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(WYL R K= 50, Wi il 316000)

e (B ] MARAHRERA TN AT B EAE K. Rl AN ZEERKIRA
JERE RS T, AR EEREFRE. [ 55 ] U kE H (15.07+0.97) mg & 4
R R, BE AR KT B K 2.09% (Leu 1). 2.39% (Leu 2). 2.66% (Leu 3).
2.99% (Leu 4) #n 3.34% (Leu 5) B9 5 F# SLI4a kF, AT H M 8 A My mA L. [ 45 | A4
7 AR AT A 2.09%~2.66% B, 4R T WX FEW A RKAKE (FBW). # F X (WGR) Fr 4
FAKE(SGR) A TEATKA; MiE299% EHANEEAKZHEZHME; A, §F
RATHERFEE®E. SWHABRPAERAWIEE, TR F L TOR 5 &% X#
[ (tor. akt. s6kl. eifde2. de-bp21) kik. H R, *ﬁ&*%ﬁz%%aﬂ%ﬁ,mﬁ
AN FENEEMT, RAAREMYENE,. TEACABELEIIAT B4 ER
£, B f A xEE (Izm. proPO) ik % 2|14 LﬁzﬁﬁﬁﬁT%é%%%%Eﬁ
XKUGAHBEESE;, MER@RAKTUEEE T BESFRE WLNHE. KEATFERE) &
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R W Rt W EERANNFLETEENHE LT FE Lo

KU MANFE;, AR, EKMH; WALEL; FREMEY
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¥ i 50 %

WEAR AR, MR LA RE BT ST, IRE
Peim ok 5l S 5AE KRR ESN, Sk
iR 14 e ) SR S AL TE A W R TR A e Ak,
— B HEEAUAREIR ST,

B, AR ShYE TR s
R OB 20 i ER 5 Rgs ", BRI,
28 X 1A R 5% 2 TR 1 AT R & 7 DR B )
0.90%~3.40%(FH 4 F 1l kHE 15 Y 3.5%~8.0%)!",
TE KZZBE (Scophthalmus maximus) 76 I 0 1%
AN G E AR R S 2, JfE
AR, AL, FERLA (Clenopharyngodon
idella)">"™ 5 YN IE #8 % (Trachinotus ovatus)™™ 1 [t
W R, ST RN FE ) B s g b, IR
WP AT 5 F LBt E AR . WY
Tl kb IR T SR IE R 1.70%~2.48% (K 24 T4 K
BT 4.30%~6.88%) " ", Horh, =R T8
(Portunus trituberculatus) H5E 2R T K20 2.21%,
Bz (1.67%) ok it & (2.67%) 35 2> 1 4 il H
K A, 7E 30% 1R RN R H B K E T
2.26% WAL 52 2 IR 1T A2 iF h AR 9L BEBE (Eriocheir
sinensis) B A B . o0ss AR K4 5 & 1 A
FRUS KD, B FLAIXTEF (Penaeus vannamei)
TR ss 2 B K S HEHRTE 2.60%~2.67% 7] #43% TOR
{553 TR s a

L H & (Scylla paramamosain) J&=— 12
3 AT IRV R B JRE VR T R T S8R v VE H 5E B
Y, WRAMVEREENSTRMEERY, &
SR TR E IR A 7 o e AT K 2024 AR SR AE T =
K 162 349 7, T OCHEE IR W SR B O Bk
29 T BT XHELCF 8 0 OB RDE T &, X —
[5) J8E E4 B Ay 2  BE RT R 5 O R 1) 32 O
i, AR, Tl X 2 R fE R
AR R OR B, AR AR (2.34%) . BiA R
(2.03%)1 {4 & R (0.394%~0.398%)7 Fl 45 4 Fik
(1.63%~1.76%) SR, 524 1R 1) 7 KAy ik = A
WBE S HF . AN - H, AR BT
T o PE A AR 58 U RR KT R UL B AR A PR RE
AR . THARACI B . PrA RE ST, ST
PRI A: WU R T L S e, D L R ) e

SRR R,
1 M5 TE

1.1 AR
e = PeAR T i e g a0 rh AR G

WoE, ASLEECH T 5 MR GERRRL, AR
R K430 2.09% (Leu 1), 2.39% (Leu2). 2.66%
(Leu 3). 2.99% (Leu 4) 1 3.34% (Leu 5). % #}fic
Ty B S FERR AL 40 UL 1 FE 20 FESE g0 bkt
il gt B, B R OB B i IS L 60 H
i AR G R R FH 8 TP L 21 2 R ANk A T Bl A B LA
REAGIA R, B WA MG, & TFRAM
I AIRAT, RS AT SRR I AGE 7R
K (2 SRR Y 30%), AkeRiilE sl S
it OBV A5 FE AL (B FL ELA% 0.8 mm) 17l kE,
FrA R R T 45°C TR RAE TP T, BE
BT BT, —20°C BHRIEAER

1.2 FEEIE

AT B B L AR E 6.
ESEEHT, A RIS S IR TSR 1A,
B H T 09:00 1 17:00 $ IR IERAEL 2 K Bifi ) i
o0 8 w I IE UM 55 5200 . S F{dE R . RAS K
It I 4 B [ W1 4R PR (15.07+0.97) mg] 3k 560 H,
Sy HVERSE T RG24 4% (B 6 em, & 10 cm,
RSB K B2 250 mL A AR k), FrA 254
JICE T4 I B K A FRBE AR o B b 5236 1) et

#z1 AREAREEEFRS (TUR)

Tab. 1 Diet formulation and proximate
composition (dry matter) %
TH
. Leul Leu2 Leu3 Leu4 LeuS5
item

4 fish meal 20.00 20.00 20.00 20.00 20.00

8 casein 7.00 7.00 7.00 7.00 7.00
HIERIBED

amino acid mixture” 25.00 25.00 25.00 25.00 25.00

SR leucine 030 060 090 120 1.50
WZL alanine 082 0.62 041 021 0.00
WIHLJERY  gelatinized starch ~ 18.00 18.00 18.00 18.00 18.00
fjl  fish oil 3.00 3.00 3.00 3.00 3.00
i soybean oil 3.00 3.00 3.00 3.00 3.00
f#lF  phospholipid 200 200 200 200 2.00
fE[EEE  cholesterol 0.80 0.80 0.80 0.80 0.80

HAERIBAY vitaminmix” 500 500 500 500 5.00
WYEIEAY) mineral mix”  3.00 3.00 3.00 3.00 3.00
R S

monocalcium phosphate 150 150 150 150 150
JEEX  choline 0.70 0.70 0.70 0.70 0.70

PR LT R A

carboxymethylcellulose sodium 3.50 350350 350 3.50

4EFR  cellulose 638 628 6.19 6.09 6.00
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™

PR P 7 oK 50 %

]
D

5 WE, % WUUEES
&R
SRE|
. Leu 1 Leu2 Leu3 Leu 4 Leus5
item
TEEFRERTYH) proximate composition (dry matter)
K4+ moisture 9.23 10.55 11.39 9.56 9.50
HEE - crude 5082 5015 50.69  49.56  52.15
protein

FAEW  crudelipid  10.07  10.52 9.82 1035 10.78
K45y ash 7.10 6.99 7.01 7.10 7.24
I DEHERBEED(e/100 g), REER 9.04, HEK 15.64, L5
2 0.81, A& 1.36, HER 7.64, HEIR 547, FARK 14.21,
WA 7.86, BERR 5.56, AR 1.00, HER 2.19, KHER
4.53, SEFEME 4.44, HER 4.17, BER 9.89, R 3.59,
R 1.71. D)UEAEFTIRAY(g/kg), VB, 5.00, VB, 8.00, fHM:
26.00, VH 1.00, iZ#&%5 15.00, VB4 3.00, M2 5.00, VC 121.00,
VK 2.00, WEEXEFR 3.00, VB, 1.00, VA 25.00, VD 25.00,
VE 50.00, LEE 181.00, £F4E3K 529.00. 3 iR EY(g/ke),
BE A4S 122.87, JLERES 474.22, WEMR AN 42.03, HRERH
163.83, B2k 10.78, FriFMREk 38.26, WilkEk 44.19, WilRE:
4.74, FRERER 0.33, BilRHW 0.22, &fb4h 0.43, WUERHF 0.02, &fb
#3233, SALET 65.75.

