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T 3 X6 0Ky B9 7 oK BT N, il AR
Mz, FRAREERER. sy,
TN 29 T K P47 b 00 B J o oA il s — ) 3t
— S A1 e A X APR R A P B IR AN SR L SRR
FORA DL B2 A6 A K0 5 5 IR AR ™ DRk v A #1453
{H 3K S AR W) B U D SR RN T L Ol 2
HACRIR B AAEPUE R H T4, HARREIK ™)
Wk S R ORI R, 1 R e R R R
I, AR5 A A ) R 1 R A i
SRR R B DR R Y e e B S R
i (Oreochromis niloticus) i LR 3 110.5 g/kg & H
g, nIDAgEmE AR PERE . ARBHERE A BT, A,
F A BEAT BT = K™ sl xS R R
AT REARG K AR r 220 R0 IE i T k5 2 E 17T A5 K
JRB, TR ARG E I (Eriocheir sinensis) 8 £ 45y 1)
REFPA N 0.125~0.175 g/kg IR, RT3 8 R
PIRLRY  FE FLAIRE X BR (Litopenaeus vannamei) 1%
fR R RN 0.175 g/kg BB NG, ABHE MR
KVERE . THALEEIE P LA AR R 2 B A AR

S RIEENR (Procambarus clarkii) AR /NEEFR,
JE T HBYT] (Arthropoda ) 524 ( Crustacea )
+ /& H (Decapoda) ZIFF} ( Cambarus) Ji 5 UF
J&, JEE TR MIX S, ST QR BN { AR
A BRI A A RE R RE T, T 20 4D 30
ERGIARES, HHRRESE . §RFER,
FUEEASEEMmART &R, HE S ARLFE
ARG MR, BE A A T E IR K IR
KFR AT Z — o P O AR S ST, 2020 4F
P E v QR B MR R A B ik 239.37 J7 ¢, HA
b FC RS R R b DR b ok B R AL, K2
U PR R R A TR, EEXE )
B EEF R IFA GG A S0 58 5 7 A U5 il
X HARDEHEC AT 04k, R0 T R PR AE e IR
NS AEY) R AR BIE B NG, s R
EUF R AU R R RIS

1 MRS IE

1.1 SEIR YA

SIS TR S I B B AR 2 R A
BHE A A BR A w44, ARHCEYIRE AR, 36
24 20000 U/g, 1&H pH (HIEFIH 5.0~10.0, 90 °C
T AL 3 ol % M O B 2R 0K 92%. RIS T 6
PR (1), K ahEA &8 10%@ K.
B B0 5%), HYIEASE 483%0NERERA
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8% . M1 20%. A 15%); Dhfai . SilA
FENG IR . BT DE E RER T R e
TG 2 o B R A R R G e 1 7 B0 B TG
MK A 0, 0.1, 02, 04, 0.8, 1.6 gk,
DA AER T o B 5ORb B 5 2 fL 42 0.3 mm 1Y
TN, ERRFRE, BT KIEFTSRA, R
JEIMAGHPRHZE R 5] Ja s f /KR AT o A F-26
RUBFF 37 5L (7 M A TOEHLE B A BRA 7)) 8
JERUEAR N 2 mm 54K, 784 = LA 90 °C
Bk 15 min, K BAL)E B EEHE DW A 2T AL
(M IR IE TR & A R A A ) 60 °C 4t 1.5 h,
BE I R AL ORI OM B H AL ) B i I B 3~
4 mm B BAFIEORL , i T—20 °C vKAR A7 o

1.2 SLIEHE

S AT FH e FG SR AR SR I T3 b A T VT T
A, FRGE S AR E K PR BRI B VT K
FERRFE T HEAT o v QTR B R S T 2 KRR T
FR2 85, YUk 24 h, B 10 AR FH LI E SR A
REEA Sy o B AMEE R /NS 5] — 3. B R SEAT .
TR h (8.18+0.11) g 119 e [R R ELUF 270 B2, Bl
Mo 18 ANFREER, 14 15 o FRAE/KIR 0.35 m,
AR 0.35 m?, A PRt e T 28 R ATG B, S ksl
FHIR) PVC & RS ARL S P2 g 2 ) Ak X 1 3 A4
FRFEAA, BERALE 3K (8:00, 14:00 A1 20:00), %
SRR S JH, WM 2h)E, BRI, BTARE,
R i 1) et 5k BRI 100 R s R R B R B L 5 SR,
Fud s, JEREIC SR, BERHIK 3k, BRIk
Fi1/3, FHORUESRGEAR NA T RIPEFR K (200 L/h)o
A KRR 23~28 °C, HAMLT 0.05 mg/L, % f#
A KT Smg/L, pH Ny 8.3+0.1,

