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PRk, B & FHRGEMS AR, £ B e R, SEGE R AR

PURARR 2T CHR TR, AT Ik MBI SR E i 0.35-0.4 kg/(A-d)?, H
Wonitk, SUclREe, A A AR BIRREF RS, SRR R, DR R E R

EETE: MWIEFRERMES A SGE D8RP L 5 (2019YFS0504) 5 U JI| 45 3 485 36 B 5 A8 48 37 T KB4 & 1
(2018SZDZX0024); VU JI|48 H A A& 35 H (2020YFS0021) 5  H R} B g Ak 4y v 5 e ) it 5090t H (KFJ-BRP-017-59) 5 Ji( 4R i 2
SR ST -BOR BB & i H (2019-YF05-02155-SN) 5 [ 5 mi & 1141 (2017 YFC505105)

“BIE1EE. E-mail: xieyf@cib.ac.cn

UrkS B HER: 2020-12-14; &R HHR: 2021-01-20; M4 AR EHR: 2021-02-03



3200

Dan Zhang et al. | Acta Microbiologica Sinica, 2021, 61(10)

T J HE S SR A BN 5 SRR K G 5 e
H SR AR B 8 B 3 AT OC E AL . B AL
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T W 25 77 AR A 18 K T I A Dk e B L
Yy, S4B, IRMG . SEORE . TEMEESEE
KR A5 ML 4 A 23R 5 R L 7K A7 T T 22 T A
KKFR, MR IRy 7 Tl 175 1k 42 5 i HE AT
JRUO0, IR M 2 il A e HE JSOR AR O U E I R
I 77 (effective microorganisms, EM) RJ D i 35 HE AR
IR ROV B AL R, SRACHEAR AR, [F
S U/ 3 AT X6 B85 A4 52 i 4 Pramanik 45 2% 1
T 3 AT 2o e b B A A W 52 TR ) R DA v
FEF= S AR . TP, TK 553740 & it DARIR
it ARV TR il 1 35 P12 Jurado 259\ g 5245 T ) AT
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FIRA A LR HEARRA
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FETR K BAGITIA], Bz — s bt Rt

actamicro@im.ac.cn

RGP, A @ 8 e Y R,
58 3 T PR B 2 B A7 B PR T R A2 45 T )
fiti, VATR R B8 o BAR, %€ 1 Pk D E BT
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1 MRy

1.1 HEAEER

S 56 FE R AR JSOARE Sy 0 1 4 BT A0 e L B
R G A TG B, AR P2 A AR 16 B3 43 2 A
P JER R P R DR T L, R A S T HE A
S 1 OMMENEIRURM B LT, K2 o R
ALY i

F 1 HERERBEEER

Table 1. Physical and chemical properties of

composting materials

CIN Moisture Organic
content/% matter/%

27.35+0.75 58.75+1.52 5.91+0.03 41.47+5.35

F2. HEERDENASREE

Table 2. Organic components and content in
composting raw materials

Protein/% Starch/%  Cellulose/% Lignin/% Fat/%
23.2-37.5 17.5-24.6 9.3-21.2 2.6-7.1 11.2-18.7
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1.2 EHRE

LB B53: 3. BEE I 10 g, NaCl 10 g, f#
FEEEHUY) 59, 7K 1000 mL.

PDB $555k: 4% 300 g, #ij%H 20 g,
7K 1000 mL.,

1RA R F= 5 (mixture medium) : ¥ LB By 353
5 PDB#% 9 : 1 IWlIR &, 115 °C K 20 min,

%k Fz Bs 35 5 (bran medium): #5100 H
fif %k 2 90.0 g, NaCl 0.5 g, K,HPO, 0.3 g,
FeSO,7H,0 0.1 g, MgSO,-7H,0 0.1 g, 7k 1000 mL,
121 °C KT 20 mint*9,

21 B B% 9% 5L (sugar medium) . £0 4 50.0 g,
JKZ 4.0 g, KH,PO, 3.0 g, HidkIMEz 1.0 g, H,0
1000 mL, 121 °C K 20 min,

1.3 LI

HA R EM: Wk A T ER B
BCHB AR W I 9 BT PR B I A W R

T BT (BM) - WA SK H T N T O e AE IR
BEL 2 ) 77 i HENE K T A, AT RO T R =
2x10" CFU/g, 4 BT BH A3 A TG AL FS (T, 75 1k
KRR P M JEREE . AR . ARG
I 15 6 1% 7 43 A 64.66 . 5.72. 2.06. 14.1.
7.4 U/mL,

