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L1 iRIe# B SR B 1R

S5 KA AR SOk 4, 11-14 [ R 8
Fe &, /3 B I FeSO, . Fe-Gly (ID il Fe -MHA
(HERER R 99 %0, KU Nm AW TR E R A RA
A3 AR BCH 3 AR E AR A B iR k. AR IR 1R
R (LR D ERRFRECE R AesT 60 B i 59 1 kR
K 7E V357 IR AL (JS14S 7)) v 5 fo B 41 4 FUR
4 10 min J5 . B ASEHHLFFE RN AT SRR i &
FI7K IR A 15 min J§ ZRURF-HF &AL F-75 B $F AL
HEN 3 mm AR GER . EE P E SRR EERK
IR 10 Y 24T s He 45 AL KL AT B AR 42, — 20 °C
VKA RAT TR 0 H

TET R KR Y R e (R .
VL) S A B 1 R A R G . R T T 4 3K 50 FH 2 Bk
NGt R S A B T ), B )40 B TEAMKIR
T IR 10 d, 3 1] 35 A B R S A e R CRLEE
=49 %, LRI =820) . i B A8 Tl I SR 3
BeI5 » Hkask iR HRAR 2 — i £ () (9. 0020, 49) g)
BEALATHC R 3 N KRR B S AR P . AR B it
% 3 AMAEHEA B AME PR 3 N E R BN ERE TSR 30
R, B oK SFRAE 8 L E R oK 2/3, B RTE 8:00 A
1700 FEATHEMR AR 290 LR F Y 300, 8 IS4
B B (B A AR, [ R O SAE TR

FEFAIAIR]FH 7K by 222 PUIE FO v UE 1 R AR K, 7K
PRIt B <00, 000 67 mg/L, 24 h R <. %
48>0 mg/L, 2hEE 27~29, /KR (29. 14 0. 75)°C,
S A(=<0. 03 mg/L,
1.2 BERESLIE

8 JHA FRAEIA I 45 o, 2508 24 h R E . Il kA
ANEEATTE R 40 B H T 5 & AL B2 Y 3 R
(WGR) g A KR (SGR) AR (SR) . 43 B &
AP A T R 3 R, B R K R R R S
F—20 CUkFE, £ W 45 LR 43 F0 Fe i (Cw) Vi
(M) FVEE (Zn) i o B 4 R 4y B3 TP R 2 s T
HT AT BB E 80 CAAE & BT B AL BHE 1
[F] B SR B M AR A T —20 °C, 4l Fe ,.Cu.Mn Fi Zn
TR EESR 2 BAsEBE. AR ICHE . P RS B
[ 2T 10 0 W WD H FIBiE G s Y0 R i fE .
1.3 A&
1.3.1 AF k40 R AL B & W) 78 B Ay s
(MDA) | i ¥ & 1k ¥ 5 fk B (T-SOD) | it H Ak & B
(CAT) FIRR LRSI 1 (AKP) (3G PE (B @ R AE W T
FEOFFL D S FEA B P AR S DL
132 hatsE  WEWHREFRFKE. LRFER .
A FPEHE B RE (0. 10~0. 15 @) TN fmE b, i
8 mL BRFLAHER A 2 mL WU /KIS AR i (CEM

F1 ABEARERKFE(FHREM)™

Tablel Composition and nutrient composition of diets (DM basis)

Bk #RIF Fesources
Ingredients FeSO, FeGly(ID Fe-MHA
fRIRZE IRk
Low-temperature steam 42 42 42
dried brown fish meal/%
o9
RRTH 20.13 20.13 20.13
Dehulled soybean meal/ %
AR . . .
Wheat gluten flour/ %
N
3 18 18 18
Wheat flour/ %
f#y
#il 4.49 4.49 4,49
Fish oil/ %
e
%HF’ ' 3 3 3
Lecithin/ %
s
i — 55 1.5 1.5 1.5
Ca(H,PO.:/%
LR C 0.03 0.03 0.03
Vitamin C/ % ' ' ’
AL A
A 0.5 0.5 0.5
Choline chloride/ %
o
U 0.5 0.5 0.5
Vitamin mix® /%
ARZT 0.5 0.5 0.5
Fe-free mineral mix® /%
LEF
AL 0.05 0.05 0.05
Ethoxyquin/ %
ERM 0.3 0.3 0.3
Methionine/ %
BIRS
Nutrients proximate
HEH 54.97 54.91 55.04
Crude protein/ %
»E 2]
ik 10.98 12.48 12.52
Ether extract/%
& Tron/mg » kg * 152.58 156,25 159.00

E.O24 . FREBHRAEYBEARERARER. QXKL (L ke 4
BHTY  — K BBRERS, 46. 61 me: TR AHLERHET 11. 91 mg ;- LK G IERE:
145. 85 mg ; WHEEA4N 0. 73 mg; TEHH 6. 78 mg NIKEEALS 42. 00
mg.

