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W 6T A b TR A WERE, 33 20 B (0.850 mm) i J5 BT 4 °C VKA £ P JET Ay dar 3 A AR PR 3 b
e EKFE86.05% ., AHUFFEIIECH 93.75% . pH J 5.9, IFfittE b 4754 (SCOD) iy 18048 mg-L ™',
SN 45.93% . BAHN 0.568%.
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Jou B A o BB FROK ik IR R B 1S hna AL ST B BOB B T, AR 90 1 170 °C 43l I T 0.379% il
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Table 1 Changes of physical and chemical indexes under different thermal hydrolysis temperatures

WEER TS/% K% FHUE/% pH ~ SCOD/(mg-L™) S/ % BE/%
CK 13.95 86.05 93.75 5.9 18 048 4593 0.568
9 C 12.75 87.25 94.12 5.5 24308 4677  0.614
170°C 11.95 88.05 95.08 5.2 28 780 462 0.567

RN RYFERE . SCOD S i T A LY Y o1 i 70 %0, 90~170 °C R ROK R ST, #8r Koy T4
MU TERALEZAE N R AR5, Ak AR 2L, I B Al e A AL P ARB R, k1wl
L, BEE INPGRBE AR N, SCOD i s HUB AR, IR BR, SCOD JE i Al , BLHI k&
POK R B WA, R RN A LY B oy BB . &l BOK IR SR . EVR Y BT B b
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Tl% ’ *ﬂﬁ E %1&2}/;:7"( ﬂf‘ ’ j_JF lﬂﬁﬂ(ﬂﬁﬁﬂ{iﬁﬁ Fig. 1 Changes of sohile pr':tein and free amino acid at
2T AR R P, I, AE 170 °C TR different thermal hydrolysis temperatures
T A R B 1R VAR SO R L M T
Mo A P 0 2 1R TR A O RS . R R I " N
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Bl o A B AR R BOR i 9 L A 1:\ SR A Fig. 2 Changes of reducing sugar and soluble sugar at
ATV PEBE Y BT i o BB AR an B 2 s, BEE different thermal hydrolysis temperatures
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FROR AR B ) T i, 3 TR AR AT s o 1) IO 4 B 3G, E 90 I 170 °C UK A I 3 RS T i
ST N TR 2 460, 500 ug-mL, AHEXT BRAL A3 R EE R T 5% Fl 12%, AT PR Y B 3 50 170 °C
POKMR T IRBN T KGN 0.24 ugmL™, A MBSO AL R &35 33%. X0 th T BF A 4 3% b s & i
KAEG Y, HI R e A R B v A R, T B A T R B o O B TR
BF, BEE POK MR R P2 E, I T B A AR KA S R o R, — oA 2 R Il A R Ak
S EGEAH T R RES Y BB BRI, JF BB G AOK AT, A i 2R — 25 O i Dk A
B SRBESE AT IAVERE, X T UK S TR R A SR I B T SR

4) K i I 6 B R A E B R B AR Ak 1

04+ e ez R FER LR
D o FAOK figp o R v S B R ORI e ML R Y o ~
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S 4b R 160 CRY . BARKIEEEE & o e
M A B Y S R R 2R W Bk S
PLAE RN, 7 Az T AR AR A A0 2o A v ) 0 0 90 0
AR RIF IR R 07 A 50 & RS YR 5 AALIRIE/C
f B2 i R T A AU S B A S B3 ARERKBERETEERMEEBRNTHER
oL BOK MR TR, R R R Fig.3 Changes of humic acifi and fulvic acid at different
SRR . 7E 90, 170 °C UK it T T bt thermal hydrolysis temperatures
SRR 2.0 1.9 mLg™, BN BRZL SRR AR T 8% F1 17%. IXJE AN, BRI 4T REAR, &%

iz

e AL T i 5 A P R AR R L DA 3508 B I ST o 3 K i LR A B A A AR R IR
2.2 IR MnO, X3 & & B3R & iR S B LR A 32 0

1) % MnO, X SCOD W52 o Jof 43 b il B i S A MU R b, 5 B A LYK i 5 Ko+
YR GEERT . M. BRI FEM AR 20, SR B L s (E Ak i DG B PR 2P B . SCOD iy 4% 4k
5 0 ] LA e A5 AL G B i AR . in A MinO, J& SCOD i A8 AL 5 B i I 4 FF s, mT LA HmA
MnO, )5 SCOD Jii i 73 BB B 7t %, 0~96 h AR 23 EF Ay, M 25975 mg L™ b7+ & i KMH
42073 mg'L™, FHECZS ARG T 20%, BLEE K 53 K50 F A WLV BEff R /N o 7 ol A ALY,
MnO, i i A W] REAE S Az 4 19 1 37 1k 700 o 35k 4

