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A E 24719 B3 AE A8 FTRHAG)E A2 f71 8 FH5ol -0 FEES AT &
A1 E 2 7] 9] ZHg3) A A AL AL S AA Bacillus subtilis (cellulase 3 A), Bacillus cereus (amylase
Al), Sphingobacterium faecium (protease M A)E Ha| 8t HA 2] YAS AR A 44 A 153, 219, 412
unit/ml] $-58 $A & vePdch v] g ol 2] 8 £-41 8 2d)7) 2] A2 HA-F Fe137] 94 9A 18 B
Al RFHEE AEN AH 159 FAHFA BT F 1%, vIHFAE7}34%9] 8-S Veblid 3194
71 A pH7} F2 8] WrolA A Ale] o] Yol A= FAE #2817 98] ALH o2 BIAFIHAM S48 2
7] Mg A &S AW A3 3YA Fo]olM Y A=) Lo vl o 10% A x E30] T3, 2uks]
2] pH7} 5-7 2N M FAH . S48 24 7] A6 714 A g 24 & 3] 94 pHS} 28 =43
WA Fe B &-E TAME AF pH7,30°Col M 159 F 7 $48 35% 9] B 888 el 3 S48 2
# 717} £ DA DA = A E A A7) 7] 9 4] biofilterE A 2}, FAjF.o 2 A o] dfax} stgiw}. 4 3}
FE-S A3A 7= 90 - 34 & 78 biofiller& A3 02 4 5-6v) A2 33 E ARAAL 591

ov], oty YA A F F 28 3 33E 2l methylmercaptan-S- 213 ug/L o) A 158.6 ug/L-2-2 hydrogen sulfide
=] 24738 pg/Lol| A 1262 pg/L2 AA ZHAsg e} o] A7 A= S & 2879 E-42 A2 R GAAA
ol 71 & 4~ 1§ o2 W=, $AF 24 7] A= o] 4T 5 U= v AEAYY Ju Fuldrax T 9
271 g & 4= Al
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A8 28719 a4 AHYg A% 5 A sHuet
SAE 28719 FE AR AFas A, 2 enE £
s ase] o] e IF-E Eelste] A3l ARgssin

- Cellulase A4+ 7] -2

Cellulase A4F #3E= EY 1 g& T7 100 mlo] €31 160
pmol| A 3087F weket F 3443t CMC medium [carboxy-
methyl cellulose (CMC) 5g, peptone 5g, KH,PO, 5 g, yeast
extract 0.5 g, MgSO, - 7TH,0 0.5 g, agar 15 g, pH 7.0 per 1.0
liter D.W.JO =3 5 30°ColA o527t wiste] viehd A
£ h4 28 0.5% Congo red Al2FS 1 ml A|@sld 713 &
FAgo] et #55 AEEATH22). FAFo] & TFF
nutrient broth medium (Difco Lab., USA) 40 mlo] 3F3le] 24
A a5, o] wigd 04 ml& CMC broth 40 mloll %
3lo] AlZtel| w2 cellulase 8448 SH3AT. 542G 54 &
A3 i FA-E 12,000xgol A 1587 DR8I DL FEd
0.5 mi# 1x6cm9] filter paper = 1 M phosphate buffer (pH
8.0) 1 mi& EJ3 & 50°Ce] F2pzolA] g A T ukg
€ A]Z] % DNS reagent (dinitrosalicylic acid 10.6 g, phenol
7.6 ml, NaCl 8.3 g, rochelle salt 306 g, NaOH 19.8 g, D.W.
1416 mhE 3 ml 7FE H 158 5% B B $H3A 4
L27kA) Wzh Azl & 13384 7)(Shimadzu Co., JapanyS ©]-8-3}
o 550 nmell Al F3=E =433, AL glucose standard
£ o] &8 FEPen, 1 wit® 1% 5<¢F 1pmoled
glucoseZ A J3H= 49 ko2 3I3ThH?, 19).

