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(alanyl-glutamine, Ala-Gln)Xt % [C IR UF (Macrobrachium rosenbergii) A= AR HE | TH AL G M AN G B AH 56 36 R R TR A0 32
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BA R Eh Y B AR, XT3
PR RENE B I XK 7 sy R AR RE L SR Dife
TR Ak il 14 52 ) ) BB R UGB . DR, AR
W5 LL T IR EF(Macrobrachium rosenbergii) ANt
FEX G, AT EMER S TB. AKG Al
Ala-Gln X % QTR AR A KPR RE . T AL B0 1 F0 A
938 L A R GRS, ) B 0 5 A8 AR R R A
EPUE SRR T U R F A b B SO B R
K AERE . TH b T A He g B PR 3R K Y 52 e AL
B BIE RS IR R A 3 RS R 4 1
AL E AR B -

1 #RETE

1.1 LIz
B ECIH IR B VT B8R K Rl A BRA A

Hl,
1.2 Wi S5EFEE

Xt REZH 43 51 o AEAE KT (PM) R EZ AR AL (SM), 73
BN 33.70%E4 K F1 40.00% 5k . I HAELE
AR ZH AN TN B R R AN g =R, SO S
T8 8 8 R DA AR IR A AL TR R s R 1 — 2K
ZIHTH TB. AKG 1 Gln [RF7 251451 43
SIAE SRR PR A 0.10% . 0.20%11 TB (fiv44 4
TB1 F1 TB2 41). 1.00%. 2.00%[* AKG (AKGI
1 AKG2 ZH)Fl 1.00% . 2.00%f) Ala-Gln (AGnl
1 AGn2 ), LRI 8 Fh A BRI & K H MRS
SRRkl . £ TRRHECRH B R 60 B I, FREEJS IR
A, W EAN 2.50 mm BYEURL, BOXUIE LA
(F M TR TR A A FR A /) 40 CHET S &
T-18 CURFARAF &, Al g im B I M8 77

T WIN I B 2R B B K ARSI IR A e i R 1,
&1 EABBEFMEFRARRKTERM)
Tab.1 Formulation and proximate composition of basal diets (air-dry basis)
%

AR S, composition of diet

J5ElL ingredient

PM SM TBI1 TB2 AKG1 AKG2 AGnl AGn2
i fish meal 31.50 31.50 31.50 31.50 31.50 31.50 31.50 31.50
TH soybean meal 0.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00
ALK peanut meal 33.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TR {1 JE R pregelatinized starch 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Tl soybean oil 0.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
KEHENE soy lecithin 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
f13H fish oil 1.35 2.00 2.00 2.00 2.00 2.00 2.00 2.00
BER —E45 Ca(H,PO.), 2.00 1.92 1.92 1.92 1.92 1.92 1.92 1.92
FEHM Met 0.00 0.08 0.08 0.08 0.08 0.08 0.08 0.08
SR Lys 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AR Thr 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Y ZHUREL ' vitamin premix’ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
W4 R TR KL 2 mineral premix? 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
S ALABBE choline chloride 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
W MgS0, 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
JHE B cholesterol 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
WMEF4E microcrystalline cellulose 10.73 2.00 1.90 1.80 1.00 0.00 1.00 0.00
BPIL 4 E carboxy cellulose 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Rk fit 4 yeast hydrolysate 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
ZTRRHIEE tributyrin 0.00 0.00 0.10 0.20 0.00 0.00 0.00 0.00
a-BJ% — MR a-ketoglutarate 0.00 0.00 0.00 0.00 1.00 2.00 0.00 0.00
N BEE -7 2B alanyl-glutamine 0.00 0.00 0.00 0.00 0.00 0.00 1.00 2.00
At total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

(fF%% to be continued)
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(8% 1 Tab. 1 continued)

JF kL ingredient

AR S, composition of diet

PM SM TB2 AKG1 AKG2 AGnl AGn2

B nutrient composition
HMIE AR crude protein 39.03 39.03 39.03 39.03 39.03 39.03 39.03 39.03
MGG ether extract 9.97 9.97 9.97 9.97 9.97 9.97 9.97 9.97
JHE/(k)/g) total energy 14.40 14.40 14.40 14.40 14.40 14.40 14.40 14.40

