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Organization Regulation

Requirements

USEPA' 40 CFR Part 503 Rule

Class A:

<1 X 10’ MPN/g-total solids (dry-weight basis) as coliform

or

< 3 MPN/4g- total solids as Salmonella sp.

Class B:

<2 X 10° CFU or MPN/g-total solid as coliform

BSI? BSI PAS 100

<1 X 10’ CFU/g-fresh mass as Escherichia coli

or

Absent/25g-fresh mass as Salmonella sp.

' United States Environmental Protection Agency
? British Standards Institution
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F3. RERFEEBEYOSTRRE

Thermal deathpoint

Organisms

Temperature (C )

Exposure time in minutes

Salmonella enterica subsp.
enterica serovar Typhi

Salmonella spp.

Shigella spp.

Escherichia coli
Staphylococcus aureus
Streptococcus pyogenes
Mycobacterium tuberculosis
var. hominis
Corynebacterium diptheriae

Brucella abortus/suis

55 — 60

56
60
55
55
50
54
66

55
61

30

60
15
60
15 —20
10
10
15 —20

45

*Golueke (1977) & 0 Hoke
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Schematic diagram of composting reactor.
a, insulation material (Styrofoam); b, trap for accumulated
water; c, cylinder (PVC); d, thermocouple; e, stainless-steel
mesh; f, aeration pump; g, flow meter; h, flask for cooling
outlet gas; i, gas sampling port; j, recorder.
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17%%, SJEH, Kdad, Whid, EFEE, WBRHE
B 2HEONTETI % O 7 HEOATRBEED
THEELREAWZWIIX & L CiRE Lz, 2HEO A
TAITIMBUIPWTE, BERBICHELATNEETI
OMBIZBIT 2 MEE™ 24 LR L7, L7
AT IOMBE R4 ITRT o IREWOKGIIEE KL I
M350k 18RITHEL . ZO—HORERIZ
124 BOHEEALEEE A v, BRI ORIRIX & & HA 5
FEIFEW 2 RE L7 SHHEORMKX 2 Bi#E L7 (%5),

3. HBRBLIUEER
(1) HERBREROKS &EZPHREFTRMOES P HEELE

BORELRICRIFTHE

WRPIGE D SHEILRE X ER 2450, WEROHEE
IZBWTH 2HHDS 4 HEIZT TREIRE Z ik L
720 ZDF%, 7HBIHEMEEIZ30CELS EFTRTL.
7o, FEEPOHEREZIY ML, oI BELRICT
CTIVERIL, BUEENICTE L, L LHRTE
BOMWRIZBWTIE, BEEREE LA RO SN ho
72728, WE AT AR XTI INE RO LK
X, LR S THROT =2 12oWwW T TH 2 & &
L7z20 K LAVIZBIT BEEIK, BLOKRYRT
b RMX O 7 BHEOMMIERE 2 X4 1278 L7z, mE
HeRBIE, 28 CTHEML72HE D K LETIFEFITELL T
720 MIZEEOHLER O s, TFHReimE, R
HEWOBFIZER) L T is 55C LLEDO R E O Rtk
MY HEIRALRAMART S & 07 HEBHRO KRB R £ 6
R L7z

#95 (2009)

£4. ETIABLUBOER GEE%)

Constituents of garbage A and B (% of wet weight basis)

Garbage A Garbage B

Rice 20 20
Cabbage 30 30
Apple 15 15
Banana skin 15 15
Grilled fish 10

Tea leaves 5 0
Coffee grounds 5

Grilled beef 0 10
Salad oil 0 10

RS [RE Z AR A aE ] (1996 4F-8 )
& BB I & PUE L 72,

x5. 3EOHREHBRORBRK S

Allocation of three runs of composting trials.

Composter] Composter 2 Composter 3 Composter 4

Run1 Control 1  Tofuresidue 1 Ricebran1 Dried chicken feces

Run2 Control 2  Tofuresidue2 Ricebran2 Raw chicken feces

Run3 Control 3  Rapeseed meal ~Garbage A Garbage B

WENOKG LB WTE, RYXRT b RN
DRI & B L THWHEE R L7z, KA
LAOVZ BT BEERINX &R RT b ViRINX & o
EiREE, B L O55C ML O O R % KT %
&, T1%K45C 23T, 17 Bef, 74%7Kk45-T7.0C, 30
B, #LTC78%C9.2C, 51K &Y, ARG LAN
WA BT ERY T b AR & 2R EASRD &
WEIZ S o 720 HIZ, 2 OWE AR E B OB
EEWAHBEASEE & L7z, United States Environmental
Protection Agency (USEPA) 3R R IEMAED % k3 5
L LT T U LORE~DEEL, 55CH Lok

F6. RUNT > OFMPHERBE S SOKBERAOERICRIETHE

Effect of polypepton addition on the temperature and the elimination of E. coli.

Moisture content Maximum temperature Duration55* Number of E. coli (CFU/g-wet)
(%) (°C) (h) day 0 day 7
Control Polypepton Control Polypepton Control Polypepton Control Polypepton
71 68.4 70.7 52 69 1.6x107 1.0x107 <10° <103
74° 60.0 67.0 38 68 1.1x10° 9.5x10° <10? <103
78 53.5 62.7 0 51 1.6x10° 1.0x10° 1.0x10° <10?

2 Duration of the temperatures above 55°C.
® Due to a trouble inside the composter, the data in one of the duplicates of a control (non-addition) treatment containing 74% moisture was omitted from
Table 6.
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Temperature (C)
=
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Temperature (C)

Temperature (C)

Time (d)

4. 71%(A). 74%(B). LV 78% k4 (C) ICHEL 1-#
BEERHS, RUNT b ZHmM, £-EHMUEVGE
DHEPLRE OHR

Changes in temperature during composting process at (A)
71%, (B) 74% and (C) 78% moisture content level with or
without polypepton addition.

Data of duplicate results are shown. Thin and thick line
show a time course of control (non-addition) and treatment
(polypepton-addition), respectively. Due to a trouble inside
the reactor, the data in one of the duplicates of a control (non-
addition) containing 74% moisture was omitted.

FEE 3 HMU E#BE S22 E2RLTWE Y, HE
b7 B KGR, 78% K528 2 EAINIX %
X, TRTOKIZBWTI10°CFU/g $ THETF L Twi,
78% K AT DIEGANX T, R 55T 113 FE S
T (M4), KBHEEL 14+ =5 —BP L72OATH -
72o TOEHITRY T VI, RIS
BWTKBRBOKE 2 RET 2 L)V F TlEL Bi
SHDLRENHEETH o720 R NRT b IR ML
FELTIHSNTEY, EWREIR) T 25

¥ 03 B KGR ORI ZBE§ 5 A 7E 79

HEeLTHMET 22 L TRBNEE S T Y, HEE O
FARICEEERIILZEEZ LN,

(2) BARDGHRERICHT 2 SEEHREZVOREAIE
EEREHJUCKGEBOERICKIFTHE

MIETRENIZLHIE, BELRAIIRHTLER) T
N RIMORFEIL, KB T8% DFFIZHRDIEFETH -
720 FTTEIKRGSEM (78%) (2B B M4 DA HREES
WOTMA RN DV CTHEREER 1T - 720

TRTOHELRERIC BV ClRAIE R S L LA
Lo, HEELRMEH 1 - 4 HBOMICRESRE %
SR L7 BMATR 7 HHICIEEA40THELC FTHERTL
72728, HEFRALEEE A SHEIR ALY M L5 L7
%, FOMIELEENICTIE L2, #IFEL T XToOX
THERIRE FADPRRO SN h o770, HIELEER
12 HETHRT L7z, lE EAo—#1E LT Run3 2
B HIREHRE L5 IRT,

HREBEZEY OFINC & 2 0E FAMRIE, ABfEL L
0%@%ﬁ%%8%%<¢&f08:£w A5
7oo FEimE, 55C LA EoF e, 0, 7B LU 12 H

:‘iék%ﬁ&®%%%%7sztoﬁ&%%w
ZIRML IR OREIRE L, Wb 55T I
ZEET, 44.6 — 51.5COHPATH o720 —HIZEAK
GOFFOHEIACTIE, FEIRALEL R 582 72 K o3 AT &

DERAEZ L2 VRD SRAEITH L W L EHS N
TWwa Y, Zoo43# %2 EEE L i s

oo
(=}

P W [o) =2
(=} S S (=}

Temperature (C)

W
S

20

Time (d)

control rapeseed meal = = = garbage A === garbage B

X 5. Run3 OHAERE DHTE

Time courses of temperature of Run 3.

Arrow indicates turning of the composting materials. Thin,
shaded, dotted and thick line show a time course of control
(non-addition), rapeseed meal, garbage A and garbage B
addition, respectively.



80

R EJHIEL70120F, KRB CTHRE L 78% &)
KFRETELEEZ LN, LML SEEMN,
Koazr, AT, ETIABIOCETI BORAIR
W EA AL, ZhE65.7 (n=2), 60.0 (n=2),
69.5, 58.6 Z L T 68.5C D iimE % gk L 720 T 72
ATIALAETIBORKTIE, 10%0% T 5z &
DETIBOFPIVBORSREZRT L E DI,
55C YL O Wi O Fef ke & B Wl Icdh - 72 (&
7o

USEPA 7352 @ 7=k L o> i 15 45 FREE T & % Process
to Further Reduce Pathogens (PFRP) |2 & #uif, HEAE
OREE LR EL55CULRICHED, 3HDU EERS
B MEARKD 5N TS Y Run2 1281 5 KbahD
RERRTIE, REIWEIL554C, 55C L Lo EEE
BRI ISEEICTH Y, 7 HEROKREHEEIZ 4.4 x 10°
CFU/g-wet 7 S BRFA LT (<109 FTHALTw
72 —75C Runl \2 BT 5 WZBFBHE AN IN X Clddm s il
13525 & 55T 1727, KEHEOBEA O 5N
otz (7). EmED 55CITE L %52 o 723t i
RiZ2oWTid7 HEIZBWTH RIBE BT,
WA LB AR O KB E B L 1 ZITEErF N L Lo E %
RL720 #12 Runl & Run3 @ 12 H H O KIG & #1107
CFU/gwet LLETH 1), HENEALBMGHT O RIBRE L D
LEISPITEIML Tz, —FCHERED L UGB
IR % b CEMBEREY Z i L 72 L8 T, 7HHO
HEARALALERIAR ©, #0156 10° 2* 5 10° CFU/g-wet #2)¥
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#95 (2009)

I TOMELRBHEBORES RO 5N TBY), 20k
b12HEEF CTHRVEBTHRE Lz, IR0 ED2S
RBGREARI 6 LT, AL R 2 B 2 mil
RENIEFICEETH LI ENHL N E o7,

A FEIRINX DR IRE L 42.2C Th - 7258, K
W E1d 4.7 x 10° 22 5 2.0 x 10° CFU/g-wet |2 F T
L Twi72, Taylor et al.® 1&, FIK &R L 2L DR
FTBICHAL, ToRORLERELE=Y) V7
L7z Zh, KBRBERIT v EoTREREELA
DM H 722 L2 WE L Twb, O HHIZBIT A4
BEMNMXOT v E=TREFRREEE, MoOLEX
0.79 — 1.50 mg-N/ ¥4 g D#HPAITH > 72DIZKF L, 2.57
mgN/#ZWgTHY, 7THHIZBWTH MO MK
0.14 — 3.62 mg-N/ ¥ g ODHPFTH o 72Dk L, 551
mgN/ Mg &, WTFROHF Y FVERIHIZBWT LK
LbEWEERLTW e & o TREBERMXIZBWTR
05N KIGHBOBET X, AL S IHBAETHER L
127 YEZTH, KW OAEFICEE S LIT L2k
bhHHEEZONT, FAFEELTML 2RI 2k
HAH Y, BMhTER 7 H BIZAT - 72RO BRI, Bt
{LRFED & 9 RBEE SRR IR T 2 B DI AT
BTz BESOTRIG IS4 2 AR IR 55 O 4 FElE 1 &
KIGHEOEAFIHER I Z EmbnTsh ™, 7
YEZTH L ARG TR L 72 a3 R EE W 25 K
W ORI E 5 L2 ReE b & 2 bz, IREEITIKAT L
7 WK OIS LR MOE DL <, SHER D

. BEEE, 55CUEOFRE, BOD b LU KEEHADHES

Maximum temperature, duration of temperatures above 55°C, BOD, and changes in the number of E. coli.