B TP L DA TS A B 1 B ), R

Wi, 7E 96~168 h 1E i A= 9 19 T SCOD PP M“Oz/}/}\é/é/}

HOME FR e AR 2 31 118 mg' L', FFET 26%, A
FEMETREM 13.6%, RRZAY. HMBE  § s PR
Wy AT L FE /N B TV VA B A 200 5 " -
WO . S XTIRALMIEL . B MnO, J5 T g2 A 300y

T B IX NG T LR, T AR S oo

800 W A K R B B,

2) Vi MO, 565 1T 37 4 28 14 8 20 0 12 24 36 4;;; J72 96 120 144 168
R T/
W2 52 0 JBF 4% o 39 8 A A HILIE 3

4 FERBREERSHNELIES SCOD THIFR
R AR A 2 Y _ >
P PR R B AR D >(a) P, Ak Fig. 4 SCOD changes during liquid organic fertilizer

BRI N, 25 A AU A MnO, ) 52 55 20 A7 B preparation from kitchen waste
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Fig. 5 Change of soluble protein and free amino acid concentration during liquid organic
fertilizer preparation from kitchen waste

W25, A MnO, 48 h J&5 v % P 85 A0 5 0 GG T, 7 96 h ik Bl KAE 4.1 ugmL !, 2 A
FIZL 10 45, X T RBZ N I MnO, J5 85 T 8 1B B AEWAR T s i i, (R TR A R i
it , A JBT A% o M R 18 B F S5 BN [ R 43 A B B RRH B

Ui 28 B HE 1R 1 IOt 4 B AR S AN 1] 5(b) TR, 7E 0~96 h #5242 7+, Il A MnO, J& H 5 & 43
BORBE T AN, 7696 h kB i KME 1256 ugmL ™, M HAERE T 27.3%, XEFN, A
MnO, 5, Mn" &R F, i Mn™, X2 & P G 2 i A B N+ 2 —P% ik, MnO,
AT DLAE A Bl 412 700 0 5 0 5 P, O ) R AR N A s M v ) R T R A R i S R, B T
NG TR BT BT S A TE 96 h 2T, UiE S A HE IR Y BT i A BIOR HURE AL, 7E 168 h B 2 R AR
9.75ugmL™, BEAKT 22%. X2 N, JiF B8 2 5 IR J2 6 46 0 0W B i) TSmO A, E Al g A 0 i A4
YIS S AA WSS A A 58 70 S BE T BT N, PR I S A R T A B IR T e R R T
HZ: 51 16 78 T 45 48 BT 8

3) WS MnO, X RT3 WE AR J5OME (52 0 o R IS MERE o S 2 AR AR AR R Bl an 8] 6(a) BT, TER
FEfAME], I MnO, SCR 2l flas (T4 BB 22 5, 28 FIALFE K T S 30T Nl s P A 1 A8 AL N BH I
HF B0 7E 0.4~0.8 ug'mL ™", T A MnO, 12 h J& i1 T~ 5 4% 157 3 o e 83 25 K 20 14 WL 1) % fiig
oAb, SEOTE MRS BT S EON 0.5 ugrmL ™! FHE #] 1.4 ug'mL %ﬁ%%ﬁ%ﬁ%m#ﬁ AJ
VA W B T A A HSGR R R, 7E 168 h P BT R A AURE AR T 93%, X ATREE I, A MnO, J5 %
AT R, AT PEREAE A S E WA Eﬁ%ﬁfﬁﬁﬁi%ﬂm, — Ay R A i A K
Eﬁﬁ Bi, 7 — R Bk A N A RO, o S A i AR A AT

I JEOBE ) AR AR B AN 1B 6(b) BT7R , & T R A A AT 24 h 2SR S5 4 Y 30 JEORE 1 5 0 B R

T 2B KA T A VLT A o0 il b Fh, 3976 24 h i Bl RAE, 43500 583 Al 986 ug-mL ™, JIA
MnO, Ji7 Ji & B = T 69%, F WA MnO, J& #Il3# T SE Y 0 TE v, AR 2 TR Ay B 3 R
Ko FHIY R RE . A 24 h 2 )5 30 JFOME 0 5T o0 BOREFEAIC, 25 4L RS2 50 21 4 B R AL =
312 1 118 ugmL™", FEMK T 46.4% F1 88%. X EPH N, i JFHHVE N AL W0 ) ELHE AR IRAR 25 5 L4 1k
AR A AL CO, BT AR, 8 JFUME A 2 J6F AR 0 A AR EE L A AR T, T DA i 55 A R N
T R8T B, DT 5 35500 DR Ot o BRI N BB o 6 R U S 6 2 SRR ) T A A A B AR T
25 YLK 2 U Mo I FETE, SRR IR K o 84k . DL RO A R R Re A A T M AR A 1 AT
Az, NG HE TR BT 0 SE AR RN, e 28 RS B T
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Fig. 6 Change of soluble sugar and reducing sugar concentration during liquid organic fertilizer preparation from kitchen waste

