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1.1

FEWFFE TR RS0 FE S A AR T B 30 g
Kt o ARGMIE TR AR 1700 m®, FEIH %
JE 90 g/m’; R R A PR K R G 55 G If R
80 m*, FRAH I} 4800 g/m’; K M IE HY R GH
MAH30 m®, FRAE % H300 g/m’, L5
20164E4 H TP iR, A1 120 do W] 45 10 A 5E 1R
MK BT, 3R FRAEAE T 7R K B bR UL £ 1,

* 1 FELEDHBETEKRIER

Tab. 1 The principal water parameters of ponds during the aquaculture period mg/L
TR AR IR L 2 RIZLEN R K
aquaculture mode permanganate ammonia nitrogen nitrite nitrogen total nitrogen total phosphorus
TP 6.48+0.71 1.2240.34 0.03+0.01 4.24+0.63 0.30+0.05
HD-RAS 5.90+0.40 0.88+0.21 0.02+0.00 3.02+0.41 0.21+0.02
CP 6.82+0.36 1.414+0.33 0.04+0.01 4.58+0.66 0.35+0.04
1.2 SEEBHRKFERGHESHERE 13 AFERE
kE i I T VT 4 K BB A R L SR
FRV A FEAAIRAN M (AR K o RIEE: K <12%, MEH=32%, #Hl
10m, FE2m). HEHL. AHAR . WRHL. B BRRT=4.0%, HIETAES8%, JKIr<15%, =

Wy sl WA . AR YR AR AR 2 B A A
ARG T AW AR WIE L, D8P b i 5 K 48 55 5
RILe o = A 7 B = S A E N
Do 9 3k D L K T R AR AE L 2 AE A R TS W
F B 15 P ik ADTVE , S UIVE 5 AT

A HE IS RS, 41 B 5 K AR
ﬁL%mEWﬁﬁA$%ﬁwW@%ﬁ%%,
FE Db A B oK R i A AL A RN A T A S

oo Ak, RS R K MAE S K it A 1]
TR, S BUK IR A .

P 7Kt FrAE B

service reservoir aquaculture pond automatic aerator
_ AN THIRAL 5t
! foam separator wave aerator ! sump pit
! I
! 1
i DI KT ! VeIl
! biology filter pond collecting pond | | [sedimentation pond|
I
! 1
[ iR ERAEE |l
X ax1al-ﬂiw pump sol1d—11qu;d separator !
1
1 ! Co o7
L J )l BoEEE | ______
___________ power distribution unit
1 SEERITKAERGIZRER
Fig. 1 Process flow chart of the high density

recirculating aquaculture system

0.8%, HEMR =1.5%, ¥50.5%~2.5%, LN
0.3%~2.0%., HfM3IR, HEERKK K730,
16:30119:30,

1.4 SEIGHZE

A K E LIES R, HeFR 7o
BIBEPLR F40 B BE S R, JehRiR & . ik
K, RELRBANE, FRassema, REFIEIF
FREE ., AR AEREFE AR I E
m)mem

B35 FE (2/em®) =100 Wy/L’ ;

A %)=/ W< 1005

HE K R (%) =(W=W,)/ Wyx 100

5 8 A2 KR (%/d)=100%(InW—In W)/t
HH, W S T IR I BE SR A A

/\,—»

(8), Wi Weo L. W53l S5 56 235 B 1) 44 5T
w(g). FRME(g) . WK (cm) IR (g),
R SR A (d) o

B IR R AT Ko B EGB 5009.3—

2010 & b A B bR E & K 4 i E )
HE R TR E"; K533 2 BGB 5009.4—
2010 £ 5% 4 bR e 25K 5 i sE )
MWt BEAEGESEGB 5009.5—2010 (&
fh e A E R AR E B TP AR A I E ) Pl
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ICOE A" fg 5 & &2 lGB/T 5009.6—
2003 (P RR DT AIAE ) R TGt B ke

JIL B AR & ) 5 fifi JH SE g 35 1 2231 CR-
400( H A< KonicaZ\ F) )il & B 55 S i # IL IA) 2
£, P 5 TS P CR-A43 8 i H M oE 17 8¢ 0E
LR a* RS, IEAH ML A,
TAE SR BEMH ; b IRREIEE, N EEE,
TOE R W6 R . B, 150 WL PA) A8 g 1) A
NEtE , RRAH 6, [ Ok ok S AE Bk R RS
S R i AR R, B R A EGA AT,

