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Abstract - Malodor emitted while producing fertilizer from hatchery egg waste treated with
microorganism is an important limiting factor. To reduce this problem, we attempted to use two
yeast strains, Saccharomyces cerevisiae, KACC 30008 and KACC 30068. Both yeast strains reduce
ammonia gas emission 35.4% than only treated with bacterium, Bacillus amyloliquefaciens. When
both strains were used together, that was reduced as 57.1%. KACC 30008 and 30068 strains
reduced hydrogen sulfide 42 and 90.4%, respectively. Both strains together reduced hydrogen
sulfide gas as 98.5% . KACC 30008 did not decrease methyl mercaptan emission. However KACC
30068 decreased 40% and both strains together decreased the gas emission as 66.7 % . Overall, this
study showed that yeast treatment could enhance the effect of B. amyloliquefaciens treatment in
the reduction of malodorous gas emission.
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T2 759 H7E0] EdNEE Hdl BlEE AREEH
Ak HEZE H 5 E A7) A% FEY ARE ol8E
4= Ak ofof| Wt o7 7hA] A&7} o] o2 AL Qlth. 53
HAES o] &3 HEZd Ao 942 £ty opu|ieit
= A 4= qlo] ] & AAbel| o] & 4= ok Iy
| I oA of 37 TAYshe] mlfdo] WSt Slo HEZ
HR 2 o]gsl=dl A a<lo] i v} & &
H7]&9 Fe dEYol Be F3teay WEHH =T
h 22 3 SiRtE] o) WAt o] oFH Y2 20054
A7E G AH Y o FEFof| 71 A = o UTH(EE -, The
Ministry of Environment). 334t dutdgoz o7k A
= HAE FdHI A, b8 F AER OFHE d4HT
ol HEZdS HRRE o]&st7] #fsto] Aehst= I ol A
o] & A& A= AL ¢ Fast

25, A4, Ao 5 B2 uAEo] oHE Aty ¢
A Uth(Yoo er al. 2012). 257, Mt Alete] o3& A%
robar HuEof qirk Yol ofglA SHghEol ofH A

S 8ty Alcaligens fecalis, Vibrio alginoyticus, Arthro-

(]
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bacter sp. Lactobacillus, Bacillus subtilis, Candida rugose,
Pichia farinose2} Saccharomyces cerevisiae o< ©]-83t A
T B317} Qlth(Cha et al. 1999; Ho et al. 2008; Lee et al.
2009). 3 SFHEC o3t oFH 9 HAE $I5+Y Thiobacillus,
Pseudomonas, Beggiatoa, Thiotrix, Chlorobium, Chromatium,
2|3 Acidithiobacillus thiooxidans 52 ©]&3t A& 3}
Ath= 217k SUth(Lee e al. 2003; Chen et al. 2004; Kim
et al. 2004a). =38t Corynebacterium spp., Micrococcus spp.,
Flavobacterium spp., Bacillus spp., Staphylococcus spp.,
Pseudomonas spp.2}+ Strepococcus spp. = Mlato] &4
02 FHE AFSIATHE B % 1AL, Mucor spp., Copinus
spp., Helminthosporium spp.2} 22 A1 a7l 4HE
A 4 o= ®37F Ik (Kim ef al. 2004b; Rappert et
al. 2005a; Nakasaki et al. 2006; Yoon et al. 2009; Yan et al.
2013). o|¢} Zo] of2] njgFo] oFHE AZst7] fIste] o
|EI oH, 7hEAEETE AEAAMEY, SFshbg T ©
HeA g 5 ol RoollA FHARE 817 fAste] A&
2 4= Qlth(Rappert et al. 2005b; Kim et al. 2008).
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RS Baste] H2E Agste T AEstgol Heln
HoAl oF2I7h S, 1 AT S okE A7
of stz BAIH WAlsto] o8 WRHH 2 St s

o] H|YES o] &3l WS 2ASHA HATE S. cerevisiae
= AEARE $X5te HRE AHET 4 Slve Eavt
91 © o (Lonhienne et al. 2014), o] u|YE Fojx aRE
&3 A A 7ol A= o]of whEt & AFte
B. amyloliquefaciensg ©|-43t] HEZE& 2ot B4
A E A= ofHEA A7 S. cerevisiae7t 83 AE
4] Sobn i Y=t