Note: (D) Vitaminmix: Qingdao Master Biotech Co., Ltd offered. @ Fe-free
mineral mix(kg dietbasis): MnSO. » H2 0, 46. 61 mg; CuSO, + 5H;0,
11.91 mg; ZnSO, » 7TH2 O, 145. 85 mg; NazSeOy, 0. 73 mg; KI,6. 78 mg;
CoClz « 6H20,42. 00 mg.
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MARS) Ji fi#t . R J5 e A LG 45 v FH R 4 7K 8 25 .
LB TRFREL(ICP 6000) W 2 #85% # Cu.Fe . Mn il
Zn PUFOTE TR,
1.3.3 Wik & ¥ K W B B 09 2 BR R I A B
B SR A A AT A B, U IR R
6 pm, HANE-HHLL (HE) Je 8, 76 4 H s A W) B s
(DM600) T W £ 471 JEOF- 0 58 i 30 A A4S 11 2% B v 2
(PH) 57 BE5E B (PW) FILZ B (M), 5K U1 F 43
S E 10 A R EE
1.4 HH&EFHE

AT % (Survival rate, SR, % )=100XN,./Ny;

falf} 2 H (Feed coefficient rate, FCR Y=W,;/(W,—
Wi s

g # (Weight gain rate, WGR, % ) =100 X
W.—Wy) /Wy

B A K # (Special growth rate, SGR, %/d )=
100X Un W, —In Wy) /1

JEAK Y (Viscerosomatic index, VSI, % )= 100X
W.,/W.;

JFA 1Y (Hepatosomatic index, HSI, % )=100X
WL /W.;

JE3% & (Condition factor, CF, %) =100 XW,/L?,
KA N HEREBEG N HRIIGREGW. HERER
() sWo NPIEIR BT R (2) 50 kI RE(D ;Wi
AR (20 s We D IR & () s W,y IR
()L WAFRMKEK (cm),

1.5 #iESH

SEERECHE LT3 E = bn 2% (Mean= SD) 75, 8
it SPSS 20.0 FAHEAT B E R 401 AL BRI A i 2 2
2 (P<0. 05)Kf, A Duncan [REE#17T 2 B LK

2GR

21 REXBHREBRANES EEKERNEESFE
FREY T

3 FERIEXT B ER B IH A4 B SR WGR Al SGR ¥
TR EH (P >0. 05); Fe MHA 41 FCR B % &5+
FeSO, #1(P<0.05), FeSO, 41 HIS #1 VSI B.% & F
2AMINE RIREE A A Fe 4 (P <C0.05), HH
Fe-Gly(ID 41 iy HSI f1 VSI & % & F Fe MHA 4
(P<20.05), Fe-Gly(ID 41 i Fe MHA 414 CF I &
& T FeSO, 4 (P<0.05),Fe MHA %1 CF B & & T
Fe-Gly(ID41(P<0. 05) (.32 2),

R2 BENBHREEAHEALEERKEERERSFIERIRIT

Table 2 Effects of Fe sources on growth performance and morphological characteristics of juvenile grouper

A=K FaHr Growth index FeSO. Fe-Gly(ID Fe-MHA
¥ % IBW/g 9.000.59 9.0040.41 9.0040.51
HIER SR/ % 90.00+3.33 88.89-1.92 91.11+8.39
R WGR/ % 655.974-27.88 646.7018.28 656.19--85.78
Frg KR SGR/ Y+ d 7} 3.610.07 3.5940.04 3.60+0.20
rAkl %%k FCR/ % 0.9240.03 0.9740.01% 0.9940.02b
JFRE HSL/ % 3.570.06° 2.84+0.07° 2.45+0.06°
AR EL VST % 11.400.01° 10.65+0.01 8.60+0.13
B CF/ % 2.5540.04° 3.0440.03 3.172420.02°

. FfTEE BT R A R R AR Z R BE (P<C0.05), TR,

Note: Data in each line with different superscripts are significantly different (P<(0.05). The same as below.