T 1 BTk R g Z MBI RN . iR A 30000 TU, 4E4:3% C 4 g, 4i2E % D; 18000 1U, 4E4: % E 300 mg, 42k % K,
25 mg, #i4:E B, 50 mg, 4EiEFE B, 100 mg, 44 E B 80 mg, 4i4EE By, 0.2 mg, MHBEE 400 mg, D-AEY)# 0.8 mg, MLEE1 g, MR

25 mg, D-{Z fR 45 250 mg; 2. & T FefabEhh A o0 B IR 4328 : MnSO4-H,0 35.80 mg. CoCl; 29.94 mg. FeSO, 7H,0 9.54 mg .

CuS0,4-5H,0 30.23 mg. ZnSO,4-H,0 15.76 mg. Na,SeO; 0.89 mg. KI 1.06 mg.

Note: 1. The vitamin premix provided the following per kg of diets: vitamin A 30000 IU, vitamin C 4 g, vitamin D; 18000 IU, vitamin E
300 mg, vitamin K5 25 mg, vitamin B; 50 mg, vitamin B, 100 mg, vitamin Bs 80 mg, vitamin B, 0.2 mg, nicotinamide 400 mg, D-biotin

0.8 mg, inositol 1 g, folic acid 25 mg, D-calcium pantothenate 250 mg; 2. The mineral premix provided the following per kg of diets:
MnSO,4-H,0 35.80 mg, CoCl, 29.94 mg, FeSO4-7H,0 9.54 mg, CuSO,-5H,0 30.23 mg, ZnSO4-H,0 15.76 mg, Na,SeO; 0.89 mg, KI 1.06 mg.

TSR TR AR B, VR, B IRIA ARG
BFR 14 d, PerE A ST | R TOHE 1 SC I, ]
FEFT0.6 m .= 0.4 m 1K 0.5 m FRFKFE T, St
8 4, B 4 MEE, HAHEEMSE 20 RBIF,
KAWL 2 YR(7:30, 18:00), Mo Erfemd, szu6 ki
56 d, SLERHAE] 24 h R, HFE =6 mg/L, Kik
4 26~30 C, EA <0.3 mg/L, pH7.8~8.3,

1.3 SKMEENEFHEMRE

FRAHR IS5 R, Bl Ge v BT AR R BT PR,
ARMRRITAE AR T

B (SR, %)=100xN,/N;

W R (WGR, %)=100x(W W)/ Wy,

FE 4 K F(SGR, %/d)=100x(InW~InWy)/T;

TR R EUFCR)Y=F/(W W)

X, Ny AWIIG AL Ny RZRBEG Wo Ml in ik
H(g); W, NARIKTE (2); F MBEAERN(); T ik
KE(d)-

RECHC 3 R EBOm k= F .o, BT
4 °CUKAHHFE 24 h J5, T 10000 r/min &5 .0
10 min, JHHCE3EH, T-80 CHIVKFRAE, HT
007 N GV 1= W O = o 1L i o1 M 7 8
i, R EE, T-80 CHGF, HTEMN
FRBEETEE . FHGLREHLEER 6 FIF, & RIFYIEUE
i, B3 1R, T80 CLRAE, T
Jor il 3 PR 3R AR 1k
1.4 SHUBEFEEMRELIERNNE

BRIl . o-VEMEE . BREE I . B AL

L (SOD) T M AT % (MDA) F f2: 2K I /e ot
BUAE W) T AR 53 B ) D
1.5 WHEE PCR(QRT-PCR)S HrEERIE

HL-80°C VK48 H R A7 1 25 Rl AR, S
FRAG o S AESE A MR A IR A w4 RNA PRkl
PEBOA T G B AR UL AT $2 S RNA . $RHUH &
RNA FE M ANt BTl e, I e B &
T 100 ng/uL, OD,60/ODyso 7E 1.8~2.2 Z[A], WA
N RNA A H o F RS st £ (TaKaRa, H A)H
RNA X 5 5t N cDNA, #4776 20 C JHl F
qRT-PCR 4.

