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H1 3 YK (F3) 18 451 3T 45 MK SF- 43 591 Shy MR AR Joft &2 1)
3%(1.3) \4.5% (1L4.5) F16 % (1.6) , 3L 9 MR 4, &
AMRIE AL 3N, AR 30 B AF, 3k 27 3%
BEA IR R 56 do A 2 IS 1 IS H AT PN 56
IRy R BT, JF FR S HAE K R R R i . F
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SKRERTIR IR URYLER 24 h, {58 va FC SR BSR4
o AR A EA BE AL 10 B I 5
BT-20 Cokagi , T ir 2R E R . B 4b
P2 AL B 7 R 0 T S gt B 9 U o0 ) 7 i 5
LHL(LE-80K, D vg &, &) &5 .05 (7 130 r/min, 10
min, 4 °C) , B I ¥, —80 ‘C¥% &k , M 5 w1 ik % s
(AKP) | & 7% 5 2 B (ACP) .8 % 1k ¥ 5 1k
(SOD) it b &Rl (CAT) (3 P K 75— (MDA)
B CR A 5 8 R ) TR A 9 Bl 39 6 e v A
TR ) ;5 Bl F5 53 25 LRI RE b, UL PR PR 5 2 1153 5 Y
RJGARAE T 20 “COKA , H T 50 i 56 AR UL 1) 785 5%
1%

W E W) b Y o i AR it LA B i ] T3
B R R A KA R RS R R AN R
BARFRIOITE S IOCER18] . 36 T FH R AR5 000
Jo/t, TRk LA (feed cost, Cp) F 7 B8 8% 45 (produc-
tion efficiency , Ep) 11842040

Cr=5000/1000X Ry (1)
E,=W,—F—W, (2)

K (D) (2)H, Rec HELREL, W R P
B, Wo koK i TERH S A LA - T AR AR
WG A WA T v R R B IR T 3 A 7% |, RS 25 g B LA
¥ 24 g0 /kg A BURS 25 g DL L% R 34 o0 /kg
S

S I M T 7R 105 CE AL 4 vt T LA
A BRI K o i, SR AL TG 0 ) e KL 2

2 (GB/T 5009.5—2016) , 5 JH2% [ 42 v 46 )
HL g W7 & i (GB/T 5009.6—2016) , % H b i
550 ‘CRYBEIE A Hr K 53 7 (GB/T 5009.4—2016) .
1.4 HEHWRLE

i FI SPSS 19.0 Kolmogorov Smirnov-test #l1
Levene-test £ 5 804 09 1B M A 7 22551 FEi 2
IE o A 5 22 55 M 4 F T, U 05 22 0 it
(Two-way ANOVA) K5 5 4% 2H [8] 1) 46 by 22 5, Hl—
e 2 M AR TR A 4 A A MR S5 R S B 1Y)
ERON LA K AE 5 RGN, Bonferroni 2% #F 4T £ 1 HL#K,
A 2R Z 6] A A3 EAE D 3 A P P R R
2253 H1 (One-way ANOVA) ¥4 [i] — K 2 J& A7 1E
EZR MEREELZHEER D EE, P<0.058ER
ITE

2 FHRE5HMH

21 mREEREKMGERF A

MR LFT7R, GHMRIKF Ry 620 I, 150 HF Y 2%
K JF & (final body weight, FBW) | 4 & % (weight
gain rate, WGR) FlIHEE 4 £ 3 (special growth ratio,
SGR) ¥k 8w, LT L341(P<<0.05) ., Jf
H L6F3 %1 72 [C X UF FBW &% 5% , 55 L4.5F2 L6F1
MIL6F2 40 25 5 A B 3% (P>>0.05) ,H B 3@ T H4
40 (P<<0.05) o L3 I L4.5 41 /4 1) K 2 %4 (special
growth ratio, FCR) # 11k (1.30~1.48) , 1 1.6 41 Y
FCR . & 715 (1.81~1.89) , $&/% i H #5% W S 5k Ak
RN, o L4.5F2 41 1 Bl R B ik, B & KT
L4.5F1.L6F1,L6F2 f1 L6F3 4 (P<<0.05) ., & K%
(dressing percentage, DP) 7 #% 21 [1] 25 5 /N, Horp
LASFL A & R R i, 3 m T H AR 58 41 (P<
0.05) . GEit%5 R Wos , R AKFXF FBW ., WGR,
SGR.FCR H1 DP ¥J45 % . 52 01 (P<<0.001) , 3 w2
RN FBW  SGR Al FCR 200 & 3% (P<<0.05) , 7 H.
& MK P R0 5 WA A2 1) 28 B AE X FBW (FCR F1
DP A i &5 (P<<0.05) .
2.2 mREERGFEE AMB ARG

