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The contents of this paper can be summarized in one keyword; the solid ‘state fermentation
process. This is a process which is considered to be the origin of microbial fermentation. In our
research, studies were carried out on solid-organic-waste composting, on the microbial enzyme
production of wheat bran media, and on soybean fermentation as food processing. Among them, the
development of a method for solid-organic waste management may be important because of increases
in the amount of the waste year by year. As a treatment method, we dealt with performances on large
scale composting units which used dehydrated-sewage-sludge-cake and .chicken manure as raw
materials. Regarding the chicken manure composting, we obtained many useful results in terms of
isolation of de-odorizing Actinomyces that can reduce malodorous compounds and increase the effec-
tiveness of drying fermentation. On the other hand, for dehydrated-sewage-sludge-cake composting
under high temperature composting, microbial isolation and its characteristics were performed and
the composting bacterial flora was determined. The nearly isolated materials was classified as ther-
mopbhilic bacteria, Basillus stearothermophilus. The amount of fermentation caused by heat generated
by the composting was estimated to be 7,968 GJ per 6,000 ton-month. This figure is based on the
decreasing water content. Regarding enzyme production, enzymes which hydrolyze starchy materi-
als could be produced effectively on molding solid media. Among the results of the enzyme produc-
tion, we revealed that a black Aspergillus 19 was produced both glucoamylase and an inhibitory factor
(IF) which inhibits glucoamylase activity in the enzyme extract solution from the solid culture. We
have determined the characteristics of the IF. Recently, fermented soybean has been seen as a
healthy food. Typically fermented soybean is used in Natto in Japan and in Tempeh in Indonesia.
To determine the quality of the solid fermented food, the quality of Tempeh will be decided by its
aroma and texture. Then, we have established a method for quality assessment in the relations
between Tempeh aroma and its starter. This method can be used by applying Principal Component
Analysis (PCA) to the aroma compounds which are obtained by a head-space gas chromatographic
method. In addition, Tempeh texture was also assessed by analyzing the degree of the softness,
which was defined from a force-deformation curve. It may be possible to determine the relation of
the quality of the Tempeh and the starter used by analyzing the degree of softness and the aromatic
character, on the scattergram by PCA. As the results show, depending on the object and raw
material used, the solid-state fermentation process under non-sterile conditions can be useful for mass
treatment of raw materials. This is abundantly clear when compared with the liquid culture method
of to producing materials under sterile condition using pure microorganisms. The effectiveness of the
solid-state fermentation process lies in the fact that with it, it is possible to manage a large amount of
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raw solid material.
deodorized effectively.
seen in that it results in the accumulation and/or acclimation of microorganisms which are active in
the biosphere of the Earth. The solid state fermentation process is not only effective on organic-solid
wastes, but is also effective in food processing. There are also applications of the solid state fermen-

In fact more than 100 tons per day can be processed and can be microbially
Moreover, the effectiveness of the solid-state fermentation process can be

tation process for the bio-remedation of soil/land which are infected with chemicals. Other uses can
be expected to be discovered the in environmental cleaning field in the near future. Itis my hope that

the attention being given to the solid-state fermentation process in our research will have particular

ramifications in solid-organic waste management and microbial food processing.

[Key words:
saccharogenic enzyme production]
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Table 1. Typical composition of sewage sludge cake.
Moisture content 60-70%
Inorganic matter in dried solid 30-40%
Organic matter in dried solid , 60-70%

Carbohydrates in organic matter 8%
. Protein in organic matter , 20%
Fat on organic matter. 10%

Elementary analysis of sewage sludge cake (%)

C H N S G ALO; CaO. SiO,
21.0 39 21 11 0.7 46 18.0 16.2
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Fig. 1. Flow chart of sewage sludge composting sys- 0 . L -
tem. 1, Batch box fermentor; 2, mixing resorver; 0 1 2 Fe H:enmﬁ(:l day ¢ ds) 6 78
3, continuous fermentor; 4, deodorizer; 5, air suc- ) ‘ )
tion pump. Usually, charge amount of raw sludge Fig. 2. Temperature profiles of first stage composting
fermentation. Line 1: Aeration of hot air from

is 200ton/d and the ratio (a/e) of raw sludge
to matured compost was 1:1~2, depending on
season.
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second stage fermentor. Line 2: Aeration of room
temperature from surroundings. '
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Table 2.