2.2 HEMNBREBRANEHEEENESERT YT
REENHIN

FeMHA #H4f Fe fl Zn S B L F 5 T FeSO,
M Fe-Gly(IDZ1(P<0. 05) ; FeSO, #1444 Cu &85
2 T A HUER IR (P<C0. 05) . H 33 W45 #1148k 5 2 i)
TRFEES (P=>0.05); BRIFEXT 2 2k Jp I8 A 340 42
Mn & &EA REEL I (P>0.05) (W3R 3,

FeSO, A4 faF iy Cu FREER THR 2 1

Fe W M E G54 (P<C0. 05) ; Fe MHA 41 A 54
BHEE T Fe S8 B &5 T HAL 2 40 (P <10.05);
Fe Gly(ID4] Mn 4 & B 2% T FeSO, 4 M Fe MHA
ZH(P<0.05), H FeSO, #1 1 Fe MHA 43X 2 4 [8] o
BEES(P>0.05);Fe MHA 4 Zn & R B E 5T
Fe-Gly(IDZH M FeSO, 4 (P<20. 05), 115 2 46 B
FEERFP>0.0NED,
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x3 RENBHREBEARELSEEE Fe,Zn,Cufl Mn S EHIFND

Table 3 Effects of Fe sources on iron, zinc, copper and manganese contents in whole fish

B H7GE %5 Mineral contents FeSO, Fe-Gly(ID Fe-MHA
Fe/mg + kg 51,4640, 65° 62.8741.10° 174.04+3.58°
Zn/mg * kg 82.53+2.37" 67.4841.05° 113.2041.77¢
Cu/mg * kg™ 19.554-0.20° 12.064-0.19° 11.0742.26°
Mn/mg « kg™* 17.9440.39 18.2040.40 18.5840.32

R4 HRENMBHAREAHALYEEHES Fe,Zn,Cufl Mn 2 EHIFIT

Table 4 Effects of Fe sources on iron, zinc, copper and manganese contents in the grouper vertebrae

B H7CE %8 Mineral contents FeSO, Fe-Gly(ID Fe-MHA

Fe/mg + kg ! 102.05+0.98° 118.34+1.00° 174,95+1.34°
Zn/mg + kg ! 116.85+0.54° 117.36+0.29° 126.314+1.21°
Cu/mg » kg™! 13.09+0.06° 7.88+0.55° 10.47+0.00
Z/mg * kg! 47.40+0,27° 45,7940.43° 47.08+0.42°

2.3 SRR B E AR E S & T ST HRIT

FE 5 FF7n, FeGly (ID 4 #l FeSO, 2H I ¥
CATEE LR E R .HE. BEM/T FeMHA 4
(P<20.05), FeMHA 4} iE AKP 3% 5 &K T
Fe-Gly(1D) #H (P <C0. 05), FeMHA 4 iF it MDA
SERBFERTHA 24 (P<0.05), FeGly(ID
Fe-MHA Z40%f JiF it T-SOD 3 4 J¢ & 3 5% (P >
0.05) . fHZ3X 2 208 T-SOD % #: B 2 & T FeSO,
#H(P<20.05),

2.4 $KRITEER K B DT £ 4 & BB A5 RS R I

N 6 fin.FeMHA #H A3 3 M p B PH &
ZET FeSO, 4H A1 Fe-Gly (1D 2H (P <C0. 05), Fe-Gly
(II) 40 F0 FeSO, A Fi.H. 5l PW MR E & T
Fe MHAZ4 (P<<0.05), Fe-Gly(ID4 /i MEH MT
B3 B T FeMHA £ f FeSO, # (P << 0.05);
Fe MHA# H 15 MT 8% 55+ Fe-Gly(ID 411 FeSO,
H(P<0.05), BHEYI R B OLE 1~3), AHLIRA
A G R ARR A A o 2 T IOL FeSO, 4.,

RO =MHEMNBHREEAKASEFERSNXETEN D

Table 5 Effects of three kinds Fe sources on antioxidative enzymes of juvenile pearl gentian grouper