w2 fros, L3 43K 50 R 19 17 3% R I (R
(66.67%~68.89%) , b 3 AIK T H b 2 (P<<0.05) ,
L6F3 41171 e i, 5 1L4.5F 1, 1L4.5F2 Fll L6F2 4]
T % 25 (P>0.05) (0 8 3% @ T HAK 4 (P<
0.05) o L6415 iR DR A i 57, L4.5F 2 A DR
A AL (6.2540.09 J6/kg) o L4.5 ARk A fie ik
(6.25~7.10 t/kg) , . L T HAb 4 (P<<0.05) , H
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944 %

24 Hopy

W LA SF2 1A g5 B , 5 LA.SF3 L o i & 22 5% (P>
0.05) ,{H i 2 5 FHAK A (P<<0.05) . Gitsidn
T, T KXo B FC R B R G R DR AR RN FE B
5% 25 A W 2 R R (P<<0.001) , $5% M5 R %) 7 1K

JEES MR AT 15 SR A R R AN (2. 35 (P=>0.05) , {HL i 52 1
TRk A F 35 B AL 25 (P<<0.05) , 35 ML 7K S 1145 WL gt
RN AE AR G b EC R S MR A A7 05 2R DR LA
FREE A 43 P47 B 2 5 (P<<0.05) .

F1 AREMEIRAK TR T 5 KR MR K M RE F1fR 17 BB R (n=3)

Table 1 Growth performance and feed utilization of Procambarus clarkii under different

feeding levels and frequencies(n=3)

MK FL YIRS

FRAE A KR/

Feeding level Feeding WR B/ g KRB/ g ii%/% (%4/d) ’fﬁl*ﬂr:?:iﬁt FAR/ %
(1) frequency(F) IBW FBW WGR SGR FCR DP

F1 4.91+0.03 23.6740.75¢ 381.73414.35¢ 2.81£0.05¢ 1.352£0.02¢ 13.26£0.32abc
L3 F2 5.0140.18 23.0421.53cd  359.714:29.47¢ 2.72+0.12cd 1.312£0.04c 11.870.20d
F3 4.944-0.08 22.24+1.02d 350.06£25.92¢ 2.6840.10d 1.31£0.01c 11.474-0.45d
F1 4.954+0.12 33.11£0.57b  568.35£16.06b 3.39£0.04b 1.48+0.04b 14.3740.32d
1L.4.5 F2 5.07+0.11 35.4240.31a  599.13+20.69ab 3.47+0.05ab 1.3040.02¢ 13.18-£0.15bc
F3 4.92+0.10 33.0240.39b  570.77+12.48b 3.40£0.03b 1.312£0.09¢ 12.89£0.30c
F1 5.0540.10 35.71+0.40a  607.81£19.74a 3.4920.05ab 1.81£0.06a 13.66+0.21ab
L6 F2 4.90=0.07 36.0040.21a 634.37£12.54a 3.5640.03a 1.852£0.02a 13.55+0.10ab
F3 4.9740.15 36.32+£0.37a  631.80+23.84a 3.5540.06a 1.89+0.06a 13.71+0.27a

L <20.001 <20.001 <20.001 <20.001 <20.001

PA{H P-value F 0.036 0.329 0.471 0.029 <20.001

LXF 0.008 0.108 0.126 0.003 <20.001

T« [R) B G Sl A ) 3 38R B 135 22 5 (P=>0.05) 5 AN TR A b R AR 35 22 57 (P<C0.05) o L FR MK F R %
MEATR  LOXF Fen $ MR /KT A AR A AH ILAE T, N # MR . Note: Within a column, values labeled without letter and with the same super-
script letter are not significantly different (P>>0.05) ; different letters indicate significant differences (P<<0.05). L. denotes feeding level; F de-

notes feeding frequency; 1. XF indicates the interaction between feeding level and feeding frequency. The same as below.

