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A5 ARBEG R0, W2
SRS L B = IR AR Y, TR R AL
ATUENRY EES SEARMAS R, &L
ENEFRDFSEIERAERET . REVLHEM
R A P2 . Zhao S5 AR I & BE, 1A
B I8 R /KT 7T 3 B v A4 AL il [Pelteobagrus
vachelli (Q)*Leiocassis longirostris (3] T A= K 34
F (GH) FUFIE IR 2 = A A K -1 (IGF-1) 1y
ik, Mg A K PEfE . Dong 587 WF5E R,
I B R B Z 2 IR A (Ctenopharyngodon idella)
A PO BE ), JF 445 £ S8l T8 R A g
AR, EXTILS R R, HRR
R R Bk = Bt AR s R IR A 2 rh AR
BTry A, #EmsmAUA R AR LT Y, Mk
PSR 2] T R R 451, L, S E AR
TR 1) 5 A 0 28 TE 5 AR R B I E SR

K O B (Micropterus salmoides) 14 FR M
iy, 1983 AEG|I AT R4, I EA AR A
Prows b . IR BT EESE | TS A IR O o T
WEMAET A, W T4k ™ &1l K
PP RhZ —0 BRI, AT 2R o Y i 3
B A T B DL B vk e fn o, TEORHR H R AR
i, HAKARB L™ EM, R, & i & e
TR G EAE AT o B 2 5 1R W Al 2 R
P& 15 T ) XS PR B AE R R i DR ) R R
Ty i R O 1T R B 5 R A 7 ) Y R AR
Z— o ASLES B AR S AR b ) O A R o
RN 5 IR ARSI 5 A X R B 4] )
PR K HUAR AR . R R e g iy g m, L
109 1k B 25 2 TR VA 48 R T 2 LR A A A AL
il SRy ) R PR R AE R 1R i Rk 7l Y
T 5CF FH B B R, o B R A K
TRk I 5 A P AR AR R e BR A

R U E SRS RES

1.1 LA

A S 06 A Rk LA A1 R T B 0 TR b g 32 B
EAHE LT EIERANINZE ), famfks
URwEAE A E RS IR, BeH 3 Al A AN R KSR
TR 46 S, CRLAE I 24 54.7%) 2518 CRILAS 7 24 12.6%)
WoR (R 2), Hi, JRaE XA (TO) E &
65% ik MK/K V75 & ER AL (LT) 1 FH % 4 9 39
W e Bk, TR I &R LA B
Dol E IR (EAA) B ALK ALK 5 IR & BRI
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ZH (TS) & LT A 1k #h 58 758 2 1R 2= TC K.
T ek UL 22 320 pum B 99 B 26 S 328 — i A FEAL
R A, I A IR R A K S IR A AT
il HRL AL (B RS B TR 2% F-26, T M) H
BAA W BUBURL . fRDRHBURLTE 45 °C F T 2K
Iy E N 10% 24T, ABAETE-20 °C VKAR T E
R 3 F e A s SRR 41 AR (35 3).

xR 1 ARREBFREIRIG R
LEEERER (TE)
Tab. 1 Essential amino acid composition of

the fishmeal and poultry by-product meal (dry weight) %

NI J7¥l  ingredient

essential amino acids Ry TG Ky
fish meal poultry by-product meal
W5 Lys 5.38 3.88
HHEMR Met 1.91 1.26
FER  Leu 4.88 4.33
JEBR  Thr 2.88 2.45
AR e 2.89 2.46
HHEBK  Val 3.30 2.93
KN  Phe 278 2.55

1.2 IRAeMIBFH

S i P AR DR 1 SR B )N T e 37
FEAE B DTS R 2K ™ FR 5 PO AT AR S0 5, 52
B IF AT, A TC iRk R KM 2 1k (8:00 I
17:00) = RN, Frge 2 ), 0 £0Z i a5
WAL . S TFAR AT, TR AR 24 h 5
fIoRE, RMVIRIR &, HP R IR = A
(4.16+0.02) g 1Yy K 1 28 65 B AL A 300 L 7K % 4
o, BHIRFE30RE, B E4NEE .
B R 2 YK (7:00 F1 17:00) £ K 10 R by H EH]
MWIME, oS AR KRR BOKIR, FREE 8 JH. R
SCI = R K IRAE R GE, SC 5 KR
AERFAE 24 °C, WfRA SN 6.0~7.0mg/L, NH,-N
} 68~100 pg/L.

