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W, FmE&, 7 W, %hE®H, FR6, HKEE, ¥ &
GLE R SRE AR, Y08 155 330045)

WE: WHE AR E A mE TR E s KR, mEE g, FHRENE . &5
1200 BA/NH — Wyl e 8 [ 3 F (23.00+0.03) g], MoK 5S4, BH4NEER,
BNEL 60 R, FHETBRAELSA 0. 125, 250, 375 Fn 500 mg/kg #y % & 4 M 1A
KE/TR B, 4 Bl 4 4 & CON. BAI125. BA250. BA375 F1 BAS00 41, 56 d #47 # 5
BHERET, MEANTEARSFWENE n, EHARKHE. HEX R EEKEHE
ST EM MY, H BA250 41 8 % % T CON fr BASOO 41; k4 X R E LK B
B rEMBEOLERNER, THEMENSEERKEAXY . CON 4 mEALR
AlENEFE THME, TAERABELEARESY. NEDABRSEERKL
B, ME_RANTEELBR G S, % BA2S0 44 B R (K. 5 CON 44 th, BAI2S
F1 BA250 4B IEE A8 o B, RN MR, AERKER S, 18 ET]® (BA3TS.
BASO0 ) 2 S s ramm B A zmthfom H., HEFEHAEEZ AR B AWAS. i
acc f dgat2 B mRNA 3k K F 2 [E{K#& %, cpt] B9 mRNA R K AT E LT EIEN &S,
pparo ) mRNA %3k &P % BA3T5 Bf 5. MEWAETREMEAEREE XA EREH
%, {8 BAS00 41k £ & AR E T EH T F KT CON 4. 3 & Jif ik oy % A8 A 4 B 1t B
EHEEA#EY, BA2SO AAMH KT A E R E, A A SN E BA250 4
W&, W _BEAEAE BA2SO 4l (K. 38 &M A ik b B Ao A Bk Ik T A 4 B E
HEFRFA KWWY, W _BEWEEREEI, £ BA250 41 B % X T CON f1 BA375 41,
8 B % g A 3 zols zo2 Fn occludin ) mRNA & ik K-FH R A FHRM#EE, K
HREY, WETAMEENETR TR F a0 A KM, HEAERTE WA
A, B R M B A K A e A S B A R RO B T AR LR, Z MR, BE
FE o de. ARSLIe T8 H A mE A 250.0~283.3 mg/kg. ARG K T A H# 80 # ESRTEAR
BEMBEMRESS.
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P T D5 FRE [ e 2 AR A [ AR R AR /K ™ 77 B
AR T . PR, SR I A TR ) DA
etk IR R A . AR L RE T
TR IR S B 2 TR R AL SR A

BT R (bile acids, BAs) J& H JHF U IE [ i 43
f AR P A A B 7, T LUK IR B LA B/ 1Y)
FLBRURL , 4 BR BT 5 1K AL WG ) 4 fuh 1o AR,
E N0 T o, SR AR 1 S DURR AR
AP, WH5EERT, B ER AT DA S A A T Rt
AR PERE RN S 7, AT /N B B AR 4G
W, WERFHR (Siniperca chuatsi)™ . WLE4 (Onco-
rhynchus mykiss)™ 12 85 (Channa argus)® /)4 K
PERE . VSN & JH IR AT LAREAR K 1 R 65 (Micr-
opterus salmoides)"” . 41 1% 7x Jy i (Takifugu rub-
ripes)' . HiAf1 (Ctenopharyngodon idella)"™ 13 2k
NG [Epinephelus fuscoguttatus (9) x E. lanceo-
latus ()] = AR ARDRHZ S A TR 5 U0 []
BF, ME PR T R AN T B R R AR G
(Cynoglossus robutus)" fa R Hit EALRE F1, ¥4 n
R F RSN (Y RIS, WU 2 B e IE
A B AR B B IR RS B, DR S n iR
TR X IR S ARG L AR BT AL S BT
WP E R

T & (Monopterus albus) J&—Fh HL7Y i) P £ P
WKz —, HNBRAR, HBAFER
HIRME. BEESTE, ARSI TESE
a5 DO A T RE R S Y, J2 BiE
FrFE Ml RS fifp PR Y T )

MRy v B R ) FEEE H R, 2SR
HFRFE A R 0 E A AR S IR AR
by, 2 i AERL b IE E RS (IEY IR & By HT AR
) B D PR, AR S IS T ek 1) A 1]
BHRE TR , #RICHAT A KRR . R4
B ML AR AR M e BRE X2 ey, ) R S e B
Tl v JIELH TR Y 3 B N, O 0 ) £ R 7R A
AR R AR BES %

1 MESTHE

1.1 LIt

F ARG, DAk FEE AR
VR, o JERMER B, fadh, ShiE 1 (@
T ) IRAAVE R E B IR, ML K
FLh 42% . KRG K208 7.9% ) S TE] IR

https://www.china-fishery.cn

THRR S I AR A AR RR ARDRL . 5 AL RDRE Y IR R
U 4y 0. 125, 250, 375 F1 500 mg/kg,
543 Wl 4 CON. BAI125, BA250, BA375 Hil
BAS500 2H . SLAil e} AC 5 2H B SCE R LR 1
S BT A At SR A ) [ TR T R A A A
WABRAF . FramEk R I 60 H i,
RIGYISIMAR G G B A K S (12 1, Ji
o) IFAMRS, ARG T AT &S, 7
F—20°C VK% .

