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Abstract: [Objective] The aim of the present study was to investigate the effect of cabbage slurry on

cecum microflora of broilers, which would provide reference for the safety assessment of cabbage slurry as a

natural green feed additive. [Method) A total of 150 one-day-old broilers with similar health and weight

were selected and divided into 3 groups randomly,with 5 replicates in each group and 10 broilers in each
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replicate. The control group was fed with basal diet. The experimental groups ] and [l were fed with the
basal diet adding 15 and 20 g/kg cabbage slurry, respectively,and the experiment period was 42 days. The
intestinal and cecal contents of each group were collected on day 42 of the experiment. Then,the effects of
cabbage slurry on performance,intestinal development and intestinal flora of broilers were tested. [Result]
(D Compared with the control group,the average daily feed intake, end weight and average daily gain of
broilers in group [l were significantly increased (P <C0. 05). @ Compared with the control group, the
height of duodenal villi and the thickness of ileal smooth muscle in group [ and [[ were significantly in-
creased (P<C0.05). @ Compared with the control group,the alpha diversity index of experiment group [
increased, while the alpha diversity index of experiment group [[ decreased without significant difference
(P>>0.05). @ In the phyllum level,compared with the control group,the relative abundance of the Proteo-
bacteria was increased significantly in the experimental group [[ (P<C0.05). The relative abundances of ac-
tinomycetes and soft walled bacteria in group | and group [I were decreased significantly (P<C0. 05). In
the genus level of group | ,compared with the control group,the relative abundance of Coprococcus was in-
creased significantly (P <C0. 05), while the relative abundances of Faecalibacterium, Ruminococcaceae _
UCG-014 and Bifidobacterium were decreased significantly (P<C0. 05). In the genus level of group II .
compared with the control group, the relative abundances of Bacteroides, Ruminococcaceae_ UCG-005 and
Anaero filum were increased significantly (P<C0. 05), while the relative abundances of Faecalibacterium,
Ruminiclostridium_9,and Ruminococcaceae. UCG-014 were decreased significantly (P<C0. 05). ® Compar-
ative analysis of multiple samples showed that there were differences in microbial structure between control
group,group | and group II.[Conclusion] The addition of 20 g/kg cabbage slurry in the diet can signifi-
cantly promote the development of intestinal tract in broilers and change the structure of the cecum mi-
crobe.
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Table 1 Formula and nutrition level of broilers basal diet

i H il Hi#%/d Age of day
Item Compose 1~21 22~42
EK/(g+ kg™!) Corn 500. 00 520. 00
THI/(g+ kg™!) Soybean meal 230. 00 220. 00
FAEEAR/ (g kg™ ') Corn gluten meal 30. 00 30. 00
K1/ (g » kg ') Cottonseed meal 100. 00 100. 00

Ry m e .
Formula G/ (g« kg™ !) Soybean oil 20. 00 20. 00
WHy/ (g » kg=!') Wheat middling and reddog 84. 80 76. 80
fi¥r/(g+ kg™ 1) Stone powder 14. 00 12.00
MR A 45/ (g » kg™ ') Calcium hydrogen phosphate 8. 00 8. 00
/(g kg™ NaCl 3.20 3.20
IR R/ (g « kg ') Premix 10. 00 10. 00
CHHE/(M]J « kg™ ') Metabolic energy 12. 30 12.50
MEH/ (g« kg ') Crude protein 208. 00 202. 00
HLEF4E /(g » kg ') Crude fiber 19. 00 22.00
HIEAKT . RIS

Nutrition level /(g ke ) Ca 11. 00 9. 00
E /(g + kg™!) Phosphorus 5. 00 4. 80
i/ / (g » kg™ ') Lysine 12.30 12. 30
EH W/ (g« kg ') Methionine 2. 80 2. 80
H &R/ (g« kg~ ') Threonine 5.90 5.90

T BB T AR R i . 4E4E 2 A 10 000 TUL 44 % D 2 500 TUL4E4: % E 50 mg, 4i4E % Ks 2 mg, 4% By 2 mg, 4i4E % B, 10
mg. #E/E K By 1 mg, 4i4 %K B 5 g AW EK 25 pg, MR 50 mg,iZ R 10 mg, MR 2 mg. A 1 200 mg,Ca 156 g.Fe 20 mg,Cu 10 mg,
Mn 100 mg.Zn 100 mg,Se 0. 25 mg,1 0.5 mg,Co 0.2 mg., ikl HLEE [ L4l 508 V55 B O S48, oA a3 M .

