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E: BF SR AR R OR [F KPR E R AT = AR UL 85 (Oncorhynchus mykiss) £ A LRE 1. WHALAEHE
K Wy T 9 0 D] - R DR 2 3K B B, DA 6 R 5 2 (18.42-£0.20) g = (5 AT 8 9 BT 5 6 ., 7E % 9200 Lifi 7K 7K
A AT R A KR IR S6d . 7E FEAR TR R IS AL - TR R, E IR Z IR 7K T 4303 090.45% (R R 0.76%
1.09%- 1.29%F11.64%M5F RS RE TRl . K450 B =R IT B EENL > ASH, BHMB3ANEL, 1 ELE
30 M. SREW, “UIFMENL09%. 1.29%F11.64%H}, M5 Y S L EE(SOD)IE B &’ m, Fi &
EEAC T A B (MDA) I & & (P<0.05), i H WA (CAT)TEL.29%H & Emm, fHE A LR BE
(P<0.05)o TEGRLHIR N TR BR(0.76%—1.64%) B, 11738 Hg Wi BE(LPS ) A7 A 2 11 i 110 75 A0 g 1 V2 3 vy T TR
H(P<0.05), {EIEE R AR KT IE 211.64%0], THALEEE A FTBE(%. 1.09%F01.65%4H 1) 718 202U A&
fE, LB RIK, FED BT, ol SR IR o TR BV 0] 738 RAER FIL-2+ IL-8+ IL-10. IgM. TNF-afll
PepTI#R45 & 2 5L (P<0.05), B 75 BRI IN, IL-2 IgMA PepT1 2 I 5G T 5 5 FEAR AR AL ka3, 7
1.29%F111.09%4H 1) 2 1k 51k B f s IL-8 S Wi At s #y; IL-10FI TNF-o 5 T BRI H . BRiai iR
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FE DA S: S965.1 SCHERFRIRES: A

TEKF=FRFE M R, R Ry 0 4 3k, TR Rk A =
UG HHARIE M R B R B R Em &, 5N
mEA". HE, MWEAREERERART
il E . AT H I TR AR B = B BRI,
| ARl 2 B R AN, T BUK A S A BE = R
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T g% B T D, B IRIERR, B A B 75 2 R K P ]
LT (R R AT R A T 4 B # (Crenopha-
ryngodon idellus) PR 70 K I, R IR ZH T T
12 28 40 i IRl IL-8 AN TNF-a 11 35 (Rl 6 1A 7K °F, 6 B
IR R Z N T R R % B3k 5 (Megalo-
brama amblycepbala) W)t 7 A FALET R I, &
TR R KFT I T B e 2 40 M R 1 IL- 1 01 2
s, BRI, 56 T X 07 W RIRT IR 6k 2 R 4
P, TERGHI PR 5 I8 R DR R R,
IRANIR DT I3 BRAE K = SR I 73 F AL

YT 6% (Oncorhynchus mykiss) )@ H . i}
DR JRRAE £, DRIHG PR J5 66 5 o TG UL ) o) S5 0 R 52
Mol 23Ry B IR E KR, 5
TAEARAR B, = AR AR 6 B A R, A RE R
B, A st m ™, bhodt kR Ak = 5
NIAPSEi= B2 AN S R N & S P b AT
HBERMBRAR, AR 55 5] K B g5 ARk
oA R AT SR e TR AR AR
SN 75 2 R — A5 A UL 6 i 1 2 A A RIEAH
KEER B HGER D o AR T, DL =565y
W FUNF B, FEAR AR Fal R} H AR N 25 0 R AT 576 AT 6 1.
TEPUEARE )R B W A AE TS 28 0E PR B DR
FRIKRE ST, MTH AT 1A iz 8 28 0E DR 1 (1) R IE SRk
R 5 R B A KA AR R R R, B e
FA = A AR 6N T & DR A PR AR o

