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ABSTRACT

Food waste has been recognized as a critical problem in Korea and many research was conducted to efficiently
reutilize or treat food waste. Main purpose of this research was to evaluate a feasibility for producing
fermented organic fertilizer with mixture of earthworm cast (EC). Four different treatments were mixed with
food waste and EC at the rate of 0, 10, 20, and 30%, respectively. 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 increased to 70 + 4°C within 5~10 days depending on mixing ratio of
EC. Among different treatment, the highest increase of inner temperature was observed in treatment mixed
with food waste and EC 30%. After finishing composting experiment, maturity was evaluated with solvita and
germination test. Maturity index (MI) of each treatment was ranged between 5~7 indicating that manufactured
fertilizer was curing or finished stage. Calculated germination index (GI) was at the range of 104~116
depending on mixing ratio of EC. Both MI and GI showed that manufactured fertilizer was suitable for
fertilizer criteria while control (FW only) was not adequate for composting. Overall, earthworm cast can be
utilized for improving compost maturity by mixing with food waste and more research should be conducted to
make high quality of food waste compost with earthworm cast in agricultural fields.
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Changes of temperature in compost piles during co-composting with earthworm cast.
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Introduction
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EHlels 71, S E, sAEAdl] 5o v U3} 70|t} (Chang et al., 2002). 57
221 EH]2}E Bt SFYh 25 ElHl= 7 ]E, d4y, o4 2 nHAE ok Jlol R0 e E s
F o= 80| 753t (Lee et al., 2000; So et al., 2007)

A=t SAEF W7 24 AV oA 54 =57 w71E9] A%t F A elsh2 4,0877 =013t (Lee et al., 2015). &
A EFH7 1 AAA F BRSNS SAER w7 e 971,790 B AReldlon, ol = 2AER H e
Z 2] 2]2F0] 43 8% ZFAISFAT} (Lee et al., 2015). Lee et al. (2015)2] A=t 221 247] 22 Aol A

gt ZAT AT}, B (NaCl)2 0.82~4.67% H = E[H|©] 46.8%7F A e 2.0% 5 ZH5HAL, &
|22 AFEE= FAPTORR]S (Germination index, GI)= 0~176.6 91312, E|H] 2] 46.8%7} H]| =54
|stdet. ElH] o] Han2 EJH|EA-S A3 = 585 =07, n|ias EjH|e} ol o] s &
EH O A2 ESE 2 =2l tet EF T ol 2 {14 Aol ofgt pavol 2 =4
ol B 57| w-=of| (Brix and Sorrell, 1996; DeLaune et al., 1990; Gambrell and Patrick, 1978), E|H]
& A5HA 7= ]lo] =7 gk

2] =[]} (aerobic composting) -2 RIAYEC] OESHAITE Folisoll B A% o] 5= o]
3} (vermi-composting)i= -7 &= A2fotal v dsk= vt n| A= 2] {7 | & ol S & o] Fojzit)
olF o g3t {71 EH|3l= slkpgniAl, 242 5o 1S Aohe Bt
(Lim et al., 2016; Rorat et al., 2015; Sharma and Garg, 2017). €5F4© 2 vermi-composting= 551 A4
N FHES A4, QM 71 5= ekl 9o, W AR T2 Qs 2HE o] QFgA4te] 71947
al., 1996). T=3F B E = cellulase, 3 -glucosidase &/J0] ot EFS] F7| B9 Bol|E XA s
FBEE SZIT 4= It} (Fernadez-Gomez et al., 2013). ©|@]of| = SAIE2427] Z{=|A[dol LAY oh= oFF
#ole a3t 5= o] vlo]| e BE 2 E-8-5]17 1tk (Yoo and Lee, 2007).

