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Abstract Composting converts organic waste into compost and effectively restores soil fertil-
ity via the action of microorganisms. As the global population increases, the demand for rapid
composting to manage substantial quantities of organic waste also increases. To achieve rapid
composting, optimal conditions for moisture content, temperature, oxygen supply, pH, and the
C/N ratio should be determined. In addition to controlling these conditions, methods have been
developed to accelerate the process by inoculating compost, which is believed to contain high
concentrations of effective microorganisms, or cultured microorganisms with high activity in
decomposing organic materials. However, the efficacy of microbial inoculation in composting
remains controversial. Therefore, this review analyzes and summarizes published studies on ap-
propriate composting systems to clarify the effects of microbial inoculation and the conditions
for effective microbial inoculation to improve the composting process.

An appropriate composting system must meet the following conditions: reproducible compost-
ing process (differences with and without microbial inoculation are clearly attributable to inoc-
ulation), correct assessment of experimental errors, and evaluation based on scientific rationale.
A small-scale composting apparatus, in which the composting conditions are strictly controlled,
and the same raw material is used, is suitable for obtaining reproducible data. A quantitative
method for monitoring the composting process, such as measuring the CO, emissions resulting
from microbial activity associated with organic matter decomposition, is advantageous for eval-
uating the effects of microbial inoculation. An example of false evaluation against scientific ra-
tionale is the conclusion that non-thermotolerant microorganisms survive the thermophilic phase
and significantly contribute to the temperature decline phase when inoculated into compost raw
material. Composting is operated with the intention of eliminating human and plant pathogens

using thermophilic temperature; hence, inoculated non-thermotolerant microorganisms cannot
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survive, rendering such inoculation ineffective.

Microbial inoculation has significant effects when raw compost materials contain inhibitory
substances, such as organic acids or furan compounds, which only specific microorganisms can
decompose. Organic acid degradation in the compost material and an increase in pH are crucial
for accelerated composting. Inoculation of organic acid-decomposing microorganisms into raw
materials rich in organic acids is effective for rapid organic acid decomposition and maintaining
favorable pH conditions for co-existing composting microorganisms. Consequently, microbial
inoculation enhances the succession of composting microorganisms, thereby promoting organic
matter decomposition. Effective microbial inoculation in composting was observed when furan
compounds were generated during the hydrothermal pretreatment of kitchen refuse to improve
the hydrolysis of solid organic material. Inoculation with furan-degrading microorganisms effec-
tively facilitates rapid furan decomposition and accelerates the composting process. In addition,
a significant inoculation effect occurs when composting tackles hardly degradable substances,
such as polysaccharides and biodegradable plastics, which require microorganisms that are not
typically present in high concentrations. The degradation of poly-e-caprolactone, a biodegrad-
able plastic, is accelerated by microbial inoculation. Furthermore, effective inoculation was ob-
served under special composting conditions; only specific microorganisms were active, and the
growth conditions of the inoculated microorganisms aligned with the composting conditions.

Under some composting conditions, if the growth conditions of the inoculated microorganisms
differ from the composting operating conditions, actively controlling the composting conditions
to favor inoculated microbial growth over native microorganisms enhances the microbial inocu-
lation effect. Using the example of producing value-added compost (functional compost) by in-
oculating suppressive microorganisms against plant pathogens, this review highlights the impor-
tance of combining temperature control and timing of microbial inoculation during composting.
Overall, integrating microbial inoculation with composting process control is necessary for the
stable growth and survival of inoculated microorganisms and the expected benefits during com-

posting.
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Table 1 Summary of the effects of microbial inoculation on composting as seen

in previous literatures.

