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AR AR R, KRR 4 ANE G AT (28%. 30%. 32%7Fn 36%)Fn 2 ff fn T T % 8
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WWEHFTREE g ER g s KR, EFANREMEEREZE T PF 4(P<0.05), %A
JU K Fr e T % R B ik B 1 Bl e U2 b B OE MR X EL1E Al (P<0.05), ERMM AR E R, A
JEW R G B, B fr ik R BB, N BRI E 28%E A UK PR R, EF AL E A
B, MBI EE AEE ST PR 4(P<0.05), & & AKTA A T I 5 AT fE 0 7 B A0
e R B E MR B 3E N A B A (P<0.05). E M 4R B R, R IE AR M A BR B UE M DA RO VE B
miEH BB RS ARENE 280F 8 K&K, PF AFEER _BE2ELERKT EF 4
(P<0.05), #4585 1 B 2 1k T EF 41(P<0.05), 4 ## % (Logistic. Gompertz, Von Bertalanffy
F1 Brody) 3 ik RAF M B KR IR Ef R K B A K d &, WA EH AT 097, ¥, DL Logistic
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o, FC R L IR (Procambar us clarkii) 5 7=+ 35 [ |
PORF L AR AT b IX (%8R4 55, 2010), T 20 fH4l 30 4
RMNAARGIATEE, BAE KRB & . 1
R SE R A SRR (RN AR, 2022) JfT 10 4F
o, FEICJFEAR - R, | 2011 4EfY 56.3 J7 t
HahnE) 2021 4E 4 263.3 Ji t, HATE TR EIRK I
FIABE B 1) 55 8 MR 2 (AR Ml AR AT 8 3t M e JB A 38 Sy
2022) ., TR 5 e 5 [ i 28 IR AR R P R AR A
A BN R 22—, PR B KT i e md AR AR
2%} 1 5% sl e 1 T 4 (Teles et al, 2020), falkl
AT AN 2 23 B AR o G R 2 MR HLAAR S i 7 DA
oA, AR 1 BK P m a DEACE R, 5
A FEBRAR A, 2020), R0, A[EBFEAS A5G
Jir 2 WAk 2, 11 0T o VS N R i 4 SR 25 R EOR L R AR
5(201.2) 1A Sy o [ J 2 R AR b 2 1 5 5 1 LA 0%
B, RARAE(2007) I\ R A I BUKF-TE 27%00 7T LA
Se QR FT R, T A 3555 (2020) i 5845 11 5 G i
FCUN AR} R A 2 A KR 31.37%~32.20%, Lu
5 (2020) I\ S AR RHEE 1 BT K P 35.77%I0 1 HE A8 4
o XA BB BT FE A DRHERE . AR K B BORI PR HE
PSRRI G

AT, i b v IG5 2 AR 3= 2 I Ak i 1]
BLFNES H R L 2 7 7E 5 7 4R Bl (Carassius gibelio
var.) (Gao et al, 2019) , &L ff1 (Ctenopharynodon idellus)
(B %, 2018) . 47 % fit: (Hucho taimen)( T 42 4%,
2008) Fl1 5 7 e fifk (Misgur nus anguillicaudatus) (2= i
4, 2020)H A B AL DR T 6 FUks ARkl 7E 4 Sk 6
(Sparus aurata) 1 Jli £k 1] e} A 0K fRDELGE A= M RE
G W% 2 5 (Venou et al, 2010) , ifi £ K 25 6
(Scophthalmus  maximus) H 15 21 A8 Jiz 1) 45 & (BBt
2015), ik 204k 5L WY Ak 1) Ak A A U 4] AL XA [+]
K= S A KA AR BOR 25 57

HHT, & T A A 28 Bk Ain L E 2%k A= 5

YK gD, RN AL, EH
JKEh 41%F1 A3%FNRE AL N T T. 2 vl g itk FLAN i
%} R (Litopenaeus vannamei) A K FIAR R (TR, 4R
117, 88 KPR T T 22 A5 5 ) e FC R B R Y AR
KEARA . HL, A58 TR 8 52 b AR =
T2, W 4 AR KT (28%. 30%., 32% 1
36%0) Fll 2 Fffin T 1. 25 (W2 A Al AR At S0k ] k) ) il st
Xof 7w PG R BN A K v e . Ak T A AR T RE Y B
Wi, 5 AE R4k 7 FC OB MRS 5 Aol T T 25 4243t
LSS L 88

1 5T
1.1 KRB IT AN KL

K 4R FFRKERL 2 Bl T T 25 1Y 4x2 XA
R, FrRIER 8 Fhia ikl o 5k & A K
28%. 30%. 32%FI1 36% i1k 1k} (expanded feed,
53 BITRIFR A EF28. EF30. EF32 il EF36 4H )1l ik
T (pelleted feed, 435l #xA PF28. PF30. PF32
1 PF36 4) . SEb ikt i 8 WU 0 A7 BRA w44t it
AR E T-20 CREAE, RS R L3R 1.

