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Xt AGD B ST 2 DL AIH

T Fifl ( Pelteobagrus fulvidraco) 5 # £ & , 4
Rt TR R 7 O B K P R A A 2 — e
(2017w [E Y SE TR U SE T, 2016 42 [H
WA EDR 4 T AR EER S
Craedt i A, HE RH KRR C AR ZHE, 4
5 B R R R RN R R 4k A
FUO Ry AR, SR, AGD FE ¥R 3 1 R
T B S N N A2 4 1 R WL B i, AS B9 3E
BeH AN AGD & £ ) falkE, JF R 8 B AR i 5
IR ST AGD X 8§ fa &) 0 A K fig P SA b g
J AL RN RE 1 KB RE I 52 I A B AGD
TEE S N TC A Rk 9 S5l VS i, Jhy B30
1 FRTE A 7 R B A O

1 #RER=E
1.1 iRoefA

e fRDRE DA B R 8 | R AN 22 T A R AR
AR A BIR LA T AR S DR B AR IR D
P B AGD (I H Sigma 23 ], 210 E 4 99.9% ) i
Jn 4y 5 0 (X)) L0.25% ,0.50% . 0.75% il
1.00% 1 5 Fiiak 56 1 k), 5 Fhoisk 56 76 8L AGD 7%
B SE B AR N 0.19% 0.23% .0.56% ,0.69%
F11.09% . #3855 1R T skE 42 433 Sy 2 A
4 mm P BOR R, =R TR R OK S E & <10%),
—-20 C HEHLEPEAE 5 . g0 Dk 2H i S8 57
KFEWLER 1,

£1 RRANARRERKT(FORER)

Table 1 Composition and nutrient levels of experiment diets (DM basis) %
I H A% AGD B3 il Dietary AGD supplemental level/ %
Items 0 0.25 0.50 0.75 1.00
JE Bl Ingredients
£ A Peru fish meal 30.00 30.00 30.00 30.00 30.00
M1 Soybean meal 18.00 18.00 18.00 18.00 18.00
JNZE T4 Wheat gluten meal 15.00 15.00 15.00 15.00 15.00
i3 Fish oil 2.00 2.00 2.00 2.00 2.00
M Soybean oil 2.00 2.00 2.00 2.00 2.00
KZIIWERE Soybean lecithin 1.00 1.00 1.00 1.00 1.00
e ZHURAL Vitamin premix” 1.00 1.00 1.00 1.00 1.00
W4 BRI AL Mineral premix® 1.50 1.50 1.50 1.50 1.50
[ #) Flour 20.00 20.00 20.00 20.00 20.00
Wi — %445 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50
S ALJBTH Choline chloride 0.50 0.50 0.50 0.50 0.50
HEFEEBR AN Sodium alginate 2.00 2.00 2.00 2.00 2.00
£F4EE Cellulose 5.50 5.25 5.00 4.75 4.50
M- 2B — Ik AGD 0.25 0.50 0.75 1.00
&1t Total 100.00 100.00 100.00 100.00 100.00
B F%7KF Nutrient levels
HLEE M i Crude protein 40.55 40.12 40.39 40.08 40.27
MGG Crude lipid 7.33 7.91 7.25 7.12 7.46
7K 43 Moisture 11.01 10.98 10.65 11.06 10.95
HLK A Ash 9.13 9.42 9.08 9.33 9.47
B - 2B Ik AGD 0.08 0.23 0.56 0.69 1.09

D & Trr A ZTIR RIS Contained the following per kg of vitamin premix ; k4= % A BSHRME retinyl acetate 2 500 000 IU, fjH
51k EE cholecalciferol 500 000 IU, a—4 F i a-tocopherol 6 700 IU, HiiIR IR ascorbic acid 0.1 g, HillkZ thiamine 10 g, #% ¥ & ri-
boflavin 6 g, EhRMLIEEE pyridoxine hydrochloride 12 g, fFR nicotinic acid 40 g,D—JZ BR%S D-calcium pantothenate 15 g, 44 bi-
otin 0.25 g, " folic acid 0.4 g, L inositol 200 g, B4k %2 cyanocobalamin 0.02 g, B Z5Hiit menadione 4 g,