Raw material

Composting scale

Seed/Inoculum

Composting stage

Temperature

Effect of

References

pile (2700kg)
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rimmi 208 L steel drums ic material maintained at temperature. Goluek
rimmings, (70ke)/ 1 m organic material, |, .. 50°C5°C temperature, olucke
chopped straw and and a commercial increase in per etal. 1954
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Household organic
waste
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photosynthetic
bacteria and yeast)
LDD1 (fungi,
actinomycetes and
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39.5-40.2°C
The greatest
cellulosic
enzymatic strains improved cellulase
with tolerance to activities,
) § ke frosh high temperature/ chpcraturc accelerat.ed the
dairy manure weight of mixture Streptomyces sp. different stages mc:cscd onceto|degradation of Zhao etal. 2017
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: e . i
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ANZALCTEEBHPAETLEHHL T 5, 72k
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ZWMAEMOBIE DI LR R HHEL T, Hik
ENTzTVRAM BARIZD 2o T A LR T 5L
L7256, HEPTOEEEE N OMBEITE T CGRLZ
LIETERWEEDONLOT, X TRLN AW
TEOR)FIT T ARAMELEE O TS, K& A) b
WD Z Wb DEE 2 HLs,

4 BREDFVWIRTLEZRAWTHREMEYEED
BRI LEVGE

NIRRT BY, A RO R R A IR T
72Olid, AV RAMUCBI B B 55 % TEH AR
DEELL. F—&oar BRAME RSO S
LEBFERDIMEONL VAT LD EN DL, &
DIV AT LD —F% Fig. 1 1277F o (Nakasaki et
al.2011) ZOTATATIX, B @S O/NREEY
FAWTEY, Ao EE SRS 572010, Mk
YN DR IR DR T e TR E T ML i
DFEEAELREL, HRY S HRE, FAOR
FEEIFLTBILRREL THERL I REERD
e LR BLELZFHEL b, F2 sk
AR DS O T RN, bbb, FERD. REE.
Ky R E DBRVEGABIFE —IL T T 52
EC, MAEMETEORN RO AREFHM TX4, Nakasaki
et al. (1985) I¥. Fig.1 L[A—TidZw2s, FLEZH
IZHEDOWTRREIEN 2TV RAMEY AT 2% FI T
RO EEBGEIL Th, 2B, kst
ELTUIT U RAME A VT, I R AMERH B2
EEILMETO, 10, 20%IZZZTHRMLTWAEDS, #%
A Wy F T D A IR AR Wi BE DAL O W BRAL S 1
P, BIRTESNE,. pHy SKEBLEEEDTHIE
TREF 72012, TRAMERZRINL 2V, HENIE
WOHL72a BAME T, H o~ B C i L 728
W ARANE BRIl TwA (Fig. 2 ). %8,
RO AL RAMUIZBT B AR O Fl 2B
T AL TIEI R AMEBERE TRA Y DL DL %%
BT BMIIOWTRIN TR o7 hs, O
Tl RAMUEBE R OB 2L HEL T b,

IVRANE R 2V RANDOEN G2 2 TV A HHAE
TOMAEW R EEY LSS THL, IV RAMEIZBITA
B IRICEE R I RO NZ e s, FERIZ
MW7 FRBIROIVRAMEIZBWTIE, D5
FRLZFF G- D REIT B A W | 3 AE R 2 B A L 7T
RS S N3 A QYA NV Rt S ob R ki b T BN - €.
Pert 3> RAMUED G BN 731 2 BHE R R 3 ek
FEam T Twa,

@ Flow meter @ CO:Trap © Bubbler
@ silicon plug © stainless screen @ Mini-reactor
@ Tedlar bag © Incubator

Fig. 1 Laboratory-scale composting system.

Similar
sterilized
! !

¢ . compost
@ compost
I

Raw materials and composting conditions are maintained
the same regardless of different seeding ratios used, ranging
from 0% to 20%

Fig. 2 Experimental design for confirming the
effects of microbial inoculation using a mix-
ture of compost and sterilized compost.

