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ToVE 78 0 I WL 76 20 0T i A A 3 g R 1) 52 )
R AR A R DU A AR R U S 32 LN
FESS B A BE . A 2R S50 5 Th e s B 1 g
e b, BT At K AR L 38 A
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Wk, RREEEREL T mKr ", 1568
{77 5L 1) B SRR 38 N 82 6l (Anguilla rostrata)
REEBETZANE SRS, B, SRR
KHE A METCR TURE 72, DU IE R P
iAo A7 D0 5 I 2 B 4 £ P R} P A R T 3R T LN
AR IRE . PRk, A SIEG 7 S5 PN g il 4)) £ 1A K]
IASEZKFIMM, 276 2% B i iE H AL B S T $L
AALRE T 18IE M AN SRS A DS HR b A W T T
TR R ARGT 3 B2, #1028 8 e ARk A 0l B A IMMER
IN7KF-, 8 i sl 5 o0 2R 75 2 B O BIE 7 A TRl e o
BCHlR S

1 MR5ERE

1.1 SKIHEIT

4 500 3 P 62 6y 2 1 [*F 3 ) E N (22.99+
0.15) g/ 1BEAL > R SAN AL BELH, 43 591 e M L kv e
s IR A IMM TR BE K20 (IMMO4 ) 600
(IMM6004H). 1200 (IMM12002H). 1800 (IMM 1800
1)F112400 (IMM240041) mg/kglt) szi ikl . o,
IMM 12004 T INA R e £ K TS24 Dl
f S o) R} B oG FR HE R VS INE, R4 12.0 mg/kg.
B180mg/kg. £i40mg/kg. £E100mg/kg. H5.00 mg/
kg. fii0.80 mg/kgf£40.80 mg/kg. HEHANEE,
RANEE25 R M, ST HIT70d.
1.2 SEIfEst

S8 PR R 32 R A R O (GLL.S BB
P73 ARG AR, 1 FEORT ) RIT 2T Ry (EL S K, L2 J
BRI 1. T kRS AR TSR 2R
BHEABRA ), FEEEREHL(ZFI-300, 11 11 % &

HUb 3 A PR A =), o R e, 380 H 7 I, FiAR
JEARHEC 7 HA9) SR P B SR AR IR & 5 G 4T
(RAE 4%, BB 1 25 38 5 Lo " B 98— B
A FIIMMAL B2 Gk b B T 4R . BEL 4
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Tab. 1 Composition and nutrient levels of experimental diets

TiHItem  IMMO IMM600 IMM1200 IMM1800 IMM2400
J5 EHngredient (%)
Ay White  40.00  40.00  40.00 40.00 40.00

fish meal

ZfafBrown 27.00 27.00 27.00 27.00 27.00
fish meal

a-JEHFo-starch 25.00 2500  25.00 25.00 25.00

1% £ ¥ Beer 400  4.00 4.00 4.00 4.00
yeast powder

2 NS 1.85  1.85 1.85 1.85 1.85
Puffed soybean

SAL AR 0.50  0.50 0.50 0.50 0.50
Choline

chloride

e A4S 0.50  0.50 0.50 0.50 0.50
Ca(H,POy),

KB R B 0.50  0.50 0.50 0.50 0.50
MgSO,-7H,0

SEEHERM 040 040 0.40 0.40 0.40
VR Multivi-

tamin premixl

HEEIMMTE 0 0.06 0.12 0.18 0.24

*ﬂrCompoun(%

IMM premix

WAM Zeolite 025 0.19 0.13 0.07 0.01
powder

&1l Total 100 100 100 100 100

H 7741 iNutritional composition (%)

HEMCrude 4720 4750  47.44 47.86 47.47
protein

HAEWiCrude  6.03  6.05 6.02 6.03 6.00
lipid

K5y Ash 1265 12.74  12.62 12.74 12.60

VB TR A E B TRE S 4R A 3333333.33 U,
#EE E D, 416666.67 TU, 44K E 15.00 g, 4E4 K, 15.00 g, 4
HEEB, 2.67g, 44 KB, 5.00g 4iE B 2.00 g, 44 KBy,
0.01 g, 44 % C 33.33 g, D1z 1£10.00 g, M B }223.33 g, I 2
0.33 g, D-EE 0.05 g, L3333 g; 15 T 72 2 S IMMTUR B
1 17.09 g Cuy(OH);Cl (4 & &58.50%) 491.80 g FeSO4 H,0
(BR&E30.50%) 104.17 gMnSO,-H,0 ($H&E32.00%). 238.10g
ZnSO,-H,0 (5% E35.00%). 6.72 g Ca(10;), (M5 £:62.00%)-
1.48 g Na,SeOs (1ifi & §45.00%) 2.02 g CoSO,-H,0 (& & &
33.00%). 138.62 gith Ak

