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Research and development status of fecal microbial deodorant based on
in-situ control technology

WANG Jialing"?, LU Qingyang', LIU Yang"?, XU Lishan', QIN Wei"? & YAN Zhiying'
"CAS Key Laboratory of Environmental and Applied Microbiology & Environmental Microbiology Key Laboratory of Sichuan Province,
Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China

? University of Chinese Academy of Sciences, Beijing 100049, China

Abstract Odor pollution is listed as one of the seven major public hazards in the world and has attracted
increasing attention worldwide. Inappropriate disposal of accumulated feces from animals and humans
exacerbate the formation of malodorous gases. This paper reviews the current literature on the original sources
of malodorous gases, the mechanism underlying in situ management, and the formulation and application of
microbial deodorants in odor gas control. Previous studies have revealed that malodor originating from feces
primarily contains four kinds of chemicals: ammonia and volatile amines, volatile sulfur compounds, indoles and
phenols, and volatile fatty acids. These malodorous substances are mainly produced by indigenous gut bacteria
that degrade the remaining nutrients in feces. However, researchers have utilized specific microbial strains to
suppress odors, including lactic acid bacteria, yeasts, and actinomycetes. These microorganisms reproduce
rapidly and inhibit the growth and metabolism of odor-producing microbes, resulting in communities dominated
by probiotic strains. Based on this in situ odor management theory, microbes with deodorizing features are
screened and formulated to construct microbial deodorants and then applied in various disciplines, such as the
deodorization of fecal compost. Although microbial deodorants have been achieved, the precise mechanism
of deodorization remains unclear. Moreover, the narrow spectrum and insufficient ability of deodorization limit
the further application of microbial deodorants. Thus, this review discusses potential avenues to address these
issues and provides ideas for investigating the molecular mechanisms of deodorants, the relationship between
metabolic networks, and cell-to-cell communication among deodorizing strains based on omics and synthetic
biology methods. In addition, we propose a blueprint for the design of a microbial deodorant. We believe that the
appropriate design and development of effective microbial deodorants will be beneficial for improving the living
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conditions of intensive livestock farms and the ecological environment.
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Table 1 Malodorous substances and the indigenous bacteria in manure

41l 14 Bacteria 1R 25 7 Metabolic type

% 2.9 7t Malodorous substance
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Facultatively or obligately
anaerobic chemoheterotrophy

Bk B

Streptococcus

TR, LR, IR, TR, EANER MR

Formic acid, acetic acid, propanoic acid, butyric acid, ammonia and volatile amine

IR, CIR, NI, TR, 7 1R, KR, G, IR, 7 ORR, GAE AR, 15l M)

WAL RRE R 27 AL A ST 3R AL
Peptostreptococcus Anaerobic chemoheterotrophy
phenols
7 S B R R A e e R R
Aerobic or facultatively anaerobic
chemoheterotrophy
T 4 B IR 4 A G S 7 7Y
Aero-tolerant or anaerobic

B A (R 1 g

Escherichia

FUAT B R 2

Formic acid, acetic acid, propanoic acid, butyric acid, isobutyric acid, valeric acid,
caproic acid, isovaleric acid, isocaproic acid, ammonia and volatile amine, indole and

IR, IR, NIRRT IR, Mol Al 3%

Formic acid, acetic acid, propanoic acid, butyric acid, indole and phenols

R, o1R, NRRANT TR, mlwk Ak
Formic acid, acetic acid, propanoic acid, butyric acid, indole and phenols

HIR, 4R, NI, TR, R TR, KR, O, 7KK, FOR, W |WAEE, TSR

Lactobacillus chemoheterotrophy
S [26, 29-30] V=i ok ) é %
R & REARE A 7R 2
Clostridium Anaerobic chemoautotrophy
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A W IR U B AR AL i e 7R Y
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acid, isovaleric acid, isocaproic acid, indole and phenols, volatile sulfur-containing
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Formic acid, acetic acid, propanoic acid, butyric acid, isobutyric acid, valeric acid,
caproic acid, isovaleric acid, isocaproic acid, indole and phenols