K HAEL Primer3 %11 TOR. caspase-3 .
caspase-8 ., TNF-a %K qRT-PCR Fi 5%, 5149
5 L3¢ 2, 28 TaKaRa RRO47A B H 17
B, MPE TaKaRa RR420A %7 & i ] 5 k1752
BP9t i PCR. Rl %[GR MR DU L A,
FI 2728 g C B 6 B3 R X 2 ik 7K
AT 5T -

1.6 Zitath

B LLF- S48 F bR iR (X +SE) R s, R
SPSS25.0 X 45 i 4is i 17 B K Ry 22 43 AT (one-
way ANOVA), # 2= 5 ik 8 W # K, Wik 17
Tukey (£ Z & [L#R, WE KR 0.05,

2 HBRE5HMW

2.1 X BEBERE KRR
R 3, RAMEAREER, f7
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R RREEREMEAR RS TR EEER
(P>0.05).,

%2 qRT-PCR3I#FE7FI
Tab. 2 Primer sequences for qRT-PCR

1%1? _ 19750 (5-3") gﬁ?}iiﬂ
name primer sequence (5'-3") type
TOR GCTTTGAACCCTCGCCTTAT 1E [
forward
TCTCCTCTCGTTCTTCCTCTTC I
reverse
caspase-3 TGAGGCACTGGTCTTGTCCAGAAT 1E 7]
forward
GGCACTTGCATTGACTGCTGGATT & A)
reverse
caspase-8 ACATCTTGAAGGCAGCGAGT 1Em
forward
CTTCCTCGTCGAGAACCTTG o]
reverse
TNF-a CGCGGATCCGATGTTCACCGACACCTAT iF [

forward
CCGGAATTCTTCCAACTTTGCCTTTAC JZ ]

reverse

f-actin GAGACCTTCAACACCCCAGC 1E 7]
forward
GTAAGTGGTCTCGTGAATGCC JZ [A)

reverse

®3 FEGEXT RBREKMERENZIT
Tab.3 Growth performance of Macrobrachium
rosenbergii fed with different diets

F8F5 index

.
oo MR WHAN WELKE MR
WGR/% FCR SGR/(%/d) SR/%
PM 3120.69+148.59  2.89+0.57  6.17+£0.09 48.75+12.42
SM 3295.63+£387.67  2.95+0.74  6.27+0.25 40.00+7.74
AKGI1 2769.83+355.26  3.09+0.70  5.99+0.19 60.00+12.75
AKG2 2926.61+147.58  4.19+0.30  6.04+0.10 58.75+8.98
AGnl 2473.39+111.44  4.50+0.54  5.79+0.08 66.25+8.26
AGn2 2354.00+£349.87 4.93+0.37 5.71+0.21 66.25+10.28

TB1 4310.24+1352.84 3.40+0.95
TB2  2782.28+191.44  2.92+0.28

6.55+0.48 51.25+14.34
5.99+0.12 63.75+10.28

2.2 T RBEE N EEFERI T

RIGLE IR LRI (K 4), 5 SMAMLEL, PM UK
JHF i i R0 i 3 9 P T I P 38 B 4R 5 (P<0.05) 0
AGn2 415 SM 4 L, Maas AT g A ) Aig 1 e
JEREE A A o DY I T P 4R R (P<0.05), BT

B A v T 2 T I L - D A9 Tl I M R i 3 i D7
T i T ARG 4 (P<0.05) . AKG2 41 i
R AR T PM 4, R T A R
(P<0.05); AKG1 41 MAiE o T oy TG 14 e e HL i
= = T H AR R (P<0.05) .

* 4 AELEX T KBUFATERARA
78 H L B E R 2
Tab. 4 Digestive enzyme activities in hepatopancreas

