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ABSTRACT

Food waste has been recognized as a organic sources for composting and many research was conducted to
efficiently utilize or treat. This study was to evaluate a feasibility for producing food waste compost under
co-composting with mixture of food and animal waste. The mixing ratio of food and animal waste was 35% as
main material, which additionally mixed 30% of sawdust for co-composting. Total days of composting
experiment were 84 days and each sub samples were collected at every 7 days from starting of composting.
Results showed that inner temperature in composting was rapidly increased to 70 + 4°C within 3~5 days
depending on mixing animal waste of cattle, pig, and chicken base compared to sole food waste base.
Expecially, the CN ratio in the mixture of food and pig water was the highest (16.2) among compost. After
finishing composting experiment, maturity was evaluated with solvita and germination test. Maturity index
(MI) of the mixture of food and animal waste was ranged between 6~7, but was 3 in sole food waste.
Calculated germination index (GI) was at the range of about 100 irrespectively of mixing of food and animal
waste. However, NaCl content and heavy metal as Cr, Cu, Ni, Pb, and Zn contents was increased in the
mixture of food and animal waste. which was the highest in compost mixed the food and pig waste. Both MI
and GI showed that manufactured fertilizer was suitable for fertilizer criteria while sole food waste was not
adequate for composting due to composting periods. Overall, mixing the food and animal waste can be
utilized for improving compost maturity, but more research should be conducted to make high quality of food
waste compost with animal waste in agricultural fields.
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Introduction

EHek= f71Eo] nlAEel ofste] FafiEle] eFgets]e dFgolH, APdshr o Stet RAE AdEe] Ed= H
+ AsPeHA 374 Te 1A {7150 G718 RS QIR o= BhE ZAdslelA] A5A o & AESHA A E
St=Zo= 1 FEEE 0l FS T4 Fotobstal, Edel A8 E 4= glofoF gt (Kim and Jung, 2006). ©]
HA YA M E R AE S APEE AL F 7 AR, 118 1130~50%2] R 7k
AE= 7102 A QlTt (Sweeten, 1988; Dao, 1999). E|H|3}2] A ojol= 52 0] 8-S 9I5t EH|#nt op ]z} u|
7= i%ﬂ%% o EjH|ak: 29lsal it} 53], FHFmolM = 7= ol olRt EFe] wel/dwt shobd Tl
4 FAEo| ge e, el A7 8ol mhE s&FEel tigh flei/do] Rotok gttt (Sikora and Sullivan,
2000; Sullivan et al., 1998; Touart, 1999). 12t} SAIER 17| & EH]of| Z g o] 24 W =2 A8 (NaCl) s
o2 FAA o SAER H7 & A8l gt 2= A&54 02 A|7]% A 91 (Kwon et al., 2009ab; Lee et al.,
2000), Lee et al. (2016)2 =5 B SAEFH7|E EMIE 282} 10330 Mg ha! Al-83 75, H2t 115=2] F|df

e Hel Wil BEqf 5 A|8Hd Na @ S7HAL HArsialnt. it 594 ol8ells S4=R7u7l= =
Ho] Oﬂ%iO] Fag aistd 4 9k

SAET 17 1= AFet 570l JlofA diel 7 e A EHIE ALt ] 918t Tk 2 e 5
EL al%tﬂ, =T 17 1= 959 gRdEe] H 1% Y w2715 AHH FEee] 0.5~0.8%= A4k, o]
B2 o g7 JETHRS 27] 50 1132 ZHAHTH (Phae et al., 2002). 24EF H71&E X%WWOW En)35}
& o= i W 571 S Aol B 50% 7HE Ao 2 At EH]ols Aol 0.4% Ak Rt
(Phae et al., 2002). T3t FiE-gefo] - 715 0} P Alo)A] EH|3} sEAY ThE EH|E 4] o] A] *}%ﬁh e
9555 =Y 4 Atk (Lee et al., 2016; Phae et al., 2002).