14 HEHEERNIEEREE

K ELISA R QX MAE Wt 572 182 PRTA
HEAT P RS R E , ALHG R I . VERE . R |
YERNG . RBTRE . IREG. AIRHENEIRY T,
Pkt 4 BREE IR ST, 4 RRIERY SIS, 4
WREFYEZR B 7 1, 4 MRORTIR M =7 18, 4 Mg
U Tt oo 7 TR o RS A TR T AR () I
B FRAFIHEAT 16S rRNA JEFEMT , Frig)ys]+

NCBI M3k ffi i} BLAST X741l i1 7 Huxt, ¥ 41 Eb
Xf itk A http://blast.ncbi.nlm.nih.gov/Blast.cgi.
15 HRCREE SN CM g

WE DL 20 AR BA R 9 AE K il 42 F0 & Rt
H R 7 BB L SR H AR BRI T 0 45 T ke ]
PP HOVE R . & B A KRR AL . FhBiAE
FHH5 1 8 BREELLAL CM BRI o 41 L 515 kAR
b Xt L A A LA 43 L ) — B
1.6 CM KEEFMIUILBARR LR

RIS EARAL . B A 3 R A
RBEREFRIL . COMEREFRIE | Bk G AR SRR & B
FrHk, 4 45D 5%, 7E 30 °C '~ , 130 r/min
AR PR PP s % 48 h 05 A R T BORT ™ i 1
e R 52 A A R IR IR

REERENAL . ARG IR A K EE gL,
e 5% P9, 439 7E 25,30 F1 35 °C, 130 r/min
FR 45 R 5 5% 48 h, D A 80T B BSORN 7 Tl TG 1k
T H R T R TR I

PRt il . A EGEIR G KBRS, &
SR 3% 5% 7%Fh -4 , 78 30 °C T, 130 r/min
(% R 15 5% 48 h, I A 80T B BSORN 7 il T 1k
1 S s R A
1.7 CM BEFIHEAE R A5

HENE A TR FHHENEAR LT AT, B 3 M5k
B A A4(CK), FISEALBM), mofie
B (CM) . KR A 3850 Ja i HERE IR 43
30y, BM AL 1% B &h i RITEfL i, CM 41iR
I 1% SO R FE R CM & B, 4 34 kB
T3 HEAR T A ST o S R s R v 780 3 Y 50 i) o
I, R 0 A A e A e 7 o A 6 R B (.
(B AL A T B 2
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1.8 SRAE W E ik

HEAE/FE] 30 d, THEAESS 0. 5. 10, 15,
20 K, Sl THERR)E . IR RIZEEERREN,
JEBANRA, RIE R EIRERE S 1 kg A2
i, AW A BB A, —mRT, —
OHRAET 4 °C £,

FOKE BRI 10 g SRR T KM E [ E B
M

pH: FRHL 10 g BEFE, HetEah @ Z818K=1 110
(MV)FEATIR R, k% 1 haidug, i pH BREEH
HAEE

TRLEE « MEDRIE SR S NEAR 1y T 2 2
FKAR T RA MR e 5%, WA H —,
A3 5000 E HER R L 2RI 2 IR R S BOE
¥IMH.

C/N: BRI 3 g o Ui 24t A % 28 v [0 Rk 22 o B S
A WIS BT A LSS S

AHLT: R AR 2 W6 BIL 5T e 0 2 40 5 U
Y (HI 761-2015) #4710 5 .

FhF R ZR(Gl): FRECI0 g KUTHE, Febfin
ZEIRK=1 1 10 (MIV)EA TR, 8% 1 h 5t g fE
Mo KRR SR R R TI R £
PRI 35 7 L S8 AR B, KN T TR 4R — 5K, 195
JBCHE 20 RLRSURLARTE , K/ K SRR T
FARS T W HL 10 mL HEAE R4 T 3R M, [
A5 B 2R AKX IR AL, B RS EE R 3K, 25 °C
IR RE SR 24 h, MEFDF & 2R AR
Fi I A5 Gl

REAFRHGI) =

FF i AL TR K 2E5 < HE il AL RS AR K

25 AR IR R 2% x 25 LA R AR K

~3(2)

x100%
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1.9 BIELHTE
SRR SE TR F Excel 2016 $E4T 4047, AH
KB R A origin 2017 275

2 Rtk

2.1 EEHEE AR PEIE XK E

MIREE A W) B IR FE P 20 K 77 K A
TS PR R RO AT A B S, AR LR 3,
Hrb s w . FLRRW . JCG W . R .
T, GISEFE Y-11-22 7785 1 v
FN 74.62 UimL; JERAEFFIE Y-11-5 77 g i i
WP N 12.58 U/mL; HNB 7 3 s v
8.82 U/mL, £ ML & ; BPIR ZF AT
W C-1-11 L4 R G Ve e 3.17 U/mL;
Y-1-1 PR R SRR BEE M 12.86 UimL, Z%5E R
TR I

