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o, BEESS, kL, EEE, 2, B

1. EUK PR AT B B K PR S TR i il TR G ERE, IR H5 266071,
2. PR R 2 B R RS # o myu b, B 201306;

3. PREAGGDBE AR, WL BtHl 310000

WEE: I T Hr e 7 5-HMF (5-F% B AR ) X 15 25 (Seriola aureovittata)gh f A 1< | I8 41214540 | LG
ARt L TH AR TE BERESE R S DT T R, e 360 FBOF M AT (82.3342.75) g W Ak, BEHLS N 4 41(MO 41 .
ML, M24H. M3 41), M4 3 NEE, BNEL 30 B, MO A% A, BMEILatmER, M1 4, M2 4. M3
2R3 BIFEMER I 5-HMF (BI04 518 0.25% . 0.5%. 1%)R9FEatimkl, Scuedsst 6 &, 458 8% 4 Caco-2 4l
TN 5 T 10 T8 20 L ) B4 5 S S, AS IR 5 P P S-HIMIF I 3 70 22 45 30 BBl P ;. M2 1 MI3 4 SIZ B £ 7 88 B SR I
AR EET MO 4(P<0.05), H M2 41U B & & T MO0 41(P<0.05); M2 21 SL46 fa fi7 i WUZ B fgl & & 3
525 T MO 2H(P<0.05); M2 #l M3 25 I35 Hh A8 D H ki Ak il (GSH-Px) . Ak 5 AL i (SOD) Al i 48 b A ilg
(CAT)IE M 8 2 5 T MO 41(P<0.05), 1 N . # (MAD)/KF & 3 F& K (P<0.05); M2 F1 M3 41 5256 10 1fi 35 S e BR & 1 M
(TgM) B 1 1 198 T (AKP) 7K F 5 3 85 T MO 2H(P<0.05); M2 £H IfiL 35 175 T il (LZM) Fl R M B IR B (ACP) TG PE 8 & T
MO 21 (P<0.05); 7 MO Z{H4[ 15 #54:4 Chaol F8 U3 = T M1 41(P<0.05), 1 M2 4 iE M4 Y Shannon F5
B2 T MO R M1 4H(P<0.05). £ b ATiR, REHRER I 0.5%19 S-HMF SC50fapRLa] L4 T 3 4 gl f0 A= R Mg,
i 155 M0V S TG K OE T SA A RE F1, X R A AL SURT T A 25 A B — A R T MR, RO T R R Ak A
b= NG E= SRR S RN 1 Bl By S o e 4

KSR 5 W JRMERE (S-HMF);, M40, A8, AR, drefh; WsRUuES
FESZES: S963 XHERERRD: A XEHE: 1005-8737—(2024)02—0185—12

ULARER, JKEIRIH E NN R B LA R4t
O R R BT, AR ISR SR A Y A A

Harikrishna 25 VRIF 57 6 B, 76 4aDRE b 45 0 5c 200

BN e A R (A BT, S
0 205 i o A A AR R TR R H 25 5 1 AT
AL 4R A0 2 R AR A KO, BHIF SR
Y. s AR Py SR A s AR A R
LG TR NG DA B3 2k K RE B e fa B K DY,
fif )y % 5145 8 (Cyprinus  carpio) 7& 4 A& 5 s i
1.0 g/kg MERA 2 B (GBE) A 1 i i ()47 17 384
Préafb Be 7y, 48 e % A G I R I R Gk

K B 2023-11-14; 1&iTHEA: 2024-01-19.

(COS)FIIEFFEFR(AA) W] LA 5 ik (Hypophthal michthys
molitrix)A= (KRR, 8 I U E MR, 1R
PLEALRE I A E J1 . 5S-HMF (5-hydroxymethyl
furfural, 5-F%H JEMRTE ) & — P 75 A7 0K g A 25 44 1)
BEREACA Y, Fh 7 28 5 55 OB Ak 5 W 7 = R 55
MR 2 A AT T e it O
M B2 TSRS 5-HMF BAT B 4 ik
RN P g U Y i sk IX R T
SRR, Li U R, AN BUE S