13 HmRXESEKERNE

SEITFUART, FEMLPkIE 20 FE4xfi, F 100mg/L
THEB (LFEGARAR, E ) #E17 R
5 URE , BRI GR fa AR B4 AR . 1R 37 8 S
Je, FPA R ITBREERE 24 h, B X T A L FR R
THEC, SRJG RRGRL AL 4 5% 0 FH R 72017 R

R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

12 1 VFEEEE, % BYIOS R R B AR AR I ARDEL h b S8 T3 &R 6 R F R AR MR L A I 0 B 1 5 iy 2031
F2 ZWIARERK (TE) =3 AREERRAEARK (TE)
Tab. 2 Composition of experimental Tab. 3 Amino acids compositions of
diets (dry weight) % experimental diets (dry weight) %
TiH L diets SR Tk diets
items TC TS LT amino acids TC TS LT
JER  ingredients WEEHEM essential amino acids
faf}  fish meal 65.00  0.00  0.00 PR Thr 2.03 200 178
TG R} poultry by-product meal 0.00 65.00 65.00 AR Val 232 232 234
KHZHR  wheat meal 500 500 5.00 HEB]  Met 134 129 131
AWtk wheat gluten meal 12.00  12.00 12.00 st AR e 193 190 194
i fish oil 450 150 150 SRR Leu 354 354 353
KEIIBEAE  soybean lecithin 150 150 150 AR Lys 346 330 331
FERRAY  AA mixture! 000 279 279 FEm  Arg 270 310 3.12
L-77%f L-threonine 000 022 0.0 WA Phe 202 200 199
Vi alanine 301 000 022 MR total EAA' 19.36 19.46 19.33
I\\FE =
#%—%5 monocalcium phosphate 150 150 150 JELTFEEM  non-essential amino acids
VCHVE (1 1 1) 0.10  0.10 0.10 RAZM Asp 151 146 146
HER  Hi
SULAERE  choline chloride 060 0.60  0.60 ARM His 41 356 3.56
WA
Z 4 vitamin premix’ 050 050 050 AR Ser 1.83 186 1.83
%" mineral premix’ 150 150  1.50 M Glu 737 751 1753
; . A/ Gl
PURALA  antioxidant 005 005 005 Iram - aly 286 444 449
. =R Al . .
Fi#57 mould inhibitor 0.10 0.10 0.10 HEE Ala 369 307306
FE% iR Tyr 1 172 1.
YR cellulose 464 764  7.64 = Y 58 7 70
HEN 228 326 324
EIRRS> nutritional ingredient
FHR  dry matt 89.54 8991 89.41 RAPRTACER  tolal NEA 2721 2687 2687
i ry matter A . R
HEER  crude protei BEIER  total AA’ 4657 4632 4620
i crude protein 5449 5482 5449 — s =
0 P VE: 1A T AR 2. WA AR A 3 A
HEWT  crude lipid 1213 1274 12.88 By =Y I il
sy h 1581 1583 1539 Notes: 1. EAA (sum of free essential amino acids); 2. NEAA (sum of
Kor  as . . .

W BB NEE67.09%, HAENI9.47%;: EWEAGPIK A E E
J5166.10%, MNEH12.06%. 1. EEFRIE A1(%) AL-H 2 #20.55, L-
FEEER0.22, L-RARR0.26, L-#iEF0.84, L-EEE0.37, L-%
HNEER0.10, L-taZ[20.02, L-#i%ER0.17, L-B&ZER0.14, L-4-M
F£0.13. 2. EERIBAY (mg/kg) N4EAERA 16 000 1U, 44 KB,
17.80, #E4=%B,48.00, #4E4%B(29.52, #4E4%B, 024, 4EEHC
800, 4iEFED, 8 000 U, #4EAFKE 160, 4iEHRK; 14.72, MHBLH
79.20, MR6.40, ZERE573.60, HEMF0.64, WIEE320, AJE AT
100, 3. W HIFIRAY (mg/kg): Co (COCLy) 0.24, Cu (CuSO,4) 2.00,
Se (Na,SeO3) 0.18, Mn (MnSO,) 6.20, Fe (FeSO,) 21.10, Zn
(ZnS0,) 34.40, 1(Ca (105),) 1.63, Mg (MgSO,-H,0) 52.70