Morphological, physiological and biochemical characteristics.

IFO

13737 12550 12983

IFO

IFO

Strain no.

1

6

W

7 8 1T 2T

Morphology
Cell size
length of rods pm
width of rods gm
Endospore
length of spores pm
width of spores ym
Gram stain
Motility

Biochemical and physiological reaction

NaCl tolerance (%)
Sodium azide
Catalase
Oxidase
Nitrate
Casein digestion
Esclin
Citrate
Indol
ONPG
VP test
Temperature
min.
max.
optimum
Anaerobic growth
Acid formation
Adonitol
Arabinose
Cellobiose
Erythritol
Galactose
Glucose
Glycerol
Glycogen
‘Inositol
Lactose
Levulose
Maltose
Mannitol
Mannose
Raffinose
Rhamnose
Salicin
Starch
Sucrose
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Trehalose
Xylose
Glucose (anaerobic)
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W denotes weak positive reaction. Spores of no. 1~no. 8 were oval.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

1997 6% BAEWBEORE - RFR~OFIA 437
Table 4. Estimated heat generation by composting.
Decrease Heat generated
20 (ton/month) (GJ/month)
8 From water decrease 3,510 7,968
@ From organic matter decrease 390 9,828
o
§ ' Based on 6,000 ton/month.
< Assumption: :
2 10 } Latent heat of water vaporization =2.268 M]J/kg.
.QE;" Heat of combustion of carbohydrate=25.2 MJ/kg.
& /A Heat efficiency based on organic matter decrease=
g 81%. '
o]
from water decrease 0il=189.7 ton/month=6.3 ton/d =
1.05 kg/ton-sludge-d.
o d X A A ' s ' A. 1 AL

1 2 3456 7 89 10
Time (D

Fig. 3. Digestion of municipal sewage sludge by a mix-
ture of 11 thermophilic bacilli. Symbols: ®, test
medium; A, control test. Test medium, inoculated
with a mixture of 11 bacilli, composed of 10%
sewage sludge.
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Table 3. Material balance of sewage sludge com-

posting.
., - Organic Inorganic
ng:fjr ?t%lg matter  matter
(ton) (ton)
Input 697 303 132 170
Output 112 238 67 171
Decrease 585 65 65 —1
Carbon dioxide formation 95
Water formation 39

Material balance based on 1,000 ton sludge:
Assuming that CH;O+0,;=>CO,+H,0—AH: AH=
25.2 M]J/kg.

from carbohydrate decrease oil=234 ton/month=7.8
ton/d=1.3 kg/ton-sludge-d.
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Fig. 4. A chicken manure composting fermentor with
- six stages. Raw manure is charged on the top stage
(1) and drops the chicken manure down through slit

of moving bar, one stage per day.
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Fig. 5. Fermentation-drying unit of chicken manure.
The unit composed of eight fermentors and a nominal
capacity of chicken manure treatment: is 96 ton

. per day. ’

Fig. 6. Flow diagram of fermentation'drying for chick-
en manure. Hot air is used only for final moisture
content adjustment. : :
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Fig. 7. Temperature changes during fermentation in
different month. ‘Fermentation days correspond to
each stage of fermentor.” Symbols: O, February; @,
April; @, June; ©, October. : :
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Fig. 8. Changes in moisture during fermentation in
different month.” Fermentation days correspond to
each stage of fermentor. Symbols are the same as in
Fig. 7.
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Table 5. Heat generation from chicken manure composting.

