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ARHE)T Bl LA 2300005 5. RICKMIOK = FHCARA A Al 4% 363500)

& E: RAAEWENE AR KR AE R R 46 B (Brachionus calyciflorus) 3 FiERL, %] 1R R — SR AL 1Y
(0.017 9 £0.000 5) g 7 [CJEELUF ( Procambarus clarkii) fFUFHEIT 42 d (9FRRES0 . LR A S2 06 20 i K AR 45
P LA T SE B0 45 TG 45 LA TR I AR AV RE T A BB RD A 5 R Pk S e B 1, 45 L SO« A A SR A A I, 22 A 4]
FLEBE A SRR SRR, SHAW A2 R 8353 LIS AU UR A2 o5 B 3G E R A4y
EAERRITCEEE T, EAA M BT R L E R TRedl, 55 R 25 A B2 R R o0 BEFIE b
T P o e, 2R AT A BRI, 22 AT 20 %) T 85 1 T S 8 1 TR M 2 o T DR A, 0 S 2 0 - TE R T L BB 1
JEAN S 2R (RS R S AR A 25 7N B Z A B PTEALRE 1 (T-A0C) Al S 1k S0 (CAT) & PE R

=, I (MDA) & Sif/b, SHBAURGE A B3 25 5. X 3 FpiERl o A 9 22 B 0 S5 5 50 R B i, 3T
W AT A K T AR AN S e A AL e 3 B VR o
KEER: WRIREAR; YRR s NTERAE; Ek

hESES: S 963 XERFRERS: A

TEIRJREENR ( Procambarus clarkii) J2&—FPiR
IR B PR, O Mo, A K R B R, 2R
— RSN AT S IR RE 2019
HERIL 128.6 J7 hm?, B REZEHE 200 J7 17, Y
FTRER ST I 58 7 R IRk 2= B 2R 0 A A7 S E Y
D7 AR (H X R — Ik T e 7
PSR F5 B RS /N B IR Ak 45 i) TRk ™
R BIRA R R R A T AR
“EIR T EE R KR T R, AN
IRERS PR IE B B 50T e AP, 3 REAE UEF WA 3k
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P K W\ W ( Macrobrachium
rosenbergii ) 3 FRAE P, HAE 50 BB R By 4l i 55
G LA T RO AR i ER A IR A A Y
S MRBIESE i R DL AR

ARSERG VR T AR 2 N LGB AR K
HREACE R4S B ( Brachionus calyciflorus) 3 FpiH
AEE X8 PO 58 25 B AR 17 e G it 28 MR A R R A7 Sy 0 42
d HYFRFE ST, I 25 o Ja AR Y AR MR RE L TH
AT AR S P A i Tl 0% M R AT LU 3O A, AR T
o, PRI 1 S FE TR, DU Ay e [ i 2 R
HFPES& R PR A — e B

1 Me5I5k

1.1 SRe#f#

R AN 2 R S bR R TN
SISO BN T 15 o eI [R]— A (44
JiHE O 36. 45 g) WAL 270 HUF- 2 1A R A
(0.017 9 £0.000 5) g F 7 FC I B AR R 04T IE
AL, SEU AT AR B 7 7R A A R
NRI(R D) UKL At iU i Bk A )
FHEA R AR

-\ [12]
vannamei )" |

®1 BRARBET

Tab.1 Composition of the commercial diet %

i AR

Ingredients Mass fraction
i1 97 Fish meal 4.0
/N K} Wheat meal 28.4
5] Soybean meal 8.0
SRR Rapeseed meal 27.5
LA DFF Peanut meal 8.0
iK1 Cotton dregs 6.0
A H) Cuttlefish powder 3.0
R ZEH Calcium biphosphate 1.0
it Phospholipid 2.0
NPT R4} Beer yeast 2.0
LA Choline chloride 0.4
L Salt 0.2
& 1 Bentonite 8.0
YA Z TR Vitamin premix 0.3
B R Mineral permix 1.2