E£MA: IWARAEAWEIRIIH(2023TZXD050); # & i FERHE HG IR 48 % T4 9% (2022QNLMO030001); 4% L 77l 45 %
AATARTE; K =R 20058 B AR 55 2% (2023TD5 1); SRR =k AR K R I H (CARS-47).
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5-HMF A] DL Y2 9 A il & s AR r g 15 =
RT3 A0 . W5l TSR e AR e 2R DR R R R
[ ¥ B 5-HMF 7= i, A e 258 S ML 5 ) Fide
AALRE T, WYSE LT AN i 2T B A RE S, PR
i 18 ¥ W 4 JH . Abdulmalik 25 UOVF 52 45
5-HMF A DLt A/ BB i 8 W s 3 i v v, 325
1o 21 40 i 1S 5 R 40 i I 2T & 1 (HbS) 25 &, 7
AR BE TR T LA i Stk 40 B B B, PSR A A
KA 5S-HMF Bh B 257N 2 sh ) H b ag
PR AR R AR, BRI REE ], SRR A
R (HEHFTMARA 5S-HMFE 1EK P 33258 b v
&

T 2% fifi (Seriola aureovittata) 3 J& T #5 1£ H
(Perciformes) . fi5#} (Carangidae) . fifiJ& (Seriola),
JE— BRI Z R A Tk, B
KRR T KR IR
AR O, AR 2R R R
B A% M R 0 TR v R AR it 5 A A R £
H 2017 F AP N TEFHARRBLOE, HRiFHRM
PR BRI | AR AL R gRa A e
e A R, B SR MOT PR AR AL NN TR Y
B, 25 o | AR B N R e AR R R G R
e FE BT, R 0 R B A AT T o
SR B S5 B G 2 HIL R RN T 8 A N ) 4 A )
iR, DA R SR A KT o A S DA v 2l
PG, 38 AR HARR A IS R B2 Y 5-HMEF,
PROY LT SRR Kt . i85 . P
RN A BRI . DRSS S IR EE T . F
Y28 TR Ry VB A5 B A IV 0T Dk 6 2 W LR 0T
il Rk R 7 A R R I A B IR BIS SCHE, AT oy
5-HMF 7E#7K (o g RS2 5E H i g AR LR 22 Al

1 HRSF®

1.1 A[ERE 5-HMF X} Caco-2 2R i 1 58 9 % 1
1.1.1 ABEFEMERIEEIT el B R R
Tk e, R8T ) 5-HMF ¥ 2 5 40 i 1 3404
I, A S5 5 O [A) 6 B2 (0 mmol . 1.6 mmol

3.2 mmol, 6.3 mmol)iYJ 5-HMF + 7 Caco-2 4fi ity
(NZE IR FEAR ) 24 h, MTT VL4600 40 M 55 11
&M, LA 1 mL DEME 43552 P InA 0.01 mg

DAL S BCE IR, R S-HMF A R0k
A 6.3 mmol/L, 53256 2H 7 I W B i) Ko i o0k
W1,

F 1 AEEWHEFNRES KD RE
Tab.1 Preparation and component concentrations of
test solutions for different experimental groups

. . e L ]
experimental experimental . . .
. configuration ratio
group concentration

MO 0 mmol/L DEME

Ml 1.6 mmol/L 1 mL 3.2 mmol/L 1+1 mL DMEM

M2 32mmol/L 1 mL £:#+1 mL DMEM

1 mL mother liquor+1 mL DMEM
M3 6.3 mmol/L B mother liquor

TE: ARSEE T M1, M2, M3 24 SHMF {494 204K B[R] 35 in ) #%
ST TS E A M1, M2, M3 A Rk B — 5L

Note: The effective concentration of SHMF in the M1, M2, and M3
groups in this experiment is consistent with the effective
concentration set in the M1, M2, and M3 groups in the additive
feeding experiment.

112 HpEEFEER  Caco2 I FRAESH
5 mL [5¢ 4> DMEM i 52 5L (& A 10% 015 4 L7
I 1%MERR . 558 RPN Tos difafi, 5
FAE 37 C . & 5% CO, IR IR K 5740, &2 K
Hoe— YR B FREE

