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) JE AR R AR, 7 18 AR TS )R RE TR )
FEE T HERE DI REARZ W 5, fFIedgEt
RIERHRIN 15% .30% .60% 1Y A% o % B A £h
1) A A 1 B R B 2 3 T Bl P T e 3 s ) (H 2
T 1 T TR N T R L R A M 2 45 13 B R 2 R
PR ASIE TR T 4 AR TR (RS AT 77 ) = BE B AR
PLEWFSR 500 T Ak ikt 2 AR A K i TE TR
A T AL RN B A Y 52, v G I Ak SR A X 2 B
10 fizy 18 20 M R385 1 T AR R ) RN B i RAE S
N 52 M) A AE 9T 4RGE

ALY A ] A 5 K A i i A A 1 40
180 dJ& , WHLAH BT b (BB L& BB EHE
&SP eyl A QUE R A 3T R =R (2 DN
B %8 ot B (A 8 JR0E S R A A= 9y Bt e (i 38 TR
B AR Y e lpiad R, eG4k .
M AR AT L5 G o0 0T, BT+ 8 Witk 575
Xof B S i 2 (e R s ) 1) S A AR L i R X —
PRS0 B , LAHA S B 3 £ i Ak % F DR & N
FHHE LB E

1RSIk

11 SERRig T R SR
Pl BEAS R B SR TR BE ST T IA A AR
Fig M8 L R R P R 2 S 0 3 S AR BRI ) A L
TRETRR IR OR S8 B 2 O3 2 1) A A ML 1 E PHAT o
S B ARtk AT AR AR 4 TR A I
DA R N9 AT 6 e 1 7R e A K
18 A R SE TSR B LA 7 R LA

RS ) B £ T U B AL 3R A L 28 2~3 A H B a] ik
Sl bR . RS S A S
s — 2 [ AR Ty (665+34) g ] g FEAR L B 4114
VRIS T

Xof R e}y vl 2 AR B A iRk (5
ZH N BORA 30%. K 3%, T K 12%. /N 4 IRk
21.5% 2H130% JR —2UE5 1.5% HEE 3R K )
TR 2%) . A R < R A T, BRI
.24 h, WEREHLAHY S AR, Mafk P e L
TPk FURHEL Y, - 25 52 50% . TR 12% 8 3% EH
30% R 255 1.5% i 1.5% AEA R B P
TR 2% WS H A4 VK = A BR A A AP AR
MEZLEFE R AR, W 1,

TR IE S WA 44 R P A fa R R = Ak
PR T . M FEFH I Pk 2k 1 800 B W E a5 F%
BFEGEISKIEM T (3 mx4 mx1 m), FAK
et 200 . SCESr R 34, WFREAH AR A i
FiRDR A, R 3 A, SEI A 1 80 d, &R A
JE 1A 45 2L S48 WK 7 ) B — Al FRAE A AT, K
T 4% i 7E 27~31 °C, # 22 5w A (6~8 mg/L) , F& il
pH AV E KRG bR o B KM 4 ( H Fe i
A A 3% )2 ¥R (8:00~9: 00, 17:00~18:00),
BEESEH)E 60 min, 1 FARIH , A 2 K 11k,

43 S AE A L 40 1 80 d AR AE , 45 2H Bl ML Bk 3k
20 B, AR K MR R ER . AR

Weox=100%x (W-W,) /W, (1)
s W WIEE A, % W53 51100 40 5580 d I 4%
WP AT, g5 W, NP IRIR TR, g

®1 AREEERES

Tab.1 Main nutrient components of feed %
vl HLIEEH HLIE i KUKy Ko HLLT 4
Group Crude protein Crude lipid Crude ash Moisture content Crude fiber
Xif B2 o e
Ordinary feed 31.1 3.0 12.0 11.0 10.0
=ty
Hﬁ.{k bt 29.0 6.0 8.0 12.9 10.0
Crisp feed
351
Faba bean 28.2 0.8 2.7 13.0 6.7