SAEAYY] BHgh= 71 9 He 3 4S AR S S o8-Skl Sk SRS e
70%2 XA BH|8} 271-& FE517] Qo 2 B2 30~40%2] &3l Utk (Lee et al., 2015). 521&24e]7
H|gjo]] 243t BH] 9= 9] T2 SA1EA7| B8] o] e ZX5k=tigte] E 4= Qleh. SAE A7) A2 7t

o
2B57} & 0207 51 = Zlo] EAJoltt (Lee et al., 2000). EH] Gz 2
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Materials and Methods

EH[AEE 32427 SR ol 24 =27] AeAldelA ikt o, A 2 EpeagdS AR S
Az (FgAlel e AFIsto] EH|SE AlRlol] o] 8st3inh. EpAlo]l e o] 71.6%, BEHI7H9.54, Awels
2 1.78%°]%] 3L, EHH E (earthworm cast, EC)+= vemi-composting T of|A] A 2|&o] BHE Z 4~50] 38.7%,
SAR7H2.2, AR 0.41%01 00 Tt 22 AA 2 ARERE T2 2ol 10.0%, BEHR= 9045 L

EFLQITH (Table 1).
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Table 1. Characteristics of materials used co-compositing.

Materials Moisture TCt TN TPS TK" NaCl

(%) (%) (%) (%) (%) (%)
Food waste 71.6 40.1 4.20 0.67 0.49 1.78
Earthworm cast 38.7 13.8 1.13 0.74 1.09 0.41
Sawdust 10.0 452 0.05 0.03 0.21 0.03

TTC, Total carbon; TTN, Total nitrogen; STP, Total phosphorus; TK, Total potassium.

E[H[3} & o] o- 8% EH|3FRFE7 )=t 61.0 L] 0}01&& (W36 x L61 x H30 cm) S o851t HE37]
W vigofl = 27] 471 (MA-200, wave point, USA)ol A4 SH-S 71461] EJH|A]=o] 1.67 L min"' 2] 57
7 A5 0 2 FFEEE S0, 2 A4 (EMS0, Decagon devices, USA)S EH|H 0] 2] shctof Ax]sod 0.5A4]17F
A0 R e S5 EH|SE fft 24 2T 50~60%E JEsto] EH|SHE St a2 g
Alo|Z}H RS 7:3 (w/iw) 22 S35 AL B EE E7o] 3.0 F39] 10, 20, 30%S E3151T (Table 2). &
HI2F A2 2016'd 6 HFE 8 97kx] °F 84 U7t ZIAYE] 9l o™, Ae| 42 7L THA 0 = wHkslt) Al 5=
EpAE AEHe] oF 500 g0 AlmE A5 T ARAR £A QEA 60°CE A% & mpafisto] A2 Aol ARE-
Ciyi s

—_

Table 2. Mixture ratio of base materials for co-composting.

Mixture of base materials (wr wr”)

Treatments

Food waste Earthworm Sawdust
EC'0 70 0 30
EC 10 60 10 30
EC 20 50 20 30
EC 30 40 30 30

TEC, Earthworm cast.

ST Yot FEo R5E Brksl] ffall BlE o] FEAAMTR 9 A F 71z BAIE Sl Z1AIA 7
2 ZAH (Solvita) AP OA|AS 0] 85T Solvita =75 (Woods End Research Laboratory, Mt. Vernon,
Maine; TMECC Method 5.08-E)-2 A ZAA] Al 55 A ARIHES v 0 2 Z74-87]0f| TAJH HE712] EJH]|E oF
50 g A0l ojitelEtAe) QfH Yol BE-g S =5 2o} 25°Coll A 4417 HA] & MZHOLE FEAFE 9F Bl wsto]
ATt (Kim et al., 2016). SAPHOIAE-2 A7 1 gof] T-7 50 mL 7Fotod 80°CollA] 2A17F 4= &6t &
=5 gAML AUt 5 T FZ} (Raphanus sativus L.) 30582 2290 mm HEZTJA] (petri dish)of] 7Foted A2
A 5471 Hljefsto] Wolgat B ol & ZARI: tf 24 5589 tihl S/E o-85to] FUsHA iRt
T Z210] Hhots o] 8519t FAPOFA]4= (Germination Index, GI)= WoHE (Germination rate, GR) 2} 22| Z 0]
(Root extension, RE)E ©]-85t] 2|3} 9F Z1.0 2 t}2-0] A& o] 8515t (Lee et al., 2015).

