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Effects of Different Levels Chicken Intestine Meal Supplementation on the Community Structure of Intestinal Microflora of Cyprinus
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Abstract
total of 150 Cyprinus carpio with an initial body weight of (57.30+0. 10) g were randomly divided into 5 groups with 3 replicates per group and
allocated 10 fish in each replicate. The fish were fed expeimental diets supplemented with 0% ( group D1),5% ( group D2),10% ( group
D3),15% (group D4) and 100% (group D5) chicken intestine meal. After rearing, intestinal samples were collected and high-throughput
sequencing was performed based on the Illumina Miseq PE300 platform. The results showed that the addition of 10% and 15% chicken intesti-
nal meal to the feed reduced the diversity of the carp intestinal flora, but had the effect of improving the structure of the intestinal flora. The
alpha diversity of the D3 and D4 groups was significantly lower than that of the D1 group (P<0.05). The relative abundance of Proteobacteria
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A 56 d feeding trial was conducted to evaluate the effects of chicken intestine meal on intestinal microbiota of Cyprinus carpio. A

and Pleomorphomonas was reduced in the D3 group and increased in the D3 and D4 groups for Cetobacterium and Aeromonas. The study
showed that at 10% chicken intestinal meal addition, the carp intestinal pathogenic bacteria abundance was relatively lowest and the relative a-

bundance of beneficial bacteria was highest, which had the best effect on improving the carp intestinal flora structure.
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Table 1 Ingredients and nutrient levels of experimental diets(dry matter basis) AT %
—_ ES N ks R . X
&) 7k " i e, " — \ S 5 AR AR
wo B om0 Akl o A% am am VI g o BEX DR
205 Chicken - ) i ol ! i L g o (50%) 5.0 T WHRE FRE
Fish Corn Soybean Rapeseed Wheat  Soybean Microery- Sodium  Calcium . Vitamin S .
Groups  sausage . . . . Choline Vitamin ~ Mineral
meal gluten meal meal meal oil stalline  chloride dihydrogen . . .
powder chloride premix  premix
meal cellulose phosphate
D1 4 5 38.5 6 36.31 4.1 3 0.3 2 0.15 0.04 0.1 0.5
D2 4 5 36.5 6 30.91 3.5 6 0.3 2 0.15 0.04 0.1 0.5
D3 10 4 5 34.5 6 25.51 2.9 9 0.3 2 0.15 0.04 0.1 0.5
D4 15 4 5 32.5 6 20. 11 2.3 12 0.3 2 0.15 0.04 0.1 0.5
D5 100 0 0 0 0 0 0 0 0 0 0 0 0 0
| EF#/KF- Nutritional level
EER
s K L HLIS; MRSy
Water content Crude protein Crude fat Coarse ash
DI 10.03 31.23 5.49 6.67
D2 10. 08 31.48 5.61 6. 68
D3 10. 15 31.73 5.72 6.70
D4 10. 17 31.98 5.84 6.99
D5 10. 09 65.47 14.80 6.12

U A R BRI Y A SRR S A

Note: Vitamin premix and mineral premix refer to Shi Lidong et al''*!.
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TICH 5 mL B0, -80 CYRURIAAF, T DNA 4241,
1.4 ZDNARREL.PCR FiERSEEMNF HPELHTH
7kt A< #%2 B8 OMEGA E. Z. N. A™ Mag - Bind Soil DNA Kit
(Omega, 5 [#) 125 & Ui W17 5 DNA $2H, ] Qubit®
3.0 Q32866 DGR DNA e B Fati g, 8 ] 1% i B b
HEEIEF VKK DNA B, & DNA #24% 16S rRNA JE[H V3-
V4 5[4 .341F (5'-CCTACGGGNGGCWGCAG-3") ;805R (5'-
GACTACHVGGGTATCTAATCC-3") 7 ETC811 % PCR {¥ I
#EFT PCR 4%, A A Mlumina Miseq PE300 -4 (_FifE4E T,
AR B F)) AT R s
1.5 #4E43E R Cutadapt,Pear Prinseq #{f 40 P bR
B, LG 5 {8 A Trimmomatic #PF B4 , {i Ff FLASH
BAFHEATPHE R UPARSE #R44  AR 41 97% (4 AHARLBE XT3

FFEAT OTU 828, fieJ A RDP X4 45 e ) e AT b 4324
TR, JG SL PR T YA i A T A4 AR BRAA | bt
FHiA T,
2 #R55H
2.1 BAMFELSH  ZNF,5 AR IR & )
900 235 4%, HoH REANEEAR = A ()6 RUT 51 R 46 782~ 68 774
KN 423 bp, &L 1 AT F R i 4 5% T
G, F VB REAR A K, TR % 005 7 26 B R TR A 24
P MRS R A B 5

