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(TG). EfREEE(T-CHO) . i3 A5 & 1 fH[# BE(LDL-C) . MR RAEIN T o (TNF-a) Fll A4S F 8 (IL-8)7KF- i 3
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SR, AR o KRihaR, FEARUHEE R - R ACH AN IR, LR gh R, T R B Xt
T & 2 HE A R RS S R RS A B AR, HAEAE S B MR . W B i 5 .
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X 2T 2 Ak R BRATF Y 300 A 2 i T4 410
TGF-B1 ik | b B 0] i A A4 it S JE o AR 2R
FEHU P £ AR AE T, Hao U293 K A 4 # 4
Hepi@ad iE miR-124 f33A/KF, BHEZ0 AL N
Hedgehog {55 i, 411 4 i 38 B ) 6 1k, 9
JIN R B U 28 5 FIUTFIE 380495 . Wang 251V 9 26
FIF) 2 23 ) R 1Y) -0 i e 3 1o A 2 N2 Bt
AL B A ] NF-xB 45 [ vy %ok FF 46455 K B &
FELRYE R A 808008 o T S AR U 7E £
R g b, A S B A iR
i CPT-1 fil PPAR-a 3Rk, #1i] TNF-a 3Rk, 2%
figp s ey Pl e MR TR BB W PR AT, Huang 451
AFF 57 2 W e 20 B B B ek A 25 A £ g I JH e AR 1)
BUHI 530 P53 15 5 PR 3A I T i Hh =R iy
BB G AR 2% i W 5 A AR 1 PR /)
I3 R A W AR AR R WAL A R 2R A I 4%
AL AR 22 53 0 1 2 s A Bk AL i
ARk, ARG 2% ) BH v s 24 B 97 ORI AL A 1
W oe g 2 (045 I A2 2 3R T 5 4
FRR I a2 I PR I T B (R B 9 38 R
HHGE . U, A< S0 56 7R IR Al b w1 2 A
LRI B £l 1 A TR 1 25 30 R AT 5 3k
iy U8 R — L 0 5 M A e S e R
YixtE P AEaAd K A kIs bR R, I
SRR A 25 7 i, G4 v MR e L R A R i 1
BRI A R IR S w2 AR AR
AR AL HEAT 0 B, 4R B B, PR R
B HR U T 9 e B ORI S 0 B I e Y
YEFIBLER, Sy rh BL25B05 6 025 B8 D7 v 42 A e
WA

1 #MHEFE

1.1 W REFEE

g 3K R R BE, PR A
H(11.63+0.66) g, TJ VUK=Y FFFH AR 7B
K7 FREEEE M ) FRAE M R IR 14 d, SRR
MR Se e mll . FRAE SE g TFUR T, 150 24 h J5ik
A A i B ELRRAS 34— 935 & & fa 4 i 540 |2,
BEALSY A 3 A4, 4l 3 ~NEE, H1EE 60 &
i, A 9 /KPR (K 1.8 mxFE 1.2 mx& 1 m),

BEH 09:00 Fl 18:00 #MEXT N7 5L 50 fa] ek 22 2= WAt
B, S K IR (27.5£0.4) C, BARERN
(5.18+0.14) mg/L, FRFEJEMI K 56 d.
12 LA

DLy M B TR, Ko EEARHIR, &
K VE A3 R ARAGE A B 5 T o) 6T BREZH (0% K B2, 0%
ML) . mARH %R EIN, 0% 4 iz
B ) Rl 23 55 T T4 (4% K 53, 0.12%3 7 55 4%
By 3 FhaE R SC R ERL, DR T LR 1. HER
gt T ek SRRk I 1 TR 50 0 4 S A R 2 3 K
REH2), HHRHLUEARL 2 mm 042 0 Uk R
H AR T I B T 20 CUKAR TP A7
13 HmXE&E

FIHEE ARG, 256 24 h, B E L FEHLEER 5
A, J MS-222 (200 mg/L)R sk n FR e, it
BARKAE R, 1 mL JORH 5 M R HE R K
ALERUIML, 4 CHFE 3 h, 3000 r/min 2.0 10 min Jii B
W E T80 CUKFEIRAT . TEVKE: L IIT 7
AR S 0.85% 4 HER K wp vk, PR E IS 2
24, —REA 4% R BT, fE4 CR
] R BRI, R — O R R 5 A
—80 CUKFE IR AE, H A A
1.4 IEHRNE
141 FEAREFERONME  FRPHLE A RS
9 43 )46k FH L EG R &L (GB/T  5009.5-2016) Fll &
G E:(GB/T 5009.6-2016)il 5, M fig e SDC
F A P B — )
142 HKIEWRME