F2 AEEBRKFEMAET R RREENNEEER AR ARFRERLE (n=3)
Table 2 Survival rate, feed cost, and farming profit of Procambarus clarkii under different

feeding levels and frequencies (n=3)

PR ErdiiES FEIEZ/ % fehlA /Ot /kg) FRIHAL 4/ (OC/kg)
Feeding level(L) Feeding frequency (F) Survival rate Feed cost Production efficiency
F1 68.8945.09d 6.4940.08¢c 13.51+0.08c
L3 F2 66.67+3.34d 6.2940.19¢ 13.72+0.19¢
F3 67.78+5.09d 6.2740.07¢ 13.73+0.07¢c
F1 83.33+3.34ab 7.10+0.20b 22.90+0.20a
L4.5 F2 81.11+1.92abe 6.25-£0.09¢ 23.75+0.09a
F3 76.67+3.34c 6.310.41c 23.69+0.41a
F1 77.784+1.92ch 8.71+0.27a 21.29£0.27b
L6 F2 84.44+1.92a 8.89+0.10a 21.11=£0.09b
F3 86.67+3.34a 9.05+0.30a 20.950.31b
L <20.001 <20.001 <20.001
PAfii P-value F 0.902 0.029 0.029
LXF 0.014 0.002 0.003
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2.3 EBEFERS

W 3TN, 7 A A FE MR KSR 3 40 oF
EONEREREEES LIRS
 (68.98%0~69.39%) Ml K 4 & & (14.32%~
14.47 % ) i AR A & i AR (13.05%0~13.61%) ,
KT L4A.5 A L6 4 (P<<0.05) , #2718 3 1 A 4%
KFEAH T RGN E A VIR . L6F2 fl L6F3 41 4>
R R 43 1 i 2 AR T LAl A 41 (P<<0.05) . L6 41
4RI T 35 T 145 FfI L3 2H (P<<0.05) , H:

o L6F3 ZH 4 R (R kLA U % ot fe v, 5 L6F2 20 T i
FH2EF(P>0.05) . GiTaiREs, BRKE 8
5 4 W K g3 RLEE ML T RO K 3 %
(P<<0.05) . Fifi 45 $5 W& K1 19 35 0, 4> (KL IE D7 19
A B R A K Ay ROK A3 Y A AR Y
R BRI T T M AT 4 0 ) RE R 7 A
TRy B 52 W A 3 B 238 HAE T (P<<0.05) |, X 42 IR
O N7 N S = O A i A 3 R = N (|
(P>0.05),

®3 AREBRAFEMFRETEREETNEFTM S (n=3)

