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4 I R S AR B R 9 P O B A MR T B A
GEEELAT

BARES LERN KAAT BT TET KA MR
1 BT RGP SHE RS =/ B 650500

2 AMEERE YA Z R AR TR =8 B 650500

3 B ZIEAEYRBERMARAR =8 B 650500

B OE [ FF) AR MEELA RIF 2o 5, A 2ERIAE T A —F4HRImF
FR T &% &M ARFTRG st km. [B 6] vl f 3 QA4 R £, o3RI AR
fi Bl 5 A AR P AE L R R R AR B XT B B M 1 AE 09 % vh B AR S A AR R AR e ) 64 L R BBt
[75]) vA 3 B R a3 W A48 R %, ERAER LR b2k 5% 8 TSPphg Fo H 1K
# f# B MMPphg k4549 2674 A AR 2 M B4 77 (200 mg/kg)5 50 pg/g 92 FE 67, 2R 4T
PR T8 AR F ARG H AR 28 d BT @ H WA ARG AT 5B BN, AL A IS B AT
WiB AR S AR A B AR 10t F L, Br&ammi 5amn £5%, FAIHBEEIZAM
Bag it —dr. [4R]) AR EAREGEEF LT T HF G P Q8 ME AR — A,
HAR T M F B AR £ 2 5 2 4545, % E Shannon 384k 5 = G A LA LS E £ F(P<0.05). £
HEBF, AoRRAREMEEARRTEEEAf T a4, DA MANFELAT 2F LI,
W A ARt R A T BE THR(P<0.05). R, £EKFL, EAFHEMMATFEERET
BE LA, REAAE BT FELET BETHEP<0.05), X—4HE 2 HBERRAE LT SR
REBHBEHBRTAALLEN, EAATREMENMEE. b, FRIASE G KL GEELLA T
e EZMATGH, TR A (Catalase, CAT)F=A A ALy % L BE(Superoxide Dismutase, SOD)#
W EAET BF EAP<0.05). (4] 2AREBIREBA MK EZTOMEAR, RAZTEMER
B AE SHEBRBRZVARLIE D, WERAREBBELRAAEFTLRN T EERMLELABIFHAT X,
{AfFH—FHR.
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Effects of complex phage lysin on growth performance, organ
index and major antioxidant enzyme activities in white
feather broilers
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ZHANG Qilin""* LIN Lianbing '~

1 Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming,
Yunnan 650500, China
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3 Kunming Sanzheng Biotechnology Group, Kunming, Yunnan 650500, China

Abstract: [Background] Phage lysin has good safety and antibacterial properties, and is expected to
replace antibiotics as a feed additive to improve the intestinal flora of livestock and poultry and prevent
animal diseases. [Objective] White feather broilers were fed with complex phage lyase and antibiotic
preparations to evaluate the effect of phage lysin on the intestinal flora of livestock and poultry and its
application potential as an alternative feed additive. [Methods] Three-day-old healthy white feather
broilers were fed, and the basic diet was supplemented with (200 mg/kg) complex phage lysin prepared
from Thermus bacteriophage lysin (TSPphg) and Subthermus bacteriophage lysin (MMPphg) the lysin
preparation and the 50 ug/g chlortetracycline preparation were respectively compared for feeding
management. The high-throughput sequencing on the intestinal flora of white feather broilers at 28 days
using the third-generation high-throughput sequencing technology, With the help of bioinformatics
analysis of intestinal flora diversity and the relative abundance of dominant flora (top ten relative
abundance), reveal the differences between and within each group, and further compare the liver oxidase
activities. [Results] Complex phage lysin and chlortetracycline preparation had a certain effect on the
intestinal flora of white feather broilers, both of which decreased the abundance and diversity of intestinal
flora, and the Shannon index was significantly different compared with the blank group (P<0.05). In the
dominant intestinal bacteria, Bacteroidetes significantly increased and Firmicutes significantly decreased
in the complex phage lysin group compared with chlortetracycline group and blank group (£<0.05). At the
same time, at the genus level, the relative abundance of Faecalibacterium increased significantly, while the
relative abundance of Helicobacter decreased significantly (P<0.05), this trend was similar to that of most
alternative antibiotic products after feeding poultry intestinal flora, which was more conducive to the
health of poultry intestines. In addition, compared with chlortetracycline group and blank group, the
activities of catalase (CAT) and superoxide dismutase (SOD) in complex phage lysin group were
significantly increased go up (P<0.05). [Conclusion] Phage lysin can effectively improve the intestinal
flora of livestock and poultry, promote the micro-ecological health of the intestinal livestock and poultry
and improve the immunity of the body. It has a good prospect to replace antibiotics with phage lysin in
livestock and poultry breeding and is worth further study.