FEANAE K 2 Tos UMY 90% 42 A7 BB AR,
AR R TR R A K 520k, B 2 mL B
PBS ()b, Wil PBS 5 (S 0.25%
EDTA)7E 37 CAbHH 3 min, ZEFESHIA 2 mL 584>
o-MEM K532 39 1171k, 1000 g .0 5 min J5 57
i, JFH 1 mL 584 o-MEM 1535 5L 2400,
BRIEAE, B 0.5 mL IMARIB&H 4.5 mL
584 a-MEM 355 58 Tos G U35 52, & T3
FREE Ak SE R IR
1.1.3 5-HMF X} Caco-2 fREEMERISIE  EH
5-20 RN Caco-2 4, LAFESL 1x10* ANy Fh
BN E 96 fLH NS 37 24 h i, W ALY A B
FEHEEJF A 100 uL (475 AN RV EEAF DN 5-HMF 1%
FRHE(S-HMF ¥ 76 A 3 A 6 20 i 85 5 3 ),
EARWE R 0 pg/mL. 25 pg/mL, 50 pg/mL .
100 pg/mL. 200 pg/mL. 400 pg/mL, 7ERGF4H
W% 20 h )i, SFLIA 10 Mimtt (5 mg/mL), 7E
37 CHIETIE 4 h, KHU B LA EEFRIE, TN
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BG4 5-HMF % #5 42k 4

« i 2 LA B A B X T 187

A 150 uL DMSO, ## 15 min J5F 490 nm Ab
AW, A A g P e B R A S
Y1 B3 T TR PR =(A A ) (A s—A 1) X 100%

o, A e BEYRIE N 0 g/mL T IIROLE .

5-HMF B B A () BHE A B2 FI R AL
15 9% 3 K i 3 % ¥ 2k B Biological Industries
(Israel Beit Haemek Co., Ltd); MTT 2k H Sigma 2%
F]; Caco-2 #iiffik A i E R} £ B Ak Wik 2 5 40 i
HEWERE T (L)
1.2 SEIe SRR

ST 2021 4F 9 HE 11 AfEKEESE M
AIRAFW T IR M T, L8R 6
Jil o S5 T FH B Aok A IR AR S 5
FE PR AR . MRS —3 6 kg, Pk
K(17.35£0.51) cm, FHJHAH (82.33+2.75) g
1.3 {ARNRMZBLE LT EERE

SRR N 3 m® BB G KA, R SLR
T RO =k bR 28 4t , FE 4 HEA
46%. K51 11%. HAEWT 6% . MK5r 19%. 45
1%, BB 1%, HEF4E 4%, IR 1%). LEIF
ART, SEEMETIE 7 d, WIS ILR DR, H A
WL 2 YR, 43 HIAE 8:00 F1 16:00 #2244 T Y 2% 4114
WL SIS TT AR AR 24 h, Pk 360 SARKE 41— |
R R (82.3342.75) g LI fBAEMLS 4 4l(MO
. ML 4. M241. M3 4), B4l 34 EE,
AR 30 RS I T RHA IS [R] 3k B2 1 5-HMEF,
W W5 10 I A e R R, SR TR IR
P+, Hf S-HMF FihaE 7e ZEr ikl 1, il B2 5 46
Bl MO 4 Ryt BEAH (P MRIERR DR, M1 4H . M2
2. M3 533 0.25% ., 0.5%. 1% 5-HMF
S0 R (O 2 A0 B 240 T e S 56 TR A ) o
SEG K FRAE, H K E 200%~300%, L8R
Bl 46 JKIR 17~22 °C, EhJ 31~32, DO>7 mg/L.
1.4 HRRESLIE

STISZEWS, RHL 24 h YUERALRE, X REZH A
SEE A Ay IR 12 EBigetn, H 80 mg/L 1Y
MS-222 #FATIRRIE, WA RE, [/ 2 mL
T2 R F KR M AE A, 4 CH#reE, LU
4000 r/min B0 10 min, 435 FIE WG AT
—80 C&H . S e BUHALIE (B | W] %

B, KBRS AU B AR T S 4T 5%

BEHTH AL N AR B R BE, B0V i KR A B R

KPR EOR G, BifkiE (S . HITTE% . )

Gy RARAE T WA T, T I A0 T8 TR B 2548 5347

MM Davis [EEW, RAFHIERE S, HTHiEH

ZUL SRS

1.5 $ERNE

151 HKEHRITE

14 5 K (weight gain ratio, WGR, %)=
[(We—Wo)/Wo]x100;
728 2 KK (specific growth ratio, SGR, %/d)=

[(InWe—InWp)/t] X 100;

JEL 3 £ (condition factor, CF, g/em’®)=Wy/L>,
2, Wo o W 31 by S B0 40) 4 A4t o1 2 £ R
(R, g); t FIERE(); L WK (em).