1.3 HmMmRE&E

IEFRAH 8 i fE, A5 24 h, B AR
MMEpTA LR, ICREOFR SR, H TR AN
FOMER . FREARER . R R WEAET
BEFLEL 3 AR, FRESIRAFAE-20 °C vKFE, T
MRS 3 8T. FIAMEEAR R 6 B UR, FRIK T
Ja 1 mL VG s DS g PR AR S RO, b R
MEET 1L5mL B.O08 Y, 4°C THE 4h, &
JG B0 (4 °C, 12000 r/min, 20 min), WZHC EJZ 1L
H, T80 °C VKA o g 4RA5 AL J5 19 7 [
AN Wi Y 1 R NS i o N E B
TR AR L RE RS R BRI . R
JiR A 38 A 25 S T F B8 R, BT 40 °C vkAE
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F1 LWANEMESIEFRAR (TYRER)
Tab. 1 Ingredients and proximate composition of experimental diets (dry matter basis) %
bR BN I 7K P /(g/kg)
dietary protease levels
0 0.1 0.2 0.4 0.8 1.6

J&K  ingredients

fak}  fish meal 5.00 5.00 5.00 5.00 5.00 5.00
IR shrimp meal 5.00 5.00 5.00 5.00 5.00 5.00
/NEE AR wheat gluten 8.00 8.00 8.00 8.00 8.00 8.00
ZH1  soybean meal 20.00 20.00 20.00 20.00 20.00 20.00
1 rapeseed mea 15.00 15.00 15.00 15.00 15.00 15.00
ik flour 30.00 30.00 30.00 30.00 30.00 30.00
fayl fish ol 1.50 1.50 1.50 1.50 1.50 1.50
K soybean oil 1.50 1.50 1.50 1.50 1.50 1.50
KE W soybean phospholipid oil 1.00 1.00 1.00 1.00 1.00 1.00
JHIE®E  cholesterol 0.50 0.50 0.50 0.50 0.50 0.50
F#REE  yeast extract 2.00 2.00 2.00 2.00 2.00 2.00
IR 545 Ca(HPO,), 2.50 2.50 2.50 2.50 2.50 2.50
YeA TR R vitamin premix 1.00 1.00 1.00 1.00 1.00 1.00
TEHLETREE  mineral premix 0.50 0.50 0.50 0.50 0.50 0.50
T salt 0.25 0.25 0.25 0.25 0.25 0.25
HHERAN  sodium alginate 2.00 2.00 2.00 2.00 2.00 2.00
HFF 3 astaxanthin 0.04 0.04 0.04 0.04 0.04 0.04
Kk allicin 0.10 0.10 0.10 0.10 0.10 0.10
AT 4EE  microcrystalline cellulose 4.11 4.10 4.09 4.07 4.03 3.95
HAME  protease 0.00 0.01 0.02 0.04 0.08 0.16
EFR4RL nutrient composition

TH)FE  dry matter 94.14 93.89 93.60 93.68 93.52 94.03
MEA  crude protein 34.42 33.93 34.41 34.53 34.48 34.84
FLARWT  crude fate 6.65 6.52 6.16 6.33 6.32 6.23
K4y ash 6.88 6.99 6.94 6.93 6.93 6.97

W LT R RTURRERE: 4ERA4e, 4ERD0.02g, 4AKE10g, 4EERK; 10g, 4E4EFKB, 10g, 4E4E%B, 10 g, 44 KB,
20 g, MHER40 g, EMFR02g, ZERIE20g, 0.5 g, #EFB,001g, HAEKC20g, JIE400g, FHHERAERFINEL kg: 2. FTw
TR TRAE LSS WURRT0.6 g, TWHREREN0.08 g, BAERR (41320 g, AiREE200 g, —/KERMREE20 g, —/K&ILEA2 g, L/KBEEREE60 g, L

