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Characteristics of food waste treatment process using

enzyme activity materials and bacterial identification
Haeng-Yeon Lee

U-Eco City, The Graduate School,
Pukyong National University

Abstract

To process effectively the extinction of food waste used by enzymatic activity
material, as much of enzyme, the selected excellent strains, which resolve organic
matter well were put and studied the function to remove a bad ‘smell and make
food waste light.

First of all, made the specific microscopic organism in soil microbe(radiation
germ, yeast) revitalize and set in sawdust the result of enzymatic activity is that
Bacillus cereus, Bacillus thuringiensis, Bacillus sp, Serratia subsp. etc. came to move.
Bacillus and Serratia, as microorganisms, are well known for their’ processing food
waste effectively. To identify the effect of processing food waste treatment used by
enzymatic activity material of microorganism, there was a production of fermentor
and studied giving different temperature, ventilation map, pH, and etc. As a result,
little change caught in pH, however, approximately 20 % change caught in
temperature and ventilation map.

The decomposition of food waste making the use of microorganism should keep
neutral pH mostly, keep 60 C temperature to make the food waste light. however,
in case of using enzymatic activity material of microorganism, the decomposition of
food waste achieved with a good condition even in pH 4~9, and 35 C
temperature. Especially, only 30 % of injection of ventilation map can make
decomposition efficiency outstanding. Therefore, the expenses for handling food

waste would be reduced.

_Vi_
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To make the bad smell of food waste decrease, mixed and stirred enzymatic
activity material and food waste was measured by gas detector. Hydrogen sulfide
was also decreased from 30 mg/L to 1 mg/L as a result.

This experiment gives us the ability to contribute the effective disposal and odor
removing of food waste. Moreover, the aspect of secure the microorganism resource

for processing food waste is significance as well.

Key word: Food waste, Enzymatic activity material, Bacillus
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Table 3.1 Analytical methods and equipments

Item

Method and equipment

Temperature (C)

Hay moisture meter (HMM-110)

Water content (%)

Hay moisture meter (HMM-110)

pH (-)

pH meter (CyberScan pH11)

Salinity (%)

Salinity meter (SB-1500pro)

Odor: HzS, NH; (mev)

Gas detection tube (AP-20)
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olZ gt Aol AxE S FASE HAE=ST o FA Aol

2 <3
ok Fig. 3.6 uehd mpel o] IdFAT Y FF F7& FHE=EY
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ggsiolglel aeizgntolgd-a0c BgAsl dolgort, a@LATe

A5 g g2 HE =TS 7HH gaAAG A T2 violLHg-89
= B3A 7 @A = THA. Brown, 2008; M.T. Madigan et al., 2009).

Table 3.2 Shape and form of bacterial colonies

Types Morphology
- @ ® ¥ X%
. Circular [rregular Filamentous Rhizoid
orm
Surface | Shiny, Smooth, Veined, Rough, Dull, Wrinkled (or Shriveled), Glistening
Texture Dry, Moist, Mucoid, Brittle, Viscous, Butyrous (Buttery)
Color Opaque, Cloudy, Translucent, Iridescent
Elevation m - A .
Flat ~ Raised Umbonate Crateriform  ConveX  pylvinate
Margin l ' ° I
Entire Undulate Lobate Curled Filiform
(filamentous)

Source: “Colony Morphology: Describing Bacterial Colonies”

A o B
T HE|=22|7t — BME|IS22|7

MEE
M=o

=1 :F=$EWE§
m
(X & CHg-a 2 chel 3

Fig. 3.6 The difference between (A)gram positive Bacillus and
(B)gram negative Bacillus.
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3.3.2 API kitE o|2%t OJMEQ 3H

o

Mo

APIBIOMERIEUX, USA)+ Analytical Profile Index®] ¢kaAt= m| &< A&}t

A B4 BYse] MAES TS P otk

APl 20E= HAUA# 3 78 2 o2 a4 Te 54 AgEE 54
o] Al E 4¥sts Aot dxd 7dEs T
Zot2g 2EFGtrip)el v E RS FAsE 18~24 A v T A9
H3LE 7| E3le] 23S Fsioi(A. Brown, 2008).