Notes: fishmeal is protein 67.09%, crude lipid 9.47%; poultry by-product
meal (pet foodgrade) is crude protein 66.10%, crude lipid 12.06%. 1. AA
mixture (%) are L-histidine 0.55, L-isoleucine 0.22, L-leucine 0.26, L-

lysine 0.84, L-methionine 0.37, L-phenylalanine 0.10, L-tryptophan 0.02,

L-valine 0.17, L-tyrosine 0.14, L-taurine 0.13. 2. vitamin Premix (mg/kg

diet) are vitamin A 16 000 IU, vitamin B;17.80, vitamin B, 48.00,
vitamin Bg 29.52, vitamin By, 0.24, vitamin C 800, vitamin D3 8 000 IU,
vitamin E 160, vitamin K3 14.72, niacinamide 79.20, folic acid 6.40,

calcium-pantothenate 73.60, biotin 0.64, inositol 320, L-carnitine 100. 3.

mineral premix (mg/kg diet) are Co (COCl,) 0.24, Cu (CuSO,) 2.00,

Se(Na,SeO3) 0.18, Mn (MnSO,) 6.20, Fe(FeSO,) 21.10, Zn (ZnSO,)
34.40, 1 (Ca (I03),) 1.63, Mg (MgSO,4-H,0) 52.70

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

free non-essential amino acids); 3. TAA (sum of free amino acids), the
same below

g, W AR IR R R A B
i, X IV R ZH 2 R A ) AT

SRR, MLBCR AR B # KGR, LRAEATE
3000 xg, 4°C FE.Lr5min, BT R EH0E

DB, AT RS RT3 T IR0
MR, BABELEPE TREMT ., BEEEE
S5, A FE A —80 °C vKA TP B A7 o

1.4 MREIBEWIEFRNE

i FH A 3l A4 Ak 43 B4 (Sysmex 23 &), CHE-
MIX-800, H A ) Xif il H B8R (S (TP).
Hil =88 (TG). MH[E EE (TCH) B9 & & LA 5 T
e A W (ALT). 7&?%%&@& (AST). FLER A0
(LDH) W3 PR SR 1700 5 4317
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1.5 I35 e | AL KRN E

I 5E 7 B LR (FAA) BT FH 1 i 5 A 5 7l
O RS AR PP W O o B Il A
4°C ), 0.4 mL T 2mL &E.LEH, MA
1.2 mL 10% B3 KAHIR , /1R S5 ##E 5 min,
13 000 r/min, 4 °C B.0» 15 min, B WS 0.22
um JEE, DR R RAIR R R BT, A
4 HBhEFERRKG Y (L-8900, HITACHI, Japan) £
N1 A = S A LU £ /S K B s a1

1.6 SEBfEE PCR(qRT-PCR)

JFF B 0 JUE 9 3 RNA i B Trizol 3 (v &
Vazyme Y ARABRAF]) #2500, 43513 H Nano-
Drop 2000 43¢ % 11 (Thermo, NanoDrop Tech-
nologies, USA) il 1.2% %t JIg 4 5 Ji HL ik 25 I o2
RNA H) & &M, ] DEPC /KHK-3K751 cDNA

B R B 2 80 ng/pL HI T SE I % £ PCR 437 i
H] Hiff® gPCR SYBR Green MasterMix ( I~ 7 ] 3%
YR ABRA T, HE) #17 gRT-PCR K o
qRT-PCR AYHAIEIHFEF . 95°C 3 min, 95°C 155,
60°C 15s, 72°C20s, 40 REH . 74K PCR
S5O HEAT A AR I S o AT, DABR DA IX 2 S R R
IUAFAE 1A PCR =4 . H A 356 R A0 HE 6 26 kK
S e # C, 0 (R M, L TC 4
FIEEIEN 1. AR [ g WLshEH (8-
actin) RIAEERFARE, MEHNSENK.

