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g o FEERE AFE 5 U= AR Aot} =
el dEF #4714 dNES SAEF H71EolH, 20073
AR A0 ot U AZHE T S2E, AhFe

= 287%°ItH1). AZE-S 3l FElE, A Fe
SAEF ST 20061 11,4635/, 20073 13,754/ &
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= 7148 #H7IES HIEXYE S B4R viee AESH
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B3}l 34 §714 H71E Bl vAEd QM FrE
H, 2 sl we} vjAEe] E4o] PEith22). 25 EH
3} FAF 5o G vXE FL3F Q9lo1H(9), EH] TF
o] Ao we} HA Lx= TtsIti21). 45°C o8] T2
M= FHlgl FHo] F&E = o IuH o I nAE
o] Hulzlol| A Huje] FAE 2= SEHLE 50-60°CO|H (23),
40°C~60°C2] 112 M3} Aol A lignocelluloseS} o] -3}
7] Y& 7189 B85 B3 v QIo25). I, 112 F
Hs} 4L mAES] S48 SN B viES B
A3l ARt A-E 2k QTho, 26). WA 7Fsd Hul
2EoA FHEE E= Zlo] v 259 EH|sE B
H3)) S84 A SHAA FElsitharl B 4= lth(19).
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AEAQ Mol PO Z oFlE 4 JUTH?2S). F7]
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g1dz} o] )7} ofE e f71ES o &gith 2571 3
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A 2t BN sk A ES TrEsia MAE R
HIlE e A7e FHEge] 88321 /AT ALkE E
Hlo] F4 A|o] SHAA v Fa3ct.
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TH R 2k 2L gllen, Hhle 2% ST HAE wrt
t AEZH(shovel loaden)Z 4015715 WHE3kaL Zo] 1m A
ol JH] AR 10g oS F 6319, 10¥, 169, 29, 369,
56%) ANFsIATE Bzt I 2715H St A7 5,
pH, &5 S48k

SMZT &%

A& 1g& #H3F 100 mle] Q1289 (phosphate buffered
saline; KCl 0.2g/L, KH,PO, 02g/L, NaCl 8g/L, NaHPO,
114 gL, pH 7.4)0 ¥l 587F &3 wwkste] 314171 & 1 ml
S polycarbonate membrane filter (pore size 0.2 pm, Millipore,
USA)ZE AH3l . Filterell o33E A|E+& acridine orange
(1 mg/ml) 500 pis ©]-8-3te] AAA)7| 31 & F-E 7| % (Excitation;
500 nm, Emission; 520 nm, Nikon, Japan)S ©]-83}o] 1,5008<]
&R WAE 5 SASATH10).

FATS ST Y3 PR QatEgde BXE AR
I miE 80°C F2rZollA] 1ARE B2t A8t 1Ln| Y ES A
g o mAES AMEAFY. 1@ AT Ase
polycarbonate membrane filterdl] ¢J3}3F ¥ Live/Dead BacLight™
Bacterial Viability kit (Invitrogen, USA)E ©]8-a}e] ¢A4A]7] 11,
@%@U]@(Excitaﬁonz 470 nm, Emission: 540 nm, Nikon)% o]-&
3o 1,500 9] vl&2 2P| E 5 S3ATHG).

& & Andal 55

g Ande &
HAGFH S o] &3t FATS S L3 oz <
2kFgde] S|NE AEE F9E EYEZ2 Fo|& ujx|
(Difco™ Lauryl Tryptose broth)ol FE3F & 37°Col|A] 24424
Zb vkt v ks 7i2dblo] A FAIE ] o) H
AZrRE AA 1 g Y UgTTE St Ardes =
S 95 Agyo|E v R]|(Difco™ Selenite broth)ol] 34 Al&
£ AE3tA 37°ColA] 18~244]7F v FetGATt. Bs Fatuf Aol
A RS g WFol R Hape] M AR g AdEnA
(Difco™ Bismuth Sulfite agar)ol] Ad=T k3L 37°Co| A
24~48A17F B et Sof] ARdle} Y ATE AFela, A8
FHE o83l AR} 55 Atk

