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Accelerated Composting of Cereal Shochu-Distillery Wastes by Actinomycetes

Yonemr TaNAkA,!™ Akira MURATA,! and SHiNsakU HavasHIDA? (Joint Research and Development Center,
Saga University, Honjo-cho, Saga 840" and Department of Agricultural Chemistry, Kyushu University, Higashi-
ku, Fukuoka 8127%) Seibutsu-kogaku 73: 365-372, 1995.

Streptomyces sp. No. 101, Thermoactinomyces sp. No. 64 and Micromonospora sp. No. 604 were
selected as excellent strains which characteristically decomposed residual yeast cells and indigestible
rice protein bodies (IRPB) in cereal shochu-distillery wastes, and also deodorized volatile fatty acids
without sterilization. The optimal initial conditions for composting were determined to be 5~9 X
10% ppm BOD, 38~55% moisture, 30~65°C material temperature, 25~50 cm thickness of com-
posting materials, and pH 8. For semi-continuous composting of wastes, 100 kg seed cultures of
selected Actinomycetes strains containing cow feces as a composting accelerator was mixed with 40/
of cereal shochu-distillery wastes and composted at 30~65°C for 3 d, which constituted 1 cycle. The

process was repeated for 5 cycles to produce compost. The compost obtained contained total—N

3.2%, Ca0 9.3%, P,0O5 5.4% and K,0 3.5%.
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BEEES LU RPB SREROSREN B
BHOBEDOT ShicBERO BRI OER - VB
# (@RI 2%, ~7+v0.2%, NaHPO,
0.15%, KH,PO, 0.1% 3 X OEXK 2 ¥ oA O 8ER
Bzt (pH 7.5) % 120°C, 209 RIEE LTHV 2. £ L
THER I P2 v HEA M ESBEE LT, A% 10g
YREEEAEK 200ml WREBL, ~EFFA Y —
(B A¥EHE) T 2000 rpm, 5 HRIMEE, BEFRL
RBR Y S CEE L. ChiyRRER
30°C T, BEEL 50°C T4 BEIB DI DOFHILEH
HfTofc. T LT =2r=—-FOoBERMRSSHLT
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& b0z v BERO 2 KREE 20ml ¥
30~0% ¥ s BMEE ALK 30ml © Lz,
2,700 % g, 543l U4 BERR30% > o BEB DB &
BEL, BiA A+ v K TEHESBE, BERHEL T IRPB
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Table 1. Chemical composition of shochu-distillery wastes.
Raw material of Moisture Total-N V:cl?(;isle P%O5 H BOD
shochu wastes (%) %) %) %) P (X 10* ppm)
Rice 90.5 0.62 0.26 0.19 4.10 6.6
Barley 86.3 0.91 0.28 0.23 3.59 8.6
Sweet potato 95.1 0.29 0.56 0.10 4.37 3.1
Buck wheat 89.7 0.64 0.17 0.27 4.32 6.8
BRAERSFELL. 2bE, KERAIERERCIE LOoBTEoMENYRALL. TOKR, BREE

1.0~3.5pm ORF EXFAHD & v 7 BERH
5X108~1x 10%ml BB X N tz. = ORI KEEEBE
BCDRCZRWEEIRBEDT, XOBERNOREELYHS
BT A, LROoBSEEks v s BEROK
BB >THHL, TOBRBERMOBR LY L
o, XTORR, 731/ BEFR11.0%, HEEK14.5%,
JK473.68% C FPP O #iflY L —FK L. ¥/, B
THESEBEOER (Fig. 2), BBCBLTH—KL
oo LichioT, ZOXMERAEERS D 1.0~3.5m
DERTFER R KD RPB k3 % BH X

v o3 7 BRI (IRPB) L.

BEEES L UHNEER Y > XN VESREORRE
LROEBRER,L, BERPOBBEMG R LU IRPB
YRR\ TELIHEMETRET A D, BRE
HR IV RPB ¥ UMY T ERARL, Thbd

30°C Tid46¥k, 50°C TRk NBEI L. £ D
thoFBEHKY Bergey DOEED - THEL,
T DFER% Table 2 IR Lic. Tisd>b Streptomyces sp.
No. 101, Thermoactinomyces sp. No. 64 35 X U° Micromonospora
sp. No. 604 [35H¥E /s IRPB @ fEX R LIC. —7,
Streptomyces sp. No. 101 BRx Kk L O E BRI R EER
MHOFR L BERAIR IRPB ¥ & URARE 8
fEL 30°C TS5 M 110rpm THeE S EEEX T 1.
TOEEY Y EENEFEHEE CTRE LAR (Fig.
2), MM LT LEREMSR XU IRPB 135%EL
CHk L. ¥, BEKDLAE L RPB ¥ BE
LB SRR A B L, 30°C B8 XU 50°C
THRDFD 5 AR 110 rpm THx & 5 ¥EF+H D RPB ¥
ORBEEHIE LR (Fig. 3), RPB (13 Ak
1399% Ll b4 L, NH,-N (27,
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Fig. 1. Gas chromatograms of fatty acids in shochu-distillery wastes. The wastes were processed from rice (A),

