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HE: AR (MnSO,-H,0) . H & BR 5% [MnCHgO,N, ] Fl 5% 3k 7 4 MR 5 (MnCsH, \NOgS,) ¥ 22 Bk g H 47 Bt £
(Epinephelus fuscoguttatus @ E.lanceolatud)VEARANERE . HLEACRE ST . MG A ALFE AR LA KB TR W20 o SE 4L HY
REE R (11.00£0.12) ¢ BRI AR AL 270 B, MLk 3 Add 3 ANEL, 840 ELZ 30 B), 208
MnSO,-H,0. MnC4HgO4N, Al MnCsH; NOgS,(43llicfE MnSO,. Mn-Gly 1 Mn-MHA), ffifik}H Mn J0HKF453
52 37.74 mg/kg .40.66 mg/kg Fl 38.15 mg/kg, HMESFA SN IR}, 5% 8 & .45 R KW, Mn-Gly il Mn-MHA
2H B3 R (WGR)Y B3 55 T MnSO, 2H(P<0.05), Mn-MHA 4578} & $0(FCR) T # X T> MnSO, £ (P<0.05), fEih%
(SRYFIEEE A K R (SGR) T T, 45422 18]G i 2 M 22 5(P>0.05) . IFIETN B (MDA) & & 75 1i, Mn-Gly fil Mn-MHA
AR FEMT MnSO, 41(P<0.05), Mn-MHA 4145 #8 A Ak ¥ 5 (L (Mn-SOD)i% 1 8 # H F MnSO, Al Mn-Gly 41
(P<0.05), Mn-Gly 1 Mn-MHA £H 4558 4846 ) 1% AL (CuZn-SOD)iE 11349 B 3% T MnSO, £ (P<0.05), Mn-Gly #iI
Mn-MHA 2 Il 74 % %58 (GLU) & & .3 = T MnSO, 41(P<0.05), i JIH [ (CHOL)J5 i, MnSO, 41 #1 Mn-Gly 4134 &
Z 5T Mn-MHA 41(P<0.05), 5 MnSO4ZHAH I, Mn-MHA 2H B 3548 & 7 1% Fh 1 85 8% &5 3 (P<0.05), WK T
i WL JZ JEE BE (P<0.05); Mn-Gly #H 9 7 45 5 55 i % 5 T MnSO, 4 (P<0.05), J5 MW EEE B 5 T MnSO, Al
Mn-MHA £ (P<0.05), H1IL AT WL, 5 MnSO4 4 t, Mn-Gly F1 Mn-MHA fiE % 5 35 32 5 2 2k o JIE 77 B £ 4 £ 10 A Kk
fig, BRI PUAALRE J), W AHDCAR I N, PR APERE, fRiEET. P EMIRE .

KR WU BRI aBEa; ERMERE PUERET); IEAbis bR, WmiE
FE 525 963 XEkFRERD: A XEHRS: 1005-8737-(2019)03-0484-09

i (Mn)AE R 7K 7= sl ) — Fho 55 R T R
12 51K N K & R Bl (arginase) . TN B /R it 7% it
(pyruvate decarboxylase) . ffi i & 1t ¥ 1 b
(Mn-SOD) 5 B (45 1, 4 2o 1k 1E 4 B4R
TR QI AT I R B R G
KAEH B/, RFE A2 Mo BIFIHIRE S A
FREFEKR, WEF M (Pelteobagrus fulvidraco)™
% HE fi (Oreochromis niloticusxO. aureus)®',

Yris HEA: 2018-05-09; 15T HHA: 2018-10-07.

1 (Ctenopharyngodon idella Val)'® Ll . 7= 1
(Rachycentron canadum)" %} 5 L5k 2 4 (MnSO4)
7 2 510 h 5.50 mg/kg . 7.00 mg/kg .20.60 mg/kg
A1 22.38 mg/kg., # Mn = I 2 BARHLASH AR
R, I FEE K8 fimiE AT AR,
X T E—Fhfa, EEERR Mo BT ITE 0N
[6], LX) Mn (W Z R WAATEZE R, DHER
Hii(Mn-Gly) M 5L 27 2 4 (Mn-MHA) - Mn i

E&mE: AR LB AR KR LI (CARS-47); | ARARHE I H A 236758 5 8 1 #1% £ 11 (2016A020206006).
YEEEIT: B (1994-), W, W04, WGk 8 E 5 5B, E-mail: 1209747651@qq.com

BIEMESE: B, #¥2. E-mail: chishuyan77@163.com
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WF, &1 A7 BE f0 (Epinephelus coioides) i) ¥} th
Mn JCF B e id /5 2 B 205008 9.04 mg/kg Al
12.87 mg/kg. FAMAWGE LR, WLEE(Oncorhynchus
mykiss)!'O%F MnSO,. B I HIE 1) Mn(glass-
embedded Mn)FIIE & & LM EE A& Mn HA A [E W
AR 5 MnSO4 A H, Mn-Gly Fil Mn-MHA
HA R E L Wlobe BRSSP N s ) B
AR TS . BRI A Bt (Epinephelus
fuscoguttatus Q xE. lanceolatu g R — i B 1) 2
LA, HARBESE ., M EESFS. B
Hi, AN S SRR B R AT E R
FRANAG MR >, &b Koy e 2 4 i e s
IE . BRIk, A S8 5638 i 7R 22 2RO I A7 5
0 4)y 0 ) BE 43 0 S I MnSO,4 . Mn-Gly Al
Mn-MHA, B[R] 506 22 2R e I8 A0 B £ 4= 4G
PERE . DTSR ARRE ) . IR AR Ak A8 bR LA N i
RE WS, 578 N2 Bk e I8 A 5 4)) o )
Mn JCER WA B InSE LS =%, b
WEET5 9%, $mtE o ReR.

