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Study on antibiotic resistance of culturable resistant bacteria
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Abstract: Pig manure often carries antibiotics resistance bacteria (ARB) because antibiotics are usually added in
feed. Composting is an effective way to reduce the environmental risk of pig manure returning to the field, but the
characteristics of ARB in pig manure composting products are still unclear. The purpose of this study was to reveal
the species, number, and distribution of ARB in pig manure composting products. In this study, the number,
resistance, and species of resistant bacteria contained in the composting of pig manure and pig manure with
additional chlortetracycline (CTC) were investigated through measures such as plate counting, minimum inhibitory
concentration (MIC) of antibiotic, and 16S rRNA sequencing. Results show that the number of culturable bacteria
in composting process first increased and then decreased, and the number of culturable bacteria in compost was far
less than that in fresh manure samples. Antibiotics residues such as CTC, enrofloxacin ( ENR), erythromycin
(ERY), and sulfamerazine (SMZ) were detected in pig manure samples. At the end of composting, ENR resistant
bacteria in the compost increased slightly, while SMZ, ERY, and CTC resistant bacteria were effectively reduced.
A total of 25 strains of ARB were screened out, and the detection rate for multi-ARB was 20% . Aerobic composting
is effective to reduce the number and types of ARB, but there are still a small number of multi-ARB, which poses
a potential threat to the environment.
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1.1 XIeEEmMKE

S s B R 2 A WA IR I 3R 5, R
B b R 5T SE 50 = i AR T B9 SN INAS [R)0) 4 v
J& 4 B 2R B MG FEHE O 25 SR st A HE AT 7= i, X R4 CK
¥ 1h 4 % & ( chlortetracycline, CTC ) 3% 8 & N
(0.71 +0. 02) mg/kg, P1 2H %) s CTC %% B4 & >
(20.27 £3.01) mg/kg, P2 #4147 #H CTC [I5RE N
(101.35 +7.07 ) mg/kg. SR B4 3E Bz HHENE 7
Gy PR RAT , — 5 BT 4 COKFAIRAT , T il
FRPUAE R BUPELH BE 1 07 18 | 25 W e ) R i AR A 1
SRR 3 55— 2 BT - 20 C kAR TE, T8
FABTAE Z A
1.2 EFENHE

LB f iR E 23 & 10 g BREE RS g BERE$E
B S g NaCl, LIZEIB/KERZ 1 L,pH 37.0, T
121 °C K 20 min, £5 .

LB AR SR HE: & 10 g [REE IR .S g MRk
BN 5 g NaCl, 15 g Bifighn, IZEIRKERZ 1 L,
pH 7.0, F 121 °C K 20 min, £ /1.

UL R L W E T E W R AR
ST PRS0, 0 g 22 FEILIIR B 32 by oK, LAZE TR

KEZZELL, pH #7.0, F10° Pa, 121 C K 1
15 min, £5 .
1.3 WEFARERNT BN

3 590 RS ot R Al BE AL PR IR T V%
FEF-Hi bR 2k P IR TR s, PRI, 420 3 kAl
&, PRAEAT 2 B — AL A IR 20 Ak ) TR 0l 42
F| LB W5 3535 E, T 37 € 220 v/min 55524 h,
i 20% W LB AGE B H, & - 20 CURFEORAFRTF.
1.4 FEFAENITE

BUS g BE SR HMENEAE S B T =Mk, A
45 mLAY) K p PR 7K (0. 85% ) , 76 200 r/min PR35
#fiki% 20 min, 5235 45 RS FE S min, 73 ) 0
I mLAESYE T KA H & 9 mL A 33 oK i
T KRR RER] 1071 ~ 10 7°. BUR A S # B 107

Fon 100 L iR A5 T 3R b, LR B 150 ~
200 > T8 & 9 b e, B E W RERE . AE 3 P AT
37 CTHFRAH P E B 157 36 h.36 h 5P LK
AN S BT A TR
1.5 MWZHHEEITH