Note: 'Each kilogram of multivitamin premix contains: VA
3333333.33 [U, VD, 416666.67 IU, VE 15.00 g, VK5 15.00 g, VB,
2.67 g, VB, 5.00 g, VB 2.00 g, VB, 0.01 g, VC 33.33 g, D- panto-
thenic acid 10.00 g, amyl nicotinate 23.33 g, folic acid 0.33 g, D-
biotin 0.05 g, and inositol 33.33 g; *Each kilogram of the com-
pound IMM premix contains: 17.09 g Cu,(OH);Cl (Cu 58.50%),
491.80 g FeSO,H,0 (Fe 30.50%), 104.17 g MnSO,-H,0 (Mn
32.00%), 104.17 g ZnSO,-H,0 (Zn 35.00%), 6.72 g Ca(103), (I
62.00%), 1.48 g Na,SeO, (Se 45.00%), 2.02 g CoSO,-H,0 (Co
33.00%), and 138.62 g zeolite powder
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Tab. 2 Measured values of IMM in diets of different groups
(mg/kg)

(&S

Micro-minerals IMMO IMM600 IMM 1200 IMM 1800 IMM2400

Cu 2.50 8.56 14.45 20.66 26.6

Fe 273.75 364.80 455.21 541.53 63149
Mn 7.73 2651 47.39 68.22 86.18
Zn 6436 114.09 16732 21598  265.35

Bl AR IRV EY) TRRA RA L.
13 AFERE

TE 4 35 K 5 7= 0t /K 77 S 06 8 1 F i 7 B 5
36 K E IR EL LI Ol A R A 5 1800 8 S
56 0 27 FRAE AN R FRFE BT (42110 em, =180 cm)
Hh B 77 28d, B K K 18 fi O C A R S K
1.378 & 2 B F1IR I 52 1S (06:007A1 18:00) 5 P, 4] M2
25mini5 %5 HARAE A S8 . B F228dFF A A SL 6
B A BERIUAR E J5, B S iR AR fr24h. Phik
FRE HR I B4 HE 4N 2,500 2, BENL 2> T-20 & 2 9%
BA §T (B 4260 cm, 15100 cm, 73 /K &£ 4320 L),
KHAEM K IR, ARG 24h A . B
ST ER M S B PR, MR S o e £ 155 00 U M
T M 30min5 B AR . il SRR A E M AT R
O, AR R A ALK 515 0, A5 R B 8 77 655
IKARI120%—30% . B 77 S 1F 256 HA 1) 7K 42 il
1E25—27°C, pH4ERF7E7.0—8.0, R E>7.7 mg/L,
AAEIKRE<0.2 mg/L.
1.4 t#H#mEE

TET0dF7 S50 45 WG, W 50590 f 2R fr 24h.
HCREL Pk L 142 B H T &8 (0.1 g/L)ARI% 10minf5
HHAT R MLRREAS T-4°C 464 T 1 1 5 33547 55 0
(3000 r/min, 10min), B L% % T —80°C VK #6 (R 47 -
SR S P 2 56 P e R B9 T @, Bl 18 &
F o AT BEATLES £ 11 i 1 FH T 7 A0 Bl % 1 R4t
A RE I 58 ; 2)R A 1) W TE 4y ol FH 22 5 AR RE R v
BE [ e 52, T Wi 42300 A ol 4 R L
TGS . 4R 0 1) F s A A 22 R AT
1.5 NERRRFE

PEEE Eerr (R A T
W8 BT A 7= 1A R & I 8 IfL I D-FL R (D-lactic
acid, D-lac)/K “F Al — i % 1t B (Diamine oxidase,
DAO)EH 1, 4% BB Ut B Fo 3 20 BRIEAT I E

FEREREENE  KIEHSF
RIS, A5 P R A P TR AL BT AR
B BCAEN & & AW E, TR A E®.