1 #Me57E%

1.1 SEIefaEH

ZWB B A FEACIN Mn BRI
G50, ARSI R R e 0 A B 0 4 o LRl iR DR
43BN MnSO4. Mn-Gly Hl Mn-MHA, 5 3 Fh
GRENRI SRR 1), HH Mn TR LR
514 37.74 mg/kg . 40.66 mg/kg . 38.15 mg/kg.
1.2 FEBFEMSELEIZIT

A S5 FH A0 0 T VLT AR S A B )
B T WL AR T &5 1 R I PR R 2 A W i 9 e
KV, BREDEEIFE 10 do Fr AR E R
Pt 270 AR . S — B e, BEAL
SYBCE] 9 PR NAR T, BT 30 B A, FR5E 8 A .
SRy 3R, AR 3R, 5K 8:00
1 17:00 FEATHI M, BERIK 1R, S50 [H]
KR (30£1.6)°C, ihE 30+2, WA =7 mg/L,
pH7.8~8.1, Z % <0.03 mg/L,
1.3 HFmRXEMNE

ST SERRT, 254 24 h, 4RI EASEE
SE AT, PR, B LA 10 2

F 1 ERRRARREFKFE(FYREM
Tab.1 Composition and nutrient levels of basal
diets (dry-matter basis) %

1 content

MnSO; Mn-Gly Mn-MHA

WiH item

JERHH 4 ingredient

IR ZE L8 brown fish meal 42 42 42
£} EH dehulled soybean meal ~ 20.13  20.13  20.13
FAKFEMH corn gluten meal 9 9 9
INE WK wheat gluten meal 0 0 0
4% wheat flour 18 18 18
faill fish oil 449 449 4.49
KTTIIBERE soy lecithin 3 3 3
@?ﬁﬁ:%ﬁ%@ 1.5 1.5 1.5
calcium monophosphate
Z 4 vitamin premix’ 0.5 0.5 0.5
£ mineral premix’ 0.5 0.5 0.5
P& L5 antioxidants 0.05 0.05 0.05
#4EFK C vitamin C 0.03  0.03 0.03
FALJRGE choline chloride 0.5 0.5 0.5
DL-#H %X DL-Met 0.3 0.3 0.3
A total 100 100 100
HF:KF nutrient level
JK4Y moisture’ 1072 11.39 1141
HEH crude protein® 50.13  50.63  50.80
HAEWG crude lipid® 10.97 10.58 11.03
FLKSY crude ash® 1092 10.79  11.03

i BH K F/(mg/kg DM)

dietary manganese level
B 24 T s RHE AL I 2 25 mg, IR 45 mg, 2R
60 mg, MHEZ 200 mg, MEMEEE 20 mg, W E 1.20 mg, 4ilE
B, 0.1 mg, WLEE800 mg, MR 20 mg, k% A32 mg, ZiE#H
E 120 mg, 44 %K D; 5 mg, 44 EK K; 10 mg.
P2 W AT v Rt CuSO4-5SH,0 11.91 mg, FeCeHsO;
496.52 mg, ZnSO4 7H,O 145.85 mg, Na,SeO; 0.73 mg, KIO;
6.78 mg, CoCl,-6H,0 42.00 mg.
DK MRS RLIR AR 532 S
Note: 'The vitamin premix provided the following per kg of diets:
thiamine 25 mg, lactochrome 45 mg, pantothenic 60 mg, nicotinic
acid 200 mg, pyridoxol 20 mg, biotin 1.20 mg, vitamin B, 0.1 mg,
inositol 800 mg, folic acid 20 mg, vitamin A 32 mg, vitamin E
120 mg, vitamin D3 5 mg, vitamin K3 10 mg.
*The mineral premix provided the following per kg of diets:
CuSO,-5H,0 11.91 mg, FeCsHs07 496.52 mg, ZnSO,-7H,0 145.85 mg,
Na,SeO; 0.73 mg, KIO; 6.78 mg, CoCl,-6H,0 42.00 mg.
* Crude protein, crude lipid, moisture and crude ash were measured
values.

37.74  40.66 38.15

fo, Horp 3 BRI E B E FRAT, 5
HT-80°CYkFETIRAE, T HFNERGHE 4, HLS 2
fh, R KIUNLE T —80 Cukfi A7, 12 h J5 7
ML HL(Sigma 3Y30)E.0, W EEWEW, &ET
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—80°CUKAE T IR-AE; i 2 B, AT, . )5
W, DRAET 4% MW, &8 HE Ul F .

JH 0 4 B AR A6 ) B AL T (Mn-SOD) . 4 -5 8
ALY B AL B (CuZn-SOD) . o 4 1L ¥ 15 £k 1l
(T-SOD) i J1 L Je T .5 (MDA) & 2 % i /g
o AR ) TR ST T R e, A A K il
FRALHEAT I %2 (Thermo-1510); IfiL ¥ A= b8 #5441 K%
FERE 2 A= BB AT BR 28 ) i 500 6 R 4 1 3
AR HH AL (HITACHI-7020) 317 5E; W1 HE 1]
F H i A PR AT BR 2 m A R He R
A B R 2 SHEI% (Y (Thermo ICAP-6300
Duo)il £ MnSO, 21 Fl Mn-Gly 4114 Mn ) 5
1, FIH EDTA i & 250 Mn-MHA 4155 %}
Mn B &
1.4 HEAK

T 2R (survival rate, SR, %)=N,/Nyx100;

AT K (weight gain rate, WGR, %)=(W—W,)/
Wyx100;