1 MRE5RE

1.1 RIEMR

R Vs, CLARaip bkl A 2L alimkl, & s
K SRR, WEIE RIRS, IS VRN
M AR, O RO B E K A41.5%, FLTE
Wi KN 18. 7% M il ikt o an gk 2Ffrops, I & 2%
Rl Rl R A S R i, [ T U8R DA A S A
SRR o B A BT g2 Ak o g Y ZE AR R 4y
SIS AN R AP 1 95 Z B A S AL 56 H 75 R /K
EEIXF0.45% 0.76% 1.09%-+ 1.29%F11.64%,
HA @A AHEEN RS . IrfAE
Rk i )5 22380 H i Jo5 FH 8 AR S HLIR & 78—,
fZ HRC L IR R A ¥ A Ja &/ B R R L HK T -
218(TC4 Rl SRR HUA PR 2~ 7)) 0 T R O v ek il i
HPRL(ELAR 93 mm), KT Ja s Ho 2 B s 248
W, BT 20°CURFE R ARAE 5 .
1.2 A& FiEFIR e

A AT i I ] K R A A A B R VK
FERIE T T VA K AR A 06 T S, R GBI I6 AT, B
9 RO — S A ik BE — 5 AR BT TN = N B PR TR K

ARG, P2 B AR, DLIE ARG % it A 2 F,
2 J5 I 77 iR

YIS FE, Jelik24n, Phik V3 &N
(18.42+0.02) gft) —f% A UL fith 5 K143 Fic £/200 LI

&1 ERARES REFRKTE
Tab. 1 Ingredients and approximate composition of the
experimental diets (air-dry basis, %)

1A%l Diet
i H Item

Gl G2 G3 G4 G5
Ji# el Ingredient
B KEDextrin 20.00 20.00 20.00 20.00 20.00
4 ¥ Fish meal 15.00 15.00 15.00 15.00 15.00
G ¥iSoybean meal 1400 14.00 14.00 14.00 14.00
(%)iiﬁg%minoacidsl) 13.68 13.68 13.68 13.68 13.68
K 5 i Soybean oil 10.00 10.00 10.00 10.00 10.00
HH X Gelatin 10.00 10.00 10.00 10.00 10.00
ff1 {fiFish oil 682 682 682 682 682
N T8% £ Beer yeast 500 500 500 500 5.00
ERiH:
gz;%?ﬁ%hospholipid 2.00 2.00 200 2.00 2.00

i — A 55Ca(H,POy), 100 1.00 1.00  1.00  1.00
%E%ﬁﬁﬂn

Vitamin premix 030 030 030 030 030

W 5T TR 771

Mineral premixB) 020 020 020 020 0.20
m AR

Microcrystalline vitamin 100 1.00 1.00 1.00 1.00
7% F# Threonine 0.00 025 050 0.75 1.00
H&MGlycine .00 0.75 050 025 0.00
£ 1t Total 100.00 100.00 100.00 100.00 100.00

327K P Nutrient levels”

e
‘(jvﬁfgr)"ssenergy 507 507 507 507 507

HlZ [ fiCrude protein ~ 41.54 41.54 4154 41.54 41.54
HLAE DT Crude lipid 18.68 18.68 18.68 18.68 18.68

VE: DE AR 4 B Composition of compound amino
acids: #% & Rarginine 0.62%; F & K lysine 2.13%; KA =R
phenylalanibe 0.90%; 4 & FRhistidine 0.46%; 4= & valine
1.72%; #= 2 #zleucine 2.01%; 7 =% isoleucine 1.46%; - & &
cysteine 0.15%; &% E2methionine 0.66%; % B proline 0.86%;
KA FRaspartic acid 1.78%; &z MRtyrosine 0.82%; %
alanine 1.42%; & MR glutamic acid 3.63%; H & & glycine
0.72%; 2)4kE R TR N AT 5w ta B2t The vitamin premix
provided the following per kg of diets: VC 100 mg, VE 60 mg,
VK, 5 mg, VA 15000 TU, VD5 3000 TU, VB, 15 mg, VB, 30 mg,
VB 15 mg, VB, 0.5 mg, f#&nicotinic acid 175 mg, & folic
acid 5 mg, WlEEinositol 1000 mg, E4) Fbiotin 2.5 mg, iz IS
calcium pantothenate 50 mg; 3)B 4 5 TR 7 AT 5 k) FE 11t
The mineral premix provided the following per kg of diets:
MgSO,4-7H,0 2000 mg, KCI 1500 mg, FeSO,4-7H,0 1000 mg,
CuSO,4-5H,0 20 mg, MnSO,4-4H,0 100 mg, ZnSO,4-7H,0 150 mg,
KI 3 mg, NaCl 500 mg, CoCl, 5 mg, Na,SeO; 3 mg; 4)E 7= 7KF
At # {ENutrient levels were calculated values
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Tab. 2 Amino acids composition of the basal diets(air-dry basis, %)

