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(P>0.05)"",

HEMEARSARE. B, HR. KR
RV 2 M A DR 145 22 R e 7R A1, A6
T B U R B B AR I T e e X UK P s AR
Koo b BRI R P A — e SRS . [RJI, SOFA A
SRS R R AT 4 5 & b, i fa Rl
U, SBUK SR e RIS, A KEE. £
%'k 1 (Oreochromis niloticus). B 3% 11 %} #F
H A< 38 %4 iR (Marsupenaeus japonicus)” K 1 Bty
(Micropterus salmoides)" "2 7K 7= 514 vt 2 2 W,
F SR AR E L 2 1 ok, A5 faDR) b 0k 75
ISR A K A U
A ZATR A MM R 457 AE A7 THT S

N T AR TR A 77 BEAR, B R T £ 7
TRRL R 2 A8 H s K Y A AU R R A &R
HVR, K2 HUmk b i o 5 B A 2 5%, fHEH
J B — ARTE30%—38%. A I, A 06 T FU A f
A TRDRE XS T PG i B MR A R L AR AT BT S
AT R R SR (U DAE 8 R B E AR, Wt
T AR N 10% 0 & Ry TRDEE Ayt IEZH, £k
B BN 2% AR ok TRDRHE Sy SEB64H, A TR WHIK
HOB AR T IR R B AR . AR KRR, R
AL . WHAEEIETE . PUEALRE ) AERE R R
T~ ARG . GBI B8 57 i 52
Wi, DAy v B S B A e} 2 1 2E AR A S AR 3
TRIVIEBLIT R SR BERL A o

1 #RERE

1.1 SEIRfERt

SEISEPEL DA ok S S PR B IR, LR AR
KR AAE YV B IR IR RGN 3 BOK AL A
WIARUR N K VE R RN K s B AR 9 i R R AN
DL £k & 508 10%0 1 208 1) BL (High fish meal
feed, HF)Ays%f B, 8 >R FH SR RIS (10 1) B A2
il RL R 80% Y ok, Wit T — MR & 8 R 2%
FIAIE Ry 1R 8L (Low fish meal feed, LF). P4 F 1Ak}
() RS8R R e AT LR B, A 35y et 60 H i o 44 4
A2 TR ARHFIE ) 5 TR L 1) € e , 4 BT R}
Bic 7 1 4% R Rk o b M/ 380 22 (99 I 328 0 A T 5 VR
G351, 2 Ja Al AR R L (AL 5 SLP-45, H [E /K
FERFEEAE ST B v LA 23 T 78 BT ) il 4 R R /N EY)
1. B N2 mmf) PR, A AE60°C T 2K 4

TR NTWEA, RGN E HHA4Sh % &, 7-20C
A &R o PR DR S 7 B AR 43 B A
1, IR R R IEER A IR TR & & LK 2F13R 3.
1.2 IEHMEFEER

FH T S50 1 7 B JER B AR 4 R 2 15 9 6 2 50
T FLIEMN AN IR T A 1R . 781 SR 38TF 4a AT,

®1 IWIEAREH REEFER(% TR
Tab. 1 Formulations of experimental feeds and their nutritional
composition (% dry matter)

k7 R R AR R PR
Index High fish ~ Low fish
meal feed  meal feed
6} Fish meal 10.00 2.00
3% FRapeseed meal 25.50 32.00
S }ISoybean meal 25.50 32.00
/N Ky Wheat flour 15.00 15.00
FKIEK Corn starch 8.00 2.00
K. jMSoybean oil 5.90 6.50
Tl 5 4T 2 F Microcrystalline cellulose 0.70 0.90
TR S Sodium alginate 2.00 2.00
4/ 2 R K Vitamin premix’ 0.50 0.50
1405 PR Mineral premix” 1.00 1.00
K G ESoy lecithin 2.00 2.00
LA Yttrium oxide 0.10 0.10
5% [ Methionine 0.40 0.50
5% W2 Arginine 0.10 0.20
SALAHFH Choline chloride 0.10 0.10
JE [ i Cholesterol 0.50 0.50
R — S5 Ca(H,PO,), 2.80 2.80
F A Ji 73 Proximate composition
F 25 1 Crude protein 35.97 35.86
HLHE i Crude lipid (%) 10.10 10.38
fit ®Energy (kl/g) 17.33 17.37
7K 43 Moisture 6.99 7.71
JK 4y Ash 10.80 10.20
% & Se content (mg/kg) 0.18 0.17
% & F:Cd content (mg/kg) 0.09 0.04