DT S0 ) TR R 5 A Contained the following per kg of mineral premix: FeC H,O, 4.57 g,ZnSO, - TH,0 9.43 g,
MnSO, - H,0 4.14 g, CuSO, - 5H,0 6.61 g, MgSO, + 7TH,0 238.97 g, KH,PO, 233.2 g, NaH,PO, 137.03 g, C,H,,CaO, - 5H,0

34.09 g,CoCl, - 6H,0 1.36 g
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1.2 RIEh Y R BN

AL 4 AT ATV N T S SR A b,
F2 14 d J5 , BEHLPELE 450 RARAR R R /NE 5]
SERARE A (1.98+0.01) g HY#5 Fifh 4 11, 43 Fic 5]
154~ 300 L ¥R FRAE AR 1, B4 30 BB, BRI
Tk # 3 MK R, ORI B R 2 K
(07:00—08.00.17:30—18.00) , 4% 56 d, &K
IESR MR, R RK B S HN T - /KR (28.00+
2.00) °C,VEf# AW FE (8.00+0.55) mg/L, pH 6.40~
6.60, 5 2 A W <0.04 mg/L, . fil§ B2 3h ik 7 <
0.50 mg/L, P45 FIAROEIE

BEAKIREE LG, 258 24 h, & MS-222
JR B I 1 i R A X 00 0 1) B T S AR B, A B
LBkE 3 ik i, —20 CIRAE, H T 1K i 5 43
BT s BEAR 3 BEMLIR 3 50, B KLU, 836 x g
B0 10 min ] £ 1ML7, —80 CIRAE, T I35 4=
b Prsa Al B G e F8 A 5 B S A 5
TR I | FR 8 I E AR R 4
1.3 S&EikE

BEAKKESE R, BHELIERE 20 Bk
Sl BT B E AW N 9 mg/L (AT
) " 7KK (pH 6.40 ~6.60) H1 96 h, 45 it EFH
PTG 4 MS-222 FRIEF ) | fift i) UK
—-80 THRAF, TR MWih & M Gin & & 547
1.4 I5HRE

2% AOAC (2000) "' 4 1 7 12 0 7 4 1 J
TR A BT KRR D ORELK 43 BOK o i
S 2 M AR A A O R LT A E AL A
BRI R A BH [ R CH O R L
REE K% IR & A & i DA R R A AR 5L A il
FTPS IR e S Tl 0% M, Jr A 03X 289 SR FH 7 ol 3K 7
& CH =AU E Y TR 77 ) s 5% Li 40
A 0 7 1 I R T R PR IR RE T, R AL
TR o A U A B IR 1 R Y U
A A SR FH b a0 & (R st @ AR ) TR
WA =), A 20 B ™ ik e BRI B 16475 =
% L A5 R 0 D v I S I3 U A I L e R
it R A ol T G, T A 0 3K 2 SR R R M 3 7
(AN TR ), e ™
A6 e BRUE BH A5 2R 4T 5 SR FH R ol 350 8 (i VAR R R
AEWHRA BRI A ) W M3 #MA 3(C3) fb

a(ca) LB Rk E N &,

B 0.5 g ¥ Uk Kl 41 23 A W = P B L T 6%
S LR 24 000xg A1 20 s, AW T
10 000xg .4 CH&AF T &L 15 min, L L5 G S %
Bergmeyer %5 ' 57 14 O 2 I 58 K i P A
W, 5% Ip 5P R k2 Kk Gln 1
T,
1.5 H®EFAZE

4 (weight gain,g)= A RKKE - IHIKE
M7 78 A2 KR (specific growth rate, %/d)=
100 (In ZER AR ~In WA ) /18000 R AL
B 18 (feed intake, g/ 8 )= MR E R/
[ (Pin B+ AR E%) /2] ;
T kL% 4k % (feed conversion ratio) =
TR R I /3 T
JFAAK LY ( hepatosomatic index , % ) =
100X JHF I 5/ 4 AR AR o
1% % (survival rate, % )= 100
LORFATS R B/ VIR R AL,

1.6 ZitaHh

TR 4% K HI SPSS 18.0.0 F 4 1 24 1 )5
3BT (one-way ANOVA) F2 ¥ HEAT S84 40 B
25 R DL {E +FR AE 1R ( mean=SE) e/~ , W15 4H [A]
ZF I E (P<0.05) , WK H Tukey’s EitfT £ &
RN