1.2 FEER

ARSI T 1 B BRI B VTP A TR iSRG Y
fifi e 1200 FE 4R ¥ N (23.00+0.03) g A i
FREEEE, R T IR, 2B 24 h 5N
Har ks, mA 4 MA KN 2.0 mx1.0
mx2.0m), BFMEE 60 &, FEIIE], K 17: 00—
18.00 TR FME, FREHJAIWIN 56 do B~ S g i 1]
ML I 3 B Y B 2 B MUK RS O . SR A /K IR
20.9~29.5 °C, ¥ fit A & B =5 mgL, pH AN
6.5~7.4, KA STEH<2.0mg/L, WA E <
0.10 mg/L,

13 HAXRE

LIRAEHT, A5 24 he FREAIEUG ICH
BEASPOFE A B EE R A S, SR MS-222 ik
feE, BA-MFER3 Bf, aalfcEiRE . Kk,
HATHRIKSR AL, 22 I ik 20 SR SR I R P 0 AT i 4 7
PREL, BOHATHE ., WiEfs T 2 mL RAFE T, WA
HUR G #5280 °C AR VKA AR AE . BURFAE
B HLAET 4% Z R . 5T 3RAG
TALVGAR Y K24 5255 2 4 PR AR B 25 I &
HEAE, SEHR T AR AR A GRS S SV AR R
SEASHLRLG , e BV PG Al R 2R B 2R 51 23 4l
S [ 2 T BE PR T o
1.4 NEIERRT A

A KM AR PEREA DGR A

1715 % (survival rate, SR, %) = N,/Ny*x100%

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

7 A KR (specific growth rate, SGR, %/d) =
(InW¥, — InWy)/x100%

T B} % fk % (feed conversion rate, FCR) =
[FC/(W, —Wy)]x100%

AE i & (condition factor, CF, g/cm®) = (W, —
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Tab. 1 Ingredients and proximate chemical composition of the experimental diets %
H #50  groups”
items CON BA125 BA250 BA375 BAS500

EFl  ingredients

Z&I5 K peruvian steam fish meal” 30 30 30 30 30
ik wheat gluten” 7 7 7 7 7
A soybean meal” 8 8 8 8 8
##k  wheat bran" 9.6100 9.5975 9.5850 9.572'5 9.560 0
XSPIF  chicken Meal” 8 8 8 8 8
SEE  squid paste” 1 1 1 1 1
ofEF)  astarch” 15 15 15 15 15
HEFFHT  cottonseed meal” 7.5 7.5 7.5 7.5 7.5
¥ rapeseed meal” 7.5 7.5 7.5 7.5 7.5
3 fish oil 1.5 1.5 1.5 1.5 1.5
EIH  soybean oil 1.5 1.5 1.5 1.5 1.5
R — 54 Ca(H,PO4), 1.5 1.5 1.5 1.5 1.5
FALHET  choline chloride 0.7 0.7 0.7 0.7 0.7
Z 4t  multidimensional® 0.15 0.15 0.15 0.15 0.15
%% multimineral® 1 1 1 1 1
R4S calcium propanoate 0.03 0.03 0.03 0.03 0.03
AL ethoxyquin 0.01 0.01 0.01 0.01 0.01
JHITEE  bile acids” 0.000 0 0.0125 0.025 0 0.0375 0.050 0
&1t total 100 100 100 100 100
EFRAL  nutrient composition

7K%Yy moisture 9.0 8.9 9.0 8.7 8.8
#HK4Yy  crude ash 10.0 9.9 10.0 10.1 10.0
HE A crude protein 42.6 422 42.6 42.5 42.5
HARWT  crude lipid 7.9 79 79 7.9 7.9

DFW A (e/kg) AA Y, MR 683.5, MG 74; aam fEH 830.6, MG 9.6; T, HEFH 442.0, HAEHT 19.0; Fkk,

*ﬂ%t{ 157.0, #}EHT 39.0; WGPy, HEE 650.0, HAENT 100.0; SMHE, HEEA301.0, MARWT 207.2; aep, HEH 7.4, HEENT 1.9
HRAFRG, HIEH 470.0, HENT 5.0, 34, HIEH 386.0, MR 14. Oo DL LB T AT AR A RS W (1L AR T e,
AL 2% SCRRU e 3B R H LD A B S A DR At B0 A BR A mlR BE (L 2R TP R, o i IR IR =77% . L AR =
17%(ZH>95%) .« 4)REFRLH 4 X BEZH, CON; 125 mg/kglHitFRACEEZH, BAI125; 250 mg/kglHiTFRACIEL, BA250; 375 mg/kgfHiTERALEE
44, BA375; 500 mg/kgfHitERACTEAL, BAS00, T,
Notes: 1) composition of dry matter (g/kg) were as follows. Peruvian steam fish meal: crude protein 683.5, crude lipid 74.0; wheat gluten: crude protein
830.6, crude lipid 9.6; soybean meal: crude protein 442.0, crude lipid 19.0; wheat bran: crude protein 157.0, crude lipid 39.0; chicken meal: crude protein
650.0, crude lipid 100.0; squid paste: crude protein 301.0, crude lipid 207.2; a starch: crude protein 7.4, crude lipid 1.9; cottonseed meal: crude protein
470.0, crude lipid 5.0; rapeseed meal: crude protein 386.0, crude lipid 14.0; 2) multidimensional and multimineral provided by Qingdao Master
Biotechnology Co., Ltd. (Qingdao, China), and detailed information on its vitamin and mineral premix composition can be found in literature'”; 3) bile
acids were bought from Shandong Longchang Animal Health Product Co., Ltd. (Jinan, China), with hyodeoxycholic acid + porcine cholic acid = 77%,
chenodeoxycholic acid = 17% (purity > 95%); 4) treatment groups: CON, control group; 125 mg/kg bile acid treatment group, BA125; 250 mg/kg bile
acid treatment group, BA250; 375 mg/kg bile acid treatment group, BA375; 500 mg/kg bile acid treatment group, BA500; the same below.

