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Abstract: [Objective] To isolate the microorganisms that can remove ammonia and hydrogen
sulfide from biogas residue and pyrite soil and use them for composting, so as to reduce the
odor release in the process of manure treatment and improve the working environment.
[Methods] The microorganisms capable of removing ammonia and hydrogen sulfide were
screened out by the culture method and identified by 16S rRNA gene sequencing. The strains
with good removal performance were selected to prepare the microbial deodorants. The
deodorants were then applied to the composting of manure, and their deodorization effects were
preliminarily evaluated based on the concentrations of ammonia and hydrogen sulfide.
[Results] A total of 12 ammonia-removing strains and 5 sulfur-removing strains were isolated,
from which 5 strains with good removal performance were screened out and labeled as N-2,
N-5, N-6, N-11, and S-3, respectively. The microbial deodorant composed of strains N-5, N-6,
N-11, and S-3 had the best deodorization effect, with the ammonia- and sulfide-removing rates
of 82.46% and 84.84%, respectively. The composting test proved that the microbial deodorant
had deodorization effect. Especially in the early stage of composting, the microbial deodorant
group reduced the release of ammonia and hydrogen sulfide in the process of turning on day 7
by 62.84% and 53.12%, respectively, compared with the control group. At the end of
composting, the ammonia nitrogen content of the microbial deodorant group was 33.62% lower
than that of the control group. [Conclusion] The microbial deodorant produced in this study
can effectively reduce the release of odorant gas in the process of manure composting and thus
demonstrates great application potential in improving the environment of livestock waste
treatment.

Keywords: microbial deodorant; ammonia gas; hydrogen sulfide; composting of manure
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1.1 HmREHs

TR RE dh R A T H O 48 s 3 A8 g Al BB
A R WA IR IR Rl BBk IR
R R AR T H N B SR R AT TR

1.2 EFE

A TE Bl SR R (g/L): A E 10,0, EH
W 5.0, EEERRKS 5.0, #i%5HE 5.0, NaCl5.0, pH
7.0-7.2, 121 °CKH 20 min,

SIS R IR A (g/L): NH4C10.382 (NH,'-N
100 mg/L), ZW4h 2, MgSO,4-7H,0 0.05, K,HPO,
0.2, NaCl 0.12, MnSO,-4H,0 0.01, FeSO, 0.01,
pH 7.0-7.2, 121 °C’K & 20 min,

i A A R i e 1 7R B (g/L) . KoHPO, 1.5,
KH,PO, 1.5, MgCl,-7H,0 0.8, CaCl, 0.5, pH
7.0-7.2, 121 °CKE 20 min, Na,S-9H,0 it i
JEINE STLHE 50 mg/L.

RAEHFE(g/L): L124M 4.0, NaCl 5.0, NH,CI
0.382, K,HPO, 0.4, KH,PO, 0.4, MgCl,-7H,0
0.8, CaCl, 0.5, FeCl,0.02, pH 7.0-7.2, 121 °C
KA 20 min, Na,S-9H,0 i g5 & S* 4k i
50 mg/L,

1.3 BRIEMEMBRIARNE

¥ 1 mL AR R R 100 mL 555
TR R, DA B B 35 57
FAE M2, 7E 30 °C, 180 r/min HYFE K H1 15 55
48 h 5 BURE , ZEPK 600 nm A4S I 48 1 A= KA
B, $RJ5 10 000 r/min .00 2 min, FANKHLE
P RE B RO NH, N R B, 58 311
BALERZBITEAKXWT
U=(w1—w)/w;x100%

W WAREER; w: BiFEEYBARREE; wo:
BRI A dRE
14 RRIRWEIRTTRRNE

B 100 mL & A0 IR i B 55 FR 55 T 250 mL
FISETE R, 2R 1 mL A3, DAA R
W3S FREAE 25 1. 7E 30 °C. 180 r/min [
PR RS 48 h JRHURE, 7RI K 600 nm 4b Ky
AN A K AS B, SR)5 10 000 t/min 2.0 2 min,
FHW L5 Fb il 8 1R ST, %
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A ATAE IR RN, X B B A S5 R
KA B B o S8 2H AN B 2H 43 3 ME e AR TR
FYER AT, B HEAK 1 m, HERESE 1 m,
W1 m, HEURIAIRE N 3 mo BRERE R 5%
A= B ST T B A Pk, SRS
JEREE, BRI 3AER, AR 20 d,
BAKR,ETR,H 10K, 15 KREIME 1K,
BEAS Kb PR AR PR R 45— 5
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Table 1