2 ER55H
2.1 fARHREHRMAGD WEFH A EE KN
=AU

B2 2 AL BB B AE TS R (AT
96.00% ) FEE i ARG f6 3 ST AR L e 4% 4[]
TC i 22 5% (P>0.05) 5 I (W ZOR (R T 1 1 )
B A K R R AGD 7RI 1% 5 o T
= Ja BEAK, Y 7E AGD IR i R 0.50% I ik B 5
1, AGD I8 4R 2238 I 3 0.75% i & P 3%
#Z5(P>0.05) {0 AGD #s g 0.75% W) &%
[ (P<0.05)

BT AR KR A IR AR R G 3RS
R4 A B AGD P BE R i 0.56%
(y=—0.33x>+0.372 5x+2.761 9, R*=0.980; y F/K~
B KR x FoRAR AGD ), WK 1,
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Table 2 Effects of AGD supplementation on growth performance of juvenile yellow catfish

M H fAklH AGD 3 i Dietary AGD supplemental level/ %

Items 0 0.25 0.50 0.75 1.00

A AR AKE Final body weight/g 9.25+0.34°  9.70+0.32° 9.83+0.30° 9.80+0.02* 9.50£0.30"
A H Weight gain/g 7.27+0.34*  7.73%0.32° 7.85+0.30° 7.81£0.02° 7.53%0.31°
HEE KR Specific growth rate/ ( %/d) 2.76+0.07*  2.84+0.06° 2.86+0.06° 2.85+0.01° 2.81+0.06"
& Feed intake/ ( g/ /&) 8.06+0.50 7.99+0.31 8.40+0.99 8.26x1.56 7.99+0.22
5 L2 Feed conversion ratio 1.11+0.10 1.03+0.05 1.07+0.09 1.06+0.20 1.06+0.06
JF44& Lt Hepatosomatic index/% 1.61+0.15 1.66+1.09 1.75+0.06 1.68+0.09 1.63+£0.11
15 % Survival rate/% 96.67+3.33  98.89+1.92 97.78+3.85 98.89+1.92 98.89+1.92

[FATEC I E AR R/ NG R R 22 57 8.3 (P<0.05) , TF B R F R R 2 7 A B E (P>0.05) . T &R,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05), and with no or the

same letter superscripts mean no significant difference ( P>0.05). The same as below.

- Y= 00330372 542,761 9 : 4; H’;’Jﬂﬂ?iﬁﬂﬂ AGD MEFaamFRENL

<) g K7D
NE o T 3 5 1, R R IR R K P ) AGD
;‘ié | T R T S PTE AL BE T (P<0.05) ; 1M1 #
Bo2m0) U AL S o AL S0 K 75 W H I
g2 B R AGD ¥k 1 5 56 T 25 5 BEAEE L 0.50%
F276% /"ZO'% F10.75% AGD ZH[] 22 A % (P>0.05) (H =%
2 0.25 0.50 0.75 1.00 0 3 T X AL 1.00% ADG 4H ( P<0.05) ; Fifi

1Ak H AGDHINE Dietary AGD supplemental level/%

1 ETHEERENRER G

FrAR R AGD IR BN, M E N RS R
SEREAR IS T & 1 3 B AR AE S BRFE 0.50% AGD

AGD SRR AT =R EA 447 H, WFART XA LR 0.75% F1 1.00% ADG 41

Fig.1 Quadratic regression analysis of SGR against (P<0.05),
dietary AGD supplemental level 25 @EARPRMAGD MEFEaHE BB NE

HE 71 B9 R M

2.2 @EARPHRMAGD MEFaHEERTH
E;ur]

H 2% 3 AT kR IS AR [R] K SF- 1) AGD Xf
Stk 3 HLEE 1 5T ORLAR D FORLR 43 B e 3 R 7
H B (P>0.05) ,

2.3 @EARPHRMAGD MEF &HEMFENL
fEHRH R

FH 3% 4 AT, TS SR AR AR
S BE A AR AGD S 3 S T R BERAIG,
0.50% 1 0.75% AGD 2l [i] 22 5% A i 2 ( P>0.05)
THEB R E S T HAA A (P<0.05) ; R IS N
ANRIZKSF- 19 AGD X Il 37 7 26 A | IEL &1 st H v =
[N e I R R A R R R D WS N 7
T 2l 2 it R VN 2 TR e Tl 0 M 38 K 7 2 B 35 52
(P>0.05) .