Wy)/L*x100 weight), W, NWNEE (g, visceral weight), FC A1)
HF AR IE (hepatosomatic index, HSI, %) = (Wy/ BLE#E B2 (g, total amount of the feed consumed).
W,)x100% A & B HRm e ME IR AOAC

JIE A LY (viscerosomatic index, VSI, %) = (W.,/ b 7 2 T 5 5 2 i (025 92 5 41,

W,)x100% o i e
o, W, R W, AN KB T (g, final body wei- J%T%EE 105 °C BEAA gL T 25 1 1! §IJ7J(§}E|,E
ght, FBW) FI¥J 4G (g, initial body weight, IBW), P A T /ﬂiﬁé ah ML s R

N, N, 40 30 60 5 AR R i g, o PRIRDWSERE b AhoRLAR 0 A 5 ik H%ﬁrﬁ'zﬁ 550 °C
kK (cm, body length), W, HIFHETE (g, liver  HISIBI I IbE 6 h BIEFRGRIK > &5 .
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Ao A B A LR AR E BHITR (total
bile acids, TBA). Ifil. JR & (blood urea nitrogen,
BUN). &l fIH[E B (Total cholesterol, CHOL)., &%
18 £ A R [E B (high density lipoprotein cholesterol,
HDL-C). k% B g 25 11 JIH [ B (low density lipo-
protein cholesterol, LDL-C), #WN¥5Z [ (glutamic-
pyruvic transaminase, ALT) Fl % &% & B (gluta-
mic oxaloacetic transaminase, AST) F%) il 52 i H D1
o= AU480 AL Hr i L KL ER AR & . D FL
fiR (lactate dehydrogenase, D-LA) [ il %2 {# F I i
PIE I it WL Il K O € 4 Al (ELISA) 07 & . e
{L. T (diamine oxidase, DAO) Ay & ff F F g P4
Sl A B2 w) B S22 53 B (ELISA) i & o

P AR A LR AL AT R A
THALA G AR s . AR DTG FITE M RS v, 5
Ji 18 BT A AR BE 7 A OC Y A8 DR RK 3o AR Ak )
(glutathione peroxidase, GSH-Px). PN _.J# (malon-
dialdehyde, MDA). i LY 7 fLT (total sup-
eroxide dismutase, T-SOD) Flid A L E i (catalase,

CAT), ¥Jididm mt g A ) TR 5% Iir i ) 2k
e, JrEZSHE Ui 4.

A B AZEENZ (RT-PCR*E) il A
RNA fifi Fi| Trizol iX 7 (TaKaRa, HA%)#H, {fi
JH NanoDrop2000 & i £ 43 O Ot & 3 (Thermo
Fisher, ZE[E) 5% & RNA ¥ E, FEJ5 A Prime-
Script™ S5 7#iA7) & (TaKaRa, HA) & cDNA,
F-H DEPC (diethyl pyrocarbonate) 7K i#F17 #i B¢ J5
T—20 °C IRfFE& . 8 i Bt S-SR A i =X B i
i 152 % i PCR X (Bio-rad - CFX96) #4755,
K ARFRA 10 pL, HA 5[4 0.4 uL, cDNA 0.5
uL. SYBR Green gPCR Mix (High ROX) (3 3 A=
YR AR A\, dba) 5.0 pL. TR AEREK 4.1
nLo it SR A A =R MR T B R 95 °C FilAs i
2min, 95°C 28 155, 55~60°C 1Bk 72min, 72°C
IEA 108, 40 DGR Z 5T A it £ 0 >R
2T AR R K R A O S R
18S IRNA fEAARWIFEN S IL N . IR H1 ik 2
FI7R o

2 ABESIFIEE PCR 3

Tab.2 Quantitative primer of M. albus

H 3 FEI(-3) T3 )
target gene forward primers (5'-3") reverse primers (5'-3") accession number
acc TCTGACAGCGACCCCTTCT GCCCCACACATTCTTATTGC XM_020598745.1
dgat2 ACTTCCGCTTTCCCTTG ATTCCCTGTCTCGTTATGTG XM_020622054.1
eptl AGGTTCCTTTGTGTTCGGCT TCCTCTCCATCTGCTGCTCT XM_020587904.1
ppara GATGATGCCCTGGGATTTGA AGCCTTGTCTGAGCACACCTG XM_020601270.1
zo-1 GGCATCATCCCCAACAAA GCGAAGACCACGGAACCT XM_020606626.1
zo-2 AGCCGAGGTCGCACTTTA GCTTTGCTTCTGTGGTTGAT XM_020621520.1
occludin GCAGCCATCGACTTCATAGG TCACCCCAACAACGTAGACA XM_020602872.1
18S ATTTCCGACACGGAGAGG CATGGGTTTAGGATACGCTC XM_020605951.1
1.5 BIESH 1 BA375 4 FBW. WGR F1 SGR i & =5 T CON

F1 BAS00 £H (P<0.05), FCR Fifi H {1 2 75 il () 384
I Je RS TR #, BA250 419 FCR & KT
CON 4 F1 BAS500 41 (P<0.05), {H 5 BA125 Al
BA375 2 [0 B % 2 5 (P>0.05). AR A ds
Tk} ¥ i (%) HST AT VST G 2 3 % W (P>0.05), {H

B F < F S (E b5 #E 22 (meantSD, n=4)"3%
/N, KH SPSS 12.0 Eit AT B R 5 2553#
Al 52 (P<0.05) , WI{E Duncan [RZE L
BArtr. FrAa R4 BO0E F Microsoft Excel 2017 %k

{tFALI\}E, %Eﬁ’%”ﬁﬁ Microsoft Word 2017 7F|] Graph— BA250 éﬁ CF E%‘%{F CON\ BA375 ﬂ] BAS500 éﬂ

Pad Prism 5 #F2: I B & (P<0.05).