1.2 SIi%it

FITIART 30 d, SeiE AT A A= Wy 2R AT 14 s
Fr o FMTT VTR 200 oy B R B T 7 2 1) 57 A
Al (EA% x 5 =357 mm x420 mm) A 40 L [
SRR (R 24 b)), 4 K $g B R 1) 189 ot ) (3
1) s 2l () 24 58 P AL 2 R A BR Y /) ) Jo i
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Eb 122 BRIE SRR, 7KK C/N > 15, AT B F7 4
SEMAEY R, B3R W R 22 <, R
66 L/min, %5 576 7 mg/L P L, pH KF 7,
MEESN 26 C . 30 d J5fe iR sE A 22 1A
B W 2R A 5 A A S s b A A B R
KBRS 24 h) KA 2Z BV EE (BFV) 7% 10
mL/L,

SEG gy R 3 A, A O A W 2R AL 57 G 2
(ZHH) SR TR G AR 2 (AL ) 0
PRVKRE A A IR (fe 4l , R4 3
AR L9 ADFRAEH ( BAR x & =357 mm x420
mm) , FEARBEHUELA 30 Hi6 1 78 2 Bt B 2 2
0 QB MR, I 70 A 0B B K B A Sy i
Y. FREEINA], 4K 3 2 YK (7:00 F119:00) $E,
SR 2 i BRI R B A A o L 1 2 U 3R
5, GDAek 2H MR ot TRk A R SRR UK R B
PRI 76 ) 1 46 B B8 0 59, BT DA A R 2 i 4%
M, 3 ANSEER A B M RE AR [A] o el ZH A He 2
TR B IR R BR AR AN ZEAE 4 3 K4 1 YUK, He
IKEZ) N BOKE ) 174, A K, AR
R MR LK 5y, FRFH SR R 42 d,

1.3 NEMIERSHE
131 JKAERREE 5 E

FRAE IR, B K 2 WG Ay 2 2 80K i =
AN 558 FH /K () V5 il 4 IR BE D pHLs 4 3 R
FZETE AN SEER AR H I 300 mL ZKRE T 5 7K
REE(TN) FLEWE(TP) UIE,2:0.45 um
FLUE B L 98 5 17 H 8 & (NO, ™ -N) L &/ A
(NH, "-N) A (NO, " -N) Ay, TN ¥
)00 5 SR FHRR I 3ot 8 0 T i 5 0 20 OB BE
TP % 52 1IN 7 SR sk R B0 T e -4H B b 20 Dok
FEH s NO, ™ -N MR BEAIN e SR N-(1-2858) -2 —
WG RE T s NH, " -N i BE (%) I 2 R F 40 ER 50
FEHL s NO; ~-N R BE A0 2 SR FH 2851093 OB v 5
S rh T A B A2 a0 3 B E 2 4 A2
HAARA A,

1.3.2 MRS A KRR R E

S IALE] , BERG 6 KIE A 1 A SE A
A Y v ISt 8 0 B3 B, DA BEAIL 45 B S
S0 e AR

SERGEE RS, e T ) U8 AR T R AR 2R 1R
7K 53 I A F R ORHERE =0.01 o) Frat Ak
J i, P AR R RO AR R0 3k i FY 58, S



4 FRE, %

AN RV ERER 5 PR T AT R FRFE K BT A I T AR R R S S e Tl B 52T 885

JE A LA JBCHE T B i e AL PR 2 SR
D, —40 CHRAT, T e Se Mg s g . 4
THA AR M B 25 A B b, 45 52 3 21 B
ARIGE R R A KRR A

Ry =N,/N, x 100 (1)
Rye = (W, = W,) /W, x 100 (2)
Ry = (InW, =InW,) /D (3)

Ry G, % 3 Ry WA, % 5 Ry NHr
B %o /ds Ny 9 i v G R B B A7 B0
HN R ZR G RJFEE MR E0R, H W, i iR
o PRFEEIMA BT i, g5 W, Ry 2R o [R5 8 M A o
i, g5 D FRFRIHREL, d,
1.3.3  AN[APERNE R o il

SR AT B KA R A ) 2L e R I
(200 H ) A7 et  F LR iRpRL 48 B 105
CTIHT R E, WA KIS &R, BB T
—20 CYKFATFM . KA e FH LI E AL M
TG 5E F Foleh'™ 2% Fefihiit vk .
1.3.4  THALRG S R I e

