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Effects of Virkon™ application on the operation and microbial diversity of the anaerobic digestion system in
pig farms

DENG Mi', ZHONG Hua? XIA Song’, WU Yongming", LI Rongfu', JIN Danfeng', LIANG Peiyu'

(1. Institute of Microbiology, Jiangxi Academy of Sciences, Nanchang 330096, China; 2. School of Water Resources and Hydropower
Engineering, Wuhan University, Wuhan 430072, China; 3. Institute of Energy, Jiangxi Academy of Sciences, Nanchang 330096, China)
Abstract: To comprehensively evaluate the degree of damage caused by the application of a large number of disinfectants to the anaerobic
fermentation system of manure in pig farms, Virkon™ disinfectant was selected as the research object. The effects of 0.05% and 0.5%
Virkon™ on CH. production, water pollutant degradation, and microbial communities in the system were explored through anaerobic wet
fermentation with one—time feeding in the Automatic Methane Potential Test System Il . The results showed that Virkon™ could inhibit the
production of CH4, increase COD, and greatly promote the release of nitrogen and phosphorus in the anaerobic fermentation system. The
maximum gas production rate of the control check group (CK group), 0.05%, and 0.5% Virkon™ groups (L group and H group,
respectively) were(23.54+0.06), (18.90+1.49) mL-g"'-d™, and(7.73+0.01) mL-g"-d™, respectively. The total CH production of groups
L and H decreased by 7.53% and 92.60% (P<0.001), respectively. While the CH, rate constant decreased from 0.267 d™' (CK group) to
0.225 d™' (L group). In terms of physical and chemical indicators: on the Oth day (start—up phase) and the 12th day(end phase), in the H
group compared with the CK group, COD increased by 148.77% and 368.97%, TP increased by 214.11% and 498.12%, NH;—N increased
by 64.79% and 44.37%, and TN increased by 68.77% and 53.30%, respectively. Simultaneously, all of them showed significant
differences. High—throughput sequencing found that Virkon™ caused significant changes the composition, diversity and abundance of
bacterial communities in the anaerobic systems. The Ace, Chao, and Shannon indexes in the L. and H groups were lower than those in the
CK group, while the opposite was seen for the Simpson index. The Firmicutes was found to be the first dominant bacterial group, followed
by Proteobacteria, Chloroflexi, and Bacteroidetes. The abundance of other microorganisms were all lower than 5%, and Firmicutes
increased with the increase of Virkon™ concentration, but Proteobacteria, Chloroflexi, and Bacteroidetes were the opposite. And even

Thermotogae and Cloacimonetes disappeared due to high doses of Virkon™

. At the genus level, Trichococcus decreased from 42%—59% to
12%-30%; in contrast, Peptostreptococcus, Escherichia=Shigella, and Macellibacteroides were increased significantly.

Keywords : pig manure; anaerobic digestion; disinfectant; methanogenic performance; microbial diversity; high—throughput sequencing

JE U HE 95 (African swine fever, ASF) & 4E X} 3 DR AR K B R G 2 ), 48 H a1 T 2 57 2 30 o

FREA T HE B R s I B —Fh ol A 2T Wi
VA A W A R i A AN T A% g 1) E 2 i 92 T B,
SO BE A o | 2T ORI R AR B T
FEPRIFBEZE PR —[R) I A i 2 K A B R 48, DT X LA
“TRAEYIVEFT R AR PR KA PR 2R G877 H AR5
FEC AR B ZE

YHIRE S E T R ) B R S
R BRI A T R o A P i R
15T i A% R 2548 & A SO R | il 22 49 R 24 Jif
SEA A2 A5, T 20 LA RS ML RE . I AR ZRAE
AR S el el R 5K s AR E T 2 R gk BT BN

1% WHART]

CH. 7" A2 H 23 P&k COD . NH,—N 2575 Ju ¥y =B i 1
{FLIC BEBIF I 35 R SR )2 T X S BE R EA 740 #T o
LT YA H B SR IS A STk W) Z R B
R T EEE A Z 557, A 5 7
AR T B RO DR SR R A AR T U ) 2 R AR AR
PSR B 58 80 o FE RN R IR i A A5 338 ] A 1 Ol
AT LA LA I T B A S 2SR B A 5 R ik A
7 FLMR K B AR 3G T, DR, AR SO 3R — SOR B RICR:
A2 ) [ PR 24 B 32 A R T 2 ) —— 1]
(Virkon™, 32 % gt 43 2 o it R U5 ) VS e X 42,
M CHL = 51 COD 25 AL A8 AR VR0 B Ak 0 1 5 1Y) 45




