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32% FHLAE 1R 7 di AR o S A e Bk sk 1A A ft
e AR AT R R (1,72 £0.01) g (4R
225 J&,WitLor A 5 MR, B4l 3 A ER, 5
AMRE A K AL A9 (CHO) < ig i (L) H
i 10.75:1 4.81:1 2.66:1.1.52: 1 f10.87: 1
N T A} g +54E 8 JH .
1.2 I8 R s

PAFERS T RS |t 45 ok £ B R, i
BRI AR R RRG AR B AL 5 LA AR

FREMBLA R, CHO: L o 45138 38 V8 AN [F] 11
Ji 10 U5 FIORR R R T o R R SR R R O
VR WIS VE N = IR, fi e BRI R . &
THRCTT B JERE VB IR o UL 1. IR 2k 1, 60
H Wi 2k 8, IS 3 K B RSB IR ORE 9
AN R 5357, AL 1.5 mm x2. 0 mm
(kL , 50 CREIRMET 48 h, B F -20 Tk
2 R AT
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Tab.1 Formulation and proximate composition of experimental diets

% ,dry weight

WR/KALAS PR L carbohydrate-to-lipid ratios

10.75:1 4.81:1 2.66:1 1.52:1 0.87:1
JE £l ingredients
ff k5 fish meal 30.00 30.00 30.00 30. 00 30.00
SF soybean meal 16.57 16.58 16.57 16.58 16.59
WIkG dextrin 27.22 20.17 13.07 5.50 0.00
£ il fish oil 1.27 4.83 8.32 11.79 15.59
SEHFFHA rapeseed meal 5.00 5.00 5.00 5.00 5.00
HEHEHT cottonseed meal 5.00 5.00 5.00 5.00 5.00
/N32%k wheat bran 3.00 3.00 3.00 3.00 3.00
WKy T2 4 wheat middlings 3.00 3.00 3.00 3.00 3.00
Tl — %45 calcium biphosphate 2.00 2.00 2.00 2.00 2.00
ik salt 0.87 0.87 0.87 0.87 0.87
Wil A premix’ 3.00 3.00 3.00 3.00 3.00
R H BL LT 4 K AN carboxymethyl 1.00 1.00 1.00 1.00 1.00
a-JEH) (a-starch) 2.00 2.00 2.00 2.00 2.00
T EH£T 4 2 mcrocrystalline cellulose 0.14 3.62 7.24 11.33 13.03
EIEW S/ % proximate composition
F4Hf dry matter 90.33 90.70 89.72 91.49 91.32
H#E H crude protein 31.12 31.13 31.12 31.13 31.13
FAE Y crude lipid 4.00 7.49 10.91 14. 50 18.03
LK 4y ash 7.95 7.84 7.63 7.23 7.28
HLET4E crude fiber 4.24 8.20 11.04 16.65 19.25
TCR I ) nitrogen-free extract 43.02 36.04 29.01 21.98 15.63
JfE/(MI/kg) gross energy 17.06 17.23 17.43 17.67 18.07

1. a0 W (e/ke)  ZAHEER (g/kg) MIFFEH, CuSO,

- 5H,0,2.0 g; FeSO, - 7TH,0,25 g; ZnSO, - 7TH,0,22 g; MnSO, -

4H,0,7 g; Na,Se0,,0.04 g; KI,0.026 g; CoCl, - 6H,0,0.1 g; 4k/E2 A,900 000 IU; 4k 2 D,200 000 1U; 4k E,4 500 mg; 4EH:
% K, ,220 mg; 4i4:-% B, ,320 mg; 44 % B, ,1 090 mg; 4k B, ,2 000 mg; 442 B, ,500 mg; 4E4EE B, ,1.6 mg; 4E4:% C,5 000

mg; ZRES,1 000 mg; MHZ,165 mg; HAK,60 000 mg,

Notes:1. Premix supplied the following minerals( g/kg of diet) ,vitamins( IU or mg/kg of diet) and shrimp shell meal, CuSO, - 5H,0,2.0 g;
FeSO, - 7H,0,25 g; ZnSO, - 7H,0,22 g; MnSO, - 4H,0,7 g; Na,SeO,,0.04 g; KI,0.026 g; CoCl, - 6H,0,0.1 g; Vitamin A,900 000
IU; Vitamin D,200 000 IU; Vitamin E,4 500 mg; Vitamin K, ,220 mg; Vitamin B, ,320 mg; Vitamin B, ,1 090 mg; Vitamin B;,2 000 mg;
Vitamin B, ,500 mg; Vitamin B,,,1.6 mg; Vitamin C,5 000 mg; Pantothenate,1 000 mg; Folic acid,165 mg; Choline,60 000 mg.