MSE RTFREL 0.2 g FFBRAREERE A 9 £51%
A K SIS AEVKIB T 51 39K 30 s J5, B0
15 min(4 °C,10 000 r/min) , /N0 R B 215K
T A s . At @ iE Y TR A
ARSI E 4 FhiEALEE, 53500 o8 B I
U5 it R, 1 A R T
1.3.5  AEFRe R S B 1 0

5 B3 PR 0. 2 g MR LA S L P 4141

%30 s J5, B0 15 min(4 °C,10 000 r/min) , § |
JEIE W A2 A S S W TE M. RS e
BAE TR dlil R & e 6 FhARRE =M fo i
ity , 53 30 BR R g PR W PR Tl L ST AL
1 EEAY ARG i A SR R
1.4 HUEHW

JIFA SEBR AR Y P 2548 + AR iR (Mean +
SE) #/~. FIH SPSS 23.0 F1 Excel #4785 57
BrRnge i, ok R 3R 5 22 43 B 5 ( One-Way
ANOVA) XJ 5 5 9% 47 J5 22 43 #r, W) sk
Duncan [QIE 1T 2 HE L, P <0.05 HE R W
#,P>0.05 AERARE,

2 4k

2.1 AEIERIRTE KR ERFREK RN

3% 2 FI A 2 B4 KRS TN TP \NO, " -N |
NH, "-N NO, " -N ¥ £ B {I% T~ 2 Fnde 4,
HHr NO, ™ -N 1 NO; ~-N ¥z 5 H A P4 2= 57 ik
F(P<0.05), 3 /5250 2H 1 7 fife 4 T RE DA
pH 225 AR (P>0.05)

P 1 S 7 ) A2 S 0 0 ) 5 52 3 20 K A Ak 2
fRtn A8 4k, 3 NSEE 4Ry TN, TP NH, "-N |
NO, -N Wk JE b e BT e TR, R A
NO, "-N ¥ ff 52— H F b, Scunim), it
HAFNEE A NO, "-N ¥R EEFERT 12 d 2 &
PORP AN R TR 12 d 5,3 ANEmAn
NO, "-N WS A AR R .24 d 5,3 4

BERE A 9 AR A BIER K, A1 AR ek ) SEERZH A NO, ~-N W FEEYIIF R TR (K 1d) o
F2 LINHAEE LI HAKEISIR
Tab.2 Water quality parameters in different experimental groups n=3
WiH 24 kL it
Items Biofloc group Diet group Rotifer group
M TN/ (mg/L) 14.41 £3.76 27.30 £5.31 17.95 £4.29
MW TP/ (mg/L) 0.93 +0.19* 1.70 0. 28" 1.48 +0.28%
A NH, " -N/(mg/L) 0.43 +0.10° 0.81 +0.10" 0.70 £0.09%
WAASR NO, ™ -N/(mg/L) 0.13 £0.03" 0.31 £0.04" 0.29 £0.03"
A4 NO; ~-N/(mg/L) 2.88 +0. 58" 7.26 £1.13" 6.63 £1.52"
B T/C 26.63 £0.03 26.65 £0.22 26.87 £0.05
WifiR4A DO/ (mg/L) 7.76 +0.03 7.81 +0.03 7.79 +£0.01
pH 7.38 +0.01 7.26 +0.03 7.24 +0.08

T : R BARARAT AF] 7 B 2R 225 3% (P <0.05) .