D 2EHe &)

Incubation boxE ZFH|8} ¢k 5mLe] EHHF ZHSFE Ho] SRS §X3}

A

== o Trayel Be] #F9 ARE 7|55ty ~2ExS tray 9o &
=T

2) FE 4o &4
Suspension medium <§Zol s }9] colonyE ZF1F BERFEHEE 3}

) 2EFYS HF
TE Ev FE7R A4S A 3 57172 FejolA] 362 C, 18~24
AlZF wjeksith. ADH, LDC, ODC, H2S, UREE= ¥7|&d ZALS THEo] F
7] 98 F-f(mineral o2 FZ& A&t

4) 2EH9 A=

£ A F3h= http://apiweb.biomerieux.comel] <8l 7xE] £AE Y4

3 MAES AT
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(2) API 20NE

APl 20NE& ZUjAl+ o]9le] s34 3tte] 4o Argdth dxd 714

o

SHreke 20 /M FEA M BF S HFTe 6 & Ao wWgE
535t vy ES FAT
D 2E79 &1
Incubation boxE& FH|3}3 ¢k 5 mLe HW# FFHFTE Ho| FES &4
=2 ok Traye ol #59 HRE 7|Fsla 2EHS tray 9ol
SHEC
2) AE Ho FH
NaCl 0.85 % medium <iZo] 1~4 7R¢] colonyE 3l =8 0.5
McFarland=2 @&t}

3 2EY HF
NO3ol| A PNPG7}#A] @8-S A&t} API AUX medium3 #HE< 200 pl
g Z 4& ¥ GLUYA PAC7HA] A&t} GLU, ADH, UREE @714 =
Ae THES F7] Y F-f(mineral o) FELS A&t 29+2 ColA
24 NZF QP ZI71AQ FE oA vl kR
4) 2EQS| A=
Bow ARA o FHAHIH F4v-()
= A F3t= http://apiweb.biomerieux.comoll &8 7248 £AE YHs)

o HA=S 3.
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333 Y7 MY 0|8% D|MES 5B
(1) DNA extraction

=58 9 s A% LB A A 361 C, 16 Azt 8]
AbgETh PSS 15,000 rpmoll A LA R ste] AL A AT @
2be dgol(pellet cells)E A3kt DNA o= GeneAll Exgene™ Cell
SV kitE AF&3lgTh sk v oz AXE U =A5= DNAS £54381
o8] e kit2 AHSTHES o3 2o

y

rlo

D A A o] e mAAES 94l EEdte] FAYS AAs L E2 &
H(pellet cells)& AR&-3HT).

2) Lysozyme(LYS702, Bioshop, Canada)¥} buffer GPE &3k enzyme
mixture 180 ul S 23 37 CTollA 30 27+ @-3A7th o e FHA
A AZEESS sl AlxH S oA e FHAg ol

3) &g (mixture)ol]l 20 ul o] proteinase K&} 200 ul o] buffer BLS 3 7}sf
o Z 48 T 56 CollA 30 &, 70 CTolA 30 & Hk-S-AIZIc) wheF WY

7F A ET™AE, 70 TAlA 30 & T ¥EEAIZ1 395 TollA 15 &

b AR AIZITE 15 & ol 95 ColA F7HARl #hg& AAste AL

DNA 28] Y07 + gonz golsjo itk Wgo] B Ege

4l
N

4) 200 plo dErES Hrista # 4 F 23

. o] FAAA oleres BRAL REF A7) Aol Fasi

v}
Ao
)
=
=
o
@]
=
=
|
>
>
e

5 E3YS SV columno] 31 & 15,000 rpmeol A ¥4 &5 HAASte 9t
(membrane)ell &% Ho] A& (binding) HES .

1:1

6) 600 ul buffer BWE #7}st & 1 & <2 15,000 rpmeoll A d4 B8 &
A A3
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7) 700 pl buffer TWS H71sk & 1 %<k 15,000 rpmell A Y4 =S
AAT QAR E 1 & Fr7iete TW oA=& AAS & 4RSS 1
mL centrifuge tube®Z LA 3t}