IR 51 Jr B B 04 10 ™ W JE A B i 1) 35 50 Tk
ATEEA CTC L i W B Ry 30 pg/mlL i iz Yk
W ( Sulfamerazine , SMZ ) ZX i B4 5 4 10 pwg/mL |
B ivh B ( Enrofloxacin, ENR) & R 8 E N 10 %
mL . 2] 5 & ( Erythromycin, ERY ) 2 i 8 ¥ J&
8 wg/mLIHTHE-i. 5 100 WL X ik 4 Rk
F TR KA ( DHS o) 23 91134 A5 76 45 Fh e
A RBUETAR b VR R BT IR
1.6 DNA 2EU %

i 1 0 0 PR AL SR BB E. 7. N. A @® Soil
DNA Kit( Omega Bio-Tek, USA) , #% B8 H 5 I #: 1,
A NanoDrop 8000 & £ 43 ) Ot & 31 ( NanoDrop
Technologies , Germany ) | 52 DNA ¥« & F1 4 . DNA
T =20 CokFEIRAE .

1.7 MERZHEREENE MIC &

S HY 20 & 2L 2 i MIC&MBC i & (R +
) W BT R A R PR W] BRAE Oy R
WA A R AT, B IBCH IR B BT A= 3%, Bl 5y
M/ FEH4ERR ( Amoxicillin/clavulanic acid, AMO) (3f
WP AL (Ciprofloxacin, CIP) \ENR .ERY SMZ  JU¥f 2%
(Tetracycline, TET) | CTC F1 1 4% g/ fith g FFY % e
( Trimethoprim/sulfamethoxazole , TMP) % 8 Ffifi 4= &
HEATSLS . TR R W A% IR 100 L/ FLAYEEER 0. 5
22 PR B A0 TR TR I 24 S50 v, A T Ak e 2 B o ik
BEZy709 10°CFU/mL, 3 DGR . P TREEF SE U
W2 E THRA R R RN, iCE T35 CHE
TRAE I E 16 ~24 h. WEPHR V& 10 A KA BT
THE YA R WO BT R AR 1 s,
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Tab.1 Dilution table of antibiotic stock solution concentration'® '’ g/ mL
%5 AMO CIP ENR ERY SMZ TET CTC T™MP
1 128/64 8 32 256 512 512 512 32/608
2 64/32 4 16 128 256 256 256 16/304
3 32/16 2 8 64 128 128 128 8/152
4 16/8 1 4 32 64 64 64 4/76
5 8/4 0.5 2 16 32 32 32 2/38
6 472 0.25 1 8 16 16 16 1/19
7 2/1 0.12 0.5 4 8 8 8 0.5/9.5
8 1/0.5 0.06 0.25 2 4 4 4 0.25/4.75
9 0.5/0.25 0.03 0.12 1 2 2 2 0.12/2.4
10 0.25/0.12 0.015 0.06 0.5 1 1 1 0.06/1.2
11 0.12/0.06 0.008 0.03 0.25 0.5 0.5 0.5 —
12 0.06/0.03 0.004 0.015 0.12 0.25 0.25 0.25 —

1.8 WIEEFEMZ5405 16S rRNA # PCR #-1

DR B I4) 2% 5 0 M S v ] 5% 3 i 245 440 B Fr 6 PR
oA, 518 27F/1492R (WL 3R 2) #F 47
PCR 4" 14 40 1. PCR (1) )2 I 2% {4 k- 95 °C i A% 1
5 min;94 °CAFPE 45 5,56 °CiE Kk 45 5,72 °C 3L {f
90 s, fE¥ 25 ¥k ;72 “CHEAf 10 min. FFA54 5 (9774
a5 B A T A TR (1) B0 A BR 2 &) it
PO, ARA% 09 7 5 4E NCBI %408 g rh i#E 17 BLAST
FEA H R, 075 12 51 50 510 643 85 4lifk 1Y 16S rRNA
S5 R # ) R F 5138 22 MEGA 4.0 # ki
e 4 et

%2 16S rRNA 3| #1551 iR AR B

Tab.2 16S rRNA primer sequence and annealing temperature
ClE7E2 3 JP41(5'103") B kIR E/C
1369F CGGTGAATACGTTCYCGG 55
1492R GGWTACCTTGTTACGACTT 55

