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0.02) % JH B EALTF MR RG] (1.47 £0.03)% ] (P <0.05) , K F (SGR) FALHE B (CF) 15 13t
WIEARS HERARE(P>0.05) 5 (2) 7655 4 RIS 8 Ji 4 B E T A & A i o i AL 06 o, 56 4 JRI R,
RAS ZH i 2 1 05 PR [ (1387.56 +278.43) pg/(g + min) | 35 @& T b5 2 [ (1 129.99 +382.67) pg/
(g min) ] (P<0.05) ;%5 8 J& ), g il s [ (18. 11 £4.28) pg/(g - min) | B3 & T4 [ (12.89 =
8.00) pg/(g-min) J(P<0.05);(3) 7L 4 AN 8 J&l 23 SN 5 T f0 44 JIF R U | Sk 55 R I 375 v 6k 2 5% e ity
(ALP) ¥ I (LSZ) FL SR S b ik AL (T-SOD) 1 1, 2 R R A RAS 1 e PERB IR T b3 4 5 (4) B8

IR 2 BRI A 25 58 R R, RAS dZ S A ZEFF7E 0. 0067 ~ 0. 0212 mg/L, W i 25 % 7 # Jy 0. 0027 ~

0. 0087 mg/L, HfILTFthH 41
KRR BB B AR IR AR SR 5 K
FES%ES:Q142  XEKIREM:A

Je B B 4k 4 ( Oreochromis niloticus) J& T-18 &
#W ( Osteichthyes ) . %72 H ( Perciformes ) . &5 2 . H
(Percoidei) fififa B} ( Cichlidae) , Ji7 7™ -2 H (%) $H 1)
Je W& ( Lake Tanganyika) ( Cengiz et al, 2016) ; 3 [H
T 1978 AL NFE E S| HEIFHE) Feh . BP PR E
A ERACLH 2L (FAO) 124 T FLR Ty #E) ™ /Y K 7
FrFH A — L T R A R S 1T B 32 EEK
Z—o 2014 4 JRE D IR 1o 155 7 v, b
EERD AR R 1) 40% A4 Hor, R B B AR
FREE R T E AP AR SRR M 0 e R AR A
(Gu et al, 2015) . HujFEE P P k525 )7 X
T M IS IR A AR IR GE U K S B RN A R R
S Horp Yt B 35 58 B FT 7R IROK K Srp AT N L3R
B, W0 AT ATE /K TP SR A, ot B R ) 2 1 975
T E#ETEAE, 2014) o SR, T 5 IR A7 1

W im B EA:2016 —05 - 19

E&WE Atk Clol) B L& 5t H - okt T
FRAL B S5 IR 1B S BRI 5878

PEETE AT - 5K, 1980 44, 55, DY AR, =2 M il T 7%
258, E-mail: 592015986 @ qq. com

BIEMER AR, 1964 4£4 5, 0H50 01, FENFBE R, T 72
FEARMSE . E-mail: cafselt@ 163. com

NXERE 1674 -3075(2017)04 - 0065 - 06

(1 5 5 KGN BRI 7K 50 53 748 22 T 8 9 i 45 1)
AL, o B A B IR B R T BRI Sk (Frimpong et
al, 2014) , 2014 45 3 25 [6 N 27 4F 37 Bl O
M E R TR @ik 8 fCTT (H M4, 2014) ;2008
R REIRARE T 04 2 AR R FE D 5 SR
e, AR I8 6.5 {Co0 (FATHESE, 2013)
DAL, 91 3 ) 22 S f FR M PR 7 M 45, B it
PERRBE AR B i T BT (R TREAF, 2014)

TR/ I 58 (RAS ) 2 —Fh Z2 U L 8522 B 77
FEARE S, B A2 AP BR A AR A U B SE A A, IE
MR 2 BTk 5T . Martins 25 (2009) i1 1 78
RAS R&&ip, e B B it 15 d f1 72 d /Y5 JR,
IK BN LR AE & BB D HE RS B
A ) AR R BE L /NS AR R R AR A SR
(2011) 58 1 1E RAS RGN Je B B 4k 1 s )
KRN S/, 12 25 0 v 38 3 i A B 0 B IR e
R IR R EL A LA BR A , DT 75 5 > 56 3 1]
AR BCROE RAF o B EIROF SRS RAS REGEXT
JEB B AR A RO R IR, 1 R UL I 57 58 AR 4
I RAS RGUAEJe B B Ak 57 5 J5 11 A9 L FE 4
18 5 BEA AR I SR A, RAS R GEA7AE 85T R
A A AR, —E R BRI TIX R GERE) .