GI = (GR x RE)
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GR = (Folg / iz~ 2ok x 100
RE = (f2]do] / tjx+ e Zo]) x 100

AHAAPTH 9 A 52257120l =5to] 24 S5F
ATH(NAS, 2017). 2452 105°ColA 5AIRE Axsto] e S4SIAA pHe A7 e b= A 5o 5775
Z¥ZF 1:10 (w/v) 2.2 23tsto] 1417 WHE & pH meter (Orion 5 star, Thermo Scientific, Singapore)2t EC meter
(Orion star A222, Thermo Scientific, Indonesia)= Z45I3Tt. 171& 42 3|3PH-S 856152 ™ 600°ColA|
R A 71T & Atk AlLtsEaTt. EH] o] & ehAet A A A E- U AR 7] (Vario Max CNS, Elementar,
Germany)E ©|-8-5fl 2AI5I3ITE 3t EJH| O] S5 S TAISH ] 916l 1 gO) A &S 412 ek Fste] 1
S 24E20 mLe 715kl ShF 7H A 2]/t & 7hdste] A IZAT TRk Wzt 3 ALY, St MRS 217E10:1 1 4
O] &7 233t Ternary solution 20 mL 7}5to] E35f| 9F 5 ICP-AES (Icap 7000, Thermo fisher scientific, USA)
2 295190t (NAS, 2010).

SAME| 2 A= 2 AgfTtollA] 38R0 2 A =E A|F|ste] ZIeYstal om Atk Bt BEHARE A5t
o one-way analysis of variance (ANOVA)2} %4~ 2] 2} A (Least Significant Difference, LSD)2] FAEAH
2 &0l A7) 72041 2ol (p < 0.05)7F A ER1ISHITE FAIA 412 Duncan testE ©-8-51% 9™ SAS
9.2 AR Eo|2 Bt

Results and Discussion

EH|Ci0] 23 o714 EH|lelA 2E 3= n3ES] ks o] 2| FE2A] o §E|H A= 45~
55°Co]tt} (de Bertoldi et al., 1983). 1= 12| EJH| 8} 1Y F -2 FS}= Fig. 10| HEIUIQIH:. EHE 71 w2
g]8|5} 74 5 2= HolE RUEF §F Ad) tZT (EC 0)2 ALt RE A 2]l A EH|e} 1 QAR E =71 A
Sot3om, oF 5hate] | el EEetginh. 1§ AA5] 257 shdole] oF 28 o] F= R E Aol A EH]
257} 25~38°C 2] 7] 25 oF fFAISHA JERHA] BB[E ] 2= QA5 G2 =i EHE 471t wet
E]H] gu]o] 2|12 70~75°CE WEREY, BHE 30% 7t A] EHEu] o] 2= 7P mhEA] AE 9t 1
2y iz EH]3} 717 144 310f] EjH[E R o] 211 255 YW RISLL, o] % AAS] FAEt7E, EJH|SF30~40
A 717kof] B[H] 2E7}F50°C L0 = ThA| Ad=53t o] %ol AAS] TAE| Qi o] =gt BjH] m|o] 2 Hak=FEHE
7ol 2 ndE 43} tEo] 7ol 840 /o] ozl AR of AXITt (Fernadez-Gomez et al., 2013).