JHMS-222 JFR I (Jo1 5 % 24 400 mg/L) JFR
T, R AR kLI, 3 000 r/min, 4 °CES.C> 15 min,
B J2 3 W8 T 20 °CLR-AT 5 i i) Je A i mig B
FH Bouin's ¥ [# 5 24 h, i 70% £ B V% W12 i,
4 CCOKFA AT s BUAT W I B TSl K vk I, YR
IR, —80 CCUKARTRAE s U 5 1 , T R b B D
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ENEY)TUREE T AR, -80 °CUKFEIRAT -
1.2 XWAHZE
1.2.1 I FE AR

I35 45 F 5% 2 B (AST) (B i A iAW) TR
HFEHT) AR AR (ALT) (R @ A4 TR
FEIT) R B (LYZ) (442 ELISA) (B Pk
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2 i (AKP) (b5t R EERHE A RA R & 4
S R S, B E AL TR S 1R i W]
122 HZIH

I 2 B 1 R 41 2T, 80%~100% B £, T8
BRK, —HAREW A, YIRS HE Y
o PR B RS S IE A2 R A2
YIF 8 T 8 44085 (JE B ECLIPES 80i) K Wl £<47
B8 I Imager 4581153 H7 o
1.2.3 I ARG AN A B )

BARAF T I 20, FREUFE A T i, 5 PBS
MR AR 19 LR A 213K, ’1415214&%4 °CF
3 000 r/min 5.0 15 min, B EE W, 43 0 T &
JIg 15 Wt (LPS) . - JE K3 i (AMS) | B P A AL RE S
(T-AOC) . N ¥ (MDA ) . uiﬁ’&vﬁnﬁéw
TR FH B AR ) TR ST B R £, AR

®2 EEWRRE

LIRS E VAL
124 JEPIFKIA

K H] TRIzol ¥ $2 U 20 24 B RNA , Il
RNA i f FSE 81 o (5 2 sgeal o) & i e s
4 i cDNA, & T NCBI B4 2 3R 15 % JE fa
Occludin. ZO-3 . Claudin-3. Claudin-12 . IL-1p.
IFN-y .TNF-a.,TGF-f1 . IL-10 Fl IgM 5K £ 1), LA
B-actin N2 3L, 7E Primer-BLAST #2 ¥ 1%
o1, e LG MR AR RO R w475
Y& B, 1P 5 W3R 2. LR E i PCR R
N A& F& 20.0 pL: 2xSYBR Green Prc Tug HS
Premix, 10 uL; cDNA 1 pL; Primer F 0.4 pL;
Premix R 0.4 uL; RNase free water 8.2 uL. JZ i
FEJF:95°C 305;95°C 8s, 56 °C 30 s, 40 ™1
o SR 2788k 50 H A BE D A AR N Rk

EPCRY S| FFI

Tab.2 Primer sequences of real-time fluorescence quantitative PCR amplification

B i EIEZEAR ElkZ)eedl Bk
Gene number Primer Primer sequence Annealing temperature/°C

aooussons R AGOAAGGAAGGCTOGAAGAGGGC 390
MOMSIILS GO CCACATTGTICACCCAGTCTS
women 0M e
XMOOSHO0254 GG STTCTAAACCTTGGGCACCGAS
XMO0SHTIO03 TR S.CAACTTGGAGTACCACTCTGAAS s
XM_025902124.1 IVFAR -GOCCAGGTAATGGCGTTGTS s
womenas T SASTaGomase s
wommma N sosCTeessonors
oo T SosgTcecaTaoon s
wLesan AL s
R S v o

12,5 JmiE w2 H U5 30 7 A R BRZS w] R AT 00 e A
W 80 d % AF o fi i 41 2L, fff i Fast  fEMHT.

