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RIRM BN FRKFEETANE
£ BEREREENNZN

VRS AN TS ST &2 AN AR
KA, AR, RAER, 4R

L AREAAKFBIFERT . Rt BT 3610135 2. Rl M e LW R0 5 s (AL R T o R 2 e 55, ARt BT 361013;
3. BTN AR RA R, A JETT 361104

WE: EKB(28.59+1.74) CTF, A MKEEL SR TFHIKRMEHN 858.73 gt ¥ear Bt &, £t 60 d 49 A K5
B, AR T ARRERMEA R/Ad.1R/2d. 1 R/3DSAKRFNAET EREAK, BREALABEF NG YA, 42
REW, BRRAEMN LT EHERAFTENYAEFRAEAATFEL(p>0.05), FEHAZINERAFEFTEE
99.40%~99. 80 % 2 1 ; B ELIMM M ICH E(CF=2.22~2.35), kB & F & % (SV=20.08~24.27), " # &
H(FCR=2.70~3.0D) A B R ¥ (7.50~12.51 g/DH R R FHH(p>0.05), mEBEME 1 k/dAFf1x/2d
MR AR FESGR) AN R ERWEHBEZHT 1R/3dH(p<<0.05), HRIMFE 1 k/dHe) BEL FA
1R/2dAMAHBUEENEEZET1IR/3dE(Hp<<0.05); ELEBEAFT @, B ERESE T o bR F
84 Ao B BR B (AKP=0. 083 5~0. 089 & K4 /mL), & f 4 &8 (CAT=7.96~8.19 U/mL) & # &AL 4 4 B
(SOD=132.40~34.45 U/mIDH LR EH 0 (p=>0.05). ERFEHLEMHT, AREXRAET 65 & 0E T HRIA
FH1R/AKR 1K/

X O B AsmE; BRME; AKMEE; REBEN; AKAR

FESZES: Q959.483 MHEKARERD: A XEHS: 1673 -9868(2018)07 — 0051 — 07

PN 32 (feeding frequency) J2& £ 28 FRFH A 7= 45 B rb (%) B B 40 B BA 90, BRI 19 S AR AN (L & 5] i £
ARG . AR L S AR AR RCR B A AR i LAt SR Ay L S M L T AR TS ) e
1155 /10 DRatA =S - A1 RS ) (18 -1 S e S S DA S i e 2 S A BV RS T M U e WD BB i = 7 D e S
dE SR A K, BRI AT NG R R R S S R A KB SRR S
R E AT R R, R A 2R BRI 5T . X O A R W R A B R Bh oK T SR B
AR SRR R S A s 5 1 X

¥y 1 BE L (E pinephelus lanceolatus) X FF g I BEfa, K& T 81 H (Perciformes) | fig F} (Serrani-
dae) . A FEE (Epinephalus) W)W K VEWG = 2 0r 0235, H B SRBER 2 200 A T RF 3 L B RS 3 R R A
A, E P R RS L TR R O S AR XA AL e B AR K, B R . R

O WRHH. 2017-08-08
HEETH . WEERHTE S A 55 R TR AR R L 5 (2016R1003 — 8) 5 A6t 45 1 7 i 7 b & JB 4 001 [ 1) 3 9 1 97 (20140 21 5 ;5
2015 A 44 1 7 5 vl 285 4 1R R 05
EERA . B E 19825, B, it ByFFR &, EEAFEA M TR S IR0 E S = 5 a0 T,
WAFMEE . EREE, DF5EO.
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BfS& . EIRFR, RARE RSO A I 2 M IR R 0 A B R FHT, el
A BEf A E AT EEET T A LE BRI A E BB My T A A DT,
T A 9 5 PRI 50 3t 7K 57 B0 A ST el 4 B £ AR R L B S SR e S D B R R T 0 R LR E. T
b S SCRARE AT A1 BE A R SEIG X B, WF ST T A () B0 MRS I K R B A A BE AR AR L BRR S T E  T
S AR AR R . B E S 0 H ORI L O B A B A KR T I A R B T RS AR 7 RTR
TR R AT BRI iR 2

1 MH5RE
1.1 K

By A B R B ]/ K R RO B AR L, BRI R (31,19 £2.12) em, 2K (34.89 £
2.24) cm, R (858. 73191, 45) g HyfEDH: 4.

