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5
o 1 ( )
Table 1  Composition and nutrient levels of
basal diets ( air-dry basis) %
6
° 1~21 22~42
I 1 to 21 22 to 42
ems days of age days of age
° Ingredients
Corn 60.00 62.00
Soybean meal 34.30 31.00
Soybean oil 2.00 3.20
Limestone 1.25 1.40
CaHPO, 1.35 1.20
° Met 0.25 0.30
Lys 0.20 0.35
1 NaCl 0.35 0.25
1.1 Premix"” 0.20 0.20
Choline chloride 0.10 0.10
Total 100.00 100.00
Nutrient levels”
N ° ME/(MJ/kg) 12.13 12.55
50% CP 21.50 20.08
2%10" CFU/g. Ca 1.02 0.90
1.2 AP 0.46 0.41
Met 0.50 0.42
1 ( Cobb) -
1) The premix provided the
480 4 6 following per kg of diets: VA 8 000 IU VB, 4.2 mg VB,
20 & N I 4 mg VBs4.5 mg VB,,0.02 mg VD, 3 000U VE 20 IU
I 20 mg/kg VK, 2 mg biotin 0.15 mg folic acid 1.0 mg
1 o/k 1 o/k D- D—pantothenic acid 11 mg nicotinic acid
~ L BIRS 87%8 10 mg Cu ( as copper sulfate) 10 mg Fe ( as ferrous sulfate)
+200 mg/kg ° 80 mg Mn ( as manganese sulfate) 80 mg Zn ( as zinc sul-
NY /T 33—2004 fate) 75 mg I ( as potassium iodide) 0.40 mg Se ( as sodium
¢ Y selenite) 0.30 mg.
2) o ME was a calcu—
i lated value while the others were measured values.
1.3
1.4.2
3 20 42 d. 42 3
; 1
32~34 C 2~3 C o
23 C ; o FastDNA Spin Kit for Soil( MP )
1.4 DNA Nanodrop
1.4.1 2000 DNA 1%
42 DNA o

12 h

338F (5" - ACTCCTACGG-



GAGGCAGCAG-3") 806R (5 -GGACTACH- ( one-way ANOVA)
VGGGTWTCTAAT-3") 16S rRNA V3~V4 Duncan P<0.05
PCR o 20 pL + o
4 L 5xFastPfu <2 wL 2.5 mmol/L Trimmomatic
( dNTPs) . 0.8 pL FLASH o
(5 wmol/L) .0.4 pL FastPfu 10 ng DNA 97% (OTU)
. ABI GeneAmp ® 9700  PCR
195 C 3 min 27 (95 C o [-Sanger o
30s 55 C 30s 72 C 30 s)
72 C 10 min. 2% PCR
AxyPrep DNA ( Axygen ) 2.1
2% o
Quantifluor'™ -ST ( Promega 2 I
) o Illumina MiSeq 42 (P<
PE 300 Mlu- 0.05) I
mina MiSeq PE 300 o (P>0.05) .
1.5 (P>0.05)
SPSS20.0
2

Table 2  Effects of enzymatically treated Artemisia annua combined with Bacillus licheniformis on

growth performance of broilers

I I

ltems Control group Antibiotic group Trial group | Trial group Il
ADFI/g 79.08+7.03 82.12+3.95 83.49+8.40 87.76+7.26
ADG/g 50.20+3.80" 52.80£2.30" 53.96+3.66" 57.19+5.49°

F/G 1.62£0.12 1.56£0.12 1.55+0.12 1.54£0.15

Initial body weight/g 42.32+0.90 42.59+0.64 42.98+0.40 42.05+0.91
Final body weight/kg 2.16+0.14" 2.31+0.07" 2.31£0.15" 2.41+0.23"

( P>0.05) ( P<0.05) .

In the same row values with no letter or the same letter superscripts mean no significant difference ( P>0.05) while with

different letter superscripts mean significant difference ( P<0.05) . The same as below.