H % 6 AT, Tk R IS IR R K P 1) AGD Xf
Mg S mEREASTERTEREZ W (P>
0.05) 5 UL 75 V75 TRT it B % T G T2 P Tl 1 Tt 0% 12
PLSCRMA 3 FAMA 4 % 5t Bl 45 1R AGD B3
TR N 4 T 35 5 BRI, 0.50% F1 0.75% AGD 41
¥yl 25 T X IRA (P<0.05)

2.6 fERIBHRMAGD MEHAEHE
A

H 7 vl 0, & A WrE 96 b, X HE AL £
KWk 2 A Gln 75 &5 0 2 5 T4 AGD W4 (P<
0.05) , [A] i REFET R0 B % = T 45 AGD ¥
4 (P<0.05), M4 AGD WRAN4L 2z 18] G B & 2 7
(P>0.05)

M EE N
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Table 3 Effects of AGD supplementation on body composition of juvenile yellow catfish %
WA 1Ak AGD %R Dietary AGD supplemental level/ %
Items 0 0.25 0.50 0.75 1.00
7K 43 Moisture 74.66+£0.12  73.78+0.42 74.10+0.66 74.51+0.42 74.32+0.69
FLEE BT Crude protein 3.95£0.33 3.78£0.51 3.67£0.42 3.88+0.37 3.59£0.29
HLAE G Crude lipid 10.05+0.33 10.99+0.27 10.82+0.25 10.78+0.41 10.66+0.66
KT Ash 10.25+0.25  10.39+0.41 10.78+0.69 10.91+0.28 10.33+0.99

x4 ERRREMAGD MEHEYEMNFENIERAHIE
Table 4 Effects of AGD supplementation on serum biochemical indexes of juvenile yellow catfish
i H Ak AGD %S Dietary AGD supplemental level/ %
Items 0 0.25 0.50 0.75 1.00
BFE M Total protein/( g/L) 35.45+1.25" 36.12+1.78" 37.33+2.58" 38.78+1.35" 35.99+0.99*
FH# A Albumin/( g/L) 21.22+1.35"  21.94+2.01° 23.35+2.98" 23.69+2.55" 21.45+1.98"
k& H Globulin/( g/L) 17.89+1.55" 18.63+2.43° 20.32+1.56" 20.12+2.12° 17.98+2.03"
%M Glucose/ (mmol/L) 6.66+1.58 5.78+1.99 6.12+£1.96 7.01+2.33 6.85+2.45
U & # Cholesterol/ ( mmol/L) 9.98+2.52 9.35+1.86 9.46+2.02 10.01+2.12 9.63+£1.95
H i =§ Triglycerides/( mmol/L) 5.12+2.12 4.96+2.85 5.02+1.98 5.44+2.12 5.66+2.01
e 3% AE B |
@&EEHEQ . 2.00+0.16 2.05+0.25 2.12+0.33 1.98+0.19 2.03+£0.45
High density lipoprotein/ ( mmol/L)
Przdizali =]
ﬂfﬁ&EHa.ﬁE‘l . 2.52+0.33 2.55+0.23 2.48+0.59 2.47+0.48 2.61+0.66
Low density lipoprotein/( mmol/L)
KT R TE A il

AR %M%%@i. 527.21+£31.31 526.68+71.41 526.25+32.55 526.78+12.37 521.33+11.55
Aspartate transaminase/( U/L)
TN R e

11.10+1.21
Alanine transaminase/ (U/L)

11.05+1.14 11.10£1.55 11.55+£2.03 11.12+1.78

Fz5 EARHFEMAGD MEFEHEMFTRELIERIZN

Table 5 Effects of AGD supplementation on serum antioxidant indexes of juvenile yellow catfish

i H fAklH AGD ¥ it Dietary AGD supplemental level/ %
Items 0 0.25 0.50 0.75 1.00
RYTEkRE N

