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Effects of Bacillus licheniformis HDTN on growth
performance and intestinal flora of ‘817’ broilers
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Abstract: The proposal of ban on antibiotics in feed is a turning point for the animal
husbandry, marking that the feed industry and animal husbandry have entered a new stage of
transformation and upgrading. [Objective] To investigate the effects of adding Bacillus
licheniformis HDTN to feed on the growth performance and intestinal flora of ‘817’ broilers.
[Methods] B. licheniformis HDTN powder (7.0x10' CFU/g) was added to the feed for ‘817
broilers. The effects of high-, medium-, and low-dose (1 000, 500, and 250 g/t) bacterial
addition on the growth performance, serum biochemical indexes, intestinal morphology, and
intestinal flora structure of the ‘817 broilers during 1-56 days were studied, with the group
without bacterial addition as the control. [Results] Compared with the control group, the
addition of low-dose B. licheniformis HDTN increased the average body weight by 105.47 g
(P<0.01) and reduced the feed-to-weight ratio by 0.25 (P<0.05) during days 1-35. The
antioxidant indexes in the broiler serum were positively correlated with the dose of HDTN,
which reduced oxidative stress in broilers. The content of malondialdehyde was negatively
correlated with the dose of HDTN, which suggested that HDTN reduced cellular damage in
broilers. The ratio of villus height to crypt depth in the duodenum of the low-dose group was
higher than that of the control group (P<0.01). In addition, compared with the control group,
medium-dose (P<0.01) and low-dose (P<0.05) groups showed increased relative abundance of
Firmicutes, and the medium-dose group showed increased relative abundance of Bacteroides
(P<0.05). [Conclusion] Addition of low-dose B. licheniformis HDTN for ‘817’ broilers can
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improve the growth performance, reduce the feed-to-weight ratio, improve the intestinal

morphology, and accelerate the assembly of intestinal flora during days 1-35.
Keywords: Bacillus licheniformisHDTN; ‘817’ broiler; growth performance; intestinal flora
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Table 1 ‘817’ broilers base diet formulation and
nutrient levels
Items 1-21d 21-56d
Ingredients
Corn (%) 64.00 64.00
Soybean meal (%) 27.00 28.00
Fishmeal (%) 5.00 2.00
Premix (%) 5.00 5.00
Nutritional levels
Crude protein (%) 21.00 19.00
Metabolic energy (kcal’kg) 2 900 3 000
Lysine (%) 1.36 1.25
Methionine (%) 0.44 0.40
Total Ca (%) 1.00 0.90
Available P (%) 0.45 0.40

The premix provided the following per kg of diets: V, 9 600
IU, VD3 2 700 1U, VE 36 mg, VK 33 mg, VBl 3 mg, ng 10.5
mg, Ve 2 mg, Vg, 0.03 mg, folic acid 1.5 mg, niacinamide
60 mg, p-calcium pantothenate 18 mg, o-biotin 0.25 mg, iron
80 mg, copper 8 mg, manganese 80 mg, zinc 60 mg, iodine
0.35 mg, selenium 0.15 mg.

1.3 Rt

VEHUHEM: 1 H % 817 XS 400 H, A1A%iE i
5T 3 dJa, SEHUARE TC 3% 22 F 0118 384 1,
BEMLA G 4 4, B4 6 ~HE, BIEL 16 B
PN, a6 R A 56 d (A3 3 o R Y
3d), REEITE 2 iR,
1.4 EAFER

I JE I 4 FE 56 d, 3 AMBIERDE L POK IR
A, WA HEREYOK, B H R,
HE—IK. BRICERE R, BHRFTHRE, i
AR L,

x2 WEHAK HDTN RME

Table 2 Test groups and HDTN addition levels
HDTN (7.0x10'° CFU/g)
Basic diet+1 000 g/t HDTN
Basic diet+500 g/t HDTN
Basic diet+250 g/t HDTN
Basic diet+0 g/t HDTN

Group

High-dose group
Middle-dose group
Low-dose group

Control group

<l actamicro@im.ac.cn, & 010-64807516
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MDA).
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338F (5'-ACTCCTACGGGAGGCAGCAG-3") il
J% 171514 806R (5'-GGACTACHVGGGTWTCTA
AT-3"), f#i[f] GeneAmp 9700 PCR {¥(Applied
Biosystems)¥ M 4114 16S rRNA KE[H V3-V4 &
AR[X . K PCR 4§37 ¥ QuantiFluor™-ST #
YR GEH TR E . . MiSeq I EHL
M, FA Qiime (version 1.8, http://qiime.org)
- 5 #E17 #:4E 43 28 B JT (operational  taxonomic
unit, OTU)R MY FiF B, #FH Qiime A
(version 1.9.1)i1%4 Shannon. Simpson. ACE
TBE K B 2 (beta diversity)ir b, ABFFE
PR IR IR 1 E . F A NCBI [ Sequence
Read Archive (SRA) ¥ #& % , % % 5 H
PRINA1056289,
1.7 BiEALIE

R0 £ F Excel 2020 $ PR 7] 25 40 21
J& , 1 SPSS26.0 B AF kAT ST #r, MM T 22
/7 #T (analysis of variance, ANOVA), /)&
72 571 (least significant difference, LSD)i17
50 E R KA Duncan 2 HeE, IRAIG 4G
DL 247 {H 45 7 22 (meantSD) % /8 . S SPSS