No. organic waste TEMP_ ¢ Duration55® BOD Number of E. coli (CFU/g-wet)
(°C) (h) (0, mg/g DM) day 0 day 7 day 12
Run 1 1 control 1 51.5 0 92.9 9.3x10° 1.3x10° 1.7x107
2 tofu residue 1 67.9 70 206.0 2.6x10° <102 2.1x10°
3 rice bran 1 64.6 60 223.6 8.3x10° <10? <10?
4 dried chicken feces 52.5 0 117.0 4.5%10° 1.0x10° 2.9%x107
Run 2 5 control 2 44.6 0 81.1 9.4x10° 2.4x10° 1.3x10°
6 tofu residue 2 63.4 56 166.2 1.0x107 <10? <10?
7 rice bran 2 55.4 18 185.0 4.4%x10° <10? <10%
8 raw chicken feces 422 0 124.3 4.7x10° 2.0x10? 1.2x10°
Run 3 9 control 3 51.1 0 111.2 1.0x10° 1.5x10° 2.6x107
10 rapeseed meal 69.5 58 174.0 1.0x10° <102 <102
11 garbage A 58.6 32 179.8 1.1x10° <10? <10?
12 garbage B 68.5 58 219.7 1.2x10° <102 <102

* Maximum temperature.
® Duration of the temperatures above 55°C.
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WEP IR SN 5o

(3) HEREMDRE & KIZEBUKR & DAEES

R RT b UIINAE, B X OB R IR
OFE 23 OB R % b L1, HEEALBAE 7
HE R H#EEORESIRE 8L05CLH LD
FrielE i & OMBE %X 61278 L 72o PFRPICHIZE S
TWAHERED TIRMETH 2 55CxHERE LT, K
B B $013 10° CFU/gwet LLTICE TET L TWwW/2 (X
6A). ¥ 7255C Ll Lo miREETE OREERS  VHEEIZ S
WL, 10° CFU/g-wet DO KIS B OFRAF A 5
7ehS, AR I8 MR LL L oBRE I L Y, KB EUL 10°

E. coli Logio CFU/g-wet

40 45 50 55 60 65 70 75 80

Maximum temperature (“C)

E.coli Logio CFU/g-wet

2 1 1 1
0 20 40 60 80

Duration of the temperatures above 55°C (h)

6. HIEL7HEOXKBEHERSEE A, LV 55C
Bl _EOF5#eFE (B) & DR

Relationships between the numbers of E. coli on day 7 and (A)
maximum temperatures or (B) duration of the temperatures
above 55C.

Open circles show the numbers of E. coli below 10° CFU/g-
wet.

CFU/g-wet LLFIZE TIF L Tw/z (X 6B)o

(4) R OB E EJ & FE# O Biochemical Oxygen
Demand (BOD) MD#HREg

BRBEEIRMX I BV TRRO LN LA, &
BB PSS TN DI ORI & - THER L 72k
WistcRKS 2 £ 2 5hiz, £ 2 CHOMBEEY
OFREEL LT, EMEE o BOD % Ml5E L 7z. HENE
JEELo> BOD i, ki, 55C LU o sl Es i %
F TR L7z WX O BOD 1Z 95.1 0, mg/g-dry
matter (n=3) T® ), HHBEEY Z RN L ZHIEE
Bofbix, L dEv117.0 — 223.6 0, mg/g-dry
matter DHFACTH - 72, F 725K BOD E75 166.2 O,
mg/g-dry matter Dl L DA 121, 7 HBIZBWTHEE
e KIBEBOBET A0 5172, BOD E & HEE D&
HEOMIZIE, H7IZRLAE ) ICIEOMEzRD S
N7z (r=0.832) o FFICEIEM, Kad, BLUAE T3
B %N L 7z HEAEJECE o BOD il 1, 200 O, mg/g-dry
matter L EOEWETH o 720 FHOFEE LTDH A
HEN2 26 OBFEBEFEDICOWTIE, HAEELE
B ™ C 2 ORBIMESRBR S TBY, ©RE
JEHIB L ORar iz 2131 B L UM 185% DKL
aa&HLTwbEOHmENDH L, F/2ETIBIZD
WTHRERD 10% DT 7 T & E N T 5, i
B IE BOD L BN &0 s, IS DG HiE L

80

70 -

60 -

Maximum temperature (°C)

30 1 1 1
50 100 150 200 250

BOD (O, mg/g DM)

7. ERERE EHAED BOD fE & DOEES

Relationships between maximum temperature and BOD value
of compost mass. Numbers attached to circle correspond to
those in Table 7.
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WCARXCBEZRIZLTVE LD EEZ SN, WD
AU Lf’iﬁﬂﬁﬁfﬂ@ BOD fifil%, 174.0 O, mg/g-dry
matter |28 X 7% 2o 7225, IRILE X OH THR D &
69.5C DIk EiLE % 524% L 720 Imbeah et al.™? |3 R
DOZEBOMERIE, TRMEEORBHC L 28EEY1T) b
TUELBEFITEESELDOIHEND D L 2
LTWwb, o TZ ok AL, BOD EHOM I
Z, RCROMAT ORAND & O HEAL AP 1258 24 72 Z2B A
ENTTHERTH D EER LN,

4. EH

AHER TG IR DAE L D3 72 EIN O IR %
T2, BARGORELRDS QAN LZEIEMIZL ) 5
WAL 7o AWM A B E LT, 43 L HikBEREY
& DORAWERALIIZ DOV THET E AT o 720 KGR
HHEALERNC, BiHiisr & LRV N2 5kl
@@éﬁu&7b/%mML HMEORE L FAZK$ 5
WREWE LTz ZORR, KIHE L 25T EHEED
W EAEIH SN D —H T, RYXRT by OFINILE
BEEAAREL, ZopRITKS @mwﬁ%ﬁﬂ IBw
THICBEE CTH L I E L L B o7z, BARGHEILR
BHIK T 2 5 3 R A A O BINRIR DS & 222 7 o 72
L IAT, EBOERERY &4 EOREHEIE L
1To720 BARGEHITH T 2 UM, Kiad, WrT,
BIUAETIOREE, BRMOEAEHZ HAKIEIZIRE
TAZREL, S5CTHEBZ 2EmREHRTL2ZLT, K
PR RIBICEIR S E 5 2 EDHS e holze 2D
B AT E LR b o 2 50 A H = 12 K
7L, MHEARGEEE & BOD fEOMIZIZIEDHIASTED 5
7zo Fz, AVEBEEEW 2NN L 72HEL)E R BOD it
166.2 O, mg/g-dry matter Ll F Dy, BE% 22 KIGHE KO
IRATFRD BNTze KA L BB DR A HE R AL
i, AREFEOFERO LT, FMMETo A0
WEOEKRTOHAR 2 FERLEEZOND,
RHBULERRE L ANV /N 7 7 5 — % I TYTh
N72As, RETIE/ STy b - 27— )VOHERFERMER L
2B DAY ORISR 2 BEEY 5o

BIE EEHOESIFEOHREHKIEER
DEREEFICRIETHE

1. =
&#E@%ﬁm& HEEORBICLoTH 268N
J3 HL ) 7 BRI D 35 A5 ,wﬁ&ﬁn%%%é%wgt

#95 (2009)

ZLTwA P, ZoL) nBREMBEICHIET 2720
REPREY OEFOBIELB L UFHORELX B E L
T, 1999 4E7 5 L WD T S iz F o RKEHE
MYz, FHIsCRA T 5 BB EY S O A HRBESE
WOERFHOERE L CTHESI N TN D, FTHKS
WKL, Bwuddil, A5 —ROERIZHESTHY
I A5 A AR & A B 3 2 AR LA B, A HEE R
MOEEAHOR S BENLFELE R > T,

HEELSKR TN SN2 HIRE T 2 F0EE
(&, 2006 FEIZBVT31% % HHTE Y B TR E
BDE . FUEFIZKG D80 — 85% & i <
WaEFEE LTHRG SN TV EHRIKOL w&bf%“
ﬁﬁﬁ%%AEﬁwaw i, mAKGOIFEEH
WCHERBL & 1T ) A1, U KRN (7 9%
FH 7 X &) 0)%71[1%??10%%’1%@ BRI E T 5
FCORE FAMFETE RN Y,

FLF SRR R 0157 © H7 O RE R RH BN & %
A5NTHBY Y, L4 H AL E R C iR o H
bR EEL, FEMEDZ RS S5 2 & IEDREHC 1
LCEEIIR > TETW5S, KEREERET (USEPA)
® 40 CFR part 503 | ’ﬁéﬂfwéﬁ%Wkaxmi
FEZEIEL, I A A ) DA 1A 0 il B D S
E%ktfmb%ﬂtop®7UkX%m%ﬁ;@ﬁﬁ
BB O L 2k L, HERR L ERE TOREE & &
DFHRFEE I DO W TOIEENFITEN TS, ThHD
FHERW 72T 21203, BKGTH LI FEOIRG & %
L, HEWHICZEEZ D757 L9 KRS HEM DR
b LI 2 B Cilka S S A Y o
PWEM G ERLE 2D D b

TREEPENCBNTANRDH L2 EMTH Y, ZOH|
FEMCTH 2 TR DRI S REOFE L LTHY SR
T&E7zo LHLADS, BEXZL AR Z IS
WoTEDLY, TREEERIZOWIEIZOWTHIGE
> 5T B, Nakasaki et al? 13, = O W% HE
JEERE L CliA 2O AT, ZOIRE LA %8
ﬁbto%wﬁ% SREANTHEIEA L5 2 LI L D R

CIRERERIBICE CEL-Z 2, S0
ﬁ%%%%@%ék%z%ﬂtoifﬁzﬁf?éhf
BOD i & 9 IZGEHIIAR Y = O 5 5 R H Y % & F

LTwsEEz 6N, EHEOMEMILIZHE T T
iRA LA 2 2 & T, BF20E 7O v 2 OHET
PHIFE S Nz 2 2 TARWIZE CIEFLARISR T 2 B
IINORNE, FRane & iRE LA OMME LS 2T
bH72012, NI LY 7 7 & — R W E T
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BHE I, HEREBIHEIRIC 350 B BT BIIREE E Rk
DEIEI R Z ST B72012, /540y b - A7 —
VT OEFEHERE RN LB % 1T - 720

2. EBEE
(1) EEFAOEAEIEE2Z(LEBHEOFEHRLR
B (MNEUHERR(EU 79 2 —HER)

A ORI, BWKEASERBY (o dh) o
VEFUE D SRALL 720 AR & T O IR iR} 4 4G 5-
LTWRENOFBELY, 77+ 47 X &EOHED
BALTWARWIREETEL RN 720 Higd# L 8mm
Ofifi % L7zl 9%, 71% 0K D L) IR
HEIT83: L7 DEETRE L7z T OFLAFE & Alr
77 OREWIH L, EEEEER OkS 14%, 7V y—
VEEFS (KiN) 5%) & &WW47-0 0% GHEIX), 6%
(6TR) L T11% (11TR) & %% L) ICRE LIz, £
NENDOREMDORFENKT, BIUKNEZEKSIIRT,
AINRIMEREAL ) 7 2 & — 1, 2B THW b DR MHL
7o TNZH 4 kg OHEMEEL %2, 20 cm OHERE &2 7%
L9277 — IS L7z, REHIED O DETE
$HE ) 7 7 & —diR o, HERRERSSE O A S 7.5
cm OAEICERE L2, BRIEENETNOY T 75—
xtL, 0.4 L/min O#4 CHEBEICAT > 720 ANELY 7 2
¥ — % 72 d RToOHERLERERIZ, 25T OERSMT
TATo 720 ML R o9 > 7)) v 70k, HERRRRE A
30CH L FTIHRTFLAZBICY 727 & =0 HHEIR A HLY H
L, FOHo I L7217 o 720 R I OHERR
VT 7Y=L, @A L7z, HER s
IR O, WIRREO Y — 7 5380 bhi:
TRIKET L7zo W38, Wi OHENEHFERE, HEALALHE T
DY TIWIZDOWTKG, BLOEYLENEERE KR
(BOD) OHIE%#fT5770 CO—BORERITRE 2L T Y
FOFAREOEEZ Y, [F—4&MT T3 E4T-o72 (Run
1-3), ZO3MORAEBEMMAp, FHEE RIS 2 HEE

8. HEFEMOKFETIVI—IVERE

Moiture content (%) and Kj-N (%) in the initial composting
material mass.