S

ol

8) 200 pl buffer AE =+ B¢ S/HTE F7I 1 £ 5 204 ¥t
S Azt 15,000 rpmoll A 1 #3F ARSI E HASte] &% DNAE A
=

(2) PCR

PCR(Polymerase Chain Reaction)e STgEL AREFoz HES Hdtes
54 2Hede S5 Yo E 2% d=Ad=ZYE A7 =47 T
T FHEdE B2 & TF0] Aesith ol e SPawEdLEE =g
olm o] 3 DNA &o 574 #A|o] Atet & & 83 DNA SHas

of o] DNA A <dS BAsl= WM. T. MAdigan et al, 2009). °]% 715

o] DNAZ 95 CollA] 15~30 27+ Aot £a2&e A 22 @ 7

o] DNAZ E#AZ1tt(A A, Denaturation). ©@¥ 715+ DNAE Zgtolm &} HE

SHA Hedl, 23R/ Zatelv s 2 AR A &Y 7bee] DNAC ZHgt

o] annealingdtch. olwle] AA o= oy A7injds dolo wet 4

AE} Yukz 02 55 CollA 30 Z~1 £zF ¥gAZIth DNA &Y 7lgta A
=

I

SAZE 2 LT E A= gvrF o R 72 CAAl 30~10 E3F Ao
PCRE R dst7] Qdlix+= E 7R A|57F Q3 ) Table 3.2 oo t)sh
AR 2 oot} Taq DNA polymerases= Foll ¢HAH3 54 71x|&= DNA
THELE AN FEEH st AMEE JIHS s J9Es Ik

ANTP= DNA &4 AER] wEHleolt= BAde= dATP, dCTP,

1

ofs
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dGTP, dITP=

polymerase’} DNAE
Bl guzHow Afshe

Aah 2ol

A% DNAE TASHE 93¢ @ 9 ok DNA
Fasted olUAE AFAh Zejo)

Sy Ed e =9

3 oz

Table 3.3 Ingredients and purpose of material for PCR(F. Parveen, 2010)
Ingredients Purpose
Taq Produces an enzyme DNA polymerase that amplified the

DNA polymerase

DNA from primers by polymerase chain reaction

Buffer

Provides optimal pH and salt conditions.

dNTP

Follow standard base pairing rule.

DNA template

Provides the DNA to be amplified.

For each target sequence at the end of the DNA, both

Primers ) . . i
strands are copied simultaneously in both directions.
f"/-
ariginal DRA , i
10 be replicated 5 ¥ ; 3 ﬂ \\_.
- '"“m e T
L e bbbl il -
% ? ¥ N ¥ C ‘;\u I \o
5 ¥ .-'
i o o Tl
3 5 q B g
» & ILAARELE & = m“
» £ » ¥ N ) il
,‘ PhibiddLE - BhERRLEEE
DA primaer 3 5 3 5 . /"
nucleatite “~ “m -~
Aidddd, -

) Denaturation st 54-96°C
a Annealing at ~68°C
) Elongation atca. 12°C

Fig. 3.7 Diagram of PCR cycle(Wikipedia, 2014a).
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A 4w A

1

i 2 2y

4.1 EA2ZAHAAAL uAE vk 2 33y
A AR

ol Agstaztsle #71& 4,000 mgBOD/LE wAE =+
¢} ml&o] of 1,000:10] A Fdsty #= &4s A F =3 =W
stof mAEo AFE7E dold wiztA|
415} Fig. 4.1¢) JERASITH

e 3

Me st Far A= Table

P
T

deiint. 27] ARG 80 %
FHOE o]FoHTt HTEH,
Fig. 4.1 vebdutel o] 27] 300 unit/mbe] 7iA5E 2709 ¥ 50 %= %
s3tgom 471 5 80 % oo E ZAastATh

ezt A

o

Table 41 Change of bacterial number in fermented enzymatic activity

material

Time (month) 1 2 3 4 5 6
Bacterial number (unit/mL) 300 150 80 60 50 40
Reduction ratio (%) 0.0 50.0 73.3 80.0 83.3 86.7

Collection @ pknu



350

300

250 -

200

180

100 -

Bacterial number (unit/mL)

50

c 1 2 3 4 5 & 7
Time {month)

Fig. 41 Change of bacterial number in fermented enzymatic activity
material.

