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To establish an efficient method for the microbial treatment of kitchen refuse, experiments were
performed to isolate heat-stable multi-enzyme-producing thermophilic bacteria and to verify func-
tional activities of the isolates for the complete decomposition of kitchen refuse. Five Bacillus
strains—B. amyloliquefaciens FTP148, B. amyloliquefaciens FTP2414, B. subtilis FTP237, B. Lichenifor-
mis FTP136, and B. licheniformis FTP2530—were successfully isolated from feces of the Giant
Panda. The strains showed efficient growth at incubation temperatures between 45°C and 60°C
and produced amylase, protease, and lipase. The highest activities of the amylase and protease
produced by the strains at the optimal growth temperature were obtained at reaction temperatures
between 50°C and 60°C. The amylase and protease activities were stable up to maximum tem- -
peratures of 75°C and 70°C, respectively; after incubation at 60°C for 3 h, 59% and 40%, respec-
tively, of the initial activity remained. Using a commercial waste-treatment device, kitchen refuse
was treated with the five strains with the following results. When 1kg per day was treated for 4
weeks, a total of 24 kg of mixed refuse consisting of green vegetables and fish remains as well as raw
and/or fried potatoes was reduced to only 0.98 kg and a final digestive rate of 96% was obtained.
It is noteworthy that the internal temperature of the compost mass reached a peak of 72°C.
These results indicate that the novel thermophilic bacterial strains isolated from Giant Panda feces
may be useful for high-performance waste treatment at a high temperature of 65°C.
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Table 1. Differential properties of isolated Bacillus strains.
Strain
Property
#136 #148 #237 #2414 #2530
Aerobic growth
37°C 4+ 2+ + + +
45°C 4+ 4+ 4+ 4+ +
50°C 2+ + + 2+ 2+
55°C 2+ - t - 4+
60°C - - - - +
Anaerobic growth + + + =+ +
Utilization
Galactose + - — - —
Gentiobiose + — + + -
Lactose + + + + —
Melibiose -+ — + + -
Rhamnose + - — - —
Raffinose + + + + —
Sorbose + - — — +
Citrate + + - + -
DNase production + — 1 - +
Identification Bacillus Bacillus Bacillus Bacillus Bacillus
lichensformis  amyloliquefaciens subtilis amyloliquefaciens licheniformas

Y LT wT T - YOBERE LB Bk & TS
WK ENFEAETH T EHBE L.
TIT7—€LETOTFT7T—EORREM ek E
LTHRIEBRFOT ¢ 7 -G E 7 r 7 7 — Lif#
DB EE RS Lic. FOFSE, Table31m LTk
S, HEHEESEO 7 ¢ 7 — ¥ EET S FTP136
k& FTP2530 #k oD 7 3 7 — ¥iEML, BEESRORE

R TH 5 60°C i 3 REfIfRIRME TH59% & 36% DiFEtE
R Lic. FTR148 ¥k, FTP2414 #k & FTP237 Bk ETE

HEOT 7 — €1, RAERED 55°C 12607 MR
B ETEEEIHI09% W AER L7z

—F, 7w T T — gL, Table4 IKRT X 5104
KR KRE T, FIP30 kD + v 7S L% B\ T,

FTP148 #, FTP2414 ¥k, FTP237 ¥k & FTP136 ¥k Cit

Table 2.

Bacillus strains.

Activities of enzymes produced by isolated

Amylase Protease Li
Strain 1pase

. . activity?®

Activity Temp. Activity. Temp.

FTP136 35.4  60°C 23.2 60°C 10
FTIP148 329.6 55°C 46.4 55°C 7
FTP237 239.2 60°C 35.3 50°C 9
FTP2414 305.3 55°C 50.4 55°C 5
FTP2530 12.2 60°C 19.3 60°C 16

* Lipase activity (units/ml) was determined at 37°C.

50°C, 55°C & 72iL 60°C 17 3 BERIRIE L7 C 4, 30% 70
AR BEOBEFRIEM A R LT

RIZ, FiE 75°C F CORMBIICODRHIHRE LEE
@%mﬂﬁm%%ﬁﬁLt.mTMM%IﬁRﬂmﬁ&
FTR237 ¥k D 7 3 5 — €%, 65°C 12305 [E{EE #ic i
IRERIE LIz, LavL, FTR136 £ & FTR2530 #Eod 7
$T -k, 75°C & 70°C I B L T & 4 #956% &
%%ymﬁﬁﬂ%ﬁbt<nww TFP148 ¥,
TFP2414 ¥k & TFP237 kD 7 2 5 7 — ¥t 65°C D hn#h
THRE Lohs, TFP2530 H&c:t 65°C T#748%, % 7=
TFP136 £k Tit 70°C O MBT 4 87% + X X 75°C T
13% DIEMNFAF L7z (Table6).