152 MEAREHSH B Davis [HE M iE
e, 238 75%. 80%. 95%. 100%7HH B £ Bl
Ko ZWREY . WA S5Y) R (EERN 5
um) ., FRANE-PHLLHE) e (5 PR B R, B
F Pannoramic MIDI 11 ZUFY) A HH#{ T WL,
FHRICSRAEA . #H Image J #0516 AL
JRIEERE | Y3 e B FIMCR A0

153 MmiEmEREEAMNE L8P HPTEk
it Ao 200 5 0 T e A ) AR, S
R0 B 5 00 5 it 3 A5 IDE H K O 4 Ak W) 1 (GSH-
PX). ALY L (SOD) Al Ak A (CAT)
PTG PE, JFIE N B (MADYKEE .

154 MmMEFRZBEXEEFAVE FREKEN
M(IgM) . ¥ R (LZM) | B 1 il 2 i (AKCP) &% iR
PR 2 T (A CP) I P ol FH 37 6 (R o i A ) 1
FROTFE PN HEATIE, W 5 Bk Bl R & e i
BT HRAE

155 HUEREYSEENSF %MK DNA il
$2 7] & (MagPure Soil DNA KF Kit)#/F 15 B $&
BOE B AR 241 DNA, #]H Nano Drop
2000 F1 1% IR EEERE FL VKRG I DNA A4 3k B2 A4
FE. LIFEH 4] DNA mfil, KT barcode BY4F
$51%) Tks Gflex DNA Polymerase (Takara)iffy
PCR, f# {54 343F (5-TACGGRAGGCAGCAG-3")
F 798R (5-AGGGTATCTAATCCT-3")¥" 1 16S
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V3-V4 X, Byl b I r Dk s A5 4% I 1 4 34 T
%1 0] # F llumina MiSeq PE300 -5 #F47 i i &
W o
1.6 BEFHITELH

Pl A= i e 3R A D i G i Sk et
BREEI 34, 8 FASTQ 8 226 Ak Ji S5 f 0l )
FEH, ETY . gk, PR AL BRI AR
JE R BT AR TSR LR U A 2
AT 3R BAE B OC(OTU), S AHLLE = 97% 551
PR —A> OTU HIT, ffi ] QIIME %R 4 i 1E 1
A OUT H=E IR KT 5, 1ENiZ% OUT 1R
FJ¥A, i Silva (version123)%4f FEHE A 1L
FEHIXF LR, f#i ] RDP classifier B 174
FOXT R, PR EE XK T 0.7 BERESS

fEH Excel 2021 X 525645 B K 47 Ak B,
I DL (E 05 22 (SDYF R - RS H43iR
SPSS 26.0 34, B A [ e i 52 55 4 114 ) —F b
FHHR 2 5 22530 T (one-way ANOVA)FfAE Duncan
ZH R, B3 ERIKT R P<0.05,

2 HREHSH

2.1 5-HMF Xt Caco-2 2H Rt 5 74 82
ARIHE 5-HMF 5256 2H 20 fif 338 5 2R 44 55 %)

HEZH M B 2 M 22 57 (P<0.05), {H 4% 5256 4H A 4

MR KT 85% (3R 2), RIALIRPT

S-HMF % B X 20 it Jc B & Af B A 43/ ), SEab ir

FH 5-HMF ¥ BEAb F 2 436 [, b BAE A EH
R 2 AREIRE 5-HMF Xf Caco-2 4 A 58 A9 20

Tab. 2 Effectsof different concentrations of 5-HMF
on the proliferation of Caco-2 cells

n=6; X+SD
SIS SH I
ALl MO MI M2 M3
experimental group
2 L /%

. . 1.00+0.08" 0.90+0.05" 0.89+0.07" 0.85+0.08"
cell proliferation rate

T EARAR/NG PR AR LR 4 A 8 34 25 5 (P<0.05). A
SEET M1, M2, M3 2 () v R o I 945 56 450 MR S 6 v e L Y
M1, M2, M3 41¥RkJE.

Note: Different lowercase letters with superscripts indicate significant
differences among different experimental groups (P<0.05). The
concentrations of M1, M2, and M3 groups in this experiment

correspond to the concentrations of M1, M2, and M3 groups set in
the additive feeding experiment.