Moisture (%) +SD Kj-N (%) +SD
Control 71.7+0.9 1.4+0.1
6TR 70.3+0.8 1.620.1
11TR 69.4+0.1 1.9+0.1

*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment,
respectively.

BLOZF0EEEHII—EDOLETTITo 72,

(2) FHEBHETHENIEBICS T ZEEHOREARR
(N40vy b - A5 —IVERER)

FBFEE T T OREWIH L, SEMERM, 720
AL 22 W IEUR & FI 7 HERR HE IR L ABR & FEhE L 7o HE
fEERHE, FERBEEWOAZ ) 2—F L A2 X BT
SRS X o TS NEIEM A L L, EhUIHEE
AFEBLICHMT Y 72 RERLTT72:35: 1 0F&
TRAELZLDZEHGZ, ZORSWISH L, %
WL 720 0% (RERIX) BEOV15% GRINKX) #E
L. KEAKEZBRIMT B & TKD 78% DK FH %
RELL 720 BT L — AL 5 emE0@ibIEiax F o —
VCHLAIT72HZ, 1.0 x 0.8 X 0.75 (fE x Hi x 5 %)
(BAL :m) &7 25 X912 RitHERR R 2 Fo il - HERR L
72o WEROKIRIZIE, R T AT IVEORA CRE %
HN—= LMKy — M EFFEL, HRERYICHT S
IR S O ZEEAAME S D REFEFE L2, R
FRHE, ZNZFN220kg 2 7 L — AWIZTIE L 720 HE
W oW ERIEMN EILE 9 T L L, RO L,
BLOHOLH2SEIZ40 cm, U2 40 cm OfE S, HEAR
RS 10cm, 40cm BL 55 ecm DES b L)
12, AT YV ABMOBRIZHAESZEELIZDDOEHEAL
720 (X 8)o

(3) e LUHEEEN
D) KRGy, EIEIREE, AMbEiimRE ks

55 2 B L RO F L THEIE L7,
2) ¥ —nEF (Kjeldahlnitrogen : KjN)

KjN 13, HEAEHY 5 g #22 % Bremner et al. 73 ¥
W& D ElE L7,
3)  FEETEMT

HEMEIR 69 B AR ORI RIL,  EEAA NS
AR, By RLEERY 7ay 7 & LEBIC LD
ST L7z PHEB 0L, Tukey DL EHIEIC & 1) fif
L7z T _XTOMEHFNTIZ, SASO GLM 71 ¥ ¥ v
FHWTITo 72 %,

3. BRBIUEE

(1) EEMEREISHIHEDERE LR LUFEYIHE
ICRIFTRE (MEMERREY 77 5 —H5R)
WENORME G OWERIZB VT BRAMGEEZ? S

W AL, 2 HDWICRESmE LKL, THH

T NTOHRIZBCTREA 30C LTI L7272
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X8 FHETHAVAHERMEHIEOHRE

A Schematic diagram of the static compost pile used in this
study. The numbers of the thermocouples and their locations
are corresponded to Fig. 10.

O, HEOEHEZIT o720 WT IO S B IZIREE
FHROE =2 %R L7225, 11TR YA OHEIE O f &
E50CICEL o TORDEEER2L, Hi
Sl AP TS 2w el L2720, EEMRE
FIEHEL DRI BT 2 EE EAROLBIE, 2o
mEEAPROEERZ 12 HHOT = 2 HWTITH 2
L7,

TR & 2 LA ORI, (1) &
B (TEMP,,) . (i) HEEEEAD55CIZET 5 X T
WCZ S B IEH (TIMEge), (i) 55C A& o %5 K [H
(Durationgge) @ 32D /8F A =7 2L o> TiFT- 72 (3k
9

HeM DR L, TEHRIME &% T EE W E
FNZdH o 7225, ARELRZETRO LN LD o720 TIMEs
BERHMBMEENE 25 EHMESNAEAIIZH
D, MEIXE TR ORMIZAEEE (p<0.05) 2R 5N
72 USEPA 1 “A process to further reduce pathogens
(PFRP)" 1258 b1 5 HIEREEHIIHO T, HEE
H DIEIEAE Y DOFEIRE RUE S & 5 729012, 55C kD
W2 A7 TH 3D Lk S+ CERT L2 &
AL T Mo ARHEIBILSME T SRR
AR R ESEE ST L CHEREE L 52 o
7273, Durations (ZRMEIENEHE A I EIEEEINS
EIZH Y, WX E 11TR OMIZAEEARED b7
(p<0.05) o

WELAICEREY -0 LAZERE LT, ZEHMTo

#95 (2009)

F9. BEERICHT 2EEMAMOZR

Effect of tofu residue addition on temperature rise.

TEMP * ©) TIME,.* (h) Duration,..© (h)

Control 65.9 £0.9¢ 38.7 7.6 553 £4.6
6TR 68.1+1.7¢ 32.0 +4.0% 72.7 +8.3%
11TR 68.6 + 2.6 26.0 £2.0° 89.3 +22.1°

*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment,
respectively.

“Maximum temperature.

"Time required for temperature to reach 55C.

Duration of the temperatures above 55C.

4¢Means in same row with different superscript letters are significantly different
(p<0.05).

S R R S35 L 72 REEATE 2 H 7z, TIEH
WINEEORR 2RAWIZOWVT, BOD HORRZL
ZE LA R A2 £ 10 17T,

e o BOD L, XA 97.6 = 16.6, 6TR 7*
126.6 = 11.7, 11TR %% 183.5 = 18.9 O, mg/g-dry matter
EORMEEDLEL R BIFEEL RAMEMIZH 72 L
LA HHEE L OHETT I > C BOD fEIZIEE T L, 12
HHIZIEWTFhoOK D 158 — 31.6 O, mg/g-dry matter
D#iFITdH > 72. Fernandes et al.” (3 E3EEEHY &
Wiy % % { & AT I 3 ORAHEILIC BT, W%
DRI &R =L O B IR FERRE R B A 5 2 575,
ZOBEORESIEICKERENVITFREO LN W L 23,
HLTWw%, MBS, EHERIE & HI12 BOD A3 )
BThY, TEHIC L > THRBAE NG5 HIEA Y
i, WELBERETHE SN, TOREBOD &Il AL
TEGEAEN G L SN EZ 5T,

(2) EEfaRMAHEHBERHIEOIRAMEE LRICK
FyRE

N4y b A7 = VORRRIMEIERERIE, PSR

A 41C TH - 2L MIAT 5 720 WATIZE Db S

% 10. HEABML:@FEC T 5 BOD f@ (O, mg/g-dry matter) O

#
Changes in BOD (O, mg/g-dry matter) during the composting
process.
Control 6TR 11TR
Day 0 97.6 £ 16.6 126.6 + 11.7 183.5+18.9
Day 7 49.1+11.8 542+14.3 704 +5.2
Day 12 158+1.1 282 +4.7 31.6 £2.1

*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment,
respectively.
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¥, AR, BEHRINIX &SRB G S RE LA
BED, 2 - 3 HUNICRSIREIE L7z, HEMRILEBR
&, BAfG#: 21 H B CHEREW O H.GEE (KH22 5 40 cm
DEAL) OWFELTITIVIR & FFREE T L7272,
ZOEEETHT Lizo 9 IZHERERIMHENRAL 3R o d T iy
RIBEHER L L CHIRIX, B X OEEHEINIX O HLE
OWEHR 2R L7z T2 10 1S HEIX, SR
XOHEFEW 22 9 BT O &inE, B X U55C
Do B iR PR % R L7z SRR OB & - T
REHEIRR > TBY, FLE LD b REHO S5
FEIZRANEAN & o 720 STV TROFAMIZ B W
TS UM OB DFRIX LD bEd, HGilrs
BENZERALIZB W TCEDOEIIEETH - 720 T /-HEHEY
FOREREIZTX & b FULE TR SN T WS (£
NZN 773, 80.0C), ZI 5O DRI B O [FEE
OB L Y b/NEh o7z, HEREWO 9 T (RIRIX
IZDOWTIE55CIZE L Bh o 72T & B < 8 &) 12
BT 5 TIMEs OFHMEL IR L 728 25, BIRMEKX O
37.9 KpfH] & F L C UM NIX T 32.6 IRERH] & i
\2ET % £ TOFTERF2SEWEINICH 5 72,0

FKGTHhD, BEMIThbNI MOy b - A —
WVHERRRIE AL AER C Uk, /NRHERR L) 7 2 & — iR L
R L CHEIBHIRA X A1 LA OREAEEE 1278
O b N7z, WX D Durationsse D B TIE, ABX T
HEAEW R 9 AT OIREED 9 B 4 A% PFRP O3 % jiiy

Temperature (C)

Time (d)
‘ ------- Ambient Control Tofu-addition ‘

9. NREBEHIVEBHERML £, FAZFML £ OHERE
DHLREDHERS

Time courses of temperature of the center of the control pile,
tofu residue addition pile and ambient during the composting
process.

Dotted, thin and thick line show a time course of ambient, con-
trol and tofu-addition treatment, respectively.

Maximum tempearature (°C)

Duration of the temp. above 55°C (h)

D @ -
&9 ¢
Midde— Q@

Positions of the thermocouples

O Control M Tofu-addition

10. EEMERML 7z, £AEFMU ROHEEHIED 9 &
FOREERE (A), HLU55CUEDFKER (B) D
243

Comparison of (A) the maximum temperature and (B) the
duartion of the temperature above 55°C (Duration,) of
9 locations in control and tofu residue addition pile. The
numbers of the positions are corresponded to Fig. 8. Open
and shaded column show a value of control (non-addition)
and tofu-addition treatment, respectively.

