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BRI SR O A R I, RE 6 0 i TE 5 R 2
e, BB T A R 5 B e LR R R
HOIRE | B O | SR A L= I (7 ) I <1
AR

¥ Af ( Ctenopharyngodon idellus) J&#IE H | 1
PR S AL, g i E R Z—
JZ oA TR IR KK I B T 4 A 2 AR
ARFRIE BT, Bl Am]RE Y 4R R K B
b, LABGE il 5t A IR W T8 52 45, 9 3 A
Ko AT Ao A8 T A 0 A T e Ik W
FE N L 1 2y £ A 1 SR M 1 25 45 0 Y

Wi, & 7 S I 1 B BRE Y TR (A BRI

1 #MRlEFR*E
1.1 R ER

T T 0 TRk v A Sk e — K (21N 98%
WA B R AW R R A R SHE AR W
0 0 (X)) 10.25% 0.50% .0.75% .1.00%
Tk JFURE RS R J 3k 60 H 0, 4% R 7 23R o 1 AR
i IR A A R AEMEDRL ALY R 1.5 F1 2.0 mm AL
12 BRI RE, 72 B b KT R BT 20 TR A
B KR S S B TR KL R 1,

F1 KBRAMARRERKE(RTFEM)

Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
gE| AWM KN Gly-Glu supplementation/ %
Items 0 0.25 0.50 0.75 1.00
JEB} Ingredients
AR B K Gly-Glu 0.25 0.50 0.75 1.00
i} Fish meal 6.00 6.00 6.00 6.00 6.00
1 Soybean meal 20.00 20.00 20.00 20.00 20.00
HiFFHI Cottonseed meal 24.00 24.00 24.00 24.00 24.00
KK Rapeseed meal 10.00 10.00 10.00 10.00 10.00
KA Rice bran 12.00 12.00 12.00 12.00 12.00
XK Wheat middling 23.80 23.55 23.30 23.05 22.80
il Soybean oil 1.50 1.50 1.50 1.50 1.50
BB 545 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50
il #F Premix 1.00 1.00 1.00 1.00 1.00
ZALIHTE Choline chloride 0.20 0.20 0.20 0.20 0.20
&1t Total 100.00 100.00 100.00 100.00 100.00
B F% 7K Nutrient levels
ML i Crude protein 31.10 31.65 31.10 31.25 31.55
HLIEW Crude lipid 5.46 5.48 5.11 5.28 5.58
MK Ash 11.68 11.49 11.81 11.43 11.94

BT 3w HIRE & One kg of premix contented; VA 120 000 1U, VD, 340 000 IU, VE 480 mg, VK, 3 200 mg, VB,
1 200 mg, VB, 2 280 mg, VB, 8 240 mg, VB, 120.6 mg,{Z & %5 calcium pantothenate 720 mg, #Hf2 nicotinic acid 1 000 mg, I
IR folic acid 60 mg, =4 biotin 1.2 mg, 4 4= E C BEEREE vitamin C phosphate 6 850 mg, JJLEF inositol 3 200 mg, Mg ( as

magnesium sulphate ) 4 000 mg,Fe (as ferrous sulfate) 4 800 mg,Zn (as zinc sulfate) 2 000 mg,Mn ( as manganese sulfate )

800 mg,Cu (as copper sulfate) 160 mg,Co ( as cobalt dichloride) 12 mg, Se (as sodium selenite) 4 mg,I (as potassium io-

dide) 40 mg,

1.2 AFEE

Fr B R I6 7E 9 R 4 BT Ak T 4 VT K PR A 7
B P EA T, 6 R g A R A K
JE R, B 35 FRIAE (5 mx4 mx3 m) 1, DL EEA 4]
Bk 2 8, IERE TR T, 25 24 h JF U750
et FRE R (7.16+0.10) g I F 4,