Collection @ pknu



o]

=
=

A el 7179 E AT AA

FA T

Xl

B -

oy

7= Ag7le] =

1ol A Fig. 4.29]

Helshs

o
=

=]
=

U wheh go] 7] 29

=

ol
‘I_J

—_—

ant

fa iom 1243 A ¥ 2

}5

=3

Z2~H O
T =

_g]
So] 5= 244

|71 &

23 AT

35 %= UEFEC

s

1

40 %=

sel mFHA A

Qs

7F AsjE L o=

)

i

o] XY=

244

A -0l AR =740 C o) A

;:'l'

°]-&

=
=

olo] w3 FAZAAA
om Fig. 4.3°] YEld nie} o] & S

W ol skgkont

o
| .

l

]

__OT

ol 144071 o]

S

2

Collection @ pknu



80

—e— Water content
- 801 —— Solid content
s
= 70 -
]
T 60 - Needs extra water
Q [
I}
e 50 -
B
@ 40
e
ol
© 30 -
S
% 20
g M
10
{} H H 1 H T H H

0 2 4 -8 8 10 12 14 186 18 20 22 24 28
Time {hr)

Fig. 42 Change of water and solid content in existing disposing machine
of food waste(method of inserting microorganism).

g0

—e— Water content

80 —&— Solid content

70
60 4
50 4
40
30 4
20

Water and solid content (%)

10 4

tt 2 4 8 8 10 12 14 16 18 20 22 24 26

Time (hr}

Fig. 43 Change of water and solid content in disposing of food waste
using enzymatic activity material.
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+HEF H7IE2 7Hou daolA FAske wlE = g iz b

5}, H-uj= o] pH 4 oJstz w2 AHoltt. 7|E9 mAdE FY e &

ol
i

| fAgoEA Bx o] BasA Wtk o

=
3 wol g7k 9318 2astch Table 4.10% /1= S48 Hz7)9)

B o
=2
rr
N
35
s
ut

2
o
gll‘
Y

Wk YER AT

Table 4.2 Change of solid content and temperature in disposing process
of food waste

Method Time (hr) 1 3 5 7 9 11

EXIStng dlSpOSlng Solid content (%) 20 17 16 15 15 15

machine Temperature (C) | 13 | 20 | 27 | 27 | 24 | 20
Enzymatjc actjvjty Solid content (%) 20 15 10 8 7 6
material Temperature (C) | 12 | 18 | 22 | 24 | 25 | 25
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40

~e— Temperature
35 4 —— Solid content

30
25
20 -

15 -

10

Temperature (°C), Solid content (%)

o T ; T
0 2 4 & 8 10 12

Time {hr)

Fig. 44 Change of solid content and temperature in existing disposing
machine of food waste.

40

—e— Temperature
35 1 —o— Solid content

30

25 - * * -

20

15

10

Temperature {°C), Solid content (%)

o . T T
a 2 4 <] 8 10 12

Time (hr}
Fig. 45 Change of solid content and temperature in disposing of food

waste using enzymatic activity material.
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08

—e— Continuous aeration
07 - |rtermittent aeration

Amount of food waste extinction {cm)

0 3 8 g 12 15 18 21 24
Time (hr)

Fig. 4.6 Change of food waste extinction with continuous and intermittent
aeration in existing disposing machine of food waste.

08

—a— Continuous aeration
07 - Intermittent aeration

Amount of food waste extinction {cm)

G T T T T T
¢ 3 6 g 12 15 i8 21 24

Time (hr)

Fig. 47 Change of food waste extinction with continuous and intermittent
aeration in disposing using enzymatic activity material.
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Table 4.3 Results of H,S concentration in existing disposing machine and
disposing of food waste using enzymatic activity material

Method Time (hr) 0 1 12 24
Existing disposing | Concentration (ppm,) 30 20 10 8

machine Removal ratio (%) 0.0 33.3 66.7 73.3

Enzymatic Concentration (ppm,) 30 15 <1 <1
activity material | Removal ratio (%) 0.0 50.0 >97 | > 97