Talkl 2% (feed coefficient rate, FCR)=F/(W
WotWh);

P2 42 K K (special growth rate, SGR, %/d)=
(InW—InWy)/tx100;
S, N, No 4301 oAy SI2 56 235 TROFN S 56 T 4y B S 56 F
MECED; W, Wo 3 ) S 50 25 SR I S 40 T B
SR T (), Wy S B AR T A o
(g); t MELERRE](d); F AR E R+ H E(g).
1.5 ¥iEsbE

FIH] SPSS 18.0 X £ dfa #E 47 5K 38 U7 22 70 M
(one-way ANOVA)FI Duncan [RZ T HeEg, BEE
KR 0.05, Kl dh LY {EEPRE 2 (X £SD)
KRR, P<0.05 AN 2R BE,

2 ZEREHSW

2.1 3FMEBMEREEANEERKEENZM

% 2 A/%, Mn-MHA 4 WGR B3#ET
Mn-Gly 411 MnSO, 41 (P<0.05), [A]i} Mn-Gly 21
N FEE T MnSO, 41(P<0.05), %4022 /8] SGR JC i
FE2E F(P>0.05), £ Mn-MHA 2H 3k 35 K fH .
Mn-MHA 4 FCR £ # X F MnSO4 41(P<0.05), %5
Y 2 (A7 R TG I 35 M 22 7 (P>0.05)

F2 PRSP IMERMNEHREEARS S KRN

Tab. 2 Effect of three forms of manganese in diet on growth performance of Epinephelus fuscoguttatusQ xE. lanceolatu?

n=3; X £SD

AL FR treatment 4 F /g initial weight K H/g final weight I %/% WGR  HFEA K %/(%/d) SGR 1@k Z%¥ FCR 715 %/% SR

MnSO, 10.95+0.10 55.71+3.84% 406.27+13.91* 3.08+0.04 0.96+0.06° 97.78+3.85
Mn-Gly 11.01+0.08 60.34+5.23% 447.92+8.84° 3.19+0.06 0.91+0.07* 92.22+1.92
Mn-MHA 11.00+0.13 64.86+3.64° 489.59+6.31¢ 3.21+0.08 0.82+0.2" 93.33+0.00

T FIFEEE RS R 2 7R 4 IR A7 75 B2 22 57 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

2.2 3 FEIEXTER & RE A B & AT A S L AN
A_BEEMNEm

12 3 7] 1, Mn-MHA 20 MDA &7 B Z{& T
MnSO, £H il Mn-Gly 4 (P<0.05), MnSO, 2H & & 5
175 (P<0.05); Mn-SOD {7 Mn-MHA 43k 3 K
HHEHEZE®T Mn-Gly 4 MnSO, 4 (P<0.05);
MnSO, 41 CuZn-SOD i J1 85 H. 2.3 = T Mn-Gly
ZH A1 Mn-MHA 2H(P<0.05); MnSO,4 ZH I Mn-Gly
4 T-SOD & &= . 3% & T Mn-MHA 41 (P<0.05).
2.3 3 MR IR RE A K & M7 4 L IR
Al

M1 3% 4 AT, 452 2 [ PR PR i (ALP) . K

KGR A KL W (AST) A H I = B8 (TG) 4 ik
EEX F(P>0.05); Mn-MHA £ il i # %5 4 (GLU)
.25 T Mn-Gly 41 F1 MnSO4 £ (P<0.05); Mn-MHA
24 S5 JH [# B (CHOL) /K F | & IR T MnSO, 411
Mn-Gly 21 (P<0.05), MnSO4 2 A1 Mn-Gly 21 22 [8] G
P22 5 (P>0.05),
2.4 3 FEEXT IR A BB A Bt Al T A RO B2
Hi % 5 AT 40, T Mn-MHA 2 45 5% 5 B i 2%
BT MnSO,4 Al Mn-Gly 20 (P<0.05), 4% 2H 22 ] 4 5%
o B AL JEE 3 2 G W 3 1 22 5 (P>0.05); 1 g
S EEREETE Mn-MHA #4153 R KREH B E ST
MnSO, £H (P<0.05), Mn-Gly 21 #l Mn-MHA £ 45 5%
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&3 3IMEIRMNBIR LB AR ST IEIEXEETEF MDA &2/
Tab.3 Effect of three forms of manganese in diet on enzymatic activity and MDA content in the liver of
Epinephelus fuscoguttatusQ x E. lanceolatud n=3; X £SD
JiBL] N i 8 LA B AL il B ST B A T SH AL B A
treatment /[nmol/mg(prot)] MDA /[U/mg (prot)] Mn-SOD /[U/mg (prot)] CuZn-SOD /[U/mg (prot)] T-SOD
MnSO, 26.56+1.98° 91.23+16.82° 183.48+11.43 284.04+13.35°
Mn-Gly 14.96+1.58" 109.89+12.12° 157.33+10.18" 294.4248.97°
Mn-MHA 11.00+1.21° 142.28+8.85" 150.41+15.59* 245.83+6.76"

TE: FIZVECR L ARAN IR] 227 25 1] A7 7 1 35 22 53¢ (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

x4 3MFREINBIKR LB ARE MEE IR0

Tab. 4 Effect of three forms of manganese on serum biochemical indices of Epinephelus fuscoguttatusQ x E. lanceolatud

n=3; X +SD
1847 index MnSO, Mn-Gly Mn-MHA
Bl 5 R 13/(U/mL) ALP 80.49+10.79 77.13£6.71 79.04+12.16
AR /(U/L) AST 55.34+8.36 55.64+11.95 54.83+18.21
F %K/ (mmol/L) GLU 1.35£0.17° 2.33£0.18° 3.89+0.70°
fIH [ 5 /(mmol/L) CHOL 2.13+0.24° 1.88+0.11° 1.58+0.06°
H i =TE/(mmol/L) TG 0.71£0.11 0.82+0.07 0.75+0.09