Moisture content

Moisture removal Heat capacity of

Chicken manure %) (ton/d) moistzxéej /rs;noval
Before fermentation '60 0 0
After fermentation 30 41.2 - 98.9

Based on 96 ton (38.4 ton dried matter) raw chicken manure/d.
Assumption: latent heat of water vaporization=>575 kcal/kg=2.4 MJ/kg.
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Table 6. Analytical values of malodor compounds.
Ammonia Methymercaptan 11y4xogen Methylsulfide = Trimethylamine
Sampling position  mercaptan Y P sulfide Y 1y
(ppm) (ppm) (ppm) (ppm) (ppm)
Escape gas
60 m’/min 400 0.067 0.212 0.048 0.482
500 m*/min 240 0.127 0.234 0.074 0.458
Entrance of raw manure 110 0.022 0.029 0.017 0.152
Manure container yard 4 0.002 0.055 0.006 0.027
Table 7. Malodor from chicken manure.
Methylmercaptan Dimethylsulfide Dimetyldisulfide
(ppm (v/v)) (ppm) (ppm)
Pellet dried by fermentation Trace Trace Trace
‘Vacuum dried for 1d Trace 1.16 Trace
Dried by heating at 170°C for 1d  Trace 0.96 0.82
Dried by heating at 40°C for 2d Trace 1.64 0.50
Naturally dried for 3 d Trace 1.64 0.29
Raw manure Trace 3.13 2.78

EHERRED 45~55°C, R REARYELT
BT L, Saccharomonospora virides (Syn. Thermomonospora
virides) & R Uic. AR BERET pH 6~10 OHiH T
ZHAL A FARME— DB EE & L =Hifb 4 1 85H0
THMTH. XBEEE LTHER L S virides IFO
12207 b ZBfifb # F A IEHICHIRE T 5 0%, DHEE & 1
BT5 LB IOLT N TH . RWTERTIEDH S
2, BHARBECERS LT\ 5 FEMBORE LY
PH—ORERE LTHED T5Z 000, 2Bk
BHELEY THHHIYROBEYEDERCEFS L
TWbHDEEzbhtk.

Table 8. Growth of the strains isolated from
chicken manure on DMDS medium at 50°C.

Growth

Strain no.  Type of strain (ODg0) Final pH
HFB-10 Bacteria none 7.9
HFB-1 Bacteria none 8.0
HFW-16 Bacteria none 8.0
HFW-20 Bacteria none 7.8
HFW-24 Bacteria none 8.0
HHA-8 Actinomyces none 8.0
G-21 Actinomyces 0.43 6.8
W-24 Actinomyces 0.07 7.1
Blank none 8.0

4. BEFEERCLDIRREBREE

BHEO/ L7 IS—VYHEERF 1H0BE
BA (Aspergillus niger 19) 13/NE ST ¥ R B AR E LT
BRI LAKBO I VAT IS5 —ERERTS. ER
LicZna73is—R3&T vy vaBiEkvyET5
Ina7Iis—EI0 LT v/ v RERY
AT IN2T7 IFT—HIOWAFEEATHS. LT A
BT aT 15 —¥ ] OEELYEBET % ET (Inhibitory
Factor, IF) BE—ERMHEPCFEET S 2 R
L, 4 IF OB ORES 1T o fe. Tk
R, IF (2 10kDa LUF OB T8~ 75 F Tl ks
Bb, BREYESTWBZ EAHBEY L. Xb
, TOIFRET V7 VHRTFREBRETSHHR, £
DODREEIT V7 VOREBL L - TRRDZ L2
B L, ZEREED IFREEDORHIET VIV
HHAWTC, a7 i15-¥IRIBNMELIFR
BTV VOREBEERRIEL, ZOHH0.8~1.00%
HRCHBZ 0D, £5 v 7 VvEREOF R
IFL/na735—¥InRETHSOLEED L
fo. IF O bicy, IFIXET v 7 vRFEREA~
BBEL, ~EREBETH LHEBIRETH 52,
0.2M 258 Y —F TREIF DI LA EHHEHF LT
WHIT 5 C L aVHB L, @ BB 5 & TF D4R,
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Table 9.

Classification of Rhizopus strains based on their production of GA (total glucoamylase activity) on

wheat bran medium and the ratio of GARS (raw starch digesting glucoamylase activity) to GA.