66 E38%F 4 1

KEKFRE

2017 47 A

AHIFEAME T RAS RGN HT AN, X%
Hifit RAS R IR RGP e B B AR e
HT5 ¥R MR B BE 45 4% 07 T DR 45— 2, SRR SE
MWIEFRFEAUET Y RAS FRAExT e B B AR LK
PENERELL BOK TR i i) AZ AL LR, LUYT O & B 6 %
DRI 20 RAS FRFH 2 G AE /K 7= Rl
) R AR AR B AR o

1 HREEF%

L1 ARKE

AR 3 L T R P I AR RO RS R SR
SHIRI I N o 0 391 R FItL 9% IR 98 AR G2 A1 RAS 57
FHARGL . XIS IR R SN W L SRR,
JERHAT4 1L P T g 5, ot 3 101 3t
SRALHTL) , K5 T8, B AR AL 16 m*, FEfh
BT R FZR PHOE ) I B + KORIHL R 2,
TEM 5t 2 1] R K FUFIHEK T 4 i A
ML HEK R G, Al 3 g BEK IR 1] BEK it 27K
Tt HEABAHEK R T TAE58 03, A BOKIRERF1E 1.5
~2.0 m, X% RAS FRIE ARG R BTG — 2
iR TR B L, J1 RO BRI e 2
AP A 1Y REFE MK o AT I B>k Y
RAS JRIE AR G0 T2 J B b i SR ML b L UK 20
e SEWIIE | RE R B SOK R CHRRIRBERE, R H
TEFRKAE) S5 R G B(IET 1) 5 Forpr, EAARTR B
AR HEAR AR, AR 4.3 m? RO E K
PRRHATE 450 L, ACEe 3R Al 3 1 RAS SRAH.
TEIEATFHIRIR B AT, Sk RAS 2483 d, I#fifR =

SIEH 81T,
o AL it hv@%%%a&}]
/
K

5k H
15 K HERL e
UW‘E’%%EH 1y

B1 ERAFERFIER

Fig.1 Schematic diagram of the recirculating
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aquaculture system
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FCR = F/(W, =W, )n x 100%

W, NFRFEIRE TG e 2 2 HE £ P 1y
TR W, il g 45 o i fa AR - XK T 5 0, T IR
U0 8 I (] 5 0, Ay a6 45 SR I )5 WOk AR R
LR sn I S 8 F N ¢ & o, B[]
WP DR SRS i,

1.3.2 HfeEgsE 758 Ml R, L e
T2 AN T, 73 0 AR5 4 R FIES 8 Fi K.
RRRAE R T Pk E 15 R fa . MR AR 53
Tl A= B 0 i Sk R AR AE 2P E f, fife ) e bR
e Y 15 I, A1 AR BRER /K (PBS) Z2 ik i
U BT R R TE R A D o MR AR ARy 1) 12
WsE e % % JF i 23 B BT 1 ( EARSRFIE £ 2,
1981) 5 2R X A o4 P ok ) e HL g 7 9% 2 (V58K
F5EE . 2007)