2 4k 2.2 HEEAREFETERANE

PIRRE AR R ITN R bR, Z—Je ka4
y==3.0x10 °%+1.7x10°x+1 362.3x10° (R’=

0.9307), 75 HIIA 1 B2 fe i VS I i oh 283.3 mg/kg;

IDREE SX e SR B e =E AN Twie /W 1= 75 2 /T

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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R3 ARGRETERRINE X REEE KRR

S0

Tab.3 Effects of dietary bile acids on the growth performance of M. albus

ki 251 groups

indexes CON BAI25 BA250 BA375 BA500
Yilg¥HE/g 1BW 23.00£0.03 22.95+0.03 23.05+0.02 23.00+0.04 23.00£0.02
&R H/g FBW 49.98+0.92" 52.604+0.69" 55.57+0.83° 54.46+0.87° 49.29+1.79°
WER/% WGR 116.92+3.81* 128.86+3.24% 140.88+3.82° 136.47+4.06° 114.36+7.83"
TG %/% SR 89.44+3.09 97.08+1.72 94.17+2.93 91.67+3.19 94.58+0.42
A K2 /(%/d)  SGR 1.38+0.03" 1.48+0.03™ 1.57+0.03¢ 1.54+0.03¢ 1.33+0.05°
TREELEE FCR 1.95+0.06™ 1.66+0.13" 1.56+0.10° 1.63+0.06™ 2.04+0.11°
A te/%  HSI 5.85+0.23 5.44+0.11 5.22+0.15 5.17+0.33 5.33£0.26
JEREL/% VST 9.79+0.44 9.66+0.21 9.51£0.22 9.23+0.40 8.90+0.14
i B /(g/em®)  CF 0.24+0.00° 0.24+0.01" 0.26+0.00° 0.23+0.00° 0.230.00°

e FATEAE B R FNG B OR A F) 22 5 B 2 (P<0.05), Tl

Notes: In the same row, values with different lowercase letters superscripts mean significant difference, the same below.

y =7.0x10%*-3.5x10°x+1 962.3x10° (R = 0.9847),
5 H BB R 5e & S N 250.0 mg/kg., HEIG, #)
TR A (23.00+0.03) g B 7 fi frl sk o A R B
AN 250.0~283.3 mg/kg.

TR} P BB ER AN N 2 33 B EE R AR 4 B9S2 M
HH 3R 4 AT, BEARDRE IR R VS 0 o A 3
SR 2 e TR BE A (P<0.05), 7F BA250
IR BNt (B o UE AR KL i s e ek LY T I 8
AN SRR S T B (P<0.05), A=Ky
KRG 7 . ¢ 43 R L PR KEL B s 76 45 2L 1) 34 G I = 2%
5 (P>0.05),

24 ARHBETEAMEXN BEMBEIRE L
SRR BAIEIRIE IR AR RN

f2¢ 5 Al 1, LDL-C #EEAE BAS00 4 &5
T HAKH (P<0.05), ALT & ARG AR H R i)
A FRA] ) i KT CON 41, 1M AST & &

2.3

B JEL T R N o 3 SR e R R TR A (<
0.05), Mpifm AR SR SR, BT BRI
TR, D-LA & & SRR (P<0.05). 1
DAO £ Jef% )5 THa % (P<0.05), £ BA250 4A &
H ML, TBA. BUN Fl T-CHO 4% 41 8] ) ¢ i &
%5 (P>0.05),
2.5 AR BETER IR N E X E EERSE T H L RE
A

2% 6 FI AT, ARDRE R AR AR R T B i
) T Aoy e A i R F B TS R G B 3 R R (P>0.05)
TE BA250 4l b, A N s i 4 i 35 AR b 2
(P<0.05), HHAhLZ [RI¥TC R E %S (P>0.05).

2.6 AR REH BRI E X REER B A L AE
Al

me 7l g0, FEENHTRR A IS a9 hn, %
% %38 19 T-SOD F1 GSH-Px 15 P ¥4 2 4 T+ 5 B 1)

F4 AERFEABRAMENRESEERKS . FRMANEER &2 CEE) &I
Tab. 4 Effects of dietary bile acids on the body composition and total lipid content (wet weight) in
liver and muscle of M. albus %
ek ZHH|  groups
indexes CON BAI25 BA250 BA375 BAS500
4f  whole body
/K4 moisture 70.08+0.92 70.31+1.90 70.9143.06 71.65+0.38 71.80+1.90
HMAEE  crude protein 20.25+0.08" 19.90+0.15* 22.14+0.09° 20.26+0.18" 20.07+0.13"
AARWG  crude lipid 4.05+0.27 3.61£0.32 3.31£0.21 3.12+0.18 3.58+0.25
K45y ash 3.08+0.08 2.82+0.10 2.74+0.06 2.79+0.12 2.88+0.10
FFHE  liver
HHENT  crude lipid 3.57+0.09° 2.99:+0.30° 2.02+0.26 1.89:+0.35° 2.10+0.23°
MIA  muscle
FANEW;  crude lipid 3.07£0.13 3.00:+0.47 3.25+0.37 3.1240.42 3.07+0.13
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R S5 AR RRRT BN E XY REE M A IR A UIRIRA A EEIE R AR A M
Tab.5 Effects of dietary bile acids on the serum physiological and biochemical indexes and