HaH# K (weight gain rate, WGR, %)=(W,— W,)/
W,x100

FEE A KK (specific growth rate, SGR, %/d)=
100x(InW, — InW,)/t

1Al 2 %(feed conversion ratio, FCR)=F/(W~W,)

A L (hepatosomatic index, HSI, %)=W/W <100
K, W, AP HEMPIIG PR (g); W kL
AR (g); Wy P AR IEE (g); ¢ IRIFRR
B (d); F AR R ().
1.4.3 MFEAEBRUE 555N A6
(ALT). & B 5 M (AST) . M & 1k ¥ B 1k i
(T-SOD). N _E(MDA). % L& (CAT), H
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Tab. 1 Diet formulation and nutritional composition (dry matler)

%

J5UBl ingredients XFIBZH control group diet  EFZH high fat group diet TR T4l SSB extra group diet
ff1 4} fish meal 3 3 3
EH1 soybean meal 35 35 35
A rapeseed meal 22 22 22
%k peanut meal 10 10 10
KA rice bran 8 8 8
FKPEH corn starch 18.2 14.2 14.08
R 455 Ca(H,POy), 1 1 1
FALNRGE choline choride L5 1.5 1.5
H A YA EK ° vitamins premix ° 0.3 0.3 0.3
B4 W% ° mineral premix ° 0.5 0.5 0.5
4k NaCl 0.5 0.5 0.5
KIZil soybean oil — 4 4
A AR © _ — 0.12
Sedum sarmentosum Bunge extra
1t total 100 100 100
T pehE IR S
proximate composition
HLUIEI; crude lipid 2.86 6.86 6.85
MEH crude protein 33.80 33.79 33.81
MAEE energy (MJ/kg) 11.23 13.18 13.18

W a. EAYEA: R (mg/kg kD 4i4E R A 940 mg, 4E/EE D 70 mg, 4Ei/EE K; 10 mg, 425K E 40 mg, 4i/EE C 50 mg, i & B, 30 mg,
461 B, 50 mg, 4i4EE Bg 60 mg, 4E4:E By, 0.45 mg, MAMR 150 mg, MR 1 mg, 278 10 mg, NIEY 450 mg, 4:4% 0.06 mg. b. &
W) i (mg/kg H): MgSO,4-7H,0 30 mg, KC1 7 mg, KI 0.15 mg, ZnSO4-7 H,O 1.4 mg, MnSO,-4H,0 0.3 mg, CuCl, 0.5 mg, CoCl-6H,0
0.05 mg, FeSO,-7H,0 1.5 mg, CaCl, 280 mg. c. 37 5 B W T 75 4 B 4 A R B A PR .

Note: a. Vitamin premix (mg/kg diet): VA 940 mg, VD 70 mg, VK; 10 mg, VE 40 mg, VC 50 mg, VB, 30 mg, VB, 50 mg, VB¢ 60 mg, VB,
0.45 mg, nicotinic acid 150 mg, folic acid 1 mg, VB3 10 mg, inositol 450 mg, biotin 0.06 mg. b. Mineral premix (mg/kg diet), MgSO,4-7H,0
30 mg, KC1 7 mg, KI 0.15 mg, ZnSO4-7H,0 1.4 mg, MnSO4-4H,0 0.3 mg, CuCl, 0.5 mg, CoCl-6H,0 0.05 mg, FeSO,-7H,0 1.5 mg, CaCl,
280 mg. c. The SSB extra was purchased from Xi’an Orient Biotechnology Co., Ltd..

M =HR(TG) . SH [ (T-CHO) | fiR% B A5 & 1 IH
EWE(LDL-C) . = % £ B 2 11 BB [ B2 (HDL-C) | Jif
JERBEE T o (TNF-a), HAMEAEK 8 (IL-8)FIH
LA FE 10 (IL-10)¥4R Hm ot gt A= Yt 55 e
A G, BRI G kT,
15 ALRVFRFHEENE

B 1 mmx1 mmx1 mm B)/NEE
& 5E T 2.5% )% " EEEER 2% vP (0.1 mol/L, pH 7.4)
i, 4 CHEE 4 h DL b $l A PR gL gUus, H
0.1 mol/L BiMRELZE thiliZvE 3 K, &K 20 min,
FEH 4 CHR B 1% BRIE W € 2~3 h, HE
Ve IR, — BRIV I LB K G 2238 A i £
W, VIR TEREE N 60~100 nm, 4YHI%H YL )5,