EuE Az o §ju]o} & 9 obgsk= g BEA S8R 28R 9 o] 5 YR 0] E5H|E- Sof wet uf$- 7P A
oleh. ZlE7HA] 47 7Hg o211 EH|s; 2742 vRAH|7E 30 Wi 9] 170 4ol 60-70% % AR
(Rynk etal., 1992; Lee et al., 2001). 5212 H7 |20 52 30~40%5 ELsto] HRIE Alxd 9ol 254,
2% pH W 2= A1, B2 & o] Fo| A (Lee et al., 2017), EH|S} 717 A E]H] o] Highgo] Al o=

A= Ik (Lee et al., 2015). 2 A= E|H[ Y= 0] £k F1F E|H|3 521 W G Alojofl it 714 HiekS =
ASFIR} -SAET w7120 72t E9tsto] EH|st Y 5 E|H] 54 WSS ARSI

tlo

Materials and Methods

EH[HE SA=27] =Rk Aol a4 174%3*1*401]*1 1), wha, AT gl el S 713 S0
2lE (F57olT)= AFfste] FR|sk Aol o83t EAlolaE 4201 71.6%, BEHI7110.2, Ead®dh

1.78%0°] 3t 7122 5 A Lo SAEA] 7]:%( T, i, ARd)= AFSHIT ofwl, S, =i, Al
ebdH)= Z12F 17.3, 11.0, 7.90]1907, FE9HEFES 7F210.36, 1.02, 1.68%= LFEF AT (Table 1).
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Table 1. Characteristics of materials used compositing
Materials ~ Moisture TC TN P,0s K,O CaO MgO NaCl
T iitnx_ti
Food 71.6 39.6 3.9 0.67 0.49 4.66 0.10 1.78
Cattle 67.9 34.5 2.0 1.15 0.51 5.37 1.15 0.36
Pig 43.5 342 3.1 2.09 1.77 541 1.92 1.02
Chicken 5.0 24.6 3.1 1.50 2.23 8.42 1.91 1.68
Sawdust 7.0 48.2 0.19 0.35 0.08 0.22 0.05 0.01
E[H[g} & Ao o 85 EH|S ST 1= oF 61 Lo ofo]AHEA (W36xL61xH30em)E ©-8-5t3iet. ¥F-3-7] U
B apgolli=27] 39171 (MA-200, wave point, USA)°f| AA% FBE 1A50] EH|A|R0] 1.67 L min' 2] 2717}
2|54 0 7 FGEEE 1AL, 2TAIA (EMS0, Decagon devices, USA)S EJH|E 0] 2] shcte] A5} 0.5A|7F
AR L=s Ak BHIEHE 917 HA SEPR 50-60%S Tefstel HARS Bt YT
QA SAE2E7] HHle EpA0]A9 FHE 70:30 (wiw) o8, ZhEd SR EHlE TS A e E
35:35:30 (w/w). 0.2 E9151IT} (Table 2). EHISF A2 20169 6DHE 897H4] oF 847t Xa8x|gl o v E|H|s}
717t &3l 79 A o= SRS AAISHAT:. EHIA & 5002 E°HAE AE W %*%? Ax71°14 60°C=
Az 9246, 2 mmAE TR AlmE 2Aof| o85SI
Table 2. Mixture ratio of base materials for co-composting.
Mixture of base materials (wz wt™)
Treatments
Food waste Animal wate Sawdust
Fw 70 0 30
FW + Cattle 35 35 30
FW + Pig 35 35 30
FW + Chicken 35 35 30
BAT Wyt wH] B4E Bk HlE 0] B @ 2R 1Ee] BAIEe] Qb 1A AR 2
(Solv1ta)ﬂr FAPLO @S F3ll AAISHSIH: Solvita i?éﬂ%* = A ZALIA Alset Al iR o = £75-8719
T F271R] EHIE °F 50 g A0l o 4tepetA-of o Lo Bk S| =5 2ot 25°CoflA] 4417 A & Al EAS]
£ EFAE | woto] B8t (Kim et al., 2016). FAPLORAE-2 A7 2 gof] FH74=40 mL 7F5Fe] 80°Cf|A
A7 G ' stk £ Sl o kst & B E2} (Raphanus sativus L.) 3082 90 mm HEZ|TA] (petri
dish)oll 7Fsto] A-20llA] 5A7H HiliRt & Hobgart i dol S ZAISIGIH: tl2+e F58 tii 755 o1&
oo FAokA| RSt F F210] HiolE: o]- 851t} FAPIOFA|4= (Germination Index, GI)= WOk (Germination
rate, GR)} ¥E2] 4 o] (Root extension, RE)= ©]-8-510] 2|43} ¢F 71 0 &2 th-2-0] A& o|- 8513t (Lee et al., 2015).
Zol) x 100