- Amylase A4+ T52] B

Amylase 2F T B 1 g& S75 100 mloll €3 160
mpmo A 3087 Wt ¥ 3 A48ld starch nutrient agar
medium (starch 10 g, nutrient broth 8 g per D.W. 1 lite)ol] &=
gk the 30°CollA o] & vl ¥ v FEhs ReElEte] &
At 779 ol Gram's iodine solution (iodine 1 g, iodine
phosphate 2 g, D.W. 300 mly& 1 ml X&]dle] Fgo] 7173
2 IFE YA E cellulasedt 22 WHOFE amylase B/43E
ZAHATH3, 20).

- Protease A4+ T522] £

Protease A4 5 EYOIA £83tgen, dulAz2s |
% skim-milk agar medium (skim-milk 10 g, nutrient broth 8 g
per DW. 1 litery& AMESIAT: Auj Aol A EHES Holx
o552 831 protease B8 ST SHSHL WY
45d 0.5 m} 1% caseind 100 mM Tris-HCl (pH 8.0)°1 =
91 71 05 mE EFF F 30°C FLEZNA 1417 wREAIZ]
& 20% trichloroacetic acid 0.5 ml& #7135l W82 AH=|A|Z]
ok E3EA LS 1583 A2olA WAA F 16,6002 B4
223 & 280 nmollA FFEE ST HEAES
tyrosine standard® $3) 4, HEFSIF oM, BAEA 1 unit
129 1 pgd) tyrosineS A= 549 %o g dgth(1s).

SAE 7o) Al 5 AFHAA 307

- AN Eaae] £

7Azvel Bl #FE 30TA 5023t B9t 1% CMC, 1%
starch, 1% skim-milk brotholl A &) a3, FA8-R-FAIT
& FuAEYEA Eelsle JE8LE Rhodobacter sp.o}
Rhodospirillum sp. E¥ET5 AHE3IFET 30°C, {714, B&
7 (3000 Lux)oll A 793t wFsk & 22 107 cellge] HEE
BRI AFsEnh A% 5T 242 100 mi?] ZeHE)| st
Hi A8 5000xg, SO0ETE AAES3IA pellets FF<roll A%
g O, 242 25 mi¥] E3st] adbyo] JEEe w5 B
7} 100 mi2 25 FLeHA FEHlsk HFskant.

- Eel#39] 165 1DNA 97148 24

EeE 55 579sl] 218) 168 DNA E7INE B4e A
Al8FE ) PCR primere universal primer 27F; S-AGAGTTTG
ATCMTGGCTCAG-3'9}  1492R; S-TACGGYTACCTTGITAC
GACTT3'& AME-3}1991, sequencing A¥+= BLAST program$
o]-&-8t vt}

WHFER] W 2 =A

£ dFMe 28 2d719 9311 Mo Aget avt
£ ARIRET; 861, A7, 21 em, Zo); 15 cm)(Fig. 1),
b719} F719) 943 pH, 21 250 2 S241E 22d)7)
AoE A3 sl 1597 1¢ 18] 37i3F 2 A&
7] 27449 Mg A3E ZARIAT 1Y 13 37133

R, AEE Eol ARdFSE BUAFeH, K&
7) 23L& 2Umin0 2 33 IFAT AP A

AE 287 489 BEEE F017] A3 H3E0%), ok
(40%), 171(15%), A (10%), 71E} (%)= FA8] v 4¥
Al FdEA H7skdoh 8-S AR 9 500 g TSt
il 100 g¥ H7FEoh 4E8$ 37 FEE 9T F3A
(bulking agent)Z= A AEE B 3~5 mm 279 $E=3
(wood chipy& Al8-3}S3=H, ©]& cellulose: 50~60%, lignin: 25
~35%, hemicellulose: 10~20%% A= T} v|YE| 23t
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Fig. 1. A schematic diagram of food waste decomposing equipment.
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A 23719 A2 A = g 1 A B8
b ofe- & 9FE w7 Wil 5565%S FE s
Aehe Aol vigrast(8), B71 Al 8 SEFo] e 2
7] Wzl A o] SRS 4 :
ml] FH5E BEsch

A& 71 &l wnkr] e pHo o] FEE 2ALSL]
sl pHE 5, 6, 7, 82 YA A FAATIL, EF LEF 20,
30, 40, 50°C7} =% FAEH 15U3e] SAE 28] AgS
AT FEHLR 10 pme] Wit £EF
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FAst e,