IREERWAERS0 g, SALHN100 g, 7SAKSALE:2 g0 AR LT ERVRINZ T ke

Notes: 1. per kg of vitamin premix contains vitamin A 4 g, vitamin D 0.02 g, vitamin E 10 g, vitamin K3 10 g, vitamin B; 10 g, vitamin B, 10 g, vitamin
B 20 g, nicotinic acid 40 g, biotin 0.2 g, calcium pantothenate 20 g, folic acid 0.5 g, vitamin B, 0.01 g, vitamin C 20 g, inositol 400 g, all ingredients
were diluted with micro-cellulose to 1 kg; 2. per kg of mineral premix contains KIO; 0.6 g, Na,SeO5-5H,0 0.08 g, KH,PO, 320 g, MgSO, 200 g,
MnSO,4-H,0 20 g, CuCl,2H,0 2 g, ZnSO,4-7H,0 60 g, FeSO4 7H,0 50 g, NaCl 100 g, CoCl, 6H,0 2 g, all ingredients were diluted with micro-

cellulose to 1 kg

Wk, T EESHADTE AR E .
1.4 $EFRNE
A Kot AR 6 M T
HAE K (weight gain rate, WGR, %)=(W W)/
Wyx100%
TEE R (survival rate, SR, %)=N/Nyx100%
FEEHE KR (specific growth rate, SGR, %/d)=
(InW~In W)/t 100%

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

T Bl & %L (feed conversion ratio, FCR)=W,/
(WN=WNotWy)

AT 1 Lt (hepatosomatic index, HIS, %)=W,/
W x100%

i &8 7 A % (flesh content, FC, %)=W,/Wx
100%

FERCR (protein efficiency ratio, PER, %)=
(W~ Wo) (W< )% 100%
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H H B UL 3R (protein deposition rate, PDR,
%)=(Wx CP~WyxCPo)/(Wp<W,)x100%
X, W R (2); Wy HRIIRIARTR (2);
N, RNAKBE Ny RPIGRREL ¢ S5 KA (d);
W R AR (g); Wy NMAET-MTE (2 Wy N
JFIEIRTE (2); W, WUFEMAILAE (g); W, HiF
B FR S (%); CP, WK IR H R &
B (%); CPy NWITRAMFHE AR &2 (%),

AR E U BRI K SR
FHY 1425 (CHRIST AU ML) 2 5 1A
BRI R 105 °C fEiR T HEE (GB/T 5009.3—
2016) M 5 KA 10T 7 5 R LR E &% (GB/T
5009.5—2016) I & ; KA WG & &2k &R Kl 42
2 (GB/T 5009.6—2016) M52 ; Ko R i
P 550 °C #1bei% (GB/T 5009.4—2016) Il 72

A RFEARE M A REESA
B4 4643 B A (CHEMIX-800) I % Ifi T Bl P Bk iR
fity . ARG BN . TR BRI Y T
P, VARCHZERE . BRREE . BEA. AEA.
Hl =R S, FrHEGRIIASE A Sysmex A Fl,
fefi FH A BT A2 ) TR 9 a5 6 0 A . v N
TSR,

JHF P Je B P 387K AX Bl i b 64 ) S MR
R P 000 SR FH AR AR R s R i
s o it R S A3 T 2 340 SR FH P e A ) T AR A

ST AR & E

FERR AR AT AR O R B R T A0 it
P IR i 1 A R N R R s A
Yy TAEBIESE BT 10 B E

1.5 BB

SIS K SPSS 20.0 G54 A kA7 2 1K
297 %5391 (One-Way ANOVA), H Tukey [CII{H
ZE WREI T 22 5 WA YR S, 4R DT
{H+hRfEZ (meantSD) KR, 4 P <0.05 i KR 2
SRE,