W AR S TR Y (mg/ke diet): 44 #B1, 20; 44 B2,
20; 44 K B6, 20; 4E4E E£B12,0.02; MR, 5; 2 BR45, 50; HLEE,
100; MR, 100; A=#0%%, 0.1; 4223 C, 100; 4E2E 3 A, 110; 4E2E
D, 20; 44 EE, 50; 4K, 10; ToKTER, 645.2; 55 i
VR (mg/kg diet): ML B, 0.47; B IR — &0 4F, 320; B BR %5,
200; —/KBRERER, 20; BRBREH, 1.87; -L/KBREREE, 60; -L/KBREREL
50; EALEN, 100; 7S/KBREREG, 2; i 4T 4E 3, 245.66

Note: 'Vitamin premix (mg/kg diet): Thiamin, 20; Riboflavin,
20; Pyridoxine, 20; Cyanocobalamine, 0.02; Folic acid, 5; Calci-
umpatothenate, 50; Inositol, 100; Niacin, 100; Biotin, 0.1; Ascor-
bic acid, 100; Retinol, 110; Vitamin D, 20; Vitamin E, 50; Vita-
min K, 10; Corn starch, 645.2; *Mineral premix (mg/kg diet): KI,
0.47; KH,PO,, 320; MgS0O,, 200; MnSO,4-H,0, 20; CuSOy, 1.87;
ZnS0,4-7H,0, 60; FeSO,7H,0O 50; NaCl, 100; CoCl-6H,0, 2;
Microcrystalline cellulose, 245.66
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*=2 AMERE R R (100 g, FHIR)
Tab.2 Amino acid composition in two feeds (g/100 g, dry

matter)
Eiztan e FUA ARk {lisik i)
Index High fish meal feed Low fish meal feed
RAR R Asp 3.48 3.68
JrZ MR Thr 1.29 1.47
225 1R Ser 1.55 1.67
B EKEGlu 7.72 8.19
HEKGly 1.39 1.24
NE R Ala 1.63 1.25
F B Cys 0.15 0.03
HE K Val 1.40 1.18
A Met 0.78 0.81
st A R le 1.29 1.10
AR Leu 2.37 2.00
B R Tyr 0.69 0.69
KN E B Phe 1.13 1.11
H e M His 0.96 0.81
i B Lys 1.55 1.51
Fi &R Arg 1.99 1.96
I % M Pro 1.71 1.76
WHREIEREAA 12.76 11.96
e TR EENEAA 18.32 18.51
MEIERTAA 31.07 30.46
EAA/TAA 0.41 0.39
DAA/TAA 0.52 0.53
EAA/NEAA 0.70 0.65

PG UR BT R3], A6 HE N = N IR IS, B R ]
P P MV AR CRLER - =32.0%, FHLAR T =2.5%).

TESZIG TR UR I, B LR YUK AL, DL Ak
[ 924h. B f5 Bk HUPH B 56 % . 44 =5 AH I Y 4l R
(W] 46 7 K (5.03+0.08) cm, #] %A £ 1 (3.90+0.01) g]
BEALAN 8N FRFE K EL(100 cm*80 cm*50 cm), HF L
20, ARG AR BANER . SRAMES K
FEHH, KRR FFAE30 em, 1P 7N SRS N Bk
Yo FESZEEHAN, B R 0 E I AR R AR R 2 7R
(8:001118:00), Hic S &AL & &, &R0
I R £ 2R R R R R R, R MR A TR R TR PR Y
BRPEAHE) . Sea R0 A8 A, e A S8 ik
T, KIRGERF N(26+0.5)°C, Fff4E & & T6 mg/L,
ARG EIKT0.4 mg/L, A JE HASH 1200618 (08:00—
20:00)F1112h & H%(20:00—08:00) .
1.3 #H@mE&E

TE S5 45 AT 1IN H UREE AT, I T-20°CokA
TRA7, F T R AR . 70200 45 o,
AN FRFEEL ) 70 QSR B N 2R B 24h 5 A 3 57, Seit
TETEBUR:, 0T A MMA R K 4 IR K 4038 T, R &

R E (), W EAAK (cm). FEAFLFENLE 10 R, FR
MR, WiE. WL R &, H TR
K. BEANGLREATLEX 1 I 5 g i A iz i 2H 21,
FH 4% % 5 I [ € J i) 4 95 A RS — B 2L (HE) 44 £
TR, BNV T8 B sy TR . e R i
JE o MWEEANELH BEHLGE £E2 R UF, HCH R A
TETHCE AE-80°CUKAR H, FH -0 & v 1k Blg vt 14 S bt
AALFNEERE 1t S B S o INBEANEL R B ATL I 2
3RAF, BH W iE R A7 T—80°C uKAd H, A Tl 22 1%
EAED R . IWEEANELH BENLE £ 1A, B
JEH . SMH AR AL, F 100 e 25 2H 230
MR E &
14 NZEIEFR