12 RFEEHE

TR S E VTR 2 S PR 2 2 e /K = BF 53
M AT, o [T S AR AR 3 00 T W A R0 M v v o 5 1
F1, SRR RAR (B A2 x 78 = 150 cmx50 cm) Al 37 . 5K
B K R RS I ROK, FREEZK IR 0.25 m, BF
STEMmPESR LA, EXLR[T 24 h(FIERE,
Pk 5 8 9 (5.35+0.63) g BRI FEHLS> 5] 24 4
FAMT . B 3 ANFEFEME(30 R/ — I AbFE, pE
o0 13 R SR 05, K 43 %I T 08:00 F1 17:00
EHRME 2 R, FRIEMK pH i 7.5~8.0, #lEN
5.0~7.0mg/L, ZAMTF 0.1 mg/L.

x1 LBREABBEXRERES(TYI, %)
Tab.1 Basic nutrient composition of experimental feed (dry matter, %)

Tkl Feed 7K 43 Moisture Ml H Crude protein Mg Crude lipid K4 Ash
EF28 9.68 28.54+0.26 7.27+0.13 13.91+0.03
EF30 9.67 30.19+0.35 7.96+£0.31 14.62+0.09
EF32 10.48 32.76+£0.32 8.41+0.24 13.72+0.09
EF36 9.83 37.24+0.42 7.79+0.03 14.64+0.04
PE28 8.33 29.23+0.39 7.21+0.21 14.10+£0.16
PE30 8.87 31.67+£0.45 7.70£0.34 14.05+0.12
PE32 9.76 33.21+0.42 8.04+0.19 13.44+0.10
PE36 10.62 36.95+0.51 7.58+0.15 13.14+0.04
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WERXLEIF IR, 8 7 d NERFEYLEE 10 B
LN REs NG SIS SN 3 €/ 3 R o NS e i
WA, A RIS 15 B, M 1 mL i
SR O B UM R EL, T 4 CUKFEACE 24 h
5, 4°CE.0 (12 000 xg) 20 min, B b & T-80 C
PRAE . WUIFRAEAIAIE , —80 CARAFFFH . SRR T
AR ) TR 5T T A 7 3R 6 0 A R R R
JIFE P9 12 P T 152 Tt (acid phosphatase, ACP) . i 14 i 12 il
(alkaline phosphatase, AKP) , 5§ &% (malondial dehyde,
MDA) ., iR & 1k ¥ {1k it (superoxide dismutase, SOD) .,
MBIk AE J1(total antioxidant capacity, T-AOC) L &
Jo 3R JBEONE JBR 04 JEE AR E1 W (trypsin) o UE B G
(amylase) F1 5 i i (li pase) .

Tl ek B R {4 75 21 144 IR AOA C(2005) [ s s
I B o ARDRE K 43 B e I E SR 105 °C 4
B, AWROK AT A E R AV R T RE . B
TR IS AR e, A A D7 A &R AR Bk
TRE , KA 550 CHIBe ke o
1.4 HELAKXESZITSH

b IR IF A K AR PR A X T

1 W R (weight gain rate, WGR, %)=100x(W—
Wo)/Wo

AT K (survival rate, SR, %)=100%(N,/N;)

A Lt (hepatosomatic index, HSI, %)=100xH/W
o, WO ERZORI (), Wo MEFRIERISTE(Q); N2
RARUFREL, NoOAPIRIFREG H IR & (),
W R HE (g).