2 HR5H
2.1 BEREFEEERPAEFAEITEH
FEARE S ] B SR AN T B PSR 1,05 x 10"
CFU/g( i) , HERESS 1 K CK P11 P2 £ 4
AL R SR B R TS B0 ) R 2. 48 x 107 ,4.29 x 10° Al
4.19 x10°CFU/ g, W AR T2 (A% &5 v A W] 855 35 40
PRV B3 AR THIRDT, 26 1 ~ 58 4 RIRFEH35 °C
FHE#) 50 °C, WE IR A TG BK, HEKR CK P11 P2 AT K;
FEPETEBOR T &L 1 s, w38 9 ~
28 K ) i, o1 T3 v i R 290 A A R K, HE
fA CK P11 P2 (1% 0] 15 % 40 P A 75 50T R BH (. B
Ji  MERE HE A BRI, AR5 44 R, HE A IR B B 5

44 °C, IS 8 IR AT IS BB, A0k 8 1 i X 5 e A L
Yy, AT 15 35 40 TR T PR RO BT T . B IR
T T AR S A5 i) T B, T 5% 55 200 R T 7 2
WE W& THesE . HENLLS SR, CK P1 AT P2 rha 1%
FRAN T 75 B0 Bk 4. 88 x 107, 6. 25 x 107 Al
5.31 x10°CFU/g.
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Changes in numbers of culturable bacteria during

Fig. 1
composting
2.2 EFERMIEHERPAIERMARMARERITH
ARWFFE R SRR S BE T & A CTC, 460 5]
T ENR.ERY 1 SMZ 24958 & f1 & 2 A0, 23k v
RHENE S, HA ENR T 245 R £ 3 n 7, CK L P1 Al
P2 HEAAR 4 S8 T 0. T1log. 1. 43log 11 0. 57log.
CK. Pl FI P2 HE B () CTC it 25 & 43 5 i v 1
0. 66log.0. 451log F1 1. 03log. CK,P1 #1 P2 HE AT 1Y
ERY it 245 B 43 5 H Wk T 0. 46log, 0. 67log FlI
0.60log. CK ,P1 F1 P2 HEJIEL () SMZ it 245 B 43 11l Ik
T 0.76log 0. 66log F10.67log. HiI& 2(a) A] %I, ENR
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Fig.2 Changes of culturable resistant bacteria during composting

FEHERE R IR (25 1 ~4 R) , CTC 3%/ 2%
PG, iR CK b CTC FE5S 4 R ATFRefs. THEIN
() CTC \ERY 1 SMZ $TM4: 40 o 5 nl 35 37 40 B4 B 74 4K
L AR B T v g (181 3) , R BHAX 3 A 25 B iy
W YIS TR SR N P30 E0H A A % B, 608 e S 9 A Wl
T FEHERE R (5 4 ~ 28 K) |, HE{K PL ORI P2
Hrfy CTC Jo i v i TV B, e AR P1 iy CTC 7
5 28 KT iRy CTC [ERY 1 SMZ $ii 4
Y5 PT84 TR T i A bE (B I B R R, R T
3 Fofrifi 245 B T 8 I U DR 2 v Y P A A4 P T e T
PRAR , H ENR i 24 17 5 1T 455 37 4H P4 A 7 45 LU (i I i
Thr , LB AHIE T B HEAE AL R ENR TR 25 40 Bk 2
SRR IS TR A A o IR U 1 W AT T e TR B
BRI HENE A PR (56 28 ~59 K) , HE(AR P2
iy CTC 5% B 2212 T 1%, 25 44 K CTC 27
Rfig. BRI A9 CTC (ERY 1 SMZ $i 1k 40 i 5 ] 1%
T4 PR TR VR LG BRI A B, (B AR AR AS K, T B
ENR Tiif 24 T8 5 A 3% 57 240 081 D1 v 25 LE B s R %, 3

J& B TR AT R S B0 IR R R R 5, RIS R,
1M ENR ifit 2 5 2 Ry W AT, RS R X ENR fiif 24
A5 AT 5 % A T TR T R E AR e A . FEHE IR Y
JE I (45 59 ~ 113 K),CTC ERY .ENR F1 SMZ $i,
PELH TR 5 ARG TR A0 B R I AR B i TR e, 2
AR, HEAE S5 35, CTC . ERY ENR F1 SMZ $i 74
YT o5 AT R SR W I BCA J3 b4 i o 0.03% ~
0.06% .10.49% ~ 17.73% .0.46% ~ 0.76% Fi
8.38% ~16.52%.