Af}f Efil d Gl G2 G3 G4 G5
RITEZIR Asp 442 442 443 392 42
7 B8 Thr 045 076 109 129 1.64
2R Ser 256 251 247 245 24
BE Glu 565 560 556 554 549
HZMR Gly 347 342 338 336 331
WA Ala 265 260 266 274 2.69
PR Cys 084 079 075 073 0.78
SER Val 201 200 206 202 214
HEE Met 083 080 086 086 097
A AR e 146 149 1.6 158 1.62
SLE I Leu 377 376 387 376 3.86
BREIR Tyr 173 168 164 162 157
FNE R Phe 185 191 205 204 206
W5 IR Lys 257 244 238 228 249
HE R His 106 108 12 118 1.22
Fi 2R Arp 202 197 2 1.94  2.06
%R Pro 177 179 183 181 191

DFERREREE EAA 1602 1621 17.11 1695 18.06
HAEMRBSE TAA  23.09 2281 2272 22.17 2235

IR K KBRS A, 56 2 SAS AL FR (G 1—GS), B4
WH3IANEL, BPMEHE30E, 20 HHREGL. G2,
G3. G4FGSIRE Rl . & RIEME27K(09: 00F1
16: 00), iAH £, FE5E R #I56d. X5 ACH RS %
B B E RIK, KR (15£1)C, HE> 6.0 mg/L, ZA
<02 mg/L, pH 7.0—7.2, W56 W) {556 8 78
B, BRI E, A SRR E IRl R E
RIS G, NI X R AL IE /), 25 €r24h,
FRAFT A0 1) s 5, 00 PR R o A B A A4 K
1.3 HmEXEE

FRFHARIG 25 o, ML AS L% 24h, 4355 AN K
TR B ML E 3 R 6, &N RRLZH9 R, 100 mg/L
Ms-222 (IR 22K H R 2. 15 B IR 36 ) R I, I 44,
FREfRE, E KA b, REKCR ML, 755 iR N E
4h, FHA B 013000 r/min O 15min, B FIE W,
FEN1.5 mLE O F, H TR P AL TR A
R FRH A3 R, S5 ) T E 80 C B AR UK A6
W ERAE &, B TR 2T

B/ GTFEHLEC7 R 4, F1100 mg/L Ms-222([8]
IR F R £ TG PR R &) IR I, 7 5 2w, A
75% BB RE X F R BT I B, AR UKL FR G
JWiE, JeEX2 R 5 Bk i P 2 4% 0 g 19 R0 9 5 4,
TV N B RN A 6 A7, BE )5 7E-80 “CiK
P RAE A, T RNAMSREU 0 TR . 2

Ja B2 fh, B dE, S B i A 22 A B0 g 7 A0 P
W, A AL B KIS VeI TE N R, SRR T
Ky, T A BRI o B im B A BEZH NG R
o, A e B o (e 11 S S AN i TR B ), S B
WY, TRCE BRI £5 2% 1 (114 % A AR 2R B AR 22
G ER 7P EH AL Sk =

M BE BN E ARPEREIR AR E A X
R

% % (Survival rate, SR, %)=100%x 2 AR5
R0 A B A

A H (Feed intake, FI, %/d)=100%>$5 £ ik}
T xQ/[(Z AR PR E -+ U H )< R 56 K 5K,

TR Z (Feed efficiency, FE, %)=100%x (%4
KR E-YIUG R E )RS,

A RUIAZ (Protein productive value, PPV,
%)=100%x(F 1A A EAARNEH).