Notes: 1) amino acid mix (g/100 g), aspartic acid 9.04, glutamic acid

15.64, serine 0.81, histidine 1.36, glycine 7.64, threonine 5.47, arginine
14.21, alanine 7.86, tyrosine 5.56, cysteine 1.00, methionine 2.19,
phenylalanine 4.53, isoleucine 4.44, valine, 4.17, lysine 9.89, proline
3.59, tryptophan 1.71. 2) vitamin mix (g/kg), VB; 5.00, VB, 8.00,
niacinamide 26.00, VH 1.00, calcium pantothenate 15.00, VB4 3.00,
folic acid 5.00, VC 121.00, VK 2.00, p-aminobenzoic acid 3.00, VB,
1.00, VA 25.00, VD 25.00, VE 50.00, inositol 181.00, cellulose 529.00.
3) mineral mix (g/kg), calcium dihydrogen phosphate 122.87, lactate
474.22, sodium dihydrogen phosphate 42.03, potassium persulfate
163.83, ferrous sulfate 10.78, iron citrate 38.26, magnesium sulfate
44.19, zinc sulfate 4.74, manganese sulfate 0.33, copper sulfate 0.22,
cobalt chloride 0.43, iodate 0.02, sodium chloride 32.33, potassium
chloride 65.75.

WaNEE, HEL 28 U, R MINE4 HE
B (09:00 1 17:00) T3 4% M6 b ik A, 4%
ME1hJ5, T 30% KK, Jf REHEERIRE . 2E
i WESE RIETANMA, [RIETid SRR H 5T 50T
T, A FRFE I R EE S BRI T . KR
27~31°C . # B 29, W RA>6 mg/L. Z A <0.05
mg/L . JKIE G IEGR B2 300 Ix(261E), SeAMk
BN 121 ¢ 12D, ARSI K B S SL g AR
PRSI SE R AR N RIEFE B A E AT (T EF
SIS EY TR R L) SEE M RLE , IS
VLIRS sh W A SR PR 51 s B

1.3 HEmiisE

S ST R L RIE2 24 h 2R AN IS , 540
BT UK ERREE, & AR IC SR LR AE (FBW),

BJe, MAEASER A RE LI 10 FUE T 4 ARl
Gy T s AR ST WA Lo B IR . BT
HAFER LW ARG, T-80°C HWALEKFE b
PRAF, BERSE5HT I .
1.4 E£KMEERNIERS FE

TG (SR, %) = N/N, x 100%;

W R (WGR, %) = (W, — W)/ Wy x 100%;

FEARKR (SGR, %/d) = (InW,— InW,)/t x 100%;

WiZEMHR (MF) = 2 x M/(N, + Ny)

L, N, I A A N R, Ny RS
TF i B B AN H, W, O S 5 I Y R
Wo BT M B AR, R SEIREL, MR
SIS A B R

1.5 R

SEG RS B R LA YR AOAC FRifE Ty
PRI . K s @At 105°C fE IR LA T+
J5 A TN RE 5 KL B ROHL 2 1 01 R FH 2R TG
# R4 (ST 8000, FOSS, F1#) 5 5 & & X
(Dumatec 8000, FOSS, F13¢) 455085 Ko
HEIE S I 550°C ke 12 h 3k AR kS g
{14 2 SE R ZH B FH R BB 1% (1260 Infinity 11,
Agilent, SEHE) M,

1.6 BEEMS

B M TR AR L 4, R R R 12 9
T T A B 7K (0.9% NaCl) #E45 403K, 4°C %
#F 2 500 r/min B.0> 10 min, W FWERH TR
SLRGIE PRI E o SR FH R e A ) TR A T R
A &, 43 D JE AR S (TRY, A080-2-
2). B& Wi W& (LPS, A054-2-1). ¥E ¥ B (AMS,
C016-1-2), 4+ TN % A W (ALT, C009-2-1), £+ %L
B (AST, C010-2-1). M LY AL (SOD,
A001-3-2), it E AL A B (CAT, A007-1-1) i 1,
PLKN B (MDA, A003-1-2) & & FL R0 E AL BE
41 (TAOC, A015-2-1),

1.7 EEFTEDH

KRR & (RC202-01, 19 5 b5 ME % 4
YR BL A A BR 2w ) DT B i A v 4 R
RNA,  F o FH B A 58 JC P kRN BB 43 6 B 1
I RNA B 5 B vk fnal g o il H il ik 7 &
(RK20429, Z1H 7 s YR A R A i — 4
B RNA L5550 cDNA, fifi FH SERF 98t 8 B PCR
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5 M Ko FE R 50 &
F=2 ARSERER (THR)
Tab.2  Amino acid composition of diets (dry matter) %
/:‘ﬁ A
o Leu | Leu? Leu3 Leu 4 Leu’s
amino acid
UHAEF(EAA) AR lencine 2.09 2.39 2.66 2.99 3.34
essential amino acid J— o
HZAMB methionine 1.06 1.03 1.03 1.06 1.03
AER  valine 1.95 1.95 1.98 2.05 2.09
AR  threonine 2.16 2.10 2.15 2.28 2.32
KB  phenylalanine 2.13 2.10 232 2.11 223
AR lysine 3.55 3.35 3.46 3.58 3.65
%R histidine 0.79 0.77 0.77 0.79 0.82
&R  arginine 422 3.95 3.95 427 429
SRR isoleucine 1.96 1.91 1.95 1.98 2.06
L0 7 TR (NEAA) RAE  aspartic acid 4.15 4.08 4.04 427 430
nonessential amino acid P )

B ’E  tyrosine 1.88 1.80 1.79 1.85 1.88
225K  serine 131 1.38 1.39 1.37 1.42
R glutamic acid 7.27 7.40 7.50 7.60 7.75
&R proline 2.18 2.55 2.65 2.65 273
H&® glycine 2.67 2.99 2.82 2.76 281
&R alanine 3.74 4.02 3.73 3.31 3.26

{¥ (QuantStudio™ 6 Flex, Life Technologies, 3%
E) s BB iaEE R E M (tor). AT A S6 ¥
fiti (s6k1). FAZAHMBIPEAL UGN 4E2(eifde2) . H
BRI N T 4E 45 58 M 2-1(debp2l). E %
BRI 7 4E 45 5 8 2-2(4ebp22). HE 1Y
fiti B(akt). W ALHE ) (proPO) . ¥ M (Izm)
IR ) S KT o 18S Bl iR RNA(18S) EHIAE 48
FIEEH . A5 R ES Y an e 3 BiR
It A CT # (2728C5) T H A FE AR X
K,

1.8 MEEFRETH

K] 168 rRNA K& [A] ey & I ) 19 75 =X A7
W B IF IR R A R e PR A o0 o B e g T Rl ik
& (D0063, i 58 2 RAYH AR BRZA A
P& O BB A 2 K [ 41 DNA, DL 338F(5-
ACTCCTACGGGAGGCAGCAG-3") il 806R(5'-GG
ACTACHVGGGTWTCTAAT-3") J 5| ¥ ¥ 4 16S
rRNA FEH [ V3~V4 X5, ¥ Y ZHE) R E
K6 PRURHE A PR w) AT SC PR 1 S e, 3R A
IR P 2 s . PR . LM AR
TG Se i VR 4548 73 A7 o