GI=(GR x RE)
GR = (Fo}& / 27 2ol x 100
o]/t

RE = (4
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EHl BM EHEAL 52180 AR Hlmo] FAHAR 2 Al=AfF7IEl Fote] BASHAH
(NAS, 2017). 2= 105°ColA] AR Axsto] Aehs S46H3l 1 pHoF 7 1A & (EC) = A& 575
Z¥ZF 1 : 10 (w/v) 22 83totod 1A17F B - pH meter (Orion 5 star, Thermo Scientific, Singapore)®} EC meter
(Orion star A222, Thermo Scientific, Indonesia) 2 Z7oItt. 718 5742 3]3HHE-S o851 9.2 600°CollA]
P4 7HER & 7 ARlES ALttt EH] o] F ghaet Ui AHE-UAE417] (Vario Max CNS, Elementar,
Germany)= ©|-8-0fl \£AI5I5ATE. T3t EJH| O] S5 & TAIGH] 910l 1 gO) A&E AFZE St Fsto] 1
S 24E20 mLe 715kl oh 7H A 2[_t & 7hdste] XA IZAT TRk W@zt 3 ALY, it A4S 21741001 14
9] Hl-&2 2313t Ternary solution 20 mL 7}otod 35| 9F 5 ICP-AES (Icap 7000, Thermo fisher scientific, USA)
2 EA5130TH(NAS, 2010).

SANE B A 2 Aelold 340 2 AlRS Ajsle] Aaslo ] Augke Bt HEHAS 7
5}] one-way analysis of variance (ANOVA)S} %4 -3-0] 2} 44 (Least Significant Difference, LSD)2] SAIEA]
e Bl AR 71”1 2] (p < 0.05)7F A=Al ERISHAIT SA12] 242 Duncan testS ©-85H. 2™
SAS 9.2 ATE 0|2 BAsteict

Results and Discussion

o] 2=Hst 2714 ERElolN RERS= nPES] AEES] ABEA ol §EH AL
45~55°C0]|t} (de Bertoldi et al., 1983). EH|3} 7Y & SAIER H7| By} /1SR S5t 2 L HEHE Fig, 19
LERSICE. SR H7|E &8 (FW: 25A0139 Fihollk= EH1e) 1 9ale 257} ehatobA] Aol e
™, oF 10t F| 2ol E”’G} ek 71 & AA5] 27t shdste] EJH|S} 35U} o] 92 EH| 2= 25~34°C9)
7|2 AR A LA A5 G2 =9lc 24125 720l 98, ==, A 23k =8 Hrjo] &
T 5 BA0] &S AFIL EH|SF3~7 GAfo]] 124l 68~72°C°ﬂ TSt = 2 AR 2okt Bl EH)Et

OO‘X} -T2 BH 2= QRS H QA SAER w7 | =S 2 7ke] ol ElHIst 30 YAt ElHl2 et
A5 AE|o] ThA] A=z, 18] E[H]3} oF 45 o] 9 Elﬂl L7t g3} =] Ak
19}71;01 EH|tiu] o] RSk Hg o] EAJut Bapfete] Eohu), sRele, 3 71aa 2ol oJs ZA ged
= 0tk (Bueno et al., 2008; Yu and Chang, 1998). 2-41&F H|7|=2] EH|3}| mi Y AtAaE st Ay
o= EH| S} 5~7 GAof] 2257} 2F 50~70°C7HA] Ad=s5t.om, BlH]5}20~30¢ o] 92 2 sty F 34| Lrer
Ao

LHA] 9EQtTk (Lee et al., 2017). Fig. 10142} o], 212287 @4Al0] A9} 7158 S5k E|H|o} A12} 1~5UA)
off EB}2E7t 2F 70°C 7HA] A3 EIAL, ol A ElR[et 7 IRbe T4 1h SIS SAE R H =]
Hlehz 2ehelno] da 7t wfe Aol7t v S e ] mhef|, A8 3.0% gt =2 R AR ] 290l

Z7] EHl2k 5 EH[3l] JkS 7131 Ao 2 kTt (Chang et al., 2008; Sohn et al., 1996; Lee et al., 2001;
Park, 2003).
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Fig. 1. Changes in temperature of compost piles during co-composting with the mixture of food and animal waste.