W 3 fiw, WES CTC i 245 3 B (0. 01 <
p <0.05) \ENR Tt 24 %05 (p <0.01) \ERY fif 24 7%
it (p <0.01) SMZ 2%t (p <0.01) Y2 g
FEEAE G, 3150 I A 3 o ek R R ) T 3% % 1t
BRI K. CTC Bk f it 5 CTC T 24 T 45
H#(0.01 <p <0.05) ERY T2 % (p <0.01) 2
WEIEAX. BT CTC J& T itk &, A0 0
iR, CTC 3% B &8y, Hoxd CTC i 24 B AN
ERY i 24 P& 09410 il 4 FH e
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Fig.3 Changes of ratio of culturable resistant bacteria to culturable bacteria during composting

x3 MHARHE.CTC iREMEREZ BMEXEDHT
Tabh. 3

Correlation among culturable resistant bacteria,

concentration of CTC, and temperature

i CTC 24  ENRTHZ§E  ERY 2414 SMZ 24

Kot Bt Ko Ko
B 0.408* 0.540 " * 0.585%* 0.590* *
CTC 0.493 " -0.357 0.601 " * 0.235

T FRp<0.01; " R 0.01 <p<0.05.

2.3 BFEREHE P AT SR 2 B AR A 5L
FEE R B IS AT U E W 22 el e S AT
PRI, AEHE N L A R M BT RS RE 1Y L SR A
e FR R G IO TSR 7™ b BT T v, T
RFEAPLR R B ARl R A R A K
MNTTAE e e = RS T3 B RCR. SR LB 85 37 FE A0
A FRBILIT A7 35 (MAC) i 16 5 2 L2 U FE 7 il v Y
ARG IR 2 AT AL 88 M. ANIAT 4 P, LB B R R
et 49 Bk CTC TR 25 B, MAC 15 37 2L 0 48 ) 39 #k
CTC 257 . LB JEFRHE i et 1 RS X8 i BRI A
L BRFEIBR A, T MAC 1557 3 b S804 0 2 H i 2R
B, X T ERE R T 22 BV (G + ) Bk, MAC
IR TP A AE R R R ) A 22 FR PR (G + ) B AR
K, AT R AT s AT, dv 1 4 ml A, HENE ™
i P2 it B T8 3% CTC i 24 BRI A /N T4
Z& CK HEAL™ i A PLHEAL ™ . X ] BB th T P2 M

W i CTC f9 5% 5 5y (101, 35 7. 07) me/ke
JLRFCK((0.71 +0.02) mg/kg) F1 P1 ((20.27 +
3.01)mg/kg) , fHEWI 1A P2 HENE &k B2 Y CTC Xf
TR AR (R ) VR P B 5 B S T AS Wy
Jig 3, CTC LEHENE BRI A o8 42, DR R IR )8
s /1N, HE AT A e i B Be st BT 8% 3R CTC it 25 19
(Kl2(a) ) K H 5 50n] 55 5% 4 i % & b A
(B 3(a) ) BYEIIA A B ., DLSCHEAE P2 1y ] 15 5%
CTC T 24 P A i M H 5 50 AT 35 5% 0 B 5 1Y) LB
/T CK AT P1 X BE PR 22 B0 MR 45 R P2 HEAE h
AN FR CTC i 2 R A e B AIC. thi I8 4 W LLE Y, T
IR LB B FR AL 2 MAC K 5%, P1L AL P2 HENIE ™ 4
FEUCA KI5 M FR IR AT TR, T 7R S8 24 i Al CK
T 7 it R DU B AT 8% 5 ) B A% AR IR A T, X AT g
JEHT P1 AT P2 HEAE H ) 4 CTC ¥R B2 5 T CK, 23
CTC X 3 k& AR5 A T 130 4 R 3 Jli
2.4 TEAEBS/MIERE (MIC) R EXTIRER
A