159 F<F oh1sE3E WHkslal 4583t A dert whEEHE &
2 sl A& A8k

ol o3 BFEEL FAE 287] ARE X7

90°Ce] SEE B3 AN F HAS Yol 1 ARE ¥
Nk BFee AT 29719 F TATAY 2F de
T ZRE AN

Biofilter0f| 2f8+ S&fot¥ ¥ & &lgtE Mz

AR AR 23R (0.3%0.3%0.3 mmyE FHRS| ¥ E
ko] 1 liter ol 715 ¥, TANGATY] A2E A
mineral salts acetate broth BZ} 400 mi¥} E-AB|-HF-3PAT HI%F
N 100 mi EF3 30°C WRANA 7Y} widEIATh. AT
i FA 20 g& FEEAA WOl biofilters W F SHE
2#|7] Ao ARgEE aRr]e] FrujEtd) AXx)alsnt. of
Z7E Wad 9AHE AMS-St

F71M &7} biofilters F8) W= E3 °F3)= Handheld
Odor Meter (Shinyei, Japan)& ©]-&-3ted Z47ke] Z7i0 w2 4
Al B3 ot S 3, w8kt Biofiliers] 2o)o) o}
& 97 7Aags 48] A8 2 420 cm, 4x40 cm, 4X
60 cm 2719] biofilters AHE-3K1a1, TN A o) Z4L
A UeEe F7I9F dlZT biofilter, 212131 AV F-3AHFS
B2 biofilers T3 F718 S8, Z44<] HiEd 5
& ot =g v, A8k Bgekael gk AR He
= 3 B34 U eE HFENS 2L 100 unind
0.1 mg/LE FAE T

wagkzl wel #F SEEe] B4 AlEAH FHEYGL
aluminum polyester bag)oll H|Z 728 T & AHAR o]
538 gas chromatography® 22X H Tt GS-Q (30 mx0.53
mm LD.x2.65pm film) Z@%, & 335 Hez] 73-0] #
o]t FPD (flame photometric detector)E AFM4-5151.2.1, carrier
gast helium 10 ml/min, injection temperature 250°C, concen-
tration temperature -197°C, desorption temperature 145°C, oven

Table 1. Identification of isolated bacteria for treatment of food garbage
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temperature 50°C (4 min) -20°C/min -210°C (8 min)®] #4274
o2 P3G, BEvkne) B2 Fof AL Ao 2R
$EE AN

R Ut

i

84

I'
b2

Fo| 22| A
2% #FE F cellulase, amaylase®} protease®] &4Jo] 7}
e gFE s, $A8E HsiM 165 DNA
sequence & AAISIATE 1 A3 A1016, B-119} YAZ2Y T
7V Z¥Z} Bacillus subtilis, Bacillus cereus, Sphingobacterium
faecium™} 99.3%, 99.5%, 98.5%7} DAee FAIEE Ve ch
(Table 1). ¥ FE71A19] &3 5788 Asire vhedst Aslst
2 Algol Hasitt.

vt SAE 287 AR F & WSS AXsE A
a7 ARAE R Bajsly] fsiA i 23t &
Ago] & IFE F ARA B 8k 8498 SH 2y
A1016 TF7} Wi 4841kl A ) 153 univml®] i Ea)
245 RS, ol= vl 590l B3 Fibrobacter succinogenesll
A9 42.7 univml BT} 3u), A A 2)0] B8 Cellulomonas
sp-2} 80 unit/ml=z} H1WS|A 28] FP7e] w& AHEA, o] B
T35 o] 802N JAE 2u7]d X3Ho| e HAFAE
HE AJZE Yol o AT 5 A& A0 R AGHT: =
g dRAa BElEAe 2520, 30, 40, 50°C)$} pH (pH 5, 6,
7, 80l WE A S SAT 2 o] WY YolA &=
pHOll 2J3F 3k A9 Qle A= VERTHET vAA)).