Note: The premix provides below for basal diet per kilogram:vitamin A 10 000 IU, vitamin D 2 500 IU, vitamin E 50 mg, vitamin K3 2 mg,

vitamin B; 2 mg,vitamin By 10 mg,vitamin Bs 1 mg,vitamin By 5 g,biotin 25 pg.nicotinic acid 50 mg, pantothenic acid 10 mg, folic

acid 2 mg,choline 1 200 mg,Ca 156 g,Fe 20 mg,Cu 10 mg,Mn 100 mg,Zn 100 mg,Se 0. 25 mg,1 0. 5 mg,and Co 0. 2 mg. Crude pro-

tein, crude fiber,amino acid,calcium and phosphorus in feed were measured values,and the rest values were calculated.
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Table 2 Comparison of growth performance in broilers of different cabbage slurry groups

L B I6 A T / SRR TR/ T-¥HREE/ ¥ H BLHE L
oo (g« D (g« ™D (g« 1D (g- 1D Feed body
oup Initial body weight End body weight Average daily intake Average daily gain weight ratio
Xt 4] CK 42.15+2.43 2 747.524+150.57 b 108.774+8.99 b 65.50+4.94 b 1.6640. 15
iK% 1 4 Group [ 41.8242.85 2 859.334197. 36 ab 112.8348.27 ab 67.0245.81 ab 1.66+0. 14
5 1l 4 Group Il 42.0342. 64 2 945.164201.49 a 114.6849.24 a 69.29+6.01 a 1.6540.09

T« R BB S5 AR AS TR /NG T BE 3R R 25 5 8 3 (P<C0..05) , 38 3 Fn gk 5 [,

Note: Different lowercase letters indicate significant difference (P<Z0. 05) ,the same for Table 3 and Table 5.
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JE B s TR B TG I 3 25 5 (P=>0..05)
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Table 3 Comparison of intestinal development in broilers of different cabbage slurry groups pm
A 215 HEKE Wo % IR - LS B
Tissue Group Villus height Crypt depth Smooth muscle
*f B84 Control group 1078.21+64.62 b 86.12+7.11 110.98+13. 31
+ =45 1% Duodenum i3 T 40 Group [ 1217.40482.19 a 103.41412.08 109. 9549. 93
R 1 4 Group I 1228.79+40.97 a 98.97+7.95 116.21+8. 24
%1841 Control group 812. 0078, 68 80.1647. 93 157. 11414, 62
2% Jejunum 5% 1T 4 Group | 852.99+90. 09 71.33+7.21 179.04+17.57
R 4 Group Il 905.57470. 15 85.7349. 72 172.25+10. 97
%} B4 Control group 705.29+57.15 70.42£7.09 143.36+14.96 b
[/ Tleum B8 T 41 Group 1 737.37438. 76 62.37+4.03 165.80-7.82 a
K56 11 4 Group 1[I 758.07+46.52 71.6144. 26 176.914+15.73 a
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BIRF .
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4

ey
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010 9702 19394
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Fifi B 311 X 51) # Random number of sequence

CK.XFHRAL: 1.5 T4 1. i3 T 4:1.2,3, 4. RFEA AEA | 2,8 3 [H
CK. Control group; | . Group | ; Il . Group Il 51,2,3,4. Samples in the same group. The same for Fig. 2 and Fig. 3

B1 XS T T B T 2 R 4 8 i 26

Fig. 1

(D)o ZFEPEFE R, W2 4 AT K50 T 41
P R PP E & B Chao 1 880 W BF 2 1 Ace
TN A 48 £ (Shannon) 8 % B4 FH 5, (HE »