1.3.3  fomxegiEi 7e0 8 MRt b, 4
SR (4 FAA) A (8 R 432 il &



2017 % 4 W

K OREIEFEEANEEF ALK RRMERIATNE R 67

T RAS 415t 5 41 vh e B B 9 fa G B i 1
UCHERE T TP Bk 15 R £, I it LAk A 0 2 B
J& , Rk B U RAE , F PBS U2 T Uk, MoK 4%
T Ja FR L 7R KR R R B0 P (B
4 000 r/min) &> 10 min 5 & FWA PRI KA
W 8 SR I 1) R B LR, TRV v SR B ML )5
TWAEMAT . R & (8 8 R @AY T
WFSE T ) W02 P R 1l ( ALP) (375 11 1l ( LSZ) AR,
A A B AL (T-SOD) 14 .
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X RS BHEm AT 7o 8 A Ry R e, 7R
ARKAERE TS T, RAS 40 v Je B 0 3 £ 1) 2 R (K
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33.76) g;HEA KA (SCGR) FALHEE (CF) Wi T
W IR 5 R 455 A, RAS 41 vp 186 8 5% (597. 36 =+
169.79)% i 2 /= T it ¥ 2H (470.98 + 142.99) %
(P<0.05), Rl LR (FCE) (1.17 £0.02) % 2
AR T2 (1.47 £0.03)% (P <0.05) .,
2.2 HLEREME

FEIRE I (4 A FRIA (8 JAA) 43 3 &
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x1 FARFEEAXNEST FEEERKIM

Tab.1 Growth performance of O. niloticus for each aquaculture system

B! WR AR/ LR N/ FRE A K2/ R/ - Tk AL/
[ g g % - d” % %
TEHIK 24.57 £9.56 168.47 £41.02 2.21£0.31 597.36 +169.79* 2.77+0.85 1.17 +0.02"
Tt 3 24.57 £9.56 138.68 +33.76 1.89 +0.29 470.98 +142.99" 2.14£0.71 1.47 £0.03?
s [RFVEE AR R B R R 25 5 (P <0.05) .
Note: values in the same column with different superscripts mean significant differences (P <0.05).
x2 FAEFEEATRFFEEHUETETK
Tab.2 Digestive enzyme activity of O. niloticus for each aquaculture system
JrREH SREEI IR/ /U - g H/U-g!
L= J4 EER g7t GAE] JIg 5
1EFRIK 4 1387.56 +278.43* 11.89 £4.98 376.45 +£203.12 48.23 +28.04
3k 4 1129.99 +382.67" 11.99 £4.01 371.54 £139.99 43.56 +11.34
EFRIK 8 1519.78 +379.45 18.11 +4.28* 369.98 +149.39 63.13 £18.99
T b 8 1403.98 +692. 56 12.89 +8.00" 371.32 £190. 12 53.19 £14.12

T - [l —FR AL A, [R5 ECE AR A P B 3R 28 5 B 3% (P <0.05) ¢

Note: values in the same column with different superscripts indicate significant differences (P <0.05).

2.3 GREEEN

TE 4 JAARAN 8 JAA, 23 B %F RAS 20 Fiith 3 240 b
JE.2 B | An F I | Sk VB R I 5 A0 G 28 S M AT
TIE(F3), G5B BN, 4 FIREE, RAS 41 b P
T Sk B AL TR R B R T ( ALP) VA B (LSZ)

M BT sE A, (H F R ER AR E
(P>0.05), RAS 41 1 T-SOD ff (45.24 =
9.13) U/glit # = T ¥ 41 (38.98 +13.84) U/g
(P<0.05),
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B PR I T 4. RAS 41T 0 P 1) LSZ fi
(27.09 +12.09) U/g % 2% T M 241 (36.76 =
8.03) U/g(P<0.05) .
*3 AEAFEEATEF T REEENE
Tab.3 Immune enzyme activity of O. niloticus for

each aquaculture system

FREREE /U - g7

W IRE SREEA

HA L [H)/ A ALP LSZ T-SOD
e PE¥RK 4 61.24+10.59 39.14 £4.12 84.04 +29.78
C bBE 4 64.99£15.99 43.99 £17.96 89.12 £32.09
e TEHAK 8  57.02+19.05 27.09 +12.09" 57.09 £3.76
s 8 59.67 £17.89 36.76 £8.03* 62.13 +5.09
3. TE¥RK 4 30.23+7.12  24.89£7.02 4.21+1.04
Wwo¥E 4 31.23£7.86 24.12£7.09 5.930.79
L. UEFRK 8 23.23x3.98 3277179 7.34x1.76
MIE 8 25.98+4.87 34.01£4.01 7.78 +2.01
i EHK 4 20.67£2.34  7.89%1.67 45.24 £9.13"
W 4 23.99:4.67  9.89£2.01 38.98 +13.84"
_ TEEFK 8 23.56+5.01  8.23:1.26 39.04x5.01
oy 8 26.09+6.79  8.71+1.32 40.87+9.89