Table 3 Nutritional composition of whole-body Procambarus clarkii under varying

feeding levels and frequencies (n=3) %
R BREE 4:WF Whole-body LA Muscle
K- Feeding
Feeding  frequency Koy HEA HLIE W WKy Koy HEHA HLIE W WKy
level(LL) (F) Moisture Crude protein  Crude lipid Ash Moisture Crude protein ~ Crude lipid Ash
F1 69.3940.24a  13.54+0.14b  2.7440.06cd  14.324+0.19¢  79.134+0.19a 17.2240.09bc  2.0840.0de  1.5640.04b
L3 F2 69.3240.63a  13.610.55b  2.6940.18cd  14.3740.20c  78.9740.63ab 16.864-0.32d  2.284-0.03c ~ 1.65+0.06ab
F3 68.9840.12a 13.05+0.48b  2.5640.02d  14.4740.12¢ 78.63+0.12ab 17.044-0.06cd  2.324+0.01c  1.704-0.06a
F1 68.254-0.09b  14.48+0.38a  2.83£0.02c 12.124+0.22bc  77.90£0.09c  17.51£0.12a  2.4040.06b  1.274-0.03cde
L4.5 F2 68.87+£0.12a 14.64+0.30a  2.9040.10c 12.5040.31ab 78.5240.12b 17.58+0.04a 2.2440.03cd  1.20%0.00e
F3 68.35£0.40b  14.734+0.23a  2.85+0.27c  12.68+0.65a 78.00£0.40c 17.51+0.08a  2.19+0.07d  1.3340.12cd
F1 67.91£0.33bc  14.474+0.13a  3.324+0.01b  12.714+0.34a 77.56+£0.33cd 17.3740.10ab 2.62+0.06a  1.37£0.03c
L6 F2 67.62+0.13cd 14.424+0.19a 3.5040.11ab 11.714+0.22c 77.27+0.13de 17.51+0.07a  2.57£0.05a  1.2540.04de
F3 67.32£0.23d  14.2740.35a 3.71+£0.08a  11.6640.09c  76.97+£0.23¢ 17.51+0.09a  2.28£0.0lc  1.29£0.01lcde
i L <20.001 <20.001 <20.001 <20.001 <20.001 <20.001 <20.001 <20.001
P
F 0.035 0.449 0.353 0.429 0.028 0.717 <20.001 0.046
P-value
LXF 0.134 0.392 0.014 0.002 0.106 0.039 <20.001 0.015

5 AR08 IR U i AR A R S — B, Le UL
PAL AR B 7 5 i (2.28 %0~2.62% ) e i , LA.5 FT L6
MR E A & R m (17.37%~17.58%) , L6 LA
() R 2 RUMLRE 7 W s T L3 R L4 A (P<
0.05) , Horp L6F 1 41 LA RELIG 7 & & de iy , 49 L6F2
HIE R 25 (P>0.05) . L34 B K 5> TR 53
¥ m T LA5 A1 L6 41 (P<<0.05) ,L4.5F2 4 JK 43
Frm . Goitah R BRSO KT R IR 3R X
e, EC VRS R LA (R 1 L 0 R0 K A A 3 Y
ZHAE (P<<0.05) , X HILPA I8 7K 43 T 2 2 19 38 BAE
M (P>0.05). £, @ mKT(6%) B # T4
S FNILIA ARG I % 4 AR 0T B 5 0K 43 FIUK 43
IG5 4.5% % MK V- 7E ML & (A K 4 7 i e 3R
K7/
2.4 HE{LIEtR

