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Effect of High Moisture Content on Temperature and Microbial
Activity of Composting Dairy Cattle Manure

Fumihito MIYATAKE*, Kazunori IWABUCHI*?, Yoshiyuki ABE*, Yoshifumi HONDA*?

Abstract

The effect of high moisture content on the composting reactions of dairy cattle manure was
investigated to determine the upper limit of moisture content that can promote composting
reactions. The results of the study showed that both mesophilic and thermophilic microorganisms
were active over a broad range of moisture content (37 to 74%) during the early stage of composting.
Even at a moisture level greater than 76%, compost temperature increased to more than 50°C. The
specific growth rate of microorganisms was high at a moisture content greater than 80%, suggest-
ing the possibility of high moisture composting without using a bulking agent.
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Fig. 1 Changes in temperature during composting of
dairy manure at different moisture contents
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of dairy manure at different moisture contents

KRN ABAMIIE T4 2MEEICH b, R
DIEWNRDT 2 EWREI NS, LD LISH S 82%
D & 5 BEIKRSIET & 60°C O EEHRIYEEE OB AE
FERlENTE Y, SEREBEYMOTEREHotRsn
bD BRI NG, KOFAEEL TVIEW 84% #1
BloHEE (it B W TR, BREEEE KV L~V THE
BLhs, BERKNLCETERLK,

DI EofEREE b5 &, HEE(LOPTEERE TiIpkt
SRR DY 3T~T4% & TRFEEEIEL, 70°C 2L
DERICETERT S EhSIERRRIEDILE EAy
DR T E 3, EIBFARE D 37T~T74% MEHT B L
THEECHENT 2EHIC DV TEARHTH 245, FK
& EHEER R O BB S ENCIETE T B KRG <
BT B MRS N D, TN, MEEKESZEVIEFE
HEREAEI B RE 2 THBE L3 55700, IR
HEREDSIEIN G 5 LR S N5, 76% LI L OEKRSME
TR X 2 BRIEERE OBAESET L

THRIE & SRS O R & RNIRIEIC IS D, SR EWSE
B AR DS U e (K1 2, 3)o TiRMEMAYI O TES)
Ma] & DRI & 0 I S 4558, REBBOFEN
Mz >N FHEBFEREORK N A2E W/ S HERIS NS
B, dBHEAYI O A hSEK S OREEAEZ S 1R D
WTIRHBETRIAREHTH 2, LrLEMS, TOk
5 1S BRI C R FHEEE 3L PEL A EEICH B
DD, 7 DRE I 50~T0C T LERL, MATEE
BB SRR B VT bR ba B T &
REN (J1, 3o THIIRERD SHEE LAEE L W &
EZ 5N TV BEKOMET S HER LBt & MK
JEDSEL AIREME A RIEST 2 b D TH B, —H 30% LITF
OMEFTIHEE LI & 2 FRFERI S g, CHIFHEE
MR ORI X D Ao RE»E L EEs N &
2R3 (& Do

(2) HENE(LIETE D SIKRIRIFM:

X 4 12 HEOHERLERR IC B 2 &iRtEB L Ok



52 BEBMY2E

Microbial number, CFU+ g-dm’

Thermophilic actinomyces
10* I 1 1 1 I

0 2 4 6 8 10 12
Time, days

4 HE L EIE oAy o2 L
Fig.4 Changes in microbial number during the
composting process. dm : dry matter

EMEAE, SEERREOEEROE(ER LT 35%
DEIRDIMRNT X AHHE L TR, Th s OMEYOLERE
B OMEIEG KR E B LT 107 ~10 2 FREE WV L
SOVTHERS Utzo THURHA S T A o BEER E 4 7R
LTW3, 10% OEKROMEHT BV T b EiRMEBERE O
HEBEU 50, 60% FPEE HER LT 107 ~10 2 FREE R W
LAOVTHER L 7S, dRiRMER K OERERE IO W T
33 L VBRI S s - 7o,

Bi51ic (A) 12 HiEOHERRLERE& T L cklof
BRIz o (B) HEE(L 6 HEDEZ 2 57Kk
MEHZ B 1 % SOD iEHEAR L 1o BRI EIK
BOELRBEBELATEERICHD, 60% BLT 0%
MRICH 39% & ik b ORDEA TV 2o F 7 60% MK
D SOD {EH DML EKE & L THEEICE D -
tzo 0% MEHZBWT S, 50% kL& [FFEE D SOD 7&
HEBLTEBD 60% MENZIR O TEWIEMEAR L 72,
153 35% DIEKAHEID SOD 7EME I3 &% & - 72,

PDILowERE2E LD E, LS AZRER L HERL
EFEDOIEIK S 13K 60% SR TH B, T DEIKFEME
Kk AR EVERBPBREE 2T & TH
BB RES B EEZ NS (K4, 5, HERDHE
fERPELD &7k KICBE 9 2 50T, 50~60% WEIETH
L EWVWHHENL B 505 (Suler and Finstein,
1977 ; Tiquia et al, 1998), AT O S KEDORER
12, FEiROWE EREIRTH - 7208, 60% B cEWAER
Kot h 5 b, WEVOMRIEESE 1 L%
FH TR L7zo —4, Liang et al. (2003) &, /x4 %V

40+ (A) -

30 | .