AHI 5 I A7 25 5 T S 34 8 475 M 22 (Meant SD) %
Ko TRBHE R SPSS 19.0 #EAT AL I 2240
(one-way ANOVA) . T & 56 . XK 2 J7 22 73 # (two-way
ANOVA)FIHEL A B4 4347, FH Duncan ¥5i#47T £ &
b3, P<0.05 K225 i E K-,

AR IMRIE R 4 Fhvey B A BRI o [C i 2
WRARE AR S TG (3R 2), IRIERLG &S50 .
FETHE AN A B (RP) 1B 1 B M ) A B 7 25 R
B E AR KT EIA, FRERN W=al® (a
M b ASE, WRKRE, L MERK), AR0F5E Pk
1) 4 DRI AL O R, SR 2R
(Gauss-Newton) 5.3, DA% 225 Rl /N bR R,
BUGERITESA SR, WShrfE R 1x10°°, I1EE
AR E(R?), A R il A LR B4

R2 ATMERHEEIRIZERX

Tab.2 Four growth curve model expressions

A Fika Pii(t,y)

Model Expression Inflection point
Logigtic y = A/[1+Bxexp(—kxt)] (InB)/k, A/2
Gompertz y = Axexp[-Bxexp(—kxt)] (InB)/k, Ale

Von Bertdanffy y = A[1-Bxexp(—kxt)]® (In3B)/k, 8A/27
Brody y = A[1-Bxexp(—kxt)] -

e ACHIRARAA, KOMBRA K, B HSHL, t
S RE(d)

Note: A is the limit growth value, k is the instantaneous
growth rate, B is the parameter, and t is the number of days (d).

2 #R
21 EBEARKAENMIIZINEKEREEREKELE
F044 28 BR B9 82 Mg

B FOK AU T T 25 %6 16 8 R R LU
F 28 HAEFH (P<0.05) (3 3), i 0%/l , &
H KX AR R E 1 R AR A W3 5
(P<0.05) . B 2 5KV i, 388 3 5B T [
EF28 41 ZoRK R I d R i & = T EF36 41, EF28
2 A4 HE 2 AIKF LA S 5640 (P<0.05) . Ak T. T
CHAREMMERE ES TEANT TZ4H
(P<0.05), ULAh, ARSLIGFRFETE Y8 R FRFEIA B,
FEEE KR Hofh A= 5, wi R o DR R, AR A
TR, BRI, A BB R AR R R BSE A C
Hdl

T TR ACE AU T T 20 %6 4 Rk 8 13 FOHLBE 5
A WA AR (P<0.05) (3 4), TR T s,
A KT X 4 0RO S E O R IR I e B
(P<0.05). il T T. 2 % #H B Wi A7 ik 25 5% i) (P<0.05) ,
J Ak AL RN 15 2 2 B 3 v T AUk T L 41 (P<0.05) o

22 FTARKFEMMI T EEKEEEE M
A BRI

B T K S I T X T I M ) i A 1 e
T A il M AT I 25 1 28 B4R H (P<0.05) (3R 5). UM
SN B TR B B JBE 2 6 L S
JIg 107 i R R 16 B AR B S UE R O R Y e
(P<0.05), JHF ik iy J 2 1 il . Ry 0 i 1 MR A 1
fifg . VB0 WS PERE & KT TH R AR, 7 28%%E
FI KB IR B e R, T B 107 i 2 2 TS T B
() ¥4 38(P<0.05) o I Ak 1AL IHZE I IR A0 SR 2 1 il . 3
Tit 155 77 R0 g T PR B P O R S T Uk AR R 4
(P<0.05),
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Tab.3 Effects of protein level and processing technique on the growth of P. clarkii
T H Items WIURIATE IBW/g ZOR{KE FBW/g  HHEE WGR/%  iG% SR/%  iF{KH HSI/%
2051 Group
EF28 5.23+0.10 19.80+2.772 279.16+10.112 68.89+1.92 5.31+0.522
EF30 5.27+0.17 17.59+0.76° 234.59+4.77° 70.00+6.67 6.23+0.49"
EF32 5.05+0.14 17.51+1.07° 244.18+5.98" 70.00+6.67 7.04+0.30%
EF36 5.38+0.45 16.09+0.69> 199.51+5.88¢ 70.00+3.33 7.27+0.15¢
PF28 5.49+0.34 17.02+0.97™ 211.53+9.22° 72.22+3.85 6.30+0.03"
PF30 5.26+0.16 15.60+0.07* 196.81+9.82¢ 70.00+3.33 6.76+0.89"
PF32 5.33+0.28 16.26+0.67> 205.26+6.73° 74.44+5.09 5.91+0.53%
PF36 5.52+0.12 14.87+0.65° 169.41+12.19° 70.00+6.67 6.11+0.50%°
F4% Main effect
E 7K Protein level
28 5.36+0.11 18.41+0.98% 245.35+15.90% 70.56+1.34 5.80+0.26"
30 5.26+0.06 16.59+0.49% 215.70+9.06° 70.00£1.92 6.50+0.29%
32 5.19+0.10 16.88+0.43% 224.72+9.01° 72.22+2.38 6.47+0.30%
36 5.45+0.12 15.48+0.37° 184.46+6.96" 70.00£1.92 6.69+0.29%
JinT.T. % Processing
k1A ¥L Expanded feed 5.23+0.07 17.75+0.56 2 239.36+8.992 69.72+1.26 6.46+0.25
T ok 1)k} Pelleted feed 5.40+0.07 15.94+0.29° 195.75+5.07 ° 71.67+1.33 6.27+0.17
LR %7 22438 Two-way ANOVA
TE 1A Fi7KF Protein level 0.509 0.002 0.000 0.849 0.030
JNT. T2 Processing 0.464 0.006 0.000 0.355 0.050
A2 HAE Interaction effect 0.735 0.648 0.012 0.814 0.002