Keywords: phage lysin, white feather broiler, antibiotic replacement, intestinal flora, antioxidant enzyme
activity
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SERIB AR A TS A A TR 53 B AR [R5
28 T HES 5 AT B e A5 B HLAT O Ak D BE 4B AL ik
A, SeSsin A AT S BRSO I, LS
FLBTAE ZEM LT A0 B AN 5 P T 25 B0 [
B, 1 Z W0 S P AR i AT R A e Atk
SSRGS B R — 1, BRAS MR K—Fh sl Z Fh
AT, T L 22 500 D A SR A 0T 22 . B 4 1 P 41
RORMEAL T HE 22 R ), tedh, R e
i A F i 32 100 w8 B — e HL A R R 5 B ) )
X IE B B REA S A R T I, W
TR 2 it 1t T 1 Ry B AT A 25 A D At D T 245
()L, IR I 25 0t sh ¥ i i TR RS, L
A AT R Y BE

SN TE W RERRR N 1 21058 LR A, 7E TS
TR S | AERE R bR b L B S T TR
HEEEAAA!, WY EEESE
[ AL Bh AT, 2 A 32 B IR B 2 S 30
Yy i 1 TR AT 5 | &1 22 PR L R 2 H
HIPTAE IG5, 2h W7 A s i 23 Kt il
FPTA R 259, X AU EBER T sh P i W iE s i
S, B T2 g RN i, i
ARG Z/NRE KB/ BB A ERTA B F
P FLERFF I 55 A0 25 P R S 25 0, T 1 8k I
SRR, SR EEBLRY, A, i
H i A AR IR BE I el AR e 2 g | ke S e A A
Yk HEARE, T LRSS B B AR, i an B 8o
YR ZJCHEHERFN Toll AZAKZ 1A S 1 g 1 it
T {55 0 B 55, v RS M | I & e S B
ez & A= R, 7E 2020 4E 4R H B AR
A Ak sy ol FH %) DGR A5, AN SR B 2
PrAERBNN BN %F B AR ERENE &Y
SRS GIRENAW W I b Al Al e

FSPIAAS3RE B 1979 4B E PG R 8, BA
ERISTYERV NI S R S G NS A B Y s id e
S, ERRE RSN R B EE AL, TR
— PR R &R H T, SRR
Jonge) B A i B A R LA R A RS A TR

A B R | SRR FOA )y kAU
B EE VP R AGAE R s A iy, ZERT AR
M23 F ik 547 TSPphg Al MMPphg Xif 22 Fl 4 I |
X VR B0 B A B % RSCR RN il 25 =2 A
TRV 2 A T R A Ry U0 s A RS Y
B Wik TR AR R Ao A M VR e R AR AR A RA I A
TR P XS, PEA X B 3 A R I B 4Rk
g ME g sZ e, JFE L A R T R,
AT I S 52 A 0 D R 2 g 1) 22 4k S L g
RItAER N TE RN T,

1 RSk
1.1 SEI#H

3 HEE PR ET . JCUS I R A LAl H AR (R
TR )., FHGERER, R =EAYRH
(B A RS Al $E 4t & DNA il 2150 &
(TIANamp Stool DNA Kit), KARAYHAN w5 fiF
BT A AL S AR & b B AR A IR A R
3wl PCR X, oM HBHE A AR K F
BIOML, IR UKL, desTios
— YR IR A AR RS B R, b
M TER AR A PR A A
1.2 SEEWEEKRRERH FIAH &

O 5 W A A SR e T 50 ) i 4 R < 0 A
WA TSPphg F1 MMPphg PR 5208 TR 68,
i T I R TR TR B R B 9 (3538 °C
100-300 r/min) 10—12 h, A3 B TR 5 1949
HIkE] ODgoo N 30-35 Ji, FIAFLME AT
5-6 h, REREGFREL, [ETWERRLE hh v i d R i
T30 B A3 MERE, K12 1.000—1 100 bar, YA
PEWIFT 12 000 r/min B.0> 10 min, W& B It
WS, TETCH AT ¥ A 2 TSPpgh 1Y biF
W, ZFEEF MMPpgh 1 135 W5 38 B R 5
PAFVE AR R 52 G0, B TR T R
HARE 3 R AL S 25 30k [22], A WE IR
it 1500 = R A e R R A R B TR
FEHLETA &
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x1 EfBARARREFRKTE

Table 1 Composition and nutrient levels of the basal diet
SE| 0-14 H i 15-28 Hi#
Items 0—14 days old  15-28 days old
HRALR
Diets composition (%)

(WIS 57.72 63.16
High quality maize
5k Soybean meal 24.70 20.28
AN 3.00 2.92
Cotton seed meal
H K 5.00 5.00
Albumen powder
R %45 CaHPO, 1.30 1.14
IE ) Feather powder 0 1.00
1K} Limestone 1.38 1.30
/N ¥} Wheat bran 3.00 0
YA Grease 1.85 3.50
PR A} * Premix” 2.15 1.90
BT Total 100 100
HFAT- b
Nutrition level® (%)
(v 12.26 12.94
Metabolizable energy
HLE M CP 221.26 20.04
HAR; CF 4.42 6.11
5 Ca 1.05 0.95
AL TP 0.68 0.63
TR Lys 1.26 1.16
HAMR Met 0.50 1.15

TE: a: TURA M T EMHRSA: 442 A1500 Lu,
4 E Bl 1.8 mg, 4K B23.6 mg, 4% B63.5mg, 4
H£E B120.01 mg, 4E4=% D3 200 IU, 44K E 10 mg, 4
AZFE K0.5mg; 2R 10 mg, MR 35 mg, MR 0.55mg, 4
W 0.15 mg, AHE 1 300 mg; % 60 mg, 4¥ 40 mg, £k 80 mg,
#il 8 mg, WL 0.35mg, fifi 0.15 mg, b: HHE