TE: FIZVECR L ARAN IR 227 20 1] A7 7 1 35 22 53¢ (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

#5 IMEBENEHEIBAREREL BN
Tab.5 Effect of three forms of manganese on intestinal performance of Epinephelus fuscoguttatus? x E. lanceolatud
n=30; X £SD; pum

R segment ¥8F5 index MnSO, Mn-Gly Mn-MHA
4 BEES plica height 485.36+23.14° 531.07+17.51° 622.93+55.23°
Hif % proximal intestine 4 BESE plica width 62.03+4.81 60.88+1.35 60.20+2.62
WUZJEJE muscle thickness 114.04+6.51 121.82+5.00 124.77£1.19
45k plica height 350.83+14.05° 377.38+25.27% 407.69+27.35°
"F1 1% mid intestine 4BESE plica width 61.86=1.85" 72.36£0.73° 71.10+4.88°
WUZIE S muscle thickness 145.85+4.87° 128.39+3.28° 118.36£10.16*
4 BEw plica height 334.58+21.38" 414.89+6.60° 352.76+41.67"

J&i W distal intestine

4iBETE plica width

WUZJESE muscle thickness

64.29+3.81
169.27£16.99°

63.18+3.98
193.39+7.48*

67.36%5.29
243.50+37.66°

T FSVEE B AR FR AR ZE R B (P<0.05).

Note: Values in each column with different superscripts are significantly different (£<0.05).

Vi TG M 22 51 (P>0.05), {HI B %5 T MnSO,
241(P<0.05), MnSO4 HNUZEE B % = T Mn-Gly
ZHH Mn-MHA #1(P<0.05); J5/% Mn-Gly #H 4% 5%
B T LA 4H (P<0.05), 4% 2H 2 ) 4l Bk
T TG 3 25 S (P>0.05), WUZIEELE Mn-MHA
HikF I KME, HEZE&T MnSO, 41Hl Mn-Gly
4H(P<0.05).

3 Wig

3.1 3MIRIRX B IR EAB S £ K TR

AXTFARIERM Mn FIHBCEARRH. 5
Tl M f L, HA —E 25 50 YA HL Mn BERS
FETHALIE PR RS 1 78 S, R IK M 57
BHRYUE RN TS LR, SEBIEXY Mn 1
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%26 &

MR U AR g BRI, 5 MnSO, AHEL,
TR AN Mn-Gly 58{ Mn-MHA 385 728k
T B A BE 4 ) WGR, FEIK T FCR, X 51E%
o U7 b RS 458 — 8. T Mn-Gly Al
Mn-MHA 7EfE#E A4 K Oy A 76 B v 22 5, #f
WAl fER T Mn-MHA 78738 PYAE B B9 ] 4
F Mn-Gly!"™, 25 T HE X Mn-MHA W55
K R A KRR IR . SR, Ma 2K
Z2WF(Scophthalmus maximus L.) 5T R, 15
B2 BT MnSO, Al Mn-Met, Jf K%} SGR Al
FCR j=/E @ g 25, X4 RmEF S M
GEYNTF-E N

32 3 MEENBHARENE RN
el 08 SOEAT

i1 2 A] 38 5 Hi A AL B g8 A A AR B Y,
SOD 1 1% 2 e i d B4R, RERS R HLIA
R A E A A B A o E R AL &
it AL EBE(CAT) 43 i K, 8 — @ R b s
PUA P AALEE 11, A28 H, Mn-MHA 411
CuZn-SOD Al T-SOD { J1 34 i # X T MnSO, 4,
Mn-SOD {f Jj i LT HRAPA . #F5E &8, Mn
Be= 2 S8 Mn-SOD 3% 732 2424 fEpLA
WS FE S, Mn Fl Zn, Cu 2Z [A] ¥ 7716 B i (04
HOVEP2 T Cu M1 Zn f& CuZn-SOD (¥ 38240
WAy, PS5 T CuZn-SOD i 1 (A% 128,
A, &l fE 2 F 3 Mn-Gly Al Mn-MHA 4
CuZn-SOD {if Jj i #F ik T MnSO, 41/ J5t A .
Mn-SOD F EAFTE T HAZ AL R, Lotk
S TR AE W HEAT R B A A A Y A, T
CuZn-SOD E EAF7E FHLAR A K H >, 5
CuZn-SOD H kb, Mn-SOD %t g 5t < %84k (411 i
VEFIBA i, ZEDLASHT LB R 48 b B kPO,
Jig o 3k AR Ak A R v A — R B A 3 M R (ROS)
SEALE VIR, TE RURR I S Ak W, DA ol 4
L RS Sl R 3 3 1 A AR, e A A L
R T r At MDA 2 Horh i HAT R M
FEYZ —, ARSZK R, Mn-Gly 41 Mn-MHA 4
MDA & 3% T MnSO, 4H . HEM7ERL 2k e I
LI BEAA T 40 L, Mn-SOD  FEHLA BT & AL B 18 £

GirpAE B KT CuZn-SOD, M FEAR i A AT
WX AR A 40 . A5G LRSS, 5 MnSO4 A
e, fEkEFR s Mn-Gly #il Mn-MHA g% i 42
15 Mn-SOD { Jj 345 AL B 5 S Ak ™= 1 ()
BRAE T .