7L TWDAhTHo72h, SAMEMX T 7 #ras
55CULEoiRES 3 HEL LFRRE L Tz, BIZ, TR
RINX @ Durationg (VW FHNOEANIZ BT LA HREK
DF) 2 FERREOMHEE R LT ize SlRlOHERILRERZ,
ERkgr, RIRBREE & ) HEEALICE S W Th o 7
B3, SRR B DS i LRI IR A 2 12
HS 2 & & 12, PFRP O IH % HEJLHh O K ER 5 O #RAL
Tiili7z L C\Wwizo SRIOFERIZHEL ORI Z 1T D % Wi
EIRRECIT o 7225, By Mg CHIEL2 1T & & THE
EREEIRICIBEETE S L) ZUEPHRETE L EE 2
b7z,

4. Efy
RETIIBEAT ORI 727 & — (CERER
120), BLUOEZHERILEM0Y - 25—V D

HERTUHEIE LR & 2 F >, A3 Ml 7 OREWICE
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BRI RA LA ORE EA B X O 5 R
DWTHGER AT 2 720 /NEBENEALY 727 & — TOFRERT
X, EWE2 0 11% O TR ORIE, Mo e
EHE L TREREICIEEPREO ONL o720 DD,
EHIISITE T S F CICET 2R 2 M L, 55CLLED
iR e A EICIER SIS 2 EPHL N E ko
720 F72HEAEG o BOD HEDBIED S, SIEH O
£ 0 HERRIERHR O 5y 3 R B = S KIR B % —
5T, 12 HH oL A2 2 5 O RER 1355 %
ENDZEWRENT, COEEMORE FAMEE,
A8y b 27— )V OMERETIHEIELIC BV T HEICEEE
THY, WRHEEFOVTNOMATOHBX LD b
VIR, B X U 2 50 55T DLk o iR
MRRD HLNTze Lo THEICHIT L2EBHMOEEL, HE
W RIS IR A E ) M3 2 eSO L o,

L2 LBEICIEHEIE &k 2 22 10 S iREE L, K
WA XOICF CRFILSEL 2L IERETH 2,
USEPA @ 40 CFR Part 503 Rule® |25\ T %, “Class A”
HEAR > KB B BES % 10° CFU/g LT L8 L TH D,
SERBIIRE VD X DITREE Y A7 ORI TR % &
WTWDZEDGhE. Lo LILSE, — LA TR
L7 EMEY RS, B kg L RERGEMNS SN
Z L THME (Regrowth) T 2BEHMEL 2o T
%o AREECHIGEEZ AT o 72 SIS INEIREE L5 & w9 ik
TIIHERTH P, BHICEAZZOMWRITAEEMAEY
ORI AR WEEEDS D Do Lo TRETIE, FHE
SERMORAGHRLER TOR A IR 7 —VI2B
1} 5 KIH O Regrowth ™) A 7 5l 247 9 o

EA4E HPEXT—COREZHEFICHITS

EEXERE OEIE
1. ®¥8
B ICBE L WA RBE DAL O S, i Y

A 7 OVFEEEO B REBRIEY OTEBRA B 5 F A
ESN, HHTHBEEEERNHOKEN R E o T
%o HEMRALILERIL, KB OVETRAH O 25123 Ry
WATHhNTWEHETH Y, BRI LR EsEA 7
ML, ARIERE LCHRmEShTwb, Fo0E, 4
ETHRT LN AT THEOHFOAREr S, HEE
EORBLE LTHHTHMADL AT 6N 5,

FLATH M KIGH 0157 - H7 O X725 RHEICH
heEZONTWAY, $£7/20157 H7 I3F#PTE
BERIZEAE LAET 2 S e s Ty 210509 kil

#95 (2009)

MILBFETORBRIKBALE EFN TV 5, FIRITILED
KADEL, FH T RRT T 7% &0 7 KT O
REXTDORVIEY, MR LB CTRIEVEREYD DOFER,
HEIFTOEREERTLIZEFHLV, L2LE2,
SWOREINILI, FARMAERNEL L ELHEK
BREYZIRETHI LT, BASEETHREN LA
L, KGR OLHEEZRETE L Z LN E B 72,
Lo L—H CHR BRI DR EO T FIRAF L7255
B, ENOVEEMEDORE L 25 THEEDL H
Do I2EZEMNTEERELTW2ELTY, Bfisns:
55 CRESE O BRI & 0 #2142k 55 LIRS 055 2
SIS, BAELT:, F7235HE0 5 OFRI X ) A
X LA EMAEAS, HER TR B R D B o
FoE L LTRSS E T, RREDOHLIC L

) ZOHRCTHEMAEW AT 2RI F L v, FF
KRB, RSB 2B ROBERRE & L CHEZICS
HESNTHBY, BIROY A7 ZHA S LR H 5 *
B, —JTHERIZIE, SRR OBUEWIIR S AR A
BHAHEVI)HES DY, Millner et al.® (ZHEIL D FEHL
MAEMBEOTERNC LY, HERAP OV E & 5 B OBl A
WS s 2 & 2L Twb,

HEMEDFIFIZEE L Tld v 22O B EFHAMZE HE HSRR T
LNTWVEA, EBRORERYTIE, I oo
o & % E 2 COHEROFEIREEIC BT SN E Th
Do L LAN, 72 HEMA LI % 4% C A e S /e
JERDOMELT LR OFIHPEF Ly, 2 TREBRT
i, HEARALIH M 0 27 2 HERRIZ N A B9 RIG W & #ifE
L, 22 CTOMELHET S LT, HEFTOREHE
OEEXR IR 2 Lk, FPEHOFECOWTOHR
A EATo 7, WML LT, #3EDOERTHV
LA AL, 3 - 7R E 2SRRI ERMmL
72 HERE T ORI ORI OV THE R 4T 5 720

2. KBEE
(1) #HREESLVYTUT

FEBRICIE, FEITECTEMLA/SM Ty b - AT — LD
HERRIHERE DX HRIX (LR35 - 7 ZHEIE), B X OV
wnx (4% - 77 - GERMRAHE) o2 EEOHE
A% 72 400 g OIERRERZ AN/zFAf oy - Xy
VaRIIBEN ) O, TNEh4oT O
X, 7SI X O HEFEHE AL o HGE T < DR
Hr540cmDEEIDE T AICEE L7z, HEIERLED
HefelE, 1 HERMBRICERMICRGR L2, FAa Y - Xy
TadiE, RIS SERIC IO ORI WL, [
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WL Z2HEEE S Cle7 v I o b LA RIQRFREE S &
720 IKGDI20%BLLTICR 5722 25T, PLADLR
WE=— VIR L, ERICHHAT 2 TERTRAEFL
7oo FIoARBERE IR, Mo FEHEEILHER TS 72t
TR X & Al —JFRHLR OHEE %, BRI L 72 ¥ = — VA8I12 =
4T 190 HI B £ 08360 H RIERTE L THB W HEAR
TN (FNENALN B L UA360) 120 T b FEER
WL 72

(2) KEFEO#ERE

Ped 2, RE®ERNEY (B BiE Anisear)
AL S G 7 72 7o KB 0157 @ H37

CE273 ¥k (FA-FEfE X 0 4. IR % H v
720 ARE#E% Nutrient Broth (Difco Lavoratories) 100 ml
121 ASEERM L, 37C T 18 K[, 150 rpm DIEEEE
EEATo 720 WHRIZEOSHE (7,000 X g, 10 min) (2T
~ L v b &L, 0.1 M Phosphate-buffered saline (PBS)
ICC2 DWW, @SR EL, mHEMIZ PBS
IR S 7o, WREEEIIOEE (0D DOHEIEIC X
D, BB LZ20x10°CFU/mL & 7% % X 9 IZPBS T
BEAR LA L 72,

(3) KIFHEEEHEDEE

s TR AR AR B S L 72 A~ 7 v i,
HANZ 0.5 cm Offi &l L 729 14 Db D% w7z,
PR R\ REZHE Y~ VISR S ARG, BX O
N1 RO ANOUN R i Ok o Gk oW AT e o Rl EE
FRE DK HE T d 5 10" CFU/g-dry weight @ K5 &
CE273 th%, M ~N— AT 15 g OHEEIZHERE L, K5
#150% & 7% X)W IMEAR K ZIRML 720 Kipw &
PR L 72HEEY > 7V, MR Y = — VP T aIciE
B 100mBAEORE =M 77 AT ICHE L, B
Wod ARy VEOKE LB RE L 727 7
2akEdl, KeEANIE—I—% TS5 AF v 78D
FomIzilon, 30CT5 HM % 17> 72 KIBH B X
ORI DSORGREORIE, BEmHRIC—ET
fTo7z0 TNTOREERBIL LHLY > T vd /) 33
TITo 72,

(4) b LUKBEOSTH

1) Koy, 7rEZTHZEE
82 ® L RO FFECTHEIE L7z,

2) KW O
WEITIARERICOE3HOT L — M2 L

720 REH 2D Z, B -D-galactodidase D EFIZ & D
salmon-galactoside 2573 R S N THE L 27k a0 = —
¥, KEWUSNOREHEEL L TR Lz, A% K
WIERBREEC S NE A, & 2 TIERBEDS oK
Wi DRH e KRR L L TFR L7,

(5) IREHEEMT
MEO NGB 2 KGR OMHEE G (%) 126
THHAAL A 7 — D OB, 1 TEE ST & -
THEL, PO Tukey DL EMTEIZ L - TR
W L7720 TXTOMITIESAS ® GLM 71 o ¥ v & Hwn
Tfro72%,

3. BR
(1) HEREMLBIEDEEHTE

HEREAL A R O I M RRIE 41C TH > 720 HEIEH >~
TNV OIRERBFEIZE 11 IR L7z, MIRX (ERNX),
BLUOUEHXOHERER (OHBEY > 7)), 7, 13,
2 BL04 HEOHEREY > IV EZFNENCO, CT7,
C13, C22, C41 3 X U°TO, T7, T13, T22, T41 & L 7=
ZNZNOMEIZ BT A fmin&id 2 HBICR&H S N,
HHRX T 73.7C, TIEHXTT782CTH o720 MEXD
EEFEAIMETL, BHEIZIWOCLUFIZZ 27201
L, ERHX ClkmEEs L, 22 HAICR -
TICUUTIZETIRT L7ze ZDOHBOEEIZ10CLUT
TR L, T LEORE EAPIETE R LR L
72728 41 H BICHEIRLALEE 28T L 72,

C0.TO C7.T7 C13.,T13 C22.T22 C41,T41

g 4

Temperature (C)

Time (days)

1. HERHEEOROEMHEDEEHRS &Y > 7V ERERA

Temperature records at nearly mid-depth of the center in static
piles and the time schedule for compost sample collection.
Thin line: temperature in control pile; thick line: temperature
in pile containing tofu residue. Circles show the temperatures
at sample collection.
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(2) #HHEHEEPOXEES LVUKGEFH

HENEAL B AGHT O HEALECE R O KT, 38 & VK H
BEHUE, £ 12 10' CFU/g-dry matter D4 — 5 —TdH -
7o HEABALODEATIZHE - THEEIRIE IZ LH- L, »wFh
DXIZBWTHRIEHE B L OREHE#EE < 10° CFU/
g-dry matter ¥ TIKT L720 Lo L7455 AMEZALERIC X
D, WTNOHEILY > TV BT H FIMGEAEED H 1
720 K THEAERER I H 72 E BT O ALY~ 7 v o
KW, BLORBREBEREERI1LIIRT, wihod
YW B VT H KB R £ 10° CFU/g-dry matter LT
Thotzh, KERERIIZN LY ENETICH -
720 HEREALHE T 12405 190 H 3 £ 08 360 Hiffad L 7z HEAL
TN (FNEFNA190 B L TA360) 12DWTUE,
KW B X OKREHEE L b MHBEAR (< 10°CFU/g-dry
matter) LLFTH o7z,

(3) REDHI{ERXT—I DHABFICH T2 KBEDOH
5E
KW % 8eAli L 7212 O MR > 7V O RIG R B O
1%, 2.3 x 10’ CFU/g-dry matter (&P : 1.8 — 2.8 x
10" CFU/g-dry matter) T&» 1), ZIUdHiE b3 ol
ENDKBGEE AT Lo 72 BRI oS
i, BENORNGHBISTT2EHSF L LTURL .