Table 3.
tion temperature.

Heat stability of amylase at the optimal reac-

Incubation Strain No. and amylase activity

time

FTP148 FTP2414 FTP237 FTP136 FTP2530

0 min mqmuwmmﬂmmmmum)nw)
30min  88.4(20.6) 84.8(28.5) 145.5 (45.4) 22.6 (68.1) 9.5 (80.0)
60 min  61.8(20.7) 53.5(18.0) 94.0(29.4) 21.0(63.3) 5.3 (44.5)
3h 2.0(0.6)  0.9(0.3) 5.2(16) 19.6(59.0) 4.2(36.2)

Activity: IU/ml. Numbers in parentheses indicate activity (%)
relative to a non-heated control. Three samples of FTP148,
FTP2414 and FTP237, and two samples of FTP136 and
FTP2530 were incubated at 55°C and 60°C, respectively.
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Table 4. Heat stability of protease at the optimal reac- Table 5. Heat stability of amylase activity.
tion temperature.
i I . Strain No. and amylase activity
ncubation I

Strain No. and amylase activity

temp. FTP148 FTP2414 FTP237 FTP136 FTP2530

Incubation
time . TPORT  TTD12A —
FTP148 FTP2414 FTP237 FTIP136 FTP2530
! Control  298.7 (100) 297.5 (100) 320.1 (100) 33.2 (100) 11.9 (100)
0 min 44.6 (100) 41.8(100) 34.3(100) 23.3 (100) 18.1 (100) 55°C 88.4(29.6) 84.8(28.5)145.5(45.5) NT NT
30 min 35.2(79.0) 25.2(60.1) 19.0(55.4) 21.1(90.5) 11.2(61.6) 60°C 1(5.0) 13.7(4.6) 38.3(12.1) 24.3(73.3) 5.3 (44.5)
60 min  30.4(68.2) 27.7(66.1) 15.1 (44.2) 10.2(43.8) 6.5(35.7) 65°C 0.4(0.1y)  17(0.6) 0.3(0.1) 24.3(73.3) 4.8(40.0)
3h 16.9(38.0) 17.3(41.5) 11.3(32.9) 9.9(42.6) 1.4(7.6) 70°C NT NT NT  20.8(62.6) 4.2(35.6)
5h 15.6 (34.9) 17.1(40.6) 4.1(12.1) 3.2(13.6) NT 75°C NT NT NT 185(55.8) 0
Activity: u/ml. NT: not tested. Numbers in parentheses Activity: IU/ml. NT: not tested. Numbers in parentheses
Two sam- indicate activity (%) relative to a non-heated control. Three

indicate activity (%) relative to a non-heated control.
ples of FTP148 and FTP2414, one sample of FTP237, and two
amples of FTP136 and FTP2530 were incubated at 55°C,

50°C, and 60°C, respectively.
FTP136 ¥,

PEBEICL 4D INBOEIHAR

FTP148 #k, FTP237 Bk, FTP2414 Fk L FTP2530 £ 4>

IR D FIEARGR A 1T - 1o AR,

EL,

BERH A VO =
B DIRFE A 45°C

Y= =L
—px

AREH»HHREHEC

samples of FTP148, FTP2414 and FTP237, and two samples
of FTP136 and FTP2530 were respectively incubated at tem-
peratures ranging from 55°C and 60°C to 75°C for 30 min.

L, FONEIIHI96% CTh - 1.
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VoSBT S R BEA LIRS, EROEINLRS bR, XhCuie (R XT) . FoiluEsgo FE4 6
H2 b, BRIE S JEUBRGh -, BEKELD

SRRET100% CH -1z, Lonl, MR A LT v

v

L%@%ﬁ%@ﬁ%k%m%Mmu AR E Rl O

VH T LT oK ST L. £
ShRRE 24 kg P A LIRAEHYIZIE 0.95 kg D E B AN LD EIKRGDMTE LTt oK RS Lo 7.
(kg.C)
80.00
*1 *2 *3 *4
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60.00 [ ‘/\\ i S Nt e
. / / / /-
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/ / //’ /
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1.