DNASPIN KitforFeces (MPBiomedical) it 5] & #& 1.2.6  Sitodr

HUAA TR 5 DNA it FH Byt HE b v Je L Uk R 4306
BETHRLIN DNA T & ANV B o 21T 16sv3+v4 XI5
5% (F: 5 -ACTCCTACGGGAGGCAGCA-3';
R:5'-GGACTACHVGGGTWTCTAAT-3") §" 1 |

15 F SPSS 26.0 # A4 HE 47 XA 2 T 22 59047
25 B DL Y 45 1 1% (Mean=SE) £ 715 , P<0.05
HEFRBE,
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2 4%

R A8 XU 28 5 22 43 B , SRAE IS 8] A1 4w 2H il
X2 AEfa LYZ 1 ME B 90 B K E L T-AOC
MDA % & IgM Fll IL-10 K& [F 6 1k A 7R B 548
HAE (P<0.05) , % HAth I &2 45 b 22 BAE R
(P>0.05),

LY Z &Pk iy ek 5 B ) 52 B AR : F=4.043,
P=0.021; 28 & B ik 5 ad R 22 BAER : F=
7.857,P=0.001; T-AOC B sl 55 i 6] 52 HAE H -
F=11.837,P=0.001; MDA % & A fa 8 5 1 18] 52 5.
YET : F=3.873, P=0.04; [gM 3535 5 [ )R 1 1]

L HAEH : F=4.191,P=0.022; IL-10 % ik 1= 1) 1) )
5if Rl 22 HAEH . F=8.564,P=0.001, F 2/
I HO A RN, B0 /52 25301 ) , P oAy H A A G 56 1 2
.
2.1 FEFREX T e A KSR NTEE RN
TR 40 F1 80 d ik A B4R T i AR RN
R I /N T A A Ak 1R R (P<0.05) , 7
Tl W 40 d A e T ek 2 AN A4 Bt tb /N TR R
20 (P<0.05) , 7615 M2 80 d I Jifs Ak ) Ao 4 4K o
PR A R I E /N F IR A (P<0.05) o X R
2l A A MG A AR 3 2 R A T R G i 2
S(P>0.05), W53,

®3 FERRATESERKEEMEFETER

Tab.3 Growth performance indicators of tilapia in different feeding groups

AR AEbR P[] X HR 2L A i A i s 24
Growth indexes Time/d Ordinary group Faba bean group Crisp feed group
0(HhR) 685+21 685+35 625+21
(i 40 1 380+240° 940+110° 1 240+240°
Body mass/g
80 1 590+260™ 1 080+180°* 1 350+300°
Rk 40 31.63+1.61° 29.33+1.45° 30.65+1.98"
Body length/cm 80 33.80+1.94™ 31.00+1.55 32.45+2.06"™
e 40 105+36° 38+16" 92+36"
Weight gain rate/% 80 136+39* 6028 110£39°
HHER 40 98.30 100.00 96.70
Survival rate/% 80 98.30 95.00 96.70

T AN TR AR RS 7E ] — o [ S [R) Ak 20 ] 28 5 8 3 (P<<0.05) , *FR/n7E [ —4H 40 55 80 d 22 [H] 25 5 i 2 (P<0.05)
Notes: Different superscripts indicate significant differences between different feed groups at the same time (P<0.05) , while * indicates
significant differences between the same group at 40 and 80 days (P<0.05).

2.2 B3RS T I f 0 i A L TS FR A B2 NG

FUXT B2 LA, ALT 1 PEAE 1A PR 80 d A T 4
i 2 T (P<0.05) , 7 Me fb frl ket 2 rh g b 2 AR
. (P>0.05) ; AST ¥ P 78 i Ak 1) ek 24 v G Bk 2 22
5 (P>0.05) , {£ 17 M2 80 d % o 2H 1% 1k T
AKP {57 A T2 RN Ak DRt 2H G i 3 25 S (P>
0.05) ; LY Z 1 PE7E A &7 41 RN e fb fm) ek 20 32 d 2 7t
= (P<0.05), W3 4,
2.3 i FEXFIEARERSHER

Xf B i 8 25 R S8 3% SCIRG R T3,
WEH X2 H o mhEw (KW . A& a4
e Ak R A B 90 Ay S0 R A B A BN
i B, PR AN 3G 22 (I o x5 24 0 MG Ak 1)
R 98 B A B At R 41 2 45 06 (P<0.05) |, ]
ML 80 d Fif 7 7 20 7 48 B 1 B e e A e e} 2 W
455 (P<0.05), W5,

http://www.shhydxxb.com

24 UFENFIEEHEZTEREEAER
RIXH G

Fxt BE 40 B, Occludin . ZO-3 . Claudin-12 Fll
Claudin-3 3235 5 7E Mo Ak fek 4 v g B 2542 Ak (P>
0.05) . Occludin . ZO-3 F Claudin-3 3% ik & 75 %2
R H Claudin-12 ik 2 8% ET+
(P<0.05), WK 1.
2.5 RetbsEFE T HE AR iE E L B E R RN