WHRT
A B R R B (4.2.1 O #7581

1.9

Bro AR IREL AR, TG A B ik DR 3 a8 Bl 1 7
BT Hi 45 28 75 22 55 P (Levene [X £ 30 ) 55 1E &5 1%

®3 HBHRMUSIMFT

Tab.3 Specific primer sequences

A JF51(5"-3") FERI E /bp
gene sequence (5'-3") amplicon length
tor-F GCGGGCCTACAACTCTATGG 175
tor-R CAGCGAGCGGACTTGTAAGA
s6k1-F GGTGCGGAAGATATCAGGGA 161
s6k1-R AGTGAAGGGTGACGAGGAAG
eifde2-F AACATCCCCCGACACGTAAC 78
eif4e2-R GTTTTTGGCAGTGGAGCCAG
4ebp21-F  TCACACCGACCTTACAATC 89
4ebp21-R GCAGACATCACAGCAAGA
4ebp22-F  CTTCACACCGACCTTACAA 91
4ebp22-R GCAGACATCACAGCAAGA
akt-F GTGTTGACTGGTGGGGCTAT 184
akt-R TTGTTGGGGTCCTTGTGC
proPO-F AGGTAGCACAGCCAGATGGT 213
proPO-R ~ CATTGGTGAAGGTGATGGTG
lzm-F TGCCATCAACCACCACAACT 196
Izm-R CCCCTTTCCCTTCCACTTCT
18S-F TTTCTCGATTCGGTGGGTGG 94
18S-R GTAGGCCAGAGTCTCGTTCG
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5 a5

5 R 1 7 R

50 %

(Kolmogorov-Smirnov £ %) K 5 o 45 G J5 22 55 1
SRR R B R T 2270 (ANOVA), 757
ffi 1] Kruskal-Wallis JF 2 80K 55 K 40 45 5 2
¥ (P<0.05) B, #F—2L R H Duncan [C £ & LA
TS 53T

JVF TR B 4 TR R T O AT AR B AR BRI = &
(https://cloud.magigene.com/yomics) & R % 4 1 5¢
WMo o ZHEME (B4 Asv & FE Hl Shannon 45 %%)
2 8] 24 523 3 Kruskal-Wallis K3 0F 4l s SR AR
a2 4k ROE 2 1 (NMDS) 45 & 48 L 1 2 #r
(ANOSIM) 5 7/~ HE V& L I &5 Mg 1) 22 5 5 T
KEGG #4% & , F| ] PICRUSt2 Xt B D g 17

T4 ANTREBKEIUNFTEE KR

T 5 FJ5 T Spearman AH TR GT T A B
G hR-55 I AR 5l A 0 2 1 =22 8] e A S

L+
2 Hix

2.1 HAKMERE

A AL HRZH AU BE AR TS R 96.43%~98.21%
(F 4, HEZEFAEE (P>0.05), Mk
JKAF-3AF| Leu 4 40, #1707 8 FBW. WGR il
SGR ¥ i & F& A% (P<0.05), R THE R kL
T U A T 2R B, 0L A AR P ) 5 A
PRI B K R 2.41% (& 1),

gEAL

Tab.4 Effect of dietary leucine levels on the growth performance of S. paramamosain

TiH
. Leul Leu?2 Leu3 Leu4 Leus
item
TEEZE/%  SR” 98.21 +2.06 98.21 +2.06 96.43 +4.12 97.32+5.36 97.32+1.79
HHERE/g FBW 0.57+0.01° 0.55 +0.02"™ 0.56 = 0.03° 0.51 +0.02" 0.50 + 0.04®

WEZ/% WGR
HEEAK /(%) SGR
WESEAR MF 4.60 +0.24 4.60 +0.34

3680.11 + 81.00°
6.49 +0.04°

3496.70 £ 118.55*
6.40 = 0.06™

3623.59 +£206.22° 3256.11 +130.01° 3162.10 +290.09°

6.46=0.10° 6.28 £0.07° 6.22 +£0.16"

4.75+0.18 4.69+£0.20 4.80+0.27

RN R HKruskal-WallisIESEUG I . 17— 47 BB bR AR RER R A7 5 8% (P<0.05), FE.

Notes: "*" means that the Kruskal-Wallis test was applied. Data with different letters indicate significant difference (P<0.05), the same below.

4100 - 623.955743 003.40x 23 SEERFIE EETEN
Jgr% 2 : I 2 e 2 S KT TR L I AL I e L
LK 3300 ¢ SETF T AR H, Hor Leu 3 43k B K 5
= 20900 f X=2.41 Leu 5 4HEAK, BARMT, Leus 4 TRY Jhtk B3
2500 : ' : ! KT Leu 1~3 %41 (P<0.05). %2 BHTE HERE I KL
1.5 2.0 2.5 3.0 35

TR SRR T 1%

dietary leucine levels
E1 MNEBEEXSENIERKFZENXER
Fig. 1 Quadratic curve model for the relationship between

WGR and dietary leucine levels in S. paramamosain

2.2 {RERR

JUE R AP 2 o) R SRR W E L5, e
B EA S RZE T SRR ESE iE
Bl2m E R KA E] Leu 5 40T, #0170 5
B i (A5 T Z SRR AR 5 AR ¥
FREAR (P<0.05), BRI F, FEE RS 2R K
T, AR AR AR Y W TR
(P<0.05) (% 5, £ 6),

SR /KT 38 0 [R) #3830 4 SE TS B 1R A8 AL R A
ALT i P 7F Leu 2 235 B W {H , AST i $E W 7€
Leu 34t i, HYEES T Leud Al Leu 5
4 (P<0.05)(14 2),

24 ImELEE

Mk AR K V53 Leu 4 410, MDA 7
4 0 FFF, SOD Ml CAT I M ) i & A% (P<
0.05), TAOC 7 - THE FREka# (P>0.05) (1A 3).

25 EEFTIE

TOR 15 5 i #% AH & K A (akt. tor. s6kl.
debp2l ., 4ebp22. eifte2) % 53t K Fifi ) R} 0 2 PR
KT MGG, 7€ Leu 3R BWEHE & T
B (P<0.05). SPEEHFKILH (proPO M Izm) 13RIk

R E K7 2: 2 E /) sponsored by China Society of Fisheries
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5 M Ko FE R 50 &
=5 ARERRAKENUNEESBARARNEI
Tab.5  Effect of dietary leucine levels on the whole-crab body composition of S. paramamosain %
SgE|
. Leul Leu?2 Leu3 Leu4 Leu5
item
/K4 moisture 77.06 +2.12 76.48 = 0.69 76.93 +£2.17 76.41 +£2.99 77.95 +2.64
FHEE  crude protein 8.34+0.94 8.43+0.53 8.47+1.16 832+1.22 7.58+1.17
KT crude lipid 2.73 +0.30 2.69 +0.41 2324038 2.48 +0.47 2.77+0.54