GA GARS GARS/GA

GA GARS GARS/GA

Strain  (upiml)  (unit/ml)  (anit/ani) CTOUPY| SUAR  (nigml)  (unit/ml)  (unitfuni) OTOUP
All 79 4 0.05 D |G1 7 1 - D
Al19 47 0.04 D |G2 35 4 0.11 D
A63 61 —b — D |G4 86 3 0.02 D
F55 100 9 0.09 B |GY 118 14 0.12 A
F60 45 7 0.14 c |Gi6 81 2 0.02 D
Fé1 54 - — D |G17 79 7 0.09 D
F62 40 5 0.13 G |G2 50 - — D
F64 41 6 0.15 c |oc2 89 ) 0.02 D
F67 55 7 0.13 c |G 47 1 — D
F68 54 - - D |G25 86 3 0.03 D
F69 103 5 0.05 B |G82 47 4 0.09 D
F70 116 5 0.04 B |Rhb3 119 12 0.10 A
F71 51 6 0.12 G |Rnt 102 12 0.12 A
F73 91 2 0.02 D IFO Rhizopus strains '
F75 68 1 0.16 C | 4697 125 15 0.12 A
F76 122 13 0.11 A |47% 76 6 0.08 D
F77 51 1 - D | 4734 46 5 0.1 c
F79 96 1 - D | 4754 98 9 0.09 D
F81 96 6 0.06 D | 4801 99 9 0.10 D
F86 97 6 0.06 D |5318 9 13 0.13 C
F87 96 5 0.05 D | 5438 74 5 0.07 D
F88 42 5 0.12 C | 5441 107 13 0.12 A
F89 95 7 0.07 D |5442 97 6 0.06 D
Fo1 110 7 0.06 B Aspergillus niger

F94 112 4 0.04 B |K-20 154 4 0.03 B
F98 56 9 0.16 C |GR2 16x10¢ 1.5x10° 0.09

2 Group A, GA >100, GARS >10, GARS/GA >0.10; Group B, GA >100, GARS <10, GARS/GA <0.10;
Group C, GA <100, GARS >5, GARS/GA >0.10; Group D, GA <100, GARS <10, GARS/GA <0.10.

b Activity not detected.
¢ Commercial glucoamylase preparation (Gluczyme).

BRIER Lol 2o, ZOIFIERE 4
BTV I vBEI N2 T IF—EDETF VS
VRECHRDERTF PO TH B &, TOBER
DT vF—ERHT L > TETHRTF VI EF—
THHZ EHHE LTHRE L.

5, WS —7ZXAOSTEERCLDZS/NATIFT—H

) =7 AEIRBERRC /2T 35 - ¥OE
EEELTabhT\ 5. BHEEO/ AT I5—¥
RRIGER pH 2335058 LEVGA, Y Y — T REO
IAaT I -EOFRI4SHECH Y, &BERS
DB RDOEAL S TEMCIZFERT V. £ T, &
BOBEREL DR LY v — 7 AE39%E & BENEE o Bk
EOWTHT IR DL /NaT 35 —EDOLER
DNWTCRZ Y —= vV I &7, BEEEEMBED 7
a7 is—EOLEkE LIRET VT VLRED

Fra7is—-CIoEERHEL, &FEkeT5
HEiEL Lic. TOR% Table 9°Y /RT3, Table
IRIND XS5k, 2FEMEN/I0EMEET, L
b 7/NaT s —¥ ] OFEENLERDOI0R N LY E
ETHEENOMRE L 4k, BEEEC 2ERRVAES
hic. ThboERO A2 7 35 —-XidgksT 7 v
SEEREVOT,EF v vhb 7 a — ADEEE,
EF VI VORERRT V2 - ARV CERT 55
B ER/E LTEHEEZDRS.