Note: a: The premix contains: 1 500 IU of vitamin A, 1.8 mg of
vitamin B1, 3.6 mg of vitamin B2, 3.5 mg of vitamin B6, 0.01 mg
of vitamin B12, 200 IU of vitamin D3, 10 mg of vitamin E,
0.5 mg of vitamin K; 10 mg of pantothenic acid, 35 mg of
nicotinic acid, 0.55 mg of folic acid, 0.15 mg of biotin, 1 300 mg
of choline; 60 mg of manganese, 40 mg of zinc, 80 mg of iron,
8 mg of copper and iodine 35 mg, Se 0.15 mg. b: Calculated value

1.3 {ARECH S R T

I 3 AT (1) SRR HREH A N
CHE); (2) At H R H % 50 ppm TNINAHSEE
il 77 (R ] = IR A W (B DA IR ml R R TR R

M S, 448 CKBY; (3) LAl HR RN
200 mg/kg E A WE AR R MR AR . d 4K
LYS200, S mE & EK . R R
JE, FEULUHRFE T RERS AT AR T T P RS Rk L
1.58+0.04 , IfiL 37 H %) 76 484k 7 1B 4K i (Superoxide
Dismutase, SOD), 2Bt H ki 4L ¥ (Glutathione
Peroxidase, GSH-Px). if %A 1k & W (Catalase,
CAT) & & &, 0 %l 41.52+1.45 U/mL .
217.63+7.29 U/mL. 128.36+6.53U/mL. Frf HH
P S R SR RN EL ], AR H RS> 0-14 d A0
15-28 d 3% 2 IR, FFRBRIEN E NRC (1998)7
e AR R B FE N (2018) PSR LU
R 2H 5 500 G IS DR A AR B BT R A 4
o w5534, MBI 63 H 3 H il
PIRSERASM, BE3AEL, EEHEEN
21 H, 434 CHE, CKB 5 LYS200 X 3 I~ 47
fme, i CHE A= 14l. CKB AXf R4,
LYS200 Jys56 2, LA 28 d fa iy — A~k 6 5 45
Fe BCSCER 251 I S bnifE, BIRTR, Bk,
A HEREFTOK
1.4 DNA fZEUFA PCR #718

TR 29 d B, BN 54145 HL S HEPIRRG,
FIFH Tk R R AL AT 1), K RIS E
JHEBCE, HBE 5.0 mL ICHE L&, i
TCWR K RS Wk 3 2B i 18 2 Tl A W B o
JFi. J DNA 4424 Fl TIANamp Stool DNA Kit,
FeRE P U AR T DAREUS B 5 DNA
Rt , SRAEHS14) 338F (5-ACTCCTACGGGA
GGCAGCAG-3") #l 806R (5-GGACTACHVGGG
TWTCTAAT-3") PCR ¥ &+ 16S rRNA KL [H
() V3-V4 XJF5], PCR W AR ZR K 4 F5 165
BR[26]132E4T . PCR 93 7 W) 28 2% N W B e v UK
Kol )5, {8 AxyPrepDNA BERR [BHGR T &6 H
b B BEUIE I, A QuantiFluor™-ST i £4,5¢
TG i RGNS PCR WA TR o i, JFAR AR 45
T ARG . J5%E HiSeq SURM TS
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WEWF . 8, HEEEEYRE AR E
AR A SR
1.5 MEHIELES S H

FHF Tlumina HiSeq P71 575 21 i 45 K& E
S, 2SR (Base Calling) 435 5% 46 A J5E
A0 7 7 %) (Sequenced Reads), #5311 FASTQ (fAi
FRA fq) SCOEMs RAF6E T 50 00 5 48
FLASH V1.2.7 842, @it Overlap %3454~ bl
] Reads #ATHHHE, 1SRIMPHETFHIRDELG Tags
(Raw Tags)%(¥s; #HF]H Trimmomatic V0.33 &
PP BEEI5 3 Raw Tags #EA7T30 08, 1535 5
15 ) Tags §0dE (Clean Tags); fx/a EFbEim Ak, f#
il UCHIME V4.2 #4FP0% 52 I E- LBk A 1791
15 3 B 2 19 A OB (Bffective Tags)o i 2204
T HBE = EHTHMED Z e, 153
FEAR) o ZFE. B 2R RSN IKTF: R
(Kingdom) . [](Phylum), #Z{(Class). H (Order).
Bl (Family). J&(Genus). F(Species).
1.6  BTRE3L A 1L BEE AT

e 29 d B, B H&S 5 HEHR
X, fEFICEITIE, A S K B IR A e
% 4°C, 3000 r/min .0 5min, W& FIER. IR
LB IR SRR T 37 cCREREAT
PRt i P A O %) O ) P A R E K TE
UV-8000ST 73566 BE VT T 4G I, ) 5 it 13 44 ok
AFERL T R 3 0, BT AT 3 RN . Hidr, 4%
JBEH IR (GSH-Px) A6 PE I E R ] DTNB 33 A [

F2 o ZHMEHY
Table 2 Alpha diversity indexes

ks, Ve RS BA IR R A e H K (G SH) A
BR & (DTNB 3R M gl oy i 47 4
b S I T I SR B8 A, R R S B
A AL U (CAT) A 500 0 (55 A0k ) Bl O i f
11; HAALY LG (SOD)IE P 1 & % Fl NBT
R ek, BE RS ISR A ks kil
(SOD)K A ] £ (NBT 4% #% 25 Hb (4.3 (i FH 7 v
HEAT
1.7 BUEHH