pH 3 EC H3} EH|3lol|A pH= EH] F450] 1M 2] 2|32 o] 82 4= glor, 8|3t 7 5 nAE 249
Z|2 9= 6.0~9.0 HIolth (Miller, 1992). A= W7 &2 B[H|2} 2710l AMd pHE YEHi= 7497 2]
oli= EH]2} Aol WASH= R4k e whizolehs Al A 237} QAT (Lee et al., 2004; Chang et al.,
1995). o=t W2 pHolA= EH| S} Tofsh= Al WHAlT 52 nA8E /o] Aol 4= 9ot 1= Fig. 29t
o], FAEF w7 = gaAlol Aot Ehfe Rt EH| (FW)= EH|SF 2719 pH= 6.95 ©] 21, 7142 st
EJH]E pH 6.94~7.02 2 B 378 F2 HERH AT EH]oh v oll - Fw= EH|et 21 LA pH7FE43] &
510 pH 7.45~7.63-% A HHH, 27] EJH|Sh &7} w2 -2 (FW + Cattle) ¥} A 23HEH] (FW + Chicken) 2]
pH+ B2} 27] pH 7.0014 14 pH 7.8 = /d53t o] %ol A|Af5] Zhash= kS, =i SHEH] (FW + Pig) 9]

P SAIEF 7 @ﬂﬂmvﬁ SRS LhefiGlEt. EIH] 0] pH AL ol Hlze} wHke 2 el Aih g go 2
714 320 AR SIS 3 $ )] okt R GRdelel 490 98 T

(Said-pullicino et al., 2007). =2} A2 SRt X E]H] ] pH o= FE o 214t 2 AAtslrh ghdisto] E[H]
3} 717to] Eofdol wht EH] pH4 WSzt A o2 watent, J8u-gAER fr1Ee] @Al AL} 7=
= 28t ElH]= pHE 7.0~8.0 H{lolA 988} E] It} (Joo et al., 2007).
EH]slol|A] A7 AL (EC) 2] Bish= nAEe] ool f7]=o] wall=™ A== o257t Tl 3L2™ (Yun
etal,, 2012) E¥el Al-85t3S T AlE54E& L 4= Q= 7Hs 4= B7HE 4= Itk (Petric et al., 2012). A=+
17| & E|H]9] ECE=44.4~53.0 dS m™' 2 LR, 71541 28} EH)= 7154 SRl W2t EC Wate] A2 2fol&
BTk (Fig. 3). T SFEH] EC=25~35 dS m™' 2 EH] 5 7P w2 Bho], EHat A& 23Rt EJH| 9] EC
1= 58~70 dS m' 2 -SAEF w7]E T8 ElH|E ot B =34t Chang et al., (2003)-2 GRHAQ1 EJH| O] EC 19
+£25~50 dS m" 2 B 51, SAER w718 =i 2 AR 23k EH|9] ECE =ole Ao R Btk
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Fig. 2. Changes in pH of compost piles during co-composting with the mixture of food and animal waste.
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Fig. 3. Changes in EC of compost piles during co-composting with the mixture of food and animal waste.

& EHA U IAHE Slsl]H Bk YR0] §712 RoIE 917 oUX| L0 2 o} §El0] npgEe] e
L 2T Y FL 915 A7 o1 AT (Lee etal., 2004). mhebA] st 719 ST ] o] fgt Bafaigel A
olstatets: 2

o] of5to] Bta-glako] 7h4-sh= Z49kS Ho| A Hct (Chang et al., 1995). SA1EF 17| & EH] 9] A
3.3%, 2 59R22.5%, =7 TGRS 6.7%, Al T 0.3% FAaE AT, 2 EH]
-2 35.8~44.1% Atolof] AT (Fig. 4 & 5). AAA FFe SAER HI71E EH[of|A 44.4% HAE,

717} 2581} 13.9%2] S7HE, AR Sk AAasrr fat glgitt (Fig. 5). 591, EH]9] 4
pH g} o3t F7)3He ¢lmtu]ote] $itel whE Avta ot 2% EH|] ehabl=
129.67}31.30]%0 1, = AR &5 ElHl= 217} 16.29123. 724 E|H] 2} &
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Fig. 4. Changes in total C of compost piles during co-composting with the mixture of food and animal waste.
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Fig. 5. Changes in total N of compost piles during co-composting with the mixture of food and animal waste.

EHIRsE F45 FElE ndEe 5] oHst H AEs4de U= E40] gle R vl EH] o]
A 2Eo] 7S AAISHA H Tt (Zucconi et al., 1985). oq:lz_oﬂ,q% E|H]3} 717t skl vl = o] FAHARE 2
NBAH7E Foto] 71A1E B 7S solvita@t FAPHOIA S o] §oto] EH] Hate HskE AR