FIRMAE KM BERINE

T£3% 2 (Survival rate, SR, %)=(N,/N,)x100;

HEE 2 Weight gainrate, WGR, %)=(W W)/ Wx

#3 AIEREAETEL A 7 (mg/e, TR
Tab. 3 Fatty acid composition in two feeds (mg/g, dry matter)

bR e FUR PR i e e
Index High fish meal feed ~ Low fish meal feed
Cl14:0 1.55 0.63
C15:0 0.18 0.13
C16:0 35.07 42.07
C16:1n-7 1.83 0.88
C17:0 0.35 0.35
C18:0 10.57 13.30
C20:0 0.89 1.19
C18:3n-3 12.38 15.05
C20:1n-9 0.73 0.73
C21:0 0.07 0.09
C20:2 0.10 0.18
C22:0 0.97 1.33
C23:0 0.33 0.26
C20:5n-3 2.59 0.56
C22:2 1.87 0.43
C22:6n-3 3.36 0.72
>UFA 22.85 18.55
>'SFA 49.98 59.35
>MUFA 2.56 1.611
n-3 PUFA 18.33 16.34
n-6 PUFA 0.10 0.18
W R Total 72.83 77.90

T YUFADN & AN TR I 17 B2 5 S SFADA e 1 A0 i Iy 12 5
YMUFA A A FIAR TR n-3 PUFAIn-3 2 AHAR 7R ;
n-6 PUFA yn-6 2 A AR TR

Note: > UFA. total unsaturated fatty acid; > SFA. total satu-
rated fatty acids; ) MUFA. total monounsaturated fatty acids; n-3
PUFA. n-3 polyunsaturated fatty acids; n-6 PUFA. n-6 polyunsa
turated fatty acid
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100;

Ak 14 78 4B K #E (Specific growth rate in weight,
SGRy, %/d)=100x[In(,)—In(¥,)]/T:

PR KA 2 A K # (Specific growth rate in length,
SGR, %/d)=100x[In(L)-In(L,)]/T:

W F6 %4 (Intestine-somatic index, ISI)=W;/W,x100

AR FE £ (Hepatosomatic index, HSI)=W,/W x
100;

4 BiE 8 2 (Gonadosomatic index, GSI)=W,,/W x
100;

i P (Meat yield, MY, %)=W,/W,x100;

FIEL3# F£ (Condition factor, CF)=W/L,’ %100,
R, W RIS 5 O o IR 5 2 0 7] 4 Ak R (g) T 24
A A H (Final weight, FW, g), L AL N34 46 44
£ (em) 14 KA K (Final length, FL, cm); T4 5256
RE(d), NN Gy ) 2 S5 T 46 FH 25 oI 1)
(&), W I IR IR E (), W ANLREE (g), WiN
g R (g), Wo, NTEIRIEE ().

TR AL F0 AL P L 5 RR BT ZE 05 15 )
34T 2% £ [ 4 4k 5 K W 22 (Association of Offi-
cial Analytical Chemists, AOAC)HJ 7=z, H
| A 5 R 9L G SE &% (Kjeltec 8400, FOSS), i
PRV AL S5 I E 5 R FH 28 IR A (ST243, FOSS) I &
KNG ; K7 R E105°C R R ZE B e ; 2K
S P AES50°C T RIBE3hillE . IRNIIR & &S
fi¥ Caballero 5" i3 f) 77 2, I T SAR €0 4% — 5 14
kA (Agilent 7890A, 35 )il 52 . & 3L 4= H
BRI H 31531 (membraPure A300, 72 E)lll & .

RWH RN E W FEAEFE AR T 1R
T o AR TR A B (Y05 B E R AE
FE R} 2 Bt 7K A2 A= Wit 98 i 2 Al rp ool 5 o AR
5 LT & ot B R 46 % (Apparent digestibility,
ADC).