*6 ANTRBKFHUNFTELEIERSENTW (FURH

Tab. 6 Effect of dietary leucine levels on the whole-crab amino acid composition of S. paramamosain (dry matter) %
arffffi d Leul Leu?2 Leu3 Leu 4 Leus5
HAM methionine 0.60 + 0.02 0.59 +0.03 0.61+0.04 0.58 +0.02 0.54 +0.05
iR valine 1.13£0.03 1.13£0.02 1.17 £0.06 1.13+0.03 1.06 +0.07
AR leucine 1.70 + 0.05 1.72+0.04 1.75+0.10 1.68 +0.05 1.59+0.13
78 threonine 1.19+0.03 1.19+0.03 1.21+0.06 1.15+0.03 1.10+0.09
HKHNZEM  phenylalanine 1.08 +0.03 1.07 +0.02 1.08 + 0.06 1.03 +£0.03 0.98 +0.07
BB lysine 1.68 + 0.05° 1.62 +0.05% 1.62+0.11% 1.53 +£0.05% 1.45+0.12°
A histidine 0.63 +0.02 0.63 +0.01 0.64 + 0.04 0.61 +0.02 0.58 +£0.04
& B  arginine 3.69 +0.22° 3.56+0.11° 3.44 £0.09 3.24£0.13° 2.91 +0.25°
FIAR  isoleucine 1.00 £ 0.03 1.01 +0.02 1.04 +0.06 1.00 +0.03 0.93 +0.08
MLFEAER YEAAs 12.71 £ 0.46" 12.52+£0.29° 12.53 +0.52° 11.94+0.28° 11.14+0.85
RAE®  aspartic acid 2.43+0.10 2.46 +0.05 2.50+0.15 2.38 +0.08 2.29+0.18
B4 2R tyrosine 0.97 +0.03 0.99 +0.04 0.98 +0.06 0.95+0.04 0.87 +0.09
25K serine 1.15+0.03 1.14+0.03 1.16 £ 0.07 1.09 +0.03 1.06 £ 0.09
BEE  glutamic acid 3.87+0.14 3.95+0.09 3.95+0.25 3.77+0.12 3.59+0.33
% proline 1.51 +0.09° 1.60 + 0.04® 1.77 £0.12° 1.70 + 0.08" 1.70 £ 0.15*
H&E glycine 225+0.10 2.27+0.08 228+0.14 2.15+0.11 2.02+0.18
WA alanine 1.63 +0.08 1.65+0.04 1.71£0.11 1.73+0.11 1.61+0.19
RAEVTRER YNEAAs 13.80 £ 0.47° 14.05 +0.28" 14.34 +0.89° 13.76 £ 0.47° 13.13+1.12°

W RN K A Kruskal-WallisE S 5065 .
Notes: "*" mean that the Kruskal-Wallis test was applied.

EWAE Leu 3 4Hik 35 = {H (P<0.05)(1K 4),
2.6 BTRRERMAE B ZLE

i & W & (Thiothrix) 1) 3 5 W6 1R K55 2 R /K
SN B ETHE TR S, 7E Leu 4 418
F AR (B 5). IRTEJE (Vibrio) F1 & 6 AT 1 )&
(Photobacterium) ) F-BEAE Leu 4~5 HIAH r L F
Hip, Leu 1~3 H VIR & @ ML HE, Leud
HE RN R B, Leu S AN LLEEAT R
FARH R

Tk B R 7K T KPR R 2 P
&1 ASV £ Fl Shannon 8 %070 .35 0 (1% 6).
T AR R 2 4 RUE (NMDS) AR L 23 B

(ANOSIM) & B, 45 41 I Jt fl A A 4 v 20 1 A7
TFREFEEZER. Leul45 Leu2, Leu3, Leus
H, Leu2 5 Leu54, P Leu3 4l Leu 4,
Leu 5 H¥ 2B W E 25 (8 7).

B HSERAMRAL (Leu 3) HFIEAR A P U hE 3 22
BEENTWRS . HILRGE . BhlS5ERE . #%
TR, semfCul. b, Wil S5 4k R A
MEEEII R Mimse 2R (Leu 5) W F2 %L
TGN R R M . TR R G A A R
PRSI G AH T RE (B 8).

2.7 MXRMSH

B & T & RZLAT T B K 23 J& (unclassified
f Rhodobacteraceae) 5 FBW., WGR, SGR., AMS,
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Fig. 2 Effect of dietary leucine levels on hepatopancreatic digestive enzymes (a)-(c) and

aminotransferase (d)-(e) activities of S. paramamosain

Different letters indicate significant differences between treatments (P<0.05), the same below.
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Fig.3 Effect of dietary leucine levels on hepatopancreatic antioxidant ability of S. paramamosain
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Fig. 4 Effect of dietary leucine levels on gene expression of S. paramamosain
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Fig. 5 Relative abundance (>1%) of bacterial communities at the genus level (a) and chord diagram of

microbial composition (b) in the hepatopancreas of S. paramamosain with different dietary leucine levels
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Fig. 6 The ASV richness (a) and Shannon index (b) of bacterial communities in the hepatopancreas of

S. paramamosain fed different dietary leucine levels
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Fig. 7 Non-metric multidimensional scaling (NMDS)
and analysis of similarities (ANOSIM) based on

Bray-Curtis distance
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Fig. 9 Correlation analysis of bacterial communities in hepatopancreas of the S. paramamosain with some experi-
mental parameters

SR. survival rate, FBW. final body weight, WGR. weight gain rate, SGR. specific growth rate, MF. molting frequency, moisture. whole-crab moisture
content, protein. whole-crab crude protein content, lipid. whole-crab crude lipid content, TRY. trypsin, LPS. lipase, AMS. amylase, MDA. malondialde-

hyde, TAOC. total-antioxidant capacity, SOD. superoxide dismutase, CAT. catalase, AST. aspartate aminotransferase, ALT. alanine aminotransferase.

1EH T BT RN BT Ak &R 40T T bR 2 ROS, REE i P00 B 1 oy I RBL R e . [AIRE, 33
HEFFHLAFERE, SOD fl CAT R HAANEZEMPT  HAFERE & R K B E RS T =R B A
FALEE ., BFEEM, MRERZKESREER RSN,
KF=Sh b AL RE IR, AW BN, # W 5 B0 ) T g A O e 1 A BRAC I VE
M 2.99% 5 3.34% St AR IAEHN I CE B, o AU E—2aE T 16S rRNA 3 A [y e 38 & il 7
JH AR MDA & &t i 35 & T AL R AL, [WIEHE 0 TR R 254 . S5 IR, PR R
B SOD Fl CAT TG M1 B A% . fEMIEF R FEMIFR R AR -T2 e e R s, It
L=, MDA KEFmbrEEVUAABGEE  7F Leu 3 41 (2.66% 5L & MR) 15 FIWEE . A A5
FEMRIPY, bl W, o ERARSIE A KB, ERRE 1.58% SR (ad /K R
i, AR =R T E R g e — 5, PUTCE TR, A R R B, 28
HTEkzm R 25, HashEZR R, fErpfesBE sy, mAkwEFE S Kk
S R R G R R AR, Wy AL IR RRERIEAIESY, R DS r DB RLAL A (H,S)
(proPO) RGJE R WP L ANTR 4y, e BACHRREE 50 R o b W A Ak N B R ER ™.
28 S B T, e R R A RO E AR I DT B AR A A & B T REE ad 2 5 R R
TEBRALE, A e MR R R R EAE K, X R YR — 8
MR, T 2 R AR AT M RE A SR SO YRR, B4 RN T B G A i a2 R i 1E
& W 72 S G 38 BT AR ) SRR BIL IR O FEARHIF ST, FAEKNBAEER, T 6 i 5 2R
16 B RS 2 R K (2.39%~2.66%) W SRR #E— D EHE, EAHEENE, fE Leud d, A
T proPO Fl Izm B FiE, RWEHWLER  BEERZE LR ARERE, WAE Leu 5 4l

https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries

12



https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

5 4

50 %

ARG 3 T R U Ry AP I R o IR 2 TP e sh iy
KHEHE R, hErmERSEER S, 5
R LA g i SR B8 R R AE ) B 9 Y, kot
I ) — KBS R RS, Hrg EEEC
P rREWSEY), AR, FE R
TR R T R L FUL R B R 5 R SO R Y, FEAR
WF5E, T NMDS Fl ANOSIM, i o5 4 i /K
RRTE S A UNEVAG il RO g i
CA 2B GE , AR 2 3 SR
TR S B R AR,