barley (B) and sweet potato (C) as raw materials, respectively. Symbols: a, acetic acid; p, propionic acid;
i-b, tso-butyric acid; n-b, n-butyric acid; i-v, iso-valeic acid. These symbols are also used in Fig. 8.
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Fig. 2. Electron micrographs of suspended solids in shochu-distillery wastes during treatment with Streptomyces
No. 101. (A) Before treatment of crude protein particles with Streptomyces No. 101 using rice as the raw
material. (B) After treatment of crude protein particles at 30°C for 5d by shaking culture (110 rpm) with
Streptomyces No. 101. (C) Before treatment of crude protein particles with Streptomyces No. 101 using barley as
the raw material. (D) After the same treatment as in (B). Symbols: y, yeast cells; r, IRPB; c, growing cells

of Streptomyces No. 101.

HAB(LREM DOBIE  PEBIRWBEERIL, Table 1
WRTEED, KH86~96%, BOD 3.2 X104~8.6 X
10*ppm &M<, pH i23.6~4.4L\ 5 EVVERXTRL
. TOREKE, EpH ORI B i H8hic
M THIBET 7%, pH #FRL, B\ -BKAE
TR T HRIECREHN OBEXBRART. £ T Strepto-

myces No. 101, Thermoactinomyces No. 64 35 X U Micro-
monospora No. 604 D EWHRLY .5 A KM (ERF LA
100 g, ¥ 50 g, HAK 3 g 35 XL UKEK 120 ml &
&L, 120°C 30 MIME) 12T, 30°C % L UF 50°C
TEXhths BMER LTRSS LA MBS 600g %
B L. RV CEISEMERIZREMEK 10k LS ERO

Table 2. Characteristics of Actinomycetes for composting of shochu-distillery wastes.

Yeast cells Rice protein bodies

Spore Cultivation - - - -
Selected strain Source p] temperature Lytic  Decomposing Lytic  Decomposing
color (°C) zone rate? zone rate?
(mm) (%) (mm) (%)
Streptomyces No. 101 Compost  Brown 25~40 0.80 96 0.72 94
Thermoactinomyces No., 64  Soil Yellow 45~63 0.68 88 0.60 92
Micromonospora No. 604  Compost  Blue 45~63 0.70 92 0.62 94

* Decomposing activities of selected strains were determined by the diameter of the lytic zone and the extinction

coefficient at 660 nm.
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Fig. 3. Changes in RPB numbers and NH;-N concen-
tration during treatment of cereal shochu-distillery
wastes containing RPB medium by Actinomycetes.
RPB medium contained RPB 1.5%, peptone 0.2%,
Na,HPO, 0.15% and KH,PO, 0.1%; the pH was
adjusted to 7.5. Symbols: —, RPB number; ---,
NH;-N; O, Streptomyces No. 101; ©, Micromonospora
No. 604; ®, Thermoactinomyces No. 64.

FETREEMYES L b LEEEEYEB L
t 30°C~58°C TS5 AfREE Lz, L DORER (Table
3), RAEMDHRC X ) BARE OB & BOD A XK
DA R R, —ic, BRYIBFIERY
ARULH, EBRERIVERBRTH AV 2 XTILRE
ZHRILE - B, ERFSAIMMOTRESAR
HLTRAERI IEL, LArBRECEL DI
ERpNERHTHD. T, AFBELFESAPT
(X BOD B JUERMERME LEL, MHBV-1E
BTHAHIE, HIEREN L LTOoRREIRIH

