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ABSTRACT

Amount of food waste has been increased annually in Korea and re-use of food waste as a fertilizer or soil
amendment in agricultural field has been studied. Therefore, main purpose of this research was to determine
optimum condition of hydrolysis for food waste management. Three different solvents, HCI, H,SO,, and
KOH, were used and varied concentration at the range of 10~30% and hydrolysis time at the range of 1~3
hours were evaluated. In general, reduction rate of food waste was increased when concentration of solvent
and hydrolysis time was increased except when KOH was used. Among different solvents, concentration, and
hydrolysis time, the highest reduction rate (97.79%) was observed when 30% of HCl was used with
temperature of 140°C at 2 hours of hydrolysis time. In addition, neutralization effect of alkalic materials, shell
waste (SW) and egg shell (ES) was evaluated. Both SW and ES increased pH of finished acid hydrolysis
solution up to 7.61 indicating that neutralization effect of SW and ES was sufficient for finished acid
hydrolysis solution. Contents of organic matter was also at the range of 10.7~13.04% and 5.53~8.04%
respectively when HC1 and H,SO, were used as solvent. Overall, hydrolysis technique can be used to manage
food waste with selected optimum condition in this study and characteristics of finished hydrolysis solution
after neutralization might be suitable for soil amendments.
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Reduction rate of food waste by acid-alkali hydrolysis with varied solvent concentration and
hydrolysis time.
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Introduction

U SAER w718 DA Azt oF 51991 Eof] gob A |7 E W] 27.7%F AA]skaL Qltt
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Materials and Methods

sl HE  7kEs] Al o] A ER V1SS tIAlSAR € A AR A (FHAE AT ollA
2017 6ol A5t 0™ A== 12F i) & Ep A2 2AER H7 15 o-8okith 7 Als HFHE 9
Sff w1 2e A 57 REE e el AleE3H _Hfﬂ@—ﬁrﬁ]"/}—q AEM A =5 o] Al Alm= ARES
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728l 2o ¥ X SAER H71EY 7EetE 218k -8Hl= A4t (36% HCI2H95% HyS0s) B 7 A71
(93% KOH)= o] 8351t 7R ﬁﬂ A2 2= Teflon E3087] (O (OD-98, ODLab, Korea)Q]' SAE=E (MHB-S,
Control-M Scientific, USA)& ©]-85}t}.

A
= A= e ﬂﬂ 1= 13100 g2 teflon & ]01] ﬂaﬂoq uq JE—‘E 7]
T EAEFN 7Hdste] EsfistAitt A e R Vel T2 2 E
SP7] flal] 7Hal galet E i, 2 W A7 271 E = gEjoto] Eafiotgl o Hall7h Bt F et oftete] of
715 S50t (Table 1), 418 #1171 29) -2 Ala FUF o] 23 F 2
2 S| (22, Al 9] &3 §-8-2 B7I5] Q15 714 Bt
(50, 100, 150, 200, 250, 300, 350 g) Tt 6AIFEF AR (25

3
)
fll
nﬂ
)
ox,
HE
e o{)l

Table 1. Experiment setup condition of acid and alkali hydrolysis.

Hydrolysis solvents Solvent concentration (%) Hydrolysis time (hour) Hydrolysis temperature (°C)
HCl1 10 1 110
120
H,SO, 20 2 130
140
KOH 30 3 150

HAE X EWHEHC HERM AH7rEo) A 241 W7 lEy I S, 184t 7
FIAE Foiste] SRkt A= 9] sfeta] B40e BA451] floll 527187 ollA ARt vl m o] FEHPARH I
BAF71F0) F5to] sleb EAS BASIItHTable 2). SRS 105°ColA 8AI7F AZSHo] ZHaRe =45)
1 f71E 4L 3)shS o]-gsto] 3]3k2 (BF51800 Series, Thermo Fisher Scientific)oll 4] 650°CZ 2F 2A]7F
Slsto] 73Eek= (Loss of ignition, LOI)= AXFSHATE pHeE A7 1AL T (EC)= A&t 5775 2H2 1:10 (W/v)
© 72 23tste] 308 WHT % pH meter (MP 220, Mettler Toledo, Switzerland)@} EC meter (S230, Mettler Toledo,
Switzerland) =2 =75}t

o 3@ > ol

Table 2. Chemical properties of food waste and neutralizer.