U R K Ay =2 FeoK 700 S 5L
WARIR . BOIIR . RIKERE D WK B
TRB R R R KR D 7 2R 10 g
T AR FL I By LA ik ik e Bk AR, AR S
BHS A, BEH T4 CKFE T 48 hEFRE, iF
TR R (Yo)=(i 7K T J53 18— 7K Ji5 JoT 2 )/ 7K i BT
1005 B O SR A E J7 S B0 gL 7E4 °C
B (15 000xg, 15 min)Jg FRE, B0k
(%)=(B LB T — 8.0 5 &)/ 85 .0 /i
HEx100; KK B E J7 2 1S gL RO
72 °CKIRH T30 min/5 R &1, FRE, KKE
(%)=C&.HI ot i — 4 J5 oL 3 )& W B < 1005 V2 AF
I I 7 R RN 10 gILIR G B BH4S T, 7
4 °CIVAF24 WG FREE, TWAFE0 2% (%o)=( A7 Hif Il &
—W A5 SR/ AFHT BT <1005 ¥ R 5 R
W€ T7 2 F 10 gL | B 4%rh, 75-20 °C
VRAF24 WEFRTE , ¥ URB 3 (%)=(% TR AT B
— V2 VR 0T i )/V2 VR T T i <1005 ZA P 28 1 I o
T7 A 10 gL 7R 78 4% £ 2815 min, U A
SRV NS minf5 FREE, BRI 28 (%)=75 5 it it /25 Hif
it =100, FA6REM, HREMPIINFAT,

WU P Jir Ay ) HCBE 55 SR il 75 S AL
W, PIAL1.0 cmx1.0 cmx1.0 cmAg/NE, f# FHTA-
XT plus/Fi #4 1% (3% [F Stable Micro System”Zy 7)), LA
J5 8 ) T 43 HT (texture profile analysis, TPA)J %

IS LA R RE R L LM SRR L PN R[] A

PEEEFE bR, EEEIE ) P/50; TUETEERE: 1.0 mmys,
M. 2.0 mm/s; MFHEE. 5.0 mm/s; &

it . 70%; 2 FIEEIFREFE . 5s; fAzkk
. Auto-5g. BRHSEM, HEMAEBIF1T,

15 HIRFEIH TR

SIS E s H SAS (statistics analysis system,
Version 9.2)48 8 A i 47 AH SC M 73 B R0 )5 22 43
#r, {4 FHANOVA (analysis of variance)i#k 17 /5 243
Br, JfHDuncan’sik 17 ZH L, P<0.05%m
ZHRNE,

2 HERE550

21 FEEANHELXEE KRR

TPFIHD-RASEHE &5 2 il ) 2 R A4 i 2 5 {4
K Z ) 2 58 B3 (P>0.05), {H# %8 TCP
(P<0.05); HD-RASHICPH %5 5 F N 85.50% 7
fi, TPIAK, (L N81.79%(P<0.05); FrAH ML XS
JIE 55 i 9% A5 {2 35 52 (P>0.05); TPAIHD-RASHY
JIF 1A 22 5 R 2% (P>0.05), CPHFIRH e
(P<0.05)(#2).

3 75 B A 2T B 5 SR A ) 398 R R
He KR35 R 409%~728%F11(1.38~1.77)%/d, Hirp
CP () 1 5 8 Fl Y 8 AR KR IR (P<0.05), TPAHI
HD-RASZ [H] 22 5% A8 I 3 (P>0.05) (I£12).

2.2 FERKRANHE R X R A E K5

AU

3P IR A AR X BE 5 R AL PR K o R
79.50%/ 47, 225 AR 3 (P>0.05); TPHLEAAYHEL
R W& m e, LA R 4 3 B e IR (P<0.05) 5
HD-RASHICPHLIA H 4% F2 o & i i A o 35 2
F(P>0.05) (#3).