2 4R

2.1 EREBBRMAKFEREREERE KN

RERISZ MR

KA A AR BB R o
EEZER (P> 0.05), HEH RFRE AR KR 2
SEHEMIE BRI AR (b 3, Hf R e AR K
RIEE AR IR R 0.2 g/kg WA F & KM, I
WBEETX R4 (P <0.05), AR ZR BT AL)G 1E
hn, fEEAMRIE N 0.4 gkg WA HR/ME,
BTN IR (P < 0.05), &AL AR A 5
USRI SER G, 4 BIAETR NG 0.4 F10.2 g/kg
WA e, HB 35 TX R4 (P <0.05)( 2),

®2 EREBERNKTX K ERELTE KR E M0

Tab. 2 Effects of dietary protease levels on growth performance of P. clarkii

TARLEE A B K A(g/kg)

IiH dietary protease levels

items 0 0.1 0.2 0.4 0.8 1.6
ViR E/g IBW 8.18+0.09 8.20+0.08 8.18+0.08 8.17+0.07 8.21+0.17 8.18+0.07
LR E/g FBW 18.73+0.21° 19.40+0.53% 20.13+0.42° 19.84+0.12° 19.38+0.20° 19.2940.24%
WER/% WGR 128.81+3.18° 136.45+4.34™ 146.20+5.29 142.94+0.92° 136.05+6.99™ 135.96+4.92"
IER/% SR 84.45+3 .85 88.89+3.85 91.11+3.85 91.11+3.85 88.89+7.70 86.67+£6.67
e EKR/(%/d) SGR 1.48+0.03" 1.54+0.03" 1.61+0.04° 1.58+0.01° 1.53+0.05" 1.53+0.04"
R R FCR 1.60+0.06° 1.55+0.04™ 1.46+0.04" 1.43£0.02° 1.5120.03" 1.54+0.06"
JFFRLE/%  HST 4.87+0.19 4.75+0.33 5.20+0.36 4.70+0.32 4.96+0.48 4.79+0.26
JEE & NE/%  FC 11.62+1.05 12.08+0.56 12.69£0.22 12.09+0.67 11.78+0.78 11.35+0.54
EAFIMZE/% PER 1.82+0.07* 1.90+0.04 2.00+0.06b° 2.02+0.03¢ 1.9340.03" 1.87+0.07*
HERITZ/% PDR 20.44+0.78" 21.234+0.81° 23.83+0.37° 22.26+0.14% 21.72£0.57% 21.29+1.10°

TEe FATEE T BT AR R E R B P <0.05), T

Notes: In the same row, values with different superscript letters indicate significant differences(P < 0.05), the same below

https://www.china-fishery.cn

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

6 4 BT, . mAEPE VR T AN A 1 v R BRSBTS 1057

3 DA TG i 2 MR i 3 | el 3R ORI 2 1 BT Ak
FON A (v), RV FERE I B AR R (x),
A 3 AT 2 AR 8105 S AT A5 H B 1A Tl S 3 VS I £ )
B2 0.16. 0.24 1 0.23 g/kg (Kl 1~ 3).

22 EARERBERMKENRRRZNEINE
FEEBAIL PO £ A 5 77 O 52 i

T} 2 1 A I 7K S X v FG B R 4 MR A
TELA K4y . RS B o 25 O B &R (P>
0.05). 4= "R A1 8 UL PRRL R 1 4 o 24 76 2R 1 i
Wik 0.2 g/kg WAFTERCRME, HEE & X
R4 (P <0.05)(F% 3).

2.3 ARNEQERINK TR KRELR7IE R
RF AR AR B L BB SR ME RO 2 M
TEFE H BRI N 0.2 g/kg IF, AFIRAR & H

y=86.95x+128.45

155 R>=0.796 2

150

145

y=—5.005 8x+142.99
R*=0.5615

140
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135
130
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—02 0 02040608 1012141618
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dietary protease level
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Fig. 1 Broken-line analysis between the weight gain

rate and dietary protease levels
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Fig.2 Broken-line analysis between the feed

conversion ratio and dietary protease levels
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Fig. 3 Broken-line analysis between the protein

efficiency and dietary protease levels

&3 AREBEERNK T 5 KR EAT £ 4R R B AR A AL 43 B2 0

Tab.3 Effects of dietary protease levels on whole body and abdominal muscle composition of P. clarkii

