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Abstract: This work investigated the effect of light illumination on antibiotic degradation during manure fermentation. The
concentrations of antibiotic residues and bacterial communities in pig and chicken manure samples after solid-state incubation under
dark and light conditions were analyzed. Results indicated that light illumination improved the removal of antibiotic residues in
manure samples, particularly in pig manure, showing a maximum decline of 23.8% in the total antibiotic concentration. All the pig
manure samples after a light incubation showed lower residual concentrations of tetracyclines, fluoroquinolones, and sulfonamides
than those incubated in the dark. The proliferation of sulfonamides-resistant bacteria in pig manure samples could also be inhibited
by light illumination, accompanied by increases in the diversity of the bacterial community and the abundances of some bacterial
genera relating to organic matter degradation. In chicken manure, the effect of light illumination on the degradation of antibiotics
varied greatly among chicken manure samples and light duration treatments. It was found that light illumination inhibited the
degradation of sulfonamides in some chicken manure samples, accompanied by an increase in the sulfonamide resistance bacterial
population and a decline in the diversity and abundance of manure bacterial community. This work suggested that supplying
appropriate light illumination during the storage or processing processes of animal manure, especially pig manure, could be an option
to improve the elimination of antibiotics and antibiotic resistance.

Key words: illumination; antibiotic; degradation; antibiotic-resistant bacteria; bacterial communit

FeR T A RO PRI RS A RS Qian TSI S 20 i HE D
PR A B R K R R B MLTC S A AL B B A UIE PR AR 2R AR
R S B B 2 L B B AR AL U, SR 2EOR R T Rk 72.8me/ke.

165 FET 00 A I R 58, — 7 T - SR 0 T 39 e G5 T A A T RIS, 1) 5 4 F
PR T R A RN REI E I - BRI, A TR AR I TR T,
S AT 5 T PR e T 2 B RO, IR BN [ SR R B P A 2 R P T R
R A 4B 5 B0 3 T HATERBEIR D R IR DUBRE. LR, SRR F IR R
LRI I S0 A TR W, T R 80 B A A 2

7 VA 7 JE I 90 36 T 8 A AL B 51 L zzﬁgﬁzigmwmwmmwwﬁmwﬁﬁ%
IREHAWAE T XBUE W T B A B KR5S wysinayiopotoonn)

T AR B A E R DGR R SRR AT, ¢ SR, B DI yuyiiun0806@163.com




264 dH

o R 41 %

e, AL g RS e L S 5 ] A A R P 3R
fiFE PR SE MRV 9/ RS B b A PSR I £ DTG R A
RS CE I | BU S TR R I BN RN
BRUSOL AR, 7 B S P ik B I LA B R 2
AN 2 OI JORT B 8 A v P A AR AR A AR AN
IR RN IR 56 A F 2 TR 22 5

LR EASCMANFIRISR G 1353 28, 78 i 25 A
FAT T TS A e PR BB il B R Tt 32
TR P YU ZR AR R LA S XA A T A v 22 5
LA & & A T PR R A LR PSR PR AN
BORSLEE LSRN T E R T oG SR i 2%,

1 MR575E
1.1 EEIAE R

F1 BEOERHERBUMERMNEREZES
Table 1 The basic physicochemical properties and antibiotic

concentrations of chicken and pig manure samples

i P e (B

PMI PM2 CMI CM2

IR (%) 733 682 540 5265

— pH 1t 7.4 7.8 8.9 7.9

W Hi3 % (ms/em) 45 32 41 5.6

TC(%) 338 358 381 2498

TN(%) 2.6 2.1 29 2.1

T 5 15 (SDZ) 6530.7 3936.2 1438.1 22243

T EME(STZ) nd. 6394 nd 5.3

fiG — HIETE(SM2)  1887.5 2307 1249 4727

Titfflie 25 Ttk 4 Rk 1 (SCP) nd. 119 nd  nd

(ng/kg)  flEE] FPAAUERE (SMM) 21043 5569 nd. 124

itk i 7] — B 405 E(SMID)- 6269.3 2000.0  1339.5 2419.9

Tl i R (SMZ) nd. nd  nd 319

T VTR (S Q) nd.  nd 20729 nd.