o]o} Zho] E|H|rn] o] 2 Hh= i o ST FApete] EolH|, 2o, 57 18-a 1ol ofsl 24| g2t
4= 31tk (Bueno et al., 2008; Yu and Chang, 1998). 221+ Hl7122] E[H|3}of thet Ae) A12E =3t A,
o E]H13} 5~7 Afol] F| 1127} oF 50~70°C7HA] /=551 0™ 20~30Y o] ¢ &2 2= HsEr 37 UehA] of
Atk (Lee et al., 2017). Fig. 137} o], SAEA 27| @=pAlo| 3o FHE 7= 813} A2t 1~5 @A) B[] o] &

£ 2F70~78°C 71| A5 =l o] A=A |7 EJH|E} 7]7e] ©hEo] ZRs ottt SAlE2A 7] BH|slks EH| R
of| =3 A7} ol Fof T Zpol 7} Bl IA U, 27] EjH|sF o] BRjslo| B2 JFS = A& L 3l

%It} (Chang et al., 2008; Lee et al., 2001; Park, 2003; Sohn et al., 1996).
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Fig. 1. Changes in temperature of compost piles during co-composting with the mixture of food waste and earthworm
cast. EC means earthworm cast.

pH 2 EC H3l EM|slof|A pHE EMIFS2] 7HE4 2 5= o] 82 4= §l.or, EH|s} nE 84 o] |49
+6.0~9.0 o]tk (Miller, 1992). SAEFH7 2N = EH]3}t 27], pHE 4SS Uetli= 497 B2 o=
EJH|3} 2ol A ok 7 14ke] Gk wliZoleh= A9 4t A2} Qlok (Chang et al., 1995; Lee etal., 2004). 5
At 52] nPAE E/do] Aelid 4= qlet. T1=uFig. 29 o]

2 E|H]3} A0 pHO| A%, Z7]oll= TR A= R B S8k A= (EC 0%)°ll4] pH 6.95013111, &

HIE S S A]2) T pH 6.94-7.028 W5 54 H2g Uehle. et ool gz st al g
B 375] 42510 pH 7.45-7.638 S8 9, BelE 5k A2 5662890714 pH7L 7.46-7.96 02 A%

3t ol5of MA3] Haste = Bt ol pHOl 462 ool H e wHko 2 Qlsf Afaggo] A5 o of

FoIA 2714 2300] FAE A A= ] f7|ite] Esfiet Tl d 25 E ofE U ote] Aol [P 91| whize |t
=

70 {(B) —8— ECO
. O EC 10
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Fig. 2. Changes in pH and electric conductivity of compost piles during co-composting with the mixture of food waste
and earthworm cast. Bar means least significant difference (¥, **, and *** denote significance at 5.0%, 1.0%, and 0.1%
levels, respectively).
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Eln]glo| A A7 A E 0] sk ndEe] ool G lEe] EallEH A== o] 252 BRlo] 912 (Yunet al,
2012) Bl Al85t5kS o) A1E5/dS Ul 4= Q= 73S 87 4= Qltk (Petric et al., 2012). A|E 27 o
F0] 271 = 44.4~53.0 dS m™' 2 LR, BRIE A2|1o] 27|k = E]H|8} 271 2/tl&o] ot
el wet M7 E T = 29.7~37.3 dS m O & tizAof Hls WokARt EHES SRRt 2F EH|Y] EC+
42.8~49.4 dS m™" 0 2 LukAS] E]H] O] EC H9] (25~50 dS m™)ol] ZgHE]= 71 0 2 ZAFE] Itk (Chang et al., 2003).

£ EA O AEERY SISOl Bk 0B §71E HoE 9IeH A A0 R o] §HIm] nlIE 0] e
L 25 B G 915 DAt o] Gk (Lee et al, 2004). wHebA Hlulat 11 St upgEo] ofgt 2akul el
olstalets: WAl olste] Shatio