FATR . AW B . . TR
FRAME AWM EZEREE, HKEHFREY
XL T 5 HENE i AR KA S B A R L R
WA R DG, e R A A KB
2R R MR R, AR AR A Y R
K, BEEAENIE P, R e
AT PSB I 5T A B, ORI s 1) JR i L 28 11 Tl
HAPUHE . 1 RPT 505 & AR AP, 284
FEE B 8 BT = 4 e R G M, R
S5 D\ AR AR VA it o 0 S — R AR 4R R AR
W L.30, WIS 13k 4.25 UmL, &%5E, ZHEN
BEREZEAORT R, T 25 A - 3 Hh B gk s — ok
21 Y R A I RE ZE AT I B, 57 R IE AR MRS
LR 0.373 UImL, X 5 AT A i) itk 25 1
I TR 50 7 £ 2 2R B v — ) e T
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Table 3. Strains’ enzyme-producing activity and species identification results
Enzyme Strains Enzymatic activity/(U/mL) Species
Protease Y-11-22 74.62 Brevibacillus formosus
PSB-A 47.34 Rhodopseudomonas sp.
CL 45.77 Lactobacillus delbrueckii bulgaricus
Q-1-7 44.02 Wickerhamomyces anomalus
Lipase Y-11-5 12.58 Brevibacillus parabrevis
Q-1-1 11.84 Saccharomyces cerevisiae
Y-1-4 9.56 Saccharomyces cerevisiae
C-1-1 8.68 Trichoderma longibrachiatum
Amylase HNB 28.82 Rhodopseudomonas sp.
PSB-SC 27.36 Rhodopseudomonas palustris
CT20056 16.34 Fungal sp.
Q-2-1 15.06 Saccharomyces cerevisiae
Cellulase C-1-11 3.17 Bacillus cereus
AM-C35 2.45 Trichoderma reesei
AM-C34 2.18 Rhizoctonia solani
Y-11-15 1.47 Bacillus sp.
Ligninase Y-1-1 13.71 Saccharomyces cerevisiae
Q-1-4 13.39 Wickerhamomyces anomalus
C-X-4 12.86 Lysinibacillus sphaericus
F-N-3 12.41 Stenotrophomonas sp.
AN, AR, TEWRARE IR P REIE A A, 2.3 CM HEH ZBesALL
A, CUIERE, TZVER, AW 231 Rz, EEMRETE AR T 4

Iz R AR
2.2 FERCGEIEHEF CM Mg

WSE Bk 20 BREEZ B P FESBLER, &
PREERT I RS BT/ I Bk AL B L3 4. aRATAL,
Y-11-22 Y-11-5 AM-C35,Q-1-1,CT20056 ,C-1-11,
PSB-SC. C-X-4 5 R kIR JCHH/ER], ML
HENE SRR T © BER ¢ BB ¢ AFHER ¢ OKRJR
=4 14031301, 8 MR IR R AR AR
FRVE RS TR RR ¢ 7 R T A R A Y R A
PR PEARSREBE k=40 41331 1 AYLLBIfE
FACHENE R CM,  BRARZEL AR S e B L6 5.

B AR RIRAT, X RAE A A A AR B R
P, IR AR IR | BRI | LI
BigRdE 3 PiAS[R) B R JE 0 v (A A AR ™ B RE ) 1Y
SN, SEBEEIANE 1 R o MRS A5 TR A% TR
PREGAEICHRZG, PRI IRITH Y 48 he &1 1 R T
AR PR AERORDL, 492K, CM
FITE 3 g h A K 48 h (KRR A ROE HECH
CIMESIR A >AK B R 1 AT LR e 3 T IR IS¢
PET, B BEE I E TR A R IR ML SR 5k
B, BB IR ZRA AR K DA™ il
RET), ERRLIBEEFRILA N CM TR A G IR 3
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x4 ERMEMEREHE

Table 4. The number of antagonistic bacteria
corresponding to the strains

Strains - + ++
Y-11-22 16 1 2
Y-11-5 14 5 0
AM-C35 14 4 1
Q-1-1 13 4 2
CT20056 13 3 3
C-1-11 13 4 2
PSB-SC 12 5 2
C-X-4 11 5 3
Y-1-4 10 6 3
F-N-3 9 8 2
HNB 8 6 5
Y-1-1 8 10 1
Q-1-4 7 9 3
Q-1-7 6 11 2
C-1-1 5 11 3
AM-C34 5 11 3
PSB-A 4 13 2
Y-11-15 4 12 3
CL 3 10 6
Q-2-1 3 11 5

The Oxford Cup trail is 8 mm. The diameter of the bactericide ring is
<10 mm means no inhibition (-); The diameter of the bactericide ring is
10-15 mm means moderate inhibition (+); The diameter of the
bactericide ring is >15 mm means severe inhibition (++).