JH T B TR DD RE TN 25 SR K W], Leu 3 ZH 1
EYIREFEEETNIWRS . HILRSE . &
MlAE S . IRACH . BERACI . Beok . HEEAN
At R AU SRR SE A DGR B . W B TR
R <IN AL SR, AT Ar W 2 R R A i 1E
oS B E IR R (NG R AR 48) ) 1Ak,
i TR R A R RV A T LAY 4 5 T
5 ZAHRE, Leu 3 ZH JFH e i vk il 380 458 5 7K1 (49
FRRE P o BRAEAF 5T 2 UE 56 i 16 TR 2 B T ek
RHEERIE, FFRe 1 4EE R D AU, Leu
3 2 JF I TR R v B9 R ) i i A A 2R A AT
RE ML iRt 24 R, WM dEd K.
M HIFERE . A, e R, k. #
PEEIIRERY R A, R BIAE It 52 Z R 7K P (Leu
3H) T, MR AL TIE G, RIS
BR A3 5 SRR

IR TR, O R AR K MERE . W
PRI PE % S TS 1 bt S BRSPSk
WML B 288 B A, 5w &
AT A B R 43228 (unclassified f Flavobacteri-
aceae) A, HMESSIFFR KB, ZLFFHEFHE
PRETE EAAK . 4R WSS AR KA
J A4 Ty T R AR B E Y, AR LA X iR b, Z0FF
PR T I BT TR R P B R 5 R B0 TR LA 1S
PUAE R, B = Pe R F R IESE , TRDRRAR
T BB A (6.1 (Roseovarius litoreus)(ZLFT 1 B+
BLGY) WU I E R AL, SR SR R [ RIRAT
W JB (Carboxylicivirga) A1 ¥ 3 78 4, & J& (Roseo-
varius)) F B, FEARECHRH (0 & B B E Ak
J&) B, IR 9K (Vibrio parahae-
molyticus) KB 5 P AE G 225 % 1, EFF AR
D2 0 28 1 DL B R Y, R S T R 4 IR AE T
ARG, ks g AL E R, 6 AL /R K P
(2.09%~2.66%) REfE BEA % W A (B & 131 I MZLAT

EAD MARK, i e R S IR R R, 3
HORAEEOR S ONEE . ROUH B s AT E R
BB, BT K HE AR AN AL

E A
=R

N~

4

AR, & AT AR 2R (2.39%~
2.66%) FI T TOR {5553 BOAH DGR R i e 5, 42
T I i 305 b il R Bt S 2, T AR L
TR R . R, 2.09%~2.66% Y % 4 R 7K
- B 2 B TP AL T TG 1 BRI AR MDA
i, DI RS . R &R K
SV ik R O MR R R R A5 A, 2.09%~2.66% 5%
RIRAA T LS, 1 2.99%~3.34% 5L &R
W FEOEEBORE ONFEE . 2O E) B
B, FEF WGR W R Z WA 200, 0 U
7T A R R S R Ol T oK R 2.41%. T
BRI, AW B AR S A S
BMR Grse @R . WA TR) Z RIS HAER] . X2k
AT RE S M BILAAORT B — R 1 R TR 5 R
PR, PRI AR SR 52 75 22 0 43 B Sk 2 L 1R 1]
P, DASE R RS ME R LE

(fE#FRAARXEA A K )

2 E @k (References):
[1] Li P, Mai K, Trushenski J, et al. New developments in fish
amino acid nutrition: towards functional and environmentally
oriented aquafeeds[J]. Amino Acids, 2009, 37(1): 43-53.
Esmaeili N, Ma H Y, Kadri S, et al. Protein and lipid nutrition
in crabs[J]. Reviews in Aquaculture, 2024, 16(4): 1499-1519.
Neinast M, Murashige D, Arany Z. Branched chain amino
acids[J]. Annual Review of Physiology, 2019, 81(1): 139-164.
TKEE, £ KPS E R E R R (1) shE
IR, 2020, 32(12): 5516-5523

Zhang Y Y, Wang L S. Research progress of leucine nutrition
in aquatic animals[J]. Chinese Journal of Animal Nutrition,
2020, 32(12): 5516-5523 (in Chinese).

LiFN, Yin Y L, Tan B, et al. Leucine nutrition in animals and
humans: mTOR signaling and beyond[J]. Amino Acids, 2011,
41(5): 1185-1193.

Rehman S U, Ali R, Zhang H, et al. Research progress in the
role and mechanism of leucine in regulating animal growth and
development[J]. Frontiers in Physiology, 2023, 14: 1252089.
Zhang R R, Mu H N, Li Z Y, et al. Oral administration of

R E K7 2: 2 E /) sponsored by China Society of Fisheries

13

https://www.china-fishery.cn


https://doi.org/10.1007/s00726-008-0171-1
https://doi.org/10.1111/raq.12908
https://doi.org/10.1146/annurev-physiol-020518-114455
https://doi.org/10.3969/j.issn.1006-267x.2022.03.002
https://doi.org/10.3969/j.issn.1006-267x.2022.03.002
https://doi.org/10.3969/j.issn.1006-267x.2022.03.002
https://doi.org/10.1007/s00726-011-0983-2
https://doi.org/10.3389/fphys.2023.1252089
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

50 %

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

branched-chain amino acids ameliorates high-fat diet-induced
metabolic-associated fatty liver disease via gut microbiota-asso-
ciated mechanisms[J]. Frontiers in Microbiology, 2022, 13:
920277.

Liu R, Yang Y, Shi G J, et al. Branched-chain amino acid sup-
plementation drives dynamic changes in gut microbiota without
impairing glucose and lipid homeostasis at the different stages
of insulin resistance in mice on a high-fat diet[J]. Nutrition,
2024, 123: 112410.

Li X Y, Han T, Zheng S X, et al. Nutrition and functions of
amino acids in aquatic crustaceans[M]/Wu G Y. Amino acids
in nutrition and health: amino acids in the nutrition of compan-
ion, zoo and farm animals. Cham: Springer, 2021: 169-198.

Mai K S, Xue M, He G, et al. Protein and amino
acids[M]//Hardy R W, Kaushik S J. Fish nutrition. Amsterdam:
Elsevier, 2022: 181-302.

Sui Z, Wang N, Zhang X J, et al. Comprehensive study on the
effect of dietary leucine supplementation on intestinal
physiology, TOR signaling and microbiota in juvenile turbot
(Scophthalmus maximus L. )[J]. Fish & Shellfish Immunology,
2023, 141: 109060.

Jiang W D, Deng Y P, Liu Y, ef al. Dietary leucine regulates
the intestinal immune status, immune-related signalling
molecules and tight junction transcript abundance in grass carp
(Ctenopharyngodon idella)[J]. Aquaculture, 2015, 444: 134-
142.

Deng Y P, Jiang W D, Liu Y, et al. Dietary leucine improves
flesh quality and alters mRNA expressions of Nrf2-mediated
antioxidant enzymes in the muscle of grass carp (Ctenopharyn-
godon idella)[J]. Aquaculture, 2016, 452: 380-387.