T A BRI K ST (g/kg)

f[ﬁ H dietary protease levels

ftems 0 0.1 0.2 0.4 0.8 1.6
£4F  whole body
IK43/%  moisture 73.73+0.43 73.28+0.40 73.84+0.62 73.97+0.47 74.07+0.29 74.05+0.21
MEEF/%  crude protein 9.56+0.04° 9.72+0.21° 10.40+0.28° 10.04+0.26™ 9.84+0.08° 9.79+0.14*
FHREMWI/%  crude fat 1.01+0.04 1.05+0.02 1.09+0.10 1.07+0.05 1.07+0.06 1.04+0.11
K5 1%  ash 7.95+0.15 8.43+0.39 8.75+0.76 8.55+0.23 8.390.62 8.39+1.06
SR abdominal muscle
JK4/%  moisture 79.63+0.86 79.14%0.62 78.87+0.55 78.67+0.36 78.9120.80 78.46+0.23
HME A /%  crude protein 17.37+0.08" 17.55+0.13" 18.36+0.19° 17.99+0.16® 17.724+0.36" 17.7140.30°
HHAEWI/%  crude lipid 0.34+0.21 0.34+0.16 0.36+0.23 0.36+0.13 0.35+0.17 0.34+0.10
WK 1%  ash 1.14+0.02 1.18+0.07 1.20+0.12 1.19+0.12 1.210.05 1.19+0.07

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries
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1038 ko

46 &

iy . V€ il S IR I B M B KA, IR 48.97
Ulg. 1.65 U/mg prot. 4.55 U/g prot, H B FH&E T
XA (P <0.05); FEERFIEASINGE N 0.2 g/kg B,

[ 1B AR G TR Tl A D TS A R ORAE, R
XA 24.75 Ulg. 4.04 U/mg prot, 3.60 U/g prot, Ui
F T X HRGL (P < 0.05)(3£ 4).

R4 EREEERINKT X 5 KR E AT E K AR AR H LB E M R R0

Tab. 4 Effects of dietary protease levels on intestine and hepatopancreas digestive enzymes activities of P. clarkii

FAlkHE F BN I 7K (g/kg)

Wi H dietary protease levels
items
0 0.1 0.2 0.4 0.8 1.6

HFiEER  hepatopancreas
HFEHMA/(U/g) protease 36.13+0.91° 41.17+1.32® 48.97+1.06° 46.25+2.00™ 40.42+2.71* 38.23+1.07°
YENE/(U/mg prot) amylase 1.24+0.03" 1.53£0.01° 1.65+0.09* 1.53£0.02° 1.49+0.04° 1.37+0.01°
fIE Wi/ (U/g prot)  lipase 2.43+0.14° 3.57+0.21° 4.55+0.33° 4.47+0.13° 3.84+0.23" 3.56+0.14°
&  intestine
T AW/(Ulg) protease 18.76+1.13" 19.49+1.45% 24.75+0.87° 22.72£1.90" 20.12£1.19® 20.79+1.35™
YENIEH/(U/mg prot) amylase 3.65+0.04° 3.87+0.09® 4.04+0.10° 3.83+0.13% 3.77+0.10° 3.7240.03°
AR WiE/(U/g prot)  lipase 2.12+0.15 3.40£0.16° 3.60£0.14° 3.55+0.17° 3.20£0.29° 2.52+0.13°

24 AREBERMKESRKEEIMESE
& ToN: oA

M RGN 0.2 g/kg W, I T B8 1 W
FREF G PE R, N s i fik, 5 X A7
TEREMZES (P<0.05). TEHRABRANMEH 0.4 g/kg

IF, 2% DG 20l N4 B 5 G R A eIk, SR
P2 o PR R W R S R A B KM, HIH
XHRAAAFE B EZESR (P<0.05), BIHEE. A
R VRTH I =R S A R T E 22 5 (P> 0.05)
(#5)o

RS AREBERMKTEI 5 KRR M EE (L iarRa R0

Tab.5 Effects of dietary protease levels on hemolymph biochemical indices of P. clarkii

FRIRLE BRI K S A(g/ke)