[ —DY AT AT E I TG FEE L7230 RA
ML S, AV OBRERE S RRLILIC
Ko TH &Y 53 ff L DZEAL /Y — I3 Ao
250D, TV RAMUED FEEERE T R O A HEW) o i 5
I UZEDR RSN W EEHED DTS (Nakasaki et al.
1992), 72, BEEO A YRR OR)RIZOW
THRFTL72AE R, ZBEOO A W 5 i D2l s
Y —NUNIED DD, F 7AW 55 R 2 L
HERFEDTZ VI EEPSPIIL TS (PIFIED 1993) 0
B, ZOWZETIZ, U RAMBIETHELT A4
DD NI DOWTHIRE L TWD05, T



Hllg - 2o RAMUIC BT A BAE R O Ry 5 10

AE A SNA LRI O SE CHh B0, R oo
O=—H8ROT =7 TlEH 50D, TV RAMLBEFED
W DOWAE Y OFEEH DA W BAE RN Lo TR o T
WeZlaHE L Tb,

ZTOH%. BB A R o a s RAMEIZ
BWC, A w LB S LA Y TR
WERLIEXHODPIL 7245 K25, Loakasikarn et al.
(2021) IZEoTHEENTWD, TOFHLTIE, avR
AN e REAN IR AT Bl b1, BEFREIA T
DIFAEFEZOVTEE KL b, EBREHBOI R
AMBIZBWT, 3O R (IO
FlH) 1 FEE IR O RN, 2 fiE) L7
L2, BRI O R B L AR ERL, FERE A OFESE
IS TRIFLEE Th 7oAy, EW I KRR TR
TBY. WA OBFEI WY # O BRIKEGEE
FHIENIRENTZ, Ty BRA P RRLEFET D
WA OISR 25120 DET . SLOBERIR
FOHFAEFE XTI RAMEDHET I ON CRIBRE o720
IVRANFOMAEYE, 7282 IR RS TWTh,
R OBERE AT HRT Vv VER L QO s
LT\Wh,

Plb. EEORIRD 2, HEVIIHD T/ IS
YRAMEIZOWTEEDTEZA, R Eoh/zar
RAMUIZDOWTRIZIR T 5o

5. BIRMEDEWVWRTFLZAWTE-MEYER
DB HBIHE

AR O RS EONLEN, T2 RAMNGE
hOE R R, pH % A S EY O &)
o TORNEIL, EBOIEAMETHRHIE FZ%
bOThHbH, TV RAMUIZBIT A8 # pH DIEH T T
(2R ~7z3EY, RS T CitE SN A S AL, B
W e e OARRIGEEATEFEL . pH 254 ~ S ET
KTFLT, MUEDIREEZIRLTWAHA, K pH D5
Tid, IV RAMUBAEY OFEIFEREDZON, 155
R SR BT AETICR VM2 B4 5, i

B oA IR SR A7-0123, LTFLOA R
RS AWM RIS EREL 2 ThEV, ZAUL,
e AYE g U, I RANER &I LA B
R 53 R B SRR S TId D B0 Gl A AR, HEFHICE
Yo THBEOWmRI T HE pH ZH T EAL,
pH 2% 179 2L G B ER 501 TR OTE PRI D L sz
D, SHICHRRRO T RPELE BB T,
ROTC, ABBBIIATIE R HEN, pHL LT
57280 Thho LLEDH, I RAMNEEHIE IR 55
fERET) D S A R E IR B B T A2 8IE D%
{LENHET B LN TELIELMESINTETC D, H
PR R RE I OB A Y OB EL T, BERE Pichia
kudriavzevii RB1 735 (Nakasaki et al. 2013) o A%
BRI 72 B 7 )V & BEFEIZ RB1 bREHEREL 724
A, RB1 MRIZTRANEEH & ENHH IR % S8
2oL, pH 2 DL B E RS 72, $720 RB1
WAL 723 RANCIE, FRBRO S EIRE52E
Ty IRANG TN O 57 i 459 R A TR & D 2R
P O (Bacillus thermoamylovorans. Bacillus
foraminis, Bacillus coagulans) 7%, #HL T
I RAMDD R FHIAL 722 e 2 AT L T b,
RB1 BRI B 2570 0 Tay RANER S iR
EALEBITIEEL7AS, EIRE I A LRI O ARA
MED WA B B 120 8% KA. IV RAMEIZ D00 b
DLW ORI O 720 DI H{THI LT,
AV RAMET O AR A HT BT EDST] REIC 2072k
AL T 5,