FIH Primer 5.0 & 31514 (% 4), qRT-
PCR 43 #7 1 AL 55 WA 35 o 9 3 I 2 93l (PK) 11
e R A 1 =X TN T PR Bl (PEPCK), il I R A AR
1 3 A AR 3G B 0TS 2 1K o (PPAR-)
T AL ) AR B B D U A2 AR B (PPAR-B) Fil 2 Tk
il A RACEE 1 (ACCL), H ol =Wa & S b

R4 LECEEERARSIATIR

Tab.4 Primer sequences used for real-time quantitative PCR

FEH IE 314(5~3") SIAG14(5'~3") Hif

genes forward primer (5'-3") reverse primer (5'-3") purpose
WBRHOCEIETTAT  key regulators in glycolysis
PK CTCTTTCATCCGCAAAGC AATTCCCAGGTCACCACG RT-qPCR
PEPCK GGAAACGGCCAACATTCT GCCAACCAGCAGTTCTCAT RT-qPCR
BB KSR I T key regulators in lipid metabolism
PPAR-a CCACCGCAATGGTCGATATG TGCTGTTGATGGACTGGGAAA RT-qPCR
PPAR-f AGCACCTCGCCATTTGTAATCT GGACCCCAATCTCCTTCGTC RT-qPCR
AAC1 ATCCCTCTTTGCCACTGTTG GAGGTGATGTTGCTCGCATA RT-qPCR
DGAT1 CACGCCTCTTCTTGGAGAAC AATGGTACCCACAGCCAGAC RT-qPCR
LPIN1 TCCTACGTTCCCGAGAGAAA TACGAGGGAACCACTTCCTG RT-qPCR
LPL TTCCTCGACCCTCTGAAAGA GGAGTCAAGTTTGCCAGGAA RT-qPCR
MGL AAGGTTTTTCTGGCGAAGGT CGTGGAAGTTCAGCTCATCA RT-qPCR
HSL ATCAGAGCTGGAGCACCCTA GCAGAGGAGAGCAGAAAGGA RT-qPCR
SR RGKSEIATET  key regulators in immune system
TNF-a CTTCGTCTACAGCCAGGCATCG TTTGGCACACCGACCTCACC RT-qPCR
IL-1p CGTGACTGACAGCAAAAAGAGG GATGCCCAGAGCCACAGTTC RT-qPCR
IL-8 CGTTGAACAGACTGGGAGAGATG AGTGGGATGGCTTCATTATCTTGT RT-qPCR
IL-10 CGGCACAGAAATCCCAGAGC CAGCAGGCTCACAAAATAAACATCT RT-qPCR
TGF-p1 GCTCAAAGAGAGCGAGGATG TCCTCTACCATTCGCAATCC RT-qPCR
GST AACTTTTCGCTGGCTGATGT TCTTGTCCCTGTGGGTTCTC RT-qPCR
SOD1 TGGCAAGAACAAGAACCACA CCTCTGATTTCTCCTGTCACC RT-qPCR

https://www.china-fishery.cn
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(9 L H B B W 1 (DGATL), ARSI &
B 3 i A b B B RS W IR K A B 1 (LPINT).,
JE & F AR (LPL). FAM8E H i i 17 il (MGL) Al
MR BUZNR VB (HSL). qRT-PCR BT 1 i
WIEIHF o (TNF-0). F 4142 1B (IL-1B) Fl [
AL A 2R 8 (IL-8) AFfe RALANMIN T 5 F1 A0 S
# 10 (IL-10), #fbA= K P+ B1 (TGF-B1) 4L 4
o0 PR 5 T 4 B AR Y A DE T K 5 8 g
(GST) FilE A AL W) E AL 1 (SOD1).

17 HEAK

B 2R (survival rate, SR, %)=N,/Ny*100%

14 H R (weight gain rate, WGR, %)=(W,~W,)/
Wyx100%

A A2 K & (specific growth rate, SGR, % /d)=
(N~ W) 6x100%

T B} 350K (feed efficiency ratio, FER, %)=(W,~
W) Wx100%

1 AR (protein efficiency ratio, PER, %)=
(W =W (W< W)x100%

1 T LR (protein deposition rate, PDR,
Yo=(W X CP~Wox CPo) (W< W) x 100%

fig W5 ALK (fat deposition rate, FDR, %)=(W,x
CL~WxCLo)(Wx W))x100%

REHEE (condition factor, CF, g/em’)=W/L*x100%

JIE A& L (viscerosomatic index, VSI, %)=W,/Wx
100%

JF 44 [ (hepatosomatic index, HSI, %)=W,/Wx
100%

K, N RHERER, Ny WvimEE, w,
RERIETE (2), Wo WPIIRIATT & (g), ¢ A%
B KA (d), CP AR ME & & (%), CPyH
WML & & (%), CL, AAARMIEN & & (%),
CL, AW RLIE 5 7 4 (%), Wy 9 Dk AL g
055 B (%), W B AR (g), Wy T
Btk (g), WhMIKF & (g), LAMEK (cm),
W, LR R A (%)