R2 TRFERATHRAXEMREKIERE

Tab. 2 Growth performance of 1. punctatus cultured under different aquaculture modes (mean+SD)
FRAEME HIRE IR /g LR A+ /em % FEH5 BE/(g/cm’) JF A EE %
aquaculture mode staring weight final weight shell rate condition factor  hepatosmatic index
TP 30.45+1.81 252.00+25.88" 26.18+1.62° 81.79+2.43" 1.40+0.18 1.69+0.37°
HD-RAS 29.85+1.56 244.00+16.40° 25.54+1.54* 85.61+2.13° 1.46+0.13 1.77+0.27°
CP 31.60+2.10 160.88+21.92° 21.86+1.28" 85.33+1.27° 1.54+0.31 2.35+0.22°

W FFR AR bR RS 2 7 B35 (P<0.05), T

Notes: values with different letter superscripts in the same column are significantly different (<0.05), the same below

http://www.scxuebao.cn



8 1] RS, S5 AN IR E A 20N BE o SR m A= AL PR i S5 e 5 i 1259
= M H A weight gain rate 0 4558 2E K3 specific-growth rate 4 FTEFEERTHAYEMIANGE
900 125
800 | a S8 Tab.4 Colour of muscle from I. punctatus cultured
Q ~
° Ei 288 i b 2.0 §,§ under different aquaculture modes (mean+SD)
~ g A7
§E 500 b 15 462 FRBR ) ) )
= 2 200 | M 8 lture mod ‘ ‘ ’
e 300 | 1.0 e aquaculture mode
£ .éﬂ 200 | 05 WE TP 554946.39"  6.01+1.03°  7.22+0.94
100 ¢ e
0 0.0 e HD-RAS 58.18+3.56"  6.05£1.08° 6.40+0.73
TP HD-RAS CP . .
CP 48.15+6.04 4.81+0.84 6.60+1.27
FRIARE

aquaculture mode

2 FEFERATHRX R
BERMBEEKE
AR FBER IR AR AE B 3 % 7 (P<0.05)
Fig.2 Weight gain rate and specific-growth rate of
L. punctatus cultured under different aquaculture modes

Different letters represent significant difference among different
treatments (P<0.05)

2.3 FEEXN TR X E AN Z & B2

HD-RASHLIA B L*(E e fm, i5%558.18, B3
5 T°CP (48.15) (P<0.05), {H5TP (55.49)% %A
¥ (P>0.05), PHIHD-RAS/L A W fnff =2, 1
CPH (s, TGP ; HD-RASHLA B a*(E 5 TP
%3R5 (P>0.05), CPHa*{H f 1% (P<0.05);
WL b*(H =35 I A 2251, (R & 3 (P>0.05),
2 I 5 A 20T BRE o SR L 1A Bt 48 Ak E O T i
FR (R4,

24 FRERNNN S X E AL AR K IR0
TPALA A B AR L K 58 2 AR K R
#3 TEFEER THSX R AIESRE S

Tab.3 Composition in muscle of I. punctatus cultured

under different aquaculture modes  (mean+SD, %)

F ¥ THD-RASHICP (P<0.05), )5 % Z A
SR (P>0.05); LA I AF B 28 R 7B
3K 2.63%~2.70%F15.22%~5.98%, 353 bl
K ] 22 R i 35 (P>0.05); HD-RAS5 CPY
R0 T72.99%F174.06%, 254 W35 (P>
0.05), {H#SE TTP (P<0.05), Vi 5% 50t 5
BE R LE R R A PR KRR U b B R i A 2 g
fif A B A SRR S UL RN T AR, B R
(#5).

2.5 FrERNN B A X EmAl B BT A 1 89
A

JoT ) AR P R K B S 1) o BT AR
g5 e tg Somie B LA Y 2 225 40 Rl sk . B
AU S AL PR A R AL R R R A O R
(6654.97~7984.59)g. (383.45~911.64)g#
0.28~0.43, H: A HD-RASFICPAL A B B . WH GG
ML M2 RN B E(P>0.05), HEERETTP
(P<0.05), 2 SRHD-RASHY P J A 0] 5 1 s v T
TPHICP, {H =[] 3A7 312 5(P>0.05) (6).