1.3 {AFER

T A g K A0 2 YR (8:00 A117:30) , H
Pt S N IMA BT 5% , Hop BB 30%
TP T0% , BRI R AT B3R A% IR A S 1 A HE

MYy 43 2 JERRE — UK, R I A e A K et
PR AR IR o 1 VK Ol 280 52 AR KT g g
ERIK, HHUKEH 1/3,24 h EL 58S 4
e 7K BT U (YSI6600, USA ), 48 il 7K ik 26 ~
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28 C;pH Ry 7.1 ~ 7.5 I AR A ARFFAE 4 mg/L
Phb. AZOEH, BEK L:D=12 h:12 h,
1.4 HmPXRESWEIHE

A KIBAR IR ZE A 450 24 h, & EEFR
HOH G UG AR A E AR K (specific growth
rate, SGR% /d) 385 & ( weight gain rate, WG% )
a2 (feed conversion ratio, FCR ) {3/ 3
W

(1) WG (%) =100 xN/N,
3, N IR ZAHRE N, WAL

(2) f%‘%ﬁiﬁ%(SGR) = (Lan _LnWi)/t
X, We W, 235l 3 P 2R B i () 33
KB (g) ¢ fFR N )

(3) Tkt RE(FCR) = (A g i (g)/
SRR (2)

B AR B E e IRIRSER
J 45 12 b, B BEALECH R AT, FE vk A b i )
U S R A 8, A S B AR R
=70 CHEB AR IKFE R AR

THARHETE 70 5E - S 25 H g (pepsin) | J Ve #)
it ( AMS ) 71 g £ 11 i  trypsin ) >R FH e 502 A=
Y TR P ion] & e o

AT 00 < JH et v it ( LPS )
PEBERRE (AKP) | WSS (HK) F0 P9 B B2 3
(PK) ¥R I e 5% el AR ) T AR B 5% P i 7] 6 U
JE o S 751 ] U/g prot KR, LPS Ji] U/mg

FIR o

Ay MEEREHRK S L E CHLIE
05 K53 FILECRE , SR FHSCHR [ 13 ] 9 7 35 3 #r e K
432K FH 105 CHET 28 48 50 5 5 K2R 100 L
P ik (N x 6. 25) I 72 5 Bk K A6 ) FH R L
LI B 43 S A K A3 (550 °CL12 h)
D 7E 5 BB &R AU I E
1.5 St

IR E R A 248 + 45 i 2% (mean + SD)
PR RIS R R SPSS 16. 0 GEit B 47
FARZ )7 22787 (One-Way ANOVA) , Duncan X
g 12 647 2 H UL, SigmaPlot 10. 0 1 2 EJE
TH,

2 4

2.1 AR ARERER BRI AL 5 XTI B
FFEIRAE R R ARF AR

WFoE 45 B, CHO: L X 41 86 5E B UM AT 1%
FRARELW(P>0.05), {HXFLLEOGFE T
Az B AR R LA S 3 B (P < 0..05)
CHO: L J32.66 F1 1.52 B}, 2T 5 o #0R i - 15
LR WG 1 SGR g 3 & T 10. 75 4. 81 Al
0.87 41(P <0.05), H CHO: L Jy2.66:1 i} ,FCR
(2.10£0.22) BEMLT (P <0.05) HE 4 44
(2.10£0.22) (#£2).