T AFR/NE FRFRR 2253 1.3 (P<0.05). T,

Note: Different lowercase letters indicate significant difference (P<0.05). The following table is the same.

x4 EARUKFMMITZX5 KRZIE M S H R0 (EY) 5, %)

Tab.4 Effects of protein level and processing technique on the composition of P. clarkii (fresh matter, %)

WH 41 Whole body
Items 7K Moisture/%  #lZEH Crude protein/%  H#LAHS Crude lipid/% KAy Ash/%
2H %! Group
EF28 70.46+0.45 11.58+0.16™ 4.98+0.23% 9.19+0.25
EF30 69.84+0.68 12.51+0.11%® 4.95+0.21% 9.51+0.98
EF32 69.44+0.58 11.33+0.52° 4.62+0.22 9.94+0.17
EF36 69.66+0.93 12.87+0.38% 4.35+0.07¢ 10.08+0.43
PF28 69.65+1.66 12.20+0.60 4.67+0.36™ 10.41+2.13
PF30 70.61+0.49 12.30+0.56% 4.45+0.31% 8.80+0.16
PF32 69.48+1.51 11.53+0.46% 4.81+0.29" 10.40+0.81
PF36 69.96+0.97 11.47+0.48%% 4.35+0.22¢ 9.97+0.28
FERUN Main effect
E M JF/KF Protein level
28 70.05+0.48 11.89+0.52° 4.82+0.32% 9.80+1.11
30 70.23+0.28 12.41+0.38% 4.70+0.36% 9.15+0.74
32 69.46+0.42 11.43+0.45° 4.72+0.25% 10.17+0.58
36 69.81+0.35 12.17+0.85%® 4.35+0.15° 10.02+0.33
fin T.T. % Processing
fiz Ak iRkl Expanded feed 69.85+0.20 12.07+0.72 4.73+0.31% 9.68+0.60
SRR R} Pelleted feed 69.92+0.33 11.87+0.60 4.57+0.32° 9.90+0.97
XL %07 22438 Two-way ANOVA
E H FKE Protein level 0.896 0.000 0.040 0.344
JNT. T2 Processing 0.921 0.252 0.000 0.487
L HAER Interaction effect 0.935 0.003 0.009 0.481
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Tab.5 Effects of protein level and processing technique on the activities of digestive enzymesin
hepatopancreas and intestines of P. clarkii

TiH
Items

A Hepatopancreas %3l Intestine
JER AR 11 il TE ¥ it JIE s T JBRAE 1l TE 5 it JIE I Tt
Trypsin Amylase Lipase Trypsin Amylase Lipase
/(U/mg prot) /(U/mg prot)  /(U/gprot)  /(U/mg prot) /(U/mg prot) /(U/g prot)

2H %1 Group
EF28
EF30
EF32
EF36
PF28
PF30
PF32
PF36
ER0 Main effect
5 Bt KF Protein level
28
30
32
36
JnT. T2 Processing
iz k1l Expanded feed
T UKL 1) KL Pelleted feed

5038.44+119.86°
4648.51+183.74
4343.80+68.33°
2 551.40+101.58°
4353.07+122.06°
3833.29+70.73°
3538.54+91.04°
2984.19+118.54'