A i Ag B R A 3 WA E
52, DIl bR 2 (SD) T R B, 4B
¥R Excel 2010 470125 % 3504, ] IBM
SPSS 22.0 Gt M 1T FRMEN 2 &
4% ] Duncan Gt pEATRY, 83525 S K F
E N P<0.05,

2 HR54H
2.1 o BHEEMESH

2 2 AT, & dUREAS A 30T 5 5
65 505—69 202 G [FEN, EA XA RUT 5
HH, KA R HE 5 (Coverage)WFE 0.999
DL, R P45 R O A 56 I P A4S, T HL4%
ST FEARZI OTU A AfF AR 25
(P>0.05), 43#t CKB, LYS200 215 CHE 41z [a] )
ACE. Chaol. Shannon, Simpson ZF:PEFE%L, &
B CKB. LYS200 41 o ZHEPEFEEUYKT CHE,
H:Ar CKB H1 LY S200 41 ) Shannon 5 CHE 21 2 [1]

15 H Items CHE

CKB LYS200

H#F 5 Valid sequence

408 H OTU number 342+4

ACE 8% ACE index 348.92+4.77
Chaol #5%% Chaol index 356.21+4.09
Shannon #5%% Shannon index 3.724+0.08
Simpson #5%4 Simpson index 0.87+0.05

7 %% Coverage 0.999

66 833+1 328

66 551+775 68 0031 199

329+7 326+5
340.84+4.66 335.78+10.58
343.09+8.98 340.48+15.69
3.49+0.30%* 3.38+0.35*
0.85+0.01 0.81+0.01
0.999 0.999

H:o*: AEA5% A4(CHE)ZE R B3 (P<0.05)

Note: *: Represents significant difference between with blank group (CHE) (£<0.05)
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FEAE 35 22 57 (P<0.05), R G28 R il 7) A i G i
A 2L i B AE — R AR b AT S B0 B X i 18 T
REMIZARIERE TR, XTH LYS200 415 CKB
HZ A o ZRAEIERULBL, LYS200 411 ACE,
Chaol, Shannon, Simpson ZF:EFEEIIMET CKB
HXFI Y o ZAETESREUEIS AT AR, 1B G T
AR figp il R 45 85 2R T 3R 6T 10 21 PRI XS i T TR 45
I SE M BCRAFAE— E 22 5% o
22 BEHEHMESH

B ZHEAE TR REA SAEAS (Rl AR AT
R, A & NMDS 45 PCoA 543
MrrEA ) B 2R, i NMDS (Stress=0.03)70#r
(B 1A BE, ANEFESL AR 0T, T H A& A4
Y& i 2 [ BRI, RIS Z A 1) il
TR 25 # X 43 B d o 28 3 A bR 43 BT (Principal
Co-Ordinates Analysis, PCoA) ([l 1B)&x ¥, A
AR R SER TR, AHH 5% 5
H Z A B = ARSI A, B =22 1] B AR 22 58
K, R SVERARRRNE S S&E RGN E P A
X6 173 T TR AR 2 AR 6 FRUSE ) ELAFAE A B R 22 57
23 MEEAFHERRRBEFENEEST

X 1 3PT PRI XS i S TR e R A R R S A
] JwmAFrREITE R . Hoh, e 103 onHh,

A NMDS1 vs NMDS2
* CHE
05t CKB
LYS200
I
8 0.0
=
Z
-0.5
0.5 0.0 0.5 1.0

NMDSI (Stress=0.03)

1 RESCIEH#TET NMDS (A)F1 PCoA E(B)

FEXS = B fi s 1Y R IR BE T ] (Firmicutes), HR N
UFFIET J(Bacteroidetes) . ZFIETR] |(Proteobacteria) .
Epsilonbacteraeota . 12 ¥ % ] (Fusobacteria) %5
(181 2A) 0 ARZR 52 55 Wik T A SR A Tl R < 5 2% 11 59
Qb B R 3P PR X i 3 TR R S AR SR, AT
E SOKAE AR EBERT 10 B GERE . 4
Frib4s LYS200 415 CHE 4 [a] A AH X F B 22 5 %
LYS200 415 CKB AHAHIN FE 25, 4iR AN
FHEL CHE 4, LYS200 41 FFisl ], 2]
PP WERET ], BRI w1 e i1
W RET BE FIHP<0.05), TR .
Epsilonbacteraeota, ¥RER 1M R AT 3 TR
(P<0.05); CKB A UUATRI]. WWeR ], Fiek
R ITAL T B3 ETHP<0.05), ZREIT,
Epsilonbacteraeota . WEER [ 1 &4 T 3% T B
(P<0.05), HA[ TR0 R A RIFERE R F IR
R, A LYS200 415 CKB 4R, KK
1. BRAFRT], ST VAR ) R A T R
EFH(P<0.05), JEEERT IFIFFET LA T RET
F%(P<0.05) (3% 3), HAIIZRMITCHA B A1k, 45
B, MR A A SR At il R < 2 2R S X P G
¥ S TR R LA AR S I, 1 G A SR A Tl A 26
A A CMEFR 2 mE ]