WA O ERALNLDE, H RS I
XA, pH DRSO\, TV RAMBRIZBITS
G T T 2T 97 DI IRAREE R R A D HE IR
FEHIRESI TS (Ohtaki et al. 1998) . A3 fiEET
FAF IO ZNLHE T AE IR T BT AL THW
T BEZHREROE T 2L, TAEETEaVRAME
TLREDHBENEZONT D, B HRIETS AT
JEAg, AVRANORRLT, L8, WL T
EDHRBREE R THHINDITHFTENTHE0
T BRA BRI R A M AR T 2 LT R
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Lo TWD7)Y, WHE OB TIIZ ORI E RV,
F72. TURAMNER A TO RO B WEEDIL, €
DIRFEDZDDO TR, HDVITFIEL B\ EVIHTED
BINHD, BRI TIAF oL TR - ¢ - 70T
7bv (PCL) #HIWT, 50CTarRAMEL7:HED
PCL D53 B RT3 HEAE T O SR 0 5 B e i <72
LA, PCL OG- MR, L7z 2 FFEO 7350
AR A T RECERRY, — 7 O A Y ¥ 1 #) % 1
U725 S TR SN R I AR T OF) 2 5 T o
FeEHEL T,

M CEEAERY RS R HN /2 FE LT, Tang et al. (2011)
. WEETHDLTHAD I FEAMEIZB TR Y
O EEMERL T b THRAIEENDNAF R
X —TCHLTNF RO IR Halomonas sp. AW4 3
XU Gracilibacillus sp. A7 ZHefE 723 RAME T,
CNSDMAM L 2 WA RIXIZH AT, 7vF
YBRO R, SR EEOFDORE ot bW
LCWbo TIVFUERE S HEW I BRE A7
p\ns, TV RANERRTOWREIRL, ED720,
ZDa Y RAME TRUEEM B DR KA AL Tb DL
E2HNT20

7o, WAEWEEHI O ARIL, T RAMNEEE
MEE (HREEFY) K THMLEL 723 RAMETHESE
ENT5 (Nakasaki et al. 2015) o 22 RAMEOWIHA
BB Clt, EROH B AAE O 533 AR AR
BER ALl KAWL T %, 2L T,
ZOTEALDBIEE, §1&H<, KBEEH WAL
P AFNC M bR REK, BLOIATIVETHE
B RSNDE BRI TR S 02 5 28 DS T
Who ZO0IZ, BEEROMEILREET S AL
TEim e R KIS KBRS WO A2 EDH 5,
DL TIE, VANT Y, By AT, &
TG pBRNL 72 E SR B TERAL. 180T,
30 73 O & K TREEL T, a2 RAMNE % 5
L CTVDA, WHEOMEFE T 5-HMF (5- LREF IR
FNTINTT=)V) BINTNVTT=NViaE D75 5D
KT Do TTALEWNE. T RAMUBEY O

rELCHEL, T RAMEIZBIT 2 H W 75 kOB
W EOE DA REL DTz LLGRDD, ZOTEKRA
NEEHZ 7 3 1l e A3 HELR Paecilomyces sp.
FA13 239 528 C. 77 LB O3 EH 2 LR
HEIN, TOMRELT, T RAMUIZE 5§ 5
OIS LU, YOG F 7 R ORGEH R $5
CEDBEEIN TS, 7T7ALEMDIHNC., #EE D2
YIRAMBAE M S IR RSN LI E DR VI A &
GEATHIUL, BUEEM BRI IIRED R R B
SNBHTELA G TII R\,

PhERAR72392, A o % S5 24 Rk
RITALEM DI LW E DR PICE TN TS
B F7o SRR GETIAT I DIHNI, W
HZObDIEMAEMOTEEZHEL 2 (FERBE, A5
[T I AF o7 ENERIEERTHY, T b 5E
TIIAD OB LIPHIBIEEDLZ2\) A3, 4k
ML, ZO5 TE Y AS AR BRSPS i B L AP A
LW EICIE, A SME e 528 05H
WMTHLIEDREN TS (Fig. 3 B,

Pichia Commercial Halomonas sp.
Kudriavzevii Inoculum  Gracilibacilus sp.

e Y @

11

Paecilomyces sp.