fo.
BEIRZEROYEMEIEL RORRFSA
AHERB LR & L TERCHENES L, 3 EHko
R B8 U EEY 100kg (K438~40%) 1T, *k
BIOFOHRBELEROZERAM 40kg &ML
tr. TOREMEE=—A 7 ARCEZ 20~50cm
R L CHIELRBR Y ER LR, REX2 B
i 58°C Iw&EL, 3BH%IIZ 52°C ¥ TIET LK. %
7o, EEH—L L, BRI0RxER L TUTOR
EBET-k. Tibhbh, BKREABEEIT 6.2x108
CFU/g 75 3 B#8IZi 3.6 X 10°CFU/g w&E L, K%
SEITLE52%8 538K A L, pH7.4 72 58.21
EFL. UL, 4 ALK, BERIZLIETL,
BREEEHLRACEL L. D EOFHEROR
b, BREEEBVERCETS 3 B ERE
HEERL, ZORECHCICHERER 40kg ¥ES
LTS EBYBEO~2%ICHET L ¥EER A
AL, £O7r—v— L% Fig. 4 WRLA:. ¥,
miB BRI XU pH Efb% Fig. 5 1&, WEHOAR
BOE{LY Fig. 6 KR Lic. T OBSEEI, #E
b miREEEH Fig. 5 @RTERD, 45~63°C TE
BT B, SRBERELVESBCHEET S - LR
Thic. Thbb, 2EFERIEEDHO 6x108
CFU/g 725 4X10°CFU/g &L, D5 HLiEE L
FRITF D Micromonospora No. 604 Boare=— 1314
£ D70~80% % K3, HEBIF D Themoactinomyces

Table 3. Selection of promotive material for accelerated composting of shochu-distillery wastes.
Promn:tait\:; N To(t?-N‘ \;(Zli:(iitsiie BCS)D"‘ Absg%;c::riatio Cz(ro wsth° Dec;elal.;i(r)x% xc'atio
©) (ppmy  (*107pPm) /) (> 10%8) %)
Bora 0 0 0 0.86 3.2 8.1
Bentnite 0 0 0 1.20 4.0 12.8
Cow feces 1.44 320 54.6 3.26 36.6 55.2
Hen feces 7.30 1,260 161.0 2.65 37.2 61.4
Pig feces 3.52 1,080 142.0 2.81 36.4 57.0
Sawdust 0.15 45 1.8 3.80 9.1 25.7
Wheat bran 2.47 trace 183.0 2.33 35.6 52.1
Rapeseed .5.66 trace 242.0 2.01 45.5 68.0
Okara 3.85 82 221.0 3.32 38.0 56.0
Sludge 2.63 780 62.0 1.30 30.4 41.2

2 Contents are expressed as dry matter.

® Absorption rate of water=(W1. after absorption of water)— (Wt. before absorption in water)/Wt. before absorption

in water.

¢ Cereal shochu-distillery waste (10 kg) supplemented with the selected material (10 kg) was inoculated with seed

culture (600 g) of the Actinomycetes strains.
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Fig. 4.

Flow sheet of semi-continuous composting of cereal shochu-distillery wastes by Actinomycetes.

In the

first step of the process, 80 kg of cereal shochu-distillery wastes was mixed with 8 kg of dried cows feces and
inoculated with 120kg mixed seed culture of Streptomyces No. 101, Thermoactinomycetes No. 64 and
Micromonospora No. 604, which had been previously prepared in the test cultures shown in Table 3. The
composting was carried out for five cycles. The promotive material was mixed only in the first cycle.

No. 64 BkiX15~20%, FXERFD Streptomyces No. 101
Bl 5 ~10%8Th -1, —F, RO TIE, £
R BRI 1X10*CFU/g I BE Y, £D70~80% 1
BERTFORRE CHDLR TV, ¥k, MESE
HRAEEHERE O BRBFRE I, 2X100CFU/g I
ZL, ¥BRARREEARLERTH I LHVBEINT.
U EDRERN L, WEHEIE(L TiX Micromonospora No.
604 BROEBCHE L, BELTWA2HDEEEIR
7o. —7, FIEERE(L 3 AR OBERY R LI R,
EREGITE MBI THAL, £ORE, Fig
7 @3 & 5 BOD IR H LT30% e Ed L

HREM 9 AR R <7 h, BOD OF R
NWWE LT, Tofs, BFFMEHEIEO(LFAERII,

£ %3.2%, CaO 9.3%, P,Os 5.4%, K,0 3.5%,
pH7.7 T, ABEIRREL L THERELEREINRD. ¥
1o ABRIERSEE Y M A 7 v <+ 75 7 CHIE LR,
Fig. 8 iR T LB, BEAEBRHEINT, BERIIH
&KLk,

FCyelem
~Cycte B
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Fig. 5. Changes in temperature and pH during

accelerated composting of cereal shochu-distillery
wastes by Actinomycetes. Symbols: 4, material
temperature; 4, room temperature; Cb, pH; !,
beginning of each composting cycle.