HiR, o/, R, TR, 3T, %, 2R, SRR, 5O, 2R
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caproic acid, isovaleric acid, isocaproic acid, ammonia and volatile amine

HIR, 1%, Wik, TR, 3T, KR, O, FRIR, FOK, EEEEFILED
Formic acid, acetic acid, propanoic acid, butyric acid, isobutyric acid, valeric acid,
caproic acid, isovaleric acid, isocaproic acid, volatile sulfur-containing compounds
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Table 2 Commercial products of microbial deodorant

R B A I R A 7R 7 i it
Research and development company Deodorant product Function
YT MR AR A R o 38 9 T B RO R RE DD I I U A, T HE S R v A 3 06 B R
A biological technology limited company Fermentation starter of swine It contains aerobic microorganisms with high-efficient ability of
in Weifang city manure decomposition, degrading manure and deodorize during composting
W AR IR A A SR B 7 A R F R RN A 2 S0 SR I T AR R R Ak

A biological technology limited company
in Henan Province

T B R AR A R B

A biological product limited company in
Henan Province

AR RER AR A A

A technology limited company in Beijing

Microbial agent of cow and
sheep manure fermentation

M. WL
Yi Mu Kang, Yi Duo Jun

F fi R T PR 57 98 T 771

TR TA R A

A chemical limited company in Jinan city

i L BRI 7R

Lanjing Deodorant

Dry spreading microbial agent for
city raising geese in fermentation bed

It effectively removes the odor produced from the aerobic fermentation
of cow and sheep manure

TENAE DRI N, SR8 TR R, PR R R
As a microbial feed additive, it improves the digesting rate of nutrients
and reduces the emission of odor

EHRREE AR, (LRI SRR B IR R e 18 4T

It contains natural compound probiotics, promoting the stable
operation of fermentation bed and deodorizing in the goose house
PRI BR IR RS 3 285 KRR A& F RS0 1, BRR2E90%LL 1
It rapidly eliminates germs and odor molecules in chicken farms with
deodorizing rate more than 90%

#3 BRREFINLAEF

Table 3 Invention patents of microbial deodorants

WE R AL

Research and development institution

L F FE S
Patent

Main composition

— AT X T A 3 SR ) R R E B AR BR R

381 4 A D 9 IR il 45 1

Hunan Institute of Microbiology

Ji 37 i £} Saccharomyces cerevisiae

A microbial deodorant for landfills of municipal solid &L 4T % Lactobacillus casei

waste and its preparation method

BRI ARAT IR A
Yibin Wanhua Biological Limited Company of
Environmental Protection

(CEREN il

R R SR B A o R ) 6 T iR B LR

o [ A} 2 e B AT A= 1 I A P Fe
Chengdu Institute of Biology, Chinese Academy

TSR biological deodorant for public toilets

P SE R AE DAL A PR A ) R g —_ + g [80]

Shanghai Laitai Limited Company of Biological A ﬂlﬂ%%@ﬁiw*@“ﬁu E/Jfﬁ”%.ﬁ{f.

Technolo preparation method of a microbial deodorant
gy

LA R AR B — AR A A o LT 1 i

Zhejiang Academy of Agricultural Sciences

Microbial deodorant for environmental protection

Preparation method and application of a composite

The application of a microbial deodorant

i ¥ 22 F A B Bacillus subtilis

BELE L E Rhodopseudmonas palustris
1 [ FLAT i Lactobacillus delbrueckii

8 25 5 BU Chinese herbal extract

FLER AT Lactobacillus sp.
W Vi BR 1 Streptococcus thermophilus
T B2 2 EU Citrus peel extract

