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Studies on the Optimun Activation Condition for Food Waste Composting by Microorganism in Food

Waste

Jun-Young Jeong, Kwang-Yong Jung, Woo-Kyun Park(National Insittute of Agriculture Science and Technology,

Suwon, 441-707, Korea, Tel :

0431-290-0209, email . jiuny @ hanimail.com)

ABSTRACT : This study was conducted to evaluate possibility for composting by microorganisms in food waste itself. In the
result of counting of microorgansm in food waste, the number of bacteria growing at 30°C and 50°C were counted 10°-
10°CFU/g and 10°-10° CFU/g in the almost food waste, respectively. Amylase and protease producing microorgansim were
counted 10°-10” CFU/g at 30°C and 50°C. In the result of composting for 30 days, FW1 was reveal that CO, gas production rate
and degradation of organic matter were similar to FW2 but higher than that of FW3, FM! and FM2. Also, In the cases of
change of enzyme producing microorgansim during the composting, FW1 were counted 10°-10° CFU/g at 30°C, 50°C and 60°C
of incubation temperature, while FM1, added to commercial microbial inoculator, were less than that of FM1. Consequently, It
was suggested that FW1 was most suitable condition for composting by microorganisms in food waste and there was no need

to use microbial inoculator for composting.

key words : Optimum condition, CO, gas production rate, Amylase, Protease
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Pseudomonas spp., Xantomonas spp. Aspergillus spp., Rhizopus
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371 olel g Aot SHE 28718 HEE £U14 2
71 Fde 2 F44EC WEYd we gFHez E
Folu F7159 EAste B2 F7Y A, Hdd, AW
g0l ERS v AR AZE ¥ x4 %
FolAW olg vlAEY g3 Hu[gs} Jhed ReE B
agel Ao wa B AHAME $HE 2471F9
P A% HEste rjxH A1z AME S4E 2
7159 &3 A48 MBS Ux 2 o]F
o g HuAAFE FHHAT.
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SHE 297 AAF Y EA Y HulY tFHe
AEE A8 AR FAE ARFA EAste
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Agel AH4d A8E 14, 34, 54, 795 A o
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a7+ &%
248 247 39 sz oy YRS A o
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th M 23L 9% viA = Plate count agar(tryptone 5g,
yeast extract 2.5g, dextrose 1g/ 1, pH 7.0, Agar 2.0%) &, A<
8] & PDA(potato 200g, dextrose 20g / I, pH 5.1), A7 )
oF2. Albumin agar(egg albumin 0.25, glucose 1.0, K2HPO4 0.5,
MgS04 TH20 0.2 / |, pH 6.8-7.0)°8 A}&-3tod Th& 3} 7ol
2gsdnt. & AF 1g Imle 27 VY IH085%
Nacl)s} 37 250~ 300rpm(Shaking incubator, Vision, Korea)<l}
A LAZHE Zukg F AE dF A5AE A9E F
57 928 Mo z £ v 3 gHEoE {3 3
ao.

z} ndEY WYLTE 30, 50, 60CE don, A

3} A ASdde 24 xdM 347, HH7Y H$
A 5YU7 ujekste] A $(CFU/g, Colony Forming Unit)3} %
o

EAaYN o2 Ax

+HE 297%F amylase AAIFFY AFE 08%
Nitrient broth, 1% soluble starch, 0.1% MgSO, 7H,0, protease ¥
AgF AFE 2% skim milk, 0.5% peptone, 0.1% Yeast exiract,
lipase A F o AF+ 0.5% pepyone, 0.3% Beef Extract,
1% Tributyrin, cellulase A4+t 8] A 2.5% CM-cellulose,
0.3% NaNO,, 0.1% K,HPO,, 0.05% KCI, 0.05% MgSO, 7H,0,
0.001% FeSO, - 7TH,0 ¥} & pH 60-7522 Z3F %
15% agarg A7tated 30, 50, 60°CAA 397 wiekaige}.
uj k3t plate &= amylase A¢olE 01% I, §4¢ /&) §
A9 B9 2d, cellulasex 1% NaOHE 7j3 ¥ 5%
5 AT 4% SRS ANaG 44E THEoR
protease, lipasee W¥ FF9 S ofs) AH(CFUR,
Colony Forming Unit) 3l o},