i 4 AT, LA.5 450 MR %) LZM 36 1 K F f

1 (26.40~27.65U/mL) , B3 & T L34, L6F3 41
LZM i P K 35 3] 164 (28.37 U/mL.) ; 1L.4.5 F1 L6
) AKP 36 AP35, e > 45 MO AR 0 1
o, L6F3 41 i) AKP (24.12 U/mL) il ACP 3 4
(19.51 U/mL) & & . L4.5F24 SOD i e i, 5
L6F3 40 b % 25 5% (P=>0.05) , {0 i & 5 T HAh 4% 40
(P<<0.05), LASF2HCAT MR E . REEHT
L3F1.L3F2 Ml L3F3 41 (P<<0.05) , 5 Hifth 20 ¥ A5 ik
F25F(P>0.05) . L3RIy I3 AKP,SOD
FTCAT 3K B KT 1L4.5 F1 1.6 41 (P<<0.05) ,
F2 . F3 4135 1R i MDA /K7 238 5 F F1 41 (P<
0.05) o ZEit45 R WoR, MWK FXF LZM ., AKP,
ACP.MDA ., CAT #1 SOD ¥ #% & & 5% Wi (P<<
0.001) , MR X LZM . AKP . ACP . MDA 1 SOD
A7 A% 53 S (P<<0.001) , 5% W 7K SF- 1 45 WL 451 5
() 22 HAE FH X o 1 TR S 0 Il 38 b 59 LZM, AKP
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R4 AREHRIRKF R85 2 T 5 KR 2 AR A M 7E £ LR R (n=3)
Table 4 Serum biochemical parameters of Procambarus clarkii under varying
feeding levels and frequencies (n=3)
PR ETTES VA /(U/mL) R PERERR I/ FRTEBERRI/ N/ AR, A
Feeding  Feeding frequency LZM ) (U/mL) (U/mL) (nmol/mL.) (U/mL) (U/mL)
level(L) (F) AKP ACP MDA SOD CAT
F1 23.9240.61d 18.84+0.19¢ 9.9740.32¢ 1.56+0.03e 126.8342.15¢ 1.20+0.05d
L3 F2 24.98+0.31cd 19.38+0.21d 12.954-0.24¢ 1.8040.05d 125.5741.26e 1.42+0.14c
F3 25.16+0.53bcd 18.6640.19¢ 9.144+0.41f 1.92+0.06¢ 106.5242.65f 1.51+0.10bc
Fl 26.40+0.31b 21.01£0.37¢ 15.254-0.33ab 2.0840.03b 137.1042.24¢ 1.7240.09a
1L.4.5 F2 27.65+0.31a 23.74+0.36a 12.8940.40¢ 2.25+0.08a 147.0240.95a 1.78+0.05a
F3 26.41+1.24b 23.90£0.09a 14.814-0.64b 2.2340.09a 137.7841.57¢ 1.69+0.05ab
F1 24.81+1.10cd 22.96+0.08b 11.4940.64d 1.894-0.04cd 134.0741.14d 1.664-0.14ab
L6 F2 25.69+0.53bc 24.12+0.12a 15.7540.18a 2.29+0.05a 143.034+1.11b 1.694-0.14ab
F3 28.37£0.54a 24.10£0.19a 15.9140.21a 2.17+0.10ab 146.1141.33a 1.7240.09a
" L <20.001 <20.001 <20.001 <20.001 <20.001 <20.001
Pfa
P-value F <20.001 <20.001 <20.001 <20.001 <20.001 0.056
LXF 0.001 <20.001 <20.001 <20.001 <20.001 0.088

ACP MDA Hl SOD /K- 17 7£ tik # 52 Wi (P<<0.05) ,
HXS CAT JE .3 M58 5 A (P>0.05)
3 W #

AT S BUAE AR MK I 56 0 7 A R M fig
Bt A5 MR KT B T T A 5 4 v, R B 4 2R A
5 W HE 4 (Oreochromis niloticus)"™™ Wy fifs 4 7-#E
1 (Leiocassis longirostris Giinther)'® | { g 4
(Myzxocyprinus asiaticus Bleeker)'?!) %5 fa1 2 v 4f 1§
iFo BEAR, AR KN 4.5% Bahn ] 6 %6 i, AR Kk
REPRAFAEDO RS, 50 2 ) ) 8 B et il vmn ), 1L
TR TCVE M 20 00 78 F2 0 BT AR Wi, $ K- B
R LR 28 % (B A 1 P I S, MR KO- 3 i
Al S A SR G0 A U i AR A
BT RUE BB 1 & 2 S BRDENR 28 A
I A FEAR o S B RIK O 4.506 IF L, 20 /d 13
K/ d I WR DR R B R T 1R/ d il 4, s
BER T LR/ARE 4. 2 0%/d 3 /d ik 54l
B MR Z (RIS W 25 o RIS MR R 2 K /d i
CL 1 2 5 [Q RS MR IE 8 AR K 5 oK, Ak k4 i P
W TCIE R SR SR S I A KA SR S T 2
9T UAS , 33 7 Ho A 1 258 vh e 2 AL 45 51, i
Zheng %538 1 U/d A5 ME AR R 5 AT L e K38
&} (Scophthalmus maximus Linnaeus ) [ A4E 4, 4k 228
o A 2~3 K /d, X RS AR KA RE A i — 2P

36 5 Karadal %72 & B 2 Y0 /d B4 PR 5% £ it LG i
il £ (Todotropheus sprengerae) ik 5] f i 1 A 43508
FUILA ot it o e A, i ik 2 B L3F 1 L3F2 Al
L3F3 20 A g0 3R A7 305 0 A 35 (I T A i g 4, 4
AT RESE 30 $ MK P IR TC A R i MR A 5K
FEOAI A YU , TR 1K T .