PPl 2 W, S 2 AR i T R R v A ) O kA 890
4~0TU,D1,D2,D3 D4 D5 4143 41,75 623 491 501,502,577
A~ OTU,5 3L 1) OTU %5k 230 4, BA1AEA 119 OTU %k
PR D2 41(73)>D3 41 (67)>D1 41 (64)>D5 41 (39)>D4 41
(13), D2 ZAFFA Y OTU $im i % , 5 & OTU (1 8.20%
2.2 MEREY o HEMESH R 2 1M, D1 4] OTUs
B T D3 4 (P<0.05), 5HAhAH 2R A WE (P>
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0.05), D1 4 Shannon $5%i . 2575 T D4 41(P<0.05) , 51 D4
- . e D3
b2 25 5+ 8 .35 (P>0. 05) , D1 4 Simpson $§ % i 2K T
B2 ER ARG X R R E B AR R B R

D4 41(P<0.05) , 5H A2 25 5% A .2 (P>0.05) . FW D1
AR T R B AN A0 B B T D4 41(P<0.05) ,D1
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Fig.2 Venn diagram of the effect of chicken intestinal meal ad-
dition to feed on the composition of the intestinal flora of

Cyprinus carpio
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Table 2 Alpha diversity analysis of the intestinal flora of Cyprinus carpio

245 OTU % Chao 384X Shannon 354§ Ace T8%L Simpson 5% B
Groups OTUs Chao index Shannon index Ace index Simpson index Good’ s coverage
D1 381.33+45.17 b 409.53£54.02 a 3.10+0.21 b 409.16+£54.94 a 0.11£0.01 a 0.999 0£0.000 3 a
D2 284.00+15.72 ab 310.30+13.63 a 2.68+0. 03 ab 305.00+15.97 a 0.12+0.00 a 0.999 0+0.000 2 a
D3 268.67+23. 14 a 335.68+49.63 a 2.23+0.35 ab 351.49+70.35 a 0.22+0. 06 ab 0.999 0+0.000 4 a
D4 276.33+44. 11 ab 346.67+36.20 a 1.92+0.43 a 345.83+31.06 a 0.29+0.07 b 0.998 0+£0.000 1 a
D5 331.67+15.38 ab 398.42+10.40 a 2.57+0. 05 ab 398.67+11.65 a 0.15+0.01 ab 0.999 0+£0.000 5 a

T« [ [ /NG R R AN R AL ] 22 57 8.3 ( P<0. 05) .

Note ; Different lowercase letters in the same column indicated significant difference between different groups(P<0.05).

2.3 BREEBEMNER S AEGE AR KA
FREUE 3. TEI K b, S AR RHE A B TE BT ] (Pro-
teobacteria) | # # & [] ( Fusobacteria ) . il #F & ] ( Bacte-
roidetes ) FIEERERR ] (Firmicutes ) , H P AR TE B 1) 7E &2 v oy
Y xf AL B, AR R B 43 00 O (63.27+7.33) %, (71, 51+
4.12)% ., (53. 72+8. 84)% ., (65. 77+2.79)% ., (68. 92 +
8.94) %, DI D2 H15%5 — (T BE R AOURT B8 1T AR 1
A (16.25+2.60) %  (15. 88+1.52) % ;D3 . D4 2H 5F — L4
WRE N AR A BT, A X = B2 43 53] O (31, 00+ 15, 41) %
(21,9729, 93)% ;DS A1 (RSB RE M AR 1 T AT i
H9(12.618. 56) % , 5 55 = LS5 HE AT B 1] 100 KH X = &2
(12.45+3.09) %HHi .

5 2 R g 1 TR A i KT AR 3 B DL IR 4 A T K
b 25 AR R Y R 4B FR 96 1 J& ( Pleomorphomonas ) | fi
& & ( Cetobacterium) AT & (Acinetobacter) | %5 24 B
¥ J& ( Sphingobacterium ) . 3 3% B8 71 & J& ( Stenotroph-
omonas) "KL & (Aeromonas ) KK & ( Delftia) .
D1 2155 — O 55 T A 4B SR 6L TR J L AR F B (18 79+