PAiEEESEN  BEEOR. RN

VE 57 P A S PR P e R ) AR AT 5 i A
B, U BT TN E .

B SN  KHBE @AY
TSR A R A 7 R ) o DN e AR A ) A T
(Superoxide dismutase, T-SOD). i %8 1t & i (Cata-
lase, CAT). 23 Bt H Jikid %016 ¥ ¥ (Glutathione per-
oxidase, GSH-Px)J 4 1 A — [i¥ (Malondialdehyde,
MDA) /K-, 2 8 B 45 20 SR AT D 5E

BEEARSRNE  KEEEZ KPR
TR E B, K o I ZK S BRRE AR IR EAT
WA, Y. LERRIE KD FRATE . A
HE(7R ARGt dF 3 . R ERAE LIRS
Lo 5. ff ] IE B 9% B 4B (BX80-IPA,
Olympus, Japan) W 41

i 3 1 i R B RS o 6 B R S Luss
J5 i, A8 F A4 F T WA BE (SU8 100, Hitachi, Japan)
KAEEMR . 7R R AR B EE Hh BE AL ik B3 45 1 AR
(2.61 pm”)X AT AR BRCR S, AT it 5

PBEEENF D 43 7 1% HUIMMO
IMM 12001 IMM24002H - 8> i i, 46 L5
Y AR ik DR RHECA R 2% ) Bk 47 i T8 w1 R D o
Mr. 4efdiFE.Z.N.A. Soil DNA Kit (Omega Bio-tek,
Inc., USA)i 1) & £ HX S P 158 fif 2/ 41 g T8 Ao A )
KIZHDNA, B SR A & v . REEH
Nanodrop 2000 (ThermoFisher Scientific, Inc., USA)
M DNAJT & R & o A6 004 4% (¥ BF 5 7E Tlu-
mina Miseq PE300 =@ &l /77 & 347 77 511l 5E -
1.6 FitoHh

S S5 R AP AR HE 22ROk . T SPSS
25. 0% A B K 32 5 22 73 B (One-way ANOVA), K
FIXSH V34T 2 B, P<O.0SRREFRE. f
FHLeica Application Suite XF 4 & 2% E & B A VL
J2 5 £ ; QUME2EK 1 i+ 5 Alpha % F 1 Fll Beta % #
P, 8 3d Kruskal WallisiE 2 8 i B2 7 . KRH
GraphPad Prism8# {4l 4

2 4R

2.1 SEMEBERLN G AR IE BB A K IE AR

I 1 A%, SIMMOZLAH B, IMM120041 (1) D-
lac/K “F & 2 &K (P<0.05), IMM600. IMM1800 /%
IMM24002H [F)D-lac7K -G {2 2 22 4. (P>0.05); IMM
600F1 IMM 12004 f) DAOYE 14 & 2 [% 1% (P<0.05),
IMM 1800 & IMM24002H F{IDA O 14 78 1. 3 A2k (P>
0.05). Wl 2577w, LAIEiED-lac/KFFIDAOTE PEE
RVE FR AR, I R AR AR R 2 S
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IMM TR EHR AR INKF 2351 990011150 mg/kg .

2.2 EINEBHTY) & IS H BSR4
2% 30T 41, 5IMMOZEAH b, IMM600. IMM

a 35 2 100
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23 2 BT o
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B 1 ASFEIMMAR B 1) 5256 £ 38 30 52 PEAH S HR AR

Fig. 1 Indicators related to intestinal permeability of experimen-
tal fish in different IMM treatment groups

[ s REAN [R] 3R 7R 22 7t 4. 35 (P<0.05); T[]