75 ST HL R HT R
16 FFREKSEZEHAGER GC-TOF-MS 4
M &t

B 50 mg FHEFIET 2 mL EP45H, 1450 uL
T PR (Vwe - Van=3:1), 182, 10 uL N
FR(L-2-BENER, 1| mg/mL), #1730 s WG
WAL PR 4 min, PKAKIEHHEF 5 min, HE 3 1K,
4 °C, 10000 r/min Z5.0> 15 min, B 200 uL b
F 1.5 mL EP &, B2 T, FAAH S0 ul i
TRA BT (QO)BEAS . % 60 pL Y AR e k1857 (HF
AR FREL A T 20 mg/mL B R IE )N 2 T4 )5 1Y
R, BRI, BT 80 CHAH I E 30 min,
FEANFE S T i 80 uL BSTFA JFEE (70 °C, 1.5 h),



5 8 1]

Ve Bt A 45 T 23 4 U 1 008 AR £ IR 107 4 5 A HTRIL a ) A 20~ T 1137

e T 5N, N5 uL FAMEs (8 T4 &
FEACH, EHLRGI

FEfh R Agilent 7890 “URH (35 {UR K AT
[ A AT 40 BT, AR 1 L, AN EAR,
BEEIH 3 K 3 mL/min; 8% 4 DB-5MS &
454 (30 mx250 pmx0.25 um), #iid K 1 mL/min;
HARFHRART: WIGEETE 50 CTFAREF 1 min,
2L 10 °C/min B ZTHE 2 310 C, fi4F 8 min,
HIFERE LIRSy 280 °C; (iRl 280 C;
EFURIRE R 250 C, HEHEN-70 eV, &
SR 6.3 min J5, PLEERD 12.5 ASE5% A3 R 1E m/z
IR 50~500 (4 F AR SRR Bl

B 3 A7 07 5% Kind 2510 9y
PAfi H LECO-Fiehn Rtx5 $¥a ), W iyEfEA
Kot 8 <50% B8 A X A5 1 i 25 (RSD)>30% ) i 25
BRPO et BRI T TR, JFRA SIMCA
BAF(VI5.02)it T Z 458113 B, A4 E Rl
MT(principal component, PCA)FI1E 38 frz /)y .3 ¥l

543 #T (orthogonal partial least squares discriminant
analysis, OPLS-DA), it KEGG %t## % (https:
/lwww.kegg.jp/kegg/pathway.html) {F B 73 #1 % &
2R EHS 5 EE, il aRE
Or BT Ced SR o A MR o 1), #0315 10 22 5+
AHOCE e e 1 DG B 4%, JFF ] MetaboAnalyst 3.0
A AT AR 10 % A AH O o
1.7 HELE

SEREIE R F SPSS 21.0 G it 2# 3 LU dse /N
B FE W IR (LSD)BEAT /M7, SEER 25 R I 24 4+
FRifEZ (X £SD)FER, P<0.05 FR2EH B E,

2 HRE5HMH

21 HEKiEHR

mzk 2 PR, ARG IARE T B EZER,
FIIRHLORRE | MR E AR R R EILT
Xif HR 20 55 3 2 B T T 4H (P<0.05), FFALL . ek &
B0 35 R T R A RN A A BT T4H (P<0.05) 6

®2 HEFEEMERMRE

Tab.2 The growth performance of Oreochromis niloticus

n=5; X+SD
WiH item X I&4H control group = JIG4H high fat group TEAH T T4 SSB extra group

WItRIAE /g W, 11.49+0.72 11.44+0.56 11.57£0.71

LRk E/Ig W, 143.49+1.84° 121.17+1.23° 138.87+2.67°

JH s e /% HST 1.06+0.03° 1.37 +0.34° 1.14+0.01°

Fi5E A K /% SGR 4.45+0.07" 4.21+0.08" 4.42+0.12°

T #/% WGR 1148.82+58.52° 960.46+43.69° 1104.04+85.52°

Tkl =% FRC 1.21£0.03° 1.41£0.05° 1.3340.08°

TE: AT L ARAS IR 32 7R 21 (] 47 7 1. 35 22 57 (P<0.05).

Note: Values in the same line with different superscripts are significantly different(P<0.05).