#95 (2009)

HENEAL A 7 — 2 O E L ZHEEY > TV BT 5 KIGH %
DOHFHEIE % X 12 1278 L 720 1000% % 88 2 % w5\ 1l
1, MEXICBW TR CTBLUCI3 T, TEHMEXICE
WTIETO, T7, BLUTI3 THED LNz FrIZHEEL
W (0 - 13HH) oMY TIVICBWT, BEM
KIZRERIX & 1) & BB A0S m W EA S d o 7o F 720K
b ECIEE A I IR X, BRI L 5127 H HoMER
Fr TV (CTBIUT) CBWTRDLNIZ, 200
HEofEE L 72400 A190 B X U8 A360 o # 5S4 14,
ZNEN2T5% & 265% TH Y, Z1H L 13 HHLEED
KHEX B L OCEEAXIZBIT AHEY > 7V ofIcE
HEITBO SN Do 7z, C2 1 IM—, KBHEPET
L7723 > TV THh o 72,

4. EE

BHRBROMER, C22 OMBY v TV & B9 XT
DHENEHS > T BCRIBHBIIIEmICH Y, #%
TG0 % BRE = HERE O HUEH I3 S e b o
o KIBWOWEEAIZ, 13 HHOHEEY >~ 7L %5
WZENLHTOREIZ 2 NP & D DA B o 72,
Russ and Yanko® &, {GieHERL >4 V& % T i O Bl
IZDoWT, REEFRIL (C/N) AT IVE A T OHEGHRE
WCHEHEGATWD I ME LT, LT at

xR11. BEEHER, SIUEETEOXBEES KUXBEEFROZEL
Numbers of E. coli and coliforms in the air-dried compost and their populations before and after incubation.
After Air-Drying Inoculation of E. coli® After Incubation
Compost E. coli Coliforms’ E. coli E. coli Coliforms
Samples' (CFU/g DM) (CFU/g DM) (CFU/g DM) (CFU/g DM) (CFU/g DM)
(o] 7.8 x 10° <10* Average: 2.3 x 10’ 7.8 x 10 1.2x 10
C7 <10* 1.7 x 10° Range: 1.8 to 2.8 x 10’ 3.7x 10 29x 10
C13 <10* 5.6 x 10 " 3.1 x 10° 7.4 % 10°
C22 <10 2.3 % 10° " 8.3 x 10° 1.1x10°
C41 <10 1.0 x 10 " 2.9 % 10 7.2 %10
A190 <10°* <10 " 5.7% 10 <10’
A360 <10 <10 " 6.0 x 107 <10’
TO 7.6 x 10° 1.3 x 10* " 4.1x10° 1.2 % 10°
T7 55x%10* 32x10° " 5.6 x 10° 1.4 x 10°
T13 <10* 1.3x 10’ " 2.5x 10° 9.3x 10’
T22 22x10* 52x10° " 1.5x 10° 9.6 x 10’
T41 <10* 2.9 % 10° " 3.7 x 10 4.0 x 107

' C = control; T = tofu residue; numbers = age (d) of sample collected; A190 and A360: compost samples derived from another composting
run, which had been composted and kept in plastic bags for 190 or 360 d, respectively.

* Quantity of E. coli inoculated into each air-dried compost sample.

* The numbers of coliforms except E. coli are shown.

* Below limit of detection.
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10000

s

15 abe abed

z M L

2 1000

Q

a de d

3 1 o

i

~ de =

E] €L =

= =

E 100 =i

3 &

e =

X H n

10 I . ||
Co C7 CI13 C22 C41 TO T7 TI13 T22 T41 A190 A360

Compost sa\mples2

12. HHE, BLUCEERERML =, £AEFHEMUEV
BREREEHOR K ZHEDICH T 2 KBRADBIEDOLE

Comparison of E. coli growth in compost samples of different
stages with and without the addition of tofu residue, and
aged compost samples.
' % of initial E. coli population calculated as [E. coli counts
after 5 days incubation]/[E. coli counts before incubation] X
100.
2 C = control; T = tofu residue; numbers = age (d) of sample
collected; A190 and A360: compost samples derived from
another composting run, which had been composted and
kept in plastic bags for 190 or 360 d, respectively.

* abcde: Means with different letters are significantly
different (p < 0.05). Bars show standard deviation.

ANZHEATIZE D TC/NPEF T4 & id—HmMIcHms
NTHEN Y, HELHEE 2D A%
1175, FREEREM OBGHICS- 2 2 —D2 DK E HRER &
LTEZOHNT,

10 f5 2L L (510009%) O KB OBagH % 7R L 72 HEJEH
YTNAE, F L LUCHBRESERY, ok x
WEZERZIHENEN 2D THo 72, FFIZ, wiho
KiZBWTDH, 7HEIZERILZZHEREY > 7V (CT 5
FUT7) T b B\ 5 1720 Mathur et al.™
13, HEREALAEE H B3 5 7 2 BHREH OHENEY > TV 0%
IO WT, APfbEniERZEkE (BOD), B &
OriEARRE (DOC) %illlE L Tvw5b, DOC 12D
WL, HERALTOSEAIEE A L L DI, S
AP TT 2 & T3 528, F7BODfEIZOWTIE
HEA LA O & I L ¢, w058, mikB L UF
AT L2 E GO OB E W & 2 i LT
W5, 72 Soares et al.* 1%, HAEHEOHEIEY > 7 Lrh
BB RIGREEOBME A ME L, JEFICEE L 7R
BV TEWHEEIEO SN2 & 2HE L TWb,
FIRZ oK, HERLDPMERD S THET L 7272012
IENSHECENIIERAEZER L, FRYOZ ARG HED
FIERFE L2 EDPRGROMIEIZES LAOTIE RN
MEELELT0D, A OHEIEILIIDHENES > 71z

BWTRO SN R GR ORI, HRLEAE TAR S
N2 RIGHIZ & > TRREO B WS T L - A H,
F7ZIEHERE A © 7OV O JREE AR IR, L 7 R B o s
RKEFIHATALILICEINVELLZbDEEZ LN,

AR AL, SRR LA R LK x KR
KT S 505, —F TREH OB % (3 2 MR 12
Hotze TNFOHHIZBWT, COXYDAEIIHY
TO OHIEEH A L > TEMNIFEND, KEI - VOB
ForfrmE, LE LSRG % & o 7B NME T oK
ReHh (Tryptic Soy Broth &) O&HHK S L LTHW S
NTW5, 2o < TMPIZERA L 7R F 1T HE 70 SR A2
G0, KEBHOMIEEREL72b D L&z Sz,

Lo LS S eI L H SRl L7229 v 7 Vvic s
W, MK, TEMXoBEEA 0TS <
), EAERIICHEIEALHE T 2 & B4R DL H AR
L 72 A190, A360 HEEH > 7L L REEDE & 7% o 720
Hanajima et al.®” (3, EJEHIOUMIC X Y HEALH o BOD
fElZ bAT2—F7T, 12 HE MBI IZLY, £
OEIZERMOHEI & FfEOMEE TR T2 2 & % iy
LTw5, BB ORI L > THES N5 mika
Wi 1, 2 A O EIRHEEILEIE I BV T D RERTH
SREND EEZ BN,

Mi—, C22 OHENEH > T I BV TRIBE D HAH
BOLNT ZOHBIZHS TR WA, EWH R
DRI OWEG I B % 5 2 72" ReMEA S % o Millner
et al™ I KBGHBOHMOEE, T 3RBHEREOSH
5 MAEE & HORE OFFAEAS, MR TOYIVEL TRH
DIEWAEDI X L7722 & 2 HE L TWv5, Golueke™
O FAE L 72 I A & 0 b AR o 55 O fE Y
HoORD, REOHEEIIBVWTHNTH L Z L xIRHE
LT\Wh, FEBIZ C2 4 PR B BT M
Hi (2.3 x 10°CFU/g-dry matter), # ff % (1.1 x 10
CFU/g-dry matter) & &, T XTOHEREY > 7V T
bEWHARL T, 2N, BV TR LK
PR EDS, AR OB B % G- 2 72 R b &
Z BNz,

AFZEORERIE, LD SR, F 7213 SR 25
b o 72 EBEOHEIL > VDRI KGRI HEGR S N,
BRARGEM, RESMNE 2 ONZHEICE, KIER
ORIBLRBFEASEE ) 5 2 &2 RB LTS, EEROH
BClE, miRSRAERICIBI D HELMER ORI B
TEBVLETH D EEZ ONIz. T MBI
IZB LT Smith et al”” 13, KIGHBICEE T 5E 05
BROFEEZEIIRKLE 2Y, ZIUIBRHICHEET 2



90 A PE ST A e

ZRORGRBFNOBRE;FHTH 2 Lt LT b,
Lo THEREDBORHFI A B L CERIBEIEFLES 2 D FEE 2 1)
BT 28120%, 728 AP EHEPERL TwzE L
T, HEAALOHEI, 7230t EA TV R W
B2, e LTHATAZLRHELIRVEEZD
N5,

5. Efy

AR, HERRIZ B 2 A EMAE O FEEGE (Regrowth)
PHEE 2o T, FLEEREICIBNTL, A 77
ZHEOYROBE» SHILE ZOREE LTS5
Bl W2 5N de PR E MKW 0157 : H7 ©
FEAREEY E SN TBY, IFFEERBREIZOWT
LAFELEOFEREE SNTVD I Enn, BICHE L
7z, b L3 Hekk e LCHuti L7z HERE sh TR o
FEIEEFF L v HEPRAL AR CIIEIE o Wi, b
By, & L TRMAEmFEDSRE KB L T, AEME
YOWR P CoOMIEIE, N OHEREEIR O E & B
PEWE TFRENL, + 2 THIBILEEE,?S 0, 7,
13, 22, 41, 190 B X 0UV360 H HIZERELL 723EB 12, A
BRICKIGH 2 AT 22T, FNEhoHEIc B
BRI OREHE) A 7 & MEt Lize HEREY » 7 vids-3k
HERRALEAE, B X O3k X S O RAHEIELERE D S
FERERGICERILL, B HICEEZ L7z b D x il L7z, T
% IKG 50% \ZFHEE L, KT % Hefl L 77212 30C D 4%
7T 5 HMOE#EE 4T 5 720 BEEFIHEOY ¥ TIVIZOn
T, MHCPAEIC X ) KIBR ORI E T o720 Z O
R, ZEALCOHEEHR TR RIZEEH L, 512 5iRY
(7THH) @, $-35RMAIET LzEEOHEREY
TNIZBWT, B EWEASEOSNL Z VL 2
Ehotze LALLM 13 H DL B L
ToHERES > v e, 190 H DL g L 72 HEREY > T v o
BICIX, AELEIROLNEDo T, TR AR
DOFEEH %13 H LA o HERE T, FEE o 580004
FEHENE & B L TR R OBl EI & A%E b7z,
Ko CHBHORAL, HIRE % KR LA SR8
B O AT 2 — T, RDSEFT L e b o 7285 a
(U, B KRR SRS 2 5B T L TR
ORE A ARAET DU RESEA D 5 2 LR &Nz, LA L
RAS LM 2885 2 LT, 2 OMiIT IR
MO & R 22 2 EBHL R E R -T2,

#95 (2009)

F5E BERBTLEBREICETZIXBEOH
&, YEMAZHONIA—-2BLT
BEMBEHEDOHS

1. %8

FEPEMW L, BELAREIRE LTH 0o BEs
FEDOIEE LTHWONT &2, L LEREIRY Y E
BEMIIEU S NHA121E, BRIIKAF IS L
LIFLIETERERDP S 0WEEZIT 5 L1075, FF
VIR SR AR R (VFAs), £ Y F—)v, 7/ —
v, TrEST, ST I v, EENRE LS
Br n BEWEEEt, RAOMNEREREDD ) bO
12THLIEDHLENTVE W, FHRERIIRS
B X OABICfEES 139 Escherichia coli 0157 : H7,
Salmonella, Campylobacter, Yersinia 55 D4 EmEY 2
FHianTwaiikddH s,

FE R E I BW IR SN - RIS O £
b L IFHERAL, WARALSE QML) SN2 FRICH B A
B2 EMICHAA SN, BREEE T AET 2 B0
ELTHwHENS, LALGALEREE T, Bibt
P72 7 WRREARD KIS % 0 2 720, FIRIG L
AN, 7232 1L o & Lz
e % B3 2 B Sh D 2 e D%, Lo TR
SRR A AR L O 234101, SRR
RHEMENEORE ) A7 % TE LR KRS & 540
HAEATH S LN T D,