3.3 3FEIEXNBIREZBAR S MFE LI

% e

175 A AR S F8 bR 3l H SZ LIS . IR AR A
JRACIH AR ma T2 i Al LS LA 40 3 R
Sy R £ 8t S B T, AT A AL
PRERLTE 2 he i, (a2 PRl Fom 28 ) R &Ry
PREE RPN E GLU TR, Asughsy
W, RPN Mn-Gly 8 Mn-MHA & i 3
PEFIME T GLU & &, X 57E KB f(Larimichthys
croceaq) DA K 22 E 0o (g 9F 5 45 AR D . 26 1 4]
B 7 Mn-Gly 8 Mn-MHA REf% 13 & 42 = 2 2k
T BECF B i %o Rk OB 28 4 R A R RCR,, (R
i R T YUV IAE ). CHOL S 541t
R, TG N SHLARAERCI B UIAE, 15
CHOL # TG SEFRMIMAGE, REf i it 125 o
TR AR PO HLUARE BRI 2 AL & B S T
CHOL % - 7187, Mn-MHA 4111 3% CHOL i %
RTHAWA, TG #k L4 WEEA, fEfm2s
H, TG EZLIRW LA, HUARGERE, 24
PLIRAC I & A= 25 4k IsF, CHOL 15 1 RE % T i
o 2 et g BRAR PR S CS S A St 2% SR 2 A k)
RN Mn-MHA GBS 58 4 b AR 3 i 264 7 1
MG A . 2R & s H AL Fr ok B,
Mn-Gly il Mn-MHA ¥ 865 1R 47 1y 5 22k 8 0
A BE R AR AR, PRI AR, A& A
T 5 )

3.4 3IMEREX2IR AR & BB SHRE

o A D £ 2R AL T8 v D) R B E 2 — i,
TETHAL B RIS SR 05 k3 2 AE . i
KEHWWR B, — Bk, b a5
o, WU X B IR R A SO R R LR R
BEBCR, Wiz iE % Sh e 1 e . AR, 1%
GERTCHL Mn 7E73E N 5y 5 5L L6505 37 N1 (UnAE
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PR ) I AT LA IR A ), S B0 R T SR e
P, AL Mn BAFRE MBS, 1EhiE
P H Lo T B A e, A5 ALY Y %
RETEE A Y, R EA B Ak A
Mn-Gly 2 5 2 52 55 1 o [ 496 5 58 1 W 11 25 %
= B2, Mn-MHA 20 8 E 4825 1T aihs . b n 4k s
UL SR I I UZE R . ATREJE T Mn-Gly
FlMn-MHA BT G450, BN LA
FEFR AN K A B X 2 Y, R T Min-Gly
Fl Mn-MHA AR, Mn ESSAR 7 1 38 1 1k i
(4 B, G AR PR B A Y, B R R
(R0 Ff 38R, R T (A) 2 4R v/ T B2 Bk R B A7 B £
JIT T B B A R o

AN, TEAFE I T, Gly R85 8 i B i
Akt/mTOR 5 5@ & IPEC-1 B4 M5 1,
M AE R4 B T 3 B S A B, R H AE
A A e E R, E IR IE A, B
R 2 G IR B W A S0 4 M 3 A o DR ),
] i B AT 4 P P B AR TG 1, TR N IR BT S AL
WIFERRA, SRR 7AW S o sk B HEAE
MY 5 Mn-Gly Mtb, Mn-MHA i 425 TR
Ji 0 48 B v R, 1 IH Min-MHA XF T2 B e I8 45 B
flia R FIE S & B AL UEE TS Mn-Gly 47
TERR . ST 1 I A BE RE A B 1A T TR AR I 1 A A,
FEAR M 6 2 A WY LR, B g fa iR Ao 110, &%
ARSI EER, RN Mn-Gly RBIEA 2
RE2H AR ab I AERNIES KT, 1M
M Mn-MHA 7E#E 5 9 Il FUS RS & B /TR
i, XTETp R ] T —E R R, S
T2 InA B p K PERE

4 Zig

TR RN Mn-Gly F1 Mn-MHA fE#% i 2% 12
PR A ad A KR R IR XS
THNEPL A LRE 139 —E i3, 11 Mn-Gly
H1 Mn-MHA BEAR 47 8 5 R AR S AR, AR
POFAE, RS L. Mn-Gly Al Mn-MHA
Refs WS BRI a Rt | FmEE, [
Bf Mn-MHA 5848 &2 7T 1 AT, MnSO,
FARA —E MRS E R, HRCRAE .

S 3k

[1]  Andreini C, Bertini I, Cavallaro G, et al. Metal ions in bio-
logical catalysis: from enzyme databases to general princi-
ples[J]. Journal of Biological Inorganic Chemistry, 2008,
13(8): 1205-1218.

[2] Zhang H L, Sun R J, Xu W, et al. Dietary manganese re-
quirement of juvenile large yellow croaker Larimichthys cro-
cea (Richardson, 1846)[J]. Aquaculture, 2016, 450: 74-79.

[3] Gerber G B, Lonard A, Hantson P. Carcinogenicity,
mutagenicity and teratogenicity of manganese compounds[J].
Critical Reviews in Oncology Hematology, 2002, 42(1):
25-34.

[4] Tan X Y, Xie P, Luo Z, et al. Dietary manganese require-
ment of juvenile yellow catfish Pelteobagrus fulvidraco, and
effects on whole body mineral composition and hepatic in-
termediary metabolism[J]. Aquaculture, 2012, 326-329:
68-73.

[5] LinY H, Lin S M, Shiau S Y. Dietary manganese require-
ments of juvenile tilapia, Oreochromis niloticus * O.
aureus[J]. Aquaculture, 2008, 284(1-4): 207-210.