W SR P Pseudomonas putida

B 4E LU 1 Bacillus coagulans

5K 2 A A B Bacillus cereus

i ZE AT Z2 Bacillus flexus Z2

E K% f¥F %23 Bacillus megaterium Z3

EAAEDHIF (NRMA) |, AT RS 72 50 FE HE AL S 00, HE IR 45
WG R ISIG A FINH S HE & (4.9 g/kg) WE MK T X4
(11.9 g/kg) *?. NakasakiZ M 5] 43 17 3 43 85 H—Ff 40 1 Al
PRI R, 38 S 56 R I A (o T 22 I B R A 1
7 W 6 05 75 25 1 17 10 TR 80K 1) R Chen %R L FR il
PEREFRVE N R B A T— /MR AR IR A #E ¥ CC-E,
REE T AR PR AR S HEAR A ) 2, CC-EALEE (151.11 mg/kg) 77
AT B B L R 2H (447.87 mg/kg) 11£63%, I 74 B
B B A S T R S DT B A B B Y, AT Y
A bR BB TR B IR. Jiang S o A SR AR 26 XS 3R A A
FEHE AR AR o325 S T B A 200 T R A B, DA ZH AR
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NHHER®Y. ERT, BRI S 12 BT 2 408 %
SLYB AR HES (R4 .
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Table 4 Application of microbial deodorants for deodorization
N7 F 451 4k FER IV @S
Application field Main component The effect of application
T AN B T FAERMBRBURE D, RIEREEEFIBY R FR G MH> 8, UBKES
Comoost of o S SR K7 TR AL 0 2 R A
mamﬁ’re andr\)/vslgweat Tactobacillus P —_— The volatilization of ammonia and the loss of nitrogen were reduced. The yield of
bran P maggots was ensured via housefly larvae cultivation, which could replace livestock
manure as protein feed for aquaculture
1 36 4 SLERFT 8 Lactobacillus sp Ei%i}%%ﬁfﬁii@%ﬂ&ifiqﬂy A7 WA 0 e 78 R M I 1) 478 25 e 0 19 BB 8, LU
= . A~ B H B 0,
. 5 0y W ) I 1 59%
S]ZTS;S;% %‘g %%? lﬁBaC;?//ZZIZa SP- In the biochar/microbial inoculation treatment, the degradation of organic matter and the
et ry WA Ps Chrobg;:ters detoxification of the compost were enhanced, and the content of total Kjeldahl nitrogen
FOCATIR Fsy P: was increased by 59%
AN FT A
XS SRR W7 BB ML B Pseudomonas stutzeri &5 N MR, BAIHUR B3>, HERLE WI4EH 715 d ©

Compost of chicken

manure and fresh rice B4 AT Sphingobacterium sp.

J\Z Bk Sporosarcina sp.

husks
g _y, "
T SN 2 1 T BB
Compost of chicken ; ) .
Thiobacillus thioparus
manure and

mushroom residues

Nitrogen loss was significantly reduced by converting more ammonia to total nitrogen,
and the compost cycle was shortened by 15 days

FIEBR B 121 07 1 485 (5 Y i 5 [0 I A4 208 o S ORI R MR BR AL & ™
Combined use of sulphur and Thiobacillus thioparus effectively reduced both ammonia
and VSCs

PR PR AUV RE . B R H,SINH, 2 BR B R A b A0 == B 0 B vy
FXRAL, T HSINH™ A& B AR TFh BRZEL, 995 JBR 1 A =3 1 bk 2 0 ) 2 R G iy 2R )
The diversity and abundance were greater than control treatments in terms of cellulose
decomposition, organic degradation, nitrogen fixation, and H,S/NH; dislodge while H,S/
NH; producing bacteria were less than the control group. The pathogenic bacteria and
indigenous strains were significantly reduced or disappeared

PR 5 7B SR R AL A, R I AR, A ST b LR 1 I S 2k
PERTIT, NHoFIH,S I kR e A

The apparent digestibility of nutrients was greatly improved, and the growth of pigs was
promoted. The number of lactic acid bacteria in the feces linearly increased, and the

emission rate of NH; and H,S was significantly decreased

o FH 8 R B 2R AT 7
:DF(-fdlzr?z( aﬁﬁ o% of cow Bacillus methylotrophicus
liauid dun i ECSLFF # Lactobacillus buchneri
i 9 1 HFF# Ochrobactrum
AP S ik I . .
E‘é dzgli 53: E){abnui rijal i ZE IR B Bacillus subtilis
feed A% 2F 0 FF B Bacillus licheniformis
gioyriiétii% [ii a% o % SR L Pseudomonas putida
T W45 2F U FF 1 Bacillus coagulans