2 297l E OE T8 A8 HES aRFoR A
gl F/o F7IE S 2497 THe] SR @] dAEte]
nAE] FHo] AghEE FAXS FEI] YA A Ui
Bl aAE BHldle dFE LEsk 1 aa 2498 46
At Starch agar ¥R A 7 2 FHRE HQ E-11 057}
24712kl A A 84219 univmlyS YERY O, o) Emtiazi
and Nahvi (20)7} ®.203% Cellulomonas 2} 80 uniymiB T} ok 3
Wk o AR SAE salvls] BRARE B B
+ g Ao BT pHol I3 FIE pH 5, 61 o
A5} AT & Aol Bl Qgk, W%k F Ao B4
2 ehils AR e BT BTk =lAA).

vRRRe 2 SAE 228]7]9] 3t 988 T XEEs
Hal whld FlRe)] 5] B/ge] 9 FE Eelsho]
Aol o] &3t TA JiEal Ao Fo] 7bY %
T YA32YS] & 898 593 A3 423X A 47

Strain Sampling site Gram staining Accession number Taxon
Al1016 Rotted wood + DQ198162 Bacillus subtilis (99.3%)"

E-11 Compost + DQ207729 Bacillus cereus (99.5%)
YA32Y Compost - AJ438176 Sphingobacterium faecium (98.5%)

?According to sequence identities (%) at NCBI
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ol Bacillus®) 23.67 unit/mi< wwated 20 &
o218 py 7)) Aol s aaEg 7ol AeEth
oA E0] 28 S48 2712 rilgg ©t

ZAuGBATE S5 f71E Basn JHAA E&ol
uasT o 58 #7143 dF, =€ g%, 221 29719
Az Sof| B AT} o] FAARL 9lThe, 11, 15). 12 2ok
aaAel oA 2e7]e) HEE Al oeng 2y 719 F87
QEAC) BHEALE BHIFHE 35 n)yES 7t EYE
o B ass B/

e 27) 27 sl FHE »e7)e) e BT
Azt 150707 WSS AR B2 ANaE 34%Y LEE
wol wi MRS Hed ARINE 1% Zgase e
Wt} o2 Az 1EA F714 e Axng Qg Fu
& 274 34 A gEd 9% g\ o AtEEaTt FHHT
A pH7} BA3 wiE e FESE ol vAEE 9
5 B3 2hgo) A AsE ERH) wol Ao AZtErk
2 Qg Alzre] AvkEA Fefzl piVh T SRR V1E8
woasehe g2 2719 2A ol pH7} Al AEFHE 7
gre Ve, ol S4F 2719 maEstE A 2
Al aAe a4 wshe S8 glol = shioln, IHk7| el
z0] AAETE Hd BeFFe] A8 F20) gAo) A
o) o8 27 7 e 2 oledgre wjA AT Ak
& 2 9T}, o) s sk 2704 #) Fol pHE 24
gozn shao] 7Fed A= ARGA T FA= AFHLE
pHE 34, #ElE 2a= 37] Wl G718 A& 714
najz gEAE Bk Bet @A tjote] & F & Aol
.

%A B7) AelE 1597H4 A wjRE ol 2z
18.8%} 138%7} ZEsIsied), 1HEA 27|z AFe Hlsk
parEgo) 10% A% FIHA ol X&A Tl A =
ZAg pHe] a7} AFRE ghalslglomFig. 2), 12 3 &
2] muky) oAl B3 o gido] FHs) AE&YE A
oz o 2= e}, et k) el Helgse) 98 2
e =ol7] fsiE A&H TR oz 91914¢) pH
23 w3 Bed Aoz HawErk T 15y AR v
zo gEo g Heste] 27d7re) 49 oA 46.5%] LHFAAE
R ustged ARz 2 S4E 27 24 59 Zeold| w
2 Aojmz AvA v} ok & Ao o] ZFEAE
2717 daie k) W $730) A3t dast
B oleldt BAE AskY] AsARE A F AE 059 TF
a mE BAREEA TS o] &3+ monitoring (7)°] BLE
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PV}

T
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ol

B

242zl 5714 HeelA pHo| AlEAe A A=
X 2 wrgEEe] AsE A3 ARAE F UF

ojg Azt Bag v JeB2(D), A& 9] pHE) 270
»a|718) HEFEES FARERAL nlmstel 289 pH

o N8 pavle) A % AR 309

pH

—=—inoculated
—a— uninoculated

Time (day)