[6] Liang J J, Wang S, Han B, et al. Dietary manganese re-
quirement of juvenile grass carp (Ctenopharyngodon idella
Val.) based on growth and tissue manganese concentration[J].
Aquaculture Research, 2015, 46(12): 2991-2998.

[7] Liu K. Studies on nutritional physiology of selenium and
manganese for cobia (Rachycentron canadum)[D]. Qingdao:
Ocean University of China, 2010. [XI]RE. %58 fa 4 i
(Rachycentron canadum)ii TGN . 4 07 74 FLOF 9T
[D]. 5 HEHEHRY, 2010]

[8] Additives E P O. Safety and efficacy of manganese hy-
droxychloride as feed additive for all animal species[J].
EFSA Journal, 2016, 14(5): e04474.

[9] LiuY, WangJ Y, Li B S, et al. Dietary manganese require-
ment of juvenile hybrid grouper, Epinephelus lanceolatusxE.
fuscoguttatus[J]. Aquaculture Nutrition, 2018, 24(1): 215-223.

[10] Satoh S, Apines M J, Tsukioka T, et al. Bioavailability of
amino acid-chelated and glass-embedded manganese to
rainbow trout, Oncorhynchus mykiss (Walbaum), finger-
lings[J]. Aquaculture Research, 2015, 32(s1): 18-25.

[11] Yang B, Cai H Y, Liu G H, et al. Evaluation of relative
bioavailability of amino acid chelate manganese with slope
ratio method for broilers[J]. Chinese Journal of Animal Nu-
trition, 2014, 26(8): 2110-2117. [#7it, #oWFas, XA, 45
AREAR HEVRATSE PR XS 0o e R 5 5 O R X A 0~ R
R[] SWIEFEIR, 2014, 26(8): 2110-2117.]

[12] Jiang S T, Wu X Y, Luo Y, et al. Optimal dietary protein
level and protein to energy ratio for hybrid grouper (Epi-



490

Hh K R

%26 &

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

nephelus fuscoguttatus Q@ x Epinephelus lanceolatus 3) ju-
veniles[J]. Aquaculture, 2016, 465: 28-36.

Wang M H, Wang J Y, Song Z D, et al. Effects of dietary
conjugated linoleic acid on growth, body composition and
metabolism-related hepatic enzyme activities in juvenile hy-
brid grouper (Epinephelus fuscoguttatus XE. lanceolatu
3] Journal of Fishery Sciences of China, 2016, 23(6):
1300-1310. [E#E, Throgk, KEAR, . LU HERYT
BT A BE £ 4y £ AR A AR ZH R ST SR T 71
). R EIKERE, 2016, 23(6): 1300-1310.]

Gong Y, Hu X B, Peng L X, et al. Antibacterial activities of
four zinc-amino acid chelates[J]. Food Science, 2009, 30(17):
84-87. [SBEY, WAMENL, W, & BRI AWM
FEIETEFZEI]. & anER, 2009, 30(17): 84-87.]

Li S F, Luo X G, Lu L, et al. Bioavailability of organic
manganese sources in broilers fed high dietary calcium[J].
Animal Feed Science and Technology, 2005, 123-124(Pt2):
703-715.

Liu Y. Studies on the cobalt and manganese requirements in
juvenile pearl gentian grouper (9 Epinephelus fuscoguttatus
x & Epinephelus lanceolatus)[D]. Shanghai: Shanghai
Ocean University, 2016. [Xz. ZERIpNEA BE L)Xk
MR ERTRMVID]. B FIEETR, 2016.]
Nie J Q, Dong X H, Tan B P, et al. Effects of dietary man-
ganese sources and levels on growth performance, relative
manganese bioavailability, antioxidant activities and tissue
mineral content of juvenile cobia (Rachycentron canadum
L)[J]. Aquaculture Research, 2016, 47(5): 1402-1412.

Chi SY, Tan B P, Dong X H, et al. Effects of supplemental
coated or crystalline methionine in low-fishmeal diet on the
growth performance and body composition of juvenile cobia
Rachycentron canadum (Linnaeus)[J]. Chinese Journal of
Oceanology and Limnology, 2014, 32(6): 1297-1306.

Ma R, Hou H, Mai K, et al. Comparative study on the effects
of chelated or inorganic manganese in diets containing tri-
calcium phosphate and phytate on the growth performance
and physiological responses of turbot Scophthalmus maxi-
mus[J]. Aquaculture Nutrition, 2015, 21(6): 780-787.

Hou H P. Comparative study on nutritional physiology of
dietary methionine sources and manganese sources for turbot
(Scophthalmus maximus L.)[D]. Qingdao: Ocean University
of China, 2012. [fEAEMS. KEEEY(Scophthalmus maximus L.)
XA RPE R = PR IR AR IR B S AR BWFSE[D]. 7 &
R A, 2012.]

Ahmed M, Abdullah N, Yusof H M, et al. Improvement of
growth and antioxidant status in nile tilapia, Oreochromis

niloticus, fed diets supplemented with mushroom stalk waste

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

hot water extract[J]. Aquaculture Research, 2017, 48(3):
1146-1157.

Wang Y H, Wang Y Y, Mai K S, et al. Effects of dietary
curcumin on growth performance, body composition and se-
rum antioxidant enzyme activity in juvenile turbot
(Scophthalmus maximus)[J]. Journal of Fisheries of China,
2016, 40(9): 1299-1308. [FAEE:, T E, ZHEAk, %
LR ) | A SUDNE - PRI SR NN S N WS =¥ e 3T
IR, K244k, 2016, 40(9): 1299-1308.]

