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%ol g2, 59 9 EgaFel 2
2= 294719 294 AYE 9 dF= @A vt
e 2719 T ARl Afraeh Fd, 2Ea v F
SE) B0] $ TS Belstel 490l st
- Cellulase A3} ﬁL-]—A 2
Cellulase A3F = EY 1 g& SFH 100 miol] ¥3L 160
rpmol| A 30%&-7F ""?}5& 5 8]43te] CMC medium [carboxy-
methyl cellulose (CMC) 5g, peptone 5g, KH,PO, 5 g, yeast
extract 0.5 g, MgSO, - TH,0 0.5 g, agar 15 g, pH 7.0 per 1.0
liter D.W.Joll =23+ 5] 30°Coll A o]Ex vidste] vehd g
S OS2 0.5% Congo red A12FS- 1 ml g8ty 71 &
FAgo] et #5E AEsAth22). FAge] 2 dFE
nutrient broth medium (Difco Lab., USA) 40 mlol HE3}te] 24
AIZE vjekst ), o] skt 0.4 mlS CMC broth 40 mioll HF
ste AZtol] W cellulase 8785 S0t 4084 S-S
S8l wigs 12,000xgol A 1583t Hqldefste] 4 35
0.5 ml3} 1x6cm2] filter paper 2 1 M phosphate buffer (pH
8.0) 1 ml° 318k & 50°C9] T A 3 A7 B9k vk

S A2l ¥ 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 mh)Z 3 ml F7ISE § 158 B9 e B S8 A
LA Wzt A7 & B "47](Sh1madzu Co., Japan)E ©]-&-3}
o] 550 nmol| Ao =S 4319, AFLE glucose standard
£ o83t Fitstlon, < 1 pmole2
glucoseS BAdsh= 84-0] GFO= 3ITH2, 19).

- Amylase A4+ T=9] -8

Amylase A2t T EYF 1 g2 S/ 100 miol] €32 160
pmol| A 304-7F WHESE F 8]43}e] starch nutrient agar
medium (starch 10 g, nutrient broth 8 g per D.W. 1 liter)o]] =
Wek o 30°CelA o] E3T vl F vERd ks et &
At #52 HFol Gram's iodine solution (iodine 1 g, iodine
phosphate 2 g, D.W. 300 ml)yS 1 ml Ag|sle] F3lo] 713
2 TFE O Z cellulased}t 22 WHOZ amylase E4<
24 0}9\33}(3, 20).

- Protease A4t 2] -2

Protease A8/ 7= EGolA EE3ldom, AduAE= |
% skim-milk agar medium (skim-milk 10 g, nutrient broth 8 g
per D.W. 1 litery& AR&-SFATE. AEufAlo| A FH$HS Kol
TFE A3 protease 4S 43T SASHLS vl
5N 0.5 mliF} 1% casein® 100 mM Tris-HCI (pH 8.0 =
1 714 0.5 mbs EF3F - 30°C FFEA 1/\] WA
B 20% trichloroacetic acid 0.5 mlS- F7}sle] W3-8 AX|AIZ]
oF EFEAS 1587 A2olA WAAIZL T 16,600xgE A4
g & 280 nmolA FFEE SASATE RESAHES
tyrosine standardE F3f $HXF AP oW, A 1 unit
159 1 pg? tyrosineS 8= G42] o2 3IFTH1S).
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Rhodospirillum sp. T35 AMESI=H 30°C, @714, B
(3000 Lux)olA 7?—_1_7} HH &3 T A2 107 cell/ge] HEF
Bt FEsAoh FE de 242 100 my Qg et
Hj keS8 5000xg, 50%-7F AR S pelletS FF5oll A1
g o, 2t 25 mi¥ Eftele] wwRblel HEEeE d o] F
7} 100 mlE 25 FLHA Fxlste] FESAh

- 252 168 DNA 971M4E 4
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ATCMTGGCTCAG-3'?}  1492R; 5-TACGGYTACCTTGITAC
GACTT-3'S AF8-3}9 L, sequencing Z2¥}+= BLAST programS-
SEESISEEE Erl=