1 ®

AP, RRLERES Ih T RHEEER
ToT, REEFHEECETBI LD THS.
Y, BENBAEERYBERE LR BRESOE
N, BRY TERHERERASA RV Sh ok
Mk & v 2 BEEX (IRPB) 2%, XKEERAZERFT
LEBRHEHETHZEXRWIE L. Thbb, &8
KAaBLTol LR, 73 2 RREFK11.0%, H
FERG14.9% 3 L OKD3.9% % &4, EHREHRRE
THHEEBEORERENLDL, XFREASATEENS
HiHttEo 5 v~ 7 BEK (FPP) L —F+5Z &M
Bohbisote, ORI, BEMHROBEETII,

1010

Viable cell number (g™)

10*

Time (d)

Fig. 6. Changes in viable cell numbers during a cycle
of accelerated composting of cereal shochu-distillery
wastes by Actinomycetes. Only blue- and yellow-
spored thermophilic Actinomycetes were detected in
the inoculated compost, but thermophilic Actinomy-
cetes with spores of various colors were found in the
control compost. Symbols: —, inoculated; ---,
control; @, thermophilic Actinomycetes; 4, thermo-
philic bacteria; O, E. col:.
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Fig. 7.
accelerated composting of cereal shochu-distillery
wastes. BOD and ash contents are expressed as dry

matter. Symbols: —, incubated; -~ -, control; O,
BOD; A, ash.

Changes in BOD and ash during a cycle of

HHECETHLICD, BRPCERFTHILIOLEREZ
hs. CThilBBEGL L, EEREREROE
BOD fEEFELE LTV B LD ELHEINE. Thdx,
Z O IRPB 5 JUBREGYSURAYRAMLC,
ChODOGBEXRE LR R EK DB SR,
FOFRMLLINGEN Y 3 BRSO TE 5HEHE
DM Streptomyces sp. No. 101 k%, SEBEOF,
© Thermoactinomyces sp. No. 64 38 X U Micronomospora sp.
No. 604 B L, ThHLEBEAEBOMEYER LK
BB LB Lic. TORE, BEEREERDOKS
AR IR BIRELEL, BROBEYHMTES
pH LBEREXFRTEH L. b, BEENET
BHH CTABCAFAL CHISBRECETTESZ &
nh, BRFSATHELREN L LTEE L. K
AR LR R REBR BRI EY) (6 X 108 CFU/g) 100 kg
CRE 0!I ¥BEBETHIEEAE7 4 — V1 y 7R
ZEHEBA LTS, HiE 30~60°C 3 A RIAET,
K EMIAD52% 7 H48% F TET L. %7, pH
117.60:58.2C LR L1cD T, BUOBEERAIER
400 BFMUT, ¥ EGREBARBERONENARE L
Ttote. i, FEEEHIEREFOBSREERI M)
6Xx 108 CFU/g 5, 3 BERIZIX 4x 10° CFU/g i 5#8m
L, BERFE®ETS Micromonospora No. 604 BRiT 4
HRD70~80% % &, 5 EIEGAE 3 BEOMIET
EEEYEL, XEKEL - L bFHTBEEL TV 5
T ENRE RN, & OER 5 CAEEEORKENT
HREALOMEIRZ 9B & L, TOHIERS L, £FF
3.2%, CaO 9.3%, P05 5.4% ¥ X OF K,0 3.5% DIE
BRACER, BEOMEA LIHELARAR I L.

Response

Response

—
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Fig. 8. Gas chromatographs of fatty acids in the final

product of composting of cereal shochu-distillery
(A) Control. (B) Treatment by selected
Actinomycetes.

wastes.

—7, HETEAERERI, BEMERIERCHK
LT, ®MBKTIRPB #&%7, {€ BOD 8 IVEE
FRETHH0T, BREFIARERERIC, HE
{LRAEM B OB, *7i13E BOD HE OBIRFERI
Ibh, BEREEROKHIR LRAROEENBLRT
W5,

-2 3]

Bl BOR B B LT, RRABRE L IR T
W BRI AR R OHEIE LR REIL L.

1. BEREGRIUENLEXS v 2 BENOS
fEREXH L, BOD DOEd L BREBIRIHE OBRIE
BRI BBk & LT, Streptomyces sp. No. 101, Micro-
monospora sp. No. 604, Thermoactinomyces sp. No. 64 % 3%
L.

2. ZO3HEKRERC X IBRENRRERROLE
Sz, HEARIL{RAER & LT pH 7.4~9.5 DEESF 5
AMEBR %2 {E B U TK4r38~55%, pH7.2~9.2 %L
L, HEEEER 5x100~4%x10°g~!, BOD 5~9X
10* ppm 35 X U ARIR 30~65°C THh - fe.

3. ¥EFHEIREERAL, 3 BEBOHBpERL
EEH LT 0BESRAERERYRELT, 5
EIEFALE LIcRER, 2%H3.2%, CaO 9.3%, P;,0;
5.4% % LU K0 3.5% DHEFE B S hte.
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