Rarefaction of cecal microflora diversity in broilers

WA B (P=>0.05) ;1805 1T 41AY 4 A48 br B0 B
AR 22 A B35 (P>0.05),

x4 FREBULKEZERAATCEHER « ZHEEHHER

Table 4 Comparison of the alpha diversity index of cecal bacteria in broilers of different cabbage slurry groups

45 [RLk 6 WA F R E Chao 1 484K WREZHETE Ace 84K AR

Group Number of strains Chao 1 index Ace index Shannon index
X2 CK 439.75+84.42 495.59+120. 12 492.75+117.54 5.89+0.27
5 1 4 Group | 480.75+£90. 79 555.754+114. 56 543.664122. 76 6.1240.15
i3 I 4 Group I 410. 25+22. 87 473.75+£37.17 463.76+£35.82 5.5340. 64
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OB B . A5 21 AT A5 T W B8 AT
i AERCEY) 73 26 TR B 3RS 13 AT
O SR RE BT AUAT R 1] TR T R ] K
BEGR ] SRR 1] VAR ) BRI T] L 2F 4EAT
Y SRR VRG] L2 S MO T ) 0 K RO T
1o Horp JRBER ] AR 1] VR BT ] R BT
FIEREERR [ 12 3 LA LA BB (FRE>100) . X
SeREY) S XS A AR 99. 0900 L B ik

5 AN RS T 4 EREGE T BUFF B T A TR B 1T 0
O A D R R T R A B L (25 RO
(P=>0.05) . JiCER B T R A0CRE A7 170089 A X = B2 A5 XF
HE 2 B RRAR (P<<0. 05) 336 11 20 400K 3 1] i 4
XF o BE RO R T i o AH 22 5 R B 3 (P>>0. 05) , 48
TE TR 110 0 6 BT 1) 1 A 6 =F B8 5 0 IR A B 3 T
(P<C0.05) s JHCER T 1) 1 AICRE TR7 11 149 A X 3= B2 488 %
R 2 B AR (P<<0. 05),

RS FARBOERBEAAFTCEMEEEHENNKTELHNEMFERER

Table 5 Comparison of relative abundance of cecal flora in broilers of different cabbage slurry groups on the phylum level
4157 JEEETE ] W] BILE] LT TREBET ] W]
Group Firmicutes Bacteroidetes Proteobacteria Actinobacteria Tenericutes Cyanobacteria

Xt ER 4 CK 78.23+8.21 12.24+4.27 0.83+0.44 b 3.90+2.73 a 2.50+1.53 a 0.15+0.06 b

iR 1 4H Group [ 80.10+2.22 14.85+4. 38 2.22+1.56 ab 1.0440.81 b 0.90+0.36 b 0.59+0.13 ab

5 114 Group 1l 74.85+4. 66 18.43+3.69 4.80+2.31 a 0.6740.36 b 0.32+0.15 b 0.83+0.72 a

TEJB 73 JKF b LA I3 26 4> HAT I8 2 i s
(FE>100, KA 12 MG IR R 25 0%
(P<C0.05) , 43 Bl & AT 1 & I AR T 38 W Rumino-
coccaceae _ UCG-014., Z£ M #2 W J& . Barnesiella.
Anaero filum, Ruminiclostridium _
caceae_ UCG-005 ., 33K I J& . Ruminiclostridium 5.
Lachnoclostridium PR FFHEJE . B3R 6 Al 1, ik
B 1 H AR JE WA X RN A W E T &
(P<<0. 05) , Ruminococcaceae_ UCG-014 | 2 W 2
o RIS A TR R X R R O B R IR