o
rlo

TEALLATZA AL H )l AAE

XSS MZ ZEEN

1) T-RFLP £4

Miller 5(15)2] bead beating WO E A& 0.2 gol|A] 2k 2]
A F=I9Y. =9 S QlAamp DNA Micro kit
(QIAGEN, Germany)Z AABIATE A& &of] SRS At
2] 16S rRNA F-RAAE ZZ35}7] $13) eubacterial primerd] 27FC]
&3E2 6-carboxy-fluorescine (FAM)S- 32 AlZ] 27FF (E. coli
numbering 8-27; 5’-~AGAGTTTGATCMTGGCTCAG-3’)9} 1492R

w2E 287] FHist ] At 2 149

(E. coli numbering 1492-1510; 5’-GGYTACCTTGITACGACTT-
3°)S ARE-3FTH(14). PCR HH3-2 Core Bio System (Korea)e]
Taq polymerase2} A]eFS- A}&-3}% 0™, 95°Col|A] 383 %7]
X3 F, 95°Cel| A 30%, 49°ColA 30%, 72°ColA 1374
303] WISk, 72°ColA] 103 Bt W&t PCR S35+
< GENEALL™ PCR SV Mini kit (General Biosystem, Korea)
Z AAG Fo AFEA Al (Quantum Biotechnologies,
Canada) 5 unitS Z7}sle] 37°Col A 5A17F o] vkg-A1Z T} A
Sladol o) Aud AEHE polyacrylamide gelollA] 7]
%5 (ABI PRISM® 3100 Genetic Analyzer; Applied Biosystems,
USA)3IY WA A(T-RF; terminal restriction fragment)2] profile
S sttt GelCompar 11 ZE 1 (Applied Maths,
Belgium)Z ©]-8-3l] Z} A|go|A E21E TRF profile®] F]oj&
(Pearson) FIAITE A4S, UPGMA (Unweighted Pair
Group Method with Arithmetic mean) WH O 2 3334 (Cluster
analysis)yS 3§ 3T}

2) 16S rRNA REXt| 47|MY 24

27F9}  1492RE  ZFZE3F PCR AHES  pGEM-T  vector
(Promega, USA)ZS- ©]-83}l] E. coli DH10B| 2% A)71 5
AE Z 10070 o] AT FE2 AHSIATE. T-vectord] &
71Xl 4122 prGTf (5°-TACGACTCACTATAGGGCGA-3)
9} 16S rRNA2] 1492R primer 4= AF8-3}e direct amplified
PCRE F33laL(4), A7]195OE PCR AHE9] H7)5 g5}
50lA 30 eko 2 AlE AT F28 23 Aot A
B Az FEELS 17 (5-TAATACGACTCACTATAGGG-3")
primerE  ©]-83}] ABI 3730XL DNA Analyzer (Applied
Biosystems, USA)Z A7|X &S #A351d ). =8 759 €714
<& DDBJ (DNA Data Bank of Japan; http://www.ddbj.nig.ac.
ip)°ll 531 Haccession no.: AB507770-AB507797).

3) 16S rRNA 7| Mo A SEFEN 24

A ZolA FeHE 16S rRNA F+72+e] 4714 E 7} Ribosomal
Database Project (RDP; http://rdp.cme.msu.edu), GenBank (http://
ncbi.nlm.nih.gov)e] databaseZHE] E1%E 471498 CLUSTAL
X (version 1.83) 2 131S o]8-3l] FHAATH24). HEH &
71282 PHYLIP package (version 3.6a3)S ©]-8-3}4] Jukes and
Cantor distance model (12)¥} neighbor-joining method (20)Z 971
A Eze] X5kA Aol AlTEs FEHATHB). E3F, bootstrap
2 1,0008] 9] resampled dataZF-E] AAFSFATH?).
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Fig. 1. Variation of physicochemical parameters in the composting process. The arrow indicates sampling days. Filled circle (—a—), empty circle
(—o—), and filled triangle (—a— ) represent temperature, moisture contents, and pH value, respectively.

