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FEHRARHHEXEERF N

NN w1 1,2,3 1,2,3 1,2,3 , 1
Rax FE&EF FAa FEE A E RS
= g 1 1 ol 1,23
Wiz BRAEFR BHREX #H OB KIN
(L YLV RN K225 R FRR 258, 5 B 330045; 2. VLI AV K45 FOK =/ 50T, BB 330045;
3. 4 B TR KA A s 7 AR 3 (g B SR A B S SRR =, B 330045)

FHEE . IR FL 3 5 (Monopterus albus)%) % X} §i 2 R (1) 75 =K &, FC ] 1 620 3 2 B S B N 2.31%- 2.61%-
291%- 3.51%. 4.71%F17.11% M55 E 55 Ge DR, TaMRA] 4544 H 9(7.64+0.04) g#)i£90d. 25 R (1)BE T KL
TR KT (R T, 45T 2R (WGR). 4 4E K (SGR). & ARUTZE(PRR). & A5 %% (PER) 56T
wJE TR, R R E(FCR)E 28 TG ETH S 3.51% K F 2 % 7 41 WGR. SGR. PRR. PER,
F&MIX T FCR (P<0.05). 3.51%/K°F- B E R ENEEATIEmTOR. S6KI1 M IGF-1HIARN Rk &, (MK T elF4E-BP2
R RE O] 238 5 (P<0.05) . (2) it b} it 20 R /K T 1) v, s L AR 2 1 o 2 5 T JE AN AR a3, R IR D 256
FFE B, 7 1% K RER S THEEIIAE DR, SREER(TAA). LHREEKREAA). FLHFR
FEMR(NEAA) & (P<0.05), 3.51%/KFRE S 7 £V RFENEN % &. EAA/TAAFIEAA/NEAA (P<0.05).
)t Ak = R KT B T =, 40 I IE S R A (TP). HE H(ALB)EFH &, 7.11%K°F B3 & 12.31%K
F-(P<0.05); A H L BEEVE(GOT) L Lz (Sa) .56 R I 5 LIS, IS W EFLZM)IE T 258 ETHE T R
3.51%7KF-Sali Z K T H & 7K T (P<0.05), 2.91%/KFGOTE Z 1K T2.31%7K F(P<0.05), 4.71%/KFLZME %
1 12.31%—2.91%7KF(P<0.05). (4)bE 5k} 2 B K- I T s, ShE IR E . 7 e ai | vty M S i s
B M S T JE PR 3, 2.91%—3.51% 7K1 56 35 4 iy 1 4 2 11 I R0 B I AEVS % (P<0.05). 45 1, Tkl
T H R R KT RE AR s gl B A BE T DL IR S S e 7, 38 {2 2 GH/IGF KemTORIE #% AH G B R ik
SR LA R R IO, TR s 4 A KBk . AWGR. SGR. FCR. PRR. PERJNiITANTEFR, i i 4 i 1)
& H AR R 7 K B N3.38%—3.55% (i FlEHE [ 5 6.57%—6.90%)

REA: R, AKVERE AR, T ALBEE T

FESES:S965.1  SCHEAFRIRAS: A
MR, R ARV TREER —, £/ E R
TR, HAEIN T B3R, %A 2
RPN — IR R R, e K
BHRMAY EHA S R EE TR . O
AW TR B, AR SRR ik = B 28 i SR AR
T KB Eamuiims”, i mk
U R R B 7 . REERELRS, E RN R
w. G R R B 2 R R R I
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TR 2 MR (RO R R TR, W
P2 T 0% mTORGHE B AT L R S6K 1, 411 il el F4E-
BP2RelF4EFIE, NItk KA st
KT KF=ENA R TR BN ACEFIRZ,
5 75 B 52 (Pseudobagrus ussuriensis)%)] . [ 1&
B 2R 7 SR B N3.64% (15 TR 1153 8.95%)
K35 fh.(Pseudosciaena crocea)f1.43.34%—3.37%

EETH: B EKIACRM M H AR R L 158 42 (CARS-46) % By [Supported by the China Agriculture Research System (CARS-46)]
TEE B FAr30(1998—), T, Wi e Ak #5877 R /K= s e 77 kL. E-mail: 2269878608@qq.com

BIEIEE: ARk A, Bd%, L4 3)1; E-mail: zhouqiubai@163.com

©The Author(s) 2025. This is an open access article under the CC-BY 4.0 License (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.7541/2025.2024.0036
https://cstr.cn/32229.14.SSSWXB.2024.0036
mailto:2269878608@qq.com
mailto:zhouqiubai@163.com
https://creativecommons.org/licenses/by/4.0/

2 KR R

2025, 49(3): 032510

(6.49%—6.55%)""", BUJEAEH2 (Trachinotus ovatus) N
2.94% (6.70%)"", %t (Cenopharyngodon idella)%))
592.07% (5.44%)""", 7 £ (Rachycentron cana-
dum)4f8.92.33% (5.30%)"", #8175 82 (Scylla para-
mamosain)fT 1 42.03% (4.51%)"", # i fi (Nibea
albiflora)’92.49% (4.97%)" .

5 5 (Monopterus albus), (N8 FRFE . WA
S R IR 208 B B %, 20220 & [H R E B Ok
3375, H R O 0 SR R Z
e R AR R R s gy T,
KT R LR 5 SR B I 7T D, o iz R e K 1
BT AR WARTE . A58 AN T8 5258 %) i 4 it
FORT B, TR TR R} rhOd U R 7K1 0k 4 6 A K1 R
AR bR TH AR S Y A TR AR A DGR R Y
SO, 45 HH 4 B ) o 2 R 0 B R R &, DA B
fise N LA TRDRE A AETC B R A E IR

1 HRS

1.1 RE&H SEREHIE

PLEKY . RN R B (R, Nk R 3 B
VR, 50 A B 7 YR C A b 4 AR, DA 4 £
BRSNS H I IR A LR, (S al2H A n
0.3%- 0.6%- 1.2%- 2.4%F14 8% IDL-$ = FR(DL-
Lysine), UAL-75 % 2 (L-Alanine) i *F, it & 64145 %
EREM AR LysSEMIE 42.31% 2.61%- 2.91%-
3.51% 4.71%F17.11%). Takkfr A R T V1 74
K RAEVFE AR AT, Bra 5k R 80 B
i, FEC L (R DB IR AT, IS, 20% 7 4 7K
53, H AR 1.5—2.0 mm % A B0 TR KL, 8 X, B
TRAGE A % . SR R SRR AL R L3 2.
1.2 FEEE