22 5-HMF X EE&#4 &£ KT

M2 Fl M3 21 19 388 J Ry e A K R 3 3
T MO 1 M1 41(P<0.05), H:H1 2L M3 4 F850CR
I, A M2 AIE R 3 R T MO 4H(P<0.05)
(# 3),

#* 3 5-HMF X E&#igh & & KR
Tab.3 Effectsof 5-HMF on growth indexes of juvenile Seriola aureovittata

n=12; X+SD
H K AEHR growth index MO Ml M2 M3
LR AAH /g final body weight 140.41+5.17° 142.48+6.04° 149.33+9.29° 150.02+6.7°
147 /% weight gain ratio 70.54+6.27 73.06+7.34° 81.37+11.28° 82.21+8.14°
58 A2 K #/(%/d) specific growth ratio 1.2740.09° 1.31£0.10° 1.41£0.15° 1.43£0.11°
Ei# J¥ /(g/em®) condition factor 1.68+0.11° 1.75+0.14" 1.80+0.11° 1.75+0.09%

T ERRAE/NG i 3R AN RS2 40 41 235 25 5+ (P<0.05).

Note: Different lowercase letters with superscripts indicate significant differences among different experimental groups (P<0.05).

2.3 5-HMF X% &% #7118 20 LR 45 ¥ 9 52
AN 4L ¥ 4 iz e AL 2B W 1 s . M2
2 S A L2 TR A R v B T MO,
M1 1 M3 41(P<0.05), #iR4ifEEm R 2 (HEH
T2 TG . 3 22 57 (P>0.05) (3% 4).
24 5HMF 38 &nsh & 5 S EEE R
5 MO0 4L, SEidlsege i GSH-PX
JKF- 5 2 THE (P<0.05); M2, M3 41 1fi{% SOD #il

CAT 11 2 5 T MO0 41(P<0.05), {8 MAD /K-
BEMT M2, M3 4 (P<0.05)(% 5).
25 5-HMF X33 &%) & % R & HExbEEE
EpA!

M2 Fil M3 4S50 I 1gM Al AKP 3 5
T MO Fl M1 4H(P<0.05); M2 20 LZM 1 ACP % %
2 T MO0 4H.(P<0.05), {H M3 411 LZM il ACP
TP B EART MO Fil M1 43 6).
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R
“— gobletll 2
&S, 25
15 &
@’\5’ ; o
S Jo°
Yg_ oss %\ \%é?&\x@
%\%;%x k™ RS OV
MO LU v 100 pm
Ry — PR
p gbleﬁﬁe% goblet cell
v Lt
X
S ; -
@'9 3 %\% ej%\'&o\d\e
VR cness ey
yayer O st e
\),Sc'“\'ax Tl »
M2 100 pm  p3 100 um
B 1 R RIS R S-HMF X5 250 18 41 U8 35 52
Fig. 1 Effects of different concentrations of 5-HMF on the intestinal morphology and histology of juvenile Seriola aureovittata

F 4 S5-HMF X & &4 & FE AR EHRIRNm
Tab. 4 Effectsof 5-HMF on the histological and mor phometric characteristics of the intestine of juvenile Seriola aureovittata