Notes: Different superscripts in the same column indicate significantly different (P <0.05).

http: //www. shhydxxb. com



886 (S R Ty N S S 1

31 &

80 —e— 4l Biofloc group
70 =R Diet group
—— 4 Rotifer group
oy
N
)
Cl
<
=z
=
&
1
3 6 9 12 15 18 21 24 27 30 33 36 39 42
B 1A Time/d
(a) BE TN
5.0 —o— ZE Biofloc group
4.5 -= TR Diet group
—~ —— WY Rotifer group
2 4.0
?o
£ 3.5
‘2 3.0
H 2.5
=
= 2.0
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0.5
OI
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B 1A Time/d
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=]
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(=]
[\

5.01 —e— 24 Biofloc group
4.5} = TR Diet group
4.0 —— 4 Rotifer group
% 3.5
2 3.0
& 2.5
e
o 2.0
W 1.5
1.0
0.5
0
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B8] Time/d
(b) HBE TP

0.7 —e— %4 Biofloc group
—= R4 Diet group
0.6 M4 Rotifer group

2

3 6 9 12 15 18 21 24 27 30 33 36 39 42
B Time/d
(d) WRHZE NO,-N

181 —e— 24 Biofloc group

1
14
12
10

(=2}

-N/ (mg/L)

3

AR NO
o M os o ®

-=— P kL4 Diet group
—— 54 Rotifer group
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WA Time/d

() RHAH NO;-N

B 1 SCIEHEEREEKELZIERRERNEL

Fig.1 Fluctuation of hydrochemical indices concentration in different experimental groups

2.2 AEIERIX T REZEIRE KSR
H1 3¢ 3 RT3 ANSEEG AR A 2R IR T i
ZRMEEK WG MISGR ¥ EER(P>0.05),
{H 2R A A7 5 500 3 TR (P <0.05) o
HIIE 2 AT AT 24 d, 2 HIZH 5 6 d BUEH
o T HABPIL ;24 d J5, 224 U SRR AL, JLT
55 A0 B R T, 3 5 T RDRE AL BTE R (P <
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0.05) . ZRMIZHEE 6 FAA i i i TR 4L A5
B H 3 AR Z (A 22 5 A (P >0.05) .

FIEEA X 3 R DR E SR B AT )
B, KBVEN TR B & 1 35%~41% , LR %
ZE5¢ (P >0.05)  {H 4% R ARG 7 & B4, Hak
Jel b, R MR, 3 (R % R B
(P<0.05), hLzk4,



4 IR g, 5 ORI ERL S b R SR B MMAT MR SR A AT AR T A Bl R e S e i Tl 11 52 1 887
=3 REREEMMFIFNEKIER
Tab.3 Growth index of P. clarkii larvae n=3
I H Ttems ZA4H Biofloc group T4 Diet group 4] Rotifer group
WIEAR 4 Initial mass/mg 17.90 £0.50 17.90 £0.50 17.90 £0.50
VG K Initial length/mm 8.79 £0.08 8.79 £0.08 8.79 £0.08
KRN T2 Final mass/g 1.17 £0.06 1.04 £0.07 1.04 £0.05
KA K Final length/mm 30.16 £2.61 28.82 £2.37 28.44 £2.88
WER WG/ % 6 447.49 £310.43 5682.12 £374.70 5718.04 £272.62
FrEE K SGR/ (% /d) 9.93+0.12 9.63 +0.15 9.66 +0.11
FEIE % SR/ % 42.22 +0.91" 21.67 £0.96° 36.67 £5.44
AR AR TR Z R B (P <0.05),
Notes: Different superscripts in the same column indicate significantly different (P <0.05).
120 —o— ZHt4H Biofloc group {: 131 =¥ Biofloc group
—= PB4 Diet group @ ta#L4H Diet group
100y —— M4 Rotifer group g 06 % M4 Rotifer group
- 0.
£ 80 s
% 8
[0
M 60 % 0.4
HT g
& 40 >
= 0.2
20 i
=8
0 )
6 12 18 24 30 36 42 "
fE Time/d L B Time/d
(a) BIE# Survival rate (b) #fi& Body mass
B2 ZWHEEIWARERNERENTL
Fig.2 Fluctuation of survival rate and body mass in different experimental groups
F4 FEIEREFHSER(TRE)
Tab.4 Proximate composition of different initial feed ( dry mass) n=3,%
I H Ttems 24 Biofloc Tk} Diet # 11 Rotifer
#1EE 1 Crude protein 36.62 £0.81 39.06 £0.08 39.64 £1.20
FLIE N7 Crude fat 4.21 +0.13* 7.93 £0.05" 9.80 +0.22°
7K 43 Moisture 48.67 +3.97" 11.15 £0.20° 92.59 £0.46°

T RIA B A AR PR 257 B (P <0.05) .