intestinal permeability indexes of M. albus

ki 7 groups

indexes CON BAI25 BA250 BA375 BA500
JEYFER/(umol/L)  TBA 3.09+0.13 3.00£0.29 3.79+0.25 3.25:0.20 3.24+0.19
ifiL jR %(/(mmol/L) BUN 1.03+0.05 1.1340.12 1.33+0.18 1.48+0.12 1.23+0.15
SIEREEE/(mmol/L)  T-CHO 3.37+0.05 4224027 3.38+0.49 3.1240.55 3.57+0.37
750 % P 6 25 A fH [ B/ (mmol/L) - H-LDC 3.23£0.27 3.23+0.53 3.6620.72 4.0440.47 3.63+0.51
iK% % iR & A [E B2/(mmol/L)  L-DLC 0.84+0.11° 1.07+0.02° 1.12+0.18" 1.19+0.11° 1.87+0.18"
BHNFHEE/(U/L) ALT 7.47+0.98° 3.70+0.31° 3.57+0.34° 3.98+0.18° 4.63+0.32°
BHEERE/(UL) AST 21.53+0.58° 11.20+1.90° 12.77£2.68™ 15.87+1.51™ 17.83+1.71%
D-FL#/(ng/mL) D-LA 14.96+1.21° 11.95+0.44° 11.24+0.55" 10.91£0.58* 9.27+0.29*
—JEE ALK/ (pg/mL) DAO 344.50+21.90° 259.70:14.80° 258.40+21.84° 322.47+25.56" 330.00+24.67%

F< 6 AR BETER AR N = X R EERA B T H AL B SE R A R M
Tab. 6 Effects of dietary bile acids on the intestinal digestive enzymes activity of M. albus
ki 215 groups
indexes CON BA125 BA250 BA375 BAS500

VENH/(U/ug prot)  amylase 28.00+2.30 23.99x1.14 29.85+3.01 26.22+4.21 28.81+2.25
G Wilt/(U/g prot)  lipase 1.05+0.08° 1.03+0.08° 0.75+0.03° 1.10+0.04° 1.01:0.08°
JB 3K (IR/(U/mg prot)  trypsin 384.10+31.02 374.20+29.37 368.60+39.80 485.63+48.17 477.19+38.29

B, FE BA250 4 i g )i 16 T-SOD 9 3% M 1 2.7
& T BA375 Hl BA500 41 (P<0.05), MDA I £
o Bt 2 T TR M A 8 i S TR S R S T A
(P<0.05), BA250 41 & % {X T* CON Hl BA375 4
(P<0.05).

TRV L AR RB T ER AR N = X SR BE AT A i EALER
=oAL

HH 2% 8 AT, Bl IEYTER VS = 34, i
JIE T-SOD i ¥ 2 I F+ 18 % (P<0.05), BA375 #iI
BA500 41 i 3 & T CON Fl BA125 41 (P<0.05),
7 ARPRRESR N E X E SR E I S B

Tab.7 Effects of dietary bile acids on the intestinal antioxidant enzyme activity of M. albus

b 5 groups
indexes CON BAI125 BA250 BA375 BAS500
RBEAY B ALEE/(U/mg prot)  T-SOD 32.66+1.46™ 36.8+2.52" 39.19+3.56" 30.65+2.19° 28.97+1.83"
2 e H i S M/ (nmol/min- mg prot)  GSH-Px 103.59+1.29™ 110.75£1.67° 105.11+7.65™ 92.14+2.89™ 83.35+6.2%
74 & /(nmol/mg prot) MDA 1.50+0.19¢ 0.92+0.08" 0.89+0.05° 1.33+0.19™ 1.05+0.14®
F 8 (AR AR ELR N 2 X A AR AT AL I S L EESE M A 220
Tab.8 Effects of dietary bile acids on the liver antioxidant enzyme activity of M. albus
b M groups
indexes CON BAI125 BA250 BA375 BAS500
KA AL ES/(U/mg prot)  T-SOD 109.83+12.53" 109.75+12.36" 114.24+4.33% 140.50+6.86™ 145.01+8.50°
A e H Mk S A 0§/ (nmol/mg prot)  GSH-Px 80.55+4.57" 80.85+1.97" 99.73+3.49" 89.91+1.78° 94.48+2.92°
It A A SE/(U/mg prot)  CAT 5.59+0.62" 5.48+0.32" 7.34+0.57 5.04£0.94" 3.38+0.51°
7 —/(nmol/mg prot) MDA 1.14+0.02° 1.18£0.01° 0.79+0.09° 1.26:0.11° 1.52+0.06°
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BA250 1 BA500 4 GSH-Px i 1t I & & T CON
41 (P<0.05), BA250 #H CAT iP5, BA500 21
1A% (P<0.05),

28 R BEHER RN R A RS AR 4
EEEZD

JFIE HE Jefags i o, CON 4Tk,
HB 43 I 20 L BEASOR (KT ). BA125 Fil BA250 41
JIFWE 20 21 2 5 i s R e e, AR I £
BA375 4 -4 ifd 4 30 2 e AL FE 2 . BAS00 2 it
Y2 o fb ™, TOR R AN 2 .
2L O R af Rt , Bl RDREIE T 2 5 b 3
JHF Wi i it 2 Se R e THEa 3, HL7E BA250 4 f)
D (FERRT.