and intestines of Macrobrachium rosenbergii
fed with different diets

845 index

A emem e B R IR
8I0UP  /(U/mg prot)  /(U/mg prot) /(U/mg prot)
amylase trypsin lipase
PM 0.601+0.005" 338.26+1.82°  19.89+0.20°
SM 0.520+£0.007 211.37£2.39°  13.29+0.27°
AKG1 0.496+0.003° 226.51+0.85% 16.68+0.20"
HFBRMR  AKG2  0.558+£0.006° 264.96+2.34° 19.67+0.22°
pﬁlﬁg‘; AGnl  0.419+£0.002" 173.61£0.35"  15.04+0.09
AGn2  0.652+0.003" 279.98+2.16°  19.49+0.23"
TB1  0.514£0.003° 218.47+1.57° 15.16£0.14°
TB2  0.515£0.002° 230.78+0.69° 19.89+0.22°
PM 0.470+£0.009°  249.77+2.95"  16.36+0.26°
SM 0.426£0.004° 162.26+1.65"  10.52+0.13°
AKGI1 0.537£0.004° 210.41£0.95° 16.67+0.23°
i  AKG2 0.511x0.008" 230.58+3.38°  19.26+0.28"
intestines AGnl  0.448+0.001° 187.37x1.15%  14.09+0.03¢
AGn2  0.493+0.001° 195.52+0.38"  20.66+0.07"
TB1  0.391+0.001° 149.05+0.13%  11.01%0.06°
TB2  0.460+0.003° 176.74+0.78° 19.57+0.07°

W ARG E R RN 4 R 22 57 835 (P<0.05).
Note: Different lowercase letters indicate significant differences
between groups (P<0.05).

2.3 XFRBIMENLIERA RN

AN TR Ak BN il b EL T A AR FR AR 5 me DL 3R 5
AR PR SOD T ik 34 25 5 (P>0.05). PM
41 MDA & i i H -5 HAM R 25 53 135 (P<
0.05).
2.4 XFEKIBEN TOR. caspase-3. caspase-§ Fl1
TNF-a E£E R KB 200

A 6] 4b BE X% G VR R TOR | caspase-3 .
caspase-8 Fll TNF-a. & PR AHXT 3R 3K & 19 5% 1) UL ] 1,
SM. AKGl. AKG2 1 AGnl [ TNF-a Xt #ik
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Tab.5 SOD and MDA content of Macrobrachium
rosenbergi fed with different diets

f8Fr index

.
;ﬂoﬂ, A EALE/(U/mL) 79 . /(nmol/mL)
SOD MDA
PM 314.17£1.62 78.08+0.03°
SM 310.60+0.15 78.82+0.30°
AKG1 314.47+1.92 79.22+0.11°
AKG2 314.17+2.80 79.59+0.20°
AGnl 317.07£1.79 78.97+0.52°
AGn2 316.10+0.80 79.36+0.31°
TBI 314.73+2.64 78.52+0.29*
TB2 313.03+1.09 79.61+0.23*

W AR/ SRR 0] 25 57 5 3 (P<0.05).
Note: Different lowercase letters indicate significant differences
between groups (P<0.05).

R EHT PM. AGn2. TB1 fl TB2 (P<0.05);
AKG1 11 caspase-8 FH X} ik 2 . 2 i T HAth fm) A}
4 (P<0.05), H PM 5 SM ML A B EEF
(P>0.05); AN[EJALHE TOR F1 caspase-3 #HXF ik =
WA I 22 7 (P>0.05).

53 30ra n=6;X+SE
ﬁg“:z.s-
Rg%z.o-
Ei21s)
258
% 5 210+
o &
>
%EEO'S'
PM SM AKGIAKG2 Glnl Gln2 TBI TB2
251 group
141 ¢
g§<12_ a n=6;x+SE
o
ﬂfi»%lo-
EES
S2R 8
g o
© g o 4f
8238
g8 50t
geo
© 0
PM SM AKGI AKG2Glnl Gln2 TB1
2451 group
1

TB2

AR HE [FCTHEF TOR (a). caspase-3 (b). caspase-8 (c).

3 Wig

31 =TEHHBEE. oKX ZEBRARIG-5 K8
B3t Z GBI BE Y2 M

B ICRIN A A MR AT e, JUHE
TEGIRBY B, FAAEFT B S, 1 A7 16 R
WA . Hosain 25U BIFF i % FR 4 % [ I8 0 A
RN 61.33%, Wei 25 KHF 58 b 2GR AR IR%
RN 20%~52.2%, Mg RS T B G IE R AR
TERHA 35.33%~49.84%, AW % [ IH IR TG 2
H 40%~66%, WAE L IRSLIGZE R TERIN . il
() S0 R B AR K AR S B A il TB. AKG
il Ala-Gln BESSAR KA S A SRR, R
i I Je 52 6 (Acipenser schrenckii Q@ xAcipenser
baerid)ERHH RN AKG 7] {12 3 738 A8 35 ik,
BRI K R, WA EUNLL, Hi%E TB BN
wIRE, R li(Tetraodon fluviatilis)iH: K ERE,
WMEABHE . FRACE, el KR, HH
24, MK E BT RS, h TB X
A7l HAT AR AR K Ay T R ok O

- =6 ¥+
%454171, n=06;x+SE
{'%E 6
N3
T’)('_'HS'

EES

2Z 54

2883.