ZOF 4

10 | .

Reduction of organic matter, %

120 | (B)
100 L i
80 |
60 | ]
40

20| ]

0 I I 1
35 50 60 70

Moisture content, %

5 RSB EKEME (A) HRWNRES ST
(B) SOD Gt iz Ri& 3 2

Fig. 5 Effect of moisture content on (A) reduction of
organic matter and (B) SOD activity. Data are
expressed as means + standard deviation.
Values with the same letter are not signifi-
cantly different at P<0.05. dm : dry matter

H
1

b o
Ho
1

HO

SOD activity, U+ g-dm

) v Mk 2HERE LTI, AR ORFIRTEYE iE 60~70%
TEL BB LERLTVE, KIFEOHED, 0% 05
KPR DHERRALIZ 3 W TR R B D I8 D oS FERR.
Shikboo, BEYINHERIFRELEKETH S 60%
LREEETEVWE SODERbGREEE VLI TVS
D 50% S ZFFEIL_~VTH -7 (K4, 5) ZhiZ
HEREAP KL OTEER © ARG O =Mk I BIRET 5 75,
60% Ll Lo EWEKRI RN B VT b HEB LG 2+
DTS B AREME AR T 5, —T, 35% MPkHT & BHE
Ak, A DR RENEE, DRERET O T A
FELWw ({4, 5), DL BEEKEVEOHERL
WIFE L <30,

2. BIKSMEIOMEYIBTERES DRSS (KB 2)

FER 2 T, KOHEEANELS LI WHEIE LR OB
FITEN BRI E LT, ERSMET & HEE/LEE
TR DRI B W CIAEYIEEIED A T REDRET L 72,

] 6 IcPEFEKER & bREE X 0 5L L 7o g
FEDBIRER Lo 43~61% M TlE, BKRIBZHWIE
EHERRA LA ) o LESETIESREE (I EARR IS L 2o 61%
P EotEcid HEIEEE R WS N b 05hT TH L
LARWT—EERD, OE0HIETERE T 80% LI
DEKSMEHC B W T biffRra nlc, T b DOFER,
HERRA LB AE M1 23 80% LI E D ERAMEN BV T b il
BIKREEZEZ 5N 5B 60% K& RIFRE D = W IHEIERE )
ERFELTCVAE I EA2RT, COERERIE, #4ILd
EEROHIERIGE K L TV ARTIRE W E, ZDE
MBI OTERE DL MRS bIKET 5, L LN ORS
S A DFRTSHEERIR DBk AR & W S PIEIC BV T S



BT - EH - PSS - AKH - mOMEPK S SHEILIRE B X A I R R 53

0.6 T T T T

05 - | J—

o‘lo
qf'o
o?.
“
L

0.3 F. e -

Specific growth rate, h™'

02 F o i
[

01 4

0 1 1 1 I
40 50 60 70 80 90

Moisture content, %

6 S7KIE & AN D HIETEEREE D BEfR
Fig. 6 Relationship between moisture content and
specific growth rate of microorganisms

T HEIE LM E O BEEDS I T 5 T L AR THID
TOHIRTH %,

AREBRTIR, MORBEDRIERINDH» O BREH
AL Tuwinwnicey, HEELMAEYEF DR TICER L
TOWEBZRAZRHLEESLEEZ NS, Hgl K
B8 A DRRISHREIRIR O @7k AR 36 W T S HEE L@
B THEPKS i+ S BER 2 REIRIC A A & 58
SKTENEB TENIZ, HEHE S iRk O FERR
R X D HERA LA 2 TR L S &, HERE LG % Bga
BLOETSE L ENTNTAEETH 5 LRI 5,

IV # ®

AR BRSO3 A DSHER LR I E 4 S84
T~ L, A CEKROMENC & 2 HEELO T REME 2 R L
720 BRI 3T~TA% WHEFC I, HEIEAL o RUGHIEA TIEH
BRIGDALE B0 WEFETH » 1o T 12 EIKFK 6%
P Eo@EkaMEIc BT b FEEEIZEL TS50
D, 150~70°C DEEICFEEE S LOEFETH -
Too HERALBIZICB W TIIEKEK60% HElTE Db
FIEED»E L, RlEaKETHELEELOND, T2
60% LI EDEKRAMENC B O T O ERMDRRIIE L,
BRI HEIEAL DS HARR T X B C &R S N, A
T, KHFETIE80% LIED & 5 BEkSMEc BT
b, HEE LMAEY OETERE T IdE <, KT ELEE
HPICHEI LA EE T & 2 AfE AR L s, S5 OfE
B3, KDFBITHR D FIIOBRBNEREE X0 KRS €
312 OHERAL G EDIEEH & 101583, TNA T, &KkS
MEIh OB YIEIEZ R AR S ¥ 5 & O BB HRE

DU~ v K ) v 7 HEOBSIC X 0, KEE
BB L IR LATRE T 5 SR S N B,

References

Garcia-Gil, J.C,, Plaza, C., Soler-Rovira, P., Polo, A., 2000. Long-
term effects of municipal solid waste compost applica-
tion on soil enzyme activities and microbial biomass. Soil
Biol. Biochem. 32, 1907-1913.