VFA Furan PCL Alginate
(Volatile (Poly-¢-
fatty acid) caprolactone)

Microorganisms are

Toxic for the other
i low in concentration

mlcroorganisms

Fig. 3 Positive effect of microbial inoculation
on accelerating composting by rapidly de-
composing certain chemicals present in the
raw compost material.

6. AVERME7RERICHITBHEHOEENY

FCIZ R L7208, iR oA YA E iR S
T LR T A LI ER 25H 55, Bt
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TRIFIUT, BRI R TEL0b LR, 2D
ZhiE, BUAEMEEREORIRD, I RAMEDSHELY)
N Z LT TELWIEEERL T b, Flldwngpg:
UL, I RAMEO AT AL THAEL
7AW A RN R I CEB I REED B D T TR,
WA OBARL 2 RAME T T2 ADFE AR 72 ) 1%
HABDETZHREI DTN 5o

Nakasaki et al. (1998) (&, A4 5 & | 2R3 2 4]
Wa I RAMFEEHIIAEL €, B, EAEIEHIL
T MEXPBEL. BEORDYELTHEHTELEM
Il 2> RAN (Nakasaki H1%. BEAEPET S RARE
A TWD) OEIERRATND, FTRFEIL, L
DV I=TRRE (5—27%F) T, BINETH
% Rhizoctonia solani AG2-2 =¥l 2G5 E &L T
Bacillus subtilis N4 #H A ELTHWTWE, 2
DA R NIFEHE L CR iz A X B )5 T
ELHIRVEME ThHLHDS, S § 52 L3 TE
e\, Fz, HIETRELIRE ThHhoTh, Ar 3 o1t
DAY RAMGEAEIN AR TG EE DS E 720, 3k
A LA L CREiR I CE TS A 2 EATTER
Vo ED729, 9. IUVRAMEIIHIOBCHERICK
% 80CHOE A HRFFTHZET, WIHIZBW TGRS
B REEDSH B FE O PRI AR KR
LT 5, 20Kk, HMETERF TR TIETHRHE
AL, DISEmEA RN E OIS E L 72 40 ClIHERE
FHIET, TURANMUCZ OMA Y% 5 i B | Gl S
HT5, $%bb, MAWE FEHIE/ET 20T
. BHEOIAIL T2 TOT LI DD, T,
40C% 3 HRMIMEFR AL T, AN H A i i | 214 5l
L. RV EINICEEMEDO T, TDH, IR
AMUEDIREEE 60TCIZ 15 #EREd 5, ZOBEICIo
T AVRANP OB O % B HEFEL 2275,
AN TEEREDOIRAMEETTREIZL TW5, 2.
COIANLTHEESN 2OV RAME, EEIFEDOR B
ICEN THAZERMEDPOTND, TOREFIL, BEY
OFAEL 2 RAMET T & AD RS 17 % M A
b HEDOEENZEMIT TS (Fig. 4 ),

Temp.
80
Functional
60 compost

inoculate

— Time

growth &
sterilization sporulation

high-rate
compostin
Temp. P g

80 increase survive

Functional
60 compost
40 YES

4 (~)inoculate

— Time

Inoculation timing & Temperature control

Fig. 4 Combination of delayed inoculation of
suppressive microorganisms and temperature
control enabling the production of value-add-
ed (functional) compost.