4 695.76+159.49°
4240.90+189.25"
3941.17+182.45°
2 767.79+104.83¢

4 145.54+288.92°
3677.27£151.42°

UK Z 7 224508 Two-way ANOVA

& 1 7K F Protein level
JNT T2 Processing
2 H AR Interaction effect

0.000
0.000
0.000

13.66+0.53* 28.21+1.61%° 02.97+4.30° 1.81+0.06% 33.92+3.45
8.24+0.13% 30.21+1.00°  82.42+3.02°° 1.83+0.11% 34.92+3.83
11.84+0.24° 28.99+1.09% 81.64+3.27™° 1.71+0.18* 33.14+5.19
6.26+1.21% 26.71+1.80™ 72.32+2.92% 1.45+0.11° 34.28+4.15
8.96+0.65° 28.01+1.55%° 84.66+4.77° 1.85+0.11%° 34.05+2.54
7.11+0.89% 28.26+1.33%° 76.46+2.62° 1.78+0.07% 33.32+2.69
7.49+0.89% 28.69+2.6%°  74.81+2.09% 1.70+0.20* 35.53+1.00
4.84+1.87° 25.61+1.46° 69.07+3.53° 1.45+0.10° 34.74+0.72
11.31+1.07* 28.11+0.58° 88.81+2.49° 1.83+0.03% 33.99+1.11
7.68+0.34° 29.23+0.61%  79.44+1.69° 1.80+0.04% 34.12+1.26
9.67+1.00° 28.84+0.73% 78.23+1.83° 1.71+0.07%° 34.33+1.47
5.55+0.66% 26.16+0.66°  70.69+1.39°  1.45+0.04° 34.51+1.09
10.00+0.89 28.53+0.52  82.34+2.36®° 1.70+0.05 34.06+1.05
7.10+0.53° 27.64+0.57  76.25+1.88° 1.69+0.06 34.41+0.54
0.000 0.201 0.000 0.000 0.993

0.000 0.023 0.000 0.886 0.798

0.007 0.774 0.636 0.935 0.774

A KT RN T 2068 I MR T R R
PR Tl TR i 06 1 W 5 1 28 ELAE I (P<0.05) o A5 45
R, H AKX P iR
Fif 105 3 R0 ML 9 A O T T T A O R I T 2 B T
B g % (P<0.05) (3% 6), BEE HAR/KETHE,
JT T U 7 Tl 8 il 5% e R 10375 A e B AR A A7 | me v
T Rl Y 0 T A T 2 R A AR A, IR U R 1375 1 P
T REB T (P<0.05) o UL A Ak I TR AR Y A
AL T I AL R4 (P<0.05) , B Ml 1R il % ) b 2%
XTIkl (P<0.05),

23 HEKERYE

B KSR T T 206 v 1G J5E B 0 A & A
Ky BitA: Kt i 1 frs, s 858 F IS &
TRk, Hrh, EF28 SLI4 NS 28 KRITIAIAE

SR M s T I A LI 2 AR B AR il 2
W(0~35 d) A KAtk , B4 49 RIAFLGIIE, 70d )5
FUAEKIE K EHRER AR,

i Logistic., Gompertz, Von Bertalanffy I Brody
4 FEIRIXHARESHITEIA (R 7). SR ER, B
Gompertz H Rt EF28 4H Ul &30 R i, RP 4 0.992,
HAKA R Logistic #RIZ R b, R 43510
0.992. 0.994. 0.989. 0.993. 0.987. 0.989 #il 0.996,
WA WK 2, PiBH Logistic #5580 il B84 7 [
JR BT A A T A K 7 . EF28. EF30, EF32, EF36.
PF28. PF30., PF32 Fl PF36 4114 i 7F feidi i 7 (L ogistic)
2R 453 A ) 4353 A 35.47 . 31.26, 35.00, 34.30,
33.12,27.76.29.92 i1 26.58 d, 45 &5 1A 5 4351 & 10.20.,
9.28, 9.60. 8.87. 9.42, 8.36. 8.81 f18.19g.

H Logistic., Gompertz i1 Von Bertalanffy 3 Ffifi
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Tab.6 Effects of protein level and processing technigue on activities of antioxidant-
and immune-related indices in hepatopancreas and serum of of P. clarkii

i Hepatopancreas 1fiL & Hemolymph

MDA AKP ACP MDA AKP ACP
/(nmol/mg prot) /(King U/g prot) /(King U/g prot) /(nmol/mL) /(King U/100 mL)/(King U/100 mL)