1.8 BIESH

B4 Gt W4 FH SPSS 22 #F kAT, Kudl
i F <SP Y bR fE 1R " (mean£SE) F/n, LIRS
WK AN ZE )7 22501 (One-Way ANOVA) Al Tukey
GG 56 2E 47 4 1] 25 53 W 3 1k L9, P<0.05 KR
ZRWE,

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

2 4R

21 KORBEKFR

] o I 22 R 7K T K R 1T P £ R B R R
FEE A KR WRIRCR | BRI R TR
S B E R (K 5). HXTIRA ML, LT Wk
A BRI T R T SR ) LR AR . B R
FRE 22 AR KR (P<0.05), #h 78 75 &R J5 K 111 2 fyf
LR NR T 2 T (P<0.05), {0 5%} B 4146 1
5 2 FEAK (P>0.05), 5 TCAAHEL, KR AES
BE LT AR, HERECR . & A RECR .
JIg 7 FN 2 A B DT RR A 2  B#E (P<0.05), SR M
e TS AbF A, WRHSCR | B ERACE . I8
MAE AR FA T LT A PRA 5 B % [T},
8 5555 BRZHAH bE f 25 B AR (P<0.05), FR 2 R ik =
i i P T AR B IEAR e (P<0.05), {H X AR 36
U e TG 3 52 (P>0.05), SRR TS,
5 TCHMI, LT AP 2 FRAR k5 1 R
T (P<0.05), TRk D 78 IR A R N AR 1) B
A WE SRR (P>0.05), AS[F b3 4
[B) A B K 43 . G D5 RK 43 1 3 G W 35 52
(P>0.05).

22 KOZB&MPEIRELIELRR

e et F 355 G R K S e R T B 6 1f % H R =
B . IRRE B . A 8 55 S A W I (R 6).
5B AL, LT A3 BRI 3% b H b =15
R0 IEL [ B ) & (P<0.05), SR BRI IR T
I 25 A H g = R R R [ K G & 3 AR
(P>0.05), »—J1H, SHEE TCHmEMRA
PRAEAREL, SR LT LR REAY K I S L i 3
BN i A R R 3 T (P<0.05), LT 4H4H
BE PRI SR TR &R (TS 2H) % RRAR I vh 48 7
AR S R EEH (P>0.05); ANFEALHEL
XoF I bR B L A R I R R T R A S
TG B EVEF R (P>0.05),
23 KOE&FmMEHFEREKRKTE

) e v 355 R K S e R T B B 1 2 i S
FERRKFAT B (R 7). MRARAG I 45 S &k B
5 TC AL B A, LT Ab 32 W3 FEAK T 1 3¢
1 EAA. NEAA Fll TAA )5 & (P<0.05), #h7Eh
MR T % T NEAA Fl TAA B & (P<
0.05), iz 5 TC kb PR B TG & 3 25 5% (P>0.05),
Btz A, SHEEE TC 4l R 2R A L,
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x5 AR ERAKTEXNADORYEKRIER A 0E

Tab.S Effect of dietary threonine level on growth performanceandfeed utilization of M. salmoides

ARl diets

TiH »

items TC TS LT
UG AR /g  initial body weight 4.18+0.04 4.10£0.07 4.19+0.06 0.50
LARRJFF/g  final body weight 28.80+0.26" 26.93+0.14° 25.49+0.25° 0.00
FiEE/% SR 100.0+0.00 100.0+0.00 100.0+0.00
WER/% WGR 589.90+13.50" 557.34+7.41% 508.22+13.43 0.01
e E KR /(%/d) SGR 3.45+0.04° 3.36+0.02" 3.22+0.04° 0.01
AR /% FER 1.1940.01° 1.12+0.00° 1.04+0.02° 0.00
EHFRE/% PER 2.41+0.02° 2.28+0.01° 2.14+0.03° 0.00
NEWi iR 2% /% FDR 88.87+2.14° 79.04+1.15° 70.49+1.63° 0.00
A RUIRRZE/% PDR 47.53+1.38° 43.33+0.95" 40.7+0.30° 0.00
B EE/(g/em®)  CF 2.09+0.04 2.10+0.03 2.12+0.07 0.90
JEAAEL/% VST 7.39+0.28° 8.20+0.25" 8.33+0.14° 0.02
Ak E/%  HST 4.60+0.33 4.63+0.15 4.00+0.11 0.12
&k (@BE) proximate composition of whole body (wet weight)
K4y 1%  ash 3.48+0.13 3.3440.13 3.57+0.05 0.33
HARHG/%  crude lipid 6.8420.08 6.77+0.07 6.70£0.13 0.60
MEEF/%  crude protein 17.19+0.07° 16.79+0.13° 16.51+0.08° 0.00
7K43/%  moisture 72.98+0.18 72.54+0.20 72.95+0.18 0.22

e FATEAR LA T R FRROR 2 57 8.3 (P<0.05), FIH

Notes: different superscripted letters in the same row indicate significant differences (P<0.05), the same below