Notes: Different superscripts in the same column indicate significantly different (P <0.05).

2.3 AEIERXS5E KR 2 58 F 8RBT iR B 0H 1L B8
LR EA

HIZE S AIRN:3 S S2 5 4 i SR AT I 2
it A I 1 S e TR R (P < 0.05) 5
TRDRRZEL PR 0 i T 9 P % e i (P < 0..05) , A
Je e A, o i 2R AT AL FRDBHAL Y o- T A BT
P R T RAA (P <0.05) 5 48 AN a-JEH)
ity R IR S P T A 5 A R A 2 S
ABEP>0.05),

2.4 AEIERXS 5 KR Z ERET R BR A0 AL A R 4%
i RS R

X3 AN 20 A SR B ALY A R R
i S G R 0 S HEA TR LU, A SR IR A
A ARE Sk Se BE S P2 i T LN (R 6) 6
220 2 A AR I I R AL IR L 20 g T-AOC A
CAT 7% 1+ 2% v T DR A48 il (P <
0.05),H MDA & &R EHIL(P<0.05),
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Tab.5 Digestive enzyme activities in the hepatopancreas of P. clarkii larvae n=3
IiH Items ZA4H Biofloc group T4 Diet group 4] Rotifer group
a-JEF T a-amylase/ ( U/mg prot) 1.44 £0.04° 1.97 +0. 14 1.61 £0. 14
S i i Lipase/ (U/mg prot) 9.51 £0.28* 17.06 £0.91° 12.77 £0. 65"
figi sk F fiff Trypsin/ (U/mg prot) 7 238.59 +290. 00" 5 680.08 +154.34" 6 783.27 +218. 14
% 11 Pepsin/ (U/mg prot) 8.08 +0.51" 5.81£0.41° 7.59 £0.53
T R A A ) R R R 25 5 B3 (P <0.05) .
Notes: Different superscripts in the same column indicate significantly different (P <0.05).
6  AREIERIRY T KR EHMF AR AT R IR AN AL B dE 45 1 S R B M Y oM
Tab.6 Effects of different initial diets on non-specific immune enzyme
activities in hepatopancreas and muscle of P. clarkia larvae n=6
SH HTJ#EfiE Hepatopancreas JLIA Muscle
Iu;ms EYZiE iy 2 Lt EYZiE i 2 Ll
Biofloc group  Diet group  Rotifer group Biofloc group  Diet group  Rotifer group
DR AKP/ (U/g prot) 43.15£3.70"  45.04+1.24> 22,22 +1.83° 2.90+0.12" 2.92+0.18" 1.96 £0.10*
ERYEBIRTG ACP/ (U/g prot) 453.22 £40.84" 299.49 £19.78" 436.83 +12.15" 33.13£1.02" 35.36 £1.38" 29.44 x1.02°
EPiEILRE S T-AOC/ (U/mg prot) 6.31 £0.08° 5.81 +0.13" 4.61 £0.20* 0.76 +0.02°  0.62+0.02"> 0.42 £0.02"
HAAWEALEE SOD/ (U/mg prot) 97.41 £4.49 89.44 £3.14  92.95 +5.30 23.57£0.41 21.91 £0.60 23.60 +£0.51
P MDA/ (nmol/mg prot) 114+0.04°  1.49+0.03"  1.62+0.02"° 0.10£0.01* 0.13+0.01" 0.13 +0.01"
W E AR CAT/ (U/mg prot) 2.66 +0.05° 1.39 +0.06" 1.00 £0. 04" 1.03 £0.07°  0.54+0.04* 0.58 £0.30"

TE : R BR A AR PR 2257 B35 (P <0.05) .

Notes: Different superscripts in the same column indicate significantly different (P <0.05).