Ma, Y., Zhang, J.Y., Wong, M.H., 2003. Microbial activity
during composting of anthracene-contaminated soil.
Chemosphere 52, 1505-1513.

Iwabuchi, K., Kimura, T., 1994. Aerobic biodegradation of
dairy cattle feces (Part 1). Journal of JSAM, 56 (2), 67-74.

Iwabuchi, K., Kimura, T., 1997. Aerobic biodegradation of
dairy cattle feces (Part 2). Journal of JSAM, 59 (5), 29-35.

Iwabuchi, K., Miyatake, F. 2001. Culture conditions for
determining microbial population size contributing to
high rate composting of dairy manure by using the
dilution agar-plate method. Journal of JSAM, 63 (6), 85—
89.

Liang, C., Das, K.C., McClendon, R.W., 2003. The influence of
temperature and moisture contents regimes on the aero-
bic microbial activity of a biosolids composting blend.
Bioresour. Technol. 86, 131-137.

Miyatake, F., Iwabuchi, K., Kimura, T., 2003. Activated tem-
perature of microorganisms contributing to cattle
manure composting. Journal of JSAM, 65 (2), 101-105.

Miyatake, F., Iwabuchi, K., 2006. Effect of compost tempera-
ture on oxygen uptake rate, specific growth rate and
enzymatic activity of microorganisms in dairy cattle
manure. Bioresour. Technol. 97, 961-965.

Nakasaki, K., Sasaki, M., Shoda, M., Kubota. H., 1985a. Change
in microbial numbers during thermophilic composting
of sewage sludge with reference to CO, evolution rate.
Appl. Environ. Microbiol. 49, 37-41.

Nakasaki, K., Shoda, M., Kubota, H., 1985b. Effect of tempera-
ture on composting of sewage sludge. Appl. Environ.
Microbiol. 50, 1526-1530.

Schulze, K.L., 1962. Continuous thermophilic composting.
Appl. Microbiol. 10, 108-122.

Suler, D.J., Finstein, M.S., 1977. Effect of temperature, aera-
tion, and moisture on CO, formation in bench-scale, con-
tinuously thermophilic composting of solid waste. Appl.
Environ. Microbiol. 33, 345-350.

Tiquia, S.M., Tam, N.F.Y., Hodgkiss, I.J., 1996. Microbial ac-
tivities during composting of spent pig-manure sawdust
litter at different moisture contents. Bioresour. Technol.
55, 201-206.

Tiquia, S.M., Tam, N.F.Y., Hodgikiss, 1.J., 1998. Changes in
chemical properties during composting of spent pig
litter at different moisture contents. Agric. Ecosys. Envi-
ron. 67, 79-89.

(FfeszHE - 2006 4F 4 H 25 B - ERIHARE : 2007 &£ 5 A 31 H)



54 EEXEBWMELSETE

69 % % 2 5 (2007)

a X

(BFEEDNDI X v M]

K6DF—513, HLETHEKES% LI EDEER
FH3A) TH-TH, THBBEFRIAVEGETEN
EHAYIEIE L 5 5 & WS AREE (REOME) %2R
LcbDThy, Zhid—KRIcFRL S 2ERLEEED
9, FEE (32350 ) ROFREHEELT 3
id, ROGEEE O 7 OEIEEIL L, BIOREL
ZExHH5OTRBVMEEBVES, BEMIZIES T
L & 9

v b

[ax Y MIxtTBEEDRRE]

EKRAOMEI T S MAEYIPIEETE 5 C LIRS ICTE
TEEITH, R TREKRSMEROMAEY D R S 7K
REFREOSWVIEIERE D 5 T LA TR L&
Uico I FERROEKRSFERZHEE(LT 212, <
5 ) —FEORRYIEICH T 2K OATIRELWEED
NFEJ, HEMEE=EMEEEEZELCOETOT, Mk
HOKHED SN OBRILHNEETH D, TDRD
B, MRk TS RiEERREMETE S
BRAESAFRICER T 2 VENHENLIIES LT
BELE T, L LAEIKICX D +oBFSARETH
BLEZTCOET, EE CGEH, BM 5 bFRk164F
ENLFEEHERF VBL 70V 7 MTBWT, XK
DOFEMICH D E, [TKOFBEZLEL LI OHEELy =
Fuol o7y A TORRBICEIILTBD, #ERLE
HfsLTBOE 9,