SRR FH UK e V0T £, HOMLEE FUBE T 59. 106, HLARIDI M 24. 6 %0, MUKSMIRT 2. 5%, JKAMIET 67. 3%.

FRIHRGE: SR 6 MW AKAR 20 K U 55 583t . B4 ity NS B VI A G IR 454, RS 5.5 m X
5.5m, VI 1.0 mX 1.0 m, WGBTS %8R, Wik 1. 35 m, AN A %R 58 10 BN 28. 25 m®. K
WL A5° PVC 3L TE UM 1) 5 3 . [R)Bh hJi hoO IE —ANBR SRS b, 2% PVC HEIS 3 & . DU HE S it
JER S T R B3 P L 2 R £ b 3R TR
1.2 LT 5EIE

FH A 60 d, SRR SCE BT, R E 3 AR, 13Kk /d(15: 00—16: 30, IdH A, 11K/2 d
(15: 00—16: 30, iEA A, 1 ¥K/3 d(15: 00—16: 30, iE R Ay). FHBE 2 M EE . A EE G A K0
250 BB, AT 1500 . SZU S 1A], iz A 45 AT S5 05 S 10 B ) 40 3 ) ML oK e 2 ML DA £ O AL R ] I
IF WEEE B 1 B F0 5 AN 1 R B2 11 LA, YR RAR) 50 min Ji5 . SR P AR 5% BE A AR M, PR R B R
PR, AR H S PR B . RO e A B TR SR, e SR E . IR B B KR AR R A
(25.0~29.4) °C, £hFF 27%~30%:, pH=7.2~7.8, &AM 5. 1~6.1 mg/L, WAHREL/NF 0. 05 mg/L, &
R A (TAN)<0. 20 mg/L.
1.3 HERE&E

FIREE AT, el A B 24 h, BAEEZA PR 30 BEm Al EAK . SKAKT R, &
FIAF 5 o DA SR A e W | AR L TR 4 B AR KRR bR, TR, A SC R A B ALE 3 A
I 0 AT R DK R AR LV IURE S i A8 TR oK b B B R AN B BE M B0 . AR5 L5 000 r/min B0
10 min, HUMMKE T —70 CRRAE, T 00wl 1 1l . ok 4 A S0 Il R 8 4R A ) 5 A Tl 0
1.4 REEEINE

o R N ) G 3 6 455 PR A R il (AKP) L 3 80 Ab U CC AT Al S Ak W B AL T (SOD) TG % - 24k F g
o A ) TR T BT AR 7 R A e
1.5 WEEHRITELAR

JROE # (survival rate, SR)

SR (%) =100 X N,/N;
8 4 K & (specific growth rate, SGR)
SGR(%/d) =100 X (InBW, — nBW,)/(T, — T,)
AE 35 B (condition factor, CF)
CF =BW/BL®
A XT3 57 17 (relative weight gain, RWG)
RWG (%) =100 X BW,/BW,
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H 1# Jfi & (daily weight gain, DWG)
DWG (g/d) = (BW, — BW,)/(T, — T)
R 5T 78 57 22 B (coefficient of size variation, SV)
SV =100 X SD/X
H 8 1 % (food intake, FI)
FI(%/d) =100 X F/[0.5 X (BW, +BW,, X (T, —T)]
1A 4L 2 % (food conversion ratio, FCR)
FCR =F/(BW, —BW)
TR LSO (food conversion efficiency, FCE)
FCE (%) =100 X (BW, —BW)/F

ERAK P, NN, R R G R RO R A AR BW,, BW, 4350y 4 8 £ 52 50 W) A 4 5 i A e 44
g (g T, T, %10 BW,,.BW, BfEi XN [E]; BW BRI TE (g); BL NRERAEEK (cm);
SD JbpifEzss F R EE () X AALHA A iy P AR & (9.
1.6 HiEshE

SCH K R SPSS 18. 0 G # Pk 2E 4T 5 &K U5 22 (One-way ANOVA) M7, 25 4110] 22 5 B AT SE it
RS, P LSD YA EAT 2 T L EL . 22 R EOKSE O p<70. 05, 5250 BUE R I 45 (B £ A5 ik 25 (Mean = SD)
LR