2.3.2 BE: WMAEYA KRG — RIIET
SCNE AR, A0 BT BRI A Ak 2% S J LT B
SEFER AL T HEAT 0 o TG RS PR B
WA, ERAE T el TR, S MR TR B
W, WS TR, IR,

Kl 2 @78, CM mATEARREPAK 48 h
TR 2 A S0 U KR 30 °C>35 °C>25 °C.,

Bl 2 BoR, WHRTEEREIE 3 NRERRE TN
35 °C>30 °C>25 °C. il A= 1y iy A: K dpe it Tk 5 A ™
it S5 R AN — 3, DRSS, BRI AN [ S
T B PE FREE, fEARSEE T, %8R A
A%, 3EFE 30 °C 1ER CM BRI & I B

233 EEFE.: MIKER GRS, B
ol S 2 AT 1 TORT R B AR B L
APl T LA v R AR K R R I AR MR B, H
WARFERP R 2 | R AR A R DA A 2 i I A 4
AR K T 552 10 4 e P 0 1) A 2T AR S 9
T 3 ANl R R o 52 B A R AE A RN P i Dl Y
S, AN 3 s, HERhER 43 3% . 5% 7%
B, AHFEEEFRETE N, Eeph iR, AR R0
WA . I 3 R B, BEEHEREMK, W
REHEINTE BT DRt ARSEIR S 7%3EF it
DE- IR

2.4 WREIRE AR AR

241 WREE: W WL S E R HE T
PEAE AR Ml A A 5 o X A L 2 B 2 3R

mE 4 Fros. HENEAER R#FEAT, %%EE
20-29 °C, RN 24 °C, ML REH, &
A FEELTT 3B B, THERF B . S EL

R B, CKALTHIR IR 5d, Ak i
42 °C, SRJEIREREIR, HEAORE R AR e TE
30 °C A4 ; BM 4T 3 Rk A SR, &
M 63 °C, FRgkmi 5 d J5 i IR 4R T R
CM AT 7 Rk A m i, i &N 63.5 °C,

7
Ek& =

#*5 HREER CMAERERELL

Table 5. Composition and ratio of composting bacteria CM
Strains Y-11-22 Y-11-5 Q-1-1 PSB-SC CT20056 c-1-11 AM-C35 C-X-4
Proportion/% 25 10 10 12.50 12.50 10 10 10

actamicro@im.ac.cn
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Figure 1. The effect of different media on the
growth and enzyme activity of CM agent.
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Figure 2. Effects of different temperature on growth
and enzyme activity of CM agent.
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Figure 3. Effects of different inoculation amounts
on the growth and enzyme activity of CM agent.
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Figure 4. Temperature changes during composting.

Jo i A T A2 A TR R R4 T D6 A 3 A R P v
Ve WAAE L (% R 57.3 °C, i I 4 )
6.d), CM 41 FHilhF5c4g , H B o & L i 2t
FSEK T 4-7 d, Ui CM BEFLE N A5 G REA
ROAE K =, RS R A RO
b9 . BUR RS A E R,
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ULIITEMENE W], BT S A I 7 R
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Figure 5. pH changes during composting.

BRPEYI T, B T HEE R G RR O, B
VI R, AN R TR R K s 3h, R
FRRA MUIR I BRGNS R GE R BRI o nf LAHEN
HHEACHTEA BM 4L A W is vk o, B R
BFE A IER, CM AMAYTENS T BM, X5
eI BE AR A — B, UL CM B FE I R 5T
A RS . TEHEAC R, R AS B
PRV pH (B, B2 pH 340 T HEAE A P AR
KA

2.4.3  FIKE: FKEAAE ISR A )
HREREARCO R A M KRl = K BL X
KAy 43Uk, TR D R I R R R R R K
i, SEHENE LT I A i 6 TR, R
UESENE AR K R 51%-53% , 454 HENE & BEAY
ol K 4> B3R o B HEAE AT, K2 A
H1 T BM 215 Rk A i, L S kR TR
B CM 4ImH, MY CM FEFIAdE A iR, Jf
W& =R B, O KR TR T BM 41,
HENESE SR CK 4R BM 4155 7K K43 51l A 48.51%
1 32.5%, CM 41 /KN 28.7%, Wi & (AEWH
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PUEARHE(NY 884-2012) ) HHAHKGARHE. H CM 41
FIKE CK 1% 19.81%, . BM 411k 3.8%,
YR CM 12570 B A T 5 i B 3K 3 B4R
P T HE B = T
2.4.4 BHURS CIN: HEAEA BT HE AL R84
%%@ml%om%ﬁm,%ﬁﬁﬁﬂikﬁm