TR AT FH 4 65 SR 1 T 76 % Ml K 27 o i B R
FEth, BEHLAE 72056 A A . e RN T &
FEHH 4[4 57 5 (7.6420.04) g]7r N64, 44N =
2, NERI0E. FHEIRE TR K E K
FEPHFE M IEAT, FRIEAH LA 86 cm*62 cmx61 cm,
IKIERH20—25 cm, 7K E #KIRI2/30L b FR5E
I B 7E 20234 6—9 H , JA W 2H90d. 56 3 ] 4 K
17: 003EAT 7 & # M, /KR 7E25.2—34.8°C 28 (k.
(B F32°C 1 R 2 77 5H K %035.56%), pH6.5—7.3,
AWK E<2.5 mg/L, T AH IR 5k £ <0.15 mg/L, &
fiRSE>6 mg/L. 3—4RF/K 1R, BRRBK G HE K
5, FhFERE S E RIK, B K E 1IRK 5
1.3 HmXEX&E

RIGTTAE T Ph e 82 7.64 g/ 47 %t FFI A 4146
B IERT I, TR0 45 W5 25 & 24h, AN T

AR AT VPO E, T H S AR E(FBW).
F(WGR). #F 5 4K F (SGR). 1kl & H(FCR).
B R (SR) 4R bR B4R BE ML 4R 1 5 /2 47 4 ik,

1 R RRER R EFRKT(FHRER)
Tab. 1 Composition and nutritional level of the experimental
diets (DM basis)

AR BT
J5 kHngredient (%) Dietary lysine level (%)
2.31 2.61 291 3.51 4.71 7.11
1} Fish meal 30 30 30 30 30 30
SEEAMCompoundprotein' 6 6 6 6 6 6
I }ISoybean meal 16 16 16 16 16 16

FKEEMHComproteinpowder 6 6 6 6 6 6
72 [ Cottonseed protein 6 6 6 6 6 6

/N Ky Wheat meal 20 20 20 20 20 20
WK Crushed rice flour 2 2 2 2 2 2
il Soybean oil 435 4.35 435 4.35 435 4.35
DL-Ji% B2 Lysine 0 03 06 12 24 48
L-TH % 2 Alanine 48 45 42 36 24 0
BiIR — 245 Ca(H,PO,) 2 2 2 2 2 2

BARHMAmIno acid mix’ 1,75 1.75 1.75 1.75 1.75 1.75
A VRINFIComposite additive’ 0.1 0.1 0.1 0.1 0.1 0.1

ik K Premix’ 05 05 05 05 05 0.5
JH## Choline chloride 05 0.5 05 05 05 0.5
MASum 100 100 100 100 100 100
727K F Nutrient levels’

7K 4> Moisture 7.14 71.75 6.50 6.80c 6.81 6.29
FH 2 1 i Crude protein 51.4651.2151.3851.3751.4651.16
FLHE Wi Crude fat 7.69 7.51 7.60 7.48 7.41 7.35
#1723 Crude ash 9.71 9.62 9.72 9.67 9.71 9.68
15 Lysine 231 2.61 291 3.51 471 7.11

B¢ Gross energy (MI/kg)'  17.4517.4517.4517.4517.4517.45

W A TR OB B M 4 R 1124 B The composite
protein is composed of earthworm powder: millet powder 1:2; B
FR B N110%5 2 0.55%E 2B 0.10% (0 2% % The
mixed amino acids are 1.10% threonine, 0.55% methionine and
0.10% tryptophan; “& & R Il bt e BE . H &8, E AWM.
4 A 2 C4L % The coomposite additive is composed of phytase,
compound enzyme, protease and vitamin C; TR N BT A
#HE L The premix provided the following per kg of the diet: VA
6000 TU, VD3 2500.0 U, VE 200.0 mg, VK3 10.0 mg, VB, 25.0 mg,
VB, 45.0 mg, ¥R nicotinic acid 200.0 mg, VB¢ 20.0 mg, 2 R4
Ca-pantothenate acid 60.0 mg, M folic acid 10.0 mg, VB, 0.1 mg,
£ ¥) & biotin 1.5 mg, WLEF inositol 200.0 mg, NaSeO;-5H,0
0.3 mg, CoCZ-6H,0 0.4 mg, KI 0.8 mg, CuSO,4-5H,0 10.0 mg,
MnS0,-4H,0 20.0 mg, ZnSO,4-H,0 50.0 mg, FeSO,-7H,0 150.0
mg, MgSO,7H,0 500.0 mg, NaCl 1000.0 mg; *& 7% 7K ¥ A 52 ]
{} Nutritional level is measured value; *yi1- 52 {f, 5 115 LL23.64
MJ/kg, JI& D7 LL39.50 MI/kg, JE 4% LL17.15 MI/kgit & The calcu-
lated value, protein is 23.64 MJ/kg, fat is 39.50 MJ/kg, and starch
is 17.15 MJ/kg
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Tab.2 Amino acid composition of experimental diets (DM basis)
TR R IR KT Dietary lysine level (%)
231 261 291 351 471 711
REERAsp 318 318 318 3.18 3.18 3.18

i H Item (%)

732 R Thr 240 240 240 240 240 240
24 55 B2 Ser 163 163 163 163 163 163
B EEGlu 739 739 739 739 739 739
i % B2 Pro 217 217 217 217 217 217
H&Gly 191 191 191 191 191 191
WK Ala 672 642 612 552 432 1.92
PR Cys 049 049 049 049 049 049
HiE R Val 179 179 179 179 179  1.79
FER W Met 127 127 127 127 127 127
5z R]le 154 154 154 154 154 1.54
AR Leu 295 295 295 295 295 295
Pt & B Tyr 113 113 113 113 113 1.13
HBHNEKPhe 174 174 174 174 174 174
2 BRHis 099 099 099 099 099 0.99
R B Lys 231 261 291 351 471 711
K2 i Arg 228 228 228 228 228 228
BT 050 050 050 050 0.50 0.50

REIMTAA 4239 4239 4239 4239 4239 4239

A PR B A, i R L i T UK A A,
SrEIECE AR HE. B, piE. iR E, O
GRS H. AERFRBGE 2 R . i 424, W
R 5 e ¥ E-80°C UK AR OR A7 455 I, WAL AR TR % %) fik
JEAA RN € & IR Ry . MLVRT4°C B 24h, W)
W EIBORAE T80 C Al . AEAHFEALEL LI H
Jr A Wik AR 2 £0E IR R0 W E
14 EKMEEREASEIERTE