2 RS

2.1 ARERAENETAREE KR
TEA R BRI AR T, 285 60 d WY W/K FRIE . Bl A BE AR OIS 28 L e AR IR . AR Bl . H B i
IS 5 A B e S RE T AR LR 1 AR LT LA Y, A SR AF 6 R TE 99. 40 % ~99. 80 26 Z [H].
P MR AT AR I K 57 G Bt A ARSI A8 H BT | RE R A B S R B S 22 S R B S
B (p=>0.05), 1 Ay 4 A, 4R E AR ST B 4 23 & T A dH(p<<0.05), FEHREE A K
SRR X 3 oy s AR I A > AL > AL
F1 ERARNIBEANEEREENTE

- b ® oM o R
A A, A,

BUE /% 99. 8040. 28a 99.4040. 85a 99. 8040. 28a
R ERFE/ (%« dD 1.0840.0la 0.9740. 10a 0.6940.01b
AT 3 T4/ %% 190. 9240. 92a 179. 614+ 11. 06a 151. 4040. 99b
H¥ /(g d™D 12.5140. 20a 11.714+2.90a 7.5040. 86a
A it 2.35+0. 05a 2.33+0. 10a 2.2240.01a
PR B AR 7 R 20.08+0. 53a 24.27+4. 16a 24.01+0. 08a

Fe AA A A AIFR 1IR/dL 1R/2 dy 1IR/3 diX 3 AN RIS BE s 38 1 F8udi LOP 39 £ hn il 22 38085 A
— AT AR R R 2 SR B B 58 L (p=>0. 05) , AR F05 2 5 BA G5 L (p<<0. 05).
2.2 AEHBMENETANARR|NZI

A HHEBERES, 5A AEREARITFEL(p<<0.05), 5 A, AXEFAEAGITEEL(p>
0.05), A, #H. A, HEIZESRAAAGHFE X (p=>0.05, FPHHEERHEEMKK K AL AL A A,
HIERE SRR, 5 A AZREARITFEL(p<<0.05), 5 A AEFAEAEZRITFE L (p>
0.05), A, 4. A, HiEZERAEAGHFE X (p=>0.05), FHHREFEASCRREZ2MKKN A AL A
AL A EHAT A HZ R ER R B 2E RN BA G EE L (p=>0.05) (5 2).
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®2 BRRFEMNETAHREE|EROEN

" b . # ﬂf%A:f;ﬁ # R
HEER/ (% db 2.8740.05b 2.5740. 05ab 1.6440. 62a
TRV R % 35.2040. 16ab 36.9940. 62a 33.2641.85b
AR B 2.8440.01a 2.70+0. 05a 3.0140.17a

e AL A A APBIFOR TR/ 1R/2 dy 1IR/3 diX 3 DM AR RITRAE L ; 3R 2 hlds LU BE S hr 2 %R W
— AT L bR REAR R R 28 R B e 2 L (p=>0. 05) » AAHIRIH FRom 22 5 A GEiH 2 5 L (p<<0. 05).
2.3 FRERMRINEI S A A %R EE AR R0

SCH AN RV K SRFEAET AN [ 45 MRS el A B £ 0 Tl R R i 4R T SR R AL
AR 1 R 1 30 25 A8 A WL 2 3. B S B 4 R R WL A% Ak BILZE B A DR AR P 3 BT R R O 0
0.083 5~0. 089 4 RN/ mL, FEALERE 108 7.96~8. 19 U/mL, @AY BALHE 14 32. 40~
34.45 U/mL, #4b#E2H Z 18] bk S s i i 1 46 br 19 22 5% A BAT G127 B L (p=>0. 05).

®3 BBMENETANANR P EEEENNEME

s o - #® ﬂ‘E%Aziﬁi B -
B W R i (4 B A7/ mL) 0. 083 534-0. 000 2a 0. 089 474-0. 007 9a 0.088 140.005 7a
i A&/ (U » mL™") 7.96+2. 94a 8.1942.78a 8.1940. 83a
A ALY AL/ (U » mL™") 32.4042.77a 34.4541. 65a 33.1042. 23a

e AAA RN TR/dL 1T /2 dy TIR/3 43X 3 AR R MEBUR B L 5 R 3 8 LIP30 = hr 22 KR 5 [H]
— AT BE AR TR R S R 22 R AR BTS2 L (p=>0.05), AHIFHERREFBARITHF2 L(p<<0.05).