TiH dietary protease levels
items
0 0.1 0.2 0.4 0.8 1.6
B HEEEE/(U/L)  AST 64.33+1.15° 61.31+1.13° 55.29+0.98" 54.67+0.87° 56.00+1.00° 59.21+1.07°
BHHEEM/(U/L) ALT 44.70+0.87° 43.00+1.01% 39.63+1.16° 38.52+0.85" 41.31£0.72% 43.94+0.63%

B BERRAR/(U/L)  ALP 15.00+1.00° 17.3340.58" 19.00+1.00° 18.67+1.53" 18.3340.58" 15.67+1.53"
IR AE/(U/L)  ACP 9.23+0.61° 10.10+0.61° 11.37+0.58" 11.75+0.89" 10.10+0.45% 9.62+0.50°
B R/ (mmol/L) T-CHO 3.77+0.15 3.71+0.09 3.87+0.05 3.67+0.05 3.68+0.05 3.67+0.01
H#EH/(gL) ALB 2.67+0.58 2.67+0.58 2.330.58 3.3320.58 2.67+0.58 2.72+0.57
BEA(L) TP 61.00£1.00°  63.67+0.58" 71.00£1.00°  72.67+1.15° 72.33+1.53" 72.33+1.15"
Hil=E/(mmol/L) TG 0.88+0.03 0.90+0.02 0.94+0.06 0.96:0.08 0.83+0.01 0.92+0.10
74— /(nmol/mL) MDA 10.770.19° 9.74+0.40™ 9.1740.29° 9.4240.16" 9.81+0.3" 10.38+0.33"
2.5 (ARE B BRI K Xt 5 K R 2 AT AT AR AR 3 Wik

EX & Lo DA

JHF IR PN T 5 B A B BB N 0.2 g/kg
B, H 55X 25 BE (P <0.05);
4 T2 R T P Tl TR TR0 0 P A B 11 S 2R 0.2
g/kg BF A e RAE, H W3 & T X 4L (P < 0.05)
(# 6).
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R 6 ARIEBERINK TR 5 KRB AR AT BRAR & (IR FREY 220

Tab. 6 Effects of dietary protease levels on hepatopancreas biochemical indices of P. clarkii

FARLE I BRAS INK T/ (g/kg)

TiH dietary protease levels
items
0 0.1 0.2 0.4 0.8 1.6
N —#%/(nmol/mg prot) MDA 18.85+0.11° 18.11+0.77° 16.74+0.24° 17.08+0.22* 17.90+0.30™ 18.83+0.11°
T LR IR E/(U/g prot)  ALP 6.74+0.68" 7.28+0.49" 8.25+0.24° 7.80+0.18" 6.77+0.26" 7.00+0.60°
PR TR IRE/(U/g prot)  ACP 9.67+0.45° 10.91+0.64* 11.72+0.38° 11.69+0.40" 10.00+1.14 9.89+0.61"

0.175 g/kg MY 2R I (— P b 40 08 = 26 i e 2 1
fifg, HoERRBE R 8.5, TR 35000 Ulg), Hiy
AR R, R R B ALY, AR
R E T ERY P HEMER N 0.5 g/kg
98 1 E (75 14 6 000 000 U/g) 3R 45 5 22 250l
fR&E S0 AT BE 2 U AR B P T G A B
BRAEH ) — S BB SR T, MGHEREN . &
KEVER 1 A ) RS0, (i kK Bl P 6 AR ) B
F ISR, Ak A 4 L 4 v el A O
SR DRk v S i i AR R, s [ R AR Y
ARKMEREEIZ B E], X ATREEH TR AE N
Rz, R R AR VR K AT
KigY, 5Z AR B, 76U 85 (Oncorhynchus
mykiss) f= A4 2 AR HR S in o — il A ) (2R
AT S5 I i oA it o U5 S AT R NS
5 5 586 G I R S BB I BN I L AR I (]
il e ek D B AmpRH I T 5 A 06, e JLaEE
Xof R % £ ) ek 0 B A ) e v S o 45 i R
45 S b 7 7 A 0RE ) ek e ) 2k R B I A T R Ak
T AR