DEFER| W 2F=U

B AFeMe 25 228719 57120 X2 et ank
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Fig. 1. A schematic diagram of food waste decomposing equipment.
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A&A F7] st wHk7] fe] pHSF 2590 Jaks AR
8 pHE: 5, 6, 7, 82 YA AL, TS L=F 20,
30, 40, 50°C7} B =5 frAlste] 1593He] S5 249
ZAEI Y 3853 CE 10 rppme] W S5 o
159 <t vl 1587 wHkslar 4587F A Ayt vEEE 2
7 3lol] A-s AT

AL o3 AFEES SAE 287] AEE Tx7]A
90°Ce] 25= 3] ARAR & FAE Dopx] 1L aE #
A3} AEES 2AE 279 F BAFAL HE 3o
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Biofilter0i| 2|t S &3 & & stEtEe Mz

FAE AR 2R (03x03x03 mmyS 750 ¥l
Take] 1 liter ol 785 ¥ar, SRS A fg
mineral salts acetate broth BJZ] 400 mi¥} SAH|5-3RAF v
o 100 mke &9t 30°C WA 793 v FstSATt. At
S B4 20 g& A Yol biofilters: T F F4E
2:9|7] Aol AR-EE wytr|e] F7ajErel A8t o
27 2 e A S ARSIk

2 7E-¢} biofilters F3 W= 9 °H]= Handheld
Odor Meter (Shinyei, Japan)S ©]-8-3} z}zke] ZHd] w2 4
Q1 B3]t oFHE 54, Bl 8ktt. Biofiltere] Zolol wh
E oFH TAES 48] S8 A2 4x20 om, 4x40 cm, 4x
60 cm =L719] biofilters AH&-SFL, WRE7]olA] o] ZAe
A o= 719k tIET biofilter, 1)1 A R|-F-3A|1FS
92 biofiler® E3elE F71E ZAae, 22kl ATiAR B
S ok AES v, Al ekl i B9 A
& 98 RAFLE O PAUE AATAT 100 uniee
0.1 mg12 AT

wik7] el & kg B4 ARAF FHUGL
aluminum polyester bag)oll W& 7125 X3 & ALz o]
53+ gas chromatography@ #2433}tk GS-Q (30 mx0.53
mm 1.D.x2.65 um film) AT, & s}FEol M3 78] #
o]t FPD (flame photometric detector)E AF8-3}31.2.™, 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)®] ¥X=7
o2 B3I, TF7Ee A4S B8 42 PN 2RE

EEE ARl

H #FE Z cellulase, amaylase®} protease®] &4Jo] 7}
gt #FE AAEEAa, 85 lsiA 16S DNA

sequence 1412 AAISIHY. 1 A3} A1016, E-119} YA32Y

7t 22

Jaecium™} 99.3%, 99.5%, 98.5%7} LA|sh= FAIEE YERIH

(Table 1). & FE7HA9] BEs S SaiME thgsH ABsst

2 Aol dgaitt.

FEvel S2E 287 AR F 2 HISE AR A
2570 A4S BF o= Fasr] AAsiA 7|Eel et &
Ago] F H#FE T ARLE B8 5o B4S 34T 29
A1016 57} v 48A1tell A Hl 153 unit/mle] Al-Fras 3l
XS B, o= vl 5(9)°] A3 Fibrobacter succinogenes©l
A9] 427 unitml RO} 3u), A} H©2)o] B3 Cellulomonas
sp.2] 80 unit/ml¥} Blwa|A 2u)] 7i7jo] =& AupE A o] £
75 o850z S5 28 7]d X3 e AiriE
HE AIZF Yol Ao s Aed ¢ s AoE wdEnh
3 A Bslaie] 2520, 30, 40, 50°C)$} pH (pH 5, 6,
7, 8)°ll WE A XS AT A7 o] WM WA 29
pHell 93t J3e A9 Sle A= VeRGth(AD} HAA)).