22 MmiFEEWIERR

M2 3 n 2, SXTRRAHbEe, mledliniE AST.
ALT, TG, T-CHO, LDL-C, MDA . IL-8 il TNF-a
JKF- 5 2 THE (P<0.05), T-SOD . CAT. IL-10 /K°F
I REAR(P<0.05); S g 414H b, 4w Tl
1M AST. ALT, TG, T-CHO, LDL-C., MDA ,
IL-8 F1 TNF-a 7K~ 2 %Ak (P<0.05), T-SOD,
HDL-C. CAT il IL-10 /K- & 3 TH 55 (P<0.05) .
2.3 FFAEALAHBEYLE

Xof B 1 20 M R AR 25 0 TR R, BN G £

FRFEE, AR, 20T P AT LR A 2 R
SR B, R ULk (AU B 0 W7 24T 2k, 9 5
SR, SR ULBA R, JoRA Ak () 1a). =
R AN M SR S 40 S8, A MO T 4 . %
fife THS, M ST N AR R A AR, R S A BORE
HERR, Kb iR Bl w2 . TR (& 1b).
5 R4 b, 4 R T T2 1) JH 2 2 4 AR A
SERCE, A BHBORI A0 A, A0 ST P A R
Wz, HUL/badohiikigi 2, ferm
AZN, BEBREHERRE D (8 1e).
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Tab. 3 Serum biochemical indexes of Oreochromis niloticus
n=3; X+SD
WiH item Xt ME4H control group FilE4L high fat group AL E T HI4l SSB extra group
JFIhfEdEFR liver function index
A R L /(U/L) AST 8.12+0.35° 14.03+0.60° 8.77+0.72"
A NEEE B/ (U/L) ALT 7.67+0.60° 17.34+1.47° 9.24+1.96"
fgBi4845 lipid index
H- it =ik /(mmol/L) TG 0.60+0.07° 1.2340.06° 0.89+0.18°
5 JIH [ #%/(mmol/L) T-CHO 4.10+0.25° 6.19+0.67" 4.1240.50°
R %5 3 i K 13 1B [ %/ (mmol/L) LDL-C 0.42+0.02° 0.81+0.11° 0.39+0.04°
e B N5 2 11 1EL [ 5/ (mmol/L) HDL-C 0.78+0.06 0.61+0.08" 0.76+0.03°
HiE AL FEHR antioxidant index
N [ /(nmol/mL) MDA 3.29+0.41° 9.65+1.47" 3.06+0.81°
i1 L AU /(U/mL) CAT 62.48+1.30° 21.08+1.30° 56.46+2.26"
AL B LS /(U/mL) T-SOD 109.85+3.68" 81.51+4.03° 102.28+2.28"
RAEFEHR inflammation index
H 4/ % 8/(pg/mL) IL-8 100.02+6.38° 113.9£5.96* 102.24+2.53"

195.9749.02*
457.77+8.44°

P44 % 10/(ng/L) IL-10
bR R AL N F o/(ng/L) TNF-a

191.67+7.94°
475.35+5.31°

175.64+0.78°
538.6626.09°

TE: AT L ARAN IR 22 7R 25 1] A7 7 18 35 22 53¢ (P<0.05).

Note: Values in the same line with different superscripts are significantly different(P<0.05).

A 1

2 z st

T S A Y I AE L A0 A R A (2 2 PR )

a. M MR HEALZRANML; b, SIS AU IR R A0 . T 5 T BT AR A . PR 7 Sk M 7,
AR, BERTORLRA.

Fig. 1

Ultrastructure of liver tissue of Oreochromis niloticus (transmission electron microscope)

a. Ultrastructure of liver tissue of control group; b. Ultrastructure of liver tissue of high fat group; c. Ultrastructure of liver
tissue of SSB extra group. Black arrow shows lipid droplet, blue arrow shows glycogen, yellow arrow shows mitochondria.

24 FIaFEALARBHAZEHRR

241 LGS PCA TS/ HUS K B8R
FREARHAE T 95% B 15 X 8] 4 (] 2a), OPLS-DA [&]
Hn] DL R AR A S R IR AL RE AR SE a0 B, TR AL
BT UL R A o s LR A W A X 3 3 )
T HE A (] 2b, 2¢)

242 ERKEWMIEE ALRILEG 15 HF
A, £ GC-TOF-MS il £ 811 ™o, N
FRAS)HEATIH — L AL B PR BE 655 A~ (i, 456
KEGG. PubChem. HMDB %¥{#it £ if], /rir %
FEH 255 MR . DB AR v i i A
2 5(P<0.05, VIP>1)IFR Y32 il 22 S AR
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Py JLTEL(E] 3), T R T2 B AN 0 44 22 S A8
Wy Je Ay i 25 S AR R 2 o R . S5 2R R,
23 MR 4L X S IR AL R AT 27 S22 AR, 13 b
R LiE, 14 AP N (E 4a), FEEH T

3 itig

AT e A2 A 23 22 AR, 1 AR

it Lk, 22 R T R (18 4b).