32 EREBBERMKFENEREETEIRE
FEERAIL A& A A 73 B 52 i

T 5 [ i 2 w3 A ) 8 1 Ak v O 8 1
Xof 4 MRS TR 7K 53 . LR D DL B o3 1
I REFEW, 5 Song &P KX =45 5T
SEIR 3, A MRRIE R L PR AR R e B AR
P TS TS G 184 52 2 4 5 ek AR fe ke A, 4
WRMLER BT B 7RI N 0.2 g/kg WA e R MH,
ik 10.40%. M5 EB AL P KL 11 0 f = 7R I ma ok
0.2 g/kg If A e KAE, 1K 18.36%, X5 FLANIEXF
AR f2083 451 RE TR R 0.175 g/kg 25 [ il ) 3 8 4
o WS AL PR AL 1 5 i AR S 2 2R, X
Al BESE AN AR B = T RS AR DL R 8] A T
R, N T AU RS S NLA B AU, &
R UTBUR 5 8 A & AR A ™, MEA
Wi 7R ARl 0.2~0.4 g/kg I, 25 P RSCR AR 1A R
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DUBURAS T A BT . E— e, 7 Al
Wy B 1 BDRk S i A 1l T o I i 2 A B
Sy
33 AREAREAMKEN R KEEINFER
FF AR BRTE L ERIE M AV RN

THALEG S K= sh W AL PLRE 2 I A 56, 1k
it 1 1 I 2 L4 R e K S xR SR Y
T AL W™ e LA 95 X BRI oo 4 k) s
0.175 g/kg BRI, WS T FBIREOR . 1§
5 g LA B U A il 6 P A e % E i (Oreo-
chromis niloticus < O.aureus) BRI 1 g/kg T &
TR EEH ] (A RO E ), HEE DS
PER T IR B B B T 16.83%, AT AR A K i i
TE A Tl I M O3 0l B AR T 32.24% T 31.80%!,
T BB AR GRDE AR I 0.175 g/kg BRI T
FHR R A RE B ARG R A S0 T R AR
g T T A G T B T A T e S i 2 e
8 5 AR A B, YA R B S N Dk 0.20
gkg WG PR R, 5 LR Es REAR - X
AT BE S VS I AR AR 1 O AL AR P 5 T fb il
(430, E T v LA ST i Il OB 28 B R FE R
R ZAR PRI AR, WA TR, 25
THREAMA R,

3.4 EREEERMKFEX T KRELRDE N
FF R R & AL AR AR B R2 0T

L7 A == T R A JIE ] s A A0 o £ R
() F2BAR AR, AL 6 A A ] i v I = R
JH B TC B 2 22 5%, S5 5 W (Carassius
auratus gibelio) IRk LRSI 0.075~0.600 g/kg
Hh PR L ) SRR 4 R B A O il R A
WA M 5 2R A I = BB, >
JHF S5 25 B S BN, 0LV e ok S A il 0 M T
e FEJE % B AR A o0 S o dRDRE s in
T i Y 0] 0 2 A LT A R A T R
il 15 PR AR ST 0L T A O S N A TR e
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T P 357 i A R AN o 1 32 1 2 S U 4 1Y)
Ak AR, ULEH S NS B8 A B TR e IR
JE U (1) T MR A

T P R T A N A s I I 4T B v 3 TR A
YRR, WIS EHIES SRR LT R 0V IR 1 1)
HEEHEER P h v IR R S R S AR A Y K
FEE W Z R R RS, I RS E R
A E AT A RO, UN AT G 28 R TR e 8
S R R T W G R R Y. AE LN
TEXTEMIC U AR R AR 0.125~0.175 g/kg 25 AT,
L 375 P AP O O T M e o MRV B 25 T v s i
S} 0.150~0.175 g/kg i, L35 A1 A 162 i 12k o 2%
FhE P, 7R S0 ML 37 LA R T M A 11 ol R I R
P T R Tl 9% P 320 S A 1 A ) o S S
JE VR AR T, UL BATE v R R B R AR B
Tk b A inaE B R A B TR e g .