Ferreira D, Rocha H C, Kreutz L C, et al. Bee products pre-
vent agrichemical-induced oxidative damage in fish[J]. PLoS
ONE, 2013, 8(10): €74499.

Liu K, Ai Q H, Mai K S, et al. Dietary manganese require-
ment for juvenile cobia, Rachycentron canadum L[J]. Aqua-
culture Nutrition, 2013, 19(4): 461-467.

Tan X Y, Xie P, Luo Z, et al. Dietary manganese require-
ment of juvenile yellow catfish Pelteobagrus fulvidraco, and
effects on whole body mineral composition and hepatic in-
termediary metabolism[J]. Aquaculture, 2012, 326-329:
68-73.

Ye C X, Liu Y J, Tian L X, et al. Effect of dietary zinc on
growth, feed efficiency, mineral content and body composi-
tion of juvenile grouper Epinephelus coioides[J]. Oceanolo-
gia et Limnologia Sinica, 2013, 44(1): 83-89. [M#5, Xk
R HWEE, . RS R R A B (Epinephe-
lus coioides) "4 . TARESCR . W TS S RIRL AR
WE[T]. LRSI, 2013, 44(1): 83-89.]

Bai L R, Zhao Z Y. Effects of copper and manganese on
hemocyte apoptosis and antagonism of iron and zinc in
Oreochromis niloticus[J]. Agricultural Science & Technol-
ogy, 2016, 17(3): 684-689.

Xu M Z, Zhang Q, Tong T, et al. Effects of dietary manga-
nese content on growth performance, body composition,
coelomic fluid manganese-superoxide dismutase activity and
tissue manganese content of juvenile peanut worm, Sipuncu-
lus nudus Linnaeus[J]. Chinese Journal of Animal Nutrition,
2015, 27(10): 3077-3083. [FHIER, 5K3F, =ik, % 1kl
PP S BT A B ORE U [MERE L My L BT AR
SR b Al P S BV RS T[], B AR
241, 2015, 27(10): 3077-3083.]

Araujo T G, Oliveira A G, Vecina J F, et al. Treatment with
Parkinsonia aculeata combats insulin resistance-induced
oxidative stress through the increase in PPARy/CuZn-SOD
axis expression in diet-induced obesity mice[J]. Molecular
and Cellular Biochemistry, 2016, 419(1-2): 93-101.

Perera N C, Godahewa G 1, Lee J. Copper-zinc-superoxide

dismutase (CuZnSOD), an antioxidant gene from seahorse



%5 3 4]

B A MR BB B B 4 0 AR K VERE . DU RE ) Mz E TR S R 52

491

[31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

(Hippocampus abdominalis); molecular cloning, sequence
characterization, antioxidant activity and potential peroxida-
tion function of its recombinant protein[J]. Fish & Shellfish
Immunology, 2016, 57: 386-399.

Ghosh K, De S, Das S, et al. Withaferin A induces ROS-
mediated paraptosis in human breast cancer cell-lines MCF-7
and MDA-MB-231[J]. PLoS ONE, 2016, 11(12): e0168488.
Andersen D E, Reid S D, Moon T W, et al. Metabolic Effects
associated with chronically elevated cortisol in rainbow trout
(Oncorhynchus mykiss)[J]. Canadian Journal of Fisheries and
Aquatic Sciences, 1991, 48(9): 1811-1817.

Millan-Cubillo A F, Martos-Sitcha J A, Ruiz-Jarabo I, et al.
Low stocking density negatively affects growth, metabolism
and stress pathways in juvenile specimens of meagre (Argy-
rosomus regius, Asso 1801)[J]. Aquaculture, 2016, 451: 87-92.
Pan X Y, Zhang Q, Li J, et al. Dietary glycine improved the
capacity of anti-oxidation and anti-stress of large yellow
croaker (Larimichthys crocea)[J]. Progress in Fishery Sci-
ences, 2017, 38(2): 91-98. [, K3E, 2%, & 1Akl
FRERTINH 2R T 3 = K i (Larimichthys crocea)HTA
AEAGTRLEE SI[)]. ol RlA3E R, 2017, 38(2): 91-98.]
Deng D F, Refstie S and Sso H. Glycemic and glycosuric
responses in white sturgeon (Acipenser transmontanus) after
oral administration of simple and complex carbohydrates[J].
Aquaculture, 2001, 199(1-2): 107-117.

Xiang X, Zhou X H, Chen J, et al. Effects of dietary lipid
level on growth performance,body composition and serum
biochemical indices of juvenile Onychostoma sima[J]. Chi-
nese Journal of Animal Nutrition, 2013, 25(8): 1805-1816.
[, J2AE, Bradt, 46, GRHIRIZKEXT H H g fa 4k
KA RE AL R LI LR AL FE PRI SEMAT]. ShE IR 23R,
2013, 25(8): 1805-1816.]

Zhu T T, Li Q, Zhu H'Y, et al. Effects of dietary lipid level
on growth performance, blood biochemical index and anti-
oxidant status of juvenile Acipenser gueldenstaedtii[J]. Ma-
rine Fisheries, 2017, 39(1): 58-67. W5, 258y, A4,
& TR XTH B iR g AR | R A AR bR &
P AL ERE S [I]. R, 2017, 39(1): 58-67.]
Song J, Jiang H B, Jiang Z Q, et al. Effects of dietary carbo-
hydrate sources on growth, feed utilization and haemato-
logical parameters of juvenile hybrid sturgeon Acipenser
baeri Q@ x A. schrenckii 3[J]. Journal of Dalian Ocean Uni-
versity, 2016, 31(1): 58-64. [RIF, Wi, ZE&0m, 4. 18

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

BHPREHE X 22 3340 0 A PR RE | LI AR fR A bR AL
B SR BUSE R (D], RT3 2= 4], 2016, 31(1):
58-64.]