Tan X H, Lin H Z, Huang Z, et al. Effects of dietary leucine on
growth performance, feed utilization, non-specific immune
responses and gut morphology of juvenile golden pompano
Trachinotus ovatus[J]. Aquaculture, 2016, 465: 100-107.

Huo Y W, Jin M, Sun P, et al. Effect of dietary leucine on
growth performance, hemolymph and hepatopancreas enzyme
activities of swimming crab, Portunus trituberculatus[J].
Aquaculture Nutrition, 2017, 23(6): 1341-1350.

Song M Q, Yu Q R, Li E C, et al. Leucine improves dietary
protein use efficiency by regulating protein synthesis by activat-
ing amino acid transporters and the mTORCI pathways in
Chinese mitten crab (Eriocheir sinensis)[J]. Aquaculture, 2024,
581: 740423.

Wei Z L, Zhuang Y T, Liu X T, et al. Leucine promotes protein

synthesis of juvenile white shrimp Litopenaeus vannamei

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

[27]

through TOR signaling pathway[J]. Aquaculture, 2023, 564:
739060.

XuHY, Liu T, Feng W P, et al. Evaluation of the dietary taur-
ine requirement for early juvenile mud crab Scylla paramamo-
sain[J]. Aquaculture, 2024, 586: 740754.

NV ARAT i vt b B BRR, 4 EK BARHE T Sk,
K= L G T 5-2025[M]. dEEE: R E AR R
4, 2025: 22.

The Fisheries and Fishery Administration Bureau of the Min-
istry of Agriculture and Rural Affairs, National Aquaculture
Technology Promotion Center, China Society of Fisheries.
China fishery statistical yearbook 2025[M]. Beijing: China
Agricultural Press, 2025: 22 (in Chinese).

Wu D T, Feng W P, Li X Y, et al. Effect of dietary arginine
levels on growth performance, protein synthesis, antioxidant
capacity and immunity of postlarval mud crab Scylla para-
mamosain[J]. Frontiers in Marine Science, 2022, 9: 1025879.
WuD T, Xu HY, Feng W P, et al. Optimal dietary lysine
improves the growth performance, molting frequency, lipid
metabolism, immunity and antioxidant of postlarval mud crab
Scylla paramamosain[J]. Aquaculture, 2024, 579: 740145.

Feng W P, Zhao Z P, Xu H Y, et al. Assessing the role of
tryptophan supplementation in enhancing growth, reducing
aggression, and boosting immunity in juvenile Scylla para-
mamosain[J]. Aquaculture Reports, 2024, 39: 102383.

TR, SIERR, MK, . IUE BB BRI E IR 7 oK
HIP [J]. K7 2E4R, 2025, 49(9): 099615.

Wang J T, Wu Z Q, Tao R B, et al. Evaluation of the dietary
valine demand for juvenile mud crabs (Scylla
paramamosain)[J]. Journal of Fisheries of China, 2025, 49(9):
099615 (in Chinese).

Luan X Y, Li X Y, He J L, ef al. Effects of arginine family
amino acids supplementation on growth, whole-body amino
acid profiles, antioxidant capacity, and gene expression of
juvenile largemouth bass (Micropterus salmoides)[J]. Aquacul-
ture, 2025, 594: 741312.

Latimer G W Jr. Official methods of analysis of AOAC interna-
tional[M]. 22nd ed. Oxford: Oxford University Press, 2023.
Livak K J, Schmittgen T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2—AACT
method[J]. Methods, 2001, 25(4): 402-408.

WE, Hez, BEe, 5 PR RB R EXN S E RN R
SR EE (7], KL 4k, 2014, 38(6): 1062-1070.
Yang X, Ye J Y, Zhou Z J, et al. Study on the optimal levels of

dietary leucine and isoleucine for juvenile Chinese mitten crabs,

https://www.china-fishery.cn

14

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.3389/fmicb.2022.920277
https://doi.org/10.1016/j.nut.2024.112410
https://doi.org/10.1016/j.fsi.2023.109060
https://doi.org/10.1016/j.aquaculture.2015.04.005
https://doi.org/10.1016/j.aquaculture.2015.11.007
https://doi.org/10.1016/j.aquaculture.2016.08.034
https://doi.org/10.1111/anu.12509
https://doi.org/10.1016/j.aquaculture.2023.740423
https://doi.org/10.1016/j.aquaculture.2022.739060
https://doi.org/10.1016/j.aquaculture.2024.740754
https://doi.org/10.3389/fmars.2022.1025879
https://doi.org/10.1016/j.aquaculture.2023.740145
https://doi.org/10.1016/j.aqrep.2024.102383
https://doi.org/10.11964/jfc.20250615015
https://doi.org/10.11964/jfc.20250615015
https://doi.org/10.1016/j.aquaculture.2024.741312
https://doi.org/10.1016/j.aquaculture.2024.741312
https://doi.org/10.1006/meth.2001.1262
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

5 OB, A BUCE BB IR AR 1 7R oK & 50 %
Eriocheir sinensis[J]. Acta Hydrobiologica Sinica, 2014, 38(6): [37] TR, o &R T 4 i A K PR B AN S 2 Th BE X R T [D). ik

1062-1070 (in Chinese).
T LANERTIF AR Jh B R R BRI
TR T R W T [D]. ST T ZRIEVFE R, 2013: 37-48.

Wang Y L. Study on the requirements of threonine, leucine,

(28]

tryptophan and valine for juvenile Pacific white shrimp,
Litopenaeus vannamei[D]. Zhanjiang: Guangdong Ocean Uni-
versity, 2013: 37-48 (in Chinese).
[29] Liu F J, Liu Y J, Tian L X, ef al. Quantitative dietary leucine
requirement of juvenile Pacific white shrimp, Litopenaeus van-
namei (Boone) reared in low-salinity water[J]. Aquaculture
Nutrition, 2014, 20(3): 332-340.
[30] Millamena O M, Teruel M B, Kanazawa A, et al. Quantitative
dietary requirements of postlarval tiger shrimp, Penaeus
monodon, for histidine, isoleucine, leucine, phenylalanine and
tryptophan[J]. Aquaculture, 1999, 179(1-4): 169-179.
[31] Teshima S, Alam M S, Koshio S, et al. Assessment of require-
ment values for essential amino acids in the prawn, Marsupen-
aeus japonicus (Bate)[J]. Aquaculture Research, 2002, 33(6):
395-402.
[32] Vogt G. Functional cytology of the hepatopancreas of decapod
crustaceans[J]. Journal of Morphology, 2019, 280(9): 1405-
1444,
[33] Vogt G. Synthesis of digestive enzymes, food processing, and
nutrient absorption in decapod crustaceans: a comparison to the
mammalian model of digestion[J]. Zoology, 2021, 147: 125945.
[34] Ahmad I, Ahmed I, Dar N A. Effects of dietary leucine levels
on growth performance, hematobiochemical parameters, liver
profile, intestinal enzyme activities and target of rapamycin sig-
nalling pathway related gene expression in rainbow trout, Onco-
rhynchus mykiss fingerlings[J]. Aquaculture Nutrition, 2021,
27(6): 1837-1852.
AR, PhEFF, BHISE. & 8 P AF s R T R E A 0]
K24, 2014, 38(10): 1778-1785.

[33]

ShiY Q, Sun'Y X, Luo L, ef al. Dietary leucine requirement of
tilapia (GIFT Oreochromis niloticus)[J]. Journal of Fisheries of
China, 2014, 38(10): 1778-1785 (in Chinese).

EAW, KRR, 1R, 55, AR TU IS 24 i 4y £ JFFAiE %
ML 352 v 25 BB A A T R 0 BRI [T]. e
KR, 2015, 45(9): 49-53.