FXS BRZH L, o D A0 ol 0% 1 7 o S 2 v i 2
FEAIK (P<0.05) , 7 1 Ak ) Bk 241 vh G Wb 25 A2 4k (P>
0.05) , I il 7% 14 1] PR 40 d 1% 7 3 4 FN G £k 1)
RHEH rp ) SRR AR, ZE IR 80 d 1 4 T
ik (P<0.05) , 7EFAME 40 d T 80 d [|] , Mg fL it
2H P A o~ TE A i AR 7 T IS R 22 R (P<
0.05), .5k 6,
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R4 TRBRWAT G mMFENLIEIREL

Tab.4 Changes of serum biochemical indexes of tilapia in different feeding groups

TiH isf ] X R Al MaAb iR

Items Time/d Ordinary group Faba bean group Crisp feed group
T 40 8.33+0.28" 43.69+16.62° 9.1743.77°
ALT/(U/L) 80 8.5040.28" 59.36+25.02° 5.1042.14°
7 B A 40 36.06£6.95 40.11£6.94 37.5246.14
AST/(U/L) 80 39.5244.39 67.24+14.20™ 42.3849.15"
TR 40 0.017 0+£0.002 6" 0.025 0+0.001 4° 0.010 0+0.001 1°
AKP/(U/mL) 80 0.019 0+£0.002 4 0.023 0+0.004 4 0.015 0£0.002 5
VR 40 14.5620.70° 26.20+1.37" 19.38+0.81°
LYZ/(pg/L) 80 14.39+0.61° 20.85+0.85° 17.28+0.74°

T AR P bR A [F] — A [E) AN TR Ak £ 15 22 5 .35 (P<0.05 ), *F/R 46 Al —2H 40 5 80 d 2 [1] . % 22 57 (P<0.05) .
Notes: Different superscripts indicate significant differences between different feed groups at the same time (P<0.05), while * indicates
significant differences between the same group at 40 and 80 days (P<0.05).

1. 40 d X HRZH (4%) ;2. 40 d A2 720 (4% ) ;3. 40 d M ALARDIHE (4% ) ;4. 80 dXFHRZH (4% ) ;5. 80 d #ix 541 (4x) ;6. 80 d i fb/ImEI41(4x%) ;7. 40
dXTHRZH (20%)58. 40 d A T 20 (20%) 9. 40 d M ARRHE (20) 5 10. 80 d %FIRZH (20%) 5 11. 80 d 7% FL4H (20) 5 12. 80 d itk Ak 41 (20 ) 5
M. JUZ;MF. 155576 S. HBUZ sa. MR b. ZRBH .

1. 40 d control group (4x); 2. 40 d faba bean group (4x); 3. 40 d of brittle feed group (4x); 4. 80 d control group (4x); 5. 80 d faba bean
group (4x); 6. 80 d brittle feed group (4x); 7. 40 d control group (20x); 8. 40 d faba bean group (20x); 9. 40 d brittle feed group (20x);
10. 80 d control group (20%); 11. 80 d faba bean group (20x); 12. 80 d of brittle feed group (20x); M. Muscle layer; MF. Intestinal villi;
S. Serosal layer; a. Goblet cells; b. Villous injury.

ER AEHRBETIEEFERS

Plate Morphological structure of intestinal tissue of tilapia in different feeding groups

http://www.shhydxxb.com



580 Eowom oW R ¥ R 34 &
F5 AERBEFTEEFHEREKE
Tab.5 Intestinal villus of tilapia in different feeding groups
IF 1] Time/d XT R4 Ordinary group/um #:T72[] Faba bean group/pm Je kiR B Crisp feed group/pm
40 602.72+16.31" 458.59+19.94° 461.66+12.20°
80 688.84+24.44™ 410.00+21.76° 540.37+14.40

T N[ T BE AR R 78 R — I (]S R DRLE (] 22 57 $8. 35 (P<0.05) , * IR TENR]—41 40 d 5 80 d 2 [A] {3522 5+ (P<0.05)
Notes: Different superscripts indicate significant differences between different feed groups at the same time (P<0.05) , while * indicates
significant differences between the same group at 40 and 80 days (P<0.05).