SR £ (OFL) 11314.2 2547.73 679 2314.7

A HNVPE(CIP) 5214.3 2124.8 9280.8 1115.0
SN T S

K(ugke) ik (ENR) 19405.8 1180.0 53508.4 838.0

Bk B (TIL) nd. 2871 nd 3595

R R vb 5L (PEF) nd. nd  nd 1123

+#F(OTC) nd.  282.6 852552 nd.

B2 S JYIF Z(TET) 39142 886.8 nd. 173.7

(ng/kg) 445 %(CTC) 63446.9 9409.9 nd.  nd.

Z P (DOX) 10015.6 317.7 40196.0 227.3

R R SUMREEZE(CLI) 1172 nd. 151  nd.

X (ug/kg) K AL(TIL) 12153.5 nd. nd.  nd

Emnd N TER .

F € PMI BUE WL S SR8 TR PR
¥aFE PM2 B EWHLH L RIE TN IR i 35
WS CM1 B H WL S R y6 TRl IR S, 20

36 5 ARBEAEHRR A W), 2R F R LK POIR 1 % 3t
HENR SR S 45 082S CM2 IOV 4l
TR SRR T B0, A0S 36 T B k) ORI R AR B A
PETRIP AR 2Rk R AR 1.
1.2 R4

K 1 B A LB AL (D) R4S R I Ak
FE(L),JEUR 5 2% PM1 FIXS 2 CMILARES 2 75855 1
(Rt L, 18 B G RS ) A B 8 A BE(D), 45 K IR
AEFE(L),12h JElE-12h BHEA (L 12h), )50k
3% PM2 RS2 CM2. BB EE 3 ANTERLKE 50g JiR
KL E 9om JE B IR A EE IR ML R R SR ILE - T-30°C
JEHREEFRAR i B R R OGGREE N 100001x DG AL
PR R G TOURUT R AC BERE T H 5 T AR
YRR TR 5d 5 I E 0 FE S IR A T-20°C H 1T
A R BRI E AL N2 DNA 250052, 54—
HRAMA i BRI TN 25 41 B RS IR
1.3 Wl ik
1.3.1 PUAEFEKRBIRENE  B-20°C ORI FEE
FEdh, 2 Qian 2 90 B8 SR A AR I
B v RO (81— HR DT S R (HPLC/MS-MS)l 52
TR, DURRFEIE, JUvs SRR IR P R &
W B R 2 15 +Na,EDTA- 1 12 £h 2% i V%5 Wi (pH=
3, VAV, 1) AR it P 4R HDY B 38 AR Y R
B4 %, £ i +Na,EDTA-Mcllvain 2% i % Wi (pH=
4.0;V:V,3:7) & WU i K pi Ak =, 4 Jif+ NapEDTA-
Mcllvaine 2z (pH=7.0;V:V,1:1) 4 5 5 i i
KPR KPR 1.00g FEanF] S0mL 204, I
AWFREFN 15mL $EHE,E 1min#7H 20min,
12000r/min, 250> Smin, SR8 558 FIHHCE B B,
PR 3 X IR EIE G I T RSP 8
R BB T KL N 40°C e i 28 R AN i 2
AU ARG R 4 S0mL 25045 1,
LB TKERSE 40mL;id HLB & A7 A H/S FE
(6¢c/200mg, Waters), T B E N, ARG B T30 35 221 5
Ed;40°C B, FHAARTREE g 1:1 10 B /KIS e 2
2 ImL;id 0.22pm A HLIEES ARV E B a5
Luna C;g #£ (5um,2.0mmx150mm; Phenomenex);
Thermo Finnigan Surveyor HPLC % %t (Thermo
Scientific,USA); 7 i# 0.25mL/min, k135 30°C, 3k &
SUL JRBIAHFIGE AR 2 Fos e, DUFRER
e TR TR TSR ORER N RSP AR 3 e R Ak
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1.6~3.6. 1.2~3.3. 1.0~2.6 f10.5~2.5ug/kg.