30100 umt e

T LA

Bl 1

2.9 R AR BB R N = X B B AT AR AR B X5
A

B 4 IR R S 0 = B 3G, I IE ace
dgat2 1) mRNA 3K ik 7K °F 2 B AL # (P<0.05),
cptl B mRNA KKV 25T+ G B iy e (P<
0.05), pparo ] mRNA ik 7K-F-1E BA375 I 5
(P<0.05) (A 1),

210 RARFEABRIMEN REEFEHAF
Ep Al

J B A EAR bR A R AT 2 s, 4% 4
ImiBZA SR, MBS, MEEDOLI . HEE
TR RS i 36 0, i 3 2006 9 RE A AT

Lo i

el %
Ry s

4.4 ,_‘_
REaY : 5 el

A4 100pm.'“ >

TR e BB BRI 0 B X R BE AT AR R RS TS B RAAE (HLE 3 8) (x40)

1~5 43278 04 125, 250, 375 1 500 mg/kg IHITFERAL, NIE. a izl KB4/, b ARIEKZL, c 40,

Plate [

Effects of dietary bile acids on liver morphology of M. albus (x40)

1-5 are CON, BA125, BA250, BA375 and BA500 groups, respectively, the same below. a. the disappearance or shrinkage of the nucleus, b. cell mem-

brane rupture, c. cellular vacuole .

100 pm 1

100 um . 3 100 um

100 pm 2

4 100 um 5

ElRR 11 R4 AR+ ER T N & X SR EE AT B4R L 7S U2 GHIZL O 3R (x40)

Plate I[
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Effects of dietary bile acids on liver oil red staining of M. albus (x40)
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= CON ¢

o = BA125

2 3 | =BA250
iz 2 m BA375 b

2 = BA500
H-‘é) %" 2k ab) b d
T o il be ed
== c b ab a b
=5 1 b T & T = a

A, bb a a a

ST PRI I

0

acc dgat 2 ept 1
R AR g A A 4 32 PR
lipid metabolism genes of liver
1 % BB BRI 0 2 X SR BE AT it A A 4K 5
BXEEFME
HEARFEFEARA N AR EZER, P<0.05, FR.
Fig. 1 Effects of dietary bile acids on lipid metabolism-

pparo

related genes in liver of M. albus

The different letters on the column represent significant differences

between groups, P<0.05, the same below.

295 BT R RS (P<0.05), MYiE iR AE
BA375 ik $ i m, A 25 EAE BA250 45 %]
B o BAS00 41 4% 96 BE i 3 I T CON 4 (P<
0.05); BAS00 /18 95 i B i E T HAR &4,
T HAh A2 2 [B) 3 6 8 35 22 5+ (P>0.05).

211 G BB BRI N £ X B B A8 R PR AR
RERFREIF MW

QL3 i, E AR TR S i A3
zol. zo2 Ml occludin ) mRNA &35 7K -2 & e Tt
JE B (P<0.05), zol. zo2 Fl occludin ) mRNA
235K V4> BIAE BA375 4 . BA250 ZH fil BA125

100 pm

KRB B
3 g

3.1 BEERXTEBEE KM RER SN

JE PR 2 A SO v p IR s 2 AT e e
WiTH AR, (2 2R 1R T B A A B A 1 HE
AHFFE R B, S INGE B IR R T 3 ol v
AR ERE . FERT . WA DO R U
WGP B AL 25 5 o AT RE Y I PR IR T R 42
HEARXT A D7 A AR R . R AR S A B, A
R RR R & ik fE A, B 3G R AR Y
HATRENES, B AREET &, X5
1EJe B B HE i (Oreochromis niloticus)"" W 1) B 5
SR —F, FIRRSR L A R R A T R ] AR
b N 1 R e A RTETR A B i T S € S N X
FAK o A 2 R IR R ] R B4 2 A K VR
17 3k £ 9 AT 1R AT RE £ 3 B M 10 £0 28 Y AR
Ko FEARMFE S, DR R ESIAR IR I R 1 2 5
M) g 2 11 il RO A P I 1, A T T
IS P o WS IR T R O R 5% e K B A (Larimich-
thys crocea)"™ il FEH LR M 125 T 6"
N5 S B8R &5 (Plectropomus leopardus)'™ 17 38 g
U7 TR R B I 5 B T SR A BT i
I 7 Tl ARy TG P, ELAS 52 ) JHL 2 1 K Sk T O
PEo B, IR FR S IR £0 25 3 Ab Bl i 11 52 e
FA—%, XARe S MmAMMAE . KN FRIES
PR A G

ElRR 1 R4 AR+ BRI AN 8 XY SR EE A B LA AL S IR (H.E ) (x5)

LW.EHEREE, VAEERE, VWREREE, GCAHIRIME.

Plate III Effects of dietary bile acids on intestinal morphology of M. albus (X5)

LW. lamina propria width, VH. villus height, VW. villus width, GC. goblet cell.
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1000
CON
900 r = BA12S
00 | p b2 i
-
Eg 700 ﬁﬁii 2 = BA500
=& 600
s 300 .
¥ 200 t L b
100 | b be be ¢ aﬂﬂ
0 CIC I -
BEmE  AEBRE BEHEREE
villus height villus width lamina
propria width

J¥y 18 25 ¥ e
intestinal structural indicators
E 2 AR RETER RN 23T R i A& LS RS2
Fig.2 Effects of dietary bile acids on

intestinal structure of M. albus

FHXFRIA &
relative expression
g
o

o
g

zol z02 occludin

Joai& e BN

intestinal barrier factors
B3 AR RN B 2 A EE RS E R REAE X
BERFIEHIFME
Fig.3 Effects of dietary bile acids on the expression of

genes related to intestinal barrier of M. albus

AHFE AR A SRR AL R R PPN 4
B, RH—IC R IR, A5 1 S SRR T
PR () X8 B R N R 250.0~283.3 mg/kg, HFl, 1E
N kST s S R S R | i) [ P S =i
A SR 0 2R B AR ESIR A —B kS
TN S5 ) IR R N R 22 B0 2 A R PR R A FR AR 1Y
fRFEVEA, ok RS IR R (3 L ANR) iR
ik 900 me/kg B AR K MERE AL 8K AR T
iR (5 BEIR & 70.9%, JERRMIR &7 8.0%, H2:4
AR d7 20.2%) B il A 900 mg/kg At A o g ¢
FRETE MR ARV R (A IHTHRR) WS
4 300 mg/kg B A KRS AE . (HXF—LL 0 251
WFFE R, DR as AR R AN g i 3 e R
Kkfg, mersgARrait, Bk, ARER 0 &
SR ARl f P R S