8
| Aadk= RS HolA| Hth (Chang et al., 1995). & 7o) E]H|3} 717H 5
=3.3%, BHE H7F A2 3.6~4.9% AAEACE HiE 27] % 3
]3] X5 44.4% HAE I, BREES 10%2H20% 71 AEl s 242F 5.6214.3% A4S Hel vhe] 2
E 30% F7F A s AAA gFFo] 7.8% Z71EQIT (Fig. 3). 3] E]H] 9] A4 A4t pHE7 ] oJgt 7]sk
R o} A0 flito] F21E Avte wekEnh EH] O] O/NHI= 27] 21.4~-27.8% UL E[H|3lof 213} 3

HQ] 25~35 Ko 2 LR O™ (Bernal et al., 2009), EH]S} oA Zhasto] Ad £7 & tiZ27= CNH|7}
29.6°0 % 71 =9k, HHAE 7ok 2] 24.5-27.2.0 & tZo] 1|5 W3t} o|uf) 7P e /N HslE 1
o1 A2|7= BHE 30%E S3iet A2 27] 27.8014 % 24.52 74519t
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Fig. 3. Changes in pH and electric conductivity of compost piles during co-composting with the mixture of food waste
and earthworm cast. Bar means least significant difference (¥, **, and *** denote significance at 5.0%, 1.0%, and 0.1%
levels, respectively).

EH[RsE T Bule updae] S| st Hal A4 Uehlle 220] gl BHlE

-
K
i
)
=

=2 20) A2 Ao Tt (Zucconi etal., 1985). £ QFoIAFE |8} 717+ Foto] ] 2o] EAAAY @
BRIl Z510] 711 B ZAEPHC) Solvitast EAPIOMAIES o} §5lo] Blu] Rt WatS 2AsH
o (Table 3). Solvita B4 ZAH-L E]u]e] hmuioe} o] stebs ke 2Afslo] nAZe] ofgt#kgo] oh4

“\]

do

Mo oo
L
>

=] BHIGE0 24 PRS2SR ol $4214 (Maturity Index) oA 4-6-2 545571

= AR 4 ol f H=g 2 02 wgRit) SolvitaE o817t A2} tiR= W3t 84 7]

)
2,
H-]
)
=
I
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i

0|

o] = =2 Gt FHE 7= HH] ] Rag SAAZH. ZHE 10% 7R A2 4222 £ E 20%

9}30% ¥t el 2kt s6dxte]] Barehiam 2 s R ek T3 FEZ} (Raphanus sativus L.)S 085+ o}

Al A3, otadt fejdolE Foll AhEst HokAla= (GI) 70 oVde TR EHlet IRk = 29, HE
@]

2} AEe 42 213595 AR ]IT 53] ZHE S| EgHlEo] Fobof wet Hol|a 7S WSk F
H]5} 7)2bo] PhEHI gt o]t HWE £3 vlgo] ok WA AL tehls 240] o7t ZH Y 2
22 IHAFETH (Yau and Murphy. 2000).
Table 3. Results of compost maturity test.
Composting period (da
Maturity test Treatments P P (day)
7 14 21 28 35 42 56 84
EC’ 0 4 2 1 2 2 3
) EC 10 4 3 3 6 6
Solvita
EC20 2 1 3 1 1
EC 30 1 2 1 3 1 2 5
ECO 37 54 56 60 66 75 96 100
Germination EC 10 48 55 65 57 75 91 95 104
index EC 20 51 66 80 76 88 117 125 119
EC 30 46 62 79 80 90 123 125 116

TEC, Earthworm cast.

JP‘*EO* ﬂHH 7= ?}E’Fﬁr 714 vl Aeshe B3 UEl=tl (Yun et al,, 2012), ©]217H B2+
HE 7 Hlgahe Bo] AEHAE Btk EHo] 2§

(Hayward and Wadleigh,1949; Shannon, 1997). &
0.91, 0.83% .= A=t} 55| ZHE 22k 5A1E2487]9] =]
2 38 7o) =2 710 7 HWrE| Q)