90°C o]/do 2 thA] 718kt IL2EH] 41ojF7] P F 6
3] AAElReH, H1 &5 26¥0) 97°Co|UT). R} 7Y
2 60°CE 702 2% A5 TAIDAL 1~69), 31 T
QA 7~439), st DAIGDA; 44~569)9] 3TAZ TS}
Act. EnlE 34 B0k 1207 QI3 FRZUE A9 3k
88 7] 40%NA 26%71A] R&FH o E AT pH HY=
7.5~792 oF &ZE]Agol e, 7= ti THASIE oY 29
Y o]Fol= F7ISIAT

EMZset 02 0|MEF

ZE ] (starter)®] FAlTtrol 5415 2287]9F £ 194 1
A Alge FAFSFE 47 1.88x10" celllg (dry-weight),
1.66x10" cell/g ©]ATHTable 1). Z&Y 2312 EH]|37}F Aai=
20 29 AlZOIME 029x10" cel/ge 2 19HA19] 18% ©]3}
2 734819, 35 56Y AlBolAE 0.28x10" cell/gl 2 e
Bys eyt 32 nAESE 19419 0.55x10" cell/gdl]
A 23A19] 026x10" cell/g, 3FAIGNAE 0.14x10" cellg®E =

Table 1. Numbers of total bacteria, thermophilic bacteria, Coliforms,
and Salmonella in the composting process

Parameter Starter ~ Istphase  2nd phase  3rd phase
Total bacteria 1.88 1.66 0.29 0.28
(x10" cell/lg)  (#0.07)*  (+0.06) (0.04) (20.05)
Thermophile 0.63 0.55 0.26 0.14
(x10" cell/g)  (20.01)  (+0.15) (£0.03) (0.01)

Coliforms

> b

(MPN/g) 0 21,000 NT 0

Salmonella

(MPN/g) 0 955 NT 0

2The numbers in a round bracket represent standard error
" NT; not tested

AE Ak, Eus} 8o mhE FAlte] FAT FAE 18k, 1
AN FAEFE 33%E AHASH a2 e HE-2 o
A7 =H 89%E F7FsIAL, 3EAIAME 50%E AHASHTH

as ¥ dzdet =5

ZEEAAE o ARt AEEA] Gokou, o245
29717 EE 194 A FEAE 1,000 MPN/g (dry-weight)
ool didt} 955 MPN/g] A= lelr} AZE= ATH Table 1).
a8y e 250 = F9] 397 AlRolME did 4
2yt AEE A &t

MzZzE 24

HI

1) T-RF profile2| & 2|24

Z} @A EH] AlZ2] TRF profileZ FE] ALt Foj& A3
AFE ol 83te] AYEAS 3 Ay, 2% sl whe} RS
HH] 23 @A E EEE Y27 FR1EATHFg 2). 1
WA A BE S 297 E3HE AlFTR wiol 2~ElEe}
THEE FHSEE JeElow, Erlsiyt ade oet 10
A, 16¢9] 29 AlE= ZEFES} 90% ©]3e] fFAES e
Wodth HHl L5571 62.5°C oJetE A% 369 ASRE FAF
Tt woprlon, okgs) vl AlEE SYE FY2HE ¥4
skack. wEbA 19 A7)} 28] FEkRE seAe) IR &
Al el MEe] Ze-S & 4 Atk

HI

2) 16S rRNA FHXLE 0|88 2& 24

16S rRNA gene®] @714 & E4shal FAET} =& #FE
gogto 24 FHTEE 2AVeATHFig. 3). A1 8T 404570
29 A7 ANES 243 A7, ~EFE]S] 49 Bacteroidetes &

o] 50.0%, Firmicute -2 21.4%, y-proteobacteria o] 11.9%=
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Fig. 2. Cluster analysis on Alu I T-RF profiles of the composting reactor. The dendrogram was constructed by Pearson’s correlation coefficient and
UPGMA method. Numbers on the branch represent the similarity value of the samples belonging to the same cluster.
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Fig. 3. Variation of bacterial communities in the composting reactor.
The proportions of phylum or class (A) and genus (B) were calculated
from the 16S rRNA gene clone libraries.

kA AT S(genus) FN A= Bacteroidetes ol 43k
Salegentibacter”} A 2] 16.6%, y-proteobacteria “d2] Pseudomonas
7} 11.9%, Firmicutes ¥2] Bacillus7} 9.5%= ZFA|SFATE 1 29|
= Bacteroidetes 2] Flavobacterium, Aequorivita, Firmicute 2]