THOENCBNT, ARIERHEREZ By E LK SR
YOI HF LTl b LA ST 2 33U ¢
H5bo BERDOIFFMIDOEIRIZ, REAOMEN, AR
B DREA, & U TCHEMAEMOKRICED»NL TV 5,
INFTEHLDOTFR Y AT LAHBEEHZ HAYIZ5
FEANTHY W He IS AT ADIKIEIROUF
SR D ERR I SN T E 23800 =0y 1A 7
WERY AT HIZBWT, BRTEOBE IR ICK &
GRBR 52 5o — MM IKEEIR O 18 K LHL AR | Hh sk
THETT LD, S TOMMEZTREE LR ETIEH
EMAEYORIBER KRS ERTEL Y —/T, TUrES
THEEDSBINT A2 ESHOENTWE ™, L L s
5, BB BT bV E R T O 2
PLORBHEESY oRBIHE SN THBY, Bt
DEEMEMERBRBEOFELRILEINTND, T/,
Hissett et al.*” 13 5C 705 50T & L 72 LB E o b T,
35C 25 40C @ Hii I THRUEY ORGP A R b & <
b EHELTWD, BS GRS TIX, #AIC



ek« KPR L

L0 A U2 o mEDS, BIRPOBREICKE RE
bz d 726 L TWnEIENEZLNS,

CNE TORBEROBTILII BT 5 AW 51 7
geid, BENTFECLLZL08FLTH-72 2", F
TROWAENEW Y~ T v s 20— L&z 168
rRNA BT O 59%1%, TN F TREFIC L - THEES
NT-HOBLHI & 95% LT OMIFEETH o 72 2 & A5l
ENTWDE™, Lo THRDEREIKE L 727 70—
F U, RIESRP OB EEE % 50 I FHIC & 2]
BEMED D Do & o TARBFFETIZ 16S rRNA EIZ T2/ L
7T, 2T PCRDGGE#RB I U7 u—r 547
Y —Fe v, BRI O AICBWCTEER /NS
A= ThLEROWR, BSOS H, B L OHEME
BRIEEMEYEOBRE YL, ZOROMEMTEDFRH
SHFETHIZEEFHME LT

2. KBHX
(1) #tEBERER

FrEEIKIEIX, 2002 4F 11 A 205 2003 4 8 H 215 T
HREEMAEHN (2 IXH) OEBEREN THRILL
720 RIEEZERKE 114 (IKEIZOWTIIEWE) ©
HETHRAL, 05mmD Ay v 2 THEBTALI LT,
MHELBBRECTIIFHINEWKRE SOZEDE X EEL
720 TOBRBHIZIROREEEL LT3L4) 6gDRE
L, RIEREZER L 72,

(2) NBUFRBIEY 70 42— B LEEGRRHF
3 A OB IE, Jat) ) P& i L7 SLAD
Yy =77 —Ar¥— (TIM502WS, milER:) 1231
DRFERZ T L TITo 72 (K13), iRIE 40T 12 1]
L, 250 rpm OF G TEMBHIEL 720 WRIEY ¥ —
T7—= A —DEEPLET Iy 7 BHEAE (1.2cm
id. X 55cm) % i@ L T 50 mlair/min/L-slurry @ %] &
THAIZ 6 HEATo 72, ZOE%A=EIEHARENT—i
AT DN T\ 2 LD I3 i?ﬁﬁ N RS
FHOORP & pHIE, 300 HEIZ T — 5 0 — (=5
2 EF, Model 50204, VLIRS 12 & b #fny (2 #lE L
726 VT 27 —=NDOY > TNIET ) P %4 LRSI
ZERILL 720 [al45 20M SR BRI 35T 3 1150t L 72

(3) {LZ3H LUKBREDEH
1) b2 8 E: % % K & (Chemical oxygen demand :
COD,)

CODy, & Hach #2363 2 BE B L O UL HERE %

¥ 03 B KGR ORI ZBE§ 5 A 7E 91

C
13. BV T I 2—DBE
Schematic diagram of liquid composting reactor.

a, aeration pump; b, mass flow meter; ¢, ceramic diffuser;
d, pH sensor; e, ORP meter; f, sampling syringe; g, recorder.

v, FERAY 7 & USRI EEIL & - TllE L
720
2) 2EH

rvy—naEFR (KN) &, 7y —I v L - Tl
SEL72 Y. &%#FE (IN) 1, KiN & BEEBEDS X 06
FREZFOGRME L L CHIN L7

DM b airiE, ERY > IV % @0 L
(20,000 X g, 10 min), ZDE L LiFEE W~ Tk
L CTHW/Z,

3) TrEZTHEZER (NHN) B X OHAEERE, #k
BER

NH,N B & OHiRgHRREE, fEmeREss J 30k (Aquatec
5400 analyzer, Tecator) % H\>Cill%E L7z ERY > 7
NOEEFIHT LT v EZTIEBEOHBZ RT3 72
W, 1HE2SHREH DY ¥ 722w T NHN/TN
B aTo7. SNHMEOR/NEBEEBREIX, SASD
GIM 7y ¥+ ® 2 HwTHE L7z,

4) L biEO AR

PR JR O (s L& 0 4 e F (Total organic carbon)
(TOCy) 1%, TOC 77+ 7 A4 #—(TOC-500, EEH/ERT)
W&o THlE L 72,

5) EMIEIEESE (Volatile fatty acids : VFAs)

AR HE4E (Volatile fatty acids : VFAs) (C, — C,)
ik, ¥ v Y51 —EXKiKE (HP3DCE system, Agilent
Technologies) % i\ Cilll5E L 72
6) KW O

KB TR T2 LI AR B AR K & D IRBEIR D AR
A5 (1:9) #EHRL, 7OFANITY T4 — LFER



92 A PE ST A e

(Merck) FIZEMEHRT 5 AFCEREIC L V1T 72,

F KB B R W4 (<10° CFU/mL) 1213, A
AEFAR 12 2, LMX broth (Merck) % Fi v 72 Most
probable number method (MPN #) % Bt L 5% %
'ﬁ‘/) 726

(4) HEgHIH S KU PCR &4
1) Bl

0.5ml O K 3 JR % 5L (20,000 x g,4C ,5min) L
THELNZ=RL vy MiZ, 500 ul @ extraction buffer (100
mM Tris-HCI at pH9.0 and 40 mM EDTA) IZ#% S,
BT 2 £ T 20C ORI BRIE S ze 77/ A
DNA iZZOHEF > 7N L) Ry IV aF 4 FE?
WXL, PCROT Y7L —bE L7
2) PCR %M

PCR %, EIEHE 16S rRNA E{n T DO W25 3 (E.
coli 16S rtDNA @ 341 % H 75 534 H HiE &kt £ ©) %
B LT TI4~—%Hni %,

357f-GC : 5-CGCCCGCCGCGCGCGGCGGGCGGGG
CGGGGGCACGGGGGGCCTACGGGAGGCAGCAG -3’
(F#EBIL GC 7 5 > THRT)

517r ©  5-ATTACCGCGGCTGCTGG-3’

PCR #41igi% AmpliTaq Gold (PE Applied Biosystems)
12k, —~<n¥ 41 2 F— (TaKaRa Thermal Cycler
MP; TaKaRa Biomedicals) % fi\ 72, {REY A1 7 Vi,
PFIOR T St TIT o 720

95C, 1043, 1% A7)
93C, 60#—48C, 60#—72C, 608 25417 )L
72C, 547, 1¥ 47

PCREM % 2% 7 # 1 — A7 VESIKE CHR % 1T
V), QIAEX I Gel Extraction Kit (QIAGEN) % F\»Ci&
MaxiTo72,

(5) PCR-DGGE

DGGE i DCode Universal Mutation Detection System
(Bio-Rad) # FH\WTATo720 R L7Z7VICIERY T2
DVT I FIEEAR (6 - 12%) L ZMHIEEAR (25
= 50%, 727ZLTMKFE-40% (v/v) AVLTIF
Z100% &3 5) O2ODOREALPEEINTED,
PCREM % O IVICEHET 77 4 L7212, 05 X

#95 (2009)

TAE buffer (20 mM Tris-acetate [pH 7.4], 10 mM acetate,
0.5 mM Na,EDTA) H T 200V O —E®EJE T 61T, 5k
BOBERKI 1T 5720 DD DEE % $5 Double
gradient 7V iE, ZBHFRRREAEICMZ, R) 727N
TIFREOENICLLZE2OHREEATHI LT
il % DINY N O EERSET 2RD D H 2 L DHE S
NTn5 B2,

WAIKEN R, 7 V& 1AL 72 SYBR Green 1
(Molecular Probes) 12°C 30 /gL, bI ALV
IA—F— RIS VvERL, UVERHET CERIKEIGRE
52 L 72 (Gel Print 2000i, Genetics Solutions)

HAKINE D S BROR R & 5 58 Fa@IRL, b
FUAANIA=F = FIZTU YL EFTo72, Y)Y
WLy FEELT7 IV LD, QIAEX I Gel Extraction
Kit (QIAGEN) % JH\»T DNA % i S & 72, HIZE
DNA % HWCTHE PCRDGGE %17\, Y L7z
FHE—2% 2 L THRELBEYE L7, ¥, 5EHOYDY
HMLARTH—IIR S Rh oy FIZOWTIE, Tid
DY =7 Y ARITDENP 272

(6) Sequencing

H—|27% 2723 FDNA % i, Sequence Xt
%4To 720 Kt id BigDye Terminator Cycle Sequencing
Kit (Applied Biosystems) % i\, FUSSMEAF v b
DY =2 T IVIZHE - 72 Sequence UL DB D 75 £ < —
i, Ao 357£GC D GC 7 T ¥ T % w72 B % b
2 357f B L OV 517r & 72, Sequence i&, ABI Prism
377 DNA sequencer (Applied Biosystems) 12 TAT- 72,
BoNTBRTFERY EMHREMEL S ORHIZOWT,
WEB LD 7 — % X—2 X 1) BLAST 70 7 7 & % fw
THEEITo 72,

(7) DGGE /N> KIN& — > O#Et#ER

B A FE N7 DGGE 7 )V A 4 — % Luminous Imager
(TA Y - TXEANREFT) THHrrdk, /N2 N
REAEAL L 720 ZNENONY FOBERE, Pl
Nize TTTPRUTOL) ITERENS 7,

Pi =ni/N
Pi : importance probability of the band in a gel lane

Ni : band intensity of individual bands

N : sum of the intensities of the bands in the lane
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INTNDOL = P IZHIST BN FBFFEL 20
AT, 00BMEEZ AT L7z SO OHENS,
SAS @ PRINCOMP 7' 11 & ¥ % ® % I\ C F i 017
(Principal component analysis : PCA) % 17 \», DGGE
NV RIRY — 2 DBEBIZOWTH L Z R A7z,

(8) 16SIRNABIZFNI7O—>2514 75—
rya—= 73 5 BEIEME O 16S rRNA #{E 10
WIEE, UToT7I94~—ty +* 2757

27t ©  5-AGAGTTTGATCMTGGCTCAG-3
1492r :  5-GGTTACCTTGTTACGACTT-3

WEEY A 7 VIR LU ISR G T - 726

95C, 1045, 191427

93C, 60 —48C, 60> —72C, 60%> 1541 7L
72C, 59, 1147V

BB PCREW % 2% 7 # 0 — A7 )VESIKE) T
MERR 24T\, YR S /2Ny F (~ 1.5kb) %
Py URR L7, WS/ PCREWZ, pGEM-T
Easy vector (Promega) 27 {4 7 — ¥ 3 v {4, E. coli
JM109 #k 12 & & #x # % 47, IPTG (0.5 mM), X-gal
(100 pg/mL) B X7 > ¥ ) » (100 pg/mL) % &
T LB EREMICHIE L, 37C C—Muksse L7z, SERE;
WhEicHBHL-EfI o= — % L, LB broth T
FRICH R Z 1572, WK 5 QIAprep Spin Miniprep Kit
(QIAGEN) # HHWT 75 A 3 FoHit %47 - 72o Day
0, 2, 4, 6¥ v TUhETyFAICHFEN 70—
b &7 DNA Wi H % Sequence 7~ 7'L— M & L
THEH U726 Sequence I21x, U TFTO 754 ~<v—t v
7 NAVALS