3 iR

P e TTRBE B4 X 026 KA 7,
7l H =4 3 29 \ P . (g S, P
aqu;zzl;ure moisture crude fat  crude protein ash ﬁ Eﬂ: Ju }A j‘:’ ?Fi I EI{J ?EF ﬁﬁ w E /ZE\ = ﬁE ﬁ 5”&‘: éE JL( gﬁ
MBS ARG £ B8 4o =
TP 79.79+1.14  2.43+0.23"  15.83+0.96" 1.46+0.10" 0, EABIIERDT, SO IETRIAILL,
3 4 He . i
JOL01S  lemaiorl 1785018 95 PEAG PR K 7 AR A 22 B AR RE e S8 Ml 1 34 o
HD-RAS 79.35+1.57 .01£0. 74+0.71° .78+0.18" N .
= S S RE 0 S % 1 G A S S R TN THEN 2
CP 79.2442.05  2.09+0.18" 16.67£1.06" 1.75+0.14" e bH B . o N
i R A 5T (P<0.05) . X AT AE A N B
x5 TEFEEXNTHSXEMARNEKA
Tab. S Water holding capacity of muscle from I. punctatus cultured under different aquaculture modes (mean+SD, %)
FRIARE R ESRNEEES L SES FIKEFE JEAF IR R BRI HAES
aquaculture mode centrifugal loss drip loss liquid loss stored loss frozen leakage rate cooked rate
TP 13.02+1.64° 50.33+7.73° 29.99+0.91° 2.70+0.48 5.27+0.74 70.06+2.04°
HD-RAS 10.07+2.14° 37.00+£3.87° 26.26+1.06° 2.66+0.31 5.98+0.46 72.99+1.46"
CP 8.96+1.50° 34.04+4.00° 25.22+1.93° 2.63+0.30 5.22+0.62 74.06+2.42°

http://www.scxuebao.cn
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F6 TREFERN T A XEmAL A6 A%t

Tab. 6 Textural properties of muscle from I. punctatus cultured under different aquaculture modes (mean+SD)
TR /g NH /g Pk A Il 524
aquaculture mode hardness chewiness springiness cohesiveness resilience
TP 6654.97+813.76° 383.45+60.58" 0.28+0.04° 0.22+0.03 0.13+0.02
HD-RAS 7610.05+639.72" 874.85+160.09° 0.36+0.03" 0.26+0.03 0.17+0.04
CP 7984.59+856.26" 911.64+145.69° 0.43+0.04" 0.25+0.02 0.14+0.02

KRG T 8 R et KT 2, ik
RS PR R A . A R TE R A KR
(K1), MERASZIARAERN !,
T AU, e IR A K SR AR U R AL TR B g K
LR BE, BEONGE AW E B (Cynoglossus
semilaevis)f B L. FEKIEHIES, BEIREE S X
JE SR B A A, (R RIFRIKIER R 4,
KRS e 218, b Y 20 . TR R
FHEOKFUEAL, U 3G RO E KR
R (P<0.05). AT b 2 e £ 35 E — o 15 3 N 11 8
FRBL, BaAREFRARE, HERES AR
AL, — AR o 1%~2% . FEAS B
%X TPAMHD-RASH F L & F (K FCP
(P<0.05), VB 7E A A 4R B R IE T, TPHIHD-
RASHYEE i 2 038 SRR 00 B T CP. il Sk
M5, A K SR RE R A . R
FE BRI, DT I BT A5 S S - b 4%
HA K PERE

B % 20 IR B L PR I TR RN
AHELEW, & EHBAAEAE VLA R E
FEILGYy, Z BB KB B R R A
R 2 52 o0 BIF T e B e 0 D) ) B 1
WA MR B R AR, I SR G
O R AN KT, (BANI KB, 5 % B 2
TR K Ttk 3 57 A e Al 3 1 o B S M
i & H5 (P<0.05), HD-RASHICPHLIA g i &
i FLT TP, WlfgSe N A HD-RASHICPHY BE &
R R, WA N, T EIEFEE 2 hE
WHEES, SFEURNELREED, mTPS
ZHA o PRI, e REAE PR K R G R K e it I
FRH I BE s SCRHIILR B S . AR DT Y
Fenl, BERMMETE S,