I Z4(Weight gain rate, WGR, %)=(W W)/ W
100

¥ 58 A K 2 (Specific growth rate, SGR, %/d)=
(LnW~LnW;)/tx100

T K} 2 %4 (Feed conversion ratio, FCR)=F/(W~
o)

T35 % (Survival rate, SR, %)=N,/Ny>x100

BRI (Protein efficiency ratio, PER, %o )=(W~
Wo)/(FxCP)x100

] H 1 UL FR % (Protein retention rate, PRR, %)=
(W xCP ~WyxCPy)(FXCP)x 100

FEAATEEL(Viscerasomatic index, VSI)=(VW/W)x
100

fF A4 £ (Hepatosomatic index, HST)=(HW/W)x
100

JrtAtEE(Intestosomatic index, IST)=(IW/W)x 100

A $E K (Splenic idex, SH=(SW/W)x100

JIEL3 F (Condition factor, CF, g/cm’)=W/L’

JIi 44 2 (Carcass percentage, CP, %)=(CW/W)x
100
K, Wy W AR R R BG4 6 ) 3 B R R %)
(g); AR IR R E(d), FIRREF T 1% & & (g); CPAR
TR (R K CPyy CP Ay AR IRIG R 5
WA E ARS8 Ny Ny AR R I 45 )
I Ea T 4hEE R % . VWL HW. SW. IW. CW.
Wor BIAR R BURE B 6 Py JIE . AR BRAE . i
WA Je 4 1 B B (g); LARGRHURE B R (cm)
1.5 MBS IERRNE

o R R AR ) T RE I A BT A B A
SE ML F & 1 (ALB). B EF(TP). & (Sa). &
W 2 B (GPT). 4 5 3% 2 1§ (GOT). ¥ i il
(LZM). B P BE R A (AKP); HIEGPTHIGOT; AT ik
WE R AT W G PRI ek B s 1
1.6 EFHINERSELREFNETE

LR % i A S TR R R B R ' AR
FAFIRE I 28 77325 7K 53 2 Bl i€ 275, GB/T 6435—
2014; ¥ A i 2% GB/T 6432—1994; HL g i 5%
GB/T 6433—2006; /% 4> 2% GB/T 6438—2007.
H2.31%- 3.51%H17.11%/KFHLRAA G T 185 5 2%
GB/T 18246—20199l & 2 L 1% & &, Fr A A H
7. L8900Z MR /M
1.7 ERRAEEPCR

EPE2.31% 3.51%A17.11%7K -4l 52 AT
HH R DRI AR G SRk 1, AH SGEE IR 5147 51 LR 3, A
JIFWE R R U RNA, 383 1.0% B i i e K R

# 3 ZATRHXEEPCRI|HIFF
Tab. 3 The primers sequence of quantitative RT-PCR

PR

= %
'7[%%*“ %M@%ﬁ” Product Gyil’lBa:r’Ik
Gene . Y ExT
Primer sequence (5'—3’)  length A
name (bp) Accession No.
mTOR-F CGTTCCGACTGACGA 152 XM 020612477.1
GGATG
mTOR-R CAGCGGGTCATAGAC
GAAGG
S6K1-F TGAAGAACTCCCAAC 101 XM 020602184.1
CCACAC
S6K1-R  GAGTCTCTACAGGGA
GGTGGA

elF4E- AATGCGTCAAAGGGT 132

BP2-F  CACTCA

elF4E- GCCCTCACTGCCAAT

BP2-R  CCAA

IGF-1-F ACCCTGACTCCGACG 140
ACAA

IGF-1-R  CGTGACCGTCGTGTA
CTGG

18S-F  GTGAAATTCTTGGAC 145
CGGCG

18S-R GGATCGCTAGTTGGC
ATCGT

XM_020603221.1

XM_020613661.1

XM_020605951.1
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H5EHEE | epoch biotekil 5E # i RNAZE & FIIK B,
LA SynSecript III RT SuperMix for gPCR (& &)k 4T
WY SER 9% 2 B AR 8 A ABI, Quant-
Studio stepone Plus, & M. & & 520 uL, £ 7 Arti-
Can“"’ SYBR gqPCR Mix10 pL, ¢cDNA 1 L, 10 pmol/
L Primer F & Primer R 0.8 uL, 7.4 pL ddH,0. 27
495°C 5min, 95°C 15s, 60°C 20s, 72°C 20s, 4011
o LUISSHA SRR, K M2 it 5 H 3
X RIE R .
1.8 HIELES S

R 50 25 R A P 35 {8 45 1 % (mean+SE)#&
7N, HSpss 26,0844 34T 5. [F 25 77 2 53 11 (One-way
ANOVA), i} F| Duncan [KiZ 3HT 2 5 L, B3 K
¥ 9P<0.05, #1445 K FHExcel 2016,

2 #R

21 ARESEERK T HEEE KRR RN
B2 4n] 50, & 4H 485 FBW. WGR. SGR.
PERFIPRR B TRl RH 6 =R AT i T v 25 T i
B 1) %5, FCRE M & & % ; 3.51%7K °F FBW,
WGR. SGRE & T 2.31%—2.91%7K - (P<0.05),
54.71%—7.11%/KF & & 3 7% 57 (P>0.05); FCRZ
FNT2.31%—2.61%54.71%—711%7KF(P<0.05),
552.91%/K V76 & & % 5 (P>0.05); PER. PRRZ#
T H AR K (P>0.05). TR R R 7K ST X &) fik
SRTG & 2 F2 Wi (P>0.05), % A B {RFF1E93%LL L,
LIWGR. SGR. FCR. PRRFIPER A 1EFF, i#
TR A A (B 1DAS H 46 (7.64+0.04) g id B it
AR KRB N338%—3.55% (5 A Bl & A R
6.57%—6.90%).
2.2 ARESEERKEITHEER RS H AR
FHER SAT N, Pk f 2 B 7K ~F X 2l ST, 1S

SIAICF TG & 2 52 0i(P>0.05) . Bt REH & B /K T )
FHEr, #EEVSIE T B, 4.71%K 8 3%
INTF2.31%—2.91% (P<0.05), 53.51% K% 7.11%7/KF-
Z R (P>0.05); CPREJ:T A G N A, 4.71%
K52 K TF2.30%—2.91% (P<0.05), 53.51% /%
7.11%7K V-2 57 A B2 (P>0.05).
2.3 AR EEIK X BRI R S B F2 M