SAE 2879 T O T8 AR AES aIFoz A
galal F/e VIR SAE 287] 119 A go] A se
WAES] o] AlgtEe FAES S5 HlaiA AR Tk
e EAE HHlske dFE FEstd] 1 84 84S A3}
%Att. Starch agar WA|OA 7 2 EHOIE B E-11 #57}
24270 A ) 4219 unit/ml)yS YERR O™, o= Emtiazi
and Nahvi (207} B33+ Cellulomonas 2] 80 unit/ml=T} oF 3
Hi7bF =2 AnE SAE 287 FRAAES wEA EeE
F IS Aow FATAHCT) pHoll 93 FSFS pH 5, 6ollA] 2t
A7t HJAAT F zpolE Hol A= 9kl Wik T A 24
& Uehlle AT 22 AES BATED HlAA).

upReto 2 SA1E ¢ 719 3u] AR Tl e] HEE
el Ged sERe] 84 GAo] 93 drE Eelshed]
A o &3t S A rEa a4 EAo] 7P 5%
TF YA32YS] 84 B4 S43 A7 48230l Hd) 47

Bacillus subtilis, Bacillus cereus, Sphingobacterium

Strain Sampling site Gram staining Accession number Taxon

A1016 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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unitml®] 4 JERS A F@)°] Rt dv) IE s
0l Bacillus®] 23.67 unitmlZ} BI3te] 2m) o)A =2 Az
SAE 28719 Aol vl-$- a34-49Y Aolg) sdHE).

oj4E0f o8t SA 2 Me7|2f EligE It

SARFAITS e frlE Ealled FAA gl
BHuEa glor] 53] §714 dg, =1 HF, S4E 28719
] Soll B2 A7k ol FolAaL 3lTk, 11, 15). 1y B}
AR A= 28719 HE f8l 54 228719 Fa
Aede] FEAE BHIshs 33 RS FUIE Eftsto
I EAass Brlkskaith

187 B/ 24 Sl S 2dle JFee BN

E

A7 15971A] RS M A e AlEE 3.4%2] 7R
1l Wk WAE-S X3 Al BAAME 1% ZEass Ue)
Wtk o]g3 Ayp= 7HdA B0 e AhugdE Qg Fab
2 20 A A dEe 9% 71k olkkeleAy) A=W
A pH7E A3 vl e FFEoE HAXHA WAEE <
3 Baf 2Hgo] FA A S Wgk] wWEe Aos Azbe) 1
2y GgAIzre] XA "ol pH7E tA] ks 71E9]
wa(15)ehs 9] 2719 ZA Wold pHrt Aldr A& A
S Ve, ol S48 249)7]9] v AESH AEloN &
AYEAS AA Fahe F83 U F shjoln, wukr] e
Z70] 2H3sprt =i Rejatae] AR 5] Fdo] A
o 218 28719 7 a8 & FEgs v Aoz Fdek
g 4= Atk ol sEs] sk B Al Fol pHE BA
Fozn o] 715d Ao WAHAY FAh= ALHoT
pHE 37, S P9 3P| Wi {718 A48 5714
FIE A= T7I7F Bk @431 dijte] E 5 IS Ao
=3

A&A 5] Aloll= 159714 HE HIHFE aloA 2zh
18.8%%} 13.8%7} = A=, 1HE4 72 Al His)
AEFEEC] 10% A= FFEA o= A&F 570 23 F
Agk pHO| a7} AR 28kE oM (Fig. 2), L= ) &
gaFe] W) Yol el Ba g4 F4o] FE-3] 2H8e A
o= & 4 Ak ey wrky) Wollxe) ReliTe] B8 F
U2 Fo|7] Sl A&E B8 ollE} 1913 pHe)
24 T8k 98 Aoz AT 3 15y B3 VA
B8 dEo g Agsly] 27U7ke] Ao 46.5%2] AEARE
BslEd AE717 2 A% 287 A 5 2ol u}
E Aojmz Al vlur} o] P, & Ao Eans
F3A7]7) SlsiME abr] e 314o) H=#sly) das)
o o]g)d FAE sjdsl] siNe &4 5 HAE FFe 5%
of ot ¥AAESHY WHE ©]-8-3F monitoring (7)°] B2
2o 2 Ferec),