RIS R
3.1 AEHEBMENETAREERKNEID

S TR B WA R B B o A 28 Ak KM RE A 5 R ) B2 B ) 52 M. Marimuthu 2507 X 38 Y 65 4 (Clarias
gariepinus) H AR MIAR LI ZE L L] 1R /d. 2 R /d B BUE B8R . 3 38 3 (96. 67 % £5.77%)
(86.67% +5.77%)  (HIZ& LM T R ZF ARG G 4B L. EARLFMT . £ B R %
A BE A0 BT R AE 99. 090 DL b, 45 B MU S8 41 X iy A BE A0 BT RS2 A AN B Rt X (p=>0. 05).
5 X A Rl U ST 408 PR, 1 P B MR R  S h HE A BRE £ 1) S R Kasird
S IpE gy R 0, PR R G U 8 (Prero phyllum scalare) N FE (5200 A B Gt 242 X, 1 4 W /d.
2 W/ d R B AR REERT 1LR/dM1KR/2 d @3XFE R, H1R/4 d BRI IK
fE 0 2 1 R/ d B, B MR AR T A B AR AR ORI BT A S 22 S A St 3, iR
WA RN 1 WK/ d B & 4 W/ d B R R A K SRR T R R B L R R 5 AR O B MR B 5T S
BE S SCRR A A3 B0 2 Yk /d L 3 /AL 4 /AL R/ d BRI IR TR AR S R B BENT 1k /d
Yl FEARMFIE T, AREECR T, 8oy 4 BE a8 AR R R R R R R 2 R RN B ST
R (Pp=>0.05), M1 W/ddl. 1 k/2 dAMMX R E M EERENREERT LR/ d4(p<
0. 05) + AH X 358 Joft Bt AN e A ORI 2T 1R /Tdd . 1/2dd. 1%/3 d4dl. AL
a5 LR MR 45 RN — 2, XA RR R LR X R A . SR A A R T BN . H S X s A B
10 B BE i (E pine phelus tawvina) ™ & SR 5E 45 JE H B30 . 3 W 45 0K %) 8 ML 01 S5 S ) g iy
A BE A, U K IR A T B A B RS B R IR O 1R /d sl 1k /2 d
3.2 AEAHRMENSETANEERNZI

2030 75 A AR RS 77 AR SR I A T 4 M A R A A B AR A R R e O BT R 4 d
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T 1 R ETEE L d AR T R R R B H A R R I, Y1 d M1 RG] 1 d B 4
Tk R B B AR R 22 RN EA G2 L R E S %A SRR R 20, 1 k/2 d. 1 k/d.
2 /d. 3K/ F 4 IR/ d B WA 3 S A R &)y £ TR AR R R 25 R LA SE 2 X Wa SEY X
G ATk (0. 06420, 004) g Fi A7 i 645 AT R () I R 45 SR R B AR 38 B AK IR AT, 2 I/ d Fe WA ]
DA RO P i 4 v T R A e, B ZR e AE Y R SR R B, H AR B R ) R DR A BRI R B R B
e 2SS BA G % 2, HE2 WM H A GRS R M E YR D& m T R A, AR,
T/ dHMH P BERC. 7%/ Dk, 51 WR/3dHERBEES T #E L (p<<0.05), H1k/2d4H
ERAHAGEITHFE L (p=>0.05, 1 R/2dH. 1 KR/3dHMERANEEGITHE L (p=>0.05; 1k/2d
AV BRI R (36. 99 Y efm s 5 1 IK/3 dHERFHASZI#E L (p<<0.05), 51 K/JdHAEFAH
BT E L (p=>0.05), TIR/dH .1 K/3dHRMERARBGI2FE L (p=>0.05); 1K/d4l.1K/2d
HAMIE/B3dAZEMHEBRBEF AREARITFEE L (p=>0.05). LS AMIFRERA —
FOT N ST RS S T G RN L RS RIS | A S A S R 4 MR A A AE 25 A K
3.3 AEEBMENETANE RREEINZNE