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

3.2 RETER XY S EEiARR 53 F0AE B A5 B9 R2 M

WS A B, 3 B RE R S T G R
w fik S AR rFORL AR D5 2 it AR AR RRFEAR T
B FIZT 8 AR Ty Y 1 4 e R R R T
Ho PADRHAR YT AR S £ N 150 mg/kg #5552 450
mg/kg B 2 FRAR T R B AT I & &, F
BRI R I A R Rk, DA PR R
FA AR IE DR ) Fe R R SR, g SRS ARSI F
FELE AL, ace R dgar2 J& 25 v E 1Y G i R
G, cptl F ppara TE RG Wi TR B4 S84k 4 b
BT AR, T BR A TR N AT 48 cprl AN
ppara FEHRHIFRIKAK-, [RIEFEAK ace F1 dgar2 1)
FIRAF, IR A o A, 1T 7 i v B
JHERERG TR o SR, 3 5 A BT PR AT BB 2 Al A
RET PR B sh 25 A, I % BE 285 7= A= A1 e 1) 5%
Ml o B2 2k e B0 A7 B £a 5 B 1A kL o #b 52 300~900
mg/kg AH IR AT RS LA vl =R AAR 7 &
A 1 200~1 500 mg/kg fH 1 82 W) 7 FH AH 5
ASZEG R I, AR E TR S & R 250 mg/kg
i, fBEEANSEEERSTHRESH, L
N E X EF (Litopenaeus vannamei)™ W45 25 LAY
g, MEMLATRERY BRI, SR A T X AR i
AW ORI, DTG S2E fa A B 0 8 1 B DA
3.3 RBTEE ¥ e Bk AT A (R R AV SN

L 355 A TR 2 g R A B 2 S i 1 5 2 F
A R 05 9 S S48 bR . ABFsE T B, BSnAR
TR 1 Ak FLZE 9 0003 45 TN e 2 Bl et I S AR T
WRZH, HA o 0 G Wl 0 o B A Y R S 2 P 34
IR SRS R, DR s nE IR R
A % fiff S B S 40, T ARDRL o B IR R R R
J] g FBOF IR Z B . 7EJE S BRI R
YIEXTIRT i A AR 25 R

By W) 240 T £ B 5 AR AR RN S AR T A G
SRS HLAR E AL D 38 32 2 I R 2 — R LA P I
A (ROS) IS H 3 hn, A= pg 1 AR Buad S Ak,
P I B RO T LA AR B e R
A, BB 1] 422 S5 e 4 i 1) 52 4 F2 Y, SOD 2 A= ik
WECEZEMPAMEFZ —, ATERVUAN B H
e, WM HLR S 32 SE AR i 2, B fa i,
VS IR T R Y Ak 3840 55 R S I Y Ak 384 A L,
SOD i&ME 2 E Y, BE A fRURE o IE - ER S o
F I, B AT b T-SOD 3% M b TH e,
TR RR B IN AT $2 5 GSH-Px #l CAT M3 7,
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TE AR BR 78 R 250 mg/kg I, T M A
o JFAEH MDA 98 it BB RRACR THE e 3
HAE BA250 ZH B9 & fb e ik . 26X 8 6 i i 5 v
BB, B B AE J K- I TE ) 8 4 A Ak 3
Nrf2-Keapl i %, ] LA RS AR 3 6 fi7g 108 480 A0 0
N R EE R SR LS s R B,
DU AR i Bt A A R AT BB AR 13 8 1815 Nirf2-
Keapl 15 538 i, M0 & 575 BRI 1 FN4% 55 4
TR A AL RE ST EH]

JF I i W AR ) 222 B . WFoR R I, 1A
RE PR BE Y AR FR VS ) Je % B ) I I
IR EFLW, WA 1.35 g/kg BT IR & 5L
LT A0 s B R T R RS WAk IR 4]
BRI 300 mg/kg AR TR AT R R T R 5
JHF 24 M o R A s e, ) AR A %) Bl
A JEF T G 0 R L) LA ot MR A e v s
I S AR R T R AR S R, HE
Fr, P AR A AR R, AR KB, RDEH
VN IS 5t P JIEL R A AU AR T A4 L ) S Ak
PR AZ I A S 2, T) Aot o 2 g A A B v ) 5
R (Hi R H R (500 mg/kg) 23 5 B2 0
ML, AR, SO .