B PCoA-PC1 vs PC2
20

PC2-percent variation explained 38.92%
)

e CHE
-10} CKB
LYS200
,20 L
10 0 10 20

PCl-percent variation explained 57.06%

Figure 1 NMDS (A) and PCoA (B) of different processed samples
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m Verrucomicrobia
80
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60 m Actinobacteria
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(=]

m Cyanobacteria

40 m Fusobacteria

o
S
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20 m Proteobacteria

[\
(=]

B Bacteroidetes

0 B Firmicutes
CHE CKB LYS200
Sample

E2 1A, BB)KFFEEFAR

0 CHE LYS200 CKB

m Others

m Acinetobacter

@ Uncultured bacterium f Ruminococcaceae
m Alistipes

o Pseudomonas

m Bacteroides

m Barnesiella

m Helicobacter

m [Ruminococcus|_torques_group
B Faecalibacterium

8 Megamonas

Sample

Figure 2 Composition of intestinal flora at Phyla (A) and Genera (B) level

x3 NYEBTTHNFEER 10 AENEL

Table 3 Changes in relative abundance of top 10 bacteria phylum taxa

Phylum CHE

CKB LYS200

JEREW ] Firmicutes
AT ] Bacteroidetes

I ] Proteobacteria

0.642 5+0.037 0
0.143 4+0.001 5
0.103 9+0.009 8

0.655 1+0.003 1
0.228 5+0.002 7*
0.064 4+0.001 4*

0.565 9+0.003 3*+
0.181 7+0.002 1*+
0.143 24+0.012 1*+

Epsilonbacteraeota

WA B[] Fusobacteria
WEEER ] Cyanobacteria
TR ] Actinobacteria
BREETR ] Tenericutes
FRERIE & 1] Lentisphaerae
PEAT 1] Verrucomicrobia
Others

0.090 5+0.002 7
0

0.002 5+0.000 3
0.005 9+0.000 8
0.010 1+0.001 2
0.000 6+0.000 1
0.000 3+0.000 1
0

0.037 3+0.005 1*
0

0.007 4+0.001 0*
0.004 4+0.000 6
0.001 9+0.000 3*
0.003 6+0.000 1*
0.000 2+0.000 1
0

0.057 6+0.003 2*+
0.026 4+0.002 9*+
0.004 8+0.000 2*+
0.004 2+0.000 4
0.001 0+0.000 1*
0.003 6+0.000 2*+
0.001 2+0.000 0*+
0.000 8+0.000 0

T % KR4S FIUL(CHE) B 22 5(P<0.05); +: B AR (AR AiF4L- 55 4% 2 5 41 .35 22 57 (P<0.05)
Note: *: Represents significant difference between with blank group (CHE) (P<0.05); +: Represents significant difference between
different complex phage lysin group and chlortetracycline preparation group (P<0.05)

TEJE KT b, AR 2 B2 g5 e 00 B PR TR R
(Megamonas) . 24T J& (Faecalibacterium) . ¥ 5
BRI J&8 (Ruminococcus) . W2F1 1 J& (Helicobacter)
(® 2B), L CHE 41, LYS200 ZHHZEMFHE |
Barnesiella, 182 & (Pseudomonas) &= T i 3
b F(P<0.05), WHKRERE . BITFEE .
Uncultured bacterium_f Ruminococcaceae W) & 4
T B T E(P<0.05), 1 CKB A 3EfFiE . 12
¥ 0 J8 BUFF & (Bacteroides) . 75 K & (Alistipes)

KT BFE FIHP<0.05), BRI, FERE
JBEE LT W E FFE(P<0.05), HoAth)E NS PH A
AR T Ml B b, B LYS200 415 CKB 4%
B, BERMRE . BAFE)E . Barnesiella, ¥
WE . AN EE (Acinetobacter) . ZEFF )R . U
PR JE LA T B TR, oAt )E N 5 425 2= 5
TeHI B (ER 4). S5ART: R DAL i N 4
B R A REHEXT 1P A XS 18 TR IS e, R
W22 [RDX6T 1 200 PR XS i 1 AT ) M 45 SRS A ]
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x4 BAEBTTHEIFEER 10 HEAEL

Table 4 Changes in relative abundance of the top10 in genera taxa

Genus CHE

CKB

LYS200

B A R Megamonas 0.227 7+0.009 2
FEATIE )& Faecalibacterium 0.035 2+0.000 5
J&i B BRI J&8 [Ruminococcus) _torques_group 0.115 0+0.019 0

IR H)E Helicobacter 0.087 0£0.003 5
Barnesiella 0.034 1+0.005 2
I8 Bacteroides 0.020 1£0.004 1
TR MR R Pseudomonas 0.041 4+0.004 1
FIKE T 8 Alistipes 0.023 0+0.000 9

0.071 1£0.003 8
0.025 5+£0.010 5
0.319 9+0.003 7

Uncultured bacterium_f Ruminococcaceae
AP B Acinetobacter
Others

0.173 9+0.010 1*
0.202 6+0.010 8*
0.078 6+0.005 4*
0.037 3£0.003 2*
0.024 6+0.002 1
0.074 5£0.005 6*
0.004 3£0.001 8
0.054 9+0.003 9*
0.016 2+0.000 9*
0.016 0+0.000 6
0.324 1+0.001 3