ST 45 4L LU PR 33875 TR ML R SIE AT SR ) S RERE OB 893

Ha) B LR A AR B R, TR B 2 RUBERSON S5 A
W O A 5 28, PP R B R T B R R B R
R 2 G AT 3 AR JEE , 8 70 T 253 91 0 DR A T )
AIAR A DG 2R, LAMI O 46 08 92 O ) 1 301 1 1 25
B HE R B S %

1 #R5EFE

1.1 RBEH R

PRAIE AR5 e B A A 52 18 25 550 52 1 14 e R R0
BRAY 508 3 DR A8 P v 0 M9 0 5 B e 26 B Y i
B RS 17 1 IO L HEM ), AR Ak T w5
1.2 R E

THEE AR LT ICA ERR AR ZUFAO) AT Y
CHE WA i —— R B 512 W (SRR ) AR AR A
2021 45 J1 6 H & A7 1A CE P 90928 15 1o 2 S5 it 7 48
(B M) Y LA S AT A 7= ZRAEFE 4 1: 200 Sa KA
e B0 IR BT B T S 20 A i KR R
I P58 ity BH AR AR A i e 2R T T O RV B Ay
3128 0.05% F110.5% , LA R 58 H R R AR TH A6 R Ge 1Y 5%
M, RRARER 3N

I 1 B -2 (A B alK P i RS e,
PAPFAr 42 B 75 U8 19 A2 W0 16 1 L 2 o0 Blank 41 5 X% BE 20
SR TR I RS U 10 o CK 4 5 308 41 Ay fif
TS U IR S e I 43 500 VS N J5E v B R 0.059% il
0.5% ) BA] i A LA HA .

S A5 B SR — U PEBORI I IR A 2 K
Jr 2, R DAl B, 7E XTS018GP %Y 4 [ 2 F 4t
T 1R 2R 58 (AMPTS 11, i it Bioprocess Control 2
Al UL D) HR R R IR, B RS U (YIRS
T8, VSS i 0.015 2 g-mL™) FIRE O35 1 2 77 59 8
E RS, VSS 5 0.209 1 g- o', 0 3 i ) e 4% R M
A (VSS) He 2 1 AT IR A, 3 A VS i — i 1) R 4
IK DARUE S A (TS ) R BE R 2% , 3T 400 ¢ ERTR A
Prim A %) 500 mL 3% 2 5 O R EE AL soo) L, F
HR (37+0.5) CoKIE A, 5k fL AL A shs il 0
(5 min#iFE, S minfF L), HE Y KK EAE R
T AR 1%, ARG 25 o HERR T, 76 3% 38 S
L HEA 500 mL - min” B L AR 1 min 2247, AR3E
FEAS TV ZR A0 F 7 1A IR AR
1.3 HEHRESHT

CH. IS : AMPTS T2 (] DL nT iR
RIETG, % NaOH R+ 8646 7R 711 COM U
( 1a) , 15 243 B30 10 mL B SR T B2 1

(a) RAUK B FTT

Anaerobic fermentation unit

(b) 34t 5 &R A BT

Metering and data processing unit

B 1 £83hBRiE i R (AMPTS 1)

Figure 1 Automatic methane potential test system I

(FE1b) , AT SE3EE AN DR AU K I JR 0 3% 282 4 1 gl ik o
KA CHy, F 3 N B AL B e A5 848 B sk 1
B, BRIBORS B 1 MR et S A

PRAL AR bR S5 P FEAS AR - 725 Bl (55 0 %) A
ZE A (55 12 R W SE pH, I A4S 3 38 5z 1 i (PR 4
KEFROL) P HULS mLEEA) S IR KIR A FEAR 724 C
T, FELHLAFLL3 000 g B 047 B 5 min, BUE B
0.5~1.0 g f-A7F T L B LB, B 0B ARA
H, 5 =80 CIRAE , H TRl ZHEE i B
FHF M4 COD \NHs—=N . TN F1 TP 5 AL bR , X5F 1
FE TR IR S IR (HY 828—2017)(H]J 535—2009)¢H]J
636—2012)F1{GB 11893—1989).