E512 Bacillus subtilis N4 LD PLH ARZ MVDSIE
o ENZL DO IRF E A W § 5 2L A TELEE
Coprinellus curtus GM-21 % 2 > 8 A M 8 £ T H il
LC, SiREICHsE 2L T MWRELR R
oM RAN HE T A2 FERPIE SN T
% (Nakasaki & Suzuki, 2008) . ¥ RAMLAIIOE
I A D S TREAMR T 3551327 C GM-21 #k
P72, ZORERITIE, TCICay RAMEI R
T HHEBEIIEE DL NVAMEL > THY), M
NCE RIS T THHE CEHE W ORI A F &
o T\b, EHIZ, pH & A B OB G X # #3525,
B OMGEIIZ L7z 6 OISR T 528 TH
HOFEAR I A T I Cde HLIZ, TV RAMNE
BHIME A B 27200 20, BFE 3 20 otk
HIZEDET, IR RAME7 0 2% il § 52D H
FEVEAZZITHREN T,

AWMDY7 EE L2 RAMEIZIE
Zhou 5O5w 3L (Zhou et al. 2015) bbb, FHAIRIC
Habb& A L7c I RAMNERHI, I RAMEHEATIC
HhET 3 BT TN HREL TWh, 51
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BB o RAMNEEN i E R, MEFFT AHRYT
Thermoactinomyces sp. @ fim il 5# T L7z, )7
VDI R TE D 7-9DIZ Coprinus cinerea & Coprinus
comatus % SOOI ASEEB L 72& X2V — 2D
iR EHB &L T Trichoderma harzianum & Rhizopus
oryzae R Tnb, BINDELL 3 OMAY
%3 BRI TS A2 T, Y= vea— A
DG RHIMEE SN E L T 5,

F72. AVRAMET O ZAOHIEI O EEEEZ IR
I—DODBNZ, FITIRLEERE RBI MREHAEL, 20D
EHEDTE A0 CORER MR AREM A2 T, av
RAMUIZ BTGB 57 AT B2 S0
70 %E 05 % (Nakasaki & Hirai 2017) o A HEEA A
BENRT VIR & B EDOEHNET VS A2 fl
M3 5L, T RAMEINERS THi7- 122 =0 A TNk
AR ESNLDS, TV RAMEDTRER 40 CIHEFRFL 722
U EHEERE 5 R LD DETIC, RB1 ARIEERICE
DILIL CLEID T, pH K T IZ&oTIayRAMEIEH
W2, ZO7D, TYRAMEAHREIT 5L ST
F5I20E, 0COMELMEFRFTHIEAEET,
Tl Bl DB ] A o AR AM U D ) 53 Fff 3 FE L SR &
BT HEVIREREF TN 5,

1. BEMEBOMRICOVWTDERA

AEMTEEE HET2WE. &\ R
BOHFAELTO, ENE 5 D 5 Rsd CTHREsE
A TR, R AR IR AT
HOIVGF IR S, T AIUIHIEL T RS gk
EZoNDe LPLEDSH, ENLOMAESHRIZT
JEENDBELTH, W0 ERM2Ed54Th
L ENSEER I E DA TR 2SR DI
M3 5Zkid, 5 EBRGE CORER R 235720
WCHRRIET THD, LALRDS, BT LMEY
DR TE AR B A AL, B INEFRD A5 20 min
EL72EEITIE M) 1 cell % 10° cell T 100 J5 512
BIES 2O EREFIIE, DI AT EIEE %

Vo F7o. REINRERHIAT 6 h L3E5HHEE OB AEY T
HIUE, 100 F5. 1765, 100 ST REDOWREEIHE 2 572
BHIZ, FNZI, 40h, 80h. 120h FREDLEL D,
MAEWEBERTLIEICES, NSO OEHEATE
EPBEDTI L RAMEAEERIZ D2 R BIAKSE 5,