F 6 ARFARBKEIAOE MR
EEAE LIRS0
Tab. 6 Effect of dietary threonine levels on plasma

physiological and biochemical indexes of M. salmoides

TR diets

b

it;i C TS LT r
BEA/uguL) TP 4877£059  47.90:0.12  47.80:0.61 038
HIM=BS/(mmol/L) TG 1549£021°  14.40£043"  12.51£0.66" 0.01
JEREE/ (mmol/L) TCH  13.10£021°  11.68£0.12°  11.61£0.06° 0.00
KRHEAR(UL) ALT  18.00:0.58" 23334033 23.00£0.58" 0.00
BEFEEW(UL) AST  138.67+133  136.6742.19  124.00£8.33  0.16

JUBRBAEH(UL) LDH 1248331139 1272.00£47.61 1263.674102.55 0.97

PR LT ARk 1 B &5 1l 2 o Thr, Met. Lys.
His. Gly. Ala fll Cys &4 2 N (P<0.05). 1]
b Rb I8 05 SRR RE 1% 0 B I 2K P Thr, Met,

https://www.china-fishery.cn

Lys. Gly #il Cys [ Il 25 2 5 2 /K °F (P<0.05),
ffiZ 5 TC AbFR4 (8] JC . & PE 22 5% (P>0.05),
2.4 KO ZE&5RTBEAE RS 1K1

T ek v o R KO X R 1T B o A R
195 % 5 H v = BR G . A8 WG S o A
ST () F R A WA (B 1), W AR DG
g, 5 TC M LT 4UAH L, TSAbHEA & & T
£ R T BIE - PK mRNA 7K - 1) 36 35 & (P<0.05),
SR 3 A H 40 %) PEPCK mRNA /K- (1) 635 6
B E R (P>0.05) (& 1-a). FalRE I3 R 7K 2 3
S R T PR R D R . H v = R A AR A
B G Bl L R AR (B 1-b), 5 TC 4L 1,
LT Ab 3 20 1 2 B A T W PPAR-a. PPAR-f.
ACC1 Il LPIN1f) 3235 i (P<0.05), T} v &b 58
&R 0 R B P E R PPAR-B. ACC1 Fl LPIN1
Rk (P<0.05), iS5 LCHILREZ ER
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Tab. 7

Effect of dietary threonine levels on plasma free amino acids level of M. salmoides pg/mL

HL L diets .

amino acids TC TS LT
WEEIEMR essential amino acids
TR Thr 25.35+0.34° 19.15£0.30° 13.65+1.18° 0.00
HEE  Val 26.44+0.31 27.26:0.18 27.58+0.88 0.38
HAMR Met 16.23+0.07° 14.88+0.13° 13.5140.45° 0.00
FEER e 16.10£0.21 16.33£0.16 15.99+0.53 0.78
A Leu 29.19+0.46 28.97+0.24 29.18+1.07 0.97
KA Phe 16.37+0.06 15.36+0.13 15.85+0.42 0.08
WM Lys 29.79+0.20° 29.29+0.12° 22.53+0.75" 0.00
FER  Arg 2.46+0.15 2.72+0.07° 3.39+0.16" 0.01
AW His 16.40+0.25" 12.20£0.22° 13.63£0.77° 0.00
DLEEIER EBAA 178.33+1.49° 166.16+0.87" 155.31+5.71° 0.01
FENBEER  non-essential amino acids
25 Ser 6.80+0.09 7.16+0.02 6.64+0.19 0.06
BHEE  Glu 12.66£0.29 12.52+0.09 12.48+1.12 0.98
H&R Gly 83.22+0.67° 76.52+1.24° 58.15+1.80° 0.00
WERR Ala 60.69+0.71° 53.30£1.23° 50.90+2.12° 0.01
FHEFL  Cys 5.46+0.16 5.21£0.06° 4.3240.21° 0.01
MM Tyr 19.48+0.09 19.22+0.51 17.94+0.82 0.20
ELFREEMR NEAA 188.30+1.80° 173.93+2.58" 150.42+5.96" 0.00
BESEE TAA 366.63+3.14° 340.09+3.02° 305.73%11.66° 0.00