SR R 9 ERaa ) b Bk D
a3 IKEKE
1.6.4 HEREINIZIE E 4G

et 88 v U T (77 )4 A o 1
T8 0.5 m AW E IR B, /8 14:00 M, I &
3 W BCEBEE R Y R AR B, [FAHC
S S PR PR AL
1.6.5 HRMZRSTMUIIRE

et FH 455 2 2 W U AR DA SRR A A S0 T
AR TG IR TR A B 2w )RS I 6 B A
WA B AEHEAR F 7 0.5 m A (FE B HBTHT 1.5 m),
FEIGEHEARKTIN 3 Ab 5 BV BB AR Y RS
Al AR
1.7 FERABISG T4

IR B 4 Microsoft Excel #1741t
¥, FIH OriginPro 9.0 #EA74 K 23 #7 .

2 ZERE4

21 MREMEYMFTERE
211 BREERAFIESR
MIRERE G I3 12 SREAA FREACR
FAHTR , I 45 SR 2R B 3k LU TR bk 32 22 @ T A AT
I J& (Brevibacterium) . 713 20 J& (Arthrobacter) .
B PR & (Pseudomonas) . 21041 i J& (Bacillus) .
12 W J& (Pantoea), MWK 1 AT LLE H, 12 ¥R
A 5 BRATLAZELL 100 mg/L NH,'-N b ME—2%
U5 ) S SRS AL AR SR I TP 5 5% 48 h J5 , ODeoo
BE] LS5 L, Hig N-6 fN-11 K347, 4>
BIEE]T 1.98 F12.16. [RIEF, W& 1 FF/R, N-2,

A

Main physical and chemical properties of compost raw materials

Composting Organic matter (%)

raw materials

Total nitrogen (%) Total phosphorus (%) Moisture content (%) pH C/N

Cow dung 52.81 1.12
Corn stalks 60.36 0.36

0.36
0.29

74.80 7.54 265
12.32 7.73  65.8
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Figure 1 Ammonia removal effect of screened
strains. Error bars in figure represent standard
deviation.

N-5. N-11 iX 3 PRz 2 brae Jigonm, HE
PR N-11 X2 n) bR ik, 83T 83.41%.
2.1.2 BRERERTFIEER

IBRARA 7 1 A i rh AR A5 3 5 PR
A ERACR A EY, D 25 R R WX SE R ik
F 28 T 5k 5 4 8 (Streptomyces) . AT &
(Bacillus). 1340 & (Arthrobacter), WK 2 Fr
AN, S BRIA AT LIZEER N 50 mg/L S
WG SR A A Hidr, kR S-3 MR HELT,
PRamae I s . 7ERE SR 48 hJa, H ODgoo
KET 175, WERKBH T 85.55%.
22 BERRMEMEASHIHE

WL HTRR RACE Y TR A R, e BR

x2 BREMEVETELER

B2 #7E KA BRET AR

Figure 2 Sulfur removal effect of primary
screening strains. Error bars in figure represent
standard deviation.

A N-2, N-5, N-6, N-11 DL ZBRHRANTHE S-3
I 5 BRANGIE TR LA S50, 3R 2 T 5 MRANTA 43
FRELER SRR HA I TR R 5 AR
Z I AEPERGGR 3), niE—24 4,

WE 3 i, ¥ S Mtk T A e IE
14 Fpel 4. H N-5+N-6+N-11+S-3 414 %}
NH,'-N fil ™ KB e, 050 82.46%F
84.84%, ULHIX 4 PRI E UM, HETE—E
B RSCRES . A N-11 BERR44S, NH-N
LBRBARLE 70% LA L, VAT N-11 B LA AN
RORBAT . Fi5h, HARHEMEKBZ R R
RORBRLT, 40 N-2+N-5+N-6+N-11+S-3 [Pk
A, HEBREERN 77.80%, BRHHR N 76.98%, 3