L ) 0.61+0.02°  0.86+0.08" 0.81+0.07" 0.92+0.09" 0.80+0.06"
Total antioxidant capacity/( U/mL) * * * * *
B AR AL B A . ) b b b . a
Superoxide dismutase//( U/mL) 24.41£0.15°  26.34%0.12 27.08+0.83 26.07+0.03 25.31+0.58
T4 AL S B Catalase/ (U/mL) 62.91+£0.28" 64.29+0.26"  66.02+0.62°  66.11+0.09° 52.41+1.08"
AW H K Glutathione/ ( pmol/L) 251.22+11.25" 266.13+9.98"  268.55+21.33" 267.66+13.25" 254.32+11.70"
N % Malondialdehyde/ ( nmol/mL) 19.79+0.13°  11.00+0.49*  11.56+0.47°  13.33+0.96" 13.08+1.16"

33 i

EA BT, sl = AGD i AR 1Y
EORHES NS Rl Th AL R RN ) S
HICXIRALITT 35, G 90 AGD 8 375 T it

g AR PR RE (AN B AR E AR KR IR A
B ER R AGD Y SE ELES IR 0.50% ~
0.75% . SR, A [F) 40 2565 T 18 B AGD 1Y i i
TORBAAEM K2R, LA 6530 1.00% )
H0.82% " Fl 1.00% %" | %% H 4 ( Rachycentron
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canadum) N 0.50% "' JEH} 0.50% ~1.00% , %
Ser A e S DR HE AR P UK R
A AR RN G, BT ATE R B E By #F
FERI, AL Gln B4, $ A AGD 1) KR NLA
FUHIE H Gln 09 & 2 5 5, 3% 01 78 1k b i om
AGD ZE It Gln B finfe & s s> . 1 24 2 67 1
T B, IR R s N Gln Al AGD 2 fig 42 2 H:
KRR, SR, G N M HAF R RN 25,
1.00% AGD 5 3.00% ~ 5.00% GIn'”’ , Anderson
AR Y, GIn BE N5 B AT IR e 1 K A7 AR LAY &=

P, T4 2 T DU A Ol 2 Tk Mg -5 s I 1) DI ) 5
Gln, iXMEIRTE FL3h Y wF 58 b 23 BIESE, (3
P ESHFEIATEE, CHIE
B, R 28t 2R BE S MO 7% U BE NG & I , T A
SRR GIn' SR, D B A AN BE
SRR FE A SRR A B Gln, QNBE 5, S o280 | 2
( Paralichthys olivaceus) Y K Sparus aura-
ta) PURIREE B AR IY & B, X R 418 i 4
ARG (7.27 @) BHEM T4 AGD B4l , %
B i fa [ 5 Gln 4l AE T BAK,

F6 ARHERMAGD W EFELh RGN EEE R

Table 6 Effects of AGD supplementation on immune response of juvenile yellow catfish

WA "kl AGD %Nl Dietary AGD supplemental level/ %
Items 0 0.25 0.50 0.75 1.00
VAT B Lysozyme/(U/mL) 281.55+15.68" 295.43+14.75" 294.66+9.88" 295.67+7.56°  285.44+8.79"
DR BEFR A Alkaline phosphatase/(U/mL)  0.94+0.06°  2.60%0.10° 3.04+0.40° 2.35+0.27° 1.88+0.22°
TRYEMERR B Acid phosphatase/ ( U/mL) 205.06+£3.74° 214.12+5.18"  234.72+4.28" 283.76+3.62°  214.88+3.28"
#M& 3 Complement 3/( mg/mL) 0.14£0.01*  0.15+0.01° 1.14+0.09° 1.03+0.12° 0.23+0.03°
#MA 4 Complement 4/( mg/mL) 0.33+0.02°  0.36+0.01° 0.39+0.01° 0.49+0.01° 0.35+0.02°
A E R

SRR 0.11%0.01 0.11+0.02 0.11+0.01 0.11+0.02 0.11+0.01

Total immunoglobulin/( mg/mL)

R7T SEMEIhFEFEHYENRRATERAMPEMNGn WEE
Table 7 Cumulative mortality and contents of ammonia and Gln in brain of juvenile

yellow catfish exposed to ammonia at 96 h

i H fAklH AGD 3 i Dietary AGD supplemental level/ %

Items 0 0.25 0.50 0.75 1.00
ZFFET- % Cumulative mortality/ % 21.82+1.36" 11.23+1.83*  11.35%1.76"  11.23+1.83" 11.23+1.83"
%4, Ammonia/ ( pmol/g) 7.98+1.23"  5.66+0.99° 5.32+1.32° 5.12+1.15" 5.23+1.44°
A Gln/ ((umol/g) 0.21+2.01°  7.44+1.12° 7.12£1.55° 7.05£0.98° 7.11£2.05°