n=6; X+SD
i H item MO M1 M2 M3
JUZJE & /um muscular layer thickness 172.79+5.46° 178.25+20.74° 211.11£15.7° 187.19+14.7°
475 & /um villus height 811.29+56.35° 841.38+80.19* 941.45+68.18" 833.66+69.47*
MR goblet cell number 46.83+7.36" 48.83+6.79" 49.83+9.3" 49.17£6.97"
H: EARAFR/NG FRER RN R S A 25 5 (P<0.05).
Note: Different lowercase letters with superscripts indicate significant differences among different experimental groups (P<0.05).
F£5 5-HMF XTE&Hish & miERSLETENEZN
Tab.5 Effectsof 5-HMF on the serum antioxidant enzymes activities of juvenile Seriola aureovittata
n=3; X+SD
i H item MO M1 M2 M3
25 e H K 41k A 8 /(U/mL) GSH-Px 146.77+3.2° 175.52+5.87° 227.46+1.79¢ 217.61+2.69°
A AL 1 AL iE/(U/mL) SOD 62.44+1.98° 64.53+2.06 81.39+1.28° 81.67+2.69°
i A L S HE/(U/mL) CAT 3.58+0.34° 4.03+£0.41° 6.53+0.37° 5.96+0.47"
7N [ /(nmol/mL) MDA 11.08+0.14° 10.50+0.25° 9+0.25% 8.83+0.58"
e EFRATR/NG FhERR R R S50 41 3 25 5 (P<0.05).
Note: Different lowercase letters with superscripts indicate significant differences among different experimental groups (P<0.05).
Fz 6 S5-HMF 38 & & i G H X EE NN
Tab. 6 Effectsof 5-HMF on serum immunerelated enzymes activities of juvenile Seriola aureovittata
n=3; X+SD
i H item MO M1 M2 M3
B/ (ug/mL) LZM 29.17+0.76° 28.83+0.76° 31.83+1.53° 25.67+0.58"
SRR 1 M/(ug/mL) IgM 974.76+31.24" 957.77+18.74* 1400.55+20.25° 1248.01+57.58°
B P W AR E/(U/100mL) AKP 1.53+0.33° 1.76+0.16 2.4+0.18" 2.69+0.05"
W2 P 1 B2 1 /(U/100mL) ACP 6.68+0.45" 7.69+0.27% 7.9840.41° 5.0120.93°

TE: EARANIR/NG 5B 7R AN R S0 21 A 1 25 22 5+ (P<0.05).
Note: Different lowercase letters with superscripts indicate significant differences among different experimental groups (P<0.05).
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26 5-HMF X &EE#IENXEREHEHNZ I
AT M S-HMF [ e 45 M 2 4% 5
ghifa s, T TE A P R 2R I 12 A~ Ak 3l
) coverage FEEXIIIEIT 1, ULBAM 5 v SR (R
7)o MO HHEATTH %M AEY) Chaol ¥ &S T
M1 41(P<0.05), M2 A4 Y Shannon f§
B E T MO Fl M1 4H(P<0.05),
27 HUEREE ST
TENTRY b, 8 %A &)y 000 A8 T i R

FERT S {7 AT B ] (Bacteroidetes) . JEBEE ]
(Firmicutes) . Z8JE %] (Proteobacteria) . ik (]
(Actinobacteria) FI A7 B [ ] (Desulfobacterota), 4%
SEH AR . JREER ] . ASIE I A
BT FRXS T2 BE XA IR 2] 90% LA I o 7EHAT ] H 2,
MO A7EIE BT TR Z B T TR =F B v T SE g A,
AT B 1T ARG 2 P AT T S S 4 (K 2)
TEEAKE L, A i AT P e R RZE AL,
F IR T JE (Bacteroides) . Muribaculaceae .,

&7 S5-HMF X E & #iZh & iE LB E R alpha ZE MR M
Tab.7 Effectsof 5-HMF on alpha diversity of the gastrointestinal bacteria of juvenile Seriola aureovittata

n=3; X+SD
S group goods_coverage Shannon Simpson Chaol
MOS 0.993+0% 7.179+0.106° 0.983+0.001° 1154.257+32.398°
MIS 0.994+0° 7.092+0.010° 0.981+0.001° 1055.4988+77.997°
M2S 0.994+0° 7.159+0.098" 0.982+0.002° 1082.302+69.585"
M3S 0.994+0° 7.238+0.035° 0.983+0.001° 1089.228+107.982°
MOP 0.994+0° 7.369+0.239" 0.984+0.002° 1134.587+29.569"
MIP 0.994+0° 7.129+0.098* 0.981+0.001° 1012.155+29.525°
M2P 0.994+0° 7.126+0.153* 0.981+0.003* 1034.250+58.744%
M3P 0.994+0.001% 7.230£0.111* 0.983+0.001* 1104.301+71.102%°
MO0G 0.994+0% 7.190+0.014 0.983+0.002° 1028.265+32.789*
MIG 0.994+0.001% 7.176+0.118" 0.982+0.002° 1122.356+85.304°
M2G 0.993+0.001% 7.660+0.386" 0.987+0.004° 1277.362+215.104°
M3G 0.993+0.002% 7.238+0.197% 0.983+0.002° 1145.733+194.459°

T RARANRL/ING 7 B3R AN [ 2 S 4 2 ] — i 2 [A)  3 2% 51 (P<0.05). S, P G AN I L Wl TH %, i, M1, M2, M3

FRAR LA, MO g X HE 4.