ZA42 of5o] Zof Ej] A8l oJal] Efel Z2slo] 2420 S1shg ek 5 Ik, B2 B A
=uje} 1 92 0] fafl As, Cd, He, Pb, Cr, Cu, Ni, Zn®] S5 3 7158 HAISkL glom 212t o] 9 7152 As
45mgkg”, Cr200 mgkg”, Cd 5 mgkg”, Cu360 mg kg, Ni 45 mg kg, Pb 130 mg kg™, Zn 900 mg kg™' Hg 2 mg
kg'o]th (RDA, 2013). M]3} & § HFEH|A Fa & T=ks AR 27} (Table 5), As 0.66~1.96 mg kg™,
Cd 0.37~0.98 mg kg™, Cr 6.6~36.9 mg kg™, Cu 13.9~36.9 mg kg, Ni 2.0~14.5 mg kg™, Pb 5.0~24.1 mg kg™, Zn
453-216.5 mgkg (Hg ZZ3H oJsh 0 2 E Haj o4 24 Feke 715 ngho 2 treh =ju] 24 Qhst
R0 Uehet, 2ot )5 48 3 R0 R BRI 34 ke BHE Sghilgo] kobyd uket
Z7elged), ol BHEC] Tahd Galdwe] ggo] G vldl 2o Nekdr,

R o
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Table 4. Characteristics of compost after co-composting for 84 days.

Treatments Moisture oM’ TN® P,0s K0 CaO MgO NaCl
(%)
EC' 0 65.3 74.5 1.51 0.17 0.41 3.86 0.12 1.20
EC 10 63.1 70.1 1.71 0.20 0.57 5.02 0.30 1.17
EC 20 57.9 64.0 1.44 0.16 0.59 5.27 0.44 0.91
EC 30 56.0 60.0 1.34 0.15 0.65 6.38 0.56 0.83
LSDy s 2.24 5.25 0.19 0.02 0.09 1.49 0.14 0.12
Criteria <55 >30 - - - - - <2.0

TEC, Earthworm cast; TOM, Organic matter; STN, Total nitrogen.

Table 5. Heavy metal contents of compost after co-composting for 84 days

Treatments As Cd Cr Cu Hg Ni Pb Zn
(mgkg™)

EC' 0 0.66 0.37 6.6 13.9 ND 2.0 5.0 45.3
EC 10 1.18 0.66 19.2 36.1 ND 6.3 14.2 120.5
EC 20 1.45 0.60 21.9 45.6 ND 9.4 12.6 149.6
EC 30 1.96 0.98 36.9 66.7 ND 14.5 24.1 216.5
LSD0.05 0.24 0.19 7.89 4.69 ND 2.47 7.70 223
Criteria 45> 5> 200 > 360> 2> 45> 130> 900 >

TEC, Earthworm cast.

Conclusions
B Aol SAE

gl wh2 =
ah2 Aastrt G412

22| EHIshE Sleh RAANEA BEES Wrlalol S482e) iEAe B1s1ct
1SHE 15} ] sl BHE 0, 10,20, 30% (wiw) EFS1o] H2jstton, 842l 7
2l 71o] B S5l 8] 57 H|cinle] LT EEARMS BRI, p &

£ Heioll A s 271 7.0 RN G4o10] 25 EHleE 7.5 F20 2 2ATslo] QP HH1] pHE U
LIS, T RS 2157459l AR 35400062 3% BT, 53 Y T RAE Wk
T vl

SYRE . A 3098 27 AT 17 o] Al
} AT EHE 7P ol ARE 718 Rt 71 B Aanls o] Hlu|o] $ag 2214
AT, 2% ¢ HH19] AL 051 0% W 4 2]

T35t fepo B
Thk fobAls e BYoL, MR 715 S TSIy, B A7 Avk-S AR Ao Lk o] 4t
}_ p=]

olo]

2% =il BE S 4

7he SAB2HY] EMIEDS YA 5 Gl R B8l 7R 202 Bl 37 SRy

o] Aol T A Qs e g Zlo 2 weEr,
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