B TR A PO R BRI L R 2 L R I AT A1
The concentration of methanethiol, methyl sulfide, and other malodorous substances
was significantly decreased
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(a) - Microfluidic cell sorting technique (b) Ci%l?jriﬁm%cs (c) Synchtic assembly (d)
¥

_ _ e __
N &4 Ii?%i%ﬁ?k a#*

Screening and enrichment
technique in medium

(e) mmma G M RR#sFerRNA @
Metatrar Trans-activating crRNA, tracrRNA e *
'\\ ? . , " B R"é‘c’gpt%r @
“\\. CRISPR¥ AL IR AT 40 3
f«"‘ M W 'a"s'a""" CRISPR-derived RNA, crRNA —:
W —
=t CRISPRAH FAZ % N V] °
6 CRISPR associated nuclease, Cas 9 Y
Ifmﬁ
- °
{74 Metabolites {iHi BB B2 mRNA TR 2 55 1A R A P
FACHI FEAMS Biotic interactions in quorum-sensing system

Metabolomics Metaproteomics

E1 MRREFIOERZER. (a) 7EMB R ASE TR, B8 D8 B R 7RI H I (o) BRI A0 2 S H R A $E 3 R S A R R
XF DR T Wk B BEAT 2> B Ak, X SRR AT A BEAE AT (o) ZEWIIRRIAS : SURIE TR R AR, A T AR, N LA O R A AL (d)
P AR RS T e e B O R LA AR O AR A AT R R IS R RLVE RE R I R R (@) Z AL R R URUE B AT AR SKEUH AR
e S B R 11 e R 2B A5 6, S AR %, G R AR S ThRE R (f) CRISPR/CasOBE AR« if 5 [RIFEAT A g 45, DAGAL B 5L R B 1145 1 Th g
B, R EARRE M LI S L W MTE S (@) BEAR R R G0 M @ ANE TR A 2 50« P 2 2B A 2 (MR ELAE 6 R, LSRR IESR, TR T ) A
Ay (h) O R s AR AR ORI AR ST VO, R B AR S R B R AL S RS A AL Sh B, AT A BR LT R TTAT E@%%ﬂ%‘:éﬁﬁﬁ%
Fig. 1 Construction blueprint of microbial deodorant. (a) Target strains are collected from typical malodorous biotopes, or selected from
a functional microbe reservoir. (b) Ideal strain is isolated and purified by microfluidic cell sorting and selective medium enrichment techniques,
followed by physiological and biochemical analyses. (c) Bioreactor. The microbiome is artificially synthesized and assembled after altering
incubation parameters and adding biostimulation. (d) Microfluidic platform or automatic microreactor. Deodorization effect is assessed by high-
throughput analyzing, screening and testing, and the strain which exhibits superior performance is collected. (e) Multi-omics metabolic flux
analysis techniques. To reconstruct the metabolic network and create an ecological functional model of microbiome, the genomic information
of targeted deodorizing strain is obtained. (f) CRISPR/Cas9 technique. Genes are edited in situ, aiming to optimize the specific functions
and phenotypes of deodorizing microbial community, improve the stability of interaction among deodorizing microbes and enhance their
competitiveness with indigenous microbes. (g) Construction of quorum sensing system and nutrient-dependent transformation. The interaction
among probiotic strains is coordinated, enabling them to constitute a symbiotic and prosperous system and form a balanced steady state. (h)
Data-driven modeling technology and machine learning. Organizing experimental data, the physicochemical properties of ecosystem in microbial
deodorant and the function of microbiome are tested, then the feasibility of deodorizing scheme is evaluated, thus automatically improving the
performance of deodorizing system.
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