Planifilum®] 272} 7.14%= A8k 5 T3 v|dE o] &
A=A

+AE 287] gHig 3 F P =2 27 #EEHIY
22 299 AlEo] A7IME BAAET, 2B AlROlA 9~11%
70|99 Bacillus®t Pseudomonas 4] ZYZt 26.6%, 40.0%=
F7Feel we}t 214%E 2HASE Firmicute #°] 46.6%%,
11.9%3 % y-proteobacteria 742 42.2%=2 Z718}3TH 2EFE Al
FolM 4.7%AY B-proteobacteria’™ 8.8%% F7}5}Ach 138y
2B AlFolA 50.0%2 7P -38HAY Bacteroidetes 2
22% FEo 2 7438 2ole AL 1T+ AU

org3sl gAIl 39Al Al8olAME Firmicutes”’} 47.5%, y-
proteobacteria’} 17.5%% XFAI8}S3.2.H, 21 BHol| = B-proteobacteria
15.0%, Bacteroidetes 12.5%, Actinobacteria 7.5%= YEMJTE <
T A= Firmicutesdll &3R= Bacillus7} A1 20%= %5
$3L, y-proteobacteriadl Psychrobacter7} 242} A 17.5%= =}
SRk

HASERSN 2N

7} @A) Al oA BR1E 168 rRNA F32F A7 |MEES
GenBank  (http:/ncbi.nlm.nih.gov)} RDP  (http:/rdp.cme.msu.edu)
9] database MG} Bl F-23}ATH(Fig. 4). EFE] Al BoA]
16.6%S A3 A} AY TFF+  Bacteroidetes T2
Salegentibacter 291 S favus (AY682200)9} 92~93%2] FAIEES
e AT %9 B fortis
(AY443038), B. circulans (X60613), B. humi (AJ627210)S}, v-
proteobacteria 7 Pseudomonas 2] P veronii (AF064460), P
Sluorescens (27662)%F A} T5°] RIEJTE 26HA Al5olA
40.0%S R}AZF  Pseudomonas S
(AF064460)2] 16S rRNA 212k} 98% o)de] FAIEE YeR
Ao}, &3 aAAONA 26.6%=S XFAIZY Bacillus & B. circulans
(X60613), B. thermocloacae (726939) FFAFTFZ ERI= oW,
24z} AA9 6.6%, 20.0%E AT 39A] AR 17.5%E
Z}A%E y-proteobacteria 742 Psychrobacter 452 P faecalis
(AJ421528), P pulmonis (AJ437696), P martimus (AJ609272) |+

3t Firmicutes %  Bacillus

Pseudomonas ~ veronii
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Fig. 4. Phylogenetic tree based on the partial sequence of 16S rRNA
genes cloned from the composting reactor. Prefixes “Starter”,
“Comp2”, and “Comp3” in clone name represent the 1st phase, 2nd
phase, and 3rd phase, respectively. The tree was constructed by using
the neighbor-joining method. The sequence of Methanothermobacter
defluvii(X99046) was used as an outgroup. The names of type strains
are bold faced. The bootstrap values above 70 % are shown for
internal nodes.
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ARt FE 1A

]

a

EHst g Slo] &= “V@% T3] FHelg fEdhe
7V T8 AR AEat, 52 25 AP gHs)
L Fa7t olelE ot 225 wEA e+ e A
Fel %13}(9) 2 AgollA S78E ERist A4 LE=, o
710] v 12-290) APEYolE E-3}aL, 2°ColA 97°C
7HA] “é'a}‘}iinﬂ IRk o® HuE Hule] Hi 2EE 27}
sk 54 eI 3 £59] W3lE V|FoE e 3
oA HHlg A mAE o] dste} A FAT %
a2 mAEe] B wshyh AT

16S rRNA gene clone libraryol|l Al ERIE #FES & 52
2 FEska A3 o A4(H; Shannon-Weiner diversity
index)$} - (D; Simpson dominance index)E Al4XFIAS- uf
2B}l A= H=4.07, D=0.07 ©]1 o1} 2312 TA[] 299 A
BolAE H=243, D=0252 54 739 °X1j01
yepdct, gRjst 3go] ghuE ALHEe] IdRE o E]H]-'Q‘r
3] 2B R FHdhs 48S arefshy, o}ﬂﬁlr 9AE AR
ZEH = T4 o] v 3 o] glom SAE 2497
of E3he g3 I 271 f71= welieh @ Aol 7]oEkd
O} wishE oA E A Alte] A37ge] FRESY] wiol
gfar BZATH9). T-RF profiled] Bl E-Ao e AdEde o
7] Aol BRI 5 OB, 2EEs} 16HAe] AlsE
90.2% ©142] FAIES YER oL 298 A8 87.9%E W
oFATHFig. 2). 53] SAE2w7Ier 7% Ade] A|87) o