2.2
2.2.1 OTU 2.2.2 alpha
3
667 924 99.77% o
414.61 bp. Ace Chaol
97% OTU ( P>0.05);
OTU 828, Shannon
( P<0.05) Simpson
1. ( P<0.05) .
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o 2.2.3 beta
2
(PCoA) o
1(PCI)
2.2.4
3 4, 3
( Firmicutes) . ( Bacte—
roidetes) ( Tenericutes)
96.7% ~99.2% 4
(P<0.05)
(P>0.05);
I . I
1 (P<0.05) .
Fig.1 Rarefaction curves
3
Table 3  Effects of enzymatically treated Artemisia annua combined with Bacillus licheniformis on
diversity in cecal microbiota of broilers
I I}
Items Control group Antibiotic group Trial group | Trial group [I
Coverage/% 99.772 99.786 99.787 99.775

Ace Ace index 421.42+103.99 532.74+32.13 524.69+23.49 521.95+14.61
Chaol Chaol index 427.54+100.23 552.34+24.97 541.70£22.51 550.44+34.13
Shannon Shannon index 2.73+0.40" 4.14+0.21° 4.25+0.15* 4.21+0.25°
Simpson Simpson index 0.19+0.06" 0.06+0.02" 0.05+0.01" 0.04+0.01"

4 5. 4

2%
19 .
( Bacteroides 58.11%) . ( Phasco-

2 PCoA
Fig.2 PCoA graph

larctobacterium 10.23%) ( Alistipes

6.92%)
(20.45%) . (8.02%) ( Fae-
calibacterium 7.37%) I
(15.46%) - ( Barne-
siella 9.20%) ( norank _
f_Clostridiales_vadinBB60_group 7.98%) I
(15.11%) .

UCG-014

( Ruminococcaceae_UCG-



014 13.57%) (11.99%) . 5 (P>
0.05) I UCG-014
( P<0.05) ( P<0.05) |
I . 1 (P< ( P<0.05) .
0.05) N I UCG-014 I} (P<0.05) -
Firmicutes: ; Bacteroidetes: ; Tenericutes: ; Proteobacteria: ; Cyanobacteria: ;
Others: o
3

Fig.3 Microflora distribution in cecum of broilers at phylum level

4
Table 4 Relative abundance of dominant microflora in cecum of broilers at phylum level
I I
Species Control group Antibiotic group Trial group | Trial group II
Firmicutes 29.28+9.50" 57.63+7.08" 70.87+16.48" 63.45+4.64°
Bacteroidetes 67.19+11.50° 38.77+7.94" 24.72+18.78" 33.01x5.21"
Tenericutes 0.23+0.12 1.33+1.22 3.12+2.21 2.74+0.61
9
3.1 ;
. . ( / )
10
1
1~42
7 o
12

Wan
0.005% 1%
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6
13
Bacteroides: : Faecalibacterium: ; Alistipes: : Ruminococcaceae_ UCG-014: UCG-
014 ; norank_f_Clostridiales_vadinBB60_group: : Phascolarctobacterium: : unclassified_
f_Ruminococcaceae: : Barnesiella: v Ruminococcus _torques_group:

» Parabacteroides: ; unclassified_{_Lachnospiraceae: :norank_f norank_o_Mollicutes
_RF39: norank_f_norank_o_ RF39 ; Eubacterium _coprostanoligenes_group: ; Butyricic—
occus: : Ruminococcaceae_UCG-005: UCG-005 . Rikenella: :norank_f_Flavobacteriaceae:

; Christensenellaceae_R-7 _group: R : Ruminococcus 1: 1; Others:
4
Fig.4 Microflora distribution in cecum of broilers at genus level
5
Table 5 Relative abundance of dominant microflora in cecum of broilers at genus level
1 I
Species Control group Antibiotic group Test group 1 Test group [l
Bacteroides 58.11+18.12* 20.45+7.65" 5.17+5.53" 11.99+1.30"
Faecalibacterium 2.27+1.86" 7.37+6.07" 15.46+5.82" 15.11+3.58°
Alistipes 6.92+9.24 8.02+4.15 5.40+1.05 8.57+2.28
vee-od 1.47+1.33" 7.17£3.38" 6.53+2.17% 13.57+5.83"
+ + + +
Ruminococcaceae_ UCG-014 T T e T
b ab a ab
Norank_f_Clostridiales_vadinBB60_group 1.66+1.59 4.35+2.05 7.98+2.31 5.39+0.97
. 10.23+3.24° 5.03+5.66" 0.66+0.51" 1.28+0.52"
Phascolarctobacterium
1.10+£0.82 4.10+0.73 6.34+5.02 3.07«£1.34