MARSKEEEANE BRSO
()L BE A B AE4 C R G % . B sk
M (Superoxide dismutase, SOD, $&5: A001-3-2).
it AL A i (Catalase assay kit, CAT, 525: A007-2-1)
HI35 M S TN % (Malondialdehyde, MDA, 57 5:
A003-1-2) 1 7 5 P A% 4 e me i AR ) TR PR
RS SE AL B I E

PAEEEEMRMNE B0 IE A
T AEACRVE S5 PR EE, ITN0.86% 1) T A FL 25K,
BN ) A 22 ER 7K ot AR AR EE IR 109, R FHFI-20015
B B2 AL, ) H4000 r/ming L 10min,
B _FyE W& . HeilE(Lipase assay kit, LPS, T8 5
A054-2-1). JERE(Amylase Asssay Kit, AMS,
51 CO16-1-1)FI R (175 A080-2-2) % &K
FFE A AR PR A AR Sl e . B
1 K F 58 A0 B Gy 5 , i b B R FH Y -
LY €3 5 , IR I R G il e, H 4R
f 5 R 2 Dy W e v 5 o RIS 1k B A
v 2H LR (T B S M BLAL(U/g prot) R

RAYIEME  EHLY) FEEREL
B3 2 1 1 v i [ 52 T Bouin’ sl . 3% H MZHZRY)
& FE T, AT KM . B S RERLK,
g I KA S A, SRS SR KD 1508Y) F ALEE
FY) R, B N6 um, B F JE R FAHE G, d iR
Jedst B, BRI RS AR RaE ™ R
(LeicaMD 4000B) W52 J5 40 Jv, T2 i ) v W %2
104BL k.

RNARRBAKAEEPCR  HRNAFIFEHLG
B SRR i 2R 0, TN EZE A, 7
—80°Caa /A it (W EE A BE 2ok AROIR, BINIE AT
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V THARA B R i SORE R TR RIS 315

MEPE H, —80°CIRAF &M . IZITRIzolAH I &
Ui B R B TE H R R IS RNA

RNAR FE ARSI SR FH R AR 58 0 mT e 40
J6 %+ (Thermo Scientific' " NanoDrop 8000)H: ]
RNAKFE K46

S S S SR e E B PCR: % i TaKaRa
RRO47 AR &5 Ut B 5K A6 I 4% FRIRN AREAT S
K NCDNASE—24%%. K H Applied Biosystems A 7]
75005 B 2% 6 78 EEPCRIFAE R Ge, A I = £ 44 T £l
i 3 75 0 i R f 22 3 K S o 9%l Bl SR Yy
VR RO

SIS A R B NCBIM 4E & Primier
5.0 BT 51 PI(ER 3), LAB-actin’ AN S LA, Bt
XSGR ()9 3G TR AN R 2H 2 TA) R 3Rk 22 7 o
14 Zitoth

K Gt #FSPSS for Windows 23.0, 5 ¥
BEAT B K 2577 22 3 BT FDuncan’s % 25 HL 8, $03
“FIMEEFRE ZE (mean+SD) K 7N, P<0.055K 7~ 2H N %k
W2 Sk 2

2 4R

2.1 ARRRMAEEE N = E AT K14 EERY
A0

Wik AR, & A0 ) RS % %2 AR 2 (P>
0.05), T 2& A AR J51 5 A AL R50 3 A Bt} FE 2 I8 25 4
(P<0.05), Wil R SR ARG e ey S50 IR AR B,
TR R R A FDUR R B & 77 R K3, &
R (P<0.05), G4 & Rk, G3HME AR