BEMLA R 5 41, B4 3 ANEE , AN EE 50 B, 11
FET AN 1.5 mx1.5 mx1.5 m B R4E T, 763
P AR AT 4 JRHEME 1.5 mm R0 5 0k 4RRE,
ik B — 2 A Ja, IR 5 JF dn R
2.0 mmi A% ) UKL 1R R} %GR 56 W R 22 8 A
FRPHR IR A, G0 St B R KR KRR R E = A
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RIS R T 256 24 h, R, G ARIE R OK
W, B REILIEIR 14 BR 6 T
BRI, PEHC 6 2 B £ B2 DK HBCIML , # 24 h 5,
3 500 r/min.C> 10 min, BC_E 5 980504 il 45 17
~80 CUKAAIRAF A PEHL 5 R i T oK I 0k fig
FIFNF S iz 1, —80 C vKA P A7 H T M 18 11 b il
WPERIGE . S35, RSP BE AL R 3 R R f
BT UK R ] ol B g, AR B AR K
(75% ) Ve, [ 2 T 00K IS W2 A 7K B AR IR & 1 &
W (AFA) TR Tl 1 280) F 6l
1.4 3EtRZE
141 AERVERESR AR E

FE TN A XA KRR bR .

14 5 % (weight gain rate, WGR, % ) =
100X (W,=W,) /W, ;

A7 K (survival rate, SR, % )= 100XN /N, ;
1Al 240 (feed conversion ratio, FCR) =
F/(W=W,);

5 1 %% (protein efficiency ratio, PER, % ) =
100x( W,=W,)/ (IXP) ,

XN AR RBEGN, HWIIRREG W, HE
HRAREE ; W, APIIRREE ;¢ I KEG F O DR
Fem ;I NIRAMMTY & &, P ik R E
o) B
1.4.2  JiE IHALRE S I e 36 b 0 5E

JI70 T J VT O D T D ) T P B 0l Y A
R W (GOT) 4y N §% 2 i (GPT) | i i il
(LZM) {f P, i S8 H (TP) JRFE A (UN) (i
M (GLU) JH[F B (CHO) | FilEE (COR) (43
HIK(GSH) & & X B HtA L RE ) (T-AOC) ¥k H
A 5 A ) R R 5T 0 R T A 5 il v AR
R 3(C3) AMAK 4(C4) & 5 R H WA R BE A= 9
B B ) B3R &0 2 5 13 H il =8 (TG)
i R JHAC Bt b A B 2 i PR 1550 A R 2 W] 1 1t
EE
1.4.3  JiaHLUE I E

s 2t AFA [ 2 S BEB G K PR
B A Y] F (5 pm)  IRAKE -4 (HE)
gen, Wik BB BV IR B . TEREH 9
kAR L) o, A Leica MD4000B I i 55 Wi 2%
JHHA R BE k) 7 BEAL 3 S L, X 3 Ak LB

PR/ 8 v B B s R R L2 R R A
DL K BE AR 40 i 85 5 % i Motic Images Plus
6.0 FAFHATIEFAIE (TS E REHEE F
JRJEE RS AR A0 B i ) | o3 ) BBOH P B (B4R Ol i
R i A5 8 BRI 25 R
1.5 HESZITHH

RIS HE R SPSS 17.0 H k471 7 22 507,
R R R EeEE" TR, BERD
#(P<0.05) B, W >k A Duncan [G ikt 17 £ &
e,

2 & B
21 BEBR-_MNESSEEKERIIIE

H1 2% 2 W], TRk IS A 2 B e KO
4 A7 R TC M (P>0.05) , TR
A e — IR A B gyt KPR RE R BT
A5 VR I A A 4y £ 1 T R 2 R T IR (<
0.05) , H& T IMALH] 22 7 A 2 (P>0.05) , & B
TR L 2R A B 2 I T R4 (P<0.05) , B
AR D TR R4 (P<0.05) .
22 BEEETIE S 4h & i7E B E R

HH 2% 3 1T 1, Bifi 2 e ek v 25 2 e — K
SN, W T8 R D R R AR T M R e T
JE AR A 0.25% 0.50% 2H i 3 B 17 it 1
BTG M T 4 (P<0.05),0.75% .
1.00% 28 Ji7 18 Jig 107 it 70 JR 2 11 il 3% M 55 0 IR V20
WEZEF(P>0.05) , J7iE W0 I 06 1 R 5 AR
P il — O S It ) 2 R R R B, 0.75% |
1.00% #H i F A% T % IR 4H ( P<0.05)
23 AEBE_ARNEEHENFTELIERN
=AU