AR TGS HEAE 30 d B CK. BM,
CM AP & 5535k 56.79% . 57.78%
54.36%, A HLEREMAR 5100 27.8% ., 24.2%F
30.4%, VLB CM [0l B A 2 Jig o 3 b ()G ML s
P, AR T R

AR T A I T 0 S B AR AT RE
AR BUAHL , R A NS DA 7 5 2 — 2 1Y)
C/N. Iboh, FEHENE Rt REH Al CIN IRk =
MEHERR i, — e (R T 2081, fnfEl 7 fiiow, 3
HEWI AP0k CIN 7E 23.84-28.4, 2 (A1 bk
HE AR AL B AR VG (CIJ 52-2014) )., Fifi 5 Hk B st i)
MREE, CIN B R, k—MaTEmAm
AR BRI R L CO, (TR 2R Tl 7 75 21 AR
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Figure 6. Changes in moisture content during
composting.
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VR CM TR 77 B ) T REAIE C/ANGHENE 30d,
CK #1. BM 41, CM 41 C/N 4344 17.62, 12.59
8.93, TN CM>BM>CK, Z%IH 67.7%.
53.9%. 35.5%, 590 T BA A [ AU R A HLHEE
(40 d i C/N & 14.09)H Hr , R B &5 5 4% HEAA G Bl
Bl LUR B, 50 CM 71 Y 5236 41 [ R g
DR, FEHEAS R R R A R D B AT BM
PR

245 MFERFER: FFRERG)ZHNCEA
JERTEEIRAR, EH Y Gl ikF] 609%kn i ik A
AT IR B 80%LL F AR E HEAL 7 i T8 T A
WKl 8 i, AMEREFI BM 4. CM A7EHEN
HATEYS 15 RIFC LB T RAR A, HEIEL
W, CK 4. BM 4., CM 4l 1k 28R4 5N
67.68%. 79.61%7#1 87.67%, HA CM 4L T
SEAREE, R CM 4158 &8 BT T st | 4870
HRZFRI R T CK A BM 41, Ul B4 Fl CM
PRI 791 R 47 6 ST T, P St

Organic matter and C/N changes during composting.
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Figure 8. Changes in seed germination rate during
composting.

5835 RS AR M0t U5 188 Bk B I T 15
B, R HE R JEURA AL 43 2 1] 7 34 4 8 S T
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FZIFIRE R CM Bl & B MR 7%
PR T LM R 38, 30 °C FHi9R48 h, A
ROFE A 9.59x107 CFU/mML, =T fE 1 4 B
W ERR T, RO, TN, AR, R
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Fast-preparation of compost effective microorganisms (EM) for
perishable garbage based Environmental Microbial Repository
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Abstract: [Objective] Fast-preparation of effective microorganisms for perishable garbage compost. [Methods]
Based on the Environmental Microbial Repository supported by the “Biological Resources Service Network
Initiative”, we selected excellent organic matters decomposition strains (protein, starch, cellulose, lignin, oil)
according to microbial enzyme activity and perishable organic matters. The compost effective microorganisms
(CM) were prepared according the antagonism between microbes. Subsequently, we studied the optimal
fermentation condition of CM and the perishable garbage compost. [Results] The optimal fermentation condition
for CM was inoculating 7% seed liquid in brown sugar medium and culturing for 48 h at 30 °C. At this time, the
activities of protease, amylase, cellulase, ligninase, and lipase in the fermentation solution were 181.76, 52.92,
1.57, 12.81, 9.94 U/mL, respectively. The pH, moisture content, and organic content of CM compost product meet
the bioorganic fertilizer standard (NY 884-2012). The composting temperature of the CM group could reach
63.5 °C and maintain at the high temperature for 9-12 d, at the end of composting, the C/N, moisture content and
organic matter degradation rate of CM compost product were 8.93, 28.7%, 30.4%. Compared with the control
group, CM could accelerate the degradation of organic matters, and has a stronger nitrogen fixation capacity,
shorten the decay time, improve the quality of compost products. [Conclusion] It is a fast and effective method to
prepare the effective microorganisms based on the Environmental Microbial Repository.

Keywords: effective microorganisms, compost, perishable garbage, environmental microbial repository
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