AGD (5 Gln) 7E ff1 1A N B BB 8 & 45 5T F LA
LA 58 S B, A RE R BRI 0.25% ~ 0.75% 1Y
AGD 5 T il 3 S A AL RE T DL SO
A AT 3o 4R A U A e R B 3 e )
I REEAR T Y & i UG e BT oAt £ 26
WEoE T DL ARGE . Xu 55 R B, 7 6 40 ARk
AN 7.5~15.0 g/kg AGD REW i m miE HT
JERIE | i 3% LA o A IO T R S A il | A e
JOR K o S A 0 I A il 1 T M O R AR TN R Y
i, Liv %07 3, 7R h I Gin T 8 SRR AT
W 85 ( Cynoglossus semilaevis ) 15 PN TH . A9 75 & 5
Coutinho 5" BF 5% & B, 4 3k % & GIn 7] LI4E

5 i i R 48 AL W 5 A TG P 5 Chen S5 B 5T &
B, Gln 7] LA 5 4B 1k a3 AL & (H,0, ) X 44
NPT A AL BTG M A, Luo &P 4R, AGD
(BX Gln) &4 Bt H KA B RS 5, 145 B H IR
EEER NIRRT, AU kB, R
IS INGE B AGD, RE A% 38 128 32 =1 25 06 H IR 19 3
b/ ST IRENESE =R e
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Effects of Alanyl-Glutamine Dipeptide Supplementation on Growth
Performance, Antioxidant Status, Immune Response and Stress
Resistance of Juvenile Yellow Catfish ( Pelteobagrus fulvidraco)

LI Xue' ZHANG Muzi' LI Ming'® ZHANG Qian' WANG Rixin' JIANG Haibo™*"

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China; 2. College of Animal Sciences, Guizhou
University, Guiyang 550025, China; 3. Key Laboratory for Animal Genetics, Breeding and
Reproduction in the Plateau Mountainous Region of Ministry of Education
Guizhou University, Guiyang 550025, China)

Abstract; A 56-day feeding trial was conducted to determine the alanyl-glutamine dipeptide ( AGD) supple-
mentation on growth performance, antioxidant status, immune response and stress resistance of juvenile yellow
catfish ( Pelteobagrus fulvidraco). Juvenile yellow catfish with an average body weight of (1.98+0.01) g
were randomly assigned to 5 groups with 3 replicates per group and 30 juvenile fish per replicate. Juvenile fish
in the 5 groups were fed 5 experimental diets supplemented with 0 ( control) 0.25%, 0.50%, 0.75% and
1.00% AGD, and the measured AGD contents in the 5 experimental diets were 0.08% , 0.23%, 0.56% ,
0.69% and 1.09% , respectively. The results showed that the weight gain, specific growth rate, serum total
protein, albumin, globulin, complement 3, complement 4 contents and superoxide dismutase, catalase, gluta-
thione, lysozyme, alkaline phosphatase, acid phosphatase activities were firstly increased and then increased
with dietary AGD supplemental level increasing, and above indexes in 0.50% and 0.75% AGD groups were
significantly higher than those in control group ( P<0.05). Diet supplemented different levels of AGD could
significantly increase the serum total antioxidant capacity ( P<0.05) , but significantly decrease the serum ma-
londialdehyde content ( P<0.05). After 96 h post-challenge on ammonia exposure, the cumulative mortality,
brain ammonia and glutamate contents in control group were significantly higher than those in each AGD sup-
plementation groups ( P<0.05). In conclusion, suitable level of AGD supplemented into diets can increase the
growth performance, antioxidant status, immune response and stress resistance of juvenile yellow catfish. The
optimal dietary AGD supplemental level is estimated to be 0.56% in the diet of juvenile yellow catfish by quad-
ratic regression analysis base on specific growth rate. By a comprehensive consideration of growth perform-
ance, antioxidant status, immune response and stress resistance, the supplemental level of 0.50% to 0.75%
AGD is recommended in diets of juvenile yellow catfish. [ Chinese Journal of Animal Nutrition, 2019, 31
(7) :3197-3206 |
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