P e R SN I 1 B RS RN [ R N el =
X AT 2R (P>0.05) , YA AN
TRAGES I AT 0.50% I I A 2 0 S B
FTE R, Hod 0.75% 4 B E E T R4 (P<
0.05) , FRMAIME KRB A S HERAEE (P>
0.05) , {H¥5 18 & T XA ( P<0.05) . FAk R
T S Feie — JURA 0 10 35 e = 1 R O i e
TRERF A, Hod 0.50% 20 1L 74 AH [ s 5
fRTXT B4 (P<0.05) , 2% 7S I 4 i 37 H b =R &
R ELT XA (P<0.05) , 45 25 &
Jiie RS 0 R i 0.50% I I T 45 B RE A2 T
P ETFRHE, Hodh 0.75% .1.00% 4 1fiL 75 45 &
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ML BTG WS TR R4 (P<0.05) ,1.00% 4 L5 45 P9 3% BTG ME 10 3 8 T IR 4 (P<0.05)

x2 AEBRBR_RNESGEEKERHIME

Table 2  Effects of glutamine dipeptide on growth performance of juvenile grass carp (n=3)

gE| AWM K Gly-Glu supplementation/ %

Items 0 0.25 0.50 0.75 1.00
Wtk E IBW/g 7.15£0.00 7.16+0.01 7.10£0.10 7.15£0.00 7.16£0.01
LKRE FBW/ g 22.00+0.72° 23.24+0.81™  22.74%0.55"  23.86+0.64° 24.39+0.72°
TR SR/ % 98.00%2.00 98.67+2.31 98.67+2.31 96.67%3.05 96.67+4.16
W R WGR/ % 207.58+10.25"  224.63x11.09% 220.94+5.38" 233.44+9.03°  240.64%10.34°
Tk 2% FCR 1.83+0.05° 1.67+0.05" 1.68£0.11% 1.58+0.06™ 1.51+0.04"
B H AR PER/ % 1.61£0.17° 2.110.13" 1.98+0.07° 2.25+0.23™ 2.42+0.38°

)7 B5cHhe JE A S ) B R 25 57 35 ( P<0.05) MR F R RR 2 RA B % (P>0.05) . T £,
Values in the same row with different 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 as below.

x3 AR E & 4 & R7E LB E R R

Table 3 Effects of glutamine dipeptide on activities of digestive enzymes in intestine of juvenile grass carp (n=3)

i H B R B KA Ii= Gly-Glu supplementation/ %

Items 0 0.25 0.50 0.75 1.00

g i Lipase/( U/g prot) 20.89+1.45° 24.05+3.59" 23.38+4.62" 20.72+2.42* 20.42+0.40°
& H B Trypsin/ (U/mg prot) 1 428.33+78.93" 2 095.57+70.31° 1 896.82+223.73"1 585.79+105.24" 1 348.76+113.33"
JEREF Amylase/ (U/mg prot) 0.42+0.08" 0.37+0.07" 0.36+0.04" 0.33+0.02° 0.32+0.01°

x4 AEBMEZRNESL S MNFELEREZE

Table 4 Effects of glutamine dipeptide on serum biochemical indexes of juvenile grass carp (n=3)

i H A E M K Gly-Glu supplementation/ %

Items 0 0.25 0.50 0.75 1.00
HMEH TP/ (g/L) 7.26+1.14" 7.18+1.16™ 7.96+0.62" 6.86+0.55 7.69+0.95"
#i%gH GLU/(mmol/L) 6.54+1.24° 6.15+0.81° 6.25£1.03" 8.64£0.41" 7.62£2.80%
JRZ % UN/(mol/L) 1.06+0.28" 1.76+0.10" 1.63x0.06" 1.66x0.17° 1.62+0.16"
JH[E #E CHO/ (mmol/L) 1.23+0.41° 1.01+0.05® 0.55+0.04" 1.19+0.56" 1.09+0.22%*
H il =W TG/ (mmol/L) 1.25+0.21° 0.99+0.21* 0.96+0.14* 0.88+0.11° 1.00+0.27*
R E B GOT/(U/L) 8.98+1.21° 9.32+1.50" 10.06+1.71*  10.77x1.63° 10.21+1.16"
KN EE GPT/(U/L) 1.93+0.36" 1.93+0.07° 1.00£0.17* 2.13+0.40° 3.06+0.69°

24 BFEBR_RKMNEEHENFTRRIERN FAmi#as Hd 0.25% .0.50% Fl 0.75% 4 4+ It

A HK S BB E S TX R4 (P<0.05) , &R 2
H 3R 5 AT, 0.50% A Rt gt M VS VS s TS PUaUibie ) W3 v T R4 ( P<0.05)