1 6 R 1, BETARH 2 B KT 1K T e, 2l gL
W, Ky 2 TRE L&A B EER
(P>0.05). talkHigi s BRI . 2K 43 0 i
Z M (P>0.05), 1H4.11%—7.11%7/K -4 fi K 43 &
AT 2.31%552.91%7K - (P<0.05). B 1 Ak i 2
TR T, ghEERILIA . Atk AR B 20k EFHE
TR, 3.51%KFWLPFE TR D7 2 2 = 12.31%—
2.61%M4.71%—7.11%/KF, 4.71%7K 1 4> f R IR
I 42 35 v T H A KT (P<0.05); B R HE i B &5 B 5
T, 7.11%K B3 m T 2.31%—2.91%7KF
(P<0.05). [l A5 il el it 2 2 /K 1 10 T v, % i
Ik, AHHE E UK 20T G B, 4.71%—
7 11%7KF B ERE 25 11 5T 42 3 3 12.31%—3.51%7K
F(P<0.05), 3.51%/K A faofl & A i B3 = TR
IKF(P<0.05); WL B i 20 T+ s G A AR 34,
4.71%—7.11%K PR3 5 T2.31%—2.91%7KF(P<
0.05), 53.51%/KF 27 A B3 (P>0.05).
24 AREERRKEXN SN RSER S ERNFMN

% 7], BE TR IR KT T =, SEELA
AR BEAR. BER. 02RSEETmBH,
PITET 1 1%K P BUAS 5 1 5 3 5 12.31%7KF
(P<0.05), HARZILR 2 TG LR, BRSEIR
152 31% 7K P IORME, HARIET. 11 %K IS 5
B Bl TR 2R KT IR T 15, BRI S R
WREARR. EUFEER. P UFEERYELT

R4 AREERK AR KRR

Tab.4 Effects of dietary lysine levels on growth performance of juvenile Monopterus albus

kL E R 7K S Dietary lysine level (%)

1 H Item
231 2.61 291 351 471 7.11
W HEIBW (g) 7.61=0.02" 7.64+0.02" 7.64+0.02" 7.63+0.02" 7.64+0.02" 7.62+0.02"
KIJEFBW 27.71:0.99° 28.69+0.37°  30.20+1.25% 34.76+1.74° 33.23+1.79% 30.91:0.92"
(8
1 # R WGR (%) 264.10£13.69°  275.79+5.14°  295.65+17.40™  355.52+22.83"  335.05+23.28"  305.58+12.00™
5 £ K2 SGR (%/d 1.430.04° 1.47+0.02° 1.52+0.05™ 1.68+0.06" 1.62+0.06™ 1.55+0.03"
(%/d)

Tk} R HFCR 1.8620.08" 1.77+0.06° 1.73+0.07" 1.530.10" 1.7620.08" 1.83+0.02°
JE # SR (%) 96.67+1.92° 95.00+1.67°  96.67+3.33" 96.67+1.92" 93.33+0.00° 97.50+0.83"
B R MCKPER (%) 114.3543.99°  123.64+4.22"  124.0243.69 142.68+8.74"  124.21+5.62° 116.03+1.42°
E[RVIBIEPRR (%)  18.70+0.66° 20.81:0.71"  20.89+0.62° 25.13+1.53" 21.24+0.96° 19.39+0.24°

A R E AT A B - BEROR 22 B AN B3 (P>0.05), ANFIFRER R 7 7 B3 (P<0.05); T IF
Note: In the same row, values with no letter or the same superscript letter mean no significant difference (P>0.05), while with diffe-
rent small superscript letter mean significant difference (P<0.05); the same applies below
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B )G T . E7.11%K PSS s E RS T
3.51%7K “F (P<0.05). EAA/TAAN39.08%—39.88%,
EAA/NEAAHT5.08%—77.88%, ¥I7E3.51% 7K Bl /5 5
KA HAR2E K TF2.31%A17.11%7KF(P<0.05)
25 ARSERERKEXTEENE. BFATE (LIEFR
opAl

FH e 8T, [l LAl k) A R K ST T, 4y afi
JETP. ALBRIAKPY) 2 m#a %, 7.11%KF MG
TPAIALB Y 3 &1 T 2.31%7K “F (P<0.05), AKP & #
1 T2.31%—2.91%7/K 7 (P<0.05), 5 H A /KF %7
AR (P>0.05). BE AR R /KT 1K T mn, 40
MIFLZME 5 BTG FRFES, MiFGOT. GPTIE
PE K Sa% e TG BtES; H44.71%KFLZM
MR T 2.31%—2.91%/K T+ (P<0.05), 5 H 4
IKF 2 7R 2 (P>0.05); 3.51%7K F-Sa i K T H
£ IKF(P<0.05); 2.91%—3.51%K T L35 GOT & 2

1K F2.31%/K F(P<0.05), 5 H A K FERALEZ
(P>0.05). Fifi 17} 4t G B2 /K S (1) T &, 40 5 T
GOTETFm#ash . MFAFGPTE % BT T &,
711%7KF FEIEGOT . 2 1 1-2.3 17K *F(P<0.05), 5
HARKP2ERARZE(P>0.05).
2.6 AR RERK T X 48 E L ERIE MRS
B ORI R0, Ak 6t 2 1 K ST o 4 i Ji
T 1 oy Bl v 1 350 TG Y2 3 52 1A (P>0.05) - i e it
QIR BT =, 4G IRAE . A% & A RgvE M2
STt BRI H, 2.91%—3.51%/K 7 I AT & A
eI M I 2 T T 2.31%—2.61%7K T (P<0.05), 5 H:
AT 2 A B EP>0.05); 3.51%KF5i & (A B
MR E ST 7.11%KF(P<0.05), 5HAKFESR
AN (P>0.05)  Fifl ARk S G K S 1) -, 4B
A0 iz G i g v Pk 2 BT IS R R, 3.59% 7K F
B3 T AR K (P<0.05); BT 166 T g i Bl 0 1 2