0.220 8+0.001 9+
0.093 3+0.005 2*+
0.088 2+0.002 3*
0.057 6+0.003 0*+
0.106 5+0.005 5*+
0.022 0+0.002 7+
0.062 4+0.001 5
0.029 4+0.003 2+
0.014 0+0.001 5*
0.050 1+0.006 9+
0.257 9+£0.002 6

e % ARS8 (41(CHE) i3 25 54 (P<0.05); +: AW AR5 4 55 250 41 58 2 25 5(P<0.05)
Note: *: Represents significant difference between with blank group (CHE) (P<0.05); +: Represents significant difference between
different complex phage lysin group and chlortetracycline preparation group (P<0.05)

24 EEREAARBEIEXNBIRABAFEE SOD
Lo :pA

PEAG HAR RS N4 2 2= B0 L 52 A W D AR
it ] 790 % 9 5P RO S SOD TG PERRE M, 43 531)
W2 1P PO XS SR 8 SOD Tl MG bR, 5 45 3R
WK 3 s, S LYS200 201 CKB ZHACH5

35¢

30+ l—l'

N
n

20

SOD (U/g-Hb)

CHE CKB

LYS200

3 FRESHEZ B RS SOD EMH R

Figure 3 Comparison of SOD activity in plasma samples
between different groups

T o* ARG S5 (4(CHE) B 22 7 (P<0.05); +: HAWE
P A S R A S 4 B 2R R R 4 B8 25 22 57 (P<0.05)

Note: *: Represents significant difference between with blank
group (CHE) (P<0.05); +: Represents significant difference
between different complex phage lysin group and chlortetracycline
preparation group (P<0.05)

B IMLTRF R 5 25 11 2 (CHE) 2 [7] SOD 1% Y 22 5
B LY S200 ZHHFIEFY SOD §i% ¥ 5 CHE 41 2 [A] 4%
15 52 22 5 (P<0.05), 1fii CKB 21 SOD {4 /b
W, R ETEZERWP>0.05), LA LYS200 45
CKB @ Z A FFIE SOD 161, & PL LYS200 41
F & T CKB 4 AR SOD 1 PE(P<0.05), 453k
B, 52 G Wik T AR Rt il S A R R R YRR TE—
FEEE AR T PP R AR S A9 SOD &, {1
52 W DA R SR A T 11 2P PR RS SR H 9 SOD 1
BERTHER.
25 ESREEAHEBEYH IR BATAE GSH-Px
FEPREI SN

PEAG O s n 4 5 R R 5 A A TR R
§i78 Tt 1) 790 6T P B A S GSH-Px T ME RS20, 43 310
TE PP A RS BT R GSH-Px B9F8FRIE T, X Hegh
WK 4 Fin. HRE LYS200 4181 CKB 41 fiF
JIEFE b 5 25 (141 (CHE) Z 1] GSH-Px {6 MY 25 5%,
KIEME LYS200 4171 CKB 4+ A iFIE GSH-Px
EHEY ST CHE 41(P<0.05). H# LYS200
205 CKB 411 GSH-Px i&1%, & LYS200 4
JHME GSH-Px & 1:BS T CKB 4{H LR 2% 5
(P>0.05). &5 REW, EEWREIKR I MPTAR
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250 ¢
2251
200 ' *
175 ¢
150
125 ¢
100 |

GSH-Px (U/mL)

N
S L O W
T T T

CHE CKB

LYS200

B4 AREHAZ BRI S GSH-Px JE LR
Figure 4 Comparison of GSH-Px activity of plasma
samples between different groups

. *: AR 5% A4(CHE)Z 5t .35 (P<0.05)

Note: *: Represents significant difference between with blank
group (CHE) (P<0.05)

YIREE AT LT 1P RS AR A GSH-Px {4, 1
A2 A W TR A L il 0 4 5 2 M R AR o
26 ESREMAHMBENEIABITE CAT
EigiN:0pA)

PEAL HORR rh s hin 462 25 2% 10 F0 52 G 24 Tl A
XTI PI RS CAT & PERISEIR, 3 5l I 3P A
XGIHIEH CAT fUFEFRTEME: , XTEEES R aniE 5 s,
Xt EE LY'S200 2 Fl CKB 4H A4 FFJIEAE & 55 CHE 412

1751

150 ' *

CAT (U/mL)
N a o o
(e} W () W

[N}
W
T

0

B 5 ARESAZERFIERRT CAT F %K

Figure 5 Comparison of CAT activity in plasma samples
between different groups

" *: AR 575 A4 (CHE)Z 5t .35 (P<0.05)

Note: *: Represents significant difference between with blank
group (CHE) (P<0.05)

(B CAT {EE2E 5, KB LYS200 A1 CKB 41
(P XS I IE CAT 36 % & T CHE 41
(P<0.05). [Aif, He#E LYS200 4HY5 CKB 4H 22 a]
(IFIE CAT 361, &3 LYS200 41 %5 F CKB
H(P<0.05), 45REY], HAEWRFIARFEREFHTA
RIYREHS A AT P RS ER CAT &4, i
526 W D A L1 Tl 1) 2 TR 5 4 85 3R A EL AL
R
3 WitE4R