R2 ARABATEXFTEIHNEREMEROF AR

Tab.2 Growth performance of C. quadricarinatus of different treatments

KA E PIRE I L Fwikd/ g TG/ % 2N v WHAR/ % FREA KA Tkt R AL
CHO: L W SR FW WG SGR FCR
10.75:1 1.71 £0.01 71.11 +£3.85 5.37 +£0.32°  223.13+15.52°  2.06 0. 09" 3.12 £0.38°
4.81:1 1.71 £0.01 68.89 £3.85 5.83 £0.38"  238.68 £20.46°  2.15 0.13° 2.91 £0.26°
2.66:1 1.72 +0.01 73.33 +6.67 7.66£0.93°  371.15+71.33%  2.73 £0.29° 2.10 +0.22°
1.52:1 1.72 £0.00 68.89 +£3.85 7.67+0.32°  354.79£18.99®  2.68 £0.07° 2.31 0. 16"
0.87:1 1.72 £0.02 60.00 £6. 66 5.99 £1.03*  257.91 £59.62°  2.23 £0.31° 2.83 £0.27°

T - [ — S0 AR [ 7 B ER A E 22 5 (P <0.05) G [l

Notes; The different superscripts of the same column values are significantly different( P <0.05) ,the same as following.

2.2 AR ARERAK K EYF0RE A B 5] X 4 5
KR EIRER IS EE R R

ANFE B CHO: L e & mpREE X 21 20650 5
IF LPS \AKP ., HK F1 PK &1 HA W E w0 (P <
0.05) . LPS 1 AKP i Jjffi CHO: L ()AL g 3
F+E5 (P <0.05) ,CHO: L 4y 0. 87 Af LPS J§ /1 &%
i, 15 10. 75 F1 4. 81 &), LPS & Jj A8 L AN &2 .

CHO: L 7y 0. 87 i} AKP {if Jj . 3% = T HE 5
Z1(P <0.05) ,fH HK FI PK I 2B i A7 S A A2
feia% % CHO: L iy [ {1k, HK 1 PK B35 Jg
A P AR (P < 0.05), HK M PK { Jj ¥ 18
CHO: L2y 10. 75 B 5 [ 43514 (34.58 £2.72) |
(36.01£3.95) ] (%3).
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Tab.3 Hepatic enzymes activities of C. quadricarinatus at different treatments
Kb i L NI/ (U/mg prot)  BRPEBEMREG/ (U/g prot)  CUEMEG/(U/g prot)  NERIRIERES/ (U/g prot)

CHO:L LPS AKP HK PK

10.75: 1 0.99 +0.11° 31.39 £5.09° 34.58 £2.72° 36.01 £3.95°
4.81:1 1.02 £0.12° 45.91 +4.47° 33.16 +3.23° 33.58 +2.04°
2.66:1 1.11 £0.12° 58.62 £6.59¢ 27.66 4. 53" 31.94 4. 26°
1.52:1 1.36 £0.07°¢ 67.45 £6.67¢ 26.65 £1.47" 25.86 £2.78°
0.87:1 1.61 £0.14¢ 84.20 £5.48° 24.17 £4. 89" 25.00 £3.70°

2.3 {ER R AR KL & Y070 RS B bk B 3T 41 B
N FE AN L EEE RN

12 4 T B TR] CHO: L il A fal Rt 21
Bt RN E B O e B ) B B
M) (P <0. 01) , {H X J 8 11 il 1) 3% 7 5% i A i 3
(#4), CHO:L }2.66 f11.52 i, B HEHBHIE /I
BERT(P<0.01) HE 3 Mg, Hrp CHO: L
Jy4.81 B, B EE ) Rl (4.62 £0.41) . i
FERSERG J17E CHO: L Jy 4. 81 I (17. 42 +
0.49),10.75 415K (8.35 £0.68) ,

T R S e s ) A A R ) — 0 R A 4
Fo I FHETZS 5T B AR AR AT 357 18 1 %6 03] 5 7]
B RRIK A A P R B VE R Bl fh ko7 FE R
y= —0.559 8x% +30. 036 9x —57. 732 1, R* =
0.697 5([& 1-a) fl y = —2. 181 9x* +53. 323 3x +

500

450
400

350

weight gain

WER/%

10 20 30
(@

20.328 4,R* =0.710 6 (& 1-b) . 3¢ W i 4y 2% [m]
VA5 T AR R RR K Ak A 9 A 268. 28
g/kg NRZEHE 120 g/kg I, 34 TR 05 i, I X 1oz (1
fakth CHO:L 25 2.20:1(& 1)

x4 AREBEATECFEMELEET TN
Tab.4 Digestive enzymes activities of C. quadricarinatus
at different treatments