400 14 1 =78.025x+76.565 MOy y==0.0351x+1.7961 7 [ ¢\ y=10.2695r+2.4866
:R‘:09673 % 1.65 + R>=0.9789 18 | R2:b9817
X 350 s 1.60 | ! ° ~ E .
~ Cﬁ N 1 U
& O 55| 1=0.2114x+0.925 ST
Z 300 : e R=0.9751 2 1=0.0756x+1.3204
{2 R=0.9925 o145 | =
Fno250 ' o ! = 15t !
P X=3.55 # 140 r | X=3.53 | x-338
200 H0— 135 b . . . . 4
2 3 4 5 6 71 8 2 3 4 5 6 71 8 2 3 4 5 6 71 8
T RH &R 7k - Lysine level (%) TR =R K F-Lysine level (%) T RL &R 7k 2 Lysine level (%)
_ 2 1 145
QAN ~ 140
< |l y=—1.4768x+29.466 SN 1=-6.8321x+162.55
g ol R=0.8537 ~ R=0.8415
5 2 g 130
oc I : . o125 t
B2 =0 | ;
g 20 1 /)=511171x+6.8754 = 1=22.55x+62.245
o 19 | J R=0.9455 ;jﬂ? 115 & ¢ R=0.9459
B 18t 1 X=3.43 110 | ' X=3.41
B s b—o i o
2 3 4 5 6 7 8 2 3 4 5 6 71 8
T EHB E F ok P Lysine level (%) TRPRH i R 7k F-Lysine level (%)
B 1 AR K 545 WGR (a). SGR (b). FCR (¢). PRR (d). PER ()15 &
Fig. 1 The relationship between dietary lysine levels and WGR (a), SGR (b), FCR (c), PRR (d), and PER (e) of juvenile Monopterus albus
£S5 ARBRERKFETMERFS BN
Tab. 5 Effects of dietary lysine levels on body parameters of juvenile Monopterus albus
TR IR BR KT Dietary lysine level (%)
T H Item
2.31 2.61 2.91 3.51 471 7.11
WEAR TR RV ST 6.63+0.26" 6.55+0.25° 6.35+0.27" 5.96£0.19™ 5.3840.25° 5.75+0.30"
A Fa £HST 3.57£0.31° 3.72+0.28" 3.7240.20" 3.56+0.17" 3.11£0.25° 3.33+0.21°
A Fa £1SI 1.19+0.05" 1.23+0.06" 1.11£0.06" 1.10+0.05" 1.13£0.04" 1.11£0.05"
R A £ ST 0.23+0.05" 0.23+0.08" 0.17+0.02° 0.19+0.03" 0.17+0.03° 0.15+0.02°
A 2CP (%) 85.87+0.33° 86.60+0.35" 86.95+0.47" 87.34+0.40° 88.4140.44° 87.51£0.66™
FIEL 33 BECF (g/em’) 0.21+0.01° 0.210.01° 0.2240.01° 0.22+0.01° 0.22+0.01° 0.224+0.01°
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Tab. 6 Effects of dietary lysine levels on nutrient composition of muscle, liver, and whole body of juvenile Monopterus albus

TR R R /K T Dietary lysine level (%)

A ltem (%) 231 261 291 3.51 471 7.11
WP Muscle
7K Moisture 73.66+0.64" 72.83+0.43" 71.74+0.70" 71.29+0.81" 72.75+1.27" 72.61+0.86"
FHZK 43 Crude ash 1.09+0.02" 1.06+0.02" 1.02+0.03" 1.03+0.03" 1.09+0.01° 1.06+0.04"
AR B Crude lipid 5.11£0.22° 5.67+0.21° 7.77+0.07" 8.08+0.16" 6.63+0.11° 6.41+0.23"
12 [ Crude protein 19.50+0.07¢ 19.9440.09" 19.8740.27" 20.2620.08" 20.5740.09" 20.65+0.01°
BT ELiver
7K Moisture 70.24+0.34" 69.31+0.29" 69.77+0.20" 69.06+0.77" 70.21+0.56" 69.23+0.30"
FHZK 53 Crude ash 0.90+0.02" 0.82+0.01° 0.74+0.01°" 0.71x0.01°" 0.80+0.18" 0.81+0.03"
HLIE i Crude lipid 4.0040.52° 4.5940.15% 4.77+0.09% 5.32+0.10 5.35+0.06" 5.71+0.26"
12 9 Crude protein 7.61£0.21° 7.69+0.08° 7.56+0.15° 7.85+0.06" 9.10+0.66" 8.98+0.26"
4= Whole body
7K 43 Moisture 71.8340.67" 70.62+0.44" 71.15+0.30" 70.66+0.62" 70.50+0.50" 71.59+1.04"
FH 2% 5 Crude ash 2.40+0.03" 2.10+0.02" 2.25+0.03" 2.14+0.01° 2.05+0.01 2.07+0.04%
HLE 7 Crude lipid 8.91+0.19° 9.29+0.36" 8.88+0.13° 9.8240.23° 10.70+0.42° 9.51+0.06"
#LZE 1 Crude protein 16.55+0.21° 16.89+0.04™ 16.90+0.07™ 17.49+0.04° 17.09+0.16 16.87+0.06™

xR 7 AREREK T SEEA P EEEE S 2R
Tab. 7 Effect of dietary lysine levels on amino acid content in
muscle of juvenile Monopterus albus

kLR R 7K P Dietary lysine level (%)

i H Ttem (%)

231 3.51 7.11
KA IRAsp 6.70+£0.04"  6.48+0.04>  6.76+0.01"
JR5 B Thr 3.14£020"  3.10£0.02°  3.20+0.01°
225 R Ser 2.77£0.01°  2.68+0.02°  2.79+0.01°"
BEHGlu 11.1840.04"  10.87£0.07° 11.35+0.01°
Ji#% i Pro 2.91£0.02°  2.6840.03°  2.81+0.01"
HE MGy 438+£0.04°  3.79£0.07°  4.03+0.02°
FE R Ala 4.49+0.01°  420£0.04°  4.38+0.01°
Bt & i Cys 0.75£0.01°  0.74+0.01°  0.79+0.01"
R Val 3.33£0.01°  3.27+0.02°  3.36x0.01°
E R Met 1.94£0.01°  1.99+0.02°  2.12+0.02"
REA Ele 3.1940.02°  3.17+0.02°  3.26+0.01°
Z 5 M Leu 5.35+0.01°  5.22+0.04>  5.36+0.01"
Fi% S BR Tyr 2.15£0.02°  2.25+0.01°  2.30+0.01"
KN R Phe 2.85+0.03°  2.75+0.02°  2.85+0.01°
ZH & FRHis 1.6240.01°  1.61+0.01°  1.63+0.01°
AR Lys 5.97+0.02°  5.95+0.04°  6.15£0.01°
KA R Arg 4.41+0.01°  425+0.04°  4.38+0.02"
B R Trp 0.76£0.01°  0.78+0.01°  0.79+0.01°
HEFIERTAA 67.87£0.06° 65.82+0.51° 68.32+0.07°
DFRAHEREAA 26.52+0.04> 26.25+0.19° 27.09+0.02"
JEMBEEMNEAA 35.3240.01° 33.7120.28°  35.21+0.04°
JAEEILBHEAA  6.03£0.02°  5.87+0.05°  6.01+0.02"
EAA/TAA 39.08£0.03° 39.88+0.02° 39.66+0.01°
EAA/NEAA 75.08£0.11°  77.88+0.07° 76.94+0.03°

e M FREERR . LRI LR R NS br ik
i

Note: Essential amino acids and semi-essential amino acids
are calculated with adult requirements as reference standards