SAE 47| XA old20l 2t XX EH| g =
oy

M=

Huis 4o A8T F4E 2d7E 108 2ed F
AN 249 B4 FHPY FHE 24718 g2 vER
He & AgHYon FE 2EAZE ARYAE AL
Ao & Yo AH4E HuAEe) 4ES Table 13 ¢
o,

Al

S48 247 A w48 ¢ Huls} 5L 7
Es7] 48 vAE R&AE A ¥& FAHT
(FW1, FW2, FW3)st A ® oA EA(GE, CM)&
02%(w/w) A7+8 A/FF(FMLFM2)E Hu|3 d4¥&
FRaAch B AYgelMe gy 27 F Vo] B
3 A8 24y Hus FAY xTHE AHL34o o
T3 o] £yt & vAEHE FHEA ¢ FWI
& FHu)g A7 F9 48-50C &, FW2E 30C F&%
AolA FW3, FM1, FM2¥ 0- 49 30-54C, 4 - 89 53-
60°C, 8-12¢ 60-57C, 12-16% 57-46°C, 16-209 46-30°C,
20-289 32Co &=l 2AQA EHugE F83t¢c)

‘Table 1. Chemical characteristic of food waste, extruded rice hull and the mixture for composting

Water content(%) pH OM(%) TN C/N ratio
Food waste 80.2 402 %03 344 1523
Extrude ricehull 87 6.15 869 0.32 1575
Mixture 615 548 89.04 1.51 3432
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Table 2. Counting of Microorganism in food waste

Temp('C) (CFUlg) Janu? March® May* July®
30 Bacteria 6.7 %105 98.3 %105 92.5x 106 174 %106
Mold 0.58 x 105 3.2x105 04x106 12X 106
Actinomycetes 0.02 X105 6.3x 105 53x 106 1.21 X106
50 Bacteria 0.75 %105 32x105 73 %106 0.61 x 106
Mold ND ND ND ND
Actinomycetes ND 0.1x105 0.5x106 029 x 106
60 Bacteria ND 0.8x105 ND 0.79x 106
Mold ND ND ND ND
Actinomyces ND 0.02x 105 0.01 x 106 0.4 x 106
*2),3) N.D: not detected over 10°(CFU/g) 4),5) N.D : not detected over 10%(CFU/g)
2y
CO, gasLg = o o ng

gulgt #HF9 CO, gastA & F3 L EFFEENYY
of E3to TR CO, gasUAF L thgH o] A
Astao,

CO, gas A #F(mg/100g) =(FAFA4-HAR) xFx
(CO, %7

NEEA

£4g 2719 DMAYFY BFHE, AR, GAET
o BFe AFTAU Faod HRYOH ol - HEY
¥ L FE4 oled 9IS EINURYYY gt
LEErLS

A8 £3

NEZ2 amylase 4L 1% soluble starch 0.1ml g} ZHE A
d 01w & ¥ 40TAA 1087 FAY F YAHE &
3L DNSYWwo g protease #4-& Matsuzawa® F9| 4
Hg H@std caseind 7|FE I7TCA gAY ¥
660nmo] A FFTE S st FAS d71A amylase
lunity 189 1,29 glicosed A48 amylase activity 2,
protease lunity 189 lug2l tyrosine2 A4Sl proteolytic

activity 2 3 9] 3k o}

Table 3. Counting of enzyme producing microorganism in food waste

,0

AF e ESAE SAE 4H7IE 37 ¥
AN DIME Al

S E 297 AAFY wAE A% HU3 tedE
FES] f3 AMEE FAF AEFd EAste QA
&, AV, MAFEFEL 30, 50, 60CAHA A} AT
397, WA ASele 597 wigste A (CFU/g,
Colony Forming Unit)3& Z & Table 29 Zow 2z} i4
Py oA g 95§ ZAS e Table 3% 724,