TiH
Items

251 Group

EF28 2.43+0.52°  58.99+1.01¢ 6.45+0.90  0.63+0.08%  2.43+0.24% 1.46+0.05°
EF30 4.79+0.57°  53.98+2.50° 7.27+0.84  1.21+0.22%  2.37+0.19% 1.36+0.14"
EF32 5.90+0.25°  56.82+0.79% 6.60£0.62  1.26+0.08%  2.25+0.48% 1.23+0.10°
EF36 5.11+0.46° 56.71+2.13% 6.58+0.19  1.45+0.29°  2.17+0.37% 1.09+0.13%
PF28 2.52+0.55  46.79+3.86° 6.95+0.67  1.26+0.10®  3.08+0.15° 1.51+0.14°
PF30 254+0.79*  45.80+2.86" 6.81+0.52  1.21+0.22®  2.55+0.22° 1.25+0.11%
PF32 2.58+0.20°  42.05+2.38° 6.41+0.30  1.41+0.16°  2.45+0.49% 1.2+0.18%
PF36 2.99+0.65°  39.68+3.247 6.94+0.23  1.64+0.84°  2.01+0.26° 1.19+0.09%

FERN Main effect
E M JFKF Protein level

28 2.47+0.20° 52.89+2.48" 6.70+0.28  0.94+0.15°  2.75+0.14% 1.48+0.042
30 3.67+0.56°  45.80+0.94° 7.27+0.28  1.21+0.08%  2.46+0.08° 1.30+0.05°
32 4.24+0.75°  49.43+2.852 6.50+0.16  1.33+0.06*  2.35+0.16° 1.22+0.05°
36 4.05£0.52°  39.68+1.06% 6.58+0.06  1.55+0.23*  2.09+0.11° 1.14+0.04°
JINT.T. 7 Processing
g Ak 1k Expanded feed 4.56+0.41*  56.62+0.60% 6.73+0.18  1.14+0.10 2.30+0.08 1.28+0.04
WGk fa) 6 Pelleted feed  2.66+0.16°  43.58+1.02° 6.78+0.12  1.38+0.12 2.52+0.12 1.29+0.05
LR %07 2543 B Two-way ANOVA
MK Protein level 0.000 0.000 0.870 0.179 0.072 0.926
HT.T. 2 Processing 0.000 0.008 0.361 0.095 0.004 0.000
ZHAEH Interaction effect  0.000 0.013 0.329 0.76 0.131 0.367
250 4 80 p
g‘n 20 + g 70 |
5 =
g 15 B
> = 60t —= EF30
2 10l 3 —a— EF32
M A —— EF36
] % Z —o— PF28
® 5| & O -8 PF30
—— PF32
—— PF36
1 1 1 1 1 1 1 1 1 1 1 1 1 1 40 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 7 14 21 28 35 42 49 56 63 70 77 84 91 1 7 14 21 28 35 42 49 56 63 70 77 84 91
I} &] Time/d HE] Time/d

B DR KPR T 28 5w R B AT A R () FHA K (b) i R AR Kt 4k
Fig.1 Cumulative growth curves of body weight (a) and body length (b) on different protein level
and processing technique of P. clarkii

RIGHAK I TG (R 8). 450 /R, Logistic Bl 1 0.982, fl4 #iZ W. & 2. EF28, EF30, EF32. EF36.
T EAUA TE R R B A K A K R, AR RR PF28. PF30. PF32 Fil PF36 ZH A& K 7E i i A (L ogistic)
YKk 0.993. 0.989. 0.994. 0.987. 0.978. 0.996. 0.983 SR )4 R 20 5 6.19, 5.51. 6.11. 6.12.
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Tab.7 Fitting of body weight growth curve model with different protein level and
processing technique of P.clarkii