%!—4

mg?az'

Q.Zgl.

Bs g

a0

o PM SM AKG1 AKG2GInl GIn2 TB1 TB2

2051 group
18r d

e 16} a n=6;x+SE
K2l
H&s%
Esi

‘B 810}
2 gell
Z &8 8r

X

o L
sgd ¢
2B
g3 2}

0

PM SM AKGI1 AKG2 GInl GIn2 TBI1
£H3 group

TB2

TNF-a mRNA (d)78 %38 H Y A3 Rk &

ARG FhE R 4 7] 25 57 1.3 (P<0.05).

Fig. 1

TOR (a), caspase-3 (b), caspase-8 (¢), TNF-a (d) receptor mRNA expression levels in intestines of

Macrobrachium rosenbergii fed with different diets
Different lowercase letters indicate significant differences between groups (P<0.05).
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TR 40% 1) by, & B 1 2R & (Micropterus
salmoides) i 38 B o 19 2E K RIB S I 4L, WIm
Ala-Gln B E S A KR, P 0.9%0 3%
R, (AR, Ala-Gln, AKG Fl TB Xf %
[CTRAREDRL R R . Fre 2R3 fAIG 3, &
RICRE LW . Wi e S SRR L s Xt
IR ok, Y SRR A LEBIMIR T 33.33%
Bf, LGV X B A R DG 2B K A (B 1 B ARC%E
FCR. SGR. WGR 5)JCH] i A8 4k, i BH IR X SR
SHEYEAREREA — N2 M, Y EmgiR
R LA 50.00% 0T, FLANEXTERE) WGR FlI
SGR H 3L T B T R 35 iR FLAATE X IR iRk}
H SRR AR EL RIS 50.00%0, KX H = AR
AFF . ABFIEH, 40.00%0) Z AL 25.57%
(K, BRIl 44.80%, =T 33.33%IM 1%
T 50.00%, PHEAN SR A K fig ™ A B R 1Y
s . B, SRR A Ala-Gln
AKG Il TB A i e = ¥ IR IR AR K M BE .
3.2 =TERHMES. o-BRX ZEBRANRA KbH-4 S
Bext % IR ERH L BRI R I

Tl FH 2% bR 8 T AL Bl 0 TR M e . B
PEFAE IS 2 e = Fh B AE A R K A 3 i 2 6] )
2 S L0200 i L T A 1 v A 5 R e b 2 A
FERSEME, PesE K AL sl X8 37 9 T Ak AT
HOR . ARG, AR AR DR 2 [RTR AR
ORI T A B VR R T, RUIEARXT 2 G
T8 R PO P R A /N . T R HL A AR R
pH. YEINAAIERR B . WO AR 1 DR R =5 T AL
TR VE R, TR T R T A i v I
2% AN S AR B R i 3 A RS O 2L
B ABFFET, BN 0.2% TB i F 25 % [LIFIF
¥ 316 118 5 A T T LA R P B 1 Jk 5 1 Tt S
B P o DA P RIS G2 R 4T 1 iR 6 A5
FIMHFESEIE, EDVSIN TB BB M | Dk B A1 i
D7 T 1) 3 1 AR T . R WEDRL RS TB W] LA
PEE I TE BGPTSR, ASLEH 0.1% TB
20 % [CYH M iz 3 1) B 2 11 G PR 3 AT —
(R a3, 315 2 e g PO B | iR 06 4%
SARL, ELAR R R S — S

AW, 5 E A LA AKG B3 2

E ARG 77, X S AR sc iU R g )
IRFFEas R —2, HLHE, AKG dEAfafki 2
— RGN A A AR, A 2 e T DU i
TH 1 & B O E SR TR T AR, R 1%
AKG 4 o-7E K BG5S M4 L TR, X
HUAERFFEAR], AR5 N T 2k — e .