27f © miak
907r : 5 -CCCCGTCAATTCCTTTGAGTTT-3

TN ENHE L N 7ZBEFIZ 2w Tid, Ribosomal
Database Project I (RDP- II) 'V @ RDP classifier %
WTRHEN R EEITo 7. BAIOF X T/,
5 KumMIELs, 3 KinMIEYI B & OEEEY] O Rk
FGHEICE M RONE P BT T =y 7T 5
TEIZE AT 2 99% LU o MR % OB
[, F—ofy &Eskl, Pk ORb#EmIcix
Operational taxonomic unit (OTU) & L Cko720 Rk

12, MEGA version 3.1 % JI\» TYER L 720 1300 3
FHELLED16SRNA D) 7 7 L » ARH % & e R i
1%, neighbor-joining #:% W T/EK L7ze 77— M A b
v 71X 1000 [ & L7z,

RWFFE TR O NIREEINILUTOT 72y ¥ 9 v -
+ > /N — T DDBJ/EMBL/GenBank 7 — % X — Z |2 %
§k L 720 DGGE 7 V7> 54) b i S 4172 DNA W 12>
W T UE, AB331442- AB331452 %, % 2 W BE 4 O 16S
rRNA #{%F- OTUs @ PSM-1 25 PSM-62 122 Cid,
AB331453- AB331514 # &R S 7zv,

3. &R
(1) HEE(LERRICH T H2YEEZENNT A —S2OHB L
KEBEEDHEER

WEALAE) N T X — 5 DR, I X UGGt
DIREEE L THIE L 72K R B OHER 1L, 3 OO
P E L TR L. ORPIZOWTIE, 52 M FE AT 30
e, TR OEALEWMTH Y, BiEo It
BRLELWIENOLRRNOLHERZRL 7

1) pH O¥#ER

pHIZMED 71 b ERMGB I HE T3 FTaL
AL, D6 HHEIZ86IIET L FTRRLICEAL
(F— KB COpHDLEFIZ, TVEZTIEED
FREEFEERICE S CO,DA M) v ¥y B0% -
ErborEZON, BHIG1 HEZEOT Y EZTIRED
EAE, BIML7ZREOGREIGERT250THY, 1
HHO7 Y E=TRETH S 1,110 mg/L &, ®IIE
INTCWATYESTEREERMLAEE 2g/L) @
FITEED, Ty ESTIIHMEn-igEs 58 L4
[ZHIS LTz (X 140)

2) CODg, 3B £ " TOCs DR

6 H @ @K LB FE THIFE CODe DI 60% 7355 1%
INTWzZ s, AP OIGIER BRI ETL T
72eF 2 HN7z (KM14B). TOCs X F4AH 1 H H I
MASFRS SN2, 2 HH LKA S EEE T 8]
L CRABENICH - 72 (X 14B) o

3) KBEWHEOHR

KW HIE, ¥FED 10" CFU/mL 75 1 0 HIZid#%
#1210 CFU/mL # T L, 10° CFU/mL LLF o ffwe
W TR THEE THERZ L7z (1M 14D)s

4) ORP &7 Y EZTiRESL XU VFAREOHR
ORP (&, HFEESARMN T 2055 BlGH 12 B ix -
350 mV ¥ TEAME T L7z (X114A). 2@ — 350 mV F&
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=

— N W A Wn
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Time (days)

(A) B2{LETE R, (B) EiFTOC, VFAB LUCOD,, (C)
TFUOEZTEEZRSLIVOTOEZT7 /2%, LU
(D) KIBEFDHR

Time courses of (A) oxidation-reduction potential (ORP) (B)
supernatant TOC (TOC,) and COD_ and volatile fatty acids:
closed triangles and circles represent the values of TOC,
and COD,, respectively, while open circles, triangles and
squares represent the values of acetic acid, propionic acid
and butyric acid (C) NH,-N in the pig slurry and the ratio of
NH,-N to total nitrogen. Ratio of NH,-N to TN was statistically
compared for the samples after day 1 when added urea
was hydrolyzed: open circles and columns represent the
values of ammonia concentrations and ratio of ammonia to
total nitrogen, respectively, and (D) the number of E. coli.
Thin arrows indicate the samples used for DGGE analysis
(Fig. 15A). Bold arrows indicate the samples used for PCA
(Fig. 15B) and clone library analysis. The error bars indicate
standard deviations of the mean (n = 3). Only for ORP is a
typical time course shown. **: Means indicated with different
letters are significantly different (p < 0.05).

#95 (2009)

FEOM\VORPEIZ3 HH FTHEE, ZOMMICIIKE
PRHTHEE % VFA Th HEEFRIEE, B L UV TOCs D8
A RO 5N (K14B)o L2 L&A 5 4 HHIZIE,
HefE % & e VFAs DT & A EDHSR L Tz,

3 H HLLFE, ORPHIE — 250 %> 5 — 50 mV O [ T%
BLads kAL, 6 HEICIE - 7TmV EFTER L7,
Z OBHIZIE TOCs Do X stk L TBY, 7%E
ST REOBEALED SN, Fig. 4CIZ1HHE (2
DR TIEEAEDRMREDRT Y= TIHHEINT
W3) DD, @8R/ T LT Y EZTIREDLE
(NH-N/TN : %) %77 L7z NH-N/TN &4 H H 2
LK<, 6 HEIZIZAEZEIZ (p<0.05) 123hNL Tz,
WERHIE T, HOANERRE R X ORMEREE R I s
o7z,

(2) PCR-DGGE f&#f

3MOWRILHEED 5 6, HAR 7% DGGE /N> F/3
=707 7 A4 NVEK AR L. WEALER
8T A— 5 QR ERIRRIZ, BEEWEE S FG 1 BRI
FHHE LSRR b, 2HEE 4 HEHD/N Y FX
y— B3, BEELZEIFEO LN LWY, £
B 6 HEIIZHOKRENY XY — 2 OZLDERD S
Nize TNHNY F/8Y — 2 OREREI 23R L, TBUGr
AT ORERICHAREICEN (N14B), 2HH L4 HH
DEFEIZEFE L TWAHH, OHHB LU 6 HEDEEE
KREL RG> Tz, HIZ, EESOTOMESEE, 36
DY R LABRD /N 37 — 2 OB EAELL L
TWbZEZRL T,

DGGE 7 Vi b BmE L b o /Ny R L,
F5HL L 721212 DNA Wby O3 2ERCY) % < 72. BLAST #
FIZ L B ENZ1D DNA Wi @ Closest Relative O—%&
#FK121R L7, 0 HEB OAWRESEE, HILERAE
WO ™ (ZEAEYEE D band 1, 2 D & ) Ny
FOFAE & o THRBO T STz B LRG R 1
HH 21X, Bacilli (24736 & 114 band 3, 4, 5 DEEHIASFE
oL EE BT, 0HBTED SN Clostridia 1243
SN2 band 1 OIEAF LD LNz (M154). 2 HH
1213 Bacteroidetes {277 & 115 band 6 D & 9 /N B
LD H N7z DGGE 7V LD/ Ny FoFTIE, band 3
AP 2 08 U CHRE ISV EE TR H 7z,

4.5 H H 121% Bacteroidetes (24748 & 411 % band 7, 8,
Flavobacteria (25348 & 115 band 9, 3 & UF Clostridia (2
SH NS band 10 2°HMEZR N P& LTRED b7,
INHO/NY Fidband 8 #Br &, 5% /N NEREE 74



1655« FEVEMALPLIZ 35 F 5 Kb ta O HIENIZ B4 2 %% 95

BHb 35 F/F4HHELLRBOLNTWIZNY FT Day 4 (n=50 7 @ — ), Day6 (n=48 7 u—>) o7~
Hbo TNHNY FNF —2 DAL, band 1, 3,4 B O—>9477) DK% 47 572, Day 0 7 0 — ~
LV 6D FEEQIRTICHML TEZ o Tz, AT —=TIE200TUNELN, KERFD
MAERHELEOBVEHEELRL TV, 70— 0

(3) 16SrRNAEIZFDY/O—>514 75—k K & 43 1&, Clostridia (21/47) B X U Bacteroidetes
Day 0 (n=47 7 @ — > ), Day2 (n=48 7 0 — > ), (23/47) THh o7z (M16), K5 OTU iE, PSM-28,

£ 12. DGGE #/L 5185 h /- DNA Bir OECSIICEF L1 & 7 DEE 4

Sequence similarities between DNA fragments recovered from DGGE gel and their closest relatives.

Band Closest relative
Number* Organisms Class® Similarity® (%) Accession No.
1 Uncultured bacterium clone p-956-s962-5 Clostridia 100 AF371797
2 Uncultured bacterium p-2513-18B5 Clostridia 100 AF371834
3 Bacillus sp. STB9 Bacilli 96 AY603079
4 Bacterium K2-24 Bacilli 96 AY345429
5 Bacillus sp. STB9 Bacilli 96 AY603079
6 Petrimonas sulfuriphila strain BN3 Bacteroidetes 93 AY570690
7 Bacteroides sp. 22C Bacteroidetes 92 AY554420
8 Chitinophaga sp. Gsoil 052 Bacteroidetes 90 AB245374
9 Flavobacterium terrae strain R2A1-13 Flavobacteria 93 EF117329
10 Sulfate-reducing bacterium RA50E1 Clostridia 89 AY548776
11 Aequorivita antarctica isolate S4-8 Flavobacteria 96 AY771732

* Band numbers refer to Fig. 15A.
"The sequence of closest relatives were phylogenetically classified using the RDP classifier of the Ribosomal Database Project II
¢ Percentage similarity to the closest relative according to the BLAST search.

Days
(A) 01 2253354455 6 (B)
0.6
0.5 g H
.Oo
*\ 0.4 Day 0 F
e mEm———— 03 ,
Day 2
1 — ay
4 o n 8 & 02 F .
1 — \ x o -
E ? S — e
6\ g ie)
oy 3 -
3 T - ¥ g o B
4————\':‘=- Ei 3 01 - Dey'4
5—l i = -
! F
, = | .,.TI : - -0.2 Ci Day 6
10
4 - 03 °r bt
i - .- il 0.4
® " 02 -01 0 01 02 03 04 05

PC 1 (42%)

15. BESARBIBILEFROHMEYEED DGGE 7O7 7 1)V (A) EERFAICK ZHEDHBEOMIT (B)

(A) Denaturing gradient gel electrophoresis (DGGE) profiles of PCR-amplified 16S rRNA gene extracted from aerated
pig manure slurry microflora. The numbered bands refer to those in Table 12. *: These bands are supposed to be a
heteroduplex that was derived from the sequences represented by bands 3, 4 and 5, because the re-amplified frag-
ments recovered from these bands showed bands 3, 4 and 5 on the DGGE gel. (B) Scatter plot of the results from the
PCA of the DGGE profiles of three runs. Open, closed and shaded circles represent the plots of three independent
runs. Open circles correspond to the run of the DGGE profile shown in (A).
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-12, -13, -16, -17, -26 (EF529620, AY028442, AB064923,
AY239461, AB238927, X94967) O £ ) \ZEy o FEfHE, F
72AE 0V — X PR T 2 A L M EE SR D o 7208,
M1k (PSM-11) (AY005061) , % 7z (% /K HI (PSM-34)
(Y15986) CHIRT AREF b ABD BN (F13),

Day2 27 u—>54771) =139 20 OTU 5 Hk
ENTHBD, Day 0 & LB L THZEOMB VS EFE L 72
ZLEFELTH (M16), Day2 54 75 Y —Tld,
Bacillus |27 E N5 7 0 — Y OFFLREIMPRED 5
7 (K16, #£13), Zo#E 5 OTU T&dh %5 PSM-1
(21/48), B £ U"PSM-2 (9/48) X, DGGE 7" ) T®
band 3,5 (PSM-1), 3 X O*band 4 (PSM-2) Z5f)s L
Tz, PSM-1 & -2 1% Bacillus \2J& L, %9120
LT/ (similarity 98.398.7%) 0 %7- 2415 & 97% Ll
L oMEME% & O Closest relative (X, 7— % NX— 2 L
WZFBO LN h o7z, Day2 7 4 75 ) — T Clostridia
1 Bacilli ICIKWT2HFHICE W 7 U— 2 Tho 7275,
Day0 54751 —&E—®OTU XBD SN o7z
(17),

#95 (2009)

Day 2 L FE#OHERIL, Dayd 54 75 —12BWT
LBDENTz, Dayd 74751 —I2BWTIEL D %L
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oz (K16, £13) F/2Dayd 714751 — 14,

n=47 n=48 n=50 n=48
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¢ | |LILl" Proteobacteria
[C] Bacteroidetes
[ Clostridia
ol i B Bcilli
Day0 Day2 Day4 Day6

Percentage of clones
affiliated phylogenetically
N
(=]
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16. 0, 2, 4, 6 HY > TILHh5ES5 /- 16S rRNA BIZF
(QFZ5:0bsx]
Relative proportions of 16S rRNA gene sequences
recovered from day 0, 2, 4 and 6 samples. “Other”
represents Sphingobacteria, Mollicutes or unclassified
bacteria combined. The number above the bar
indicates the total number of clones obtained in this
study.