Different letters within the same row indicate significant differ-

1200F1IMM 1 800ZH. 1 i€ H Iy S JIgt iy 1 vi% 11 45 ¥ 25
T 51 (P<0.05), IMM240041 (1) 3¢ ¥ B L i 15 e v 1k
I & 2 7 (P>0.05); IMM600F] IMM12004H. () &
£ 5 P 2 2 T R (P<0.05), IMMI18004H i) 25 11 g
T PETE B2 2 57(P>0.05), T IMM24004H 1) & A K
T I 2 PR (P<0.05). IMMI120041 (3E K B« fig
o i % 2 1 v M 2 v T A 2H (P<0.05)
2.3 EIMNEBERLI & BAIEIM R EE IR

w3k 477~ , 5IMMOZ Atk , IMM120041 11
CAT K T-SODi# P i 2 15 (P<0.05), MDA /K- &
2 %A% (P<0.05), IMM600. IMM1800 5 IMM2400
HIICAT. T-SODE 1 X MDAK- 1476 & 3 A2 4k
(P>0.05); IMM600ATIMM 120041 /] GSH-Pxii 14 &
FHE(P<0.05), IMM1800F1IMM24004H ) GSH-Px

ences (P<0.05); the same applies below TP TG 2 AR A (P>0.05)
335 [ y2E-06r0.0036r128335 = 8 Y=6E-065°40.01381476.222 24 EMNEEEHLNE IFBEHLARTS
(B TR epw | R (0 5. 5 3RIE 47T, B Rh 5L 4 IMM
%2 ®Z YE Al 3 s o : o
B IR RH S I 0 7, 555096 s 2 2
A WU 51 R % % B 526 T 6 MR 38, 76
0 600 1200 1800 2400 0 600 1200 1800 2400

1200 mg/kg & A IMMTIVE R A e KEUE. Wi 5
Fiiw, VA TE TSR B & FEAE VPN Fa b, 8 ik
(e P ABE 780 45t DR R A IMMITR R R B 2 8 /K
“FH916 mg/kg.
2.5 EINEBERLN @ R E R AT

H I 677 &1, IMM120041fJPD_whole_treefis %1
#3 AEIMMAIRLERSII & 78 LB E

Tab. 3 The activities of intestinal digestive enzymes of the experimental fish in different IMM treatment groups

SAEIMMBREHA AR
Compound IMM premix
supplementation levels (mg/kg)

HATMMTR AR K-
Compound IMM premix
supplementation levels (mg/kg)

K2 kR E A IMMIRENRS K 5 lpiE
FI< &

Fig. 2 Relationship between the levels of compound IMM premix

BRI KSR bR

supplemented in the diets and indicators of intestinal permeability

i H Item IMMO IMM600 IMM1200 IMM 1800 IMM2400
JERYEF Amylase (U/mg prot) 0.41=0.07" 0.66+0.12° 1.04+0.11° 0.63+0.09" 0.44=0.09"
JI§ i Lipase (U/g prot) 25.12+0.88" 46.59+4.38° 56.23+2.60° 36.42+1.64° 22.98+3.47
i 1 ii#Protease (U/mg prot) 131.99+5.45° 142.444.99° 160.76+5.90" 136.86+4.09" 118.5246.70°
T [FAT B0 8 br 7 BEAS [F) 908 22 5 12 35 (P<0.05); N [F]
Note: Different letters within the same row indicate significant differences (P<0.05); the same applies below
4 TRIMMALIEEMN Y & BB L EE e
Tab. 4 Indices of intestinal antioxidant capacity of experimental fish in different IMM treatment groups
i H Item IMMO IMM600 IMM1200 IMM1800 IMM2400
CAT (U/mg prot) 5.31+0.58" 6.49+0.87" 7.62+0.44° 4.50+0.37" 4.17+0.88"
T-SOD (U/mg prot) 95.64+8.63" 103.88+2.31% 106.43+3.68° 96.95+4.462" 88.92+5.39°
GSH-Px (U/mg prot) 20.54+1.85" 23.74+2.53" 28.80+0.43° 20.56+1.08"° 19.30+0.20"
MDA (nmol/mg prot) 0.75+0.08" 0.67+0.13" 0.44+0.06" 0.71+0.12° 0.74+0.10°

®5 TREIMMALIEE SN & ELE LS X iahR

Tab. 5 Indicators related to intestinal tissue morphology of experimental fish in different IMM treatment groups