%2 HPLC-MS/MS it &4
Table2 HPLC-MS/MS operating conditions

popg M 409 200 g
(min)  FEE  2mmol/L BSREVER+0.1% 1%
0 20 80
5 90 10
e 16 90 10 ESI*
165 20 80
24 20 80
TRMEEEIE 12 50 50 ESI*
B2 S 6 40 60 ESI*
KIAATER 4 80 20 ESI
1.3.2 AR FRMENGIS A0 Bl e DRI R AR

FONAREE, T G IR 25 40 B (1) 58 . 2 2% AR
B! R LB 3R T BOH TREEUIE 0 4 .
FERFFRIEA TSI IRE A 100mg/L IR BT A 2
VIR T g vt e < Tt e — FR e =12 1) FH TP 1 i R
FAEFE 57K (0.85%) i F-IENEFE i 2h J  HUBH 2 B

AR AR B TR JEH TP P .25°C 5555 24h,

XTI 20~200 2 [0 FSPARGEEA T VB o S
P ¥ 5(CFU/g).

1.3.3 ET¥Otws PCR MW FLNE  H
0.25g ZE{FHEN, 2 Omega EZNATM soil DNA
kit(USA)FEEUIE K20 DNA, LK 4] DNA T-70°C LA
NRAE S SR 16S tDNA 38 11 514 27F/1492R 3
17 PCR ¥ # PCR ¥ #4 X ] 2xEasyTaq PCR
SuperMix (420473 w]).%F PCR PRk T # i ik
AT H3RA3 1) PCR #4413 pMD19-T JSuki L,
ZEHE g A O IOk b ) BE DR B AT I B
DU 56 VI 1 A 1 0 56 DR B A1 0k K A g S
& PCR (qPCR)MIARHAEfh, T 2 ki #% D%
CT {EX . FR HARAE 22K FH Qubit 3.0 261X
JFORE DNA ¥ BEREAT I 7€ , Bt i 0 1 v 55T DLER A o
b bR UE I $ ULEL.QPCR §7 3R ABL A A 1)
StepOnePlus™ 3K I 5¢ Y iE 8 PCR & 4t.qPCR 514
N :V3-FW(341F):CCTACGGGAGG-CAGCAG;V3-
RV(518R): ATTACCGCGGCTGCTGGPCR. ¥ 14 i
FI% Fl MightyAmp™ for Realtime PCR Kit(Takara),
SNAE 20ul 1R NAR ZR i T R A ) gPCR J7i2:
WA ZTUORAIE AN WUV F ooty FR) 475 At o 2 DAy B — e 7 3 R
PE R, I HATbRAE s BAAH R T AL

1.3.4  FET 16SIRNA Ml 7 AN R HETE 2584 /i HX
FEEFE LR 41 DNA, R H 5149 515F (5-GTG-
CCAGCMGCCGCGGTAA-3") F1 806R(5'-GGACT-
ACHVGGGTWTCTAAT-3")¥ 44 16STIRNA JE[X 1) V4
X Bt AN 3 N E L PCR P Il abidh s 34750
VR g, SO L 325 Qubit 2 BRI, b 5t
Wi AREY 2 7] Tllumina NovaSeq PE250 -5 #E4 77
ST JRLR DNA JPAGRYID yets 3 R aa o, @
b LB IR A ARG 38 dE A Uparse 34
X T RE A A AR A TSR R 3L R 97% AR
VWGP 91 B A W AR 23 S AT (OTUs). 7] I i %6
OTUs " Hh IS e e R P #14E h OTUSs AR P 471,
F Mothur 77725 SILVA [ SSURNA %3t 225§ OTUs
RPN TPIMERE /AT (RS BIER 0.8~1),3k45
I35 IR DURE b B8 e de /> B AR AT
Bl AL AT B Chaol “FE4E%EUR Shannon %2
FEPEFREC AT o ZREPEAEH R #AF(Version 2.15.3)
i ade4 LA ggplot2 BRAFELL I 3 B o AT (PCA) .
FIH R #AFET Metastats 7387, K IR P AR 2
FePEHE.