KT BN ) B AR L3 25 52 B B OK P 1Y S e, H:
ORI 5 1252 B R S A R o 2L ARG R v
PGB B4 R AL PR () LA 1 5 52 SRR 11 5
e AN S 25, AEK 23 38 FA BE A MK P i 1S i
K 1y A 3, KL MU 5 B 48 MR K P A B8 Ay B TR
e I B B KT RN, LA A B R
=L RN RE S BB L 3 2 R RE B o AR T
T A . RT3 5 1 LA oL B
(05 6, B AR R A, JULPR PO 1 5 2
ZYE . £E b e G AR b RT DG 2 R e AR R
K-

1 5E B0 4 32 TR EE A S Mk S R R AP DL it
JE ¥ T (LZMD) 5 FR 7 sl ) Al A S e 92 v O
R % TR ) T, B9F 5 25 30 LV T T 0 5 A D L
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Effects of feeding frequency and feeding level on growth , nutrient
composition, and biochemical parameters of Procambarus clarkii

ZHANG Qian', YANG Weijie', MO Aijjie’, YANG Huijun', GU Zemao'?, YUAN Yongchao'*

1.College of Fisheries , Huazhong Agricultural University, Wuhan 430070, China;
2.Shuangshui Shuanglii Institute , Huazhong Agricultural University/
Engineering Research Center of Ministry of Education for Green Development of Aquatic Biological
Industry in Yangtze River Economic Belt/ Hubei Hongshan Laboratory, Wuhan 430070, China

Abstract This study aimed to investigate the effects of feeding frequency and feeding levels on the
physiological responses of Procambarus clarkii , with the goal of optimizing feeding strategies to enhance
feed utilization and reduce environmental waste discharge. A total of 810 crayfish, with an average body
weight of (4.9740.11) g were randomly divided into 9 treatment groups, each with 3 replicates, following
a 3X3 two-factor experimental design. The daily feeding frequencies were once (F1) , twice (F2) , and
three times (F3), while the feeding levels were set at 3% (1.3),4.5% (L1.4.5),and 6% (L.6) of the exper-
imental shrimp’s body weight. The experiment lasted for 56 days. The results showed that the weight gain
rate (WGR) and specific growth rate (SGR) of shrimp in the 1.4.5 and 1.6 groups were significantly higher
than those in the 1.3 group (P<C0.05).The L6 group exhibited significantly higher WGR, SGR, and feed
conversion ratio (FCR) compared to the 1.3 and 1.4.5 groups (P<Z0.05).In terms of whole-body and mus-
cle nutrient composition, the crude protein content in the 1.4.5 and 1.6 groups was significantly higher than
that in the 1.3 group (P<C0.05) , while the crude fat content in the whole body of the 1.6 group was signifi-
cantly higher than in that in the [.4.5 and 1.3 groups.Serum biochemical analysis revealed that levels of alka-
line phosphatase (AKP) , acid phosphatase (ACP) , superoxide dismutase (SOD) , catalase (CAT) , and
malondialdehyde (MDA ) in the 1.6 and 1.4.5 groups were significantly higher than those in the 1.3 group
(P<<0.05).The MDA level in the F1 group was significantly lower than in the F2 and F3 groups (P<<
0.05) , with significant interaction effects observed between feeding frequency and level (P<C0.05).Based
on WGR, survival rate, and feed cost, the 1.4.5 group achieved the highest economic benefit (approximately
23.45 yuan/kg) , followed by the L6 group, while the 1.3 group yielded the lowest profit (13.65 yuan/kg).
The 1.4.5F2 group exhibited the lowest feed cost and the highest economic return.Considering growth per-
formance , health status, and cost-effectiveness, a feeding level of 4.5% of body weight, administered twice
daily, is recommended for rice-crayfish integrated farming systems.

Keywords Procambarus clarkii ; level of feeding; feeding frequency; growth; nutrient composition ;

immunity
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