15 H Ttem IMMO IMM600 IMM1200 IMM 1800 IMM2400
43 E 7 ¥ Villus height (um) 615.52436.33"  701.76+28.49°  840.68+28.36°  678.14426.73°  478.03+14.63"
JULZ 5 BF Muscular thickness (um) 77.21+4.87° 82.60+3.51 89.41£1.78° 63.28+2.30° 46.03%1.64°
5% % F¥Microvillus density (#/um’) 84.58+1.73" 87.10+3.68° 105.23+7.29° 77.88+0.75% 74.85+2.71°
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) 55 2% T IMMOAI IMM24004H (P<0.05), Tfii IMMO
FIIMM24004H [7] () PD_whole treefi 3 L & % 2 7
(P>0.05). 75 4bBE2H [A] [F) chaol. observed species
Fishannon¥a 34 70 Wi % 7 5 (P>0.05)

& 70] 21, IMMO.  IMM1200F1 IMM24004H
Z [ A PR Az, 5 A BR A 2 (R B R 22 7 K

FH ] 8am] i, SI6 iz 3 R IR A R T 1 EZE N
JE BE B '] (Firmicutes) 7% J& B | ] (Proteobacteria)«
TR TH [ J(Actinobacteriota). $PT | J(Bacteroidota)
HI R FF 18 '] (Acidobacteriota). FH & 8bw] A1, 55
IMMOZLAH b, IMM 120040 JE B2 B ] A0 F A |
FHia s . IMM24004H JZ BE B | TAH X 3= B s KT
IMM12004H.(P<0.05). #ACFRZA[AIAZTER ] Lk
[T WA T TRIERAT B T T 2R B = 5
(P>0.05).

FH ] am] i, Se: 7 3E BR A L 1 i
KB SR B & 1 (Clostridium_sensu_stricto 1)~ 4
B i B4 J& (Plesiomonas)~ Fl| #2 B J& (Paraclostri-
dium) B WA IR E JE(Romboutsia) Z B IKHEE

3 ANFEIMMALERZH (¥ S50 i 24
Fig. 3 Intestinal tissue morphology of experimental fish in differ-
ent IMM treatment groups
Bl sHa—edr 5l R /R IMMO. IMM600. IMM1200. IMM1800/
IMM24002H 256 1 i 3 HAUE S VH. B w2 MT. AILZ
R
Graphs a to e represent the intestinal tissue morphology of the
experimental fish in the IMMO, IMM600, IMM 1200, IMM 1800,
and IMM2400 groups, respectively; VH. villus height; MT.
muscle layer thickness

(Edwardsiella) FIAENIT B J&(Acinetobacter). HE] 9b
A%, ZLEfSes 175 H IMMOZ 5 46 £61 Ji7 1t o 3 4
K B J& (Staphylococcus) # IR 7 B J& (Corynebac-
terium)~ 1% FF 1 J& (Enterobacter)F1 AN 3l i1 B & AH
Xof = B i 3 T (P<0.05); IMM12004H %' 45 47 9% 1
JaB A SRR R J 1R 18 B 0 T g A 0T = B N T
151 (P<0.05); IMM240041 %5 % 51 i B J& (Brevundi-

SU8100 3.0 kv x

Kl 4 ASRIIMMAL R A 1) 256 0 Ji7 T8 PR R 4R L5
Fig. 4 Electron microscopic scanning of the intestine of experi-
mental fish in different IMM treatment groups
ElHa—e/ il 7R IMMO. IMM600. IMM1200. IMM1800 5
IMM24002H 5256 £ 7 18 994 i 52 1R
Graphs a to e represent the scanning electron microscope images
of the intestines of experimental fish from the IMMO, IMMG600,
IMM1200, IMM1800, and IMM2400 groups, respectively

900 ¢
§ »=0.0002x+0.3665x+597.67

2 800 | R=0.9101
i =
w5 00 | ¢
w2 ¢
¥y 600

S 500 =916

400 s s s -
0 600 1200 1800 2400
A IMMTTHRAERAS Ik > F
Compound IMM premix

supplementation levels (mg/kg)

K5 fak i 2 S IMMBURERRINK T 5 I8 256 (K % &
Fig. 5 Relationship between the level of compound IMM premix
supplemented in the diet and the height of intestinal passage villi
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monas) 15 5 i B J& (Pseudomonas) R 5 7% %L Jg
J& (Stenotrophomonas) %} - & 1. 3 Tt 51 (P<0.05)
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THE OPTIMAL SUPPLEMENTATION LEVELS OF MICRO-MINERALS IN THE
DIET OF JUVENILE AMERICAN EEL (ANGUILLA ROSTRATA)
BASED ON INTESTINAL HEALTH