Raw materials Water content (%) pH EC (dS m'l) Organic matter (%)
Food waste 78.37+£0.37 4,98 £0.08 1.62 +0.05 74.31 +1.87
Egg shell 1.73+£0.29 9.01 £0.26 1.00 £0.07 0.05 +0.00

Oyster shell 6.27+£0.53 9.27+0.04 13.03+0.78 0.02 £0.00
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Results and Discussion
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Fig. 1. Reduction rates of food waste by concentrations of hydrolysis solvent (A: 130°C-2 h, B: 130°C-3 h).
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Fig. 2. Reduction rates of food waste by hydrolysis time (130°C-20%).
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T oAM= Frel2lQl Aao] Ao |7F EhEA] 94dTt Na et al. (2011)9] 41T} pATSkEE =
O 7}l Aol A & EoliAlze] S otalS m e Aottt HAIRE oV A 2] Al A5 5o
T UEIL o™ =Tho] A ZhaEaf Aol A Eal| 27] Ao 54| S7IstAH7 T 2F 50~60%
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Table 3. Food waste reduction rates by hydrolysis temperature and agent.

Hydrolysis Average reduction rate (%)

solvents 110°C 120°C 130°C 140°C 150°C
HCI 92.18" 93.28" 93.98% 96.90° 94.77%
H,S0, 90.50% 93.11% 93.18" 91.59" 94,83
KOH 91.45 92.05" 94.10% 87.63" 91.49"

TNumbers followed by different letters are statistically different at P = 0.05 based on Duncan multiple range test.
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Fig. 3. Reduction rates of food waste by hydrolysis temperature and time (A: 20%-2h, B: 20%-3 h, C: 30%-2 h, D: 30%-3 h).
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o

V@& FARE UEU AL TEA29] A7) 7h-al] Aol Ri/dsol whet 2ol 2 A5 57 shlet
(Wang etal., 2016). A1 =7 H7[ &2 AEZ @ AS ARt faRel S77F BEF 239 EM Qlo] AP At Aot
L2737k H]l 2 0 = whnh Wi S4teldg A2t ol A= 130°C7H] /5ol et 2501 2.97~5.63%
Z7¥519. 01t 140°C ool 2rofaf= ©35]8] 3.55~5.86% HAashe HE Bt ol 7Es|d o] Aot &
7¥opH 1 @E0] FE0] o] g7] wizolt). = 1e] AT 4t 7Rl AtellA] Alztel| mhet =t ARt ol
A7t At B 1159 O U (Wang et al., 2017b) A3 AT0] =t 7188 L = 60°Cof A Z1385H Zolw
12 AollA= 130°C o] Aol g =]o] -5 ol oJgt-gule] F50] v ZA Ueht HErt 57 R AL
= yhehech

H pH ¥ EC 3} 7[iolrt¢bs H Fofiodof mjehs] F3A1E 242 50~350 g H9lollA &
pH HISFE ARt (Fig. 4). 22 S| £ F G4 2 3t 22l o] pHi= 242} 5.54~7.24,
o] Z71tel et F=EH 2] pH HA| 571 5ttt S5 G4t A2ellA 2k Fw tiH] pH
A Pt o™ 350 g T Al HE Aol 37t eheEe] 7 01*0}94 pHE H3Ith ARPEE £ Al H|
o] TIH| A UL} 350 g T Al A4t 22 TEollx] 4.78~7.18, At A2l A 1.21~7.042] pHE LIE}
T A=Y ECE G4 A2 ollA 6.60~7.73 dSm!, A4t ﬂﬂ%ﬂw 3.07~5.23 dS m™ ©. 2 FAT 2]
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Fig. 4. Changes in pH by addition amount of neutralizing agents (A-Oyster shell, B- Egg shell).
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Table 4. Correlation of hydrolysis conditions with reduction rate.