1.5 1.5
S a O xR o a O xR
S a Ordinary e . Ordinary
g S group N a a group
K le _ o 1 .
H%“‘g, 1.0 + ab 0/ &5 X 2 1.0 0/ &5
= £ Faba bean ® e Faba bean
.8 = 2
£7 : b - 2L o
|z [ fbiRpRHA =g i fbiRpRHA
.§) 5 051 Crisp feed S5 05 b b Crisp feed
S o group AN group
Q _% E
3 &
0 L 0 L
40 80 40 80
5fE] Time/d fFE] Time/d
(a) (b)
8r 2.5
7 O XAl T O XAl
£ Ordinary S Ordinary
{ﬂ;g 36l . a group m § 20 a group
@O = w4l o = w4l
= ° Faba bean B o 1s a Faba bean
=5 4| group E,‘Eﬂ g a group
<4 = AL %1 a - R
£ & Crisp feed g2 Crisp feed
§ 8 2F b group 509 group
S 2 b b Sz o5t b b
2, [ :
9 &
=0 ' 0 '
40 80 40 80
i 1) Time/d fJ 1] Time/d
(© d)

FEAR b 07 AR ) 5 BERER 22 57 .35 (P<0.05)
Different letters above the bar chart represent significant differences (P<0.05).
1 AEKRREFFEaFERTEEEERBENRERE

Fig. 1 Relative expression of intestinal tight junction protein genes of tilapia in different feeding groups

xo6 ARERAFTIEEFGEHLEEE
Tab. 6 Intestinal digestive enzyme activity of tilapia in different feeding groups

HH Gh | X} R4 i W Ak G

Items Time/d Ordinary group Faba bean group Crisp feed group
o-JE W i 40 0.051+0.014" 0.029+0.001° 0.051+0.001™
AMS/(U/mg prot) 80 0.062+0.013% 0.032+0.010° 0.087+0.019*

15 it 40 0.760£0.090° 0.590+0.048° 0.600:£0.058°

LPS/(U/g prot) 80 0.880+0.068° 0.440+0.030" 0.890+0.150™

T AN B AR RS 7E ] — o [ AN )l Ak 261 1] 22 57 8 35 (P<0.05) , *FR/n7E W] —41 40 d 15 80 d 22 [1] B 3 2% 57+ (P<0.05) .
Notes: Different superscripts indicate significant differences between different feed groups at the same time (P<0.05) , while * indicates
significant differences between the same group at 40 and 80 days (P<0.05).

26 BN B S LA BB
5 LA, S48 FLAE 7 7 I A2

o R R, FE AR R 80 d Y A LA v
(P<0.05) , MDA ¥ i 7F A 540 v g 2 38 i (P<

http://www.shhydxxb.com
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0.05) , 75 M b b 20 vh TG I 2% A2 4k (P>0.05) , L
e
27 R FEMTIEERESEERNRIE

FXT HRLH AR FE , IL-18 323k B 7E Ax S 4L gtk
TRk 2H G i 2 AR 4k (P>0.05, 8] 2a) , IFN-y %35
T 7E 7] M 80 d INF ) At 2 2H R G Ak T Rk 4 v i 2
B (P<0.05, [ 2b) , TNF-a 3¢ 1k 7F e &7 4 Fl )
ML 40 d Jife 1k iRk 2H 34 2 18 (P<0.05, [ 2¢)
TGF-B1 I IL-10 3% 3k i 7E At 0 40 W 25 /s (P<
0.05, &l 2d F11 2e) , 7E i fb 1m) 6 20 o 25 14 i (P<
0.05) , IgM %3k hit 7F 7 54 RG fb frpkl 4 ¥ b 3%
4 (P<0.05, &1 2f) o £ 40 d #1180 d [A], i L1
A P AL IL-10 Ik & 2 5 B (P<0.05,
2e).
2.8 it FFEX TSR EMEYHZN
2.8.1 B 2R