TRVELT-4 51 22 W H AL Z8(ADCd, %)=100x (175
BEY,0, 5 B/ Y0, 5 &),

HLEE 1 3R W7 4L % (ADCp, %)= 100x[1-(FEF
O A S EER Y0 B &)/ R E A
EXFEEHY,05 5 &)]

B ()28 ML TH 1L 2 (ADCs, %)= 100x[1—(F&Ad
i & B AR Y, 05 B 8 )/(TDEL R B B x FEAE R
Y,05 % &#)]

W (C)FE M 1L (ADCe, %)= 100x[ 1—(Z&fE rh

o B DR R Y, 05 5 &)/ R g 1 B < FE AR
Y,05% &)

BT BRBR AN BAE LH 4R V) o R E AL B TR M AN E

P H PR B E4% 2 KR, 5¢ B E 2

BRI, RIRE IR FEW, T A, 5
FI¥4 % V) B HL(CRYOSTAR NX50, $82R € tH /R F
HABR AR AR . V) HAEE R,
TG T HAKE A (HE) Yot . K HARJEERE
1E & BB (NIKON ECLIPSE E100)% 4 ta ] b it
TS, FEE s RIe k. BE S, (S R E G
T R GL(NIKON DS-U3)XHE 4L (.45 kAT 7047

JB 2 1 i (Trypsin, TPS)¥ 14 HH 48 4 LU €325 1
€, I i B (Lipase, LPS)7i% P H B 20 22 , o-E Fy
(a-Amylase, AMS)i 14 H1 & # A Eb €27 0 52
BT A& 20 B e s AR AR AL, T
435 NA080-2-2. A054-2-1F1C016-1-1

FF B BR 0 B & #0400 52 2 48 SR B SE 1M RO
E A58 FH 5 Bl B v 5 TR 1 5 2 B (Accid phos-
phatase, ACP)F1 s, % % % i (Alkaline phosphatase,
AKP)E M o K WST-132: 3 58 i#8 S Ak ¥ B4k i
(Superoxide dismutase, SOD)i 4, K F bt 1 230 52
7 B 8 (lysozyme, LZM)¥ 14, K FH ABTSVA M 72 &2
P12 1k BE 71 (Total antioxidant capacity, T-AOC), K
R AR 2 b 2 R (TBA )Y 3E AT Wl € P — 1% (Malon-
dialdehyde, MDA) % & . At F 57 & 38 4 H 78 52
AN TR T, 525 70 5 UA060-2-2. A059-
2-2. A001-3-1. A050-1-1. A015-2-1F1A003-1-2.

EAMFBESEONE R BBHE
I 72 B0 RTAR TR S R S s T IR U AR Sk g

. BAh7e. WURFBFERRE SRR Ji oy 2 —
RFFREUFEA0.2—0.4 ¢ T 78 MR BE 1, In N8 mLI
WL IR, #7 bas 1, ICE Tk T AR AU (MARS
6 CLASSIO)H, W B IR H IS5, J8 A8
P87 450, & R, R AL (ETHOS UP,
Ttaly)#EAT RERR, EERR 22 R, 2% (1A R 1 9 8 7%
F10 mL, #8E J5 FH HLBORE & 55 55 1R R 9 R 14X
(ICPMS-OES )il 5 ipi A% 2 76 2 1) &5 &
BEREYSEENF YRR,
WOH i W & et e | T I & et e . SR A
OMEGA Soil DNA Kit (D5625 01; Omega Bio-Tek,
Norcross, GA, USA)IR 7l & #2 EUDNA. 16S rRNA
V3—V4IX Jr Bt B4 38 514 4338F (5'-ACTCCTAC
GGGAGGCAGCA-3")H1806R (5-GGACTACHVGG
GTWTCTAAT-3"). {EBGI G99l %% I F| i DNBS
EQ-G99RS it &M 771 $(G99SMFCLPE300),
AT 2x250 bp R Bl Fr o 546 Fr 51 4 A A
demuxH cutadaptidi {4 73 7 EAT ff 65 A0 51 4 1) B 4
Y&, J5 18 FHDADA2E %) 7 51133047 B4 b 22 (5t &
ThyE. BME PBREERR AR BRSE). X EIRIRAE
()7 51 4% 100% ) 17 F1AHABLRE 1B 4T 1A 9F, A2 i 3
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F ¥ 51 4% 4K (Amplicon sequence variants, ASVs) &
FEHAR L . W RFHIASVss) 72k 1T alpha
ZHEFREE T betaZ FEVE T, DA AT 402K
A BAE B A0 FOKP B A7 TR B 4H RSO 22 57 4y
Mo BTAREAS I 5E A 53 A 1 o R 2 B K AR AR
RIS P A0 B A O 5E K
1.5 BUEDHR

iZ I SPSS 27.0% 1 (IBM SPSS Statistics 27.0,
IBM, USA)SG i AT A 88, P P8 o
YI{EEPR T 1% (mean+SE) . K FH H 37 B A 46 56 U3¢
PSR ER A IR 22 7, 9 P<0.05K R 2 7 B3 .