243 ERREYHOREREEESH  AIHERIY
2 AR T KEGG 8% & 54T, Qi i
W F(Impact) > 0.1 By FEACH @, 5%
MR, SR SR 19 KRR, 2N
TR S R BRI R S A . R IR A . B- N TR
(& Sa); SmlRdAALL, MR T W&

o XT84 control group
m =54 high fat group

o XF 84 control group

31 ERHRBYNTIEGEAEKERE

R B A A D5 % o RS SR Y R B
JIg 105 2 AE IR SR LH 80 ], fa iR A IE AR AR
WA ANk SRR f8.(Labidochromis
caeruleus)WFF¥ K L 4% W 5 g ) ek 1 AR 4R R
Pt W TR, BRI B FFH(P<0.05), AT

MR IRZH 5 & 2 AR AN IR 2R IR | 1Y F R

2 9 Mlhkte, EEACILERY B- AR
HNEIH A (B 5b)o T2 BT i N X 1 22
S E B I 4.

sEA

® /84 high fat group

1139

A FEFFIRIYIZH SSB extra group ® =54 high fat group A FEEFRIYH SSB extra group
F c
20
i " L] A
. s o by
s 0 7'y
L] e L}
[] Al -
L n ° A
=20
C 1 Il 1 1
=20 0 20 -20 0 20
t[1]P t[1]P
K2 PCA 1343 #S B F1 OPLS-DA 1541 &
Fig. 2 The PCA graph and OPLS-DA graph
FfeHvsxt BB AR vsE BR 4
high fat group vs control group SSBextra group vs high fat group
Y mrmm ow 27 b3l 2R OM) 23
3L 3 up: 13 i FiHup: 1
T down: 14 T down: 22
g | F >
& : & |
N 5 £t
0r | I 1 1 | 0 L 1 | L
-20 -10 0 10 20 -10 0 10

logy(ZE 74550 log,(Fold Change)

logy(Z£ 74550 log,(Fold Change)

K3 sk iiE
A AR AR, KEFRIERE LS, AEERRDE LR(P<0.05), #EKREETIHP<0.05).
Fig. 3 Volcano plot of differential metabolites
Each point represents a metabolite, and the gray dots indicate no significant difference between the
two groups, red dots indicate significantly (P<0.05) up-regulated metabolites, and blue dots
indicate significantly (P<0.05) down-regulated metabolites.
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B-FN& &2 B-alanine 2

threo-B-F2FE KA FFR2 threo-B-hydroxyaspartic acid 2

D-#j%§ BEFE2 D-glucoheptose 2

2-#23-3-F AT & 2-hydroxy-3-isopropylsuccinic acid

2% FR1 serine 1

NHEARR pyruvic acid

3-EF 57 T HR2 3-aminoisobutyric acid 2

3-¥ 5T R 3-hydroxybutyric acid

"5 b iR 5 2 adrenosterone2

FLPR lactic acid

2-$3£ T 2-hydroxybutyric acid 2T

2581 serine 1 fold change

N-Z.Bt-2EFU B 1 N-acetyl-D-galactosamine 1 2

6-B R T Z IR = 4l1%h 6-phosphogluconic acid trisodium salt 1

BEFR BAE phenylphosphoric acid

22 1 galactose 1 0

E2W4 4% H purine riboside

HERE-6-B%HR sucrose-6-phosphate l -1
-2

B-A &R B-glutamic 1

2-¥25L35 F 5 atrazine-2-hydroxy 5

N & 5 #R myristic acid

B-4% 5§ B% B-sitosterol

O-Z. Bk #2 &1 O-acetylserine 1

FEARER palmitoleic acid

1-EHFIFHBEFRER 1-aminocyclopropanecarboxylic acid
&R proline

FHR hydroxyurea

[=i=Ei Ui\
high fat group control group

%R proline

&1 alanine 1

F Bz A2 B2 piceatannol 2

i %%E-1-BEB2 glucose-1-phosphate

WEIHR linoleic acid

2-ff & —FRMER3 2-keto adipate 3

ALPHA-(1- £ Z.45)-2,5-— I 4 Z7F 1 Methoxamedrine 1
REFEE-L-ZE R carboxybenzyloxy-L-leucine 1 LR
I SRMEVE % maleimide fold change
2-F2F TR 2-hydroxybutyric acid 2
REEMBR lignoceric acid '
B-A (% B-sitosterol