AR

Table 2 Identification results of deodorizing microorganisms

Strain Primer BLAST results

N-2 27F/1492R Bacillus simplex strain EGI87

N-5 27F/1492R Brevibacterium frigoritolerans strain WTB14

N-6 27F/1492R Arthrobacter bambusae strain P1-B12-2

N-11 27F/1492R Pseudomonas plecoglossicida strain NBRC 103162
S-3 27F/1492R Arthrobacter sp. strain K8

http://journals.im.ac.cn/actamicrocn
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Table 3 Antagonism between strains

Strain N-2 N-5 N-6 N-11 S-3

N-2 - - - - -
N-5 - - - -
N-6 - - - -
N-11 - - - -
S-3 - - - - -

—: No antagonistic effect.

. [ NH,*-N removal rate
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= M o
2 —
g or 160 3
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Figure 3 Removal effect of different combinations
on NH4"-N and S*". Error bars in figure represent
standard deviation.
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B IE R R, T B A ME N R T S R
A 4). B 4 ik 22 B BHHERT ]9 05, HEAE
aob A v R A S A ML H B ) R S TG
i, G S Fios, R R R SR A Y
NH; Bl T B2, e R AESE 4 KIS
7 K, NH; B EBRZ53 515k 43.61%F1 62.84%. TE
HAEYIBR R R BRA T, HEARSS 7 K HLS
R FEAR T 53.12%. [AIEF, SXFR4ifH L, 52
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Figure 4 Temperature change during composting.
Error bars in figure represent standard deviation.
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Figure 5 Dynamic changes of ammonia (A) and hydrogen sulfide (B) during composting. Error bars in

figure represent standard deviation.

x4 HERMBERYRANLEGR

Table 4 Results of nutrients in compost materials

Changes of Time (d) Organic matter (%) Total nitrogen (%)  Ammonium Moisture C/N

compost materials nitrogen (%) content (%)

Control Initial 50.84+1.61 11.15+0.89 3.39+0.06 67.42+0.57 23.85+1.48
End 19.38+0.57 12.60+0.94 3.07+0.06 47.36x1.18 16.68+1.30

Experimental Initial 52.18+1.63 11.38+1.16 3.39+0.05 67.05+0.75 24.74+0.48
End 17.15+0.89 13.93+£0.07 2.04+0.07 47.02+1.51 18.60+2.03

M H,S AR K EBRER N 83.56%F1 70.25%!1.
ARBIFGE A8 NH, =N FIS™ 2 1 15 77 3843 Bl ok
PEAT B S UL Py R BR B A P R O e, PN
BEEGEN, FRNEAHEDBRRF NH,-N
ST LRI 82.46%7F1 84.84%, X T
CHGEMRFSY, RIF T 38w i bR 2080 1 W] B
PEm T BRELALE
32 BRERMEMAEHERPBINA

AT ARAT BB P B R 0 0 4 2
NEJE B4 7 R NH; Bitm 8/ T 62.84%, H,S
PRI D T 53.12% XA 25 0 5 A B 5L BT ik
YX-3 [& % ZFHIAT W (Bacillus siamensi)], TE
30 d MR FEREHENE 5250 v NH; Fl HoS /9 K R 3
I3 56.9%F 8.6%!'%; Tk A ERAFME &
T AR W 159 R 50 A 2 AN RS 2 HE I b 1 S, A

HEAEAIRT 20 d XF NH; Fl HoS 1 £ 308515 70%
1 60% LA 1710 T 3 AR S5l e AR s fi] A AS
], FRATTTC R b il A B SRR A R
PR H 3 2 T 5K AR A A5 AR AR P I A W B R I B
RO hT . R, B HRIE R Bk R
IR RO ITE 80% LR, iSAFFEAR K 1k 4
Z3 ], A B R R S A R T A A SR A
TEBRAE

FeHEAL R, DU LR IR —
B A P R, AR M) BT, AR
BEHGE B KA, SABIRAS MR, Z W
TR TICAS AN 25 M R 373 T i ol R <0 %) TR I T LA 2
ROGEB KM EEFEH . BABEMN 90%H
NH; 5 %p"™ HEAR AR e, AAHER R &
B EME R . AR, HEAE R o
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s, 254 82.46%F1 84.84%.
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