R 95 7 18 A= 90 OUT % k47 Alpha £ 4
PEFE AT . 450 R, %oF B ZE R e Tk e ek 4 1)
ACE f58 %1 . Chaol 45 % . Simpson 45 % #il Shannon
BT s T894 (P<0.05), lLE S,
2.8.2 B YR A

OUT Hit 433l i 42 54 1 697 . Jif £k 1) b} 441
2980 X1 3 078, 34 OUT i M 16, & 5.4
OUT % &t/ T Hift 2 2H (& 3a) . a4 20 Bt
(PCA) R W] 3 B4 A 22 5, itk ikt 4 T
Ay AU IR 2 8] (&1 3b) .

FET TR, 3 2 A% O B Rl 28 R — 3
F OB E R HE 90% LA b, FE B O 5 T
(Cyanobacteria) .2 JE B[] (Proteobacteria) \#RFT
"] (Fusobacteriota) ., J5 B (&[] (Firmicutes) | JC
M W 1 (Verrucomicrobiota) . 1 #F & [

(Bacteroidota) it Zk [ ] (Actinobacteriota) , UL 4]
3c, FIXTRELHARLL , "R HATEH ] L]
F RN (P<0.05) , JEERETE [T FRAT IR 1] L
Bl N (P<0.05, % 9) o Mk ik
ZH e ) AN PR T ] (Planctomycetota) 42 5 it 2%
/N (P<0.05,2610) .

JE& KT b, RO BRAE A L, A & 2H AT R
(Cetobacterium) B vi, = & J& (Akkermansia) 1A
125 5 8 41 1 (unclassified Cyanobacteriales) 55
FEE R E T K (P05 , 4 XA W8
(Mycobacterium) A5 (Neochlamydia ) F1 &l 5k
W J& (Paracoccus) 55 F J& i 3% 14 i (P<0.05, [&]
3d). Wtk mPRHH R 2r S E WA M 55 R W E T
B (P<0.05) , 73 SCFF I8 A JRAK LA 22 3 B )
(Hyphomicrobium) F1 8% S 1) #2 AR ZF /84T W /&
(Clostridium_sensu_stricto) A5 I S B (P<
0.05),

2.8.3 B R HE P fi

3415 A B HEE T 10 A9 KEGG 3 % i &
da iR o

5 IR L H (K] 4b) , A G20 7E KEGG UIhE
S AT 30 A 134 B R 9
I (P<0.05) . F B IR G LS A
ORIE , N LR 1 A A R, TR R TR
R, B &R 22 E R A 75 Z R, &R K
KRB IRANA AR, SRR S RN Rt A
PR 2 Atk 5 A K AL AR, QT RR AR, S R AN
THRIRACHT , IR, 2- B AR oAb AR
R AE A W5 A

i A Ak AN DA A 0 v e [ i AR 25
3% (P<0.05,E 4c) .

®T FRERRAFTEEFERALRE

Tab. 7 Intestinal antioxidant capacity of tilapia in different feeding groups

TiH i ] Xof B2 Egskiil Jia AR AR L4

Items Time/d Ordinary group Faba bean group Crisp feed group
M A AL RE 40 0.29:0.030° 0.26:0.040® 0.190.024°
T-AOC/(mmol/g prot) 80 0.29+0.025° 0.49+0.070™ 0.19£0.022¢
o 40 0.20£0.047° 1.41+0.48" 0.32+0.047°
MDA/(nmol/mg prot) 80 0.20+0.045" 0.60+0.072° 0.260.029"

T AN SR AR RS 78 ] — o [ S ) el Ak 20 [ 28 5 3 (P<<0.05) , *R/n7E ] —4H 40 d 15 80 d 22 1] B 35 22 57+ (P<0.05) .
Notes: Different superscripts indicate significant differences between different feed groups at the same time (P<0.05) , while * indicates
significant differences between the same group at 40 and 80 days (P<0.05).
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The different letters and "*" above the bar chart represent significant differences (P<0.05).
E2 AEFRRATIECFELCEERBNREE