Hydrolysis Hydrolysis time Hydrolysis solvent
temperature (°C) (hour) concentration (%)
Reduction Pearson correlation coefficient 0.068 0.226** 0.420%*
rate (%) P-value 0.426 0.008 0.000

Significance of each condition was evaluated at the confidence interval of *P < 0.05, **P < 0.01.

Jl2el xznr Zdggel A ¥ AN XU AEF VR TR 27090 & 8ol B, &
o A7t 2 259} ZheRg 7ho] AFatA| W VATEE Table 5o YERASIT AatA B} A} 715828 A7k (p =
0.008) H =49 lnl:u(p 0.01) &} ZFEFg= oFo] AR (p < 0.01)S LYERNITE Pearson AAHA= 71
23l Al7tollA] 0.23, ﬂ % Oﬂfﬂ 0425 g2 T8 249 5L °ﬁo T2 702 FAME QI ¥hA
ThrE OH—QEEP% N/ FAAE UEHA] 330 (p > 0.05). 412 #7122 24 A 7iEsl 24
2520 &5, Tk, B 7}°ﬂ *]{ 5O 7tEel 270-& 135S W 30% FATO 2 140°Co A 2417t Ealgt

A= ﬂ‘ﬂr‘i‘rﬂﬂﬂ 72l A T 2L A2 97.79%01

>

C

Table 5. Chemical properties of products.

Solvent Treatments (350 g) pH EC (dS/m) Organic matter (%)

HCI Oyster shell 7.24 +0.04 6.60 + 0.92 13.04 £ 0.03

HCl Egg shell 7.18 £0.32 7.73 £0.88 8.04+0.08

H.SO, Opyster shell 7.61+£0.11 5.23+0.22 10.70 £ 0.47

H,SO, Egg shell 7.04+£0.18 3.07 £0.08 5.53+0.10
Conclusions

2 AN SAER 7 At A H 282 Flol At A7) 7ol 578 2] o8- 7he g ekl o
ZhrEel 270 8 3RS oot 24 205 APYseltt. st WA VRal SE2A T Aatel AEkgo]
B 91.71%= A H kel vl st 7} } o 7 0 2 ZALE|QIT) &-810] 7 10%0]4 20%.0 2
37V o TSI AF5519.0H 20% o] FollAl fo2]l AfolE YR A] ¢Rotth (p < 0.05). 7H=al X%El

ARE} 27t 7V R RS A4 0 2 Akt oL 2 A o A=A AEkgol fo AR 2ol 7t ¢l

F

SAET 7= e HA 202 AAVdS LeotalE ol 20% HAF FEAIE o]-8-51e] 130°CollA 2*17PH;H
Z70 82 AT} 7hp-Eofl ehm 5 Ealj ol izt W A S 27t S E FJ5hH pH HISkE AR E
3} 25l 100 ml G 350 g X T Al 2F A2 2] pH=7.08~7.61 2] pHE urE}LHcﬂ Zop e Qi) HE A2

A3} FAE A2 Fo A 10.7~13.4%, FFAE A2 TollA 5.53~8.04%2] 718 TS UEhje] 7]E sk 9]
02~0.05% X} oF= ghfrobal glo] 54 E8/do] ke 21 0 & wheheir). BhH EC7}3 07~7.73.0 & B 2] &7
UrElt S8 2 ol gt Zufiz), Al o] 71 AlFo] dagh 2 o & Uittt 2 ATE Bl 7EohE o8
=R H71ES] ARt E A A= 0] &8 7o) e A 0= ek RS 7R Rl Al o] -8t
et HEZ} A E]ojof & Zolth.
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