£3 ThEEIVEH

Tab. 3 Primer sequences of Real-time PCR

VIR R R
2.2 ERFIRMTRERX = EFIT S M B E L
B E MR

WIER 5P, Bt vaDRk AR 95 20 RE /KT IR 1S,
i 1f1 375 6 A A ) B AL B (SO D) ¥ 71 B &8 iy (P<
0.05), SXFHIELL0)MHEL, 1.09%. 1.29%4H HI4E 14 n
O . LI R EE(MDA) )& 8B 5 R 7R A
R KV BTG N BT 1 F#(P<0.05), 2475 & R 7 N
H1.29%IF, A 5 BT B IR 25 (P<0.05) . AL
AHHCAT)EL.29%2H M B e, 22 714 2. 35 (P<0.05).
2.3 ARFRMA BRI EAEECEEN
A

TRV FR AR N 7 |ER X T $E BB S H L B TR Y
A WIER 6FT 7, #5 2 1) I 5 1A R A 5 R /K
o B, N8 7 8 5 (P<0.05), {HEHE A I
FIRMW & EIA B 1.64%F, i Wi B 1A BT T B o
VERD B E PE B R R R S BRI B S
(P<0.05), 1.09%F11.29%2H & 2% = T 4 B 41, B4

T4 AR RN R B R AT 8 4 1 RER RN
Tab. 4 Effects of dietary threonine on growth performance of O.
mykiss in various groups (n=3)

21 5 Grou
Tji H Item :
Gl G2 G3 G4 G5
T He 5B
VUSRI o dor 1gant 18326 1843+ 1847+
Initialbody 515" 037 015 021 016
weight (g) : ) ’ ) ’
YA R B
'giﬂﬂﬁ 49.51+ 5280+ 5282+ 5399+ 5340+
weight (2) 1.06° 093" 032" 060" 1.12
o op o,y 090 091 093+ 097+  0.90+
MEHSRCA) 03 005 003 003 003
g 0.67= 074+  0.66x 059  0.60+
FI (%/d) 007" 017" 010" 010" 007
TR 8547+ 8697+ 8929+ 87.72+ 86.96+
FE (%) 426" 595" 456" 3.64° 537"
WARUBR 2256+ 2021+ 16,60+ 17194 2095+
PPV (%) 339° 602" 399" 331" 1.82"

A [FATHARE A [\ bR S0 BER IR 28 57 B 3B (P<0.05); AH
A F BRI RER N 22 F A B (P>0.05). T IH

Note: In the same row, values with different small letter
superscripts mean significant difference (P<0.05), while with the
same or no letter superscripts mean no significant difference
(P>0.05). The same applies below

x5 ARG SRR AT E i E L ERE 1 A2
Tab. 5 Effects of dietary threonine on serum antioxidant capacity
in O. mykiss in various groups (n=3; x+SD)

BLH ElE sl SRR
Gene Primer sequences (5'—3') Primer eo/ff)iciency
p-actin GGACTTTGAGCAGGAGATGG 9(9.065
ATGATGGAGTTGTAGGTGGTCT
IL-2 GAAACCCAATTCCCAGACTC 98
TCCGTTGTGCTGTTCTCCT
IL-8 GAATGTCAGCCAGCCTTGTC 92
TCCAGACAAATCTCCTGACCG
IL-10 CGACTTTAAATCTCCCATCGAC 96
GCATTGGACGATCTCTTTCTTC
IgM CAAACCGGTGGAAGCTACAT 94
AGACGGCTGCTGCAGATATT
TNF-a GGGGACAAACTGTGGACTGA 95
GAAGTTCTTGCCCTGCTCTG
PepT] CCTGTGAATCAACGCTGGT 96
CACTGCCCATAATGAACACG