%3 HDTN % 817 A4 F= {4 AU 520

26.0 FAFHATHEAT 50 M, FI DB S A G O3
Br XF A2 i E AT M G M L AR B Sig H K
Spearman A & R E .

16S rRNA JE [Nl Jr 45 il T R #K A
(version 2.15.3)i#4T o, B Z M FEEAL R 2% 5557
Mro 8 R &K (version 2.15.3)%f £ 432K F T
P4 [B) 25 SR aEA T R, *3ROR P<0.05;5 **
TN P<0.01; ***3R/K P<0.001; **** LI
P<0.000 1,

2 ZERE54

2.1 HDTN %f 817 XS4 = gERIS2 M

TR TR IS IR [R] 59 i HDTN X 817 IS
KAYEfE g RN 3 s, 4500, F5)
o AU Ak AR IR AT (1-35 d)
B4 A B FEAR T 031 (P<0.01) . 0.25
(P<0.01), i B 4T (1-56 d) 7] 20k} & g
RFILABAL; 35 HidhRladl . (IR gl 5%
HEZHAH L3 R 22 (R B o, e s T
111.73 g (P<0.01). 105.47 g (P<0.01), F WG
HDTN A] LA 817 PR K EfE,

Table 3 Effect of HDTN on the production performance of ‘817’ broilers

Items High-dose group Middle-dose group Low-dose group Control group
ABW (g) 7d 68.74+2.35 69.50+7.76 72.56+5.41 66.89+7.39
21d 283.16+5.46Aa 279.02+7.10Aa 276.61+8.49ABa 265.60+7.52Bb
35d 722.35+45.25B 817.19+33.08A 810.93+30.20A 705.46+32.07B
56d 1 411.05+42.95Bb 1 496.16+27.21ABa 1 545.35+70.79Aa 1 538.38+56.03Aa
ADG (g) 1-35d 19.65+1.30B 22.38+0.95A 22.20+0.85A 19.18+0.89B
1-56d 24.58+0.78BCb 26.11+0.48Ba 26.99+1.26ABa 26.86+1.00ABa
F/G 1-35d 1.7240.16Aa 1.53+0.07B 1.59+0.90Bb 1.84+0.07Aa
1-56d 2.21+0.08 2.17+0.08 2.15+0.10 2.22+0.10

Data in the table are means+SD; Different lowercase letters in the same row indicate significant differences (P<0.05), and
different capital letters indicate highly significant differences (P<0.01).
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Table 4 Effect of HDTN on serum antioxidant indexes of 35-day-old ‘817 broilers and its correlation analysis

Items High-dose group Middle-dose group Low-dose group Control group  Sig Spearman p
T-AOC (U/mL) 4.67+0.42Aa 3.64+0.39Ba 3.03+£0.67BCb 2.61+0.51Cb <0.001 0.82

SOD (nmol/mL) 22.2140.51A 20.36+0.56B 18.60+0.85C 15.49+1.19D <0.001 0.96

GSH (U/mL) 47.22+5.54Aa 39.24+£5.21ABb 34.02+5.88Bb 20.49+£5.65Ca <0.001 0.89

CAT (U/mL) 28.454+3.39Aa 20.2142.72Bb 12.64+1.71Ca 9.4+2.41Cb <0.001 0.94

MDA (nmol/mL) 5.77£1.17D 8.46+0.97C 11.92+1.44B 18.97+1.98A <0.001 -0.97

Data in the table are means+standard deviation; Different lowercase letters in the same row indicate significant differences
(P<0.05), and different capital letters indicate highly significant differences (P<0.01).

#*5 HDTN %I 35 Hii? 817 ISR ERERSHIZM
Table 5 Effect of HDTN on the morphology of intestinal villi in 35-day-old ‘817’ broilers
Items High-dose group

Middle-dose group Low-dose group Control group

Duodenum (pm) VH 1 458.40+189.49 1 355.11+150.57 1 386.46+144.39 1271.4+169.77

CD 184.89+22.31ABa 185.82+29.80ABa 140.21£15.57Ab 181.71+36.87Ba
VH/CD 7.99+1.48AB 7.53+2.05AB 9.14+0.75A 6.44+2.27B
Jejunum (um) VH 980.75+152.79 1 118.47+£76.12 1 124.71£102.02 1 193.17+155.01
CD 170.66+25.56 125.34+13.50 188.89+37.99 160.84+30.69
VH/CD 5.75+0.45 8.54+1.87 6.11+1.17 7.61+1.77
Ileum (pum) VH 859.64+22.32 817.67+81.38 900.66+82.43 816.66+85.79
CD 145.14+27.81 149.87+22.81 155.45+23.40 166.62+24.21
VH/CD 6.09+1.10 5.45+1.07 5.91£1.12 5.03+1.01

Data in the table are means+standard deviation; Different lowercase letters in the same row indicate significant differences
(P<0.05), and different capital letters indicate highly significant differences (P<0.01).
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Figure 1 Dilution curve of 35-day-old cecal flora.
A: High-dose group; B: Middle-dose group; C:
Low-dose group; D: Control group.
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Figure 5 Effect of HDTN on the intestinal flora composition of broiler chickens at the phylum level. A:
Distribution of phyla in the top 6 relative abundance of cecum contents. B: Statistical results of phyla in the top
5 relative abundance. The symbol “*” indicates a statistical difference (P<0.05), and the symbol “**” indicates

a significant difference (P<0.01).
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