TN R A A 1 PN AR 7 SRR R 4 R
i, YA SIS B A AR R L AR
S0 I3 R0 TR T R A R, M
PE— A E B8 0 45 A ] LA 3G 5 o FC R AR IR K 4
REJT. MG RSEAMIEAEAMEKRER, REA
PRGN EA K, AEASHERNKEES
AT P, ARG R R, T BE A SR
TEE BRI N 0.4 g/kg WA B KAE, %4
EAEASEITREZER, KILHEN S A M
AR R R TERE A S EN TR IR, Hit
E—2 IR, NS R ARG T e R — e R b
T v PG R ) S T

4

MIE R FRRE . BEARYCRSEAM
WM (R T £ Il A RS 2 P I BV
08 0.16. 0.24. 0.23 g/kg, 775 G R B IR =
FW B VAR PRI 0.2~0.4 g/kg BB AT L4 & T
g FCFUES MR A G028 3 Rt S BT PR 4 P it 3% 4
MR R T A . R, d e R
LU A Y A PV RDRE R RS B NN 0.16~
0.40 g/kg.

(3 7 BA A ST 52 B s 42 B Al 22 )
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Effects of dietary protease supplementation in high-plant-protein diets on the
growth, immunity and digestion of red swamp crayfish (Procambarus clarkii)

YANG Wenxiu >, CHEN Xiaoru®’, WENHua’, WUFan’, HU Wei',
GAO Weihua ", TIAN Juan®, YUAN Hanwen', XU Shude*’

(1. Hubei Key Laboratory of Waterlogging Disaster and Agricultural Use of Wetland, Yangtze University, Jingzhou 434024, China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
3. Healthy Aquaculture Key Laboratory of Sichuan Province, Tongwei Co., Ltd.,Chengdu 610041, China;
4. Guangdong VTR Bio-tech Co., Ltd, Zhuhai 519060, China)

Abstract: To investigate the optimal supplementation of dietary exogenous protease in plant-based diets of red
swamp crayfish (Procambarus clarkii), crayfish [initial mean weight (9.25+0.20) g Jwere fed six isonitrogenous
and isoenergetic diets which were formulated to contain graded protease levels (0, 0.1, 0.2, 0.4, 0.8 and 1.6 g/kg
protease, respectively) for 8 weeks. Each diet was fed to triplicate tanks with 15 per crayfish in each tank. The res-
ults showed that, with the increase of dietary protease supplementation: (D There were no significant difference in
survival rate, hepatosomatic index and flesh content among groups. The weight gain rate firstly increased and then
decreased, and reached the maximum when dietary protease supplementation level was 0.2 g/kg. The feed conver-
sation ratio reached the lowest value when dietary protease supplementation level was 0.4 g/kg. The protein effi-
ciency and protein deposition rate reached the highest in shrimp fed the diet with 0.4 and 0.2 g/kg protease,
respectively. Broken-line model analysis in terms of the weight gain rate, feed conversion ratio and protein effi-
ciency indicated that optimal dietary protease supplement of crayfish was 0.16, 0.24 and 0.23 g/kg, respectively.
(2 The crude protein contents in muscle and whole shrimp firstly increased and then decreased, and the maximum
occured at the shrimp fed the diet with 0.2 g/kg protease. (3 The activities of protease, lipase and amylase in intest-
ine and hepatopancreas all reached the maximum at the shrimp fed the diet with 0.2 g/kg protease, which was sig-
nificantly higher than the control shrimp. @ The maximum content of total protein in serum were observed in
shrimps fed the diets with 0.4 g/kg protease; the activities of glutamic oxaloacetic transaminase and glutamic pyr-
uvic transaminase firstly decreased and then increased, with the lowest value occurs at the shrimp fed the diet with
0.4 g/kg protease; the activities of alkaline phosphatase and acid phosphatase firstly increased and then decreased,
and reached the maximum in 0.2 g/kg group and 0.4 g/kg group, respectively. The content of malondialdehyde had
the minimum value at the shrimp fed the diet with 0.2 g/kg protease. © The activities of alkaline phosphatase and
acid phosphatase in hepatopancreas firstly increased and then decreased, and reached the maximum at the shrimp
fed the diet with 0.2 g/kg protease, which was significantly higher than the control shrimp. In conclusion, under
this experimental condition, the appropriate supplementation of dietary protease in red swamp crayfish is from
0.16 to 0.40 g/kg.
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