— T, MFET R R o mA oS, bedid
FARHZEEN TRV A1d. 3 RAMEO R %
WSO RRFBICL COZOMAEIIIE 2 TLAZED R
Vo BlZAE REYIE R 2 B TR ELB T A
ZEDOTELMEW ., EARFERRIZDEEFNTY
O TIE R\, ZOX)RIKR T MW 2
LIEIHEM B FELLDTHS)e LLEDS, C
CTHEBELZETLIOE, FEHIMAMZHE T 572
FCIE, BR800 RIEEONBNENHIZETH L,

EEOE R E N SEAE T 52 L2 Lo TR
B3O EARIE0AIETHHAIETRAME
2B\ LAY BT RSz BRI ifg
FERAE OER CTEHAL T 2\ A AL AT  Z—2ary
DFEMIZBNTH, T RAMEEFRRIZ, B -
AW ERS. WIHTET, BRI TSRV A
DHAHZEDRLIFLITBIZE SN TS (Harkness et al.
1993), TSI, WIS E SN A WS 2
DEFIHEIG TSRV G, B2, IREE, BRFEiR
EREDHEFHIANONANTND, HDVIE. HEW
B ORI ORI T BE R Kb E T
EDHEREIDR RS RON N LIIA B ClE %
Vo E512, BRI CICIEAE S BB Wy S R
YO OBEH, BAREMAEY OEAZEZGT 556
bdH A (Ghoul & Mitri 2016) o NAFL AT 4L —3
ATBWTE, BB, BIRITIREREZHIEHSS
DIIE S TIERVH, TV RAMETIEERBE S5
ARG ALHY, TORHIIE, R H Y B
T E TR DR R D RATNLIEDH S,

Fro, EEURIIRGLEREEZIAA T, fA72h
DIRWTEEZE S DLTUNAF TA7 ADE 2 H3FEH
ENTETVLY, BIZIET TICELOMEY A
AEBLTWAEZOIZEZ IR S Tldk\v, 7aNAt
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TAZ AL CELMEIEER A7) —
ZUTERIZLOTHY, EARMAEY TOUHEE )
DI TlE RV, —FH T AP AEN 72k
W LB TR SIES TERWVwold, Ko7zl
LIEYTIE R A HIE, TRIE RIS THe
FTLURAUII DR, Z0Zkid, EfoFoR
BEFEDOANZALIIMZ T, FERWEDOHE TH
JR 23 H 5 CE e \Wc O EFHENAZE D D b
EHEE ARBPWORERLIENZESFLTW
DAY OZET, TNSDO MY A E R & A
FTHIEIZL o TIRIE W O G2 J il 5 2 B R ITE
PR FEPLEIFIEN T 5 (Buffie & Pamer 2013) o

DL EOEEDSLTRAMUIZIRS T, Skt
Wd. EORHEE A LRV EETHLI LD DD,
IVRAMEIZB VTR, EDLIRIEROE D L7
eSOV RAMET, EDOFAIV T THETHLED
JORFEH TR RSB HEHZEDPHIREN T2, H5
AT AL, BEREEMBEOI L RAN)THL
BETED, AV RAMED B TRAEEELRWRE
ELFZERIE, FENICZLVES bEBEER L,

8. ¥t¥

IV RAMUC BN CTMA W EEO R E 0 c&5
7o, BRI A A OB HEL . 2OmE
WpsEaGE, EAEL T, MOIAETBMEWITHL T
BEMARARBEA MR T AN EE ThHL, 2D
(2. T RAMESE M ORRE 2 23BNk H T e
bbb, A, FERELVGTAEYFIL T2 Kb
ALDOHNH 72D HE N FERIREEZON5, 55T
HEW S B 7B E M OB REA LIRS A L2 T B
220N TR, SAFET BN T 250
WZOWTHHIBZENTELINTL o TETN S, Y
EWOBREL A RAMED B E R BROIT 2L
ZED, ROTWBRRDPEON DT RAMESE M E
M ZEATTEL REVED D Do FEREL 7200 A Wy 25 2
LT DI, s FAEWFEZID AL, FL i

AR E D RDE TN S,

51 Rk
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