2 #£R

21 FEEEK

o £ER RO o8 T Ak 4 1) A7 3 R A4 43 59 R
75.00% F168.33%, HANFIH = T Ja &, (HRE LS
2 EHEH BEZER(P>0.05). (KA H
RIZEF15 0N 14.19%, i35 KT m o ik 2H(12.44%;
P<0.05). Btz Ab, % o 1Ak 2 i 4 R AR K
LR E, WEE, FedKE JHERREE.
3385 ARG T o R PP, (BTG (2 2 5:(P>0.05),
FHIFRAR B B 51 T3 4.
2.2 BFRRERFNAAEHCERIE T

A 8RR 2 1) T g i i 2 1 R T s i v
PE 18 v T v Ry TR AL, HOE B3 E 7 (P>0.05;
B 1A). I FOR VR 2 0 7 36 g 7 T R e A i
PES T m foR R, (B B 2 2 R (P>0.05).
e A, AR kD TRDR 2L 4 7 3 P A 1 TS 1 S e
(P<0.05; & 1B).
23 FFRRERFNAAEIR S AN R E XA E R

TERF IR b, AR HoR 5 v fO T RLZE 1R S 4R

e, RSB NGB A BB . B
P Tl TR A O R T A VAT g B PR B R 2
FE(P>0.05; Kl 2). TEMZIE R, AR R 1) S bt
S BE 0 SR Tl 2 Wl v 12 S 3 v T e U TR R
4(P<0.05), {H P Ml & & A A A EALEE . TR
P T 1 Ml 1 T T Y 3 12 25 0 B 2 2 5 (P>0.05;
3)o IXLLZE IR, HMRAKER TR AT X 5T IR
JEBMT IR BE AN R S G2 38 F S T 520
2.4 FHERBRFAZELHLRRS

v by b AR B, AR AUR DR B R 2
LI NEFRIIA R, ZHHNEE Y 5K, L
BeAmif AL, BAERIE A5, BoE W BN A 4).

R4 BHREEVTEREZNFENE KRR
Tab. 4 Effect of fish meal content on survival and growth perfor-
mance of P. clarkii

se by AR SRR
Index High fish Low fish
meal feed meal feed
FEIGHESR (%) 75.00£5.00  68.33+1.67
LARARKFL (cm) 6.77+0.04 6.75+0.07
LARAKEFW (2) 12.96+0.17 12.07+0.37
NAREW, (2) 1.60+0.05 1.7240.14
HEMY (%) 12.44+0.70"  14.19+0.83"
HEH R WGR (%) 240.72+7.43  203.54+15.33
PR E R E £ KR SGRy, (%) 2.19+0.04 1.98+0.09
KRB A K HESGR (%) 0.540.03 0.52+0.04
e #asl 0.35+0.03 0.35+0.02
JFF 1 i AR 4 H ST 4.90+0.10 4.55+0.14
PERRTEHGST 0.22+0.04 0.23+0.04
JE# FECF 4.18+0.14 3.92+0.11

e R AT BAEAR A A F S 7 R RS A A 2 1A
TEAE 35 72 7 (P<0.05)

Note: Different superscript letters in the same row indicate
significant differences (P<0.05)

A 1500 20 ¢ 12
£ 1200 2 16T T g 1ot T
g5 i @ & I o 8f
R} 900 oo 1.2 L g I
e =5 £5 6
w600 L= 081 B,
2 & 04l s
2 300 =04 zZ 2t
0 : : 0 0
HF LF HF LF HF LF
B 3500 * 70 ¢ 50
g 2800 1 2ol T Bao b 7 L
%%ﬂzloo T %340. %;"30-
M2 1400 5 30} 25 50
Y~ o= i~
ﬁé? 700 £ 207 S 0t
Il = 10 < 10
0 : : 0 ' ' 0 : :
HF LF HF LF HF LF

1 RS 5o o R T A IR A (A) 1 38 (B) Y A Bl T 2 PO 52
Fig. 1 Effect of fish meal content on the activity of digestive enzymes in the hepatopancreas (A) and intestine (B) of P. clarkii
HF. &1 lhigh fish meal feed; LF. 1K ¥ 7 EHow fish meal feed; *P<0.05; ' [A] The same applies below



K EE Y FE K 2025, 49(11): 102507

I F0R 1) Rk 240 1) gy 1 8 6 v R R B I
T R AR (P<0.001), 1B 4 1 i BELE B S
BHEEZRIES). WA, SEta ik A,
ok R I 2 g i AR Y K, Ik e 200
Z496. HEPIA N IR (K 6).