Table 2& AZEZ FAF FAE 29710 A&
9% Hu3 HEAE HESHI Y vAEY YR E 2
At ABE 30C WF2EAAN L, 3,5 74 AEF A,
Abab#, w72 104(CFU/g) ol AEHALy E3] A
79 A4S 199 ABAME 67x104(CFU/g)el AFHU
ok 8 AMFEE 50C oY 2xeAe AR #AY
of A& F7t R¥A AHAeH AT S WY
B XAE gAsY o8y Xae HEAY A= Ao
glom wetr 50T o] oM Ao JAHE R
2 Agdd, @3 A3 gHage F¢ A8 Y4se
Bacillus sp. R Stearothermophilis sp. 59 AT
Streptomyces sp, Thermoactinomyces sp. $¢ &4 WA g™

Temp(C) (CFU/g) Janu? March” May* July?
30 Amylase 37.0x103 11.0x104 44.8x106 23.0x106
Protease 0.73x103 64104 5.7x106 31.7x106
Cellulase 0.82x103 043 x 104 1.4 %106 0.7%106
Lipase 0.57x103 28x104 0.02 x 106 0.36x 106
50 Amylase 47x103 0.31x104 0.92x 106 0.35x 106
Protease 82x103 0.58x 104 022x106 0.1x106
Cellulase ND ND ND 027 x 106
Lipase ND ND 0.08 x 106 0.04 x 106
60 Amylase ND 0.11 x104 0.003 x 106 0.054 x 106
Protease ND 0.36 x 104 0.01 x106 0.87x106
Cellulase ND ND ND 0.03x 106
Lipase ND ND 0.001 x 106 0.02 x 106

* 1) N.D : not detected over 10 (CFU/g), 2),3),4) N.D : not detected over1(® (CFU/g)
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Fig. 1. Carbon dioxide production rate during composting
FW1(48-507C), Fw2(30C), Fw3, FMI, FM2(0- 4 : 30-54C, 4-
8 :53-60°C, 8-12:60-57°C, 12-16 :57-46C, 16-20 :46-30°C. 20-
28:32°C)
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Fig. 2. Change of organic matter content during composting
FW1(48-50°C), Fw2(30°C), Fw3, FM1, FM2(0- 4 : 30-54C. 4-
8 :53-60°C, 8-12 :60-57°C, 12-16 :57-46'C, 16-20 :46-30C, 20~
28 :3270C)
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Fig. 3. Change of crude protein content during composting

FW1(48-50°C), Fw2(30°C), Fw3, FM1, FM2(0- 4 : 30-54C, 4-
8:53-60°C, 8-12 :60-57°C, 12-16 :57-46 C, 16-20 :46-30°C, 20-

28:327C)
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Fig. 4. Change of reducing sugar rate during composting
Reducing sugar rate(%) = Crude fiber/T-C x 0.4 x 100
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Table 4. Changes of bacteria and enzyme producing microorganisms during composting (301)
Period(day)
5 10 20 25 30

FW1 Bacteria 52x10 16.5 x 10 17.1x 107 147 %10 176 X107 8.6x10
Amy.* 095 x10° 021x10° 1.5x 10" 64 x10' 6.7x10° 02x10°

Pro.** 1.5x 10 142 x10° 6.15x10 4210 54x10° 192 %10

FW2 Bacteria 152x 10 2496 x 10° S56xI10¢ 18.6x 10 1.8x10° 43x%10°
Amy. 025 x 10F L5 x 10 0.05 x 1¢° 0.025 x 1¢F 0.84 x 10F 16x10°

Pro. 12x10° 0.045 x 10¢ 0.021 x 10¢ 0.011 x 1¢¢ ND 047 x10¢

FW3 Bacteria 29x10° 0.081 x 10¢ 0.020 x 1¢¢ 0.035 x 10¢ 13x1¢ 29x10F
Amy. LIx10¢ ND ND 29x10° 098 x 1 48x10¢

Pro. 24x10 ND ND ND 027 x 10 0.88 x 10

FMI Bacteria 265x10° ND 0.08 x 10¢ 0.03 x 1(¢ 213x 1 1214 % 10°
Amy. 09x10¢ ND ND ND 035x 10 0.1x10°