CHEN Zhi-Ze', XU Yi-Chuang', XIAO Kai-Yu’, LU Wen-Biao’, XI Feng' and ZHAI Shao-Wei'

(1. Engineering Research Center of Modern Industry Technology for Eel, College of Fisheries, Jimei University, Xiamen 361021,
China; 2. Fujian Syno Biotech Co., Ltd., Fuzhou 350700, China)

Abstract: This trial aimed to determine the optimal supplementation level of inorganic micro-minerals (IMM) in the
diet of juvenile American eel (Anguilla rostrata) by evaluating the intestinal health related indicators. A total of 500
fish with an average body weight of (22.99+0.15) g were randomly divided into five treatment groups, they were fed a
basal diet supplemented with 0, 600, 1200, 1800, and 2400 mg/kg of a compound IMM premix, respectively. In each
group, there were four replicates with 25 fish per replicate, and the trial lasted for 70d. The compound IMM premix
contained Cu 10.0 g, Fe 150 g, Mn 33 g, Zn 83 g, 14.17 g, Se 0.67 g, and Co 0.67 g. With the increasing supplementa-
tion levels of compound IMM premix, activities of intestinal amylase, lipase, protease, total superoxide dismutase, cata-
lase and glutathione peroxidase, intestinal villi height, the muscularis propria thickness, and the microvilli density
initially increased and then decreased, with the highest values observed in the 1200 mg/kg premix group. Conversely,
serum D-lactic acid levels, diamine oxidase activity, and intestinal malondialdehyde levels showed an initial decrease
followed by an increase, with the lowest values in the 1200 mg/kg group. The supplementation of 1200 mg/kg
compound IMM premix in the diet could beneficially regulate intestinal flora composition by increasing the relative
abundance of beneficial bacteria and inhibiting potentially pathogenic bacteria. By using the serum D-lactic acid level,
diamine oxidase activity, and intestinal villus height as the evaluation indices, quadratic regression model was
employed to estimate the appropriate supplementation levels of the compound IMM premix as 900, 1150, and 916 mg/
kg, respectively. Considering the overall effects on improving intestinal health in juvenile American eels, the appropria-
te supplementation level range of the compound IMM premix was 900—1200 mg/kg, which provide dietary concentra-
tions of Cu 9.0—12.0 mg/kg, Fe 135—180 mg/kg, Mn 30—40 mg/kg, Zn 75—100 mg/kg, 1 3.75—5.00 mg/kg,
Se 0.60—0.80 mg/kg, and Co 0.60—0.80 mg/kg. These results might provide a reference for studying trace mineral
requirements and formulating scientific diets of eels.

Key words: Micro-minerals; Intestinal health; Appropriate level; Anguilla rostrata



	1 材料与方法
	1.1 实验设计
	1.2 实验饲料
	1.3 饲养管理
	1.4 样品采集
	1.5 测定指标及方法
	1.6 统计分析

	2 结果
	2.1 美洲鳗鲡幼鱼肠道通透性相关指标
	2.2 美洲鳗鲡幼鱼肠道消化酶活性
	2.3 美洲鳗鲡幼鱼肠道抗氧化能力指标
	2.4 美洲鳗鲡幼鱼肠道组织形态
	2.5 美洲鳗鲡幼鱼肠道菌群

	3 讨论
	3.1 饲料中添加不同水平IMM对美洲鳗鲡幼鱼肠道通透性相关指标的影响
	3.2 饲料中添加不同水平IMM对美洲鳗鲡幼鱼肠道消化酶活性的影响
	3.3 饲料中添加不同水平IMM对美洲鳗鲡幼鱼肠道抗氧化能力指标的影响
	3.4 饲料中添加不同水平IMM对美洲鳗鲡幼鱼肠道组织形态的影响
	3.5 饲料中添加不同水平IMM对美洲鳗鲡幼鱼肠道菌群的影响
	3.6 美洲鳗鲡幼鱼饲料中复合IMM预混料适宜添加水平

	4 结论
	参考文献