T 2H 5 Group
Index Gl G2 G3 G4 G5
A BT 88.69+ 98.00+ 113.64+ 116.72+ 101.85+
SOD (U/mL) 326" 448" 14.62 409  10.16
HEME 942+ 1034+ 1070+ 11.80+ 11.25%
CAT (U/mL)  0.22" 037 0.08 0.30°  025°
[ 353+ 332+ 306+ 291+ 324+
MDA (nmol/mL) 1.10°  0.10 0.05 0.08°  0.10
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IR AT — 25 380, VR BSR4
fhadh . FHEXHRAL, 1.09%. 1.29%H11.64%2H i
R RS B 52 T m(P<0.05), 1.29%2H 35 M i
AR RN T RER X = fE R AT 85 7 i ¢H 4R 2
SEEMm R TR, &AL R A DR R
R KF & &N, 98 E % EMNEEE &
(P<0.05), {HFf#E 75 Z IR I & B IAE1.29%00), 48E
WIENIZEEA T T . ZEmEBEETRR
BB N L2 PRI, 7E G44LIA B K AH(P<0.05)
WA BB MR P RIS HRY) Rk
L, BRI E R = 41, GIAIG24L (- 1AFIB) K4
SUGENIAE e 2, H IR B TE, TE A HE BRI,
I Sk %), B T3 2 B KPR 3G, G34H(E 1C)
R B4 D BB GAMGSZL (K 1DAE) K iE
WA B AE, GRERIE, HEFIEEST, ToRlG F ik
A, MRS 2, Hotk b 4 55 HEA
2.4 ERARINARERXT = (50T 88 A7 18 5 E E
FHRMRFEERERIEIENTHL
WE 207K, B 75 2R KT B3, IgME A
(1 AH X Rk B BT R AR Bt A, 18
1.29% 4k B i = fd, SXTRAMLL, 257 8%
(P<0.05); T TNF-ak R AH o 220k 2 52 LA 1Y
AES, TE1.64%40 A H/ME, 7% 57 8.3 (P<0.05).
WE 3R, R RSN I 2 IR X IL-2 IL-
10FIL-85KIE AR B E o, 5xt LML, &
TR R KT (I8N, TL-2F0IL-8FE [R] ) A1 %o 26 4
BTG BRI A, 5 RIAE1.29% 1

6 (AR SBE T AL SRR E H L BB 200
Tab. 6 Effects of dietary threonine on intestinal digestive enzyme
in O. mykiss in various groups (n=3; x+SD; %)

febr 447 Group
Index Gl G2 G3 G4 G5
HE Wil Lipase 50.55+ 50.63+ 5141+ 51.51+ 50.98+
(U/g prot) 0.12° 021" 032" 032 0.12°
k& FE¥ Trypsin 544.95+594.184632.81+ 671.76+615.28+
(U/mg prot) 11.48" 12.43" 19.88° 11.50° 24.24™
TEM B Amylase  114.45+ 150.09+167.08+ 15622+ 134.5 1+
(U/g prot) 33.28" 47.87° 18.57° 45.58° 33.48"

R 7 AR RN BT AL SERA B LS RO
Tab. 7 Effects of dietary threonine on intestinal morphology in O.
mykiss in various groups (n=3; ¥=SD; um)

2H 5 Group

& FRInd

#Rbrindex Gl G2 G3 G4 G5
HERE 72582+ 738.76+ 716.29+ 706.56+ 718.67+

Villus length ~ 14.51° 18.83° 15.17° 11.86" 15.43"

BERE 33471+ 332.07+ 331.29+ 356.96+ 348.17+
Villus width 6,55  543® 421" 345 517

WUZE R 225.90+ 232.98+ 249.76+ 238.52+ 240.32+
Muscle thickness 436" 4.76°  5.89°  3.32% 441"

1.64%H 58 & mfE, SXTBAMLL, 25 8%
(P<0.05); IL-101) 55 K 1A B %W AR, 5% 4

A o 2

1 R IR KR = R UT 07y 18 A S 25 1R R
Fig. 1 Effects of dietary threonine level on intestinal tissue
morphology of triploid O. mykiss
A. 0.45%1 75 S B KF 5 4141100 B. 0.76% 1075 & R K -F
T AL41100x; C. 1.09% ) 75 A B KT F I 41 21100%; D.
1.29%F) 75 B B K T H B 41 43100; E. 1.64% HF R /KT o
H21100%; G. MIRGAIML; EC. L R4 H. SRE ;T UZ
B
A. The midgut tissue of 0.45% threonine level group 100x; B. The
midgut tissue of 0.76% threonine level group 100%; C. The midgut
tissue of 1.09% threonine level group 100x; D. The midgut tissue
of 1.29% threonine level group 100x; E. The midgut tissue of
1.64% threonine level group 100%; G. Goblet cells; EC. Epithelial
cells; H. Villi height; T. Muscle layer thickness