BT B IR Tl CAKP) A AE B WA I . R ALK I W IR ST, e RS W R L 1A, REAE S Wy S g I b rh i
YER, Rsh PR S e e B4R b5 2 ALY B AL i (SOD) it B AL S (CATOAE K 77 sh ¥ i 4t
AL B, SR A B Ak K 4 0 AL AR B BT B (O, ) H B R A i L A (HL O, 2 5 if
TEAE K 72 Bl Wy A )9 0 1o S8k 40 6 A v %) 3o 4804k S0 CC AT ] Ak 3k 4801k S0 2k R, AT AT 41k 9
M7 A il AR 4R A U I T sl S AR Ak BE R R K 7 ML 7E IR B B A0 R S L SR AR X A A BE
o 5 T R BRI AE 2R 28 d IR 4R MR SR S A A BE Ao AR L S CCAT) M SR Ak 4 8 AL i (T-
SOD) § 0 22 5 ¥R B Ge it 2% 3 35 45 56 d BF, AR HBMEMR  io 48 Ak S il (CAT) $2 e 25 8 HoA 4e it
2 X 1R/ d AL E A B A PR R T 3k /d 4l 5 84 d i, 2 W/ d Al gk CAT, T-SOD &
FERTHAA AR WRSCERAES Y WF 5T T BT A X FL 49 18 Xof R G5 928 i 06 s . A R BB R 2 Ik /d
H.3W/dd., 4w/ dAE 5 R/dA . 6 W/d A E LY E AL EE (SOD) FIoE B R 1 (AKP) 1§ J) 22 5 B
AR S ARG WK, ERK IR, 5250 45 oA 2% 52 56 41 B A B 10 1) 1 38 01 TR Tl
WJEN 0.083 5~0. 089 4 4 [RHLAL/ mL, & E LW EALEE & &0 32. 40~34. 45 U/mL, i E LB =0
7.96~8.19 U/mL, S84l iR el s in i 2 R ARG G242 L (p=>0.05). ILE5R 5 ik
WF 5 408 BE A AR 22 A A —SEOR A, 16 7E 37K 35 58 87 A B fa 0 R rp SR i T A BE A EE TS R
R0k 1 # H 8 IR AR
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The Effect of Feeding Frequency on Growth Performance,
Food Intake and Immune Enzyme Activities of
Epinephelus lanceolatus in Flowing Water Cultivation

QIU Deng-gao'*, ZHENG Le-yun'*, HUANG Zhong-chi'?,
WU Shui-qing"*, ZHU Zhi-huang'*, LIU Yin-hua'?,
WU Jing-ling"?, QIU Feng-yan®

1. Fisheries Research Institute of Fujian, Xiamen Fujian 361013, China ;
2. Key Laboratory of Cultivation and High-Value Utilization of Marine Organisms in
Fujian Province , Xiamen Fujian 361013, China ;

3. Xiamen Xiaodeng Aquatic Science and Technology Co. Ltd. , Xiamen Fujian 361104 s China

Abstract: A 60-day experiment was conducted to determine the effects of different feeding frequencies
(once per day, once every 2 days and once every 3 days) on the growth performance and immune enzyme
activities of Epinephelus lanceolatus with an average weight of 858.73 g at water temperature (28.59 =+
1.74 °C), reared with raw fish feed in a flowing water system. The results showed that the survival rate of
the fish was not significantly different among the three groups (p >0.05), and the survival rate in all
treatments was between 99.40% and 99. 80% during the experiment. There were no significant effects on
the condition factor (CF=2.22—2.35), coefficient of size variation (SV=20. 08 —24.27), food conver-
sion ratio (FCR=2.70—3. 01) and daily weight gain (7. 50—12. 51g/d) in all groups (p>>0. 05). The spe-
cific growth rate (SGR) and relative weight gain (RWG) in the fish fed once per day and once every 2 days
were both significantly higher than those of the fish fed once every 3 days (p<C0.05). Moreover, the food
intake (FI) of the fish fed once per day was significant higher than that of once every 3 days (p<C0.05)
and food conversion efficiency (FCE) in the fish fed once every 2 days was significantly higher that of the
fish fed once every 3 days (p<C0.05). The immune enzyme activity (i.e. AKP=8.083 5—0. 089 4 King/
mL, CAT=7.96—8.19 U/mL and SOD=32. 40—34. 45 U/mL) of the fish was also not significant differ-
ent in the three treatments (p>>0.05). Under the conditions of this experiment, the optimal feeding fre-
quency was found at feeding frequency of once per day or once every two days in flowing water cultivation.
Key words: Epinephelus lanceolatus; feeding frequency; growth performance; immune enzyme activity;

flowing water cultivation
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