S TG T B AR S KT ) 2 7 A B35 (P>0.05)
2.7 AREBRERKEXT 4 EERT A E B R SHE X
EEBEMRIEENFNT

I 207 %0, 3.51%7K P4/ IEmTOR S6K1
JAGF-1{P A% RIA 8 835 5 T2.31%57.11%7KF
(P<0.05); 2.31%7K V- elF4E-BP2[) A %o} ik B B 2%
= T3.51%57.11%7KF-(P<0.05).
3 g
3.1 EAREEER KX HEEE KM AR AR

W R AR 2R )0 T E R, X AR K
REABEREEH. EARARKF, B R R K
(T, gk i A K Mg 2T R e R, 18
3.51% K FAEK A . 16 A S e 8 45 4 R i Ak
TR0 AR DL-36 2R, (H B = sl &2 19 3 U R
) S W SR TP I S S R T A, 2 i) L A R R A )
F . TELLHE 7R 5l Takifugu rubripes) 4., i fig
. (Myxocyprinus asiaticus)" 4] 1 [RIRFF 7¢ it 4 2%
A EE R . HIHEE R L& A (mTOR) A] /5 f 42k
KRN A TEIBE, X8 77 2= BUR I mTORC LB S
Ja, FUFHE R -FSeK 1 # i1k, HHileIF4E-BP2
(12 ik, WomE A R AR MmO R
GH/IGFAE KAl (175 K7, IGF{5 5 7E M L3 Ak
KREPREEEER. ERRKT, 5231%
KA EE, 3.51%KF LA T FFEmTOR. S6K1)%
IGF-1HIAEX RIS 5, FR1K T elF4E-BP2WI AT ik
o XU S E R R KRGS T mTORFIGH/
IGFf5 5l %, it shEE K MEARE W, £7 8
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B W (Carassius auratus gibelio)m]ﬂl 8 R G (Plec-
tropomus leopardus)” f) BT 7€ ot F AL FR) 45 5
5 HAh 9 5 T 190t 58 A0 b, ARG & 2 PRRAN
PER i ™", TIFCREE Ml 1% Al g2 o T 37
B sk A R 5 0 ) 1) B B I R (R T 32°C R 2K
i FRTE R B [1]35.56%), M8 15 B i b T NECIRAS, &
BRUBOR TR . PR 4 a0 EEAE UL R R
fie P Y A1 O AR 900 L B A R SR RS . LAWGR,
SGR. FCR. PRR. PERANVEA$EFx, il il 41 £& 7]
VA4 Hh & i 1) e R R R e oK 93.38%—3.53%
(6.57%—6.90%), LA (&5 18 RE 8 B 5T K P o brife, Bt
G B T 4 1 (11 2.07% (5.44%)" ", T 8 1)
2.60%—2.97% (4.91%—5.60%)"", FlAMi(Lateolabr-
ax japonicus)ff12.49%—2.61% (5.80%—6.07%)"", {H
(6T Elopichthys bambusa) %1E1113.40% (7.39%)"",
5K AT 11 3.34%—3.37% (6.49%—6.55%)""

AR .
W5 R I, LLAE K R PR F8 A5 K 7 1 (Salmo
salar L)Y, B8 (Acanthopagrus schlegelii)”>" 5 4
%<8

KA SRR IR SR IR PO R, 16 K7™
BT TE A X AT B2 R OAS UL 5 IR Y4 R AR
G Ak, HR e A eSS kI &, H—
B ORI, ARSI R A A TE
B, (B LEAL 88 (Oncorhynchus mykiss)™ . 23
LU0 (Moronesaxatilis<M. chrysops)”“HIRF 5 71 3
RRIFETHEN . WA E B TTE NN —FH KIS
A g IR RILE L KRS |, Dong %R HUETHL:
IR =15 BN Macrobrachium rosenbergii)
LV R B B, VB SR LB SRR R
THNE IR LR K, A s 31 1 e 0 KB 0 R AR PR
AT 255 ETH R RS . AT, &
AR R 2 B gh Bl AR K VERE T %, 2.31%7K-F4h 5L
PRSI & e i, (R SR Sk oK
JRECAE M . Huos ™™ LA B R S 0 850 1 2
KICREM, (HFRAS T Hfueme /). BRI, X T B2
BRI SRR IR UL R — PRI
3.2 AREERERK T HEER A S BAVER
TG IR AR R N R . A5

TR RBR K E AT LNEEME « AT AE S ALIRIR AR

Tab. 8 Effects of dietary lysine levels on serum and liver biochemical indexes of juvenile Monopterus albus

TR R IR 7K “FDietary lysine level (%)

151 H Item
231 2.61 291 3.51 4.71 7.11
I3 Serum
MEEHATP (g/L) 34.63+3.85 39.74+4.81% 46.06+4.27" 45.84+4 37" 47.724551°  50.18+4.56"
F17& FIALB (g/L) 8.51+0.80" 9.85+0.37" 10.54+0.87° 10.61£0.52° 10.750.54" 11.97+0.87"
R B IR R AKP 0.56+0.10° 0.88+0.22" 0.92+0.28" 1.54+0.07" 1.90+0.67" 2.2240.36"
(£ K H47/100 mL)
155 Sa (umol/L) 136.42£7.77°  124.0545.75°  123.63x1.66°  108.78+0.71° 128.72+£5.94°  143.02+4.39"
AHERHEYELZM (ug/mL)  1281.20+£142.67° 1488.15+129.98™ 1510.90+164.92% 1879.94+174.98" 2149.13+288.63" 2018.96+242.23"
R BEGOT (U/L) 6.30+1.06" 4.48+0.33" 2.90+0.60" 3.0140.78" 4.29+0.96" 4.68+0.58"
B HNFEAMGPT (U/L) 1.99+0.35" 1.49+0.33" 1.45+0.46" 1.48+0.22° 2.19+0.32° 2.23+0.89"
B ELiver
REFEGOT (U/gprot)  12.17+0.85° 15.93+2.28™ 18.66+1.65" 18.83+1.56" 18.86+1.59" 20.2442.52°"
BNFEABIGPT (U/g prot)  15.31x1.38" 18.09+1.75° 19.76+0.82" 20.2240.87" 19.10+0.58" 18.68+2.15"
T 9 ARBERERKEITEERTERAE. BIRABEE M AIR N