Fig.
strains for 4 successive weeks.

including 2.5 kg of the bacterial feed, and the inte
temperature of the compost mass were measured in the morning of the first 6 days of each week

Treatment of kitchen refuse with five new Bacillus strains
The symbols ®, ™ and 4 respectively indicate the cumulative weight (kg), total weight (kg)

Time (d)
One kg/d mixed refuse was treated with the 5 isolated

The weight and internal

ernal temperature (°C) of the compost mass.
On each of these days,

1 kg refuse was added as follows. 1st week (*1): green vegetables 300 g, raw potatoes 200 g, fish remains 500 g; 2nd week
(*2): green vegetable 300 g, fish remains 700 g; 3rd week (*3): green vegetable 300 g, fish remains 200 g, raw potatoes 500 g;
4th week (*4): green vegetables 300 g, fish remains 200 g, raw potatoes 200 g, fried potatoes 300 g.
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Table 6. Heat stability of protease activity.

. in No e acti\i
Incubation Stra 0. and dmyldq ty

temp. FTP148 FTP2414 FTP237 FTPljb FTP2530
Control 446 (100) 41.8(100) 34.3(100) 23.3 (100) mmm
50°C 35.2(79.0) 25.2(60.2) 19.0(35.4) NT NT

55°C 26.3(58.9) 17.1(40.8) 14.9(43.4) NT NT

60°C 8.9(20.2) 11.6(27.6) 9.1(26.5) 21.1(90.5) 11.2(61.6)
65°C 0 32(7.6) 0 20.5(88.1) 8.7 (47.8)
70°C NT NT NT m2@7m 1.8(9.9)
75°C NT NT NT 0(13.0) 0.2(0.8)

Activity: u/ml.  NT: not tested. Numbers in parentheses
indicate activity (%) relative to a non-heated control. Two sam-
ples of FTP148 and FTP2414, one sample of FTP237, and two
samples of FTP136 and FTP2530 were respectively incubated
at temperatures ranging from 55°C, 50°C, and 60°C to 75°C
for 30 min.

CHHDEERNL, v AL S HEEI T 5 Bk
HHCTH ORI L4 = I R RTEx % 2
&, FIID DOBEROREES 1 CULEE P O IR E A 158
MR (X 60°C 75 65°C OBICHEE T 5 2 Loy -
7.

% 5=

HAER S TR IR O MEmA e FEA4E =
LR, I ORES RS LS E, BASH
TBEEM AR BB CTLIRATI% EEHA

L1k E b, AKIOMENZIE Tli60 % R I £ THLH
BERIMETT 524 bb a5 TWA. HRCx

Do T IRASEEN) & 1O BB R OB, HERE L L C o F
RAmZEzHhT\5h. L, SHBEIEL LUERL X
e W EL, ARMED 2HEAR L IREEEED S L
CREAAIRT 2 BEN L, £A4 4% vic b OFER
BIEMOFREC DTN D ATRE S GRS R 5.

A= AR O TE AT I T B, RGO
HLI T B4 4B O B A o0 WEREIR FE e < Tt BB 3R
T EE e VDB HOMB /. CoFR E
L. Wk, ChECEoESCRR EnHEE )
FREEX FFOMBE O D EEA A C & 1. RAITSEE OB R,
R ADEMND VT AEEFRRES SRS S R
1o TS DEKEDIch D, ML A 45°C 7 5
60°C C, 7 3 TRFT ) R U
L, 735 —X&7 w57 —¥EDiEWD 50°C 5
60°C DRI CRKICIL S 5 EkA 8L 7.

Bacillus J& 0 5 B FEL, HERSE OB RIEME A RS
B. amyloliquefaciens 148%%, B. subtilis 237Kk & B. amyloliquefa-

5 -,

ciens 2414k D 3 Tk & BEFRIGME O HEHIENE D B. lichenifor-
mis 1368k & B. licheniformis 2530%k 0 2 BFRic » iz, B.
licheniformis 1368k & B. licheniformis 25308k BE 43 5 HoB:
PEESEO 7 2 5 —EE T eF 7 —1ix, o 3K
ELTaENEOT $ 9 —¥E T e T 7 - L HEL
TELENE @RS R 2R Lic. 51 B licheniformis
FTRIB6 BT 3 5 —X & v 57 — ¥}, 75°C &
70°C Iz 3073 RN L C 4 #956% & 87% DiEMEAF T
LEEY AR L7, Tabled & 4 R LckERIL, o
NODOEKDOEAT HEFRIFIL, NEEANOEEN
50°C 725 60°C i 3R EMEE ST, 7 1 9 —
YLET T T - COFEREDHLRERT TS L AR
LTCWbEELLRD

THEELT S Bk BV oA = S O EIEEER T,
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