AR5 8 3k 55 A B AR S i TR A Y
iR 2 A A B R R A2 5 2 A =Z A B 1
PR IEFAE 16S rRNA KK 41 HEF 7 i 1
W, AT —Hm B EdE , RIE T T
E LS AT B AT EEE . il 24 o FEEOTAL
o] W It AT AR 2R i Tl 5 0 A R RRUS 0 T P RS
EREREFE RS 2R, R A A
il i 5P AE KW T, P A i 1 TR A Y
F & A A T AN FIRREE 0T F . Hor,
P AE 2R ISR A R & &8 5 RE A AR sl W) i 18 T
TERY=F 5 A AR DA 25T Th ik sg P27,
X hiAERA S E AR ARG FEES
ZRME, R E Z 1T 3 2 5 (P>0.05),
MH o fEHHER/N, X—4501L KM, EaE
AR 2Lk g BT A= 287 SO 10 PR VS i 3 R R S AT
—ERRBERYSE , 4 BEREAR P A XS 7 18 B Y
FEEMEZHEE. FBF, 2 NMDS fl PCoA 434
RIL, FAE AL B 43T, 1 HAS [ BE A A 4
PGS A RE R, RIFERGHE RN S
0 A Wik TR AR 4 T 3R 4 7 J 11 ) TR XS i
iR A T ORE R SR AR . BRI, RTLUE A
B W5 TR I LA RN 4 55 RN & & 1 i 1B TR s i
B — 22 5% T {E B A AN ]

V3 T A 0 2 B LR B E B A B 4, 44
B I H A PR U RE RCE SR T A AR R
W B2 A ST e LRl H OB ERE B2 SIS N 2
B Wk TR A 2R e il R 45 5 2R TR ) MR P A
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HpERBEE 102K b, BERERTT . UM E
1 2B BT TR AR R S e =, JUHRREE
FIRUAFBE ) o by, e 45 R S DAAE KR
O L AR BE AU AT 5T 25 AR LS
T, R M AR 2R AR S 0 2 RS TR TR T A
Epsilonbacteraeota WIAIXSFJE, M8+
FEN 2 K B BT, X AR AR SR
il AR A — B, SR, TR PR A G I TR A2
i i FS AT TR T TR ARG R BE R AR T BTt JRRETE )
PR 8 kA T R R, X — 35 H A ER /3 4G
P E AR R &R HFETCT, EEEEN
&, FEARJEREGE A AR X 3 B sl 4R T R
(ARG 32 E 25 R T 3 & 1 s AU AL RE 1A AL
$ETr, DIMEBFE R BEREGT T /AU 1) He 9 5
Wit KPP A B T s & &
(AT R A B Rg D AR . IR, AT DA & B AR
R G RIAA G RA TREEEN
e SRR T, UGEE &R IRE . Itk
Gh, FNE GUERARRRR S, DUERERE ] E
8 22 QPR PE A X F B A T R TR, L
AT TR T FIRRAT TR T D55 Sy 3 19 2% T IS A R X
FREW AT BFE BT, X851 5 ErH A
TR AR 22 e ity A0 ) 5 % PG PH P TR RO B0 T 8 24 [
BA P B 3% SR AR [ 2022 AT AL, ] R A e o A
fiff Tl F1AT0 AR 2R 5 SRS 52 M 11 3P A Al 1 TR
7T LI B R S e 55 At A 4707 il 52 e R B A A
I, HdA B MR R RCR
TEJB 5y 2K, 10 LS T & i AR X 3=
X A2 g TR A 238 ot T AL A MR 1 SR RS R A T S
S o A — BB AT 32 BE A A R ) 4 o A
Yrrehge i A T, EH AR AR 2R S 1
Bl . RAER A EB VI, ZEFF B A 2013 4F
B FNGE RE B ZE M th i R AR 3], R I FE
P B SATRRE , X N ARE & AR TR AR YT
VRSO, 2 Fip T DR IR 050 ) 2 AT 5 R 2K R
We) I RIESE A R R L, AR SR T iR IE T DL A

TR A 22 figp AR Ry TG0 TRk A o ) M 5P RS
XEEMF R B B, S5 R BN, WREER
il 00 J5 B 3 PN 2 A TR T AR B R AR T i B
Th, R R HITESAE A A Ty T 4 191 B A
BT EIVE . BRI G 25 R R 5 P A
TE DA A AT O R R T A I T R S g Ak
LY SRIUR EDCIE S B w1 Ll N (R = AT S
PR AR B AE & S LA R 7 1 S PiE R HAH
U . RIS, Barnesiella T &S TEAEN7E M
SE T ELA TR R R o e MY, FERE AR A
W B P 2L it 18 )5 191 P A XS 75 38 N Barnesiella 1A
XA T BEN N, BB SR p AR
e APUE RN T &E YK . AW F
HA RIFEYOE 1. 1A, 98 5B K R 78 B
YR Iy R EEAEM, HA R Wik se
iR B T N £ 4 R R A A R B B
J& . 3 B JE TR iz 18 Hh ) AR ) o ) RE I A
W, AR )2 TR ) 18 R 0 P
bRz — o WRHAF IR XS 18 N 3 A T
TX S TR AR XS = JBE 1 AR AV PT 20 PR X8 B8 i 1 AR A 1Y
SR, DA T R A M A W A A A AL
Bt 7 — @ FREE 84k, 150 Y g T 1K S e A
S IEHUEERR AR P RS, X T AGE E
B 1 B W U S B AR A B RS A
HEMAER