Tab. 9 Effects of dietary lysine levels on digestive enzyme activities in hepatopancreas and foregut of juvenile Monopterus albus

VAR R K T Dietary lysine level (%)

i H Item

231 2.61 291 3.51 4.71 7.11

JT &k Hepatopancreas
HE A BFLPS (U/g prot) 1.46£0.15" 1.65+0.27" 1.61+0.20" 1.71£0.18" 1.86+0.19" 1.6940.08"
& A BFTPS (U/mg prot) 75.79+10.59°  82.7743.11°  108.174#4.04"  107.80+8.88°  96.57+4.11°  94.35+6.55"
VEREFAMS (U/mg prot) 0.59+0.29° 0.46+0.24° 0.61+0.25" 0.81+0.11° 0.62+0.14° 0.8440.23"
i 7 Foregut
JiE WilELPS (U/g prot) 3.49+1.85 6.13+0.37° 6.79+1.05" 10.21%0.59" 6.64+1.28" 6.26+0.53"
EHEFTPS (U/mg prot) 103299.60- 106732.50- 103911.05+ 120568.67+ 83889.73+ 71762.37+

16827.24" 11655.16" 20000.41° 7039.39" 11920.01° 3815.82
VEREFAMS (U/mg prot) 1.17+0.26" 0.99+0.09° 1.31+0.40° 1.48+0.43° 1.19+0.09° 1.05+0.10°
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[12.31% EX33.51% EZA7.11%

bb
NG AN LN

mTOR S6K1 elF4E-BP2 IGF-1

FH*t ik FRelative expression

K2 TR R K X EE I IEmTOR S6K1. elF4E-BP2F
IGF-THIXS R ik B 52

Fig. 2 Effects of dietary lysine levels on the relative expression of
mTOR, S6KI1, elF4E-BP2, and IGF-1 in the liver of juvenile
Monopterus albus

H, 4.71%7K 7 VSLE 35 1K 1 2.30% —2.91%K 1,
CPIU 2 2% 7 T2.30%—2.91%7K ¥, 15t W] 1 B Fy 6t
TR AT B 1 I o st PR AR %, 7R 2 Y B g
AFF A i I3 2 2 P T R 0% P IR £ f¥T VS TRITHES,
RECP, (£ % 8wy bt B VSIFE AR
AR AT T B T RS LTS, HiE R
= AVSIEETH.
3.3 (AR RER KX HER AR S IR
ARIG B PRk A R KT R T L, SEEILE
HEAREEREL I EREB, aa, it
FE AR S &R0k ETHE MBS, X 5PRRILS
B —F, 16N % R (Polydactylus sexfilis)™ %))
1, KT 6T (Atlantic cod) A1 #H ] 1 45 5
XA g S RN TE R R = I 0 N 2 TR e % st
DAL I, R 3 £ R R e PRI AR FE N T
SRR R A K, TS R s, 454
BB R TR, 18 2 REIRR S 55N
fig it e A PR R A HE R RS o 2 s Rt v]
RS R 2R B W WSOR S A LA 2 1 o AR ik
Mo R R RE 18 I A R AR (R B B IR 17 R e
BRI R, TTTE NS5 B- S p A E B
A A T SIS 2 I e % (2 IR A AT /> 1
PRRE YRR FEAR IR, B PR R K S
Thi, SR, AR & & 2k IS TR
Fadh, FEHLAR I & B b ds . e onat e
giya b R UL PAREL R 17 B A5t 22 R 7K ST 1) - v e
&5 T B, 1273k 85 (Megalobrama amblycephala)™’
PR 5 I i 304 KL T B R S R KT R v e
FesE JE s X W] AE R R IE B E B P T
o)1t IR e P, DT B2 1y 17 I 5o g I 11 ¥ A%
W RE 1, B A R Bt — 0 ot RG22

1545 AR W BRE ok 2 hr R BB ) 5 32 1 %2, /D LA
RGN, R RO 2 0 TR B, kL R K
b A K 43 TC SR B s e AR IR, B
KL R AT T i, S 4 fUK 73 R ka3,
104 5 55 Cynoglossus semilaevis Gﬁnther)m]\ L
T T bt R LT R R RO 45 R, B R R R
=BT
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A FRE TR IR T IS R R A
el AREG b, Bl TR B K T, BRAE A
FRTE2.31% /K- fe NE, HAREEEIRIIAET. 11%7K
PHEUS IR . SIEENLALE BRI
R TR IR B0 F G _EHEass, B7E7.11%KF
HAS R B . XU I 2 5 TR R DU T 75 A
MR b A A K R A R YA R TR
B 2 —, AR S 2N LA EAA/TAA
>H39.08%—39.88%, EAA/NEAA 975.08%—77.88%,
HI7E3.51% KBS R AR, i BHIE B R KT
REMS S i 4 FUL A 4 T B SRR I L 451
35 EARBERERKELEENTE. FFIEELIERR
oA

I35 A A A8 bn T 40 2525 HH 222 W LR o2
HOE TR A ek IS TP A 445 3¢
WEARIBIE K, 128 %0 2 M AR R 1 Th B, 15 ALB
eI 3 E B R A A, R Oy B R
S 08 I (11 7, 3 90% I LS TP LA K B A (1
I35 ALBA2 B IE & B, PRI I TPAIALB AT BL A
R S WA BTN e o 2R 0 IS S IR Ay AR Y
(1) = BP0, i B RIEAR = A &, 7 I
BB, BT H AR AN R i % (Sa) B
BT DA R 5 R B L. TEAS RS
i, BE TR R KT B T, 40 VS TP, ALB
25 BT T REERBS, BWET11%/KFRE
ORAE; Saf2 ot T JE LT3, 3.51%K A &k
8. TER}H A BE fi(Epinephelus coioides)''4) fi1 I
WA A R R 3 o 3 T FH 30 R e = {8 79 &)y M
PR FE R 40 A U E %, BE B R R KT T,
A AR, AR S BRI N, 2R
A AR I 22 S E G R T B TP, ALBE R
SEFAY, SaE BT,