3) F I MnO, X I 5 192 il 5 FEL I 9 5 00 al
Iy BIEEL 0. 48, 96. 168 ha />t [a] I & 5 4% ~ 12} ~
KT O TR B R MR A MR M T o) ;
B, 2 48 h B 23 [ 41R1 52 5 41 L RR I IR Z os| =
AU I 5.08 mL-g ! R R R 3.27 I 3.98 B og[mEs 5
mLog o i (ARSI AL BRI R A 2 oalo 08 =
WA ARBRER T, Kb qam LI oo z
AR, MN03geg! FAZE034gg", SLKH 0
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Fig. 7 Changes of humic acid and fulvic acid contents in
liquid organic fertilizer preparation from kitchen waste

Z AR R4, 1A MnO, 12 #E T P9 # 2 1)
M4k . 48 h G, SEUG ALY 6 78 IR AN & L IR
BT 3 A S TS AL, FE 168 h B R
BB 070 g, B AR E T 85%, & BRI ESH N 6.117mL-g ', #8254
T 33%, %X FHA MnO, 1 LB S0 oF 8 A R A LR 1 7 4k L X RO BE AR LI b S A R TR
SR, ELRESEPEG IBKAAEY, E, TEARIBK LA P mT DL o iR 4 Ak K i sl K
J 7 A R B B R Y, A, MnO, 1R Ay il A1 i 55 R L 3 K B £F 4 2 5% K43 A HILJ 0 B
fife, EMRME T FEEOETARY, B0 R EEERR . 2R [IEF T MO, R LE, B
P O, SN T SE b A R N P A TR PR AR A, b A A AR 0 G AR TS B R 2K R
FEAER,
3 &g

1) I B FAOKFR TR S 170 °C, BRI = AR f m A ML RUE SR B, o nl i R B
I JEONE 5 A B R T 22% A 12%, JF HL28 170 °C #OK R Re e R R N E R &, 5
FROK S 77 AH EU RS B R 1 B A B = T 15%

2) 75 & BEHTIA (24 h) JLA MnO, J5 B8 W] b 52 =5 J 58 BT 5 A9 04 JoT 12 4085, 38 ol Jo 2 43 4K
PER T 69%, Ui B & SRR 0 B B R T 27.3%.
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Effect of manganese dioxide on humus formation in liquid fertilizers prepared
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Abstract The preparation of liquid organic fertilizers from food waste in full quantification is one of the most
important ways of its high-value resource utilization. The release and directed humification of humus synthetic
precursors in food waste is a technical challenge for the preparation of high quality liquid organic fertilizers. In
this study, in order to achieve targeted humification of food waste thermal hydrolysis, functional microbial
enhancement, and the addition of manganese dioxide (MnQ,) catalysis were performed, The thermal hydrolysis
under different conditions (90 and 170 °C) was first performed, and then the anti-acidification compound
bacterial agents, enzyme-derived products of Aspergillus oryzae and MnO, was added. The mechanism of
MnO,-enhanced targeted humification of food waste to produce liquid organic fertilizers was investigated. The
results showed that food waste was subjected to the targeted humification at 170 °C. The results showed that the
highest efficiency was achieved by thermal hydrolysis of food waste at 170 °C for 1 h. The mass of soluble
protein and reducing sugar in the liquid phase increased by 22% and 12% than that before thermal hydrolysis,
respectively. The addition of MnO, increased the mass of reducing sugars by 69% at the first stage of
fermentation (24 h) and the mass of free amino acids by 27.3% at 96 h. This further enhanced the release of
precursors for humus synthesis from food waste. As the humification reaction proceeded, the mass of reducing
sugars and free amino acids decreased by 88% and 22% at the end of fermentation (168 h), and the contents of
humic and fulvic acids increased by 85% and 33%, respectively. Thermal hydrolysis in combination with MnO,
catalysis significantly promoted the production of precursors for humus synthesis and targeted humification in
the later stages of fermentation. This study may provide technical support for the preparation of liquid organic
fertiliser from food waste in a fully quantified form.

Keywords food waste; manganese dioxide; humification; thermal hydrolysis; liquid organic fertilizer
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