25 BEWMEY

BB AR AL Chao 148 8. & ARIEHL. ¥

120
100 r
80
60 r
40 r
20 r

SPUAIERED
T-AOC (U/mg prot)

0

250
200

—_
W
(=

100

R i Tl
AKP (U/g prot)

W
(=

36
30
24
18
12

EPUALRE
T-AOC (U/mg prot)

B T 1 it
AKP (U/g prot)
8

ARIEE. acetn A & T = A TR 1), (HG
i3 72 5 (P>0.05; 3£ 5). AR 11 /5 51 Ak
(ASVs) 40214, & fa 8y RV 008 1) k) 20 40 11
ASVSHUE /17558113220, R4 9444 .
B2 BEVE e H 2 T Jaccard B 25 75 1 32 AL b 7
HT (Principal coordinate analysis, PCoA)#l 3% - B-
ray P B A IR B 2 4E RS 4 B (Nonmetric Mu-
90
75t
60
45 r T T
30 t
15 t

MDA (nmol/mg prot)

0 . .
HF LF HF LF
50 ¢

40 | I

30 I
20
10

A Wi

LZM (U/mg prot)

I 500
T o £ 400
)
=2 300
]E
22 200
@)
g’gg 100
1 1 0
HF LF
300
] g3 20
. & 5 200
£S5 150
=g 100
=250
: : 0
HF LF

1 1 O 1 1
HF LF HF LF

2 BRSNS T B SR B AR AR R B0 S PO AN e BEAR 48 bk R 5

Fig. 2 Effect of fish meal content on antioxidant and immune-related indicators of hepatopancreas in P. clarkia
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Fig. 3  Effect of fish meal content on antioxidant and immune-related indicators of intestine in P. clarkia
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Fig. 5 Effect of fish meal content on intestinal structure of P.
clarkii
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18 ) i (Iron-reducing bacterium) A%} = (P<0.05;
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Fig. 6 Histological characteristics of intestine in P. clarkii
ML. L A )2 muscle layer; CT. 45 % 41 2X connective tissue laye;
EL. I} JZepithelial layer; L. %% & /5 & intestinal villus height;
W. I 4% E % K intestinal villi width

x5 BRSENBHERRFSHIEREREISMN
Tab. 5 The effect of fish meal content on alpha diversity index of
intestine microbiota in P. clarkii

B g WA B S\ |
meal feed meal feed
WIFi L Observed-asvs  407.50+67.50  392.42+60.88
Chaol#§#Chaol index 446.40+71.33  432.72+66.17
Fr A f5¥Shannon index 3.88+0.40 3.76+0.29
33 AR 45 $Simpson index 0.78+0.03 0.77+0.04
AcetE#Ace index 446.11£70.63  433.9+66.37




8 KR R

2025, 49(11): 102507

3n-3)A1 - FBR T EER(C20:2n-6)  FANTE AR IR
(MUFA)HIn-6 2 AL G 7R (n-6 PUFA) )& &1
B EBIN(P<0.05; % 9). Xuush BR A, Akl
5 B 2 2%, XL R AR 35 A R R R
YRR 7 A R s, A R T e UL PR I T
iU
2.8 ALAMFMEESE

Wl 9ffR, 5 ol AR A L, A AR iRk
2 0 e TS BE IR S i R L UL A AR BT B R A A
T, Sk H ORI UL DA B T B, (HI B
F(P>0.05); SR, A6 HOR RDRLZH (1 22 3 41 7 70 g

A

1755 944 1322

LF
GroupZ 51|

| R=0.0499

05 1 p=0.2720

0.4
03t

02t
0.1

—0.1 F ) o 3 Y
,02 L

-03
_04 L
705 L

—0.6

2H H|Group
+ HF
vLF

PCoA2: 4.75%
=

XDO DD O DD >
TRV VT V7Y
PCoA1: 4.99%

c -
0.14 1 p2 0499

0.12  p— 2770
0.10 |

0.08

0.06
0.04

0.02
A (3 2H %I lGroup

0
-0.02 | Sl " 4 HF
—0.04 | ’
*8.86 L A ALF

—0.08 o1
—0.10
-0.12
—0.14

NMDS2

WININCIFRN IR NI IR N I Ve
NSNS Q-\/Q'Q NN

7/ 7/ 7/ 7/
NMDSI1  stress=0.146

K7 soB 0 B8 R T R
Fig. 7 Effect of fish meal content on intestine microbiota
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Fig. 8 Effect of fish meal content on the relative abundance of intestine microbiota
A. 1K B A X 2 B Relative abundance map at the phylum level; B. J& 7K _E [ #H%F = FE Relative abundance map at the genus level;