21 51 i 4280 Fitting parameter - B y)
Group Model A B K Inflection point
EF28 Logistic 20.395 5.079 0.330 0.991 34.47 10.20
Gompertz 17.367 1.577 0.201 0.992 15.86 6.39
Von Bertalanffy 23.580 0.520 0.159 0.985 25.15 6.99
Brody 28.841 0.869 0.011 0.981 - -
EF30 Logistic 18.553 4.047 0.313 0.992 31.26 9.28
Gompertz 20.033 1.827 0.199 0.989 21.20 7.37
Von Bertalanffy 20.977 0.476 0.161 0.987 22.74 6.22
Brody 24.315 0.829 0.013 0.984 - -
EF32 Logistic 19.200 4.116 0.283 0.997 35.00 9.60
Gompertz 21.215 1.848 0.173 0.994 24.85 7.80
Von Bertalanffy 22.573 0.480 0.136 0.993 27.14 6.69
Brody 28.152 0.851 0.010 0.990 - -
EF36 Logistic 17.739 3.646 0.264 0.989 34.30 8.87
Gompertz 19.838 1.724 0.159 0.986 23.98 7.30
Von Bertalanffy 21.267 0.456 0.124 0.984 28.28 6.30
Brody 27.240 0.839 0.008 0.982 - -
PF28 Logistic 18.840 3.907 0.288 0.993 33.12 9.42
Gompertz 20.644 1.791 0.179 0.99 22.79 7.59
Von Bertalanffy 21.832 0.469 0.142 0.988 25.40 6.47
Brody 26.371 0.835 0.011 0.985 - -
PF30 Logistic 16.726 3.392 0.308 0.989 27.76 8.36
Gompertz 17.734 1.653 0.206 0.985 17.08 6.52
Von Bertalanffy 18.332 0.440 0.171 0.983 19.79 5.43
Brody 20.152 0.786 0.016 0.980 - -
PF32 Logistic 17.623 3.605 0.300 0.988 29.92 8.81
Gompertz 18.978 1.708 0.193 0.984 19.42 6.98
Von Bertalanffy 19.818 0.451 0.157 0.983 22.09 5.87
Brody 22.880 0.809 0.013 0.985 - -
PF36 Logistic 16.372 3.136 0.301 0.996 26.58 8.19
Gompertz 17.367 1.577 0.201 0.992 15.86 6.39
Von Bertalanffy 17.949 0.424 0.168 0.990 19.41 5.32
Brody 19.668 0.770 0.015 0.988 - -

e R A IRBRAERME, KOUBERARKEE, B ASE, t HPARE(), y APk (),
Note: In the table, A is the limit growth value, k is the instantaneous growth speed, B is the parameter, t is the inflexion days (d),
and y istheinflexion weight (g).

5.62. 4.85. 5.10 f1 3.84 d, #5514 K4351% 38.06, W=3.186x107°x 3% (R?=0.982) . W=2.332x10®x|>5°
37.32.37.46., 37.13, 37.04, 36.39. 36.75 F1 35.81 mm., (R?=0.976) . W=1.740x10°xL>"*}(R?=0.985) . W=6.272x

T o 5 PR BSONT A5 2 B T D B R A R K 22 ] 107°x L34 (R?=0.979) . W=4.331x10°x*?(RF = 0.973) ,
KR A4, EF28, EF30. EF32. EF36. PF28. W = 2.174x10°x3*%%(R?=0.977), & R KT
PF30.PF32 fil PF36 L4 7 A0 5 W=1.321x107°  0.97, 158 BH %% bR 50T A8 47 b Xof 7 £ BT B MR 4k i A
x| 3814 (R?=0.981) . W=4.923x107°x3*® (R?=0.970) Z a2 BTG
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Tab.8 Fitting of body Iength growth curve model with different protein level and
processing technique of P.clarkii

miH e #1428 Fitting parameter - St Y)
Items Model A B K Inflection point
EF28 Logistic 76.126 0.651 0.269 0.993 6.19 38.06
Gompertz 76.667 0.520 0.232 0.992 5.65 28.20
Von Bertalanffy 76.882 0.161 0.219 0.991 5.65 19.22
EF30 Logistic 74.647 0.639 0.291 0.989 5,51 37.32
Gompertz 75.049 0.513 0.254 0.988 4.92 27.61
Von Bertalanffy 75.206 0.159 0.242 0.988 5.05 18.80
EF32 Logistic 74.925 0.618 0.258 0.994 6.11 37.46
Gompertz 75.467 0.499 0.223 0.992 5.64 27.76
Von Bertalanffy 75.682 0.155 0.211 0.992 5.65 18.92
EF36 Logistic 74.252 0.541 0.223 0.987 6.20 37.13
Gompertz 74.858 0.447 0.192 0.986 5.92 27.54
Von Bertalanffy 75.099 0.140 0.182 0.986 5.92 18.77
PF28 Logistic 74.086 0.565 0.253 0.978 5.62 37.04
Gompertz 74.583 0.462 0.219 0.976 5.23 27.44
Von Bertalanffy 74.779 0.144 0.208 0.975 5.32 18.69
PF30 Logistic 72.777 0.586 0.293 0.996 4.85 36.39
Gompertz 73.109 0.478 0.259 0.985 4.29 26.90
Von Bertalanffy 73.239 0.149 0.247 0.995 4.64 18.31
PF32 Logistic 73.505 0.582 0.281 0.983 5.10 36.75
Gompertz 73.886 0.474 0.246 0.981 4.59 27.18
Von Bertalanffy 74.035 0.148 0.235 0.98 4.84 18.51
PF36 Logistic 71.617 0.509 0.294 0.982 3.84 35.81
Gompertz 71.880 0.424 0.262 0.980 3.37 26.44
Von Bertalanffy 71.982 0.133 0.252 0.980 4.06 17.99

