (& HEIIZ ) 18 h ¢4k GRE
27 ~28 C, EhEE 30, JEIEEE 1000 Ix, EL ) , ¥
VIR ahiA G 2 1 L IR E 5 5 dGREE 24 ~
25 °C, hFE 50, ELERR) , WM E N SmL ', AR
T R R i A FCER B, AR ICER SR S L =i
Rt (24 ~ 25 °C, R 50, YEHEE 10 000 Ix, HELETT
), 7d AR RO G 0 (6 °C L 6 000 t/min L
10 min) , 4 “CIE 4.
1.3 $EHRUE
1.3.1 kAW E

SCESEE R, RO AR Y AR L, FHZE IR K BR 25
RFRE L5, FRUEAR T HAAR R H K 43, PRI, 3R
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15 AR
132 RERHMEGRIEHRESE

WA A PATRE P 0 5 JF. RATEILIG
SERIEIEME N, IENTRRAIIE S Lepage 25"
e 0, WERILAR iR (FAME) 41 AR & 5 FH <
FHAE T 5 (Shimatzu) M.
1.3.3 FRzikRam i B4

SEEGEE PR, BN SEIG A FEMLBEE 1 ASFEATHE,
K PR G SRk AR B R T A B B8 B SR RS
FRIERCT A B 10.0 /L, - ARF 3.0 g/L, TR
15.0 g/L, FEREE R 50 By RiKECH]. 37 CHiFE 48 h,
TR EE.
1.3.4 FRIAKARIEACIE AR

KK pH KA pH it (Mettler) M 5E , 24 FH 2 G
FHEETHINAE , VAR Y ST AU . BOEA TR
KK 50 mL A 9F ((RFUE 150 mL) , A 0.25 pm
AL IE B IE. MRS GB/T 12763.4—2007 {5 vEH
AR - 45 4 5 WA E R R A ) "k, 4y
IR A B BRI R RIR RN A AL TR
ATk A PR B A Ak 2 DR T A B R (TAN) | A PR
Eh(NO3) | R ER (NOT) FLEVA (TN) He .
1.4 HESH

SR E K B SPSS Statistics (version 19) #k {41
(R T S N T & NS ey =
(ANOVA) #17 He#, SR Tukey’s multiple range test
Ko B 22 5% (P<0.05) . AT EArER
geitar b k2 5 (P<<0.05).

AEHEAEEE H308 Foll

3

2 LIHAER

2.1 AE P AEERIRKTE TR pq B AERKFKR

SpA|
IS0 TR RN GE 0y 20 590 1 1 A W (DAY
) 3 82 E T IR (P<<0.05) (B 1), T BLEs

USRI LE A1 VLF 200515 A S RS 5 18 4658 e Pt g
FEME R B4 (NF 1 LF) g A & r (P>
0.05). FEREFITEMMLHIA W E 255 (P>0.05).

2000

1600 Brem Ok O

on
£
1200 b
] b
ol
¥ 800
x c c ¢
400 %L’%
0
NF LF VLF
B A KO

1 R[E SRR ERRMEERG TREYSE
Fig.1 Total Artemia biomass at different feeding levels
and supplemented with different carbon sources

BRI 2K/ TAN, NO; . NO; il TN ¥
BT X RRZE (GR 2). Hirh TAN. NO; #1 NOj e i
T AP, TN e BE pEAR A <VEAp 4 <Xt He4l, H
PO VR KO, 3 4RI A (ELOR. A A X
TN FEACAI R R B 2.

F 2 AESEEEREKFEFRMNRIESG TFHREKE TAN, NO; | NO; #1 TNIRE
Tab.2 Content of TAN, NO; , NO; and TN in Arfemia culture area at different feeding levels and supplemented with different
carbon sources

PR Tkl TAN/ (umol-L™") NO; /(umol-L™") NO; /(umol-L™") TN/ (umol-L™")

iR N/A N/A N/A 63.3

EH TEH N/A N/A N/A 248.8
— 52.6 22.1 88.0 2335.0

igiia N/A 0.6 N/A 173.8

BAK TER N/A N/A N/A 250.8
— N/A 20.2 79.2 1012.1

igii N/A 0.3 N/A 202.9

AR TEH N/A 0.7 N/A 227.9
— 51.1 27.6 85.4 753.8

TE: —FORAIEATERIR, N/A FRMEEAR AR,

SEBG A KR R AAKETE 6.5 ~ 7.5 mg/L 75
Rl AN [A] S A MR AR U IR P8 1 %of B ZH K

& pH 5 (P<<0.05) (K] 2). It i K 6 B Y
A B (P>0.05).
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™ SRR % (P>0.05).
0O vk
8.5 O % 1500
= g0l bed 02 = b 2 i
< cd & Looo L 0 %
= T a
7.5 s a a
o
7.0 @ 500 b
NF LF VLF
BP0 98 4% IR K T 0 ’—L‘
(a) pH 20 40 Xt B
1.8 C/N
FERE Ovekr O X
1.5 3 FINARREFMARRE CONEGETHXREYNE
E 1.2 Fig.3 Total biomass of Artemia supplemented with dif-
E 0.9 ferent carbon sources and at different C/N ratios
i e e a2 B s
w® 06 TR ZH 5 B /KA v A0 R R R340 v R 4 R
03 REAH (3% 3). mEbEAL g RS P& i (LT ) i
0 NF LF VLE e, DERY A B IR S R R R AR U R (LA T R R
SRk T 11)C20 : 5n3 EFHEMIEFEML, C16 : In7 EaHE T
S t)ffm S R B 5 C/N 20 HIEL, C/N 40 ZofFF e i kL
[&] NE RITIRKEFRMRIESZE T FRIE b [T A . e e