Table 44 Results of NHs concentration in existing disposing machine and
disposing of food waste using enzymatic activity material

Method Time (hr) 0 1 12 24
Existing disposing | Concentration (ppm,) 8 5 2 2

machine Removal ratio (%) 0.0 37.5 75.0 75.0

Enzymatic Concentration (ppm,) 8 3 <l <1
activity material | Removal ratio (%) 0.0 62.5 >88 | >88
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35

—a— Existing method
3.0 1 —&— Enzyme activity material method

25
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Fig. 48 Change of salt concentration included decomposition media.
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13 B2ZARAA W WYE £ 2L 54

Ha84d AAE W nEe 29 2 8= S8 APLkitE o]&sk 13

M9l 24¢ AN F, DNA 4714Le BHsch

1

S
il

431 API kitE o| 8%t OJME° 54
(1) API 20E

APl 20EE o] &3t 4S5 AAIG A3 L33 L6 mAEAAT A3E o
< & UG Table 4o YEeRd wie} o] 132 Aeromonas
hydrophilial caviael sobria2, Serratia marcescens, Serratia liquefaciens = -&7%
Qe vibrio fluvialisyd 7Vs/idel e ASE YUEHT. L6 Serratia
marcescens, Serratia liquefaciens, Serratia rubidaeaZ s = o™ Z+7Z; vy

B9 A= 51 %. 46 %, 2.4 %= JEIGTH

Serratia marcescens= Enterbacteriaceaedl X35+ I <4 vH g2
of dg] Exxo] e HAEo]H(Wikipedia, 2014b). =gt
e glo}l & st E & 7] 27 oAl PCP(pentachlorophenoD)&
B & e A= dyA Slon, SA=F dAVIEe] FUIA4 &3tolA
biohydrogeng 7} wo] AASFATHS. Singh et al, 2007; L. Xiao et al,
2013).

t

=]
& =, 4

e
ol

=
o,

Serratiac &7

Table 4.5¢} Fig. 4.9+ L3¢} L6 v =0l that APl 20E 23 Aot}
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Table 4.5 Result of numerical biochemical pattern and identification of

microorganisms using API 20E

. Numerical %
Title , \ Result Note
Biochemical pattern D
Aeromonas vibrio
- fluvialis is
L3 599795 hydrophilia/caviae/sobria2 possible
Serratia marcescens - -
Serratia liquefaciens - -
-\"Serratia marcescens. 51
L6 5227_7,2-3"' Serratia liquefaciens 46

(B)
L6

Serratia rubidaca

94

Fig. 4.9 Identification of (A)L3 and (B)L6 using API 20E.
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(2) API 20NE

API 20NEE o]&3}e] L1, L2, L5, L7 18]x L8 EA3 A3} Table 159}
Ze Ax=E Jehloh L1&  Stenotrophomonas — maltophilia, Aeromonas
Salmonicida sSp salmonicida, Sphingomonas paucimobilis, Pseudomonas
aeruginosa, Vibrio alginolyticus 2 UENG O™ L2+= Aeromonas salmonicida
SSp salmonicida, Pseudomonas Iuteoia = UENSt. Lb+= Shewanella
putrefaciens  group, Comamonas  testosterionil Pseudomonas — alcaligenes,
Pseudomonas aeruginosa® e O™ o]ufjo] Z+zko]l fALE = 55.8 %, 36.2
%, 38 % c°Ith. L7¥ L8 #2 ZAIE HJ=ul, Stenotrophomonas
maltophilia,  Aeromonas  salmonicida SSp  Salmonicida, =~ Aeromonas
hydrophilal caviae 2 UE}ST}.