[36]

Wang X L, Mai K S, Xu W, et al. Influence of dietary methion-
ine on the activity of liver and plasma glutamic-pyruvic and
glutamic oxalacetic transaminases of juvenile darkbarbel cat-
fish (Pelteobagrus vachelli)[J]. Periodical of Ocean University
of China, 2015, 45(9): 49-53 (in Chinese).

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

2% ALK, 2011: 21,

Wu X. Effects of leucine on growth performance and immune
of juvenile Jian carp (Cyprinus carpio var. jian)[D]. Ya’an:
Sichuan Agricultural University, 2011: 21 (in Chinese).

Feng L, Peng Y, Wu P, et al. Threonine affects intestinal func-
tion, protein synthesis and gene expression of TOR in Jian carp
(Cyprinus carpio var. jian)[J]. PLoS One, 2013, 8(7): ¢69974.
Kimball S R, Jefferson L S. New functions for amino acids:
effects on gene transcription and translation[J]. The American
Journal of Clinical Nutrition, 2006, 83(2): 500S-507S.

Ma X M, Blenis J. Molecular mechanisms of mTOR-mediated
translational control[J]. Nature Reviews Molecular Cell Bio-
logy, 2009, 10(5): 307-318.

Yang H, Rahman M M, Li X Q, et al. Dietary leucine require-
ment of juvenile largemouth bass (Micropterus salmoides)
based on growth, nutrient utilization and growth-related gene
analyses[J]. Aquaculture, 2022, 555: 738207.

BRIGET. DR 58 2B AK T X R s 9 £ 2 K e L mTOR {5
SIBERAOSMA [D]. JEI: SRR KA, 2018: 34-48.

Qian X L. Effects of Leucine levels in diets on the growth and
mTOR signaling pathway of grouper (Epinephelus coioides)
[D]. Xiamen: Jimei University, 2018: 34-48 (in Chinese).

Ren M C, Habte-Tsion H M, Liu B, et al. Dietary leucine level
affects growth performance, whole body composition, plasma
parameters and relative expression of TOR and TNF-a in juven-
ile blunt snout bream, Megalobrama amblycephalall].
Aquaculture, 2015, 448: 162-168.

Yang H, Li X Q, Rahman M M, et al. Dietary supplementation
of leucine improved the flesh quality of largemouth bass, Micr-
opterus  salmoides through TOR, FoxO3a and MRFs
regulation[J]. Aquaculture, 2023, 566: 739237.

Wu G Y. Amino acids: biochemistry and nutrition[]M]. 2nd ed.
Boca Raton: CRC Press, 2021: 89.

Birnie-Gauvin K, Costantini D, Cooke S J, et al. A comparat-
ive and evolutionary approach to oxidative stress in fish: a
review[J]. Fish and Fisheries, 2017, 18(5): 928-942.

Hoseinifar S H, Yousefi S, Van Doan H, et al. Oxidative stress
and antioxidant defense in fish: the implications of probiotic,
prebiotic, and synbiotics[J]. Reviews in Fisheries Science &
Aquaculture, 2021, 29(2): 198-217.

Chen F Y, Wang K J. Characterization of the innate immunity
in the mud crab Scylla paramamosain[J]. Fish & Shellfish
Immunology, 2019, 93: 436-448.

Cerenius L, Soderhdll K. Immune properties of invertebrate

R E K7 2: 2 E /) sponsored by China Society of Fisheries

15

https://www.china-fishery.cn


https://doi.org/10.1111/anu.12082
https://doi.org/10.1111/anu.12082
https://doi.org/10.1016/S0044-8486(99)00160-X
https://doi.org/10.1046/j.1365-2109.2002.00684.x
https://doi.org/10.1002/jmor.21040
https://doi.org/10.1016/j.zool.2021.125945
https://doi.org/10.1111/anu.13321
https://doi.org/10.1371/journal.pone.0069974
https://doi.org/10.1093/ajcn/83.2.500S
https://doi.org/10.1093/ajcn/83.2.500S
https://doi.org/10.1038/nrm2672
https://doi.org/10.1038/nrm2672
https://doi.org/10.1038/nrm2672
https://doi.org/10.1016/j.aquaculture.2022.738207
https://doi.org/10.1016/j.aquaculture.2015.06.008
https://doi.org/10.1016/j.aquaculture.2023.739237
https://doi.org/10.1111/faf.12215
https://doi.org/10.1080/23308249.2020.1795616
https://doi.org/10.1080/23308249.2020.1795616
https://doi.org/10.1016/j.fsi.2019.07.076
https://doi.org/10.1016/j.fsi.2019.07.076
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

[

50 %

[50]

(511

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

phenoloxidases[J]. Developmental & Comparative Immuno-
logy, 2021, 122: 104098.

Xie J W, Cheng C H, Ma H L, et al. Molecular characterization,
expression and antimicrobial activities of a c-type lysozyme
from the mud crab, Scylla paramamosain[J]. Developmental &
Comparative Immunology, 2019, 98: 54-64.

Yang Z F, Cao HY, Wang J G, et al. Effects of dietary Lacto-
bacillus rhamnosus supplementation on growth performance,
antioxidant properties, and gut microbiota alterations on
Chinese mitten crab, Eriocheir Sinensis[J]. Israeli Journal of
Aquaculture - Bamidgeh, 2024, 76(4): 316-326.

Ravin N V, Rudenko T S, Smolyakov D D, et al. History of the
study of the genus Thiothrix: from the first enrichment cultures
to pangenomic analysis[J]. International Journal of Molecular
Sciences, 2022, 23(17): 9531.

Li L Z, Meng HM, Gu D, et al. Molecular mechanisms of
Vibrio parahaemolyticus pathogenesis[J]. Microbiological
Research, 2019, 222: 43-51.

De Souza Valente C, Wan A H L. Vibrio and major commer-
cially important vibriosis diseases in decapod crustaceans[J].
Journal of Invertebrate Pathology, 2021, 181: 107527.

Rivas A J, Lemos M L, Osorio C R. Photobacterium damselae
subsp. damselae, a bacterium pathogenic for marine animals
and humans[J]. Frontiers in Microbiology, 2013, 4: 283.

Xie J S, Mei H, Jin S, et al. First report of Photobacterium dam-
selae subsp. damselae infection in the mud crab Scylla para-
mamosain cultured in China[J]. Aquaculture, 2021, 530:
735880.

Tran N T, Tang Y, Li Z Z, et al. Galactooligosaccharides and
resistant starch altered microbiota and short-chain fatty acids in
an in vitro fermentation study using gut contents of mud crab
(Seylla paramamosain)[J]. Frontiers in Microbiology, 2020, 11:
1352.

Luo J X, Zhang Y Y, Zhou Q C, et al. Dietary soybean oil
aggravates the adverse effects of low salinity on intestinal
health in juvenile mud crab Scylla paramamosain[J]. Ecotoxic-
ology and Environmental Safety, 2021, 213: 112004.

Ye Z H, Liu J J, Cui S H, et al. Emulsifier is beneficial for
declining dietary lipid requirement of aquatic crustaceans by
accelerating the absorption, transport and deposition of lipids: a
case study in mud crab (Scylla paramamosain)[J]. Animal Feed
Science and Technology, 2025, 326: 116389.

Hussein S, Yu X Y, Farouk M H, et al. The role effects of diet-

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

ary fiber on intestinal microbial composition and digestive
physiological functions of pigs: a review[J]. Indian Journal of
Animal Research, 2021, 55(7): 737-743.

Assan D, Kuebutornye F K A, Hlordzi V, et al. Effects of pro-
biotics on digestive enzymes of fish (finfish and shellfish);
status and prospects: a mini review[J]. Comparative Biochem-
istry and Physiology-Part B: Biochemistry and Molecular Bio-
logy, 2022, 257: 110653.