B R A B (GPT) E B T T, B &
FE(GOT) T B oA T 0L, FIRTEFFE . B ISE4
R, —HAE AR R BRI T R AR
2R 7 200 P B2 A5 N, 4T I 5 T R, IR N T
GOT. GPTREHA I, A 75 I AE i i g v Tt =,
HCE FOR VAN LR R A AT Shae i ol . A
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B, MIEGOT. GPTHETAEL R IR /KT K Tt
FI6 N E LTS, S GOTHE2.91%7K 1 S
B /ME o JHEIEGOTE fal b i 2 R 7K ~F O T s 52 5%
BT ERRE RS, 1E7.11%K P B O, FEE
GPTE %6 ETHE TR, 7E3.15% K F 45 i
KNEHESHRAKEERARE . EFFil(Sebastes
schlegeli)™ "%t . 8%t (AT 5E ob A AL
S5 UL BB RR K T BE W 4 0 4 6 I
FMGVEVE, 3G 58 H0) U R R ROSCR F 5 g R ok
Z AN 22 5 1 )y 6 8 FERR AR,y B 3 SRUTAR,
I AT BERT I 40 & B A5 T

B PE IR I (AKP) RE FLE: 2 5 AE M)A B IR 2 4]
HIEe R A 1R, 5 HESh P Ry A AN R B 2y
WA 2%, A2 BN 8 IRt AR AU FH v 4 B
TR, RAKAESI A KR 1 fEA0R
Borrh, gl fg i AKPRE AR R 7K~ B T s T
TR, 2Byt R B 7T PR R L AK PR PR
KT (T 5 T e R et g SIS
PLTE B KT [ 80% 48 22 B i IR #h e i & Fe my B
AT T S AKPIETE . 31X U B
RL Re g (e 3k 4t 8 IR B o, i B R
T A B2 AR L I75 AKCP AT 6 2 8] g AN [ £ 288 0] At 2 PR
o BT 32 AN o 9 R (LZM) 2 E 48 7
(o — A7y b Bl , A7 7 T & A 2 23 (o v ) A1 7 T
PR, 2 2R Ry 7 G 5 10 B A BT
gy o ARG, ik i 7 LZMBE R 2 R 7K T 1
Thim 55 ETHE & TR ERE S, 1E4.71%K-F K
. WulsU B AT R IS B R R KT B 1R
e 1 PLE B 4 B LZMBE R (1 3 s Ko B B
BB /K T BE ik 25 12 e 4 B e e A S
R IREN
3.6 TEARFEEKEXSEERTIE. BIRAIHLERE
E3:0EA0)

A EEAIEE AR, B RN, B
IR FEA R RUIATER Ik, 25
B2, NEWitg, H A SERE SNy T, B AT E IR
YR, FE XA AR K R B ROV
AR T, BE TR L KT B T R, 4
JE T B B R R e T R T BRI , 2wl AE
2.91%H13.51%K VB 15 5t KAt . Lin%"e i 2
(Apostichopus japonicus) b I LA & B 1 AH [F] (1
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DIETARY LYSINE LEVELS ON GROWTH PERFORMANCE, BIOCHEMICAL
INDEXES, AND PROTEIN METABOLISM RELATED GENES OF JUVENILE
RICE FIELD EEL (MONOPTERUS ALBUS)

LIANG Li-Wen', ZHOU Lei-Tao', ZHOU Qiu-Bai"*’, WANG Zi-Rui"**, YANG Zhu-Qing"*”,
HUANG Guang-Hua', HU Yun-Song', CHEN Xi-Huan', CHEN Kai-Wen',
HUANG Hao' and ZHANG Ya-Zhou"*’
(1. College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China; 2. Institute of Special

Fisheries of Jiangxi Agricultural University, Nanchang 330045, China; 3. Nanchang City Key Laboratory of Featured
Hydrobios Nutritional Physiology and Healthy Breeding, Nanchang 330045, China)

Abstract: A 90d feeding trial was conducted to determine the dietary lysine requirement of juvenile rice field eel
(Monopterus albus), with an initial weight of (7.64+0.04) g reared in indoor aerated tanks. Six isonitrogenous and
isoenergetic practical diets were formulated with graded levels of lysine (2.31%, 2.61%, 2.91%, 3.51%, 4.71%, and
7.11% dry matter). The result showed that: (1) The weight gain rate (WGR), specific growth rate (SGR), protein reten-
tion rate (PRR), and protein efficiency ratio (PER) of M. albus increased firstly and then decreased with the increase of
dietary lysine level, and the feed conversion ratio (FCR) decreased first and then increased. Conversely, the FCR
decreased initially and then increased. A dietary lysine level of 3.59% significantly improved the WGR, SGR, PRR,
and PER and reduced FCR (P<0.05). A level of 3.51% significantly increased the relative expression of mTOR, S6K1,
and /GF-1 in the liver, while decreasing the relative expression of elF4E-BP2 (P<0.05). (2) With the increase of dietary
lysine level, the crude protein in the muscle of juvenile M. albus increased firstly and then plateaued, while crude fat
increased firstly and then decreased. The 7.11% lysine level significantly increased the contents of crude protein, total
amino acid (TAA), essential amino acid (EAA), and non-essential amino acid (NEAA) in muscle (P<0.05). The 3.51%
level significantly increased the crude fat content, EAA/TAA, and EAA/NEAA (P<0.05). (3) With the increase of
dietary lysine level, the serum total protein (TP) and albumin (ALB) showed an increasing trend, and the 7.11% level
was significantly higher than the 2.31% level (P<0.05). Serum glutamic oxalacetic transaminase activity (GOT) and
serum ammonia (Sa) decreased firstly and then increased, while lysozyme (LZM) activity increased firstly and then
decreased. Sa at 3.51% was significantly lower than that at other levels (P<0.05). GOT at 2.91% was significantly
lower than that at 2.31% (P<0.05), and LZM at 4.71% was significantly higher than the level between 2.31% and
2.91% (P<0.05). (4) The activity of trypsin in hepatopancreas and foregut, as well as lipase activity in foregut,
increased firstly and then decreased with increasing dietary lysine levels. Levels between 2.91% and 3.51% signifi-
cantly increased trypsin and lipase activity in juvenile M. albus (P<0.05). In summary, the appropriate dietary lysine
level can improve the digestive ability and non-specific immunity, promote the expression of GH/IGF and mTOR path-
way related genes, and enhance the protein deposition, thereby improving the growth performance of juvenile M. albus.
The optimal lysine requirement of M. albus (7.64+0.04) g is estimated to be between 3.38% and 3.55% (6.57% to
6.90% of feed protein) based on a broken-line analysis of the relationships with WGR, SGR, FCR, PRR, and PER.

Key words: Lysine; Growth performance; Biochemical indicators; Digestive enzyme activity; Protein metabolism;
Monopterus albus
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