Stenotrophomonast += AH®E-S Ealsts PIAEE 484 JHZ. Fang
et al, 2013). =3t 528 2 ZAHAEAY ofadEntolro FEeE &}
W A ZolA TSt WA AANE &EHrE JATHV. Verma et al, 2010).
Stenotrophomonas<= M E 2] @ aolA| = AyAakste] x)@ Eefo] FFFH o)y,
Shingomonast A|Z ¢ ZZEJOIAIE A4tste] Tz Bjo &3Ho|t
(M.H. Beikdashti et al., 2012; M. Turkiewicz et al., 1999).

ol

=9

rlo
X
|
&
A
il
X

Pseudomonas$} Aeromonas= ‘#< et 9gE &)
Aoz dHA glom, &9, gohild F& 93k a4 A a9 =E

2H-&-3HNL.H.M. Yasin et al., 2014; K.T. Oh et al.,, 2007; Y.S. Oh et al., 2000)

rr

Table 4.67} Fig. 4.10 L1, L2, L5, L7¢} L8 v =0l thsk APl 20NE 43
A 3to|t},
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Table 4.6 Result of numerical biochemical pattern and identification of
microorganisms using API 20NE

Title Numerical Biochemical Result % ID Note
pattern

Stenotrophomonas
maltophilia
Aeromonas  salmonicida
ssp salmonicida
L1 1450761 Sphingomonas
paucimobilis
Pseudomonas
aeruginosa
Vibrio alginolyticus - -
Aeromonas  salmonicida
L2 dp80GeY ssp salmonicida b )
Pseudomonas  Iuteoia = -
Ps.
55.8 | Pseudoalc is
possible

Shewanella
putrefaciens group

Comamonas

L5 1010545 testosterioni

/Pseudomonas
alcaligenes

Pseudomonas
aeruginosa

Stenotrophomonas
maltophilia
Aeromonas  salmonicida

L7 1552745 . - -
ssp salmonicida

Aeromonas
hydrophila/caviae
Stenotrophomonas
maltophilia

L8 1552745 Aeromonas  salmonicida | ]
ssp salmonicida

Aeromonas
hydrophila/caviae

36.2 -
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(A)
L1

(B)
L2

©
L5

D)
L7

E)
L8

Fig. 4.10 Identification of (A)L1, (B)L2, (C)L5, (D)L7, and (E)L8 using API 20NE.
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M=

432 HI|IME=S o|8% DjU=29 37H

A7 LE o] &3 HAE FAH Ads Table 4.73 2o} L1a 28 2
AE Q AeR Holw, L7 189 HVIAEE FYEd Ao=E rAYG. L1

rlo

L2+ Bacillus cereus® YeRt O™ L3 Serratia marcescens=, L4+ Bacillus
thuringiensis, L5+ Bacillus sp., L6 unculutured bacterium, L73 L8
Bacillus thuringiensis 91 Z1 .2 et} Bacillus cereuss= AL 7M<-E
dsle 45 Aikete Pl ECITH(W.H. Lo et al, 2012; JM. Kim et al,
200D).

Table 4.7 Result of sequencing(blast search) and accession number

Title Result of sequencing(Blast search) % ID | Accession No.
L1 | Bacillus cereus strain C-4 100 KM211501.1
L2 | Bacillus cereus strain C-4 100 KM211501.1
L3 | Serratia marcescens subsp. JLZM21 100 JN999831.1
L4 | Bacillus thuringiensis strain RJ26 100 KM250110.1
L5 | Bacillus sp. DSPV 003PSA 100 JQ322232.1
L6 | Uncultured bacterium clone nck233h12cl 100 KF097136.1
L7 | Bacillus thuringiensis strain RJ26 100 KM250110.1
L8 | Bacillus thuringiensis strain RJ26 100 KM250110.1

— 4] -
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Fig. 4.11¢ Yeh} uie} o] L1 L49] F7AE2 wl$ FARE ZAes B
L

It
i
-

i
Ny
g,
o K

Aok mF L33 L6 AR |71 ES VA= AL

chilzl o] dx2l Alge S Ealst= v EQ Bacillus cereus®t A A7)
AES 7Y, =3 L3y L6 S4EF #HrIEe #7143 4% A
<

7IMEe M AL

0

Biohydrogen A4d< w+ VI ES Serratia®}t rAMg

2 YEsT
g9y L3
100 LG
100 Serratia marcescens strain [TRC 57
Uncultured Aeromonas sp. clone ASP-21
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Fig. 4.11 Distribution diagram of microorganism sequence listing separated

from enzymatic activity material.
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