Note: Different lowercase letters of superscript indicate that there are significant differences between the same part of the experimental group
with different concentrations (P<0.05). S, P and G represent the stomach, pyloric caecum and intestine MO represent control group, while M1,

M2 and M3 represent different experimental groups.

e g B g EEEEENQEE

80
3
S5 eof
® 5
# 8
® 2
EEF 47
)
20 b

#H group

B AT Bacteroidota

B JEEEH ] Firmicutes

I A EETT Proteobacteria
TRLR T Actinobacteriota

B JBisiE ] Desulfobacterota

B Z#FH ] Campilobacterota

B 8T B Deferribacterota

B HAh other

0
MOS MIS M2S M3S MOP M1P M2P M3P MOG M1G M2G M3G

B2 BT TR A9 B A 40 £ 0 Al TR MR T 454
S. P. GAMIIHHE . WAITESEE, M, M1, M2, M3 R/ AR FSEE2, MO A x) R4,
Fig. 2 Gastrointestinal microbial community structure based on phylum level

S, P and G represent the stomach, pyloric caccum and intestine of jurenile Seriala aureontta, respectively,
while M1, M2 and M3 represent different experimental groups, MO represents the control group.
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LIC5: 5S-HMF X8 &A1& . IpiE
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Fig. 3 Gastrointestinal microbial community structure based on genus level

S, P and G represent the stomach, pyloric caecum and intestine of jurenile Seriala aureontta, respectively,
while M1, M2 and M3 represent different experimental groups, MO represents the control group.
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Effects of 5-HMF on growth, intestinal tissue structure, physiological
characteristics of juvenile yellowtail kingfish (Seriola aureovittata)
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Abstract: This study was conducted to analyze the effects of 5-HMF (5-hydroxymethylfurfural) on the growth
performance, intestinal histology, serum biochemical characteristics, and gastrointestinal microecology of juvenile
yellowtail kingfish. A total of 360 6-month-old yellowtail kingfish juveniles with an initial mean body mass of
(82.33+£2.75) g were randomly divided into four groups (MO group, M1 group, M2 group, and M3 group) with
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three replicates per group and 30 fish assigned in each replicate. The MO group was the control group and was fed
the basic diet, whereas the M1, M2, and M3 groups were fed the experimental diets (0.25% 5-HMF, 0.5% 5-HMF,
and 1% 5-HMF, respectively). The experiment lasted for six weeks. The results showed that the proliferation
experiment of Caco-2 cells (human colorectal adenocarcinoma cells) in vitro showed that the concentration of
5-HMF used in this study was within the safe range. The weight gain rate and specific growth rate of the M2 and
M3 groups were significantly higher than those of the MO group (P<0.05) and the plumpness of the M2 group was
significantly higher than that of the MO group (P<0.05). The muscle layer thickness and villus height of the M2
group were significantly higher than those of the MO group (P<0.05). The activities of glutathione peroxidase
(GSH-PX), superoxide dismutase (SOD), and catalase (CAT) in the serum of M2 and M3 groups were significantly
higher than those in the serum of M0 group (P<0.05), while the level of malondialdehyde (MAD) was significantly
lower (P<0.05). The serum levels of immunoglobulin M (IgM) and alkaline phosphatase (AKP) in M2 and M3
groups were significantly higher than those in the MO group (P<0.05). The activities of lysozyme (LZM) and acid
phosphatase (ACP) in the M2 group were significantly higher than those in the MO group (P<0.05). In the MO
group, the Chaol index of pyloric caecum microbiota was significantly higher than that of the M1 group (P<0.05),
while the Shannon index of intestinal microbiota in the M2 group was significantly higher than that in the MO and
M1 groups (P<0.05). The results of this study showed that the addition of 0.5% 5-HMF to feed could improve the
growth performance and promote serum immune levels and antioxidant capacity of yellowtail kingfish. S-HMF
may have played a role in optimizing and regulating the intestinal morphology and microbial community structure
of juvenile yellowtail kingfish. This provides theoretical support for the development of healthy breeding
technologies and green feed additives for yellowtail kingfish.

Key words. 5-hydroxymethylfurfural (5-HMF); Seriola aureovittata; intestinal histology; growth; antioxidant;
microbial microecology
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