Fig. 2. pH change in the food waste samples treated under continuous
aetation (M ; inoculated, A ; uninoculated).
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omo) 5B BeEe tlAEd o eNE 271 A8
Agol A vl aEe] A B E4e] B GFE FE &
oz uje sl A4S ek TG SNE »y7|e §
Byl A E o] &3 ATF(0IME B9 ZIPH o8 FHIA
orgrATE, B ATalaE 27 N B 97 TVNFRS A8}
) wjEol R Zo] Bo} Aol o] el S2E 247
A7} BaiE7lol AFEA e FTEE Asd E
2] AR £ AAAA z=qon] HE FFY A 5
o ge) 2 PRg viHE L& gz o48 »g7)e] T
g2 wasy] $siA pHE 1= aANFE 2NN 2EER
3} A8e Wasgth. o1 A% 3ocoll M M B AEE
o Uehlth. S 27 288 A7 AL &Y 4
&) pH 7, 30°Ce} F71IA ong »Ele] AFESS HlE
grkFe. 3). 74848 £71 AellE k] Uil 8718 AdEl7t
aasto 2 AAHE F7 A optgtEae) HHOR ]3]
pH7} B3 AskE T 2L A% PlAEe) 98 223 WE A
Aol 1% w23 FES vl T, o8 2837 Al
A&A 712 A g A3 pHe FA% Ayt GAEA F3L,
na) S5 18.8%5 S/ Ut Bk Algeial B
oz oAz xvIE 2EIAT ASIA eAE 27 &
walol 283 499 2=} piE HAg) ez =2 F
omM VY B 35%9) AHESS 238 & JATH A F
10y 652 3t 50%] EHFE »d7] EAEHS ZLFAA,
z 232 279 T 333% sd-grE Rastged £
ToE 15U7ke] AP 35%°) nalans gsIden,
o o218 xd7)e] Bl AU Z2A% FANAEA A
23 BB E] A4FS FANIL, waEAe) &S T
ne o Jehie A%E S, o] AN vpEo T WE

Azbel A E 2718 AT AT Reolrt.
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Fig. 3. Comparison of decomposing rates treated under various
conditions [condition A; intermittent aeration (once in a day),
condition B; continuous aeration at 35°C without pH control,
condition C; continuous aeration at 30°C, pH 7].

BiofilterOfl 2|8t Sgtety| U & 5lgHEo| Mzt

Z71 &9} biofilter® E3) U+ 2393+ Handheld
Odor Meter (Shinyei, Japan)S o83t Z4zfe] 2Ad w4
A AEE 27, vinEAsc HA Al e 53 o
£ 24% A3 viofiters AXR] Z3L viEEE 71AS] F7t
biofilterS A 7}l BIg) 5-6H] A FAEE AHE et
WThFig. 4). ©] 237} biofilterd] LAF O = SAH-F-3HA|
ol 213k 2H891A) oW FAlo] B oz FAhE o] 4F7}
AR RS I8 A SH74E A filers} T
FAT-S 24X biofilters X3} 21 ARE WwslF=
biofiltero A ¢k 58% FFHAA L] F7HEIH L TAHI 3T
o8 Gt AA"RTE 488 WE F AU wetA HEE
DA S A5t EAH|-F-3A o] 289 biofilterS FEEHH
E7] Aol BAshs AFHEAS AESE S o] 83t Bt
2Asa ARG B Ao 5 S Ao dAdtdEn =
3 biofilter?] Holol] whe} otx ol A A=F SHMA 7

800

Residual of complex foul smell

Time (day)

Fig. 4. Comparison of complex foul smell emitted from filter of each

food decomposing reactor ( l; packed with purple nonsulfur bacterial
culture soaked media, A ; packed with distilled water soaked media,
100 unit of complex smell corresponds to H,S 0.1 mg/L).
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Fig. 5. Removal efficiencies of methylmercaptan by biofilter at
various conditions (filter A; packed with distilled water soaked media,
filter B; packed with purple nonsulfur bacterial culture soaked media).