PR E S TR (P<0.05) , MR A& B 2.5 FEEBE-MKMNE&% &G ERSHNENE

PRI & T 0.50% I, 1 1L ¥ V5 BRI 36 M L AR 4 B o, 5% BATAH Eb fDk b i om A &k

TEEETNE(P<0.05), RS &R ES
(P<0.05) , Ak A s i 2 20 I e — KX 1l 38 #b
3 &R E M (P>0.05) . R RNASE
Tk Fiie — KA i il 3 4 IO K B i R A A

e KAt T ImE BRI L E B EE I, B
o M 2 MR IR 240 e P T

H12% 6 Al 1, ADRE o8 i A% gt e — IR il
A Ay 40 i 38 8 e BE TR (H 4[R2
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ANEFE(P>0.05), fERPRIMAZAmG KB % MORMEGE B3 F+ 5 (P<0.05) 8 1d 0.50% /Y
A NGRS VNN SRR S N R IS 5 g 3 2 R JEL I 3 T (P<0.05)
5%t FRAH A EE ,0.50% 2H [ a5 TR J i 25 A, i

RS BEERE TS L& N E RIS

Tab.5 Effects of glutamine dipeptide on serum immune indexes of juvenile grass carp (n=3)

Y= AWM — KA N Gly-Glu supplementation/ %

Items 0 0.25 0.50 0.75 1.00
R LZM/ (wg/mL) 2.29+0.39" 2.21+0.22° 2.76+0.21° 2.29+0.37* 2.18+0.32"
A 3 C3/(g/L) 0.48+0.09 0.42+0.05 0.41%0.04 0.41+0.08 0.40%0.08
#MA 4 C4/(g/L) 0.42+0.08° 0.37+0.07™ 0.36+0.04" 0.33+0.02° 0.32+0.01°
A MEH K GSH/ (mg/L) 27.79+2.96" 37.53+4.05" 54.25+16.25° 37.96+8.58" 36.49+8.56"
ByrEkEe S T-A0OC/(U/mL) 5.21+1.03" 7.76+0.64° 8.25+1.93" 9.02+1.10° 7.65+1.69"
S JF#% COR/(ng/L) 3.68+0.02" 3.72+0.01" 3.72+0.02"  3.74%0.01° 3.77+0.05"

A Xt R4H control group (100X) ;B:0.25% 4 0.25% group (100%);C:0.50% 41 0.50% group (100x);D:0.75% 4
0.75% group (100x) ;E:1.00%%H 1.00% group (100x) ;F.%f 4 control group (400%) ;G:0.50%2H 0.50% group (400%)
VH: 2% 5 ¥ villus height; CD: [ 5 %R crypt depth; MT: % 5 /52 F mucosal thickness ; GQ : #IR Z Jitd goblet cell,,

A RBER M E & 7E AR SRR

Fig.1 Effects of glutamine dipeptide on midgut tissue structure of juvenile grass carp

Ro6 BREBMERZMNE&ELE GRS ERNRE

Table 6 Effects of glutamine dipeptide on mid-intestine morphology indexes of juvenile grass carp (n=3)

gE| AR B KU & Gly-Glu supplementation/ %

Items 0 0.25 0.50 0.75 1.00
YL Villus height/ wm 350.60+35.34  362.50+33.55  367.43+31.95 407.30£10.67  368.36+29.57
B B3 R Crypt depth/um 257.10£30.30°  274.23+25.25" 199.43+38.47" 301.06+24.65°  279.67+17.10%
FHIEJE B Mucosal thickness/um 373.56£36.60"  362.10+39.35°  395.00+31.09® 445.20+26.44°  433.90+20.55°