Fig.2 Relative expression of intestinal inflammatory genes of tilapia in different feeding groups

i) Time/d
(6

x8 FIEMEMEY Alpha ZHMEIEE

Tab.8 Alpha diversity index of intestinal microorganisms in tilapia

4341 Group ACE Chaol Simpson Shannon Coverage
Xt IEZH Ordinary group 1171.43£128.14 1 169.92+129.22 0.94+0.02 6.08+0.64" 1
7 72H Faba bean group 644.96+335.84 642.90+337.40 0.84+0.09 4.70+0.36" 1
Ak AR Crisp feed group 1193.35£617.24 1191.20+616.77 0.96+0.05 6.83+£2.14° 1

TE [ — 3 HAT AR [ E bR 38 22 57 .3 (P<0.05) .

Notes: Different superscripts in the same row indicate significant differences (P<0.05).
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B KA Unknown

I HAth Others

I #H R 1] Patescibacteria
[0 4LFFIA 1] Bacteroidota

B K240 unclassified_Bacteria
W 7% ] Planctomycetota
B 2 FFET] Fusobacteriota
M JEEETE ] Firmicutes

B JCH ] Verrucomicrobiota
W JilZE1#1T] Actinobacteriota
I #%%:1] Cyanobacteria
FBG M 72T Proteobacteria

(c) I 9= Microbial abundance at the phylum level

80

40

FEX)FE 3 Relative abundance/%

FBG

CFG
FEdlh Sample

oG

M K% Unknown
HAh Others
M unclassified_Beijerinckiaceae
W 57 Cyanobium_PCC_6307
B K J5{A Neochlamydia
W EFFFR)E Legionella
W BERTEJE Paracoccus
0 RS EPEME AL unclassified_Verrucomicrobiaceae
WP HIRARZE AT R Clostridium_sensu_stricto
[ alphal_cluster
W RSy CHE unclassified_Barnesiellaceae
M uncultured_candidate_division_WS5_bacterium
W A= 22 50F 8 Hyphomicrobium
I Paeniclostridium
W K525 unclassified_Cyanobacteriia
W B S JE Akkermansia
W K532 2FE AL unclassified_Gemmataceae
W K5r2E40H unclassified_Bacteria
W K2R B unclassified_Rhizobiales Incertae Sedis
W FTEE Cetobacterium
B ST Mycobacterium
W R AT unclassified_Cyanobacteriales
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Fig. 3 Analysis of intestinal microbial species composition
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R FEASHRAMEMMFHEEEZRILER

Tab.9 Comparison of microbial species abundance
between faba bean group and ordinary group

Iy SR EEAT R

1 Phylum Group Mean+SE P
A FBG 0.001 42+0.000 55 0.001
. <0.
Chloroflexi oG 0.011 80+0.000 35

FBG 0.000 01£0.000 01
Sumerlaeota <0.01
oG 0.000 37+0.000 02

] FBG 0.004 65+0.000 28 2005
Bdellovibrionota oG 0.001 77+0.000 42
TR ] FBG 0.397 75+0.070 60 “0.05
Actinobacteriota 0G 0.007 87+0.000 45
JEREEE ] FBG 0.019 00£0.006 82 <005
Firmicutes 0G 0.112 35+0.018 48
WFET] FBG 0.006 96+0.002 75 “0.05
Fusobacteriota oG 0.114 67+0.022 86
P ST ] FBG 0.000 27+0.000 16 <005
Desulfobacterota oG 0.005 54+0.001 17
W] FBG 0.098 11+0.017 41 <005
Cyanobacteria 0G 0.336 34+0.055 51
TFEEN FBG 0.025 74+0.007 54 “0.05
Planctomycetota oG 0.076 27+0.013 00

TE AR LI R R " 2R P<0.0S A 2253 03
Notes: The results are expressed as “Mean+SE” , and P<0.05 is
considered significant.