3.4 RETERX R EERDIE R RV

AT R B, 6 g aE b T-SOD
GSH-Px 19 4 Bl JIF R VA i i 1 348 o S22 5 T )i
FR R S o A TNk r i e AV R 1) T n T v
fie FFF AR A 38 (BT RAR AR 07, 2 i P IR R Rl B
AN —E B RG AP EMECR, Bk A E
()4 B ORIV IR I A2 PR T REASTR) PR I L il
TGP S AN A R AR A 34

Jo i S 2 AL O =2 i, Sk E
g THALIOICROR . BFFEERIT, Rl AR i i o
JRF i o) A 25 7 AR B R RS I, AN 3 AR
FiR T 4 I R 11 B i 3 2 K R UM IR 40 K
P FEARWESE T, B R T R R e A 3
i, WAiE B9 E v RN [ )2 v R e TR R
¥, TE BA250 40 [ 2 v Bk Bl i e, AR
BAS00 4 i 4% & 96 B B E AL F X AL . W
BAS500 4 19 4% 6 i W E I T X B2, SRk
HR IS B TR (125~375 mg/kg) ] AE i o k3
173 1 245 ¥ A 3 0 R X8 78 R ) B A A Rl T
kA K (HEHREE (500 mg/kg) AT ER s 2>
Xof B B 7 38 2 A A A A, 2D R e i AR
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[ R SRR R e B B UIAR G . DAO
& FEAFAE T AR b R A0 M N i AT, D-LA
SElnIE N A S, IR AR
HE RN, i bR AN, e R
WERIR, J@E RN, 1ETE2 33 DAO #1 D-LA
PEAMUR ML A, R — e L3 Y 7 il
VE SR VF-H 1 18 e B Ty e 1) T BEAR AR DY, AL 4
RN, BEE R AT R A I R R,
I35 1 D-LA By i 52 2 PR AR A 94 DAO £
SekEfE TR REE, XF s B EAT (R4 R
WA IR BEREBEE NN (2ol. 202,
occludin) W) FR KRR ETHE N BER, 251,
SR JIEL 3 PR A ek AN 0 T it v O B B R T T RE
WA 3 A, T3 s 9 Y R T RE 3 1
TE BB R 805 o XA R 5 RIS XN B (Mus
musculus) FIRFFE L5 RAEL, X F R BRI 2 HL A
(4 3B A5 0 VR R AT e 5 I IR 2 AR 5. T
M2 Z Ak G B MBI AZ K 5 (TGRS) B I PRI
TGRS J5 AT Wl 48 9E K2 1, 4 il NF-xB {55
e, 3 30 B 1 A RE N T U M T Y
it o

4 #5ig

ke eI AN T L TR v i A A R A
EHTEALRE S, FEARFMES AT AR DI, ek
B DiRE, HEmiPE e ER A KRR . IR E A K
R R AL RPN S5 AR, R —J0 ik [al
FT7 RS, WIERIITE S (23.00£0.03) g Y Bl 1 )
Hh I PR B T ECAS i Dy 250.0~283.3 mg/kg.
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Effects of dietary bile acids on growth performance, serum biochemistry,
liver and intestinal health of rice field eel (Monopterus Albus)

LEI Wei, LlJiamin, FANG Peng, XU Jialing, LUO Tianlun, XU Luyao, PENG Mo !
(College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: In recent years, searching for suitable feed additives to promote the growth, metabolism, and antioxid-
ant capacity of aquatic animals has become an inevitable task for the aquaculture industry. The purpose of this trial
was to study the effects of dietary bile acid (BAs) on growth performance, body composition, serum biochemical
indexes, as well as liver and intestinal health of Monopterus albus. 1 200 eels (23.00+£0.05) g were randomly
divided into 5 groups with 4 replicates in each group. The fish in the five groups were fed isonitrogenous diets sup-
plemented with 0, 125, 250, 375 and 500 mg/kg BA, and named as CON, BA125, BA250, BA375 and BA500
groups, respectively. The results of the 56-day feeding experiment showed that as the amount of BA increased, the
final average weight, weight gain rate, and specific growth rate first increased and then decreased, with signific-
antly higher figures in the BA250 group compared to the CON and BAS500 groups. The feed conversion ratio
showed a trend of first decreasing and then increasing. The crude protein content in whole body increased firstly
and then decreased, while the trend for crude lipid content in liver was the opposite. The activity of serum glutamic
pyruvic transaminase in the CON group was significantly higher than in the other groups, while the activity of
glutamic oxaloacetic transaminase showed a trend of first decreasing and then increasing. The content of D-lactic
acid decreased gradually, while diamine oxidase activity decreased at first and then increased. Compared with the
CON group, the liver structure of the BA125 and BA250 groups was more intact. Excessive BA (BA375, BA5S00
groups) caused vacuolation and rupture of hepatocytes. The number of lipid droplets in liver decreased at first and
then increased. The mRNA expression levels of acc and dgat2 in the liver showed a decreasing trend, while the
mRNA expression level of ¢ptl first increased and then decreased, and the mRNA expression level of ppara was
highest in the BA375 group. The intestinal villus width and muscle layer thickness increased at first and then
decreased, but the villus height and villus width in BA5S00 group were significantly lower than those in CON
group. The total superoxide dismutase activity in the liver showed a gradual upward trend, with the highest gluta-
thione peroxidase activity and catalase activity in the BA250 group, and the lowest malondialdehyde content in the
BA250 group. The activities of total superoxide dismutase and glutathione peroxidase in the intestine both showed
a trend of increasing first and decreasing afterwards, while the trend of malondialdehyde was the opposite, with the
BA250 group significantly lower than the CON and BA375 groups. The mRNA expression levels of the intestinal
tight junction protein genes zol, zo2, and occludin all showed a significant trend of increasing first and then
decreasing. The study showed that the addition of appropriate amounts of BA to the feed can improve the growth
performance of Monopterus albus, enhance the antioxidant capacity of the liver and intestine, reduce lipid depos-
ition in the liver by increasing lipid catabolism and inhibiting lipid synthesis, and alleviate liver damage and
improve liver and intestinal function. The suitable dietary addition amount of BA in M.albus is 250.0-283.3 mg/kg.
Key words: Monopterus albus; bile acid; growth performance; antioxidant capacity; liver health; intestinal barrier
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