PR ZH 5B Gobletcell quantity/)  6.00+1.00° 5.33+0.57° 11.00£2.64° 7.00+1.00° 11.00£2.64°
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TR 5 A WA, A1 S DL 2R 5 A A 200 R
IR R R W, Tk b S A 2 e — IKRE 8
YR N R RN R T N S gy & U
BLR& %, 5 AE @8 ( Cyprinus carpiovar Jian) ' |
B ( Cyprinus carpio var. specularis) ) %% ff
( Rachycentron canadum ) oW om ( Hucho
taimen) "B 25 AR AL, AT AS B 7 1A BT 4%
T Jrg T2 1om 255 2R 8 T 5 v 2 B >4 DRk v A 2 I
ANt 0.60% I, A2 K BOR 8 W3 T
P BRI A 1.00% 2H AT A K ROR A — 3,
i DR A8 e e 5 T2 R LR A 3 1 R A%
AR AN, DT R AT X AR 4 P e A A2 2R 4 i
A 2T e A= B0 ) A 2 I e — IR Bk T sl £ A 2 Tk g
PR Pl S ELA AR HE K T B ) S g PR AL AR
FERT RN

2T AL S PE 2 R B B W Y AR A A R LA
R A R R szt FEA S oh B AR 4 )
T TR R 1 T R i 7 T 3 2 i R A 2 B e — K
AN I B T v S A T S AR B R AR A
R RS s 0.50% 5, TE R S T 5
N, KR 0 2 BE G — K BE A i B £
kRO R S Wi R RS R A (ER =i N EE =) 3
J¥ie — JOK AT R 2% in = i 0 1Y B8 5 e 9 Ak g 1Y
W X SR SRR P O AR T 4 R
FRARL
32 AEBBR_MRNEEYHENFTELERN
=]

I S H 5 R R R WL T 28 H
MBS AR AR AR R B, KB
IR F Al )y 0 08 IR R A S 2 N B (HYy
e TR B2 HE I AT B R ek b S A e —
J e 1 fo A T 2 e A A, A A5 1 R R A
BEAEREB SR, NS ER & &R
AR TF LI 0.50% B EVE F & &
iy, P I B0 A S I KT — o R B AR
TR A R N BT A, A AR

MRS EIR , RRE 2 50 S 2B AR A R R
AR IS W DR R AR I 0.25% ~ 0.50% 1) 43 2 Tt
Jiie Z JOROXSF 1L 345 6 25 B O 0 3 R {EL Bl A
FATE e — R o %) B Ry G Il I R A R i
HIwE, R AT RE S A A B e GE o =R R
TS5 R g o iR AR VE A DG, s H
THT =T R IH [ B B A% S B S AL A4 0T B 2 AR R
O, HS B Y T UG LA B S A B AL
gz AR LSRR, R PR IS &
/N o R (1R B R L | R g i
AL K (0.25% ~ 0.50% ) 1 15 1L ¥4 45
PR Il 0 1 T R ke A BB rh R S i A
GAE e — IR BN T 4% 55 5% S g AN A5 TN e 2 T T
PRI 2 T e, XU B IS S G KA BT
e gy B AR R A R T RE (R A A &
T e JFF I 7 A, ] B8 T s 434
33 ASEBR_KRMNEESERETNFBERERN
A

A Mk P 2 0 DS 5 A AR T i B SR R R 8
P HE A0 M P AR & 35 B S e
H A S Mt i e 8 38 2ok 5 1 — 280 Ak BN 22 e o SR
AR R = A kA0 S R S T i L
A BB X VT RURMACR 0 R Y A AR RE
SR E N, R - EENRAEEEY
JoR 0T R SR TR B R, B LR,
TR A N AR AR A b R
TSI 0.50% 4% 24 It e — Bk, {45 B £0 &)y £ 1l 75 7%
AT TG B 35 v X R (R G ) 2 R B
KB EN N 2 AR 5 0.50% Ji , B A0 &y £ 1L 37 B
TEPERIRMA 4 & & 1 35N B 005 R o 5 i
ETHE . Ul B ) A 2 e e KRR A T
PR M v R ) G T (R R ) A T
JHe Z K AT R 2% 1 B R HD B 98, 1 ML AR B giE
i B RE J1 R B, SR T R 4y o i B A
Ko B MEH BRTENLAR ST E AL B A i 2 22 G i %L
MIVERT . FEASTR S, fa) ek o 8 45 24 19 e — Bk fig
U ATE = R RN (IR AR S N S 71D
ALRE T . X R E W i — K R A% 48 m B 4))
fPUALRE ST . X —Z5 R S WA aE | )
FAL