(P>0.05), #2087k - 5k 2 5 i g 7 4 i A gt
X RL [ 25k (K 1-¢), 5 TC4HAHL, LT 4b
P4 5 4R B N T LPL A MGL mRNA 1 3834
K, R IR T HSL mRNA 14 35 3k 7K F (P<
0.05). i b} v #b 75 I 2 R 0 3 R AR T IE
LPL Fl MGL By 3 R 3k K7, W& T HSL iy
e R KK (P<0.05), iz 5 LC4 &%
5 (P>0.05).

25 AOESEIEREER

XA AL, KT8 2 R AL P 2 R
T B M TNF-o () 3RE R, [FE T & TR
IL-15 F1 IL-8 1Y) mRNA /K -3 ik & (P<0.05). 1
kb 38 958 2 B X T 4R B TNF-o 1) mRNA 7K F
FIEAR B I IL-18. IL-8 1 mRNA /K F 34 i
FAEH (P<0.05). 34 4b B4 XF H AE b IL-10,
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TGF-B1. GST 1 SOD1 13 ik 1 3 7 i 2 a5 4F
H (P>0.05)( 2).
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PR 7RV TR R ak)E, AFE
{14 2 B TR VA o 7K S et R T R A A R 8 11 5
Wi AN RARTR] o AR B, ) 0 K 56 4
BRAKE, TREREZ 0SBk 0 R 5 3
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Fig. 1 Effect of threonine levels on gene expressions of the key enzymes in liver involved in glucose and
lipid metabolism in M. salmoides

(a) key enzymes in glycolysis, (b) key enzymes in fatty acid, triglycerides and lipogenesis metabolism, (c¢) key enzymes in lipolysis, different letters

indicate significant differences (P<0.05); the same below
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Fig. 2 Effect of dietary threonine level on gene expression related to renal immune response in M. salmoides

(a) key regulators in anti-inflammatory response; (b) key regulators in pro-inflammatory response; (c) key regulators in cell detoxification
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Effects of threonine supplementation in poultry by-product meal
(petfood grade) replacement diet on growth performance, intermediary
metabolism and immunity response in largemouth
bass (Micropterus salmoides)

XU Yujue', WANG Wengqiang ', YANG Peng', HE Chaoqun', QIN Yawen', SONG Fei”

(1. College of Life Science, South China Normal University, Institute of Modern Aquaculture Science and Engineering (IMASE),
Guangdong Provincial Key Laboratory for Healthy and Safe Aquaculture, Guangzhou 510631, China,
2. Southern Marine Science and Engineering Guangdong Laboratory, Zhuhai 519000, China)

Abstract: In order to investigate the effects of different dietary threonine levels on growth performance, glucose
and lipid metabolism, immunity and utilization rate of poultry by-product meal (petfood grade) in largemouth
bass(Micropterus salmoides), three isonitrogenous and isolipid diets were designed using M. salmoides with an ini-
tial body weight of (4.16+0.06) g as the research subjects (TC diet: threonine control group, LT diet: low threon-
ine group and TS diet: threonine supplementation group) were cultured for for 8 weeks. Present results showed that
compared with the TC diet, the LT diet significantly decreased the growth performance, feed efficiency and body
nutrient composition, threonine addition could promote those differential effects caused by fishmeal totally substi-
tuted by poultry by-product meal. Moreover, the LT diet also suppressed the concentration of plasma nutrients and
free amino acids compared with the control diet. TS diet had significant effects on elevating the plasma free amino
acids concentration and made no notable difference compared to the TC diet. The mRNA expression level demon-
strated that threonine supplementation markedly ameliorated the inhibition of anabolism, aggravation of catabol-
ism and cellular inflammation caused by complete replacement of fishmeal with poultry by-product meal. Studies
have shown that appropriate threonine supplementation could promote the growth performance by improving
nutrient anabolism and immune response and inhibiting catabolism in M. salmoides.

Key words: Micropterus salmoides; threonine; poultry by-product meal (pet grade); growth performance; interme-

diary metabolism
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