3.57) %o , LA TR B AR = B2 3 30 Ry 408 B 160 147 S > AN Bl T
DRI > B S BT A1 > B 57 BRL A0 11 i > S I A R T i > B A
WE> TP E)E . D2 45— LB R R A AT RS, A
XFFERE R (22.36%3. 31) %, AR T RER BN AS ST 14 )& > 1
FARERT IR & > SRR TE 8 > BUR AR 0 8 > SE A% B 7T g >
T T > AR R . D3 AR — R B N T R
AEXTFEFE A (31. 00+ 15. 41) %o, PR3 GERE A AR = BRI Ny
ST A > 2 LA TR SR > AN ST B B > B R i > Y A I
FETH > SE 77 A T8 & > BUR A 8 o D4 4158 — IR 3R
HE A AR AR & ARXS B2 A (36. 18+ 14. 20) % , (L T HF
AR = B 2 0 Ry 408 BATR 1] S > ST 1 > AN ST B g > i
AT T > A0 TR R > B A LA TR > SR A R TR
D5 21 75 %5F f 34 DR S 40 SR At B i, A X 35 B S (19, 53+
8.99) % , A 3 DA R 2R 30y 408 B F00 T Je > AN Bl AT 1A I >
TR > B S BT A1 > B0 T i > B 5 B9 O > UK AR
R A

2.4 [RERMEY B ESHEMESTT B RN EEN T
RS Z [ PSS R AL o AR i 22 B 43 BT (NMDS)
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Fig.3 Relative abundance of intestinal flora of Cyprinus carpio

at phylum level
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Fig. 4 Relative abundance of intestinal flora of Cyprinus carpio

at genus level
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Fig.5 p-diversity analysis of intestinal flora of Cyprinus carpio
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Fig. 6 LEfSe multi-level species hierarchy tree diagram
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T AR TR T JRERETR | THE 1, 33X 5 — e X7 3 TR M R 7%
BFSEAs M — B0 AEL4% L 000 34 A T A A =2 3 A P 2
Fo IR 1R SYIA B EFE SR Z —  (HAHXT
“EJE 1 T AT REAEAE K S T AE Y BRI > o RS
W A BRI TE AT B TR SE R e B 22 5 {H D3 4

ARTEPA T TRRAR RS = BEAR T At A5 2, SR ARDEL 1 78 i 10% 17
X 1 K3 RE A A — R B b o AU 5 A e R v 1) 00 XU o
WS R B, K2 H0aE A ok FAUFT A T RS RER T, HALFT
B VL 10 AT 52 RE A% 4 38 SR D AL R B IR A8
PRFF PR T TR UESE W] LAl T TR b Al A i A A 38, ot f S fgkt
FEP o AEZARIR D AT B AR BE B ] A AR X
Yy PR, 43k (16. 252, 60) %1 (7. 73+4.20) %,
DA ZHFUUFF B 11 REEBE TR 1] 9 A X 3 B AR T oAt A5 4, 43
WA (7. 46+6.38) %HI( 1. 17+0.25) %, {H D3 4151 D4 415
FERRTT AR X 3= B2 4359 Ry (31. 00+ 15. 41) % F1 (21. 97 +
9.93) % ,D1 HRFF BT IAHXT FFEAL M (6. 35+3. 37) %, FHER
T D1 41,03 D4 LM AT B 1T A X 3 B A AR R B2 T o
DL E SRR P BRI i Tk in 10% 81 15% 935 i ¥y s
Pk T BRA7 B AT 55 DA A, U T g A AR R
{8171 LEfSe 4347 8] iz 38 A6 A2 A 35 5 22 S RRAE 1Y
DARE, G5 R0, D12 1 3 2 52 25 SRR T R 25 R AL TR )
D2 2 AR , W ARDE A I 5% BN g ks i T B
TER LS . BRI, 7 38 B R 32 2 fh 40 SRS T R
AT TRE AT RS S = B AR B R R E R
VB R FRR T B R . IFFR R, SRt R B B 5 i 2
SNV, RENS T RIS P A% 28] 4 A0 R A
NEEE2E RARREE (H D2, D3 4H AR A0 5 B B % = B H DI
A FRFRAR , DI SR R I 10% 0 15% B3 S #ss RE A% 75—
FE TR L RG220 TR R A AR X 2 B, BRI AR B T R o
HASE B0 S, D4 41 205 2R 46 1 J& A X5 =F B Oy (36. 18 =
14.20) % , 7= D1 AR 32 8 (18. 79£3. 57) % 1 1. 93 £, %%
PSR A R IE B TR . S ILE R, D4 4 AT
JE AR B B MRS N, B D1 2419 (6. 34+3.37) % |-
F A (21.979. 93) % , R WRDEHH AN 15% XS fi7 4 fiE 6% £
FHA 7 PR AR X = BT S0 s R B HU/E . DS 4148
PAHIRT R AR RS D1 A H DS 5T 5 E A
TR (12, 61+8.56) %, & D1 2019 1. 99 %, F WKL rp
TN 100% R S by BEAE B2 A 4 RTAE AR ARG 23 . BiFR R
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