A {2 T AR [ B N IR AR R A
SRR RE SE R (Al B, S AR E
TR T AL AR AR B TR I ELAT S RE | N i LA
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FOR MR T e . HIE T = BB IR
Fob MBS JEE P 7 ek P T AR O TR AR AR
B bR B AR AR A0 A T T AR o I R, T —
FERRSE bon] D) B Wb W2 AR B0, X8 1 40 Wy
LA 3 R B B () e B M A B Y 7
AREG SR AE R R ST 0.50% 4% 2 W e — ik
DLJS , REAE (2 7F B £ 40y £ iy 38 6 52 J5E 38 PR 4 i
B, X —45 28 5 X H A X ER ( Penaeus ja-
ponicus) TG 45 R A, X 158 W 5 £ 4y 0 E
AR i A I e — RS, B T 3 i 3
JI70 T8 2 M Ok i v %ok T 7R ) B 4 9 Ak T WA e
T3 UL AR FERRIR 20 04 53 0 DR IE J7 3 2o 5 I 1)
SERE, B Es TR b Th 2 a2 i o T AR AR
I AR £ 2 Xt 35 35 0 T 0 Ak W s RE L A
ARIG IS 0.50% B A 2 I e — IR, fdi 75 5L
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Effects of Glutamine Dipeptide On Growth, Serum Biochemistry,
Immunity Indexes and Intestinal Morphology of Juvenile
Grass Carp ( Ctenopharyngodon idellus )

WU Tongqgiang'®> ZHONG Lei'*" LIU Zhuangpeng'® HU Yi'?*™
LIU Zhen>*™ LU Shuangging®’
(1. College of Animal Science and Technology, Hunan Agriculture University, Changsha 410128, China; 2. Collaborative
Innovation Center for Efficient and Health Production of Fisheries in Hunan Province, Changde 415000, China;
3. Hunan Provincial Key Laboratory of Nutrition and Quality Control of Aquatic Animals, Department of
Biological and Environmental Engineering, Changsha University, Changsha 410022, China)

Abstract: The aim of this experiment was to study the effects of glutamine dipeptide ( Gly-Gln) on the
growth , serum biochemistry, immunity indexes and intestinal morphology of juvenile grass carp. A total of 750
fish with an average body weight of (7.16+0.10) g were selected and divided into 5 groups with 3 replicates
per group and 50 fish per replicate. Fish were fed diets containing 0 ( control group) and 0.25%, 0.50%,
0.75% and 1.00% glutamine dipeptide, respectively. The feeding test lasted for 8 weeks. The results showed as
follows: 1) compared with the control group, the weight gain rate and protein efficiency of juvenile grass carp
increased significantly ( P<0.05) and the feed coefficient decreased significantly ( P<0.05) in the glutamine
dipeptide supplementation groups. Dietary supplementation of 0.25% and 0.50% glutamine dipeptide signifi-
cantly increased intestinal lipase and trypsin activities ( P<0.05). 2) Compared with the control group, the ser-
um glucose content in 0.75% group significantly increased ( P<0.05), and the serum urea nitrogen content in
each glutamine dipeptide supplementation group significantly increased ( P<0.05). The addition of glutamine
dipeptide in the feed made the serum triglyceride and cholesterol contents decrease, and the cholesterol content
in 0.50% group significantly decreased compared with the control group ( P<0.05) , serum triglyceride content
in each supplementation group significantly decreased compared with the control group ( P<0.05). The activities
of glutamic oxalacetic transaminase and alanine aminotransferase significantly increased when the dosage was more
than 0.50% ( P<0.05).3) Compared with the control group, the serum lysozyme activity in 0.50% group increased
significantly (P<0.05). Serum complement 4 content decreased significantly in 0.75% and 1.00% groups (P<
0.05) , while the cortisol content increased significantly ( P<0.05). The serum glutathione content and total antioxi-
dant capacity significantly increased in each supplementation group (P <0.05). 4) Compared with the control
group, the intestinal crypt depth significantly reduced in 0.5% group (P<0.05), the intestinal mucosal thickness
significantly increased in the 0.75% and 1.00% groups (P<0.05), and the number of goblet cells significantly in-
creased in the 0.50% and 1.00% groups (P<0.05). In summary, the addition of 0.50% glutamine dipeptide to the
feed can promote nutrient metabolism, immunity and intestinal development of grass carp juveniles, thereby pro-
moting growth.[ Chinese Journal of Animal Nutrition, 2019, 31(8) :3682-3689 |
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