WA 7 S P HE YT B 48 (Hucho taimen){T- 8.4
BERERIN 0.50%~0.75% Ala-Gln, 455 R i
T AN A B B AG TE PEAE Ala-Gln /EF T B g 42
TE, IR TR S A E e AR AL i s
SRR R AN = S S < N )| S S
TSI 2% Ala-Gln 205 SAGZAH ML, T A0 0 7 1
W2 IR E B, X 5P aNRg R —
o 8 1% AGn 4 e Ay il 0 2 10 ol 0% R0 T %oF
WA, 2% AGn 20 € Hoy il 0 JBR A 10 il % 2 o 0 iR
4, &SRR S Ala-Gln (G IIEA X, iX
b 5 H o A Ve W BF ST A R — 3, KT
0.50% it A 1 it R0 JB6 2 11 ol 0% AV T % BRUZEL, T
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Effects of tributyrin, a-ketoglutarate, and alanyl-glutamine on the
growth performance, digestive enzyme activity, and immune gene
expression of Macrobrachium rosenbergii

YANG Xin', ZHAO Jingyi', YE Jinyu"**, YANG Guoliang"*?, XU Qiyou"*?
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Abstract: Due to the current low production levels and high price of fish meal, soybean meal has become the best
source of protein for replacing fish meal in aquatic feed, as it is rich in crude protein and has a balanced amino
acid composition. However, soybeans and their products contain anti-nutritional factors such as trypsin inhibitors,
soybean antigen protein, saponins, and oligosaccharides, which cause significant intestinal injury in aquatic
animals and are likely to cause intestinal diseases. To maintain the intestinal health of aquatic animals, some
functional additives can be added to soybean meal feed to improve intestinal health. Among them, tributyrin (TB),
a-ketoglutarate (AKQG), and alanyl-glutamine (Ala-Gln) can promote intestinal development and improve intestinal
health. This experiment examines the effects of TB, AKG, and Ala-Gln on the growth, digestive enzyme activity,
and immune function gene expression of Macrobrachium rosenbergii. Two feeds supplemented with 40% soybean
meal and 33.70% peanut meal, respectively, were used as the control groups (named SM group and PM group),
while 0.10% and 0.20% TB (TB1 group and TB2 group), 1.00% and 2.00% of AKG (AKG1 group and AKG2
group), 1.00% and 2.00% of Ala-Gln (AGnl group and AGn2 group) were added to soybean meal feed,
respectively, to form 8 kinds of isonitrogenous and isoenergetic feed for M. rosenbergii. A total of 640 M.
rosenbergii with an initial weight of (0.10+£0.02) g were selected and randomly divided into 8 groups with 4
replicates in each group and 20 tails in each replicate. The trial period was 8 weeks. Compared with the soybean
meal group, the TB, AKG, and AGn groups exhibited no significant differences in growth performance, serum
superoxide dismutase activity, malondialdehyde content, TOR, or caspase-3 gene expression of M. rosenbergii
(P>0.05). Intestinal and hepatopancreas lipase, trypsin, and a-amylase digestive enzyme activities of the TB, AKG,
and AGn2 groups were significantly increased (P<0.05), and these activities were significantly higher in the AGn2
group than in other experimental groups (P<0.05). The trypsin activity in the intestine of the AKG2 group was
second and was significantly higher than in the other groups (P<0.05). Although the greatest a-amylase activity in
the intestine was seen in the AKG1 group and was significantly higher than that in the other groups (P<0.05), and
the relative expression of caspase-8 was significantly higher in the AKG1 group than in the other groups (P<0.05),
the relative expression of TNF-a was significantly lower in the PM group and the TB group (P<0.05). The results
show that the addition of TB, AKG, and Ala-Gln had no effect on the growth performance and antioxidant function
of M. rosenbergii. The addition of TB, AKG, and Ala-Gln can improve digestive enzyme activity and the addition
of 2% Ala-Gln significantly improved the activity of digestive enzymes. Soybean meal is more effective than
peanut meal for up-regulating the expression of TNF-a. Adding TB can reduce the expression of inflammatory
proteins and intestinal cell apoptosis caused by TNF-a in M. rosenbergii.

Key words: tributyrin; a-ketoglutarate; alanyl-glutamine; Macrobrachium rosenbergii; growth; immunity; dige-
stive enzymes
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