Unclassified_f _Ruminococcaceae




3.2
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Chaol
Shannon \Simpson
P 10 MRL /lpr
0.24 ¢/mL
Shannon Simpson
17
Chaol Shannon
Shannon
Simpson
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19
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Effects of Enzymatically Treated Artemisia annua Combined with
Bacillus licheniformis on Growth Performance and
Cecal Microbiota of Broilers

JIN Yaoyao'?> XU Bin> WANG Linyi’ SUN Quanyou® XI Yanyan® YUAN Yanzhi'’
WANG Gaili> FU Chen® LI Shaoyu™
(1. Collage of Animal Science and Technology Henan Agricultural University Zhengzhou 450002 China; 2. Institute of

Animal Husbandry and Veterinary Science Henan Academy of Agricultural

Science Zhengzhou 450002 China)

Abstract: This experiment was conducted to investigate the effects of dietary enzymatically treated Artemisia
annua combined with Bacillus licheniformis on the growth performance and cecal microbiota of broilers. A total
of 480 Cobb broilers of one-day-old were randomly divided into 4 groups with 6 replicates per group and 20
broilers per replicate. Broilers in the control group were fed a basal diet and those in the antibiotic group trial
group | and trial group Il were fed the basal diets supplemented with 20 mg/kg antibiotics ( a kind of virgin—
iamycin premix) 1 g/kg enzymatically treated Artemisia annua and 1 g/kg enzymatically treated Artemisia
annua+200 mg/kg Bacillus licheniformis respectively. The experiment lasted for 42 days. The results showed
as follows: 1) compared with the control group the average daily weight gain of broilers in the trial group Il
was significantly increased ( P<0.05) and which in the antibiotic group and trial group I was increased by
5.18% and 7.49% ( P>0.05) respectively; the final body weight of broilers in the trial group [l was signifi—
cantly increased ( P<0.05) and which in the antibiotic group and trial group [ was increased by 6.94% and
6.94% ( P>0.05) respectively. There was no significant difference in average daily feed intake and the ratio
of feed to gain among all groups ( P>0.05) . 2) The alpha diversity analysis in cecal microbiota of broilers
found that the cecal microbiota diversity in the antibiotic group and both trial groups were significantly im-
proved ( P<0.05) . The composition analysis in cecal microbiota of broilers in all 4 groups found that at the
phylum level the dominant microbial phyla were mainly Firmicutes Bacteroidetes and Tenericutes. Compared
with the control group the Firmicutes relative abundance in the antibiotic group and both trial groups was sig—
nificantly increased ( P<0.05) and the Bacteroidetes relative abundance in the trial group [ and trial group Il
was significantly decreased ( P<0.05) . At the genus level compared with the control group the Bacteroides
relative abundance in the antibiotic group and both trial groups was significantly reduced ( P<0.05) the Fae—
calibacterium relative abundance in the trial group [ and trial group Il was significantly increased ( P<0.05)

and the Ruminococcaceae_UCG-014 relative abundance in the trial group [l was significantly increased ( P<
0.05) . It is concluded that enzymatically treated Artemisia annua has the potential of antibiotic substitutes in
broiler diets. The addition of enzymatically treated Ariemisia annua to the diet alone has a tendency to improve
the performance of broilers. Enzymatically treated Artemisia annua combined with Bacillus licheniformis can
improve the growth performance of broilers by improving the structure of cecal microbiota increasing the rich-
ness and diversity of intestinal microbiota and increasing the relative abundance ratio of Firmicutes to Bacte—

roides. Chinese Journal of Animal Nutrition 2021 33(7)

Key words: enzymatically treated Artemisia annua; Bacillus licheniformis; broilers; growth performance; in—

testinal microbiota
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