T} (Table 31} 4). Solvita F43Ie S-S E[H| 9] @I L|ofe} o|ibeetA HiEwk& FAFsto] njAdEe] ofgh Hk-go]
FEE| A=A FRlehe 24 Rt 5 S0k o ok F552]4> (Maturity Index) Ol A 4~6-2 745971, 7~8-2 -
Z9ha DA 4 o W B4 2102 wPRITE SolvitaE 085t EJ‘#Z:EF}, wER W72 ERlE Evle) 84
Aol EH] o] Fizo] m|ta gl ov, et BlHl= 56 FAte], =i B AR 9 EH| = 84 d3to]| 212 Rar
=2 ST (Table 3). 3754 (Raphanus sativus L.)E ©-831 HotA]g] Ay} Hlohgu} Bie| o] & Faf|

)
ma-l >{‘



E[H] o] EC7} o]

el
EH]9] ECE= ZH2}65.591 71,75 dS m' 2 YHF EJH] Q] EC 25~50 dS m™' &

5F

]2 &2

I}

E

=

FACH (Table 4).
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o
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Table 3. Evaluation of compost maturity by Solvita index after co-composting for 84 days.
Table 4. Evaluation of compost maturity by gemination index after co-composting for 84 days.

o =240 (Fig. 3), o=

459]
o

1

4
=

wlo] 5712/

ko 717} 0.46, 1.71,

—(?—:‘II_
& 7P =Skt Emlof] ek

ek
=

] (Yun et al., 2012), E=H} AR

ek

=7

7]

=
T

=]

=

]

=~

o
=

Yol
=

1=}
R

[e=]
=

e}
=

1=}
L

RIE=

[¢)

4

p=]

Hej 7o v
wo] 22

al

=
=4

A5

217] wj&of| (Hayward and Wadleigh,1949; Shannon, 1997).

st

elxel
=

s =l

O

o
H

=
T—

A A 27 A8l

=

=

S}
=
ZAF
1

_‘;
—

o

]
o EfH] Al-g] €]

E[H]

2]
1l As, Cd, Hg, Pb, Cr, Cu, Ni, Zn2]

[e)

TEEE
°© ol5Ao] A
Azl s

4L

EH|et 1

I~



Effects of Animal Waste Addition on Food Waste Compost under Co-composting * 631

45mgkg’, Cr200 mgkg™, Cd 5 mgkg”, Cu360 mgkg”, Ni 45 mg kg'1 Pb 130 mg kg, Zn 900 mg kg™, Hg 2 mg
kg'olslo|th (RDA, 2013). EJH|S} F87 & ZEEH|o|A S35 S1aRe ARG AT} (Table 5), As 0.66~1.15 mg

g, Cd 0.13~0.38 mg kg, Cr 4.31~11.51 mg kg, Cu 10.5~121.2 mg kg, Ni 1.76~5.56 mg kg', Pb 3.20~7.64
mg kg'', Zn 45.3~337.9 mg kg (Hg AZIM oJsh o= Wi Aol Sa5& 2 71 nvhe= vehgdtt
(Table 6). =5} SAEF #7152 319to] whet Cr, Cu, Ni, Pb, Zn 9Fgo] B0, AlR-o] £+ Cr, Cu, Zn

1
AT E SIS HHIEE 5T AR 2RSS AR 2R

H7Ev =2 9 AR =
o ol Ao 2 Br=g)
Table 5. Characteristics of compost after co-composting for 84 days.
Compost Moisture oM N P,0s K,0 CaO MgO NaCl
(%0)
Fw 66.7 74.5 1.46 0.28 0.45 2.64 0.16 0.80
FW + Cattle 63.8 76.1 1.42 0.26 0.38 2.19 0.31 0.46
FW + Pig 61.1 68.6 2.46 0.86 1.88 5.89 1.77 1.71
FW + Chicken 62.7 61.8 1.52 0.52 1.12 4.16 1.34 0.97
LSDg s 242 6.21 0.17 0.11 0.18 0.65 0.14 0.31

Table 6. Heavy metal contents of compost after co-composting for 84 days.

Compost As Cd Cr Cu Ni Pb Zn
(mg kg™
FW 0.66 0.37 6.61 13.9 2.04 4.99 453
FW + Cattle 0.55 0.21 431 10.5 1.76 3.37 52.7
FW + Pig 1.11 0.38 11.51 121.2 5.56 7.64 337.9
FW + Chicken 1.15 0.13 5.07 38.9 2.74 3.20 309.3
LSDy,0s 0.42 0.09 2.67 5.04 0.62 222 52.9

Note) Hg: non-detected.

Conclusions

2 04%011* = 8 Tr‘l 20 7hEE& 285t 84 7he] BH|e} w1 - Ev] o] WSS skt &
Hl= .pHE= 17.0 ol ssto] 2%
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