#£13. 0, 2, 4, 6 HEOY/O—-254 75U —-D>56£70—-20D5% L EDEIG %5867 OTU & ZDEiFE

The commonly isolated OTUs (>5% in total clones) from day 0, 2, 4 and 6 clone libraries.

l(ij bl?arlz OTUs of ?;)tal Class® (];()(I}Té:)z:ng Best match in GeneBank % similarity®
Day 0 PSM-28 10.6 Clostridia EF529620 93
PSM-16 8.5 Bacteroidetes AY239461 87
PSM-17 8.5 Bacteroidetes AY 862593 90
PSM-11 6.4 Bacteroidetes AY005061 90
PSM-12 6.4 Bacteroidetes AY028442 93
PSM-13 6.4 Bacteroidetes Prevotella copri 93
PSM-37 6.4 Clostridia Y 15986 89
Day 2 PSM-1 43.8 Bacilli Band 3, 5 AM690038 95
PSM-2 18.8 Bacilli Band 4 DQ448750 94
PSM-34 14.6 Clostridia AF443595 98
PSM-36 8.3 Clostridia Oscillibacter valericigenes 93
Day 4 PSM-1 56.0 Bacilli Band 3, 5 AM690038 95
PSM-2 24.0 Bacilli Band 4 DQ448750 94
Day 6 PSM-1 10.4 Bacilli Band 3, 5 AM690038 95
PSM-56 10.4 3 -proteobacteria EF095770 96
PSM-49 8.3 a -proteobacteria AJ565420 91
PSM-50 8.3 a -proteobacteria AJ565420 91
PSM-62 8.3 7 -proteobacteria AM400231 96
PSM-48 6.3 Flavobacteria Aequorivita antarctica 93

*The sequences of OTUs were phylogenetically classified using the RDP classifier of the Ribosomal Database Project I1.

® Band numbers refer to Fig. 15A and Table 12.

¢ Percentage similarity to the closest relative according to the BLAST search.
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Bacteroidetes ® 7 @ — > OEAINIZ & o T L HH DT 5
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PSM-40 (

100

100

100

99

¥ 03 B KGR ORI ZBE§ 5 A 7E

Ruminococcus luti, AJ133124

PSM-27 (D0)
PSM-26 (DO)
Ruminococcus gnavus, X94967
PSM-38 (D2)
PSM-41 (D6)

PSM-36 (D0)
PSM-37 (DO)

PSM-33 (D2)
Clostridium thermocellum, 1.09173
Clostridium sp., Y15986

PSM-25 (DO)

97

17)
Day 6 T i, Proteobacteria
b %< 7%, LT Bacdilli,
(4 16)-

BT A 70— ik
/4%
L2L%&25, DGGE 7u 7 7 4 Vil

-

Flavobacteria 7% Z 1112

D4)

98

Clostridium celatum, X77844

4,—97|:PSM_39 o2 4
73 —Clostridium glycolicum, X76750

100L-pSM-30 (DO)

81 Tissierella praeacuta, X80833

PSM-43 (D6)

PSM-34 (D0) Clostridia

PSM-35 (DO)

-Acetobacterium carbinolicum, X96956

100
98

V—‘—@M il

Anaerovibrio lipolyticus, AJ010959

PSM-29 (DO)
PSM-28 (DO)

F lavobacterium columnare, AB078047
PSM 44 (D6), band 9
-Aequorivita ferruginea, AY027803

Flavobacteria

-Bacteroides fragilis, X83935
rPrevotella copri, AB064923

~{ ——Prevotella sp. B31FD, AY005061
PSM-12 (DO)

s sulfi
%smn (D4), band 6
100 PSM-22 (D4)
86 -Parabacteroides distasonis, AB238927

100 L-Bacterium mpn-isolate group 1, AY028442
PSM-14 (D0)

78 PSM-11 (D0)

PSM-23 (D4)
PSM-13 (DO)
Petrimonas sulfuriphila, AY570690

99

Bacteroidetes
Bacteroides forsythus, AB053947

97

i

94 PSM-19 (D0)

L _——Psm-
86

PSM-17 (D0)

20 (D2)

Gram-negative bacterium cTPY-13, AY239461

99

PSM-16 (D0)

Flexibacter flexilis, AB078054

PSM-18 (D0)

—91‘—‘—
99

PSM-62 (D6)
Dyadobacter ginsengisoli, AB245369

Sphingobacteria

_—
0.05

X17. 0, 2, 4, 6BHOVO—-254 75U =%

Sphingobacteria ICE ¥ % 7 O— > DRkt

Campylobacter fetus, 1.04314, outgroup

5 18 5 h /- Clostridia, Bacteroidetes, Flavobacteria & U

Phylogenetic tree generated by the neighbor-joining method showing the phylogenetic relationships among the clones from the

aerated pig slurry samples on day 0, 2, 4 and 6 within tl

he classes Clostridia, Bacteroidetes, Flavobacteria and Sphingobacteria.

Bootstrap values are shown for each node that had >70% support in a bootstrap analysis of 1000 replicates. Sequences obtained
in the present study are in boldface, followed by the clone library from which the individual 16S rRNA clone sequences came.

Campylobacter fetes in the & -proteobacteria served as tl
DDBJ/EMBL/GenBank accession numbers of reference

he outgroup organism. The scale bar represents 5% sequence divergence.
sequences are given.
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|2 HLEE S 7z Bacillaceae )& AHRICOWTAER - £
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L RBRICCRY O B S L S P CIL {AThb I Tw b
FHETH LY, TNoHOT UL ATRIZICHEEREED

#95 (2009)

SIEOEERFEE R LTV L REROEE Y 24
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Bacillus sp. CNI816 PL04, DQ448750
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100LPSM-1 (D2, 4, 6), band 3, 5
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85

99

Bacilli

96

-Atopostipes suicloacalis strain PPC79, AF445248

-Lactobacillus crispatus, AF257096
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() EPSM-9 (D6)
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_,—99|:PSM_60 o0) Mollicutes
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———PSM-42 (D6) ] .
100L———Symbiobacterium thermophilum, AB004913 Unclassed bacteria

{Agmbacterium vitis, AB118158
100 PSM-47 (D6)

PSM-45 (D6)

PSM-46 (D6)

Sphingomonadaceae bacterium MWH-CaK2, AJ565420
PSM-48 (D6)

Sphingomonas echinoides, AB021370 —

W Burkholderia pickettii, ABO04790
_93|:PSM-54 (DO)
] ———PSM-52 (D2, 6)
-Alcaligenes faecalis, AB091759
| 74~PSM-50 (D6)
%0 74[LpSM-51 (D6)
100 PSM-53 (D6)
Pusillimonas noertemannii, AY695828
Pseudomonas saccharophila, AB021407
PSM-49 (D6)
7] » 001 psws6 ©6)
98 PSM-55 (D4)
98 E|_—Comamanas terrigena, AB021418
-Xanthomonas axonopodis, AB101445

100 PSM-57 (D6) .
9 Stenotrophomonas sp. KC-5, AM400231 Y -Proteobacteria

[ PsMs)
98 Acinetobacter calcoaceticus, 793434

Desulfomicrobium baculatum, AF030438 .
—95‘—|:PSM-59 D6) 0 -Proteobacteria
100 Chondromyces apiculatus, AJ233938

Leptospira fainei, U60594, outgroup

96

o -Proteobacteria

99

100

B -Proteobacteria

99

—
0.02

18. 0, 2, 4, 6 RHOYO—->514 75U —H5%B 56N Bacill, a -proteobacteria, 8 -proteobacteria, y -proteobacteria,
& -proteobacteria, Mollicutes & LU Unclassed ICEY % 7 00— > DRk

Phylogenetic tree generated by the neighbor-joining method showing the phylogenetic relationships among the clones from the aerated pig
slurry samples on day 0, 2, 4 and 6 within the classes Bacilli, a-proteobacteria, 8 -proteobacteria, y -proteobacteria, § -proteobacteria,
Mollicutes and Unclassed. Bootstrap values are shown for each node that had >70% support in a bootstrap analysis of 1000 replicates.
Sequences obtained in the present study are in boldface, followed by the clone library from which the individual 16S rRNA clone sequences
came. Leptospira fainei in the Spirochaetes served as the outgroup organism. The scale bar represents 2% sequence divergence. DDBJ/
EMBL/GenBank accession numbers of reference sequences are given.
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Studies on the control of the Escherichia coli population

during animal waste treatment

Dai Hanajima
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Summary

Animal waste is utilized as an organic fertilizer after it is subjected to composting or the liquid composting process. Food
security and safety are a great concern for consumers; therefore, effective treatments are required to ensure organic fertilizer
hygiene. It is well known that proper composting effectively destroys pathogens in animal waste through the high temperature
achieved by the process. In Japan, sawdust or rice straw is normally used as a bulking agent for moisture adjustment, though
a constant supply of these bulking agents cannot be expected. In case of a shortage of bulking agents, composting with
high moisture content materials such as cattle feces is inevitably carried out under inappropriate conditions. In this study, to
ensure pathogen reduction during composting of cattle feces, I investigated co-composting with a variety of organic wastes. In
addition, recently, the regrowth of pathogens in finished compost when appropriate temperature and moisture conditions are
provided is becoming an issue, even though the pathogen population decreases to a low level during the composting process.
Since the use of such compost which allows the pathogen regrowth is unfavorable, I evaluated the E. coli regrowth potential in
various types of compost. There are few reports on the dynamics of pathogens and the mechanisms of their reduction during
the liquid composting of animal waste. In this study, the relationship between the dynamics of the E. coli population and the
biological and physiochemical factors that may affect E. coli survival was investigated.

The results showed that the addition of organic wastes to high moisture content cattle feces significantly increased heat
generation compared to the treatment wherein organic wastes were not added, and the maximum temperatures of more
than 55C remarkably reduced the E. coli population. This temperature increase depends on the amount of easily digestible
organic carbon present in organic wastes, and we observed a positive correlation between the maximum temperatures
and the values of biochemical oxygen demand (BOD), an indicator of easily digestible organic carbon. Significant E. coli
regrowth was observed in the compost samples collected during or immediately after the thermophilic phase. Therefore,
the risk of regrowth is considered to be the highest in immature compost. During the liquid composting process, the E.
coli population significantly decreased during the initial phase of the process. However, the E. coli reduction was not due
to high temperatures; therefore, the mechanism for E. coli reduction is different between the solid and liquid composting
processes. It is speculated that the reduction of the E. coli population may be due to the competition with Bacillus, which
was found to be predominant during the E. coli decreasing phase, and/or the changes in physicochemical factors induced
by the degradation of organic substances and the production of metabolites during the process. These results indicate
that thermophilic and curing stages are important for E. coli elimination during solid composting. Further investigation is

required for the elucidation of the mechanism for E. coli reduction during liquid composting process.

Key words: Compost, E. coli, Regrowth, Liquid compost
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