9. Ruminococ-

(P<C0.05) ;i85 I 4 Anaero filum ,Barnesiella .}
T # J& fl Ruminococcaceae _ UCG-005 1Y AH X F
A0 R ZH W82 T v (P<<0. 05) , 2 R 1 &  Rumi-
nococcaceae. UCG-014 . Ruminiclostridium 9. H|¥E
& J& « Ruminiclostridium _5. Lachnoclostridium
FIOUCISE T B Ji B AR T = 52 0 f HE 2t 3 o IR (P <<
0.05); X I 4 Lachnoclostridium ., Ruminococ-
caceae_ UCG-014 1 Ruminiclostridium_9 BJAH X} F
BERAAE T 21 & 35 FEAIR (P<<0. 05).,

R6 FARBOCEKRBEAAFTCENLEEHEBK T LHNEMFERR

Table 6

Comparison of the relative abundance of cecal flora in broilers of different

cabbage slurry groups on the genus level

e J& % Xf B s 14 X5 141
Category Genus name Control group Group | Group I
#FF# 1] Bacteroidetes UK #i )& Bacteroides 7.56+£5.32 b 12.1943.56 ab 14.9442.43 a
SIFEAT B B Alistipes 3.48+1.86 a 1.6840.52 ab 1.434+0.89 b
Barnesiella 0.3940.21 b 0.6440.37 ab 1.22+0.71 a
JEEET ] Firmicutes TR @ Faecalibacterium 12.20+2.05 a 7.014+3.47 b 5.114+2.01 b
Ruminococcaceae_UCG-014 6.60+0.69 a 2.69+0.37b 1.6640.28 ¢
Anaero filum 0.1640.10 b 1.97+0. 98 ab 3.05+2.81 a
Ruminiclostridium_9 4,0740.55 a 4.0940.84 a 2.27+0.51b
Ruminococcaceae_UCG-005 2.5440.87 b 3.84+0.83 ab 4.10£1.07 a
Ruminiclostridium_5 1.9340.67 a 1.2740.22 ab 0.8740.32 b
Lachnoclostridium 1.82+0.44 a 1.85+0.45 a 1.04+0.39 b
R JE Coprococcus_1 0.74+0.14 b 1.9440.97 a 1.2740.51 ab
T 1] Actinobacteria R #i & Bi fidobacterium 3.46+2.36 a 0.53+0.56 b 0.51+0.50 b

TE < AT B0 o AR AN [l /NG 5 B 3R 28 53 3% (P<20. 05)

Note: Different lowercase letters in each row indicate significant difference (P<Z0. 05).

(D RS, FERFR T (PCoA) &5 R fE
W25 AN REAS 18] 22 53 1) RIS S REAAS [A] (B 2 3T, R B
A 8] B BRSO AR L. H PR 2 mT e X R R R T

AR 1T AL B R A B2 0 B L 3R W1 3 AN 4 A T
GERAFAEZE S (ARSI & 00 | R At 5
Xof B 25 S /s R T A T AR A R 5 R R 2



12

P JEAMB R 722 4R CB AR 4 O

AT

Bk, mE 3 AT AL A GRS T A58 T4
M-3fI-4BN— BN HAN-1FIT-2RKNA

— SR ERE E AR A IT-1 A -2 R AE— R/
GERFEA L

CK-1 ®

0.10 v
—_ -3 A : : :
Q\c 005 essoccnsorsnoncunnnaroncnserenensusessssscaisnantassussssescassannnnn . .............................................
=N i : :
= : : :
S CK-2e
I on ] : :
3 = [-3m ; |
A~ : : :
~ 0 .................................................................... e e 0300 03900EKR 10000 :
g I-4m : :
= P CK-
il CK-3 @
—(0).(0)5 | Essaooonssonanonscososiosnsossaoaosion000ueasa00000e0aa00000050000 ........................................... CE.K,4. ............
: I-1m
Mi1A :
-2 A : :
—0.10 i 1 { L 1 j

—0.15 —0.10 —0.05 0 0.05 0.10 0.15

FEAFR1 PC1(38.42%)

Bl 2 ANTR) G O SIKIAH AT XY 15 1 1 B A9 32 A AR (Peo A) 23 #

Fig. 2

PcoA plot analysis of cecal microflora in broilers of different cabbage slurry groups
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Fig. 3 UPGMA plot of cecal microflora in broilers of different cabbage slurry groups
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