Fig. 2 pH and viscosity of Artemia culture column at dif-
ferent feeding levels and supplemented with dif-
ferent carbon sources

2.2 AEBREFM C/NXFgHERK ., EFREMBMKER
A

ISR TE R 2 35 4 5 o AR Wi (LAY

i) (P<<0.05), 5 2.1 F A4S FR—5 (& 3) . C/N X

AINERIE K AR TAN, NO; Rl NO; & B
TXFRELE, TN WL ERHZH <PEM 4l <X BR4H (3K 4)
5 2.1 SR80 BINRRIEA C/N BE, TN ¥
AL

7E C/N 20 1 C/N 40 £0FF , Ushnses( kA
pH K TX B (P<<0.05) , TEMAA T —F 2]
(E 4) . B hnases X pa K 5 2 JC B 5% (P>0.05) .

R3 FMARKEMARE ONFHTHR Y HERMKREHRSE

Tab. 3
sources and at different C/N ratios

Total bacterial count , crude protein content and fatty acid profile of Artemia supplemented with different carbon

ON W 25%»%&%&/ ik = e BEWHER & 7 (mgrg™")
(10°mL™) % Cl4:0 Cl16:0 Cl6:1n7 CI18:0 CI18:1n9+n7 Cl18:2n6 C18:3n3  C20: 5n3
20 JEbE 6.8 432 4.7 14.3 7.3 86+37 293x12 8.5+4.3 9.0+2.3 3.7
20 IEM 2.7 39.1 3.8 13.4 8.2 10023 29.6+13.2 9.5+25 11.5+6.7 3.5
40 ERE 5.0 48.7 48 175+72 7.7 102+7.6  38.0x19.6 125+10.5 11.0+0.4 42
40 JER 2.9 29.4 25 11.5+7.1 6.5 72+25  264+10.0 89=+1.5 122+23 3.5
- — 2.7 414 N/A  164x2.7 N/A 128+40 321104 122£02 126+1.3 9.6

T —FRAIEATRRIE, N/A FoRuk AR TR BR.

®4 AREBGRFIARE C/NFGT xHFRFEKE TAN, NO; #1 TN iRE

Tab. 4 Content of TAN, NO; , NO; and TN in Artemia culture column supplemented with different carbon sources and at

different C/N ratios
C/N Tk TAN/(umol-L™") NO; /(pmol-L™") NOj /(umol-L™) TN/ (umol-L™)
20 iz 0.2 N/A N/A 238.4
20 TER 0.9 53 N/A 505.5
40 iz 0.2 N/A N/A 130.1
40 TER 0.2 21.6 N/A 196.8
— — 28.0 69.7 48.5 1139.9

T —FORAMUEATERIR, N/A FORHEEAR TR
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Fig.4 pH and viscosity of Artemia culture column sup-
plemented with different carbon sources and at

different C/N ratios
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PIR 10 A5, 38 MoK AL AP T L S IR AN
R, 2 C/N> 10 57 3540 B RURI LA 5 2,
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LSRN N R AP B AT B, X s A A
KSR A W AR A .
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FRER A 2 BT A5 rh S Y5468 i s B T iR
C16 : In7 BETHE, M C20 : 5n3 &4 FFHIK, 3
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Avnimelech Z5FIF] N [Alfi ZF7iC NH,Cl FIVE
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TR i HORLER (1 A P i, 5 e AR R
PRRER (1R A 06, TEM AL s HLEE (1 3 K
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5, 2G5 A AT B0 TR S 25 ) ke SR S AN R
M, AR T AL FAE R, AR C/N Xt
Ha A= Wyt i s N S22, AR KA o R0 B A T R
5, DEMIHE ST /N AR TS24 14 R A VR .

Hg/NRIRIE R YEH e sh Y, DAk
N 6.8 ~27.5 um", g AR A KT 50 pmPL
b DK BE T8 22 , AR F A /N A A B 42 T T g i o
BEEAA, feukpd B K AR KA LA AU RE
W, ST AT RE BB i R R, ST A
K. ARBFFE AR BRIE G T80 BB AR SR KR pHL, AT
e S IR A TR K B A e A R A . AR
ZMFT i AR AE R AR 28 Kb, 7K pH A
8 Zidy. MTEMmBRYE (pH<<6) KAkrpg g2k K 17
A B S B ke BET I 3R
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BRI K A FE S BFT 9 1 FH B A %5 U] AH
Ko, ARG e T S0 5 R A I R RN AT 1 v
K AR IR, (AL 50 25 7 B, 19 438 P B A ) i R
(UNKHEE | BRI Ry S5 A Il P i) & BFT 7
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