Az A0 TR 1) 26 R 0 B S S e R Y
JGSEHK . HD-RASHLIARYL*H . o*(HAR & & T
CP, ZZWLE P NHD-RASHLA (05 B ANt . il
o XAIREE MR TEARFMEBAT, K.
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JE AR FEIR A K BE ST o YL 40 A 4
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IEARCR, ARSLmn g RN, 5TPH L, HD-RAS
FICPHY BRI K02 R K R AR, 24
PR R, 150 B R B I P KR K U b 3 o
AT ) T 5 B A5 SRR AL PR A R 7K T

AR R E M EEMRE R —, %
PR SERAOE . T R ERE W
M B30 R WEL R A A R T et UL A R R o
PR E B bR, HD-RASFICPHLA B 3 | NHIE
PERISEMETC W 25 R, (B3 E T TP (P<0.05). H
T HD-RASHICPEE 5 X 1 75 5 /1N (1) 25 (8] N 75 Ff
WOE Z R Re R 4E R Ho A G B, Bz e
Ji4& e, LR GBI 2 A e, LA 4 B
RARAF /TR, WLEF e R =Y, LA
[N SN R o R = i <2 s ) e
() AH EAE FH 3G 5, 00 2 0K 4 F #OR 2 7E L
P S HD-RASFICPHI AL F K 15 T
TP (#5), M.4h, HD-RASFICPL P & 1i% i4 fig
i A B AR R L BE Y s S5 L sh &
F . ULERER (Rt 2 & i 2 EAH OCRY, R
HD-RASHICPHIL A H 4 5 9 8 1 & it A7 ) 1 i
P BT o N B = AR WL HE BT AN T 1 RE
S W LM AR [) 45 45 BE 1 I RN s TR A P R R L
TR 32 40 7 e 4 g Vs AR B2 B AR5 R
HD-RASHICP LA i (8] /) A0 ELAE FH 3G9, 325000
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Comparative study on growth performance and
meat quality characteristics of channel catfish
(Ictalurus punctatus) cultured under different aquaculture modes

SHAO Junjie ', ZHANG Shiyong '’,  ZHU Yuxuan’>, WANG Minghua "*",
ZHANG Meiqin ", CHEN Xiaohui '*, BIAN Wenji "
(1. Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing 210017, China,
2. Key Laboratory of Pesticide Environmental Assessment and Pollution Control, Nanjing Institute of Environmental Sciences,
Ministry of Environmental Protection, Nanjing 210042, China;
3. The Jiangsu Provincial Platform for Conservation and Utilization of Agricultural Germplasm, Nanjing 210014, China)

Abstract: In order to investigate the growth performance and meat quality characteristics of 1. punctatus cultured
under traditional pond (TP), high density recirculating aquaculture system (HD-RAS) and cement pond (CP), the
growth performance, nutritional composition, colour, water-holding capacity and texture of muscle from /.
punctatus selected randomly were evaluated. The results showed that the weight gain rate and specific-growth rate
between TP and HD-RAS groups had no significant difference, but higher than those of CP group which had the
highest ratio of liver-somatic index (2.35%+0.22%). In comparison with TP group, the samples from HD-RAS and
CP groups exhibited lower content of crude fat but higher content of crude protein and ash. The highest values of
lightness (L*) (58.1843.56) and redness (a*) (6.05+1.08) of HD-RAS group were obtained, and the lowest
(48.15+6.04 and 4.81+0.84, respectively) were CP group. TP group exhibited lowest cooked rate, highest
centrifugal loss, drip loss and liquid loss. Meanwhile, the difference between HD-RAS and CP groups was not
statistically significant. The hardness, chewiness and springiness of HD-RAS and CP groups enhanced
significantly compared with those of TP group. Additionally, no significant difference in cohesiveness and
resilience was observed among the three groups. Given the results, the cement pond aquaculture mode resulted in a
slower growth of 1. punctatus. Compared to traditional aquaculture mode, the high density recirculating
aquaculture system had no negative effect on the growth performance. Besides, the /. punctatus muscle from high
density recirculating aquaculture pond exhibiting higher water-holding ability and better textural properties had
characteristics of higher content of protein and lower content of fat.
Key words: Ictalurus punctatus; high density recirculating aquaculture; growth performance; nutritional
composition; muscle quality
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