T R A RBRA AR, kOVBERHME R, B hZEL, t P KA(d), y A (mm),
Note: In the table, A is the limit growth value, k is the instantaneous growth speed, B is the parameter, t is the inflexion days (d),

and y is the inflexion body length (mm).
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Fig.2 Comparison between growth curve and Logistic fitting curve models of
actual body weight and body length of P. clarkia

a: MALIRIAAE ; b BESTRLRRI A o ALIRHARIS; d: BERURARHE AR
a Body weight of EF groups; b: Body weight of PF groups; ¢: Body length of EF groups; d: Body length of PF groups
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Effects of Dietary Protein Levels and Processing Techniques on the
Growth Perfor mance, Digestibility, and Antioxidant Capacity
of Red Swamp Crayfish (Procambarus clarkii)

GUO Sait? CHEN Xiaoru®, YUAN Hanwenl, LUO Kait, ZHANG Fuxian,
CHEN Yan!, GAO Weihua'”, TIAN Juan®”

(1. Yangtze University, Hubei Key Laboratory of Waterlogging Disaster and Agricultural Use of Wetland, Jingzhou 434024,
China; 2. Yangtze River Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
3. Tongwei Co., Ltd., Healthy Aquaculture Key Laboratory of Schuan Province, Chengdu 610041, China)

Abstract The red swamp crayfish (Procambarus clarkii) is the largest freshwater shrimp cultured in
China. Protein is a critical factor affecting red swamp crayfish growth performance and feed cost. Too
high or too low protein levels in feed negatively affect crustaceans. However, the results of the optimal
dietary protein content of red swamp crayfish identified in different studies vary considerably. There are
mainly two types of feed for red swamp crayfish on the market: extruded and pellet feed. There have been
few reports on the impact of processing technique on red swamp crayfish. Many studies have shown that
the growth-promoting effects of extruded and pellet feed on diverse aquatic animals differ considerably.
Moreover, there have been few studies on the impact of different protein levels and processing techniques
on the growth of aguatic species. This study aimed to investigate the effects of dietary protein levels and
processing techniques on the growth performance, digestibility, and antioxidant capacity of red swamp
crayfish. The two-factor experiment (4x2) with four different protein levels (28%, 30%, 32%, and 36%)
and two processing techniques (expanded feed [EF] and pellet feed [PF]) was conducted for 13 weeks as a
feeding trial, aiming to provide theoretical support for optimizing the feed formula and processing
technique of red swamp crayfish. The results showed that the protein levels and processing technique
significantly influenced the weight gain rate (WGR) and hepatosomatic index of red swamp crayfish
(P<0.05). The main effects showed that 28% protein could significantly increase the WGR of red swamp
crayfish. The WGR and SGR (specific growth rate) of the EF group were significantly higher than those
of the PF group (P<0.05). There was an interaction between the protein level and processing technique
and the trypsin and amylase activities in the hepatopancreas of the red swamp crayfish (P<0.05). The
activities of trypsin and amylase in the hepatopancreas and intestine were highest, with 28% of dietary
protein. Trypsin and amylase activities in the hepatopancreas and trypsin activity in the intestine of red
swamp crayfish from the EF group were higher than those from the PF group (P<0.05). The impact of
dietary protein levels and processing technique on the malondialdehyde (MDA) content and alkaline
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phosphatase (AKP) activity in the hepatopancreas of the red swamp crayfish was observed (P<0.05). The
results revealed that AKP activities in the hepatopancreas, and AKP and acid phosphatase activities in the
serum were significantly lower at 28% dietary protein (P<0.05). The MDA content in the hepatopancreas
of the PF group was significantly lower than that in the EF group, respectively (P<0.05). The AKP
activity in the hepatopancreas of the PF group was significantly lower than that of the EF group (P<0.05).
Logistic, Gompertz, von Bertalanffy, and Brody models could be suitable for fitting the growth curves of
body weight and body length of red swamp crayfish with a R? value of no less than 0.97. The Logistic
model was the most suitable for fitting the body weight and length, and the power function could reflect
the relationship between the body weight and length. Overall, adietary protein level of 28% and expanded
processing could optimize the growth performance and digestibility of red swamp crayfish, and
supplementation with a 28% dietary protein level and pellet processing could improve their antioxidative
ability.

Key words Procambarus clarkii; Protein levels, Processing technique; Growth curve; Digestibility;
Antioxidant