T W) 2 REPE 43 BT - 3 BR Xu S517F Benay 5514
T B, R E.Z.N.A® + 3 DNA 32 Bt 7] &
(Omega, 35 [E ) XFF 5 G0 A= P HE 7% A5 DNA AT HRHR
11 19 M BNE 58 e FL DK ARG 0 DNA () 4 U £, 9
i 14 NanoDrop2000 7 & DNA FAHE B FIAERE s FRR I8 &
¥ J5 . LA 338F(5' ~ACTCCTACGGGAGGCA GCAG-3")
H1806R(5'-GGACTACHVGGGTWTCTA AT-3") N3]
By, %F 16S rRNA K [H V3~V4 X JE17 PCR P14, i Jf]
NEXTFLEX Rapid DNA-Seq Kit % , F| F] llumina 2%
H) [ MiSeq PE300 F- &l , LA A IR A& PR 15 U
AE Z PR AR AL
1.4 BURAES

X H Origin 8.5 Zill GraphPad Prism BT B s
Ab TR 25 T G E BT, P<0.05 68 25 5 B ik
YRRV AL B B i 55 3 AR W o B e

2 FHRE5HMH

2.1 EEFIX R R E L 7= B e E B S50
FH I 2a FTE 2b AT, 25 I AHFREE 7R 12 d, BT
PR A (85.10+3.99) mlL, 2 BRI S U6 oA

WWW.Qes.019.CN




m@g 894

VRETS Rt Y F B 45

FITE PR, CK 4RI h By Be Ry <, T I S 3R ¥ 4 .
5 CK A AR H L 136 21 8 R ETH AL R e rh DT i f7
FESSRZM CH =24k, HR B BRI E LR H
& 2b 7] 41« CHL 77 A= 5 AE L 40 FH 4152 203, 7
A3 5 e CK 2H B AR T 7.53% (P>0.05) F1 92.60% (P<
0.001) ; X} Fr= JE ), LEAMHH 5 12 d A1 d,
B CKZH (10 d) 70 HIFEK: 20% FN46%5 90% . i1 2a 1]
1, CK AL L4 H 20 A8 77 W B[] 3 ) by AR 265
3R VHEIRME 1R, Higm H ™ CH i 4 518
(128.15+0.35) . (102.93+8.11) . (39.07+1.07) mL-d™",
B J5T W] HE R VA DL (R 2 19 VSS) R 9 e K
77 CH, 3R K Ry (23.54+0.06) . (18.90+1.49) |
(7.73+0.01) mL-g™'-d™", AR M, T AL 25 5 5™ CH,
40 o (104.51+1.93) L (96.64+7.80) | (7.73+0.01)
mL-g™'s

P 2¢ Bt/ 382k X6 S5 137 B[] F1CHL = 236 1 5 d
PIA R R HALAM 57 CHAT 1T d) AN TR A0 1k
PR R R — BN T A O R I BARR IR
Blank 21 . CK 41 F1l L 41 () i — 2 3h 1 #3045 7 72 53 )
H G (1)=15.387 55(1-e ™) G (1)=114.131 23(1-
e O G(1)=108.935 23 (1-e %) K 5 R EU(R?)
KA 0.990 0.0.980 7 F10.980 0, X 1 i F118 CH, 7~
F(G.) 439 H 1539 .114.13 mL- g #1108.94 mL-g ™',
552 (4 (15.63+0.73) . (104.51£1.93) mL - g Fll
(96.64+7.80) mL-g ™ AHIT ; [A] ], 7 CH. 3 A8 Hir o [4
THAF AU I Z 2030, CK 419 0.267 d' FREF] L
ZHA90.225 d' p ] WL, ] ik R A TE AR CH,
HPERE , IR I AR OC R .
22 HEFIXMREHE LI EPELERAI M