30 iem

251 N TNF-a c

IgMFNTNF-oAH 3} Feik
Relative expressionn level of IgM and TNF-a
-

0.5 | N a

0.45 0.76 1.09 1.29 1.64
[GLED/NAV v/ S0
Dietary threonine level (%)

2 BEBIKTR = AR g MAN TNF-o 5% R 22 1 5 (15 1
Fig. 2 Effects of dietary threonine level on IgM and TNF-o gene
expression in triploid O. mykiss
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L, 27 53 (P<0.05).

WK 4Fr7R, B 7R 2 BRI N, PepT1Hk
HIAEAT R IA B B Se Tt G PRI AR A 35, 7£1.29%
Hik B e e, S5xT AR B, 22 5% 53 (P<0.05).
3 g
3.1 EARFRMA SR &R MBI R IEEEM
oAl

A AR 57 32 B, A Sk Tpk v s in 5 2 BR 4L 1
KRR R T 4. Habte-TsionZ ™78
skj(Megalobrama amblycephala)%)) f./ R R ¥
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DIETARY THREONINE IN LOW FISH MEAL DIET ON ANTIOXIDANT
CAPACITY, DIGESTIVE PHYSIOLOGY AND INTESTINAL INFLAMMATORY
FACTOR GENE EXPRESSION OF TRIPLOID ONCORHYNCHUS MYKISS

WANG Ya-Ling"’, WANG Chang-An', LIU Hong-Bai', HAN Shi-Cheng', LU Shao-Xia' and ZHANG Yin'

(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China; 2. College of
Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To study the effects of threonine in low fish meal diet on growth, antioxidant capacity, digestive physiology,
and intestinal inflammatory cytokines gene expression of triploid Oncorhynchus mykiss, five isonitrogenous and isoe
nergetic diets containing 0.45% (control), 0.76%, 1.09%, 1.29% and 1.64% threonine were formulated by adding L-
threonine in the basal diet to feed fish with an initial body weight of (18.42+0.20) g for a 56-days trial. A total of 450
triutploid rainbow were randomly divided into 5 groups with triplicate groups of 30 fish each. Threonine at 1.09%,
1.29% and 1.64% level significantly increased serum superoxide dismutase (SOD) and and significantly decreased the
content of malondialdehyde (MDA) (P<0.05). The highest activity of catalase (CAT) was in the 1.29% group, which
was significantly different from that in control group (P<0.05). The digestive enzyme activities of intestinal lipase
(LPS) and trypsin in diets supplemented with threonine level (0.76%—1.64%) were significantly higher than those in
the control group (P<0.05) except threonine level at 1.64% in the activities of digestive enzymes. The intestinal mor-
phology of 1.09% and 1.64% groups were well-developed in villi, orderly arrangement, and no fusion and shedding.
The threonine levels had significant effects on IL-2, IL-8, IL-10, IgM, TNF-o. and PepT1(P<0.05). With the increase of
threonine level, IL-2, IgM and PepT1 showed a trend of increase first and then decrease, and the expression levels of /L-
2, IgM and PepT| reached the highest level in 1.29% and 1.09% groups. IL-8 showed a gradually increasing trend. /L-
10 and TNF-o. showed a decrease trend. The low fish meal diet (15%) supplemented with appropriate level of threonine
improves the growth, digestive enzyme activity, intestinal morphology and structure development and immune en-
hancement of juvenile triploid Oncorhynchus mykiss.

Key words: Low fishmeal diet; Threonine; Immune; Intestinal tissue structure; Digestive enzyme activity; In-
flammatory factor; Triploid Oncorhynchus mykiss
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