T E ALEF Antioxidative enzymes FeSO, Fe-Gly(ID Fe-MHA
HE AR CAT /U « (mg prot) * 5.4640.12* 6.15+0.81* 16.43+0.57"
TR ERTE AKP/ 4 [CBALT » (g prot) ! 10.124-0.25% 15.1041.43° 6.354-0.22¢
ARG LS T-SOD/U » (mg prot) ™! 92,790, 44 20.06-0.62° 13.7540.69°

P9 MDA /nmol + (mg prot) ! 321.9940.24* 568.48-37.86" 497.96-46.45

x6 HENBHREEAHE&HEFERSHZE

Table 6 FEffects of Fe sources on intestinal morphology of grouper

AN[E 7 BEFE 7% Dissimilar intestinal morphology
F1 i Midgut J5 1% Hindgut
PH PW MT PH PW MT PH PW MT

A% Foregut
Fe sources

FeSO,  671.764.88" 52.574-0.33" 94.484-3.17* 408.3341.98" 52.474-0.24> 83.734-3.08* 415.7143.68* 64.584-0.37° 116.1342.06
Fe-Gly(I)  529.394-4.84* 52.89-0,05" 134,383,04° 354.36+2.71* 53.58+0,39° 103.09+53.44" 454.69+3.06" 60,44+0.32> 123.69+2.54°

FeMHA  763.3145.90° 47.62+0.21° 115,2442,92>  466,49+1.91° 47.64+0,24* 115.49+1.26° 483.90+2.42° 51.22+0,16* 114.88+3.21*
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(GO ARSI MW a gk 4T W e a Sk HUEEEL a FeSO44 ;b Fe-Gly(I)4H:c Fe-MHAZ, [N[Elt Green two-way
arrows: plica height Black two-way arrow: plica width Yellow two-way arrow muscle thickness. a FeSO4 group b: Fe-Gly (group Il) ¢ MHA-Fe

group7ThesamebeIow7)

FE A gRENE B AR g A & B TSR0 (HEZL B2, 10X)
Fig.1 Effect of dietary iron sources on histomorphology appearance of the foregut of
E.fuscoguttatus / XE. lanceolatu . (HE stain, 10X), the same as follow

(B EFFLFRMOIRZIAE White arrow represent goblet cells.)
P 2 g B AR 4 ik B s (HE A (5, 10X)
Figr2 EfectofdietaVyiVonsouVcesonhistomoVphologyappeaVanceofthemidgutof
E.fuscoguttatus / XE. lanceolatu . (HE stain, 10X)

E S#IEWE R AN & S ik SRl (HES (,10X)
Fig73 EfectofdietaryironWourceWonhiWtomorphologyappearanceofthehindgutof
E.fuscoguttatus / XE. lanceolatu . (HE stain, 10X)
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FHEARHIR

SIEE T AN S E A R AR O
R ), AR B TS T AP e kU
FIF - 3% H %4 S YIH R BB N EEs 2
5 TR A MRS S H TR (45 S0 BT
LA BB R0 5 S IR B TAE TR L T I ER
B S R IS, (S T S B U T R

Fﬁﬁ’%ﬁ%ﬂﬁ%ﬁ%ﬂi)mg & EITE SRR
A G AN A S, AR 7 i, X
FEERSS T e R 2 [RINEE S Fem T IRUSRCE,
AUE T HAE =TI I

= 51 (Pelteobagrus fulvidraco ) #EE & A5 NG
EERREHER O RCR DR 22 8390
T K i Ak 4 S 7 ) BB B JE
£4.(Oreochromis aureus X O. niloticus ))9* HIWTZE 45
L - ANHIFe Cu MnF1ZnE SR EEE 28 &)
SETNIEAEEE 7T LLiZ 375 #. (Hylopharyngodon
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piceus) I B B B k47 (Oreochromis spp) P K,
PREmARRR P ), R I T R TR - 2K hE
% A ORI Y OC R A SR E S YR m AR
ARERE. JF B /RN F RIS E I REITR
MY, BERE G0 YEL Fe MHA Hil Fe-Gly 7£3))
YR B9 A= I 48 FeSO, SRR AT fE2h T4
Ry TRERMEARRNTFERE. HARM S T&
T PR AR B/ ) TR 1) LR 8 SR
O — PR R R . R T 'R/
AR TS50 Yoc RE S WM e, It 5l
DAV T8 £ T8 P JH AR S 4 ) 181 1 T4 AT R
TR TT R PRI,