3] A2 biofilterS AZ3}7] 91804 biofilters] 2015 F7H7)
A dHA AL S S8 A viofilery] Zol7t T/VEFE
FHAAEE F7Iske BAEFS UEH O 6x40 em 279
biofilteroll 4] 7H #& 84%9 AFAAAEE BJTh olHT ¢
AT BeFo A =R Rk o E oH7L AndE
Ao ZA o] ool HolZvhe nlIZA| A Ao AlsHTh

2 E 279 228 AA e B2 3 IgES]
3l 1 BEAEL FHE AT dIEE F vl 8%
A ks defA ok wEbA biofiltere] &S Fol 578
3 35HEe] A7} 7Fs3hA] gas chromatographyE ©]-8-3}o]
4319} BiofilterS F2H3E & WiEvkiol] 23EoIE &
e & ¥ A< methylmercaptant hydrogen sulfide®] 5=
E g¢13F A3 methylmercaptan biofilterE 3o 24 213
ug/Lol Al 158.6 ug/LO 2 25.5%7} 43 thFig. 5). 18y 5
F52 A FAS A3 filteroll A control2r} oFF & F
=2 AEHYeY ols 2 ¥ 3ES o8 4 Ae 7
Ago] AT} A o] Wizel] B R Fslo] A
methylmercaptan©] 8250 Ug7] W&l 208 Azhe). &
5l4=4 TES} biofilter A3t Al 2473.8 ug/LAl A 1262 pg/L2 AA)
sttt Yun (23)2 A8 28719 Bacillus cereusE A ¥
sho 24 18%9) &3lrAa AAEES BUsIHTd, ol - A
Tohe vh2A SAE2H VIS AFsH Y] SAE2H
Z o g BAgk Adjolmg A AR Hiae oy AA
g ZHAA £ A7t BS 95-8 AR AgEHY, ol F
Hgtely Bk ol HA40] e 54 dHEZQ F 59
BEd tig Alox 7sE Rolzke 284 WE ok

o] AFAES 53l 24E 2V A HH xS ¢ F
ANoH, SAF ¢ ]9 E&F oIl 4l&E3t 2] E FHAA
WS AAE ¢ s AR FJTHEY. olrt o] ARE it
2 SAE AHYAHAAME &8RN FAXEE & £
o] & & e ol SAE 28] M 4% dFES
gugro 24 HEA) FE ZHdME & 997} glrky &
T Utk

0 2
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ABSTRACT : Treatment of Food Garbage Using a Treatment Reactor and Microbial Consortium
Rae-Hyun Koh, Kang-Hyoung Lee, Jin-Soo Yoo', Hong-Gyu Song* (Division of Biological
Sciences, Kangwon National University, Chuncheon 200-701, Korea, "Microbial World Co.,

Ltd., Chuncheon 200-170, Korea)

Disposal of food garbage in most large cities is very troublesome task. To date, microbiological treatment has
been received an attention as a garbage decomposition process. In this study, the inoculation effect of some cel-
lulase, amylase and protease-producing bacteria and photosynthetic bacteria on food garbage treatment was
examined. They were added into a treatment reactor specially designed in this study together with food garbage
and incubated in various conditions for 15 days and the removals of food garbage and foul smell produced dur-
ing the treatment were analyzed. Average decomposition percentages of the inoculated food garbage in treat-
ment reactor were 11 and 18.8% under intermittent aeration (once in a day) and continuous aeration conditions
(2 L/min), respectively, and these were higher than removal percentages in the corresponding uninoculated reac-
tors, 3.4 and 13.8%. Optimal pH and temperature for food garbage decomposition by inoculated bacteria were
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pH 7.0 and 30°C. Maximal decomposition percentage in the inoculated food garbage was 35% under the opti-
mal condition (pH 7, 30°C, and continuous aeration). The malodor compounds generated from food garbage
treatment such as complex foul smell and sulfur compounds were effectively reduced about 84% and 25.5%,
respectively, with a biofilter composed of purple nonsulfur bacteria trapped in sponge. This decomposing capa-
bility of food garbage by these bacteria can be utilized for the rapid and efficient treatment of food garbage.