Kb E& EE sl JHREE Rt/ 7h
YIRg i L (U/mg) (U/mg) (U/mg)
CHO: L pepsin trypsin AMS
10.75:1  5.12+0.61* 2870.25+122.70 8.35 +0. 68"
4.81:1 4.62 £0.41* 2525.18 £174.17 17.42 +0.49¢
2.66:1 7.23 +£0.35> 2074.48 +245.64 12.21 +0. 79"
1.52:1 7.67+0.81° 3341.72 +£138.86 14.99 +0.99°
0.87:1 4.64 £0.69* 2950.08 +634.64 14.15 £0.93°
500
450 +
400 +
L =
2§ 350 F
5 300 F
g
250 E
200 \
150 | | | | | |

1 4 7 10 13 16 19
(b)

E1 ARk EY( %) AEE(%) L ST BT EIMEERMXR
(a) WAKAEYI (%) SHERLR; (b) J5MI(%) SHERLR.

Fig.1 The relationship between carbohydrate,lipid in diets and weight gain of C. quadricarinatus

(a) The relationship between carbohydrate( % )in diets and weight gain; (b) The relationship between lipid( % ) in diets and weight gain.

3 e
3.1 AR RERAWL S YRS L I3t

7ok -d8e NP
IR, X8 e 7e B UF HOAR AT 58 £ 24

EREARBEEACE FM . AP Yk
MUBETE 18.9K)/g ZiAy , R 1) B 4 1 i & 1
H 240 ~ 350 g/kg B Xf 4T #E O A FEOMR A K
HR

AR I FERE H AR o 8 K B 3113
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g/kg, BBEKF 9 17,49 KI/g, 8 J& A a0 52 56
SR BN AEHFEEARAMT,CHO: L i &
(10.75: 1) B I (0. 87: 1) ¥y 25 35 FRARLLEOL
SEESIT I B AR R TR . 1Y E R 5 1 )
KA B K TR W7 7K PP B U 42 1ol
AL 15 ZL B e B R X oK Ak & W Rl 28
B B4 ) A 268. 28 I 120. 22 g/kg, Xt [ Y
CHO: L L2y R 2.20: 1, %45 R 5Ll g
(Jasus edwardsii) W) fx & CHO: L (2: 1) %5 M4
Y BB R VAT Bl CHO: L 7
FARD RS R, S KA K ( Macrobrachium
malcolmsonii) F1 % IR BF ( M. rosenbergii ) B 16
CHO: L 2y 3: 1'°7"1 [BE45 Xt A ( P. monodon ) H]
AR TEXT R ( Litopenaeus stylirostris) Tt 4 ) ) vp
Feifi CHO: L Bk F 3: 1177 il g2 i
ARl R AR5 AL S P AR 1 R FH B ) A TA]
RS ES G

SRR, L1 T B MR K AL S WA
e Ok i D B A, 2 ARG 2 SR A b IR 2 AR
(Astacus astacus) M £ Iy, | B[ XHEF ( Penaeus
indicus) \B&55 X MR ( Penaeus merguiensis) Fl FL4Y
TEXTUF ( Litopenaeus vannamei ) 1 F8 & HF 58 _Fth
KIFFERMBLER ™, 7 CHO: L Wi S8Lr
FOCST BT B AR Y J5 R AT BB Tk K 1k
B VS R H TR AN R TR N SR R
ATV VAT 5 T ARk J 7 7K~ v S S50 B 321 g, U
RESENEISAEAT AR N IR, R B SR S, 12
GAE— St KB FRIT L AR
3.2 AR AREBRKLEYINAE AL FIXTLLE
F R BRI ERTE RS

JHF R 2 e sh 0 ) B A B, HEAE Ak
FEAR AL A T LA W8 F2 ) B ML A A8 T Y
YRR o SEAERIBRSE R« i AL S P e 4 1
RLREAN i H Lt S Sh M AT RE I, AN, 20 A T
RS ARG K REWR ( Palaemon serratus) ) F FLAN
BENHIR T PR KA WK -1 e, LR R
TRE. IR R HK T PK 2 W5 [ A i) 3 8
SEACIH TG , X T8 2 A 3 Ak ) o A 9 Y A
AWFFEEE R | 3K PP G 1 ) sz fapRE ok
G W2 B 2, e BN AR K - ) il 7% ) 4
D= O T R A S VA P D A O g 30
BCA ek koK A 20 s A, DL 220 ~
290 g/kg N'H.,