6. KET>RRY—45—0OF ik
FvRUIERA Vv F 2 Y7 B IO 0 RiRe i
WTKEETOFELYY V' —F A (FEBE X Rhizopus
oligosporus) X LT HBHMA 2 — & —5) CREI L,
RVYRIBEIVCE X I VEOBE & L T800EkK
BRACIRTVLAIRMS N THS. T vrdlEE&
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BRFERTHEAE—F - oTEINRRES. B
ELTEIMET B DRI BEIDAF VARERET
vl BET HRERB L. T VROE N OIHLE
RETRLBED SR TWBH, FHAX—2—0D
ERECRBAULERTAE D LOBFRITMLR T
e ot

FIT, BBOTF VRAZ—Z—FAFL, RX—
Z—DIEC BT VROBIRDE~y FAR—A
EOE X Y RIE L.
Ty FAR—ATARE IR DB ORI LRI TR
EBH, 7F v 7 ACREL, ThEFAZ7e< bS5
7T Lie. B — 7 R ERDOHO TAUBE L
THEVRPERAR — 5 — BRSO 5E LR TR,
ZORER, SEHORMIAZ -2 —THRBLLT vV
ROFE HRSIORIDIEERS £ LTRIS R, ©
D5 HLEBERD L E L DR DI TR L LCER
DO ET ol ERSAHTOBRE, BARETE
AR —R—CE VRN AR — R =L I A=
kxh, T7Vv_EBTERTHIEVRERH LA X —
L R —EHBOT B LRI L. ARk, B
- TR S ANORERREEKEE, OBV w7 A
O REER BRSO T d ERD O TS
5z ENRTEL. ZTRLEFEYT v Bl
BRETHZLTRAE — 2 —DFIR, FHEAHEE L REE
EORRS SAEEC D L Ex bhd. FARKE, E
HREBEARLELTOT VROT 7 AF v — OFHliic>
W, ZOHFIRHEES ¥ EBERL, FEORF 4 —
THRE LT v_OBRBLE T 7 AF + — ORI
WCEHE) T ot ThBED T v 7 5 4 A
BIOT I AF » —FHEEZRATHE LT, EBRLA
F=F—OBRETH LHNPEFING.

b Y I

BN OBEHERCIGET SR LEIITS L,
T —EBRROEE S, ERNLIBOEEX, M
BEROEHE S, BABEROMBORE S, MAEWHM
BrasREEX, H4 - 500 R X KBRS
LLTHY, ThHOREIOFAIRED ¥ AR
| XFROEERCE LS. x CIERERCHEMGES
175 C L, REBGLERCT 5B T — 218
HCRBHELE VTV, 0E Y, BETHRE
BERLhEE LTS, 2ORMOHMNYHECTF
Bied, #E, REEHR SREROBRBEE T L
Lieh. kb IR ENEE S TR E RO GRS

BEORME, ¥T—EEHT

By BoeT0530 LRI LTWS. LiL,

CHEIC X 5 TIY, 2 VR b RECRREA RS B,

bhn ko, JEREROEGRENT A BN HTTHE
T, E2 AT, LrdHRRECRSI LVWRETY
BEBLAETING. ¥, FENEVEEDORE
PEI2AMFRC I EAEECRET b OLEH IR
T, BEAREC X - CHEOBED 2w R X
2, BRWBELEYTO> Z LO0BEERT I SEMLT
VWA, BHRYGACFHTS LB BALDLS, X
S IEREREGRBEOF BHELEDTL LD T
X7ch A 5 M.

X, PHSEEOEWTERLRUT S L5 Bubnidis
Dol REEERYTHEEL L VRE, HRKDAERELBUTHD
T, ZOBKCHER > A wHRD, TEER-LEERD
HEEHCOHLOWBLRTHIDOTHY T, ROHRT 2
MK REMOBELEH L IRD, Bk BBROEEE
Fepte THRER ETB30TH Y T, i, KPFEOERTC
B ELTE, B, EERZBANAZEREE, THEA
WRPITR, EHAEELLOCCTRBRBEAE, KEXFR
KK C#8re2B o Lic. BLTHELYR L. Bk,
ROTEE CHERHLHC LGEL, HATERIATW5E
REBBCRBOBLYRDTELET. ‘

i, BFEBFERMchl > TIHEAMEL¥ S5 X0 BEREY
ITHIYWREHOHL LTHRAIE TRV ELL. B
EPTEESCEHR LTI TEE b, SBOBREYTESRD
WADRRYVLI VAT THLE IR THEET.
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