PEERFRFA A KA W) e P o 0 AR L 1 B 4y
R Az — 2 MR 2 AR 5280 45 e B 4K, 9 FLE
FEWIRAEN A A AR A R K iR b Y Fe TR S & EUK,
It HA B E BT KK Fe SRR EZR WA
LT YT R AR AASE R R EF R, RE 3
PRI XS A B 0 AR KPR RE R e T 22 R - A 1B
mi , AH A B IR R & A Fe MHA FyRDEL X KA IE
BRI A BE W HIS fil VSI 5B EMKT ¢
ML, CF B3 5 T IoHL4, 3R] Fe MHA [t FeSO, B
REME R BRI A BEA MK, AR5 RV, ML
FeSO, , A MRE 5 B A 30 2 5 K BRI A 17 B2 Fh
KE B BL B PR iR B T RE R s
T ez C EALEE M ATP & s SRR KA,
TV R R Sy TN IR R AG IS AR b O B e A Y R
ik, R HEAMRE G 9B R T REARVUR LR 5 % 7
R RE R A RS S AR KRG BT
HAMMAEHNAAEREE .

L7/Bive R4S 17w N & &N EERL T €
A R 23 52 T 1) 0 3R A 4 AR B R ATL A
PRTTRRRCR . SRR A S Hh m A RO = e (M-
cropterus salmoides WK HHA B ITCE W& B,
AL, Fe MHA 411 Fe-Gly (ID 4142 8 R k&
i Fe fil Zn 5B B35 & T FeSO, 41, il Fe MHA
i, AR E 5 ¥ Fe MHA #i Fe-Gly(ID b
FeSO, AR T2 BRI A B X Fe 1 Zn AT,
Cu VE Ay 3 IS 0 300 770 P AL Fe 45 BMLET 2R (R0
AL S 56 Fe? e fb o Fe*™ &5 i g m
ZHERR R, REE P FeSO, 42 FH
Mol Cu S BEEE ST FeGly(D 4R FeeMHA 4, 7]
AEJE T Fe MHA fil Fe-Gly(ID A # T Fe py i
g, M T Cu By A MFEAL T HE Cu Ui, R
B A0 Mn 5 =IA 23] 3 PRI 825
i {H 2 NECHE b AT LA &% 208 HER Min & 34
JyHAE Mn E80 2.5 45 BR G HEE B Mn ot

ROV EZ 07,
3.2 ZMEIREX BB BA B &%) & BT ki | B
4 B 5 i

Fe EgiWiliAN S S5maEnSILEAN G
BLEERKAC G  ARE REA OG5S 5 CAT
LA I AN BT B AL B R R A R A AR A
Fe SR W THER, A o A Fe'™ T S 2 & Pt
THA MR B8 0 s 8k S o P /AL RO S . A
ToHLER . Fe-Gly(ID fl Fe- MHA B A 8K A A A1, 1
IR NIV =R i

5 FeSO., ML, 8 0t S MR e
B AR YA PR 5B A R Rk ) B & I CAT
T, A 528 A T FeSO, Ml Fe-Gly, s fill Fe-
MHA B85 7 I CAT &, ERME SRS
B A W T A A A s b T B 1 2R 1Y R
TN B CAT 4b, RN B B 51 sh A28 b K 4 25
BB AT SOD [ 76 A3 2R =Y . Bk e
A AR SOD 3 1 7 H ik B A LR & 8
Fe-Gly(IDgi# Fe MHA 5153 i Z& 3. HUAX R
el SE G E I Y I | EAR =N EA R 4 S YO
T2 60,38 A5 W O ) A T A R TR T R L AL
NEELA B T35 7 dE AR & T BRI R 2 R e
SOD G tEA #F CuMn fil Zn ()55, AR5 145
RIFR IR E S Fe AR THMAX XL TR M
W A S AT (540 B 66 I SOD TR PR 3 58 . AKP
T PR RS A W 0 M T B S ) A BB 2 B AN T T
PRAbR 8, (R B 5 — B85 332 4 5T 1 T A R W BE ) A
K Fe-Gly(ID 41 B2k Jp 0 A BT fa i BE AKP 35 1
B R BB 5 0O ) T 48 = o R 0 4 T
BROME A HEW IR RE ). ALt A R AEE Fe
MHA J5 e MDA 5 g 4% T Ha WAL, 5 B E
TR Fe 25 W A vl LA SR LR ST A AL IS 1
HITERR B 5L RE ) A s