JIFIRAR ) LPS il AKP 2 g 25 1 a6 10 6
Bigo LI 755 HE 5 TRk PR D7 KPS BLIE AR G
ZLEOGTC T LPS I S 4%, Xl fE5 URRAS B
BB JRAT K LB e 5e B0 % ik Ak
YRR RIRE ST i TR S e i %45 . AKP
WEe s R g il , LR RN AR,
XS AT A T B AR S SRIE KR
KA S P AT 51K = S STt
R IFO8E T, S0 AKP B D H G,
Fe ki AKP WA il . ASERA5 R R e
TR iR KL G YK -5 5] 430 g/kg I, AKP i
71575 2 2, X W KT B e K AR £ P03
LI CSE B PR AT RE SRR
3.3 ERBAEBKLEWINAESLELHIXTOE
SR EENHLBEE TR
TRDEL R B B oK AR B AR R] R
S 5 S M T AR R G 0T R R T
SEEFRICR LA, o] LGRS L P 7R 52 30
P E SRR R AR ER BR  Af
Al H KR, AN A CHO: L, X 18 3 E BG4
HA WEREE T B ST e e R AR A
LR Y Alava % BET 45 AR . TE B A BE
TRDRE R R A A5 W0 AT 1 T T T ey, X — 4 2
5 FLgh s AT (B 7 45 SR ) R SRR OK Ak
BYKFRRE— 2T I, SEA B )52 B
X2 R T BB 1 T AL RE SR B AN, Bk 7K Ak
EYKRE— T 25 DR T
IRE R W DR 3 B e KA 5 P RN 17
e 2. 200 1, n] DS iy 2L BOL 7E B R X 3 o
A ISR pdi Bt b A B S o, AT
ARHEE B IRAAE T . ALK 1 2R A, i
] LA MR A I R R (Y R
CIC-DUEZSHUPCE TR

S 3k
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Dietary non-protein energy sources; growth , physiology and
biochemisty by the juvenile Australian redclaw crayfish,
Cherax quadricarinatus ( Von Martens )

ZHU Huan-xi, JIANG Qi-chen, YANG Jiang-hua, HUANG Wen-ting, WANG Qing, YANG Jia-xin "
(Jiangsu Key Laboratory for Biodiversity & Biotechnology and Jiangsu Key Laboratory for Fisheries Live Food ,
School of Life Sciences , Nanjing Normal University , Nanjing 210046, China)

Abstract: A growth experiment was conducted to determine the optimal carbohydrate-to-lipid ( CHO: L) ratio
for juvenile Australian redclaw crayfish [ initial weight (1. 72 £0.01) g(mean + SD) ] cultured in indoor
recirculating aquaculture system. Five isonitrogenous [ (31. 130 £ 0. 004 ) g/kg] and around isoenergetic
[ (17.490 £0.396) MJ/kg ] diets with dietary CHO: L ratios are 10.75:1,4.81:1,2.66:1,1.52:1 and
0.87:1,were fed twice a day to apparent satiation. Over 8-week growth trial, the best final weight, weight
gain, specific growth rate and feed conversion ratio value ( P <0. 05) were observed in redclaw crayfish fed
diets with a CHO: L ratio of 2. 66: 1. Redclaw crayfish fed either the lowest(0.87:1 ) or highest(10.75:1)
CHO: L ratio tended to produce lower growth and poorer feed conversion ratio. Dietary lipid levels was 40 —
145 g/kg,the lipase and alkaline phosphatase activities were stimulated by elevated levels of dietary lipid.
However, the activities of hexokinase and pyruvate kinase showed opposite trend. The pepsin and intestine
amylase activities were significantly ( P <0.01 ) affected by CHO: L ratios. The higher activity of pepsin were
observed when the CHO: L were 2. 66: 1 and 1.52: 1 (P <0.05). The intestine amylase activity was
significantly increased( P <0.01)as dietary CHO levels(156.3 —360. 4 g/kg)increased. Based on a second-
order polynomial regression analysis of WG against dietary carbohydrate and lipid levels, growth maximum
was observed when the dietary carbohydrate and lipid levels were 268. 82 g/kg and 122. 20 g/kg,
corresponding to a CHO: L ratio of 2. 20: 1. These results indicated that the utilization of dietary lipid and
carbohydrate was moderate in redclaw crayfish and the preferential utilization of carbohydrate was higher
than that of lipid.
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