C. FpyKF_EIAH %) =F ¥ Relative abundance map at the species level

R6 BMAENTEREZBINRWHENERZME
Tab. 6 Effect of fish meal content on apparent digestibility of P. clarkii

il TR R ) W A 2%
mw TR R EMEAE R A RIE 5 T A 2% 1w — 1 A 2
égojﬁj Apparent digestibility  Apparent digestibility @:rﬁi?%?shn{aﬁizof S A %ﬁiﬁﬁﬁ%if C
P of dry matter of crude protein PP g Y PP g y
i f R AR High fish meal feed 80.3120.69 87.63+0.43 85.060.52 82.7240.61
AR R Low fish meal feed 77.64+2.00 87.68+1.10 86.90+1.17 79.79+1.81
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B AR I 57 20 P 1) 1 3 THRE AR B R 0, SEmn i iE oh
B2, A, kB 2R R 4 B B IR PR 425 F N T i
I 5 5 e 4 A Y, o A K 4 i IR
NI B R s P A RS R, PR
P95 K B 5 AR AR 2 0 5 e I i A &0 0 g
Ji R figp 8 4 ST 25, 40 FH S R B AR 2 b 4 k)
50% 1) foky (FE A EC 77 R & N S50%) I, 2§ 5L
JF 1B SN HE R A B A AL, B AR T75% ok
i, 2 5 3B MK, £ N, RANME 245715/,

*k 7 M EXARERRE S HFN
Tab. 7 Effect of fish meal content on proximate composition of
muscles in P. clarkii

=t fiipcck v onb SE2El I e T kst 2H
Index (%) High fish meal feed Low fish meal feed
/K4 Moisture 79.34+0.40 80.09+0.54
K4y Ash 1.53+0.04 1.56£0.04
HIR i Crude fat 1.55+0.09 1.56+0.02
#H 25 1 Crude protein 16.39+0.27 16.23+0.34

xR 8 &BMAEWAAEEEERSIEN(Z/100 g, THIF)
Tab. 8 Effect of fish meal content on amino acid composition in
muscles (g/100 g, dry mater)

Bzt [Ehk iRl (ISR gy SRl
Index High fish meal feed Low fish meal feed
RE&Z MR Asp 11.86+0.48 11.25+0.85
IR Thr 3.49+0.14 3.28+0.25
24 5 |2 Ser 3.65+0.10 3.57+0.09
HHAMGlu 17.92+0.77 18.84+0.30
HEMKRGly 3.75+0.26 3.75+0.23
HE iR Ala 5.33+0.32 5.16+0.36
B Cys 0.27+0.16 0.29+0.07
HEMVal 2.97+0.10 2.97+0.06
HE R Met 1.73£0.08 1.6620.09
Frn g Klle 3.47+0.17 3.23+0.19
R Leu 6.06+0.28 5.73+0.39
it S MR Tyr 2.23+0.10 3.24+0.94
RN AL Phe 2.73+0.08 2.92+0.16
HE R His 1.43+0.07 1.41%0.10
M B Lys 6.90+0.34 6.39+0.55
AR Arg 6.34+0.54 5.35+0.59
% 2 Pro 2.2840.16 2.3240.21
W EEREAA 35.12+1.75 32.94+2.19
b THATEENEAA 47.31+2.07 48.41+0.96
fifF R FEFRDAA 43.83+1.87 45.15+0.86
MEFERTAA 82.42+3.79 81.35+2.97
EAA/TAA 0.34+0.003 0.40+0.01
DAA/TAA 0.53+0.004 0.56+0.01
EAA/NEAA 0.74+0.01 0.68+0.04

FF/NE R AL B AR100% B0 I, 2 S 8T /INE 52 4
1BAL, iRl bR 4l K2 IR0, RAfHE— 20
UK HHILRT L, BE A oA B AR 3N,
e, [ 5 M &)y 0 1 ok i A iy 1 20 3 52 45 1 O 0
Wi, FEAHE T, BRI EOR GRL 5] R R
RN 388 2R TR 25 R A — e P B IR e s, R R
THAGE . TS RS P AR B 1 ST RS
34 &M EENFEMENRE I
Fa T A D A R S 1 o R A R e Tk, L
AR NREEZ EAEFIIGRE. EABLRS
(A% O 2H T 4, il B NN 2 5 8 3R I 14
i A AR i 280 AR 2 R Y, I IE ik E R UL
B A2, A R ) B0 B e . AR AT
T, AR AR 4 5 v ROk LA T AN B KT B g iE
B R R 12 25 7 (P<0.05), B2, IRk ik
YPEREE T SR BR T T RAR XS E R T B
B TR 1] RS T i AR AR B AT 1 S () A X
%9 BHSENNAEHESENEMN(mgg, TYR)