El Ashry G M, Hassan A A M, Soliman S M. Effect of feed-
ing a combination of zinc, manganese and copper methionine
chelates of early lactation high producing dairy cow[J]. Food
and Nutrition Sciences, 2012, 3(8): 1084-1091.

Liu Y, Wang J Y, Li B S, et al. Dietary manganese require-
ment of juvenile hybrid grouper, Epinephelus lanceolatus x
E. fuscoguttatus[J]. Aquaculture Nutrition, 2018, 24(1):
215-223.

Zhao J. The application study on complex amino acid che-
lated iron, copper, manganese, zinc in broiler production[D].
Yaan: Sichuan Agricultural University, 2003. [ 7. B &%
FERREARR W . PRERXG A P R IS (D]
2 PR, 2003.

Wang F. Effects of phytase on apparent digestibility of nu-
trient and digestive enzyme activities of rainbow trout (On-
corhynchus mykiss Walbaum)[D]. Harbin: Northeast Agri-
cultural University, 2008. [ 4. HIREERT 405 FE Y iR
WAL 5 H AR R 2 [D]. MA /RS ARl R
2%, 2008.]

Wang W W. Important roles for glycine in piglet growth and
intestinal function[D]. Beijing: China Agricultural University,
2014, [Erk. HBRRAT A S Wi D Re s (A 5
[D]. dExt: sPEARAL R, 2014.]

Ma X, Ma Q G, Ji C, et al. Inhibition efficacy of HMTBA
against major enteric pathogens compared with other organic
acids in virto[J]. Chinese Journal of Animal Nutrition, 2008,
20(2): 238-241. [Hh3%, DRKRAI, 1AL, 55 BERFHEL
BLHy RO BILRR A7) %ok 3 2 g S 05 B P AR S 00 TR 19 L
(I SE SRR, 2008, 20(2): 238-241]

Zhao Y. Effects of methionine hydroxy analogue on intesti-
nal redox status and bone development of broilers[D]. Wuxi:
Jiangnan University, 2013. [XER. FEERFILISUDIXT A
X6 1 38 AL R JFUR S R i R B Is2 A [D). e VLM
K2, 2013.]

Huang Y Z, Lin X, Wang Q X, et al. Effects of astragalus
polysaccharide on structure of intestinal villus and intestinal
immunocyte of tilapia[J]. Chinese Journal of Animal Nutri-
tion, 2010, 22(1): 108-116. [# KT, Mg, EoIR, & ¥
BB B R A LB TE A5 454 K 38 S 2 40 i 1 52 Tl
0], Sh¥E 2R, 2010, 22(1): 108-116.]



492 [ K R 2 %26 5

Effect of three forms of manganese on growth performance, antioxi-
dant capacity, and intestinal morphology of juvenile hybrid grouper
(Epinephelus fuscoguttatus? xE. lanceolatu?)
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Abstract: This study was conducted to determine the effects of three forms of manganese on growth performance,
antioxidant capacity, serum biochemical indexes, and intestinal morphology of juvenile hybrid grouper (Epinephelus
fuscoguttatusQ x E. lanceolatud). The experimental diets were isonitrogenous and isolipidic diets with the addi-
tion of manganese sulfate (MnSQO,4), manganese glycine (Mn-Gly), and manganese hydroxymethionine (Mn-MHA),
respectively. The three groups containing manganese had 37.74 mg/kg, 40.66 mg/kg, and 38.15 mg/kg, respec-
tively. Two hundred and seventy groupers [initial average weight (11.00 £ 0.12) g] were randomly divided into
three groups with three replicates at a stock density of 30, and fed with test diets for 8 weeks. The results showed
that the weight gain rate in Mn-Gly and Mn-MHA groups were significantly higher than that of the MnSO, group.
The feed coefficient rate of fish fed Mn-MHA were significantly lower than those fed MnSO,. The specific growth
rate and survival rate were not significantly different among the three groups (P>0.05). Liver malonaldehyde con-
tents in the Mn-Gly and Mn-MHA groups were significantly lower than those in the MnSO, group. In the
Mn-MHA group, the activity of manganese superoxide dismutase in the liver was significantly higher than that in
the MnSO, and Mn-Gly groups. The activity of copper-zinc superoxide dismutase in the Mn-Gly and Mn-MHA
groups were significantly lower than those fed in the MnSO, group (P<0.05). In serum, the contents of glucose in
the Mn-Gly and Mn-MHA groups were significantly higher than that of the MnSO, group, the contents of choles-
terol in the MnSO, and Mn-Gly groups were significantly higher than that of the Mn-MHA group (P<0.05).
Compared to the MnSO, group, the plica height of proximal and mid intestine, and the muscle thickness of distal
intestine were significantly increased in the Mn-MHA group (P<0.05). In the Mn-Gly group, the plica width of
mid intestine was significantly increased comparing to that of MnSQO,4 group, the plica height of distal intestine was
significantly higher than that of the MnSO4 and Mn-MHA groups (P<0.05). In conclusion, compared with MnSO,,
Mn-Gly and Mn-MHA could significantly improve the growth performance, enhance the antioxidant capacity of
liver, regulate the related metabolic response, protect the liver, and promote the development of the proximal, mid,
and distal intestines of juvenile hybrid grouper.

Key words: manganese sources; Epinephelus fuscoguttatusQ XE. lanceolatud'; growth performance; antioxidant
capacity; serum biochemical indexes; intestine
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