P L 3 AT, JEe A NI AT 2 77004 i s (55 0
KSR A AR (55 12 %), LA X IR AT ik
WY COD TP \NHs—N TN il pH & 5 3 Ab 55 b5 15
A5, AR R R Ay, BRI
AHEE T CK 2, H 40 52 AR & i 5 4> BRAG R Br 38
FEI R B 2 520 (P<0.01 B P<0.001) , L 25 I A3 %}
pH(E3 i B EE TR, COD R 5 Tl #l &2 iF
AH L TES 0K, L4 A H 4 H CK 41[(669.50+4.33)
mg - L4351 Y 16.48% F1 148.77% (P<0.001) , i £
12 K J2 W 45 ot , L 2H F1H 2 e CK 2H[(506.50+2.50)
mg- L) 150515 11.91% F1368.97%(P<0.001) , H &
3a A WL, 3 AR AL SO IS, CK 4 A L2H 1) COD 2%
SEIIEF BN BEILG 1 H 24119 COD S i R T 5
X F TP, ZE 55 0 K ANE 12 K L2 v TP ¥R ¥ (1 42 7+

1% WHART]

1807 (a)

-+ Blank#iBlank group

-@- CK#H Control check group
150 —A— LZHLow concentration group
I ~¥- HZ1High concentration group

=
—
z
= 1201
o L
53 %
+ O
T = L
O :g) 60 I
=]
2 301
%\. L
E
= 700
E L (b) Hokok
5 600 I
E | —=— T
i -g 500 i 1L
H? = 400f
25
% £ 300
ik é 200 I
=2
~ 100}
= L
= 0
Blank4H CK4 L4 HZ4A
454 Experimental group
— Blank#i #E—25)) J12# B Quasi-first-order
dynamics fitting equation of Blank group
— CK#A #E—25) J1% B8 Quasi-first-order
140 [ dynamics fitting equation of CK group
= ok — L2 #E—Z ) 124 Quasi-first-order
w0 L dynamics fitting equation of L group
—
E 1000 (o)
%2 80+
£Z I
=.5 60r
oz - B Blank4i Blank group
< 40 ® CK4] Control check group
é r A L# Low concentration group
5 20 I
0 -
0 2 4 6 8 10 12
I [A] Time/d

*P<0.05; **¥P<0.01; **%P<0.001, F[A] The same below.
2 DAXREHE = B IR R 50

Figure 2 Effect of Virkon™ on the characteristics of methane

production from anaerobic digestion
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Figure 3 Changes of physicochemical properties during anaerobic fermentation

0.001) il 68.77% (P<0.001) , | &5 12 K B} , X 1 (1
NH;—N FI TN ¥ £ 43 5135 £ (302.27+2.80) mg- L™ I
(426.88+8.21) mg- L', Hb CK 41 & ! 44.37%(P<0.01)
H153.30% (P<0.001) , & W] T A] 76 ARG T 23
R BT X T pHAE, I R 80 1 Y b %) 350 3000
AT R R, R G pH RIS, {H R0 T R AR A
INLAESE O RFNES 12 K, H 4 1Y pH (B 43 510 (5.73+
0.04) F1(6.08+0.02) , ¥ CK £ 43 HIIK 1.45(P<0.001)
F10.99(P<0.001) . 5 FRIHN, TA] 2x S BUR F K B
W COD AFE S, H K MR A 32F TP NH,—N F1 TN (1)
FEHC, [ Bl pH ELAY TR

]
10 - M LZH Low concentration group
| B HZH High concentration group

12K

2.3 WMEY S HESES T
2.3.1 1A 4L BURHE

X 18 A 7l I e, 2545 791 710
Sk T P A, BEASRE S 33 313~74 828 4%, -1y
50 874 %% P A FESLILARATE 514517 .98 140 . 2124~
H 3621} 69918 1 200 1FF12 1724~ 0TU .,
2.3.2 TRA PR R 2R b

XK 7 513 — AL b BR324 Sobs | Simpson |
Shannon , Ace 1 Chao 55 o ZFEE 4 BT F8 50, X IR A &
PR o S RIS 1 = 5 B N AR M T P4 LA
WL,

WWW.Qes.019.CN




VRETS Rt Y F B 45
®1 FELEAFEREL BN HEER S SHEEREBENL(OTUKF)

Table 1 Changes of bacterial community diversity index in different treatment groups during anaerobic fermentation (OTU level )
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Figure 4 Fermentation bacterial community changes under Virkon™ disinfectant additions
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