Pro 0.3x 10 ND ND ND ND 0.27 x 1(f

N.D : not detected over 10/(CFU/g), * : Amylase, ** : Protease
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Table 5. Changes of bacteria and enzyme producing microorganisms during composting {50°C)
Pertod(days)
5 10 15 20 25 30

FW1 Bacteria 75%x 1Y 17.8x 10 7310 149x10° 183 x 1Y 14.6 x 107
Amy.* LS x 10 94 x 10 34x 10 6.7x10 89x 10 82x 10

Pro.** 0.3 %10 38x10 14x10 89X 10 6.4 x 10 9.7x10

FW2 Bacteria 0.8 x 10¢ 1.7 x 10 0.24 x 10¢ 1.8x10° 0.5x 10 03 x10
Amy. 0310 0.1x 10 0.02 x 10¢ 02x10° 08x10 0.2x10°

Pro. ND 0.01 x 10¢ 0.03 x 10¢ 0.1x 10 1LOx 1 5.0x10

FW3 Bacteria 1.2x10° 0.6x 10 075 % 10¢ 0.15 x 10° 14X 1 45 x 10
Amy. 0.1x 10 0.1x10¢ 035 x 10° 0.8 x10° 0.65 x 1(* 26 x10°

Pro. 03x10 03x10° 03 x10° 03x10 03x10 03x1¢

Ml Bacteria 1.0x 10 23x 10 12 x 10 04x10° 04x10 14 x10
Amy. 13x10 09x 10 0.85x 1¢¢ 045 x 10¢ LOX 10 075 x 1P

Pro. 02x10 0.65 x 10¢ 095 x 10¢ 0.75 x 10¢ 12x 10 1.8 x10°

N.D : not detected over 10(CFU/g), * : Amylase, ** : Protease

|8 HHFe 0 ¥ §4FH| o|dE He

o3 A FS B, A dsle HulFe A
= v 4EY g3 o]FojAH olf wAEEL H¥F F
AF 718 Bad 98 239 HE2E FLIXFL
GAR nAdE o] WstdYg, ol¥ wsie v E
WelM A, ZAFY FEg o) AAF W
& Futgid, gt olE mAENY WIE ZE}
Slsf 3097ke] Hulst 712bF 59 PR AN EE HH
of 30,50,60Ce xolx zZtz wjgFstdq FAF %
amylase s} protease ] P|FES A4y € AAEYE A
59t 1 A= Table 4, 5, 63 2t}

0T &4 AL Table 4049} Zo] HH|3} 5UH
AAEFAAM 10°-10CFU/g TE2.2 ZAEHULn 53
FW1 dAde A 717+ $¢ 10-10° CFU/g & &%t &
&+ amylase$} protease £¥] 0lJEBFE A 717 54 ¥4
AFHArh 50T o)4e LEME FWI1E Table 5, 6
ANM e} o] 2EFE] 10-10CFU/g AEE AFHUG
#H FW2e] A5-E 30CY F2aAMe 10°-10CFU/g3 =
2 ZAedAoy 50T o4 TLdXe mdEL F7}

oX

X

e

ool
.

223 2% 5§ 279 E 10-10°CFU/g £F0I%
o Table 64 8 Zro] 159 o] F o= 10°CFU/g ol 8t&
As= At

FH 27 E HEF FW3 283 FML 2429+ 30
C 9 F&a9 Huls x7) 594 10°CFU/g oA °
U Huld 2271 50-60C 2 $A¥ 10994 208 A7t
A 10°CFU/g ol3l2 A&t T3 50T o3y 2&
oA wAE HelZ Qd T4 I 2FOE A H¢
10°-10°CFU/g A= 2 A2HAT

Table 7, 8& 3097+ S48 237 =g 4 sl
ojd HF HulAMEe HE L ENE AAE FW1Y 8
¢ 68%, pH 7.24, NaCl 1.11% S 0.2 o383 AR
A A ARFAAM & ZolE JehlA gt IH
WAFS 7§ 10° CFU/g ool N H&HA ¢t FWL
AgTte Hddy ARER} QA" e Ao Yeuth

o|g} & AHE FUsd B u L4E 2Ry AAW
& o83t 50Ty F2zZAdA HYsE FYPF FWI
< it {718 Hulsd AYGN Jehvde nAE A
o] & A4 W3} glo] Huls} 7] FAAHAE WA