BEAD , S SR 0 oA 3 200 PR B A TSR 5 AR 2 LA
X JRAE A SR B » R AL S B ) A 4 SRl ol
RE 2 0E % B TERS 5 R B B B 5 e 11 B 7 A 1)
L8
3.3 ZMERIREX R B A R & 4 & G E R SH R

B oy RS 2 RS T 2 LR R R 2, 2
FaARTH AL RIS FR Y R B Y . W miE
REREE R PH R E K B RE S 4R = I T W SR 43 1
FIEFR AT E TR A RS . NFRTE R E S R
R R FLAE (Villus height/Crypt depth, V/C) FFf
B 2 HH VH Ak W BE D 3 A, T R s 0 3R B e T ek
5509, BHL Fe ML TTOHL Fe Al ACEBATHE IE R &
B kst V/CERY . FRMBES Fe AlREAE D
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EAFERS 2 B ARy A 18 R 40, i HAE Caco-2 4
5 2 R B T FeSO,

BRI A R iR E Fe MHA 5B 505 T
R SR PH, IR S8R £ SRR SRR
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Effects of Three Kinds Fe Sources on Growth Performance., Hepatic Antioxidative
Enzymes and Intestinal Morphology of Juvenile Pearl Gentian
Grouper( Epinephelus lanceolatus § X Epinephelus fuscoguttatus %)

GUO Xin-Wei!, ZHANG Yang', CHI Shu-Yan?, TAN Bei-Ping"*?, YAO Ya-Jun*, YAO Hong-Mei*

(1. Laboratory of Aquatic Animal Nutrition and Feed, Guangdong Ocean University, Zhanjiang 524088, China; 2. Research
Center for Accurate Nutrition and Highly Efficient Feed Engineering of Aquatic Animals of Guangdong Province, Zhanjiang
524088, China; 3. Key Laboratory of Aquatic, Livestock and Poultry Feed Science and Technology in South China of Minis-
try of Agriculture, Zhanjiang 524088, China; 4. Changsha Xingjia Biotechnology Share Co., Ltd, Cahngsha 410128, China)

Abstract: The three kinds of iron sources iron sulfate (FeSO,), glycine chelated iron(II) (Fe-Gly
(ID), and iron hydroxymethionine(Fe-MHA) were added in the juvenile pearl gentian grouper (Epi-
nephelus lanceolatus & X E. fuscoguttarus ) isonitrogenous and isolipidic experimental diets respec-
tively. The grouper(initial weight (9. 00£0.49) g) were randomly divided into 3 groups with 3 repli-
cates, and 30 individuals in each replicate., The experiment lasted 8 weeks. The effects of three different i-
ron sources on the growth performance, hepatic antioxidative abilities, and intestinal morphology of
were evaluated. The results showed that although three kinds of Fe sources did not influenced significant-
ly the survival ratio, weight gain ratio, and specific growth rate(P >0. 05), the condition factor, Fe
contentsof whole body and vertebrae of fish fed Fe-MHA diet were significantly higher than those of fish
fed FeSO,and Fe-Gly(1D diets (P<0. 05). Hepatic CAT activities in Fe-MHA group was significantly
higher than that in other two groups (P<Z0. 05). MDA contents of liver in FeeMHA group was signifi-
cantly lower than that in other two groups (P<C0. 05). The plica height of the three part of the fish in-
testinal in Fee-MHA group were significantly higher than those in FeSO, and Fe-Gly (1) groups (P <Z
0.05), the plica width of foregut, midgut and hindgut in FeeMHA group were significantly lower than
that in other two groups(P<Z0. 05). The muscle thickness of midgut in Fe-MHA group was significantly
higher than that in FeSO, and Fe-Gly(I1) groups(P<Z0. 05). Based on the above experimental results,
compared with Fe-Gly(IDand FeSO,, adding Fe-MHA in grouper diet improved the iron deposition and
intestinal development,and then ameliorate antioxidant capacity of juvenile pearl gentian grouper.It was
recommended that Fe-MHA should be better as the iron sources in the feed of juvenile pearl gentian
grouper,
Key words: Fe source; pearl gentian grouper (Epinephelus lanceolatus § X E. fuscoguttatus $);
growth performance; antioxidative enzyme; mineral accumulation; intestinal development

and morphology
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