X EL e Y 88 K CTC i 24 B 470 5 1 Eb
XTI EE R T, A 25 SRR CTC it 25 14,
SIARTE 4 AR JE L6 AN A [R] 8 F AR S I R
S AR iEAL 2 ( Clinical and Laboratory Standards
Institute , CLST) B A7 MK 075 32 114 Tiif 245 40 TR 47 0%
(S) (1) HZG(R) 432651 % 4 ik i
PERGIGE 45 2R
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Tab.4  Statistical results of antibiotic resistance test
bk
HiT FHIES
T™MP CTC TET SMZ ERY ENR CIP AMO
1 B 5 T 1 s R R s I I S s
2 WU I T 7 s R R s s 1 s s
a3 WU 1 FF 7T s R R s I s s I
C4 5 U A AT T S S I R S R R S
EFS KR E S R S S S 1 S S
EGS 30 7 R S S I S R R I S
El N S R R S S S S S
E2 KnBsaw S R R S S 1 S S
E3 PN BT S R R S S I S S
F4 KIpssw S R I S I R R S
ES KnBsw S R R S 1 S S S
E6 PR ) S R R S R R R S
E7 PN S R R S R R R I
E8 PN S R R S S 1 S S
E9 PN 7B T S R R S I I S S
E10 PN S R R S I S S S
El1l PN S R I S S 1 1 S
E12 pNIp S R R S 1 1 S S
E13 KB AE S R R S S I S S
El4 PN S R R S S 1 S S
E15 PN S R R S S S S R
EF1 KT E S R R S | I S S
EF2 ¥R F S R R S I 1 S S
S1 TRIKHEE S R R S 1 1 S S
S2 EICTHE R S R R S I 1 S S

TE ™ R B e B R AT I , J2 =22 Wi BT I T 1 BT B 44 5 S R BUR, T 2R P R KR 2Y.

AW BA TMP Tt 2455, X T REJE H THUY SMZ, HUA T C4 J& SMZ (T 24 77 , FCAth T Ak #8 X6
WFEVRT R EGRYT ] TMP S B/ DR sE b TS T SMZ fURR. i3k 3 R, CTC R TET P il 25 ) 9 it
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ZHHI5 M 23 B 20 Bk ERY JB T A IR A S
HEK,H EGS E6 \E7 J2& ERY MM 255, A 11 B
% ERY JEHUR. ENR (U254 5 ¥k, 4 15 #Rvt
ENR J& o B Sk, CIP (T 25 AT 4 #k , BUR 0 T b
4719 Fk. AMO POTHZG AT E15 1 Bk, HoAb 34y
X AMO R k.

AT 3 R 3 R FHE BB R L
THZ5 . ABF 9T b £ 8 5 25 74 (0 A 38 209% .
L C4 B4 I ELS 20 3 R/ 22 B i 251
TRT. K 11 2 T i 245 T 455 3 0 g Bk 4 A T
2%, E6 f1 E7 #B%f CTC . TET .ERY .ENR A1 CIP iX
5 R ZEABME. ST 2 G4 K TR 2SR
CK MR 72 | T4 P1AT P2 R 52 iy v 9 1A B
PEF, X WIFILE & 20 1 100 mg/kg CTC {542
AE SRR B C4 1 22 B ORI = T 251 E1S
(KT T 208 i, 72 HE AT AE & CK L PT AT P2 F
AR, 330U 5 3R L SR M B T T ELS A )
W, ST B4 RIFR 255 BT R TSR
S5 CK PL AL P2 HE R 7= i, 33 36 B Sk A o 72 9 0%
FX T B4 R ET SR
34 #®

PO P AT S 3ot R v 25 T A4 R, T
TEHE AT 9451 W B o 40 7 ol it fe ).
TEHEARSE 9 KIBFERF] 60 °C M2 9 ~28 KIEHEA
CK P11 P2 (75 I6LI0), SR BE Y > 55 C st 7 d, 4%
A E R GB7959—87 (2 i Jo 5 b 4b # T A4 2
SR P T T R 0 I 7 31 T 7 AR
BT, WA WE B A DG ST R , S 2T
U2 EFUER G SRR, IR, K 2 500 T e
AHE, I FIHEAR 9 T E AL HEARSS 1 K, HEfA CK
FRRT B SR 4T SR H PR P2 M /D T B R
TS RE R b AT (9 7T B F AN R 150 e (A
P1 th CTC 7E45 28 K4 BMef 52 4, Wi Hifk P2 o
CTC 7E55 44 KA FBRefin o6 4. PRIk, B2k 2 e
IR L 00 A0 X T 7 7 40 T 0 T R 0 9
Yo FES 59 ~ 113 K, Mk CK o il 1 92 40 1 KCR: 1
HEVK P P2 H/b | ST R SR 28 1o HEAE B R 4
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