3 e

3.1 FRENERIRTSE R M P ARk R 200

FEBHK T A 25 BB 5 R K 7 3 i 1 K
eI A WGP v N Y A 35 E ¥ o]
R A A pH LUK AL R R AR
TEASZR 3 S0 A B TR VA 48R pH 2
TEIE LSBT ER R 2 R bR — R 1 25
St ZHI4K A NO, T-N HI NH, *-N ¥k H) 5
B, HTE TR S AL TR AW B K, 5
2 A A ) R VA S B B G i B U 4 AR
i KPR 9 NO, ~-N I NH, * -N ¥ BERAR I 5T
ZERARML . ABFTE RN, AR P e 7R
B A3 T 1 A 7 R A K A T Y R ST A
AR S S ) TR R R, AT A B
/K& NO, ~-N il NH, *-N ¥ B B9VE . 535 4h,
SR AT A R R e e, X [ % 4 R
R IUBEE v [C J5UB R B it 3 22 3R B K R & 7B
WAL, (ELAS S 58 v 282 P 4 19 7K BRI B 4, 53X
T T A 400 22 A R 2 v PG SRR, T L g
AR BLAF 9 SR K BT T AR ALK A P g
NO, " -N Fil NH, "-N ¥¢ [ 52 785 , 7] B2 P ok 1kt
eI i) 4 95 90 3 K v R RS A W 5 AR
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A i K R H Y NO, ~-N il NH, *-N %3
T
3.2 FEIERIRTSE KR E MR K AR 220
WIF5E 2 T, o F SR R A AT o B 7 5
PEATT &R 22% ~27% R 5N 4% ~
T% o ASZE %3 Aok L & B ORLIR D A K
ST T, S5 R BoR 3 AR R A
TG, SRR L v IR B R IR X R
AR . LI 2 F1 BALLESTER %5 % 3l
ey R A LR D 5 R, A B 2 A5 2
LA R R 7 1 AR T A 2 R ERL, 2908
4.2% B FARLE v [ i S HR AT 3R 9 R It
TENTFFEAMT K= E S5 AT
MR D) AR 5, R PR 3E 1 5 5
FRBK YK R RS AR SL
RN 3 SIS AT IR B R AR R I R
DI R R A R I 0 B 3 25 5 (H 2 AT A1 1) 45 30
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Effects of different initial diets on water quality, growth, digestive enzymes
and non-specific immune enzymes of Procambarus clarkii

LI Chenlu', LI Jinghao', CHENG Yongxu'’®, TU Wen', WU Le', XI Yewen', ZHU Chuanzhong’,
LI Jiayao'?*”

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Minisiry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai ~ 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China; 3. Center for Research on Environmental Ecology and Fish Nutrion,
Minisiry of Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China; 4. Aquatic Technology
Promotion Station of Anhui Province, Hefet 230000, Anhui, China; 5. Dabeinong Shenshuang Aquatic Products Technology

Cmpany, Zhaoan 363500, Fujian, China)

Abstract: A 42-day study was made comparing the water indexes, growth performance, digestive enzyme and
antioxidant enzyme activities of larvae red swamp crayfish (0.017 9 £0.000 5) g reared feeding bioflocs,
commercial diet and frozen rotifers ( Brachionus calyciflorus). The results showed that: During the feeding
period, the biofloc group had the lowest concentration of total phosphorus, ammonia nitrogen, nitrite nitrogen
and nitrate nitrogen, significantly different from the other two groups. No significant difference was found in
final weight, weight gain rate and specific growth rate of larvae crayfish among the three experimental groups
while the survival rate of crayfish in the biofloc group was similar with that in the rotifer group and higher than
the diet group significantly. Besides, the highest oi-amylase and lipase activities were found in the diet group
while the biofloc group was the lowest. The trypsin and pepsin activities of crayfish in the biofloc group were
significantly higher than those in the diet group. The a-amylase, trypsin and pepsin activities of crayfish in
the rotifer group were not different from the other two groups. The total antioxidant capacity (T-AOC) and
catalase (CAT) activity of crayfish in the biofloc group was the highest while malondialdehyde ( MDA )
content was the lowest which were significantly different from the other two experimental groups. Bioflocs has
more positive effects on the survival, growth performance, digestive enzymes and antioxidant capacity of larvae
crayfish.

Key words: Procambarus clarkii; biofloc; rotifer; artificial diet; growth performance
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