Wt P 4% 224 A il R0 B A= 2 RE A A O
MCRE R ID TR, 7 A 00 400 GRS M AT Bl TR R
SIAS [ T WA 22 50 AR5 v B R P 1Y) 5 5 e 7R
AL figt g 590 b 5 2 v A IR 247 i (TSPphg
1 MMPphg), H:H TSPphg (175 3 B F1 MMPphg
118 F 05 A WA AT E TCo (PR =2 IREAME
i T R POV AT A TGTY, L 1)
2% 2 A B BR 1 (Staphylococcus epidermidis). 4
(0,4 2% BR 18 (Staphylococcus aureus) R FEVR ]
[RE(S. paratyphi B). iGiZF A #(B. subtilis) .
2% [ B BR 1 (Staphylococcus epidermidis)&s
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(TSPpgh) M KM T R (Escherichia coli) . 48547
%) BR B (Staphylococcus  aureus) . 17 FEVH 7] R
(Salmonella ser. Typhi) . i & B K 7 (Shigella
dysenteriae) | fili ¢ 7¢ 5 1AW (Klebsiella pneumoniae)
A (MMPphg) 43t B I 9 & B AE HLAM T
T P 91 L PR O o = I P TR 1) A O R e T
2 FR B B PO b A A3 A I T A SR A 1 4
PRI 5 1 TE R RE AR AL, 45 SR R IR TR A 2 i
WG RS R ZE AT AR TEREE ], XTI
CHE. LYS200 41 % 3 LYS200 41 JERE B[] (1358
5 W& (B B % J& . Uncultured_bacterium_f
Ruminococcaceae “5)WMIXT FE LA T TR, HE
DU A BAF 55 118 e AT /A 224 i it 1 JEL 400 0 35 3 Bl o T
REXTEERE TR [ A A T 7 A T MR TE . [RIA,
WG EE TR EE TERR
T, TRA R R BB R ], X CHE.
LYS200 41 &3, LYS200 41T B Ja 1) A %t == i
KA T MR FE(P<0.05) , 1X 3 W] I 3 A 28 il
XA 2% PR P R AR R TR T B AR
Ho 14k, 58T Barnesiella J& W25 4k, XFHt CKB.,
LYS200 241 4% ¥, CKB 4l Barnesiella J& A X} F
FERAET FRe, T LYS200 dlrp it 1, i
2SI RS I T 2B R 2 — 2RI Mt
R, FIERT—RIVANE, 822 A
[ A A 2R v Nl X N (9 N R
T Mt T A 25 fip g T 5 22 I PR B UAT IR T T i
Barnesiella A EEGMNE XK. Barnesiella 1E
BRGNS IR B 0 e i E A REHEN, 2R
fR P, TERXRMEOLT , T MR o A R il s s
FITF Barnesiella J&WIHGHH . X — 5045 RAESE T
SR IO IR0 2% G BH M TR 3 2 A 22 R
PR EL AT Ao () A RT3 e, T O TR A 2R il o)
= [ BAPE R EL A Bk R ARG M, H 43
a2 B B R

JH 70 A A il 1 0% e v IR (R 2 A B T 3 B L

PRGBS AR, AT b, IR A
PR S A PR (B Y S, FER ) SOD L
GSH-Px. CAT FiE M IR R A8k I
W, B A WERIAZRERAL S 25 4L L, R Y
SOD. GSH-Px. CAT MiiEM¥ L&A T 8% LIt
(P<0.05), B 1m0 52 5 Wik T 1K SR A 1l = BB A
KT 1P PR XS 1) ST AR A il T 4, PT A 497 1E
H,0, XA B, & & s it THa
EWCHELZMER . A, 525 W oA 2L B 2 1Y)
JIFME SOD . GSH-Px . CAT 7t 5470 A= Z il A L
SOD IEPEFI CAT TGP AF7E 3 25 57, RWIMED
AR IR = & & e ) A — R, X
WP UE S T W P AR SRR T & & e ek
AR S YR 525 W T A 28 e ik 1 55 5 i A=
o BRI R ARG, A L T R R 2 A
MPLEALTE B AL . 25 RUESE, &AW A
i XS 11 20 PR) RS g T R 2 A R B AR HR RO A
ANFIRRBE R SE IR, R R 0 5 5 P R A
[ 1B WA 25 A S R PR AR T . X T
GO A BUE R0, WD AR LR A Y
BB AN B AR —, (A5 A Z R AP
B B 2 AR, T H X TR v
PP ARG PE . 3G 5m E & ey 1 KOs i 1B
AP T AR RN, B
NS SN S B o S (B3 IS 2 = B L N
PR T E O RY L, 5 LA A6 i B R
MR /0N, T Okt T A U R S 2R A Tl A A 2
Hh ) 8% B AR L. SR T L A AF 5T 2 BH N 1 1 2 A il
TE R N R 28 4k DL R v o R 284 i A R B A &
ViR 97 16 3 8 B BRI 5L AT 9 1 2 iy 3K
] TR I L o A B0 2R R A E OGN, F
ili 1 25 AR AR 1 52 G 0 TR 2R A T 0 K & M 1B
PRBE ) B A S R BT 5 6 R () Bt SRR HE bR, X
PR —F A % e r bl R AN
FrEHEHE T BN SHME,
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