TE: [A) — F7 F8 6], 18] 9 B4 B in AN ] 7 B KOs 28 v B
(P<0.05),
Note: values in the same column with different superscripts indicate

significant differences (P <0.05).
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Fig.2 Nitrite concentration in each

aquaculture system
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Comparison of Growth Performance, Immune Activity of Nile tilapia ( Oreochromis
niloticus ) and Water quality in Two Aquaculture Systems

ZHANG Xi', LI Tian', LI Xiao-bing’”, ZHANG Rong-quan®

(1. Fishery Engineering Research Institute, Chinese Academy of Fishery
Sciences, Beijing 100141, P. R. China;
2. The Key Laboratory of Aquatic Biodiversity and Conservation, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072 ,P. R. China;
3. University of the Chinese Academy of Sciences, Beijing 100049 ,P. R. China;
4. Hainan Zhongyu Biotech Co. , Litd, Qiongshan 571100,P. R. China)

Abstract; The growth performance and immune activity of Nile tilapia ( Oreochromis niloticus) were measured and
water quality was monitored during an 8-week experiment ( Sep 4 — Oct 28, 2015) that compared a recirculating
aquaculture system to a pond system. Nile tilapia [ (body length (9.47 £4.24) cm, body weight (24.57 =
9.56) g] were randomly selected for the two treatment groups: a recirculating aquaculture system ( RAS) group
and a pond system (PS) group. Each group contained 120 individuals and the experiment was run in triplicate. In
both systems, dissolved oxygen(DO) remained above 3 mg/L, the pH range was 7.0 —8.5 and the water tempera-
ture range was 24. 6 —30.9°C. Fish were fed twice daily at 09 : 30 and 16 : 30 and pond water was exchanged
twice weekly at 20% —30% , a typical exchange rate in ponds. At the end of the test, the body length and weight
of Nile tilapia were measured and the specific growth rate (SGR, % /d) , weight gain rate (WGR,% ), condition
factor (CF)and feed conversion ratio ( FCR,% ) were calculated for each system. Results show; (1) The WGR in
the RAS group (597.36 +169.79) % was significantly higher than that (470.98 £142.99)% of in the PS group
(P <0.05), whereas the FCR (1.17 £0.02)% in the RAS group was significantly lower than that (1.47 +
0.03)% of in the PS group (P <0.05). The SGR and CF were higher in RAS group but the differences were not
significant. (2) Digestive enzyme activity in the stomach and intestine for the two aquaculture systems were deter-
mined at week 4 and 8 and the intestine protease activity of Nile tilapia in the RAS group (1 387.56 =
278.43) pg/ (g - min) was significantly higher than that (1 129.99 £382.67) wg/(g * min) in the PS group at
week 4 (P <0.05) and the intestine lipase activity in RAS group (18.11 £4.28) ng/(g - min) was significantly
higher than that (12.89 £8.00) wg/(g * min) for the PS group at week 8 (P <0.05). (3) Alkaline phosphatase
(ALP) , lysozyme (LZM) , and the total superoxide dismutase (T-SOD) in the hepatopancreas, kidney head and
serum were also determined at week 4 and 8 and the immune activity of Nile tilapia in the RAS group was lower
than for the PS group. (4) Ammonia and nitrite were measured weekly and the ammonia concentration range in the
RAS group was 0. 0067 —0. 0212 mg/L and the nitrite range was 0. 0027 —0. 0087 mg/L, both significantly lower
than in the PS group. Our results show that growth performance was higher, the functionality of the immune system
was lower and water quality was better in the RAS group. This study lays a scientific basis for promoting wide adop-
tion of the recirculating aquaculture system for raising Nile tilapia.

Key words: Oreochromis niloticus ; recirculating aquaculture system; growth performance; immune activity; water

quality