‘Table 6. Changes of bacteria and enzyme producing microorganisms during composting (60°C)
Period(days)

5 10 15 20 25 30

FW1 Bacterial 24 %10 39x10¢ 2110 08 x 10 L1x 10 L5x 10

Amy* 12x 10 09 x10° 5.1 10¢ ND 17.5 x 1¢ 35%x 10

Pro.** 1110 0.6x 10 12x10¢ 09x 10 02x 10 0.05x10¢
FW2 Bacteria 02x10 05x 10 ND ND ND ND
Amy. 04x10 12X 10 08 x 1(® 0210 ND ND
Pro. 03x10 04 x 10 05x 1 ND ND ND
FW3 Bacteria 04x10 09x 1 12x 10 12x10° ND ND
Amy. 0.1x 10 1210 02 x10¢ 0.85 x 1¢* 0.1x 10 ND
Pro. 0.05 x 10¢ 0.1 x10¢ ND ND ND ND

FMI Bacteria 025 x 106 0.01 x10¢ 09 x 10 2410 24 x 10 24 %10
Amy. 0.8x 10 14x10° 09 x 1( ND ND ND
Pro. 12x10° 09x10° 10X 10° 0.5x1¢ ND ND

N.D : not detected over 10*(CFU/g) * : Amylase, ** : Protease
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Table 7. CHaracteristic of food waste compost after composting for 30 days (dry basis)

ltems Betore Composting After Composting
FW1 FWw2 FW3 FM1 M2
Water content(%) 61.5 677 643 65.0 60.1 63.8
MAX.Temp(C) 22 50 30 63 63 63
Crude protein(%) 941 3.83 75 8.11 7.13 5.05
Crude lipid(%) 545 0.65 475 405 3.75 37
Crude starch(%) 1.78 028 0.86 0.57 1.12 0.65
Crude fiber(%) 2231 38.65 23.56 2239 24.65 2027
E.coli(CFU/ml) 1.8 x 107 ND ND ND ND ND
C0O,(mg/100g) 0 35462 31983 24542 28435 24597
Protease(unit) 562.8 10213 813.5 849.6 8489 8624
Amylase(unit) 52 39.5 14.8 224 254 28.6

N.D: not detected over 10°CFU/g

29 AAF7 Hulgsl £8€ 0¥ AR AEFHoE &
AP, E3] §718 ¢ d3 2 zudgy 2 @4
ulo] wWstelN Aed vl o] FW1 AgF#7t &
Ay ol va $5d AFE dehio] 48 247 #
A oA g 9% Huldst 7ted AR AREHY o] 9
Hujsl 273% 2E7 $8% A&7 =59 50Ce Hulg
Lxzde /Mg S48 Jebkth

2289
£AE 297 AADAE 9% g H54E AE
37 98 S48 287 A4 V4B FE U £8 2
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Table 8. Qualities of food waste compost after composting for 30 days (dry basis)

Ttems Before composting After composting Standard
FW1 FW2 FW3 FM1 FM2
Max Temp.{'C) 2 50 30 63 63 63
pH(1:10) 548 724 6.12 628 642 6.33
OM(%) 89.04 8325 87.1 88.82 88.76 88.43 over 25
TN 1.51 061 120 130 114 081
NaCl(%) 1.83 L1 1.16 1.19 136 1.35
K,0(%) 067 037 0.56 0.59 067 067
CaO(%) 037 032 021 0.22 031 025
MgO(%) 0.12 0.14 0.11 0.11 022 0.15
Fe{mg/kg) 472.08 166.99 114.74 £ 92.69 105.99 105.14
Zn(mg/kg) 3139 4563 37.96 3585 45.44 46.25 -
Pb{mg/kg) 187 078 0.468 0.55 748 0.94 below 15
Cu(mg/kg) 4.15 539 3.74 428 11.27 378 below 200
Cr{mg/ke) 124 348 - - 7.76 139 below 300
Cd(mg/kg) 0.56 - - - 6.72 - below 5
Ni(mg/kg) 1.00 3.75 0.18 028 726 0.39 -
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