2 HRE5SH
2.1 JGIERIIE FE b A SR B K

F 3 ERPREIED 1S M RSB IN
Table 3  Effects of illumination on the degradation of

15antibiotics within pig manures

HUE R WL AR FCEFRIEE )

BiAEEME AR PM1 PM2
24h Y6 12h S 24h S
SDZ 0.46 0.95 0.82
SMM 0.49 0.86 0.93
p— SMD 0.50 0.85 0.69
SM2 0.49 0.78 1.02
STZ n.d. 0.78 0.92
SCP n.d. 0.30 0.36
OFL 0.74 0.82 1.01
FRME TS ENR 0.78 n.d. n.d.
CIP 0.91 n.d. n.d.
DOX 0.64 0.84 0.84
- CTC 0.76 0.97 0.86
TET 0.77 1.07 1.00
oTC n.d. 1.04 0.95
T CLI >1° n.d. n.d.
TIL 2.18 n.d. nd.
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Fig.1 Antibiotic concentrations in pig manures after
incubation under different light conditions for 5d
AR AL B2 [0 A77E B2 75 57 (P<0.05)

HFE PMI SRR B R 142.4mg/kg, LAY
IR (54%) T 2R (25%) U I R Pl &R
(11.8%) 4 . K 1(a)%F b 744 3% PM1 K L 7E BRI
WEGHE TR 5d 5 HTAE 25k B B 45 BRI DR IR
FFE PMI Hr TR 3k B R 2 (P<0.05) 1K TikE

DR, VYRR ZR K T 2R IR R hi A 3R
BRBRFE Y B R % 50.6% 22.3%11 25.6%.33E—25
DUESE PM2 BEATS0AIF, B B AN R 6 IR AR
PML, %% 3% PM2 Hf Pk 25k W B R B K, N
24 Amg/kg, VIR Z 25, e U M SR e 25 23 ) oy
45%- 25%H1 30%, (05 ARG SE PM1 Ay 5 1) il
IR 25 AL e B FR AR A% 3¢ PM2 TP BTl 0k
BB T R ERE IR, IR LBIE 5.7%~15.9%[ &
1(b)]. [ LISE 36 PM2 g o 52 () I g AR B A S i
RS A 38 25k, 120 TR BOG AL B T4 K0
WL B E R FRAR LG BB R R PM2 HRPURRE
. M S AN I S AR R R B IR B s T B
24.8%. 17.6%F1 12.4%.

2.2 GRS FE AR R BRI

I CMI i =% ¥ B e 193.3mg/kg, LA
VU 5 2% 25 (64.9%) F1 480 5 1 (32.5%) 4 1209 3%
CM2 FEdhPUE B B 6.3mg/kg, DL if il
25(69.3%) A 15 25 (18.5%) k2 0 B 1% 9% Jim 28 2
CMI1 P340 225k B B SR T R e R X0 g%,
H AR TE B ACT B 2(a)]. 3 A 6 e i 0 0 2%
CM1 HPYIR P FFfE,5d eI o ik
W FE LU 1% 97 BRAR 19.1%. 1 ROk 46 7 i 25 47t
A 25 B R TR 5 W A /N AEL T R e R b A R
1) A7 X9 26 CM2 15 CMIL (1R I8 45 SR AR LA L 38
JeREFE AT IR G 92 CM2 PR R B
2 TG, L IS L s S S R DU B 2R SR B AR
R ERE N 35.1%. 11.3%F1 37.6%. .09 3%
CM2 15 77 U6 3k — 25 U 5Ok B v) 52 ma U2k %
LBRAEXS S CM2 ARG UG L T 12h [R] 8k
.

F 4R T IR 14 Bl R ARG R
61 F% I B MR T 22 5 A B A 3% Ol OGS 38 2% v
M= 25 B AR (0 AR T AE AS [) R BN (i) 22 i) 22
RN 36% M PTAE B AR IR ET IR R 1 B
—H TR R AR T X3 eM2 £
o AL AT 6 FRs IS . 4 b g U SRR 2 Y
R F AT I BT AR B AR 2R ) B A AFAH ()
A REfERE ML FERT 20 E . LB ER
VAR S 00 52 1 PR At I o ot 270 400 o ik e 2 e 2k 36
Bie i XS 38 CM2 (19056 &5 3 v mT %, A BL S v
i 248 40 AE 2,0l RIS ) % Ak fie 288 R DY BA 25 2K i AR



L e

GO 7 85 2T P LA SRR AN A D S

267

7 AR 1D 52 A BN S 245 b UK Ol R (R X

AN AR SNEES Pp A=K KR ST R

FeP PR LRI I HZ BARFE M ADG IS AEX R T I B (19 0.