A NEET AEERT B3 GALE(57.8%)S UER AL
aLukgol el o] T3S SRS} Pseudomonas
Bacillus 3 rABA7Y 7Pk wFE0] ZEFE] AlEoX =
ZZF 11.9%, 9.5%% S+ HI&-S JERAAR 254 AlgolA]
= 40.0%, 26.6%%E Z7}SINC W, Pseudomonas veroniiS}
Bacillus thermocloacae®] 717} 29A12] Mt 3ol B2 3
S 7|13 Ao g Kol

Pseudomonas veronii= 4°C~36°C2] A2 sl 2

B EgollA 3 sl9tES ek 54S 7L e A
o2 HAFHATH(16). 28AIA A 5] 40.0%F AARE T
F= P veronii®F 16S rRNA A2 A7)1AFo] 98% ©]4+2]
TAESE dUElo] 59 £ fARE 71ES] 97% Koh A9
Z287 A o] 7hedt 5A4S aelshd e Wi &
genomic DNA hybridization 23 5 #7317 A3S 33l
;Hi_]—ﬁ]- =Ao] 7158 Aotk w3l o] FFo AXWF dAHX

9S4 HEE B4 Wkl 0jg ATk A
H _1_% EH)s} F4 o] 8221 Alojo] T3] & Aot

Bacillus thermocloacae (Z26939)2} 98% ©)/d2] FAIEE 2=
T 22914 20.0%E AFA SR 3EAINA 5.0%E 2
28T} B, thermocloacae= 11, 3714 O Z sludgeE

A2 shz Aol e E AL HALEATH6).
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Pedro (18)2 &, A #H71E5 o83l A o= A
Y3k FH|gte] 312 GA(60°C~75°C)N A B. thermocloacae2}
FABAZ} 7P dF7F $AsRE A ERlsa o, o] Al
o2 2l Hul3} o] F& 2xolM AP ATia Bk
ot} w3t 12X E 3k §MIst AANAN Bacillus, Filobacillus,
Planifitim®] $-3 AHE BuEQqck27). webs] 294 23
oA <= WA B thermocloacae A} THFE 22415 248|7]
o] HH|g} o] & s Fad JTE st on A
o] Aol stk Azt

257} 50°C~89°C 22 FHAdhs 3eAldA = 2841
%2 Bacillus®} Pseudomonas TF2] vlE-o] §23] 71438}
a1, 5°C~37°Ce] APPESIE Ztethar Ba(13) € SARA
It Psychrobacter 4:8] 7} Z71R= AL 1T 4= AT

A8 TS A e 9 Al P83 S A
71 32 569 Almo] Aol deEh 2pol7t 952 T-RF
profile®} 16S rRNA 9A7|ME A& vlnstH & ¢ Aok
Salegentibacter, Thermobifida, Bacillus 5= 2~E}FE1 &} 3GHA] A
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ABSTRACT : Bacterial Community Dynamics during Composting of Food Wastes
Ji-Hye Shin', Jin-Woo Lee', Ji-Hyun Nam', Seyong Park’, and Dong-Hun Lee'*
(‘Department of Microbiology, Chungbuk National University, Cheongju 361-763, Republic of
Korea, “Department of Civil Engineering, Hanyang University, Ansan 426-791, Republic of

Korea)

Composting is a biological process converting solid organic waste into valuable materials such as fertilizer. The
change of bacterial populations in a composting reactor of food waste was investigated for 2 months. Based on
shifts in temperature profile, the composting process could be divided into the first phase (2°C~55°C), the sec-
ond phase (55°C~97°C), and the third phase (50°C~89°C). The number of total bacteria was 1.66x10"" cell/g,
0.29x10" cell/g, and 0.28x10"" cell/g in the first, second, and third stages, respectively. The proportions of ther-
mophiles increased from 33% to 89% in the second stage. T-RFLP analysis and nucleotide sequencing of 16S
rRNA gene demonstrated that the change of bacterial community structure was coupled with shifts in com-
posting stages. The structure of bacterial community in the ultra-thermophilic second stage reflected that of
seeding starter. The major decomposers driving the ultra-thermophilic composting were identified as phylotypes

related to Bacillus and Pseudomonas.