1-F B Z. AfIR1 1-methylhydantoin 1 0
JREPBL2 citrulline 2

4-F25E-6-H F£-2-NE TR 4-hydroxy-6-methyl-2-pyrone -1
N (epsilon)-= H EH 48 N(epsilon)-trimethyllysine

B-PA% 22 beta-alanine 2

4-ZF T 21 4-aminobutyric acid 1

5-Z# %R 1 5-aminopentanoic acid 1

P _FR1 propanedioic acid 1

R4 citraconic acid 4

2-#F T R 2-hydroxybutanoic acid
N-F#-DL-45Z R N-methyl-DL-arginine

A FARBA [
SSB extra group high fat group

K4 2250 02 R St A
DA bn g 22 AR, AT — M 22 AN, Z0 @R (73 51 3R LR .
Fig. 4 Hierarchical clustering analysis thermal maps
The ordinate is the differential metabolite. Each line represents a kind of differential metabolite;
red and blue indicate up regulation and down regulation respectively.

FRRE A K % 8 PR AR (P<0.05), FARLEEE B IFRERR DG BUZR B 3>, Ry, fafiny
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Fig. 5 Statistical scatter plot of pathway enrichment of differential metabolites
a. high fat group vs control group; b. SSB extra group vs high fat group. Abscissa and bubble size represent the
influence factor size of the path in topology analysis, the larger the bubble the greater influence. The

ordinate and bubble color represent the P value [-In(P value)] of enrichment analysis, the darker the
color the more significant of the enrichment degree.
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Potential mechanism of Sedum sarmentosum Bunge extract in the
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Abstract: Oreochromis niloticus is one of the most important cultivated species of tilapia. Fatty liver disease
induced by large-scale intensive culture, high stocking density, unbalanced nutrition feeds, and improper feeding
have become a common disease in fish, but there is no specific drug to treat fatty liver disease at present. Many
studies have shown that Sedum sarmentosum Bunge (SSB) extract has a positive effect on the treatment of fatty
liver disease. Research clarifying the efficacy of Chinese herbal medicine and exploring its mechanism using
metabonomics has increased significantly in recent years. However, research on the therapeutic effect of SSB
extract on fatty liver disease of fish from the perspective of metabolomics has not been reported. Therefore, to
explore the intervention and mechanism of SSB extract on fatty liver of Oreochromis niloticus, three
isonitrogenous diets were formulated: control group (0% soybean oil, 0% SSB extract), high fat group (4%
soybean oil, 0% SSB extract), and SSB extract group (4% soybean oil, 0.12% SSB extract). After eight weeks of
feeding tilapias with an initial body mass of (11.63+0.66) g, their serum and livers were taken by using
non-targeted metabonomics, combined with the observation of liver tissue by transmission electron microscope
and the results of serum biochemical indices for analysis. The results indicate that: (1) The body weight, weight
gain rate, and specific growth rate in the high fat group were significantly lower than those in the control group
and SSB extra group (P<0.05), while the hepatosomatic index and feed conversion ratio were significantly higher
than those in the control group and SSB extra group (P<0.05). (2) Transmission electron microscopy showed that
the overall structure of liver tissue in the control group was normal, and the overall structure of liver tissue in the
high fat group was abnormal. Compared with the high fat group, the overall tissue structure of the SSB extra group
was improved. (3) Serum biochemical indexes showed that SSB extract could significantly reduce ALT, AST, TG,
T-CHO, LDL-C, TNF-q, and IL-8 (P<0.05), while the levels of HDL-C, T-SOD, CAT and IL-10 were significantly
increased (P<0.05). (4) The results of metabolomics of liver tissue showed that there were 27 differential
metabolites in the high fat group compared with the control group, mainly involving three pathways; while
compared with the high fat group, there were 23 differential metabolites in the SSB extra group, mainly involving
two pathways. These results show that SSB extract has a positive effect in alleviating fatty liver injury caused by
high-fat diet, and beta-alanine metabolism and linoleic acid metabolism were related to its regulatory mechanism.
This study can reveal the mechanism of adding SSB extra to feed in the treatment of fatty liver diseases of fish at
the molecular level. It also provides a theoretical basis for in-depth discussion on the mechanism of adding
Chinese herbal medicine to the diet of fish for the treatment of fatty liver diseases.
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