Tab. 9 Effect of fish meal content on fatty acid composition in
muscles (mg/g, dry mater)

ek ey gy S (iR i SRl
Index High fish meal feed  Low fish meal feed
C14:0 0.14+0.02 0.14+0.01
C15:0 0.25+0.02 0.26+0.02
C16:0 11.39+0.82 13.76+0.90
C16:1n-7 0.65+0.06 0.54+0.07
C17:0 0.52+0.02 0.46+0.03
C18:0 6.62+0.36 7.15+0.77
C18:1n-9 14.011.22° 18.35+0.61°
C18:2n-6 10.71+1.17° 19.53+1.39"
C20:0 0.62+0.06 0.76+0.06
C18:3n-3 (ALA) 1.10+0.06" 2.03£0.20°
C20:1n-9 0.51+0.06 0.55+0.01
C21:0 0.13+0.01 0.12+0.01
C20:2n-6 0.82+0.02° 1.41£0.10°
C22:0 0.34+0.02 0.37+0.02
C20:4n-6 1.72+0.18 1.71£0.15
C20:3n-3 0.600.05 0.80+0.11
C23:0 0.57+0.07 0.43+0.07
C20:5n-3 (EPA) 9.12£1.18 8.12+0.59
C22:2 6.45+0.81 4.65+0.79
C22:6n-3 (DHA) 3.2040.26 2.40+0.36
MUFA 15.18+1.31° 19.44+0.66"
n-3 PUFA 14.03+1.53 13.36+1.06
1n-6 PUFA 13.25+1.36° 22.65£1.55"
SN R 48.90+4.97 60.10+2.86
b iYiEgilin 20.58+1.17 23.45+1.72
SRR 69.48+6.04 83.55+3.91
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Fig. 9 Effect of fish meal content on selenium and cadmium content in tissues of P. clarkii
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LOW FISH MEAL DIET ON GROWTH PERFORMANCE, HEPATOPANCREAS-
INTESTINAL HEALTH, AND MUSCLE QUALITY OF RED SWAMP
CRAYFISH (PROCAMBARUS CLARKII)

TENG Zi-Qian"*, LI Hao" >, LI Wei"*’, LI Wang" >, YUAN Jing"?, LIU Hao-Kun"”* and ZHANG Tang-Lin"*’

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. Hubei Research Center for Integrated Rice
Field Aquaculture Engineering, Wuhan 430072, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to reduce feed costs, commercial diets for Procambarus clarkii mostly use high-level plant protein
to replace fish meal, resulting in diets containing less than 5% fish meal. This study evaluated the effects of low fish
meal diets on the survival, growth, muscle quality, and health of P. clarkii by comparing a control diet with 10% fish
meal to an experimental diet with 2% fish meal (replacing fish meal with a 1:1 soybean meal-rapeseed meal mixture).
P. clarkii with an initial weight of (3.90+0.01) g were used as the experimental subjects, and an 8-week aquaculture
experiment was conducted in an indoor circulating water aquaculture system. The results showed that low fish meal diet
did not significantly effect the survival rate, growth indicators (including weight gain rate, specific growth rate, intes-
tine-somatic index, hepatopancreatic index, gonadosomatic index, and condition factor), apparent digestibility, diges-
tive enzyme activity, antioxidant capacity, and non-specific immunity of P. clarkii. There is no significant impact on
the basic nutritional components or amino acid composition of muscles. Compared with high fish meal feed, low fish
meal (2%) diet significantly increased meat yield (P<0.05), increased the muscle content of oleic acid, linoleic acid,
alpha linolenic acid, eicosaenoic acid, monounsaturated fatty acids, and n-6 polyunsaturated fatty acids (£<0.05), and
reduced cadmium content in the hepatopancreas (P<0.05), thus improving the nutritional quality of crayfish. In addi-
tion, low fish meal diet induced morphological changes in hepatopancreas and intestinal tissues, significantly decreas-
ing the relative abundance of Bacteroides vulgatus and increasing iron-reducing bacteria in the intestinal microbiota
(P<0.05). Although these changes did not have a negative impact on the survival, growth, digestion, antioxidant levels,
or non-specific immunity, they also indicate that low fish meal content in feed may be detrimental to the hepatopan-
creas and intestinal health of P. clarkii.

Key words: Fish meal; Growth; Digestion; Muscle nutrition; Antioxidant capacity; Gut microbiota; Procambarus
clarkii
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