140
a (a) CM1
a
120 |
LIN
DOX
~ 100 |
2 OTC
oh
£ ol ENR
) ™ CIP
= B OFLX
M |=
% 60 = 50
# ® SMD
=40 = SM2
m SDZ
20 |-
ob_B s
5 A B 24h JEAb B
2

PiA: 25k M R (mg/ke)

3.5
(b) CM2 DOX

3L a TET
ab = TIL

25 | . b EENR
= CIP

5 | . . M PEF
= OFL

sk B SMD
= SMM

Lk = SCP
B sMm2

s | = STZ
- m SDZ

N B N

12h )

S

5 b 73 KEER 24h SEAbER

AFDEEETR S 5d XSSP ZR B IR

Fig.2 Antibiotic concentrations in chicken manure samples after incubation under different light conditions for 5days
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Table 4 Effects of light illumination on the degradation of

14antibiotics within chicken manures

PUE B BB (FC=e B TR/ 57)

PUER Y

IEP cMl cM2
24h 6 12h JE 24h I
SDZ 30.11 1.07 0.55
SM2 3.77 1.18 0.74
SMM n.d. 1.14 0.79
iz SMD 6.53 1.15 0.65
STZ n.d. 0.00 0.00
SMZ n.d. 0.00 0.00
SQ 3.51 n.d. n.d.
OFL 0.71 0.76 0.94
JAMEW ENR 1.02 0.74 0.87
i cIp 1.19 0.92 0.76
PEF n.d. 1.01 0.97
- DOX 0.95 1.21 0.62
* oTC 0.78 n.d. n.d.
TET n.d. 1.63 0.93
" FO> 1R B I B FC<1 267016 B RE B A . JEURLA:

2.3 SRR XS 2 i 24 41 R K 1Y R
LU fiie R 0 A 3 O AR, 20 B Dl SO o 0%
5 TR SR 52 A G AR R I A s L 3 ]

T, FH EERE O Ak B4 KO0 B B 25 (P<0.05) PR IR A%
& v AT B IR R T 2 0 R AR AR AN R SR
v 2l UAHABL. 5 O OGS X8 26 v il i S e A 2 IR A
0 FH AR 5 A ABL, ' HE X6 X 36 o 1k fi it 2 1 40
()4 FH 5 55 52 R it R JRES T) 1) 52 A LG 8 D'
BE 7,4 RO JEBS 2 B8 039 3% CML rp il i i 25 B
B H > CM2 P T 24 b R (] 3).06
XJ 4 X 3t v R ¥ TR 245 40 T ) A9 A B IS TR] () 1
TN a0 i P 34 N RS T R o S Al R R 34 G
i 3 (P<0.05) 52 Wi, A ' ] 358 1l 400 o 0 2 4 o
FRL(K 4).
2.4 OGHEONHE X S rh 40 B R V& 45 R TR S )
LU 25 PM1 ARG 2E CMIL AR R S BT 41 T
16S rRNA HEPI 7, 43 4 06 B 75 88 S0 4l iR &
(18035 M 45 SR T 2601, 08 XS 286 (1 440 A1 RV 4 A 7 P
7= 5, Hovp g 25 40 B B % L Proteobacteria |
(29%~40%) 1 Firmicutes [](47%~55%)h 3, & 7
SBR[ 85% LA s i S 4 e v 4 i s =3, 4y
Ai {E. Proteobacteria [](23%~25%)+ Firmicutes [’]
(38%~39%) - T (19%~24%) F1
Bacteroidetes | ](12%~14%)(& 5A).

Actinobacteria
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Fig.3 Effects of illumination on the numbers of sulfonamide resistant bacteria in pig and chicken manures
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Fig.4 Effects of illumination on the bacterial abundances in pig and chicken manures
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Fig.5 Effects of light illumination on the structures of bacterial communities in pig and chicken manure
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