=25 24719 57148 AglelA pHe AEHL IF A=
F71tke] AR 2 wEEEe Aaks dA3] AAAZE 5 Ae
S I8 Aapy} Barg vl Yo (1), X&AS] pHe] 240
o3 A& 28719 HEL-S AL Hlwsle] 9] pH

i

e 28719 A2 B AFAA 309

n
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Fig. 2. pH change in the food waste samples treated under continuous
aeration ( Il ; inoculated, A ; uninoculated).
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259} i S-S vAEC 93 SAE A7) AU
ol A v Ee] A} B A JIFS F= 29
o2 w9 FR3H Q1A=L Qlk ey S21E 2287]¢ F
H|3} AXZ 0] 83 AT (100X E FRE ST o2 FF3A
FUANH £ A= 37143 FElE fIg 3UEFS AAIE
7] WEel] -] Fo] Wol Al7to] Al whe} 521E 24
717} BallE)e] HeelA] ke FFoE Askd 2 5 9lem
2®) A TS FANA FRoH, FE w5 A a4
o] E4o) & S NXE L5 BE SAE »yy|e] 7
£S5 HwEl] e pHE 72 FAATIE ZAA Lxde
293} A9S Jysat. 1 A3 30°colM TP B e
< Yepth $41E 287] A29ske] 7 208 g-ls] 9
3 pH 7, 30°Ce] A 215 287|9] HFass FRIst
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=] 11%9] W& i3 &S Y, o5 5317 S8
A&7 B71E5 AR A9 pHe| FA% A3t HAEkA] ¢,
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o7 FAE 275 LT SEiA 52 229719 &
el Fa3 919 =9} pHE A9 JEZ 243 &
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(102 65 7t 50%2] 218 22d)7] BElEaHS Hashela,
T 50132 279 7t 333%2] AE Y= Huson B A
Tol M= 1597k AFo g 35%0 RadS dFsigon,
ol= S21E g 7]9] Eallo A3 1S FAAFCEH A
e AEE] S FAAT L, Balaae] AE-S ST
Aoz Yeie dnz sy, o] A0E nigoz me
Az 218 228715 AT 5= & Aot
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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].

Biofilter0l| 2|5t S&tet%| ¥ & stetEo| Mzt

F71E2} biofilters F3] U= EFF = Handheld
Odor Meter (Shinyei, Japan)Z ©]-8-3}d z}zke] 2o wje}
A ATE 374, vttt WA AR mE 53 o
£ w28 A7 biofilters AX|A| a1 HiEEE 71A9] HH7F
biofilterS A% 7}2o) Hla) 5~6H) A FAHE 29= et
WokFig. 4). ©] AZ7} biofilterdl] A E o] e ZAHB]H-314)
ol 93 28912 ol HAlo] Eg)F oz FAE o o7}
A= E=AE G117 A8l SRTE A2t filtere} S
BAlT-S AR biofilterS X5kl 1 AFE BwElY =)
biofilterol| A &F 58% FA|AE0] 718 A H| -3l
o3l 7} AAR TR AES W 5 AUTE Wb HA-g
DA E AFE-3te] R34 to] T E biofilterS: AR
B71 Aol e o HEAIE A= WS o] 83t Bt
Ak AES vlg oz AoE 4 S o= wohHE) &
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Fig. 4. Comparison of complex foul smell emitted from filter of each
food decomposing reactor (Il ; 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).
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33HE T tH3E A2 methylmercaptan®} hydrogen sulfide®] &&=
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ng/LolA 158.6 pg/lL.O & 25.5%7} 7HA38ktkFig. 5). 218U &
FE A GAE -3 filteroll A controlRTh 9 =&
T2 AEFded ol @Al & sigES o8& 5 e v
AEo] =] YA 7] witol FA R F=o] A
methylmercaptan®] §-Z%0] Ukr] wjE<l Aoz Az =) &
8422 IS biofilter 2 Al 2473.8 pg/LAIA 1262 pg/LE =7
A8 TE Yun 23y 221E 2287190 Bacillus cereusES *E]
FFo A 18%9] st AATES Busiget), ol B
Tohe th2A SAE2Y7IE AHF 8] I 5452 7]
& gz B3 Avjolmng AR Hlnle oy A|A

off

o] ATEL B SHE 2el7] s HH £2AS 5
gglom, $AE 2d7le] HEH ol A4e Hel % oA

He AT 5 e Aoz BoEd, Yo} o] AHE Ui
B SN AYAEINE 5T FAHORE 2 B
of F & e Aolw AR 2] Al $5H FFES
Fugo s BEA9e) F1 UG 2 o} irky &
% ek,
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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.