Magnusdottir S, Ravcheev D, De Crécy-Lagard V, et al. Sys-
tematic genome assessment of B-vitamin biosynthesis suggests
co-operation among gut microbes[J]. Frontiers in Genetics,
2015, 6: 148.

Thomas R L, Jiang L J, Adams J S, et al. Vitamin D metabol-
ites and the gut microbiome in older men[J]. Nature Communic-
ations, 2020, 11(1): 5997.

Wang Y T, Wang K, Huang L, ef al. Fine-scale succession pat-
terns and assembly mechanisms of bacterial community of
Litopenaeus vannamei larvae across the developmental cycle[J].
Microbiome, 2020, 8(1): 106.

Dong P S, Guo H P, Wang Y T, et al. Gastrointestinal microbi-
ota imbalance is triggered by the enrichment of Vibrio in
subadult Litopenaeus vannamei with acute hepatopancreatic
necrosis disease[J]. Aquaculture, 2021, 533: 736199.

Fu X Z, He J K, Wang J, et al. Specific gut bacterial taxa inhab-
ited in healthy shrimp (Penaeus vannamei) confer protection
against Vibrio parahaemolyticus challenge[J]. Aquaculture,
2024, 579: 740192.

Niu M M, Lin W C, Wu Q Y, ef al. Dietary supplementation of
Roseovarius litoreus improves survival and immune defense of
the swimming crab Portunus trituberculatus[J]. Aquaculture,
2025, 595: 741564.

Loch T P, Faisal M. Emerging flavobacterial infections in fish:
a review[J]. Journal of Advanced Research, 2015, 6(3): 283-
300.

Harrison C E, LaFrentz B R, Shoemaker C A, et al. An over-
view of vaccine development strategies for columnaris-causing
bacteria in cultured fish[J]. Journal of Fish Diseases, 2025,
48(8): e14155.

Dan S, Hamasaki K. Evaluation of the effects of probiotics in
controlling bacterial necrosis symptoms in larvae of the mud
crab Scylla serrata during mass seed production[J]. Aquacul-

ture International, 2015, 23(1): 277-296.

https://www.china-fishery.cn

16

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://doi.org/10.1016/j.dci.2021.104098
https://doi.org/10.1016/j.dci.2021.104098
https://doi.org/10.1016/j.dci.2021.104098
https://doi.org/10.1016/j.dci.2019.04.002
https://doi.org/10.1016/j.dci.2019.04.002
https://doi.org/10.46989/001c.126148
https://doi.org/10.46989/001c.126148
https://doi.org/10.46989/001c.126148
https://doi.org/10.46989/001c.126148
https://doi.org/10.46989/001c.126148
https://doi.org/10.46989/001c.126148
https://doi.org/10.3390/ijms23179531
https://doi.org/10.3390/ijms23179531
https://doi.org/10.1016/j.micres.2019.03.003
https://doi.org/10.1016/j.micres.2019.03.003
https://doi.org/10.1016/j.jip.2020.107527
https://doi.org/10.3389/fmicb.2013.00283
https://doi.org/10.1016/j.aquaculture.2020.735880
https://doi.org/10.3389/fmicb.2020.01352
https://doi.org/10.1016/j.ecoenv.2021.112004
https://doi.org/10.1016/j.ecoenv.2021.112004
https://doi.org/10.1016/j.anifeedsci.2025.116389
https://doi.org/10.1016/j.anifeedsci.2025.116389
https://doi.org/10.18805/ijar.b-1345
https://doi.org/10.18805/ijar.b-1345
https://doi.org/10.1016/j.cbpb.2021.110653
https://doi.org/10.1016/j.cbpb.2021.110653
https://doi.org/10.1016/j.cbpb.2021.110653
https://doi.org/10.1016/j.cbpb.2021.110653
https://doi.org/10.1016/j.cbpb.2021.110653
https://doi.org/10.1016/j.cbpb.2021.110653
https://doi.org/10.1016/j.cbpb.2021.110653
https://doi.org/10.3389/fgene.2015.00148
https://doi.org/10.1038/s41467-020-19793-8
https://doi.org/10.1038/s41467-020-19793-8
https://doi.org/10.1038/s41467-020-19793-8
https://doi.org/10.1186/s40168-020-00879-w
https://doi.org/10.1016/j.aquaculture.2020.736199
https://doi.org/10.1016/j.aquaculture.2023.740192
https://doi.org/10.1016/j.aquaculture.2024.741564
https://doi.org/10.1016/j.jare.2014.10.009
https://doi.org/10.1111/jfd.14155
https://doi.org/10.1007/s10499-014-9815-1
https://doi.org/10.1007/s10499-014-9815-1
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

534 REH, & WUCH BB R E IR R & 50 &

Dietary leucine requirement of juvenile mud crab (Scylla paramamosain)

XU Hanying, CAO Yiwen, WU Zhengqiu, WANG Jiteng, TAO Rubing, FENG Wenping,
SUN Yulong, DONG Fen, CHEN Qiang, HAN Tao"
(School of Fishery, Zhejiang Ocean University, Zhoushan 316000, China)

Abstract: The mud crab (Scylla paramamosain) is the most farmed marine crab species in China. However, the lack of system-
atic research on its nutritional requirements has hindered the development of high-quality complete formulated feeds, which
poses a major bottleneck to achieving sustainable, efficient, and green development of the industry. This study aimed to determ-
ine the optimal dietary leucine requirement for juvenile mud crabs S. paramamosain [initial weight of (15.07+0.97) mg]. Five
isonitrogenous and isoenergetic diets were formulated with leucine levels of 2.09% (Leu 1), 2.39% (Leu 2), 2.66% (Leu 3),
2.99% (Leu 4), and 3.34% (Leu 5). After an 8-week feeding trial, crabs fed diets with leucine levels between 2.09% and 2.66%
exhibited significantly improved growth performance, including final body weight (FBW), weight gain (WG), and specific
growth rate (SGR). However, growth was significantly suppressed when leucine levels exceeded 2.99%. At the physiological
level, appropriate leucine supplementation (2.09%-2.66%) enhanced digestive enzyme [trypsin (TRY)] and metabolic enzyme
[alanine aminotransferase (ALT) and aspartate aminotransferase (AST)] activities in the hepatopancreas. Concurrently, the
expression of key genes in the TOR signaling pathway (tor, akt, s6k1, eif4e2, 4e-bp21) was significantly upregulated. In con-
trast, excessive leucine (2.99%-3.34%) induced oxidative stress, as evidenced by suppressed antioxidant enzymes [superoxide
dismutase (SOD) and catalase (CAT)] activities and elevated malondialdehyde (MDA) content. Immune-related gene expres-
sions [lysozyme (/zm) and prophenoloxidase (proPO)] were also inhibited. Analysis of the hepatopancreatic microbiota
revealed that optimal leucine levels promoted a higher abundance of Thiothrix, which was positively correlated with growth
indicators, digestive and metabolic enzyme activity, and antioxidant capacity. Conversely, high leucine levels significantly
increased the proportion of potential pathogens like Vibrio and Photobacterium, which were associated with oxidative damage.
Based on a second-order polynomial regression model of WG, the optimal dietary leucine requirement for juvenile S. para-
mamosain was determined to be 2.41%. This study addresses the gap in key nutrient requirements data for juvenile S. para-

mamosain, laying an important theoretical foundation for the development of high-quality formulated diet.
Key words: Scylla paramamosain; leucine; growth performance; antioxidant capacity; hepatopancreatic microorganisms
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