F10 fpLARASXRAMENDTHFEEERILER

Tab. 10 Comparison of microbial species abundance
between the crisp feed group and the ordinary group

S AR R

1 Phylum Group Mean+SE r
A OFG  0.098 21:0.034 83 005
Cyanobacteria 0G 0.336 34+0.055 51
PEE OFG  0.024 71+0.009 66 005
Planctomycetota 0G 0.076 27+0.013 00

TE AR DL P AR R 208 , P<0.05 I 22 57 B 3
Notes: The results are expressed as “MeantSE” , and P<0.05 is
considered significant.

3 e
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Effects of crisp culture on growth performance, serum biochemical indexes
and intestinal health of tilapia (Orechromis niloticus)

LUO Wenbin"*?*, ZHAO Yan'**, ZHENG Jia"**, ZHAO Jinliang"**

(1.Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China; 2. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China; 3. National Demonstration Center for Experimental Fisheries
Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To evaluate the effects of crisp culture on the growth, serum biochemical indexes and intestinal
health of tilapia, Nile tilapia (Orechromis niloticus) (665+34) g were fed with faba bean, crisp feed
(approximately 50% faba bean) and ordinary feed. The growth, serum biochemistry, intestinal tissue
morphology, tight junction protein, digestive enzyme, antioxidant enzyme, inflammatory gene and
intestinal flora of tilapia were investigated at 40 d and 80 d. The results showed that: The body mass/length
and weight gain rate in the faba bean/crisp feed group were significantly lower than those in the ordinary
feed group. The serum lysozyme (LYZ) in the faba bean group was significantly higher than that in the
ordinary feed group. There was no significant difference in serum alkaline phosphatase (AKP) between the
faba bean group and ordinary feed group. The serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) increased at 80 days in faba bean group. There was no significant difference in
serum ALT, AST and AKP between the crisp feed group and ordinary feed group, whereas LYZ was
significantly higher in the crisp feed group. The length of intestinal villi in the faba bean/crisp feed group
was shorter than that in the ordinary feed group. The expressions of tight junction protein genes Occludin/
Z0-3 /Claudin-3 decreased significantly and the expression of Claudin-12 increased significantly in the faba
bean group. There was no significant difference in the expressions of the above genes between the crisp feed
group and ordinary feed group. The activities of a-amylase and lipase in faba bean group decreased, and the
activity of lipase in crisped feed group decreased only at 40 d. The content of malondialdehyde (MDA) in
faba bean group significantly increased, and the total antioxidant capacity (T-AOC) significantly increased
at 80 d. There was no significant difference in MDA content between the crisp feed group and ordinary feed
group, but T-AOC significantly decreased. The expressions of pro-inflammatory genes /FN-y, TNF-a and
anti-inflammatory gene IgM were significantly higher in the faba bean /crisp feed group than those in the
ordinary feed group. The expressions of anti-inflammatory genes TGF-f1 and /L-10 decreased in the faba
bean group, but the TGF-f1 and /L-10 significantly increased in crisp feed group. The ACE, Chaol,
Simpson and Shannon indexes of intestinal microorganisms in the crisped feed group were close to those in
the ordinary feed group but higher than those in the broad bean group. The abundance of Lachnospiraceae
and Lactobacillus in the crisped feed group decreased, while the abundance of Mycobacteria and multiple
Clostridium increased. The abundance of Firmicutes, Fusobacteria and Cetobacterium in the broad bean
group decreased, whereas the abundance of Proteobacteria and Mycobacteria increased. Compared with
40 d, there were no significant changes in most indexes in the crisp feed group at 80 d. In conclusion,
feeding tilapia with faba bean or crisp feed (approximately 50% faba bean) inhibited growth and intestinal
antioxidant capacity, shortened intestinal villi, induced intestinal inflammatory reactions, reduced the
abundance of beneficial bacteria and increased the abundance of pathogenic bacteria in the intestine.
However, the adverse effects of crisp feed were weaker than those of faba bean. The crisp feed had no
significant effect on intestinal digestive enzyme activity, cell membrane permeability and anti-
inflammatory system. Faba bean had significant negative effects on the above indexes.

Key words: tilapia; faba bean; crisp; immunity; gut microbiota

http://www.shhydxxb.com