-

Mz H Y
LER Y AlE 45

= M9 &%, Saccharomyces cerevisiae (KACC 30008
€k KACC 30068) 5+ s&UEH 1AE23 (KACO)
oA EoF uiertt. & W5+ YPD HJA| (yeast extract 10
g, peptone 20 g, dextrose 20 g, agar 15 g, distilled water 1 L)
of HFsko] 25°Cof|A] wfeFste] WAare| Hasto] AHg-st
Aok AP ou] Ao A} 28 fafsE o] Hol
W Alde ESoA E25HR I 16S ribosomal RNA gene
sequences 7|22 Bacillus amyloliquefaciensZ 573 %H
TFE Al #5F2 AR Al 755 trypticase soy
agar HJ | (TSA, tryticase soy broth 30 g, agar 15 g, distilled
water 1L, adjust pH to 7.3)°] FE3}aL 30°Coll A 18A17F Hj
&t 3 Yo Easte] ARSIt

2.9% g9 oig I+ 3

2= YPD YAEiA] (yeast extract 10 g, peptone 20 g,
dextrose 20 g, distilled water 1 L)ollA 8io¥3}aL, B. amylo-
liquefaciens— tryipticase soy broth (tryticase soy broth 30 g,
distilled water 1L, adjust pH to 7.3)°]| %3}t gEZ2
70% gt 127 JA5te] #H 252 3 H, A7
AAT F Atpo 1:4(viv) B &R & 4o e o
E9ch 92 FEH 200mLE 1000 mL A2zt ZetAdo] &
3t F B. amyloliquefaciens B %Y 4 mLE FE39ch &
B ATt Altg AT St andd 4mLE
F7h2 AESHEh JET 9 dEHS A-290A rotary
shakeroll ¥ 150 pm o2 747t wWiFatgict BE A=
3uEe st

3.9% Wejo|=9] W3} 24

A& #2sto] wiofet @2 detdo| fefo|=o] s}
£ 2A43}17] 93] SELDI-TOF MSZ 24513t} 22k 733t
Lol oFgt gFol2 w32l Q10 and CM10 THHlA 3



Malodor Decreasing Effect of Saccharomyces cerevisiae 179

o g7 dete BTt @ES 4°C, 13000 X gol
A 1087F AAEE3te] AHEoE H3ko] syringe filter (045

um, Whatmann, USA)2 o113t F Tl o F&st4
ok oA 3 ofgol= ohF3t Zo] FH|SHITh (Park ez al.
2013). &3t AJ= (100 pL)= binding buffer (Fe]d <
F5of wat 24+ o5, Q102 pH 9.0 10 mM Tris, 131
CM102 pH 4.0¢] 100 mM sodium acetate)S A3} 10
2 A5tk Q107 CMI10 ool AlRE 5]
A 2x200 uL2] binding buffer® 557 u]2] B A AT Al

= AZA3 & binding buffer2 Ztz} 587+ 33] A Hsz
=2 23] A% o 302 T dxsHTh 283 50%
C2H3N (acetonitrile)} 0.25% C2HF302 (trifluoroaceticacid)
o] ZFrel 1L 2x50% Z3FEl CHCA §H& HA3t 7
A3 A=x3te] SELDI-TOF MSE EA3t¢ith, Zu]3t o
Wz ojf o]+ SELDI-TOF MS (Bio Rad, USA)S A&
shof BT Zzkel Aze] thatel 3urEg AN
ot. A&% 13 E42 Protein Chip Data Manager Software
(Bio Rad, USA)E ©]-&3to #4353t

A
a1

=
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A

ol gZoll A st PR ok, SEtea T8l b
Qo 2ge 23ast duyol Ak Fig 7laad
7] (GV-110S, Gastec, Japan)¥} 7 A|# 3 L (Ammonia detec-
tor tube, Gastec, Japan)E AH&-3}0] SA35I T &4 A9
Eeprag A7) B5T AABE Sehaa Y7ot o A
o|Z 4rstol HA7| AlzARY SR wt SR
O BIIE Foaet YA 2UTS FRo} AR
Az FAsHA 10mLe) GC§ NZAH FA1E A
$31917 A28 24o] AP FE2 F4siech A
F¥E pulsed flame photometric detector (PFPD)%} thermal
desorption unity (Unity 2, Airserver, Markes, UK)S #}2Fgt
gas chromatograph (GC, 6890N, Agilent, USA)E AM&-3}%
AT BRI Table 134 2t

Mo

=)
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5. A4

A¥AIl= SAS (Statistic Analysis System, Version 9.02)
Z2IHE AHESHe] ANOVAES 55t 248kt

A ¥ 0¥

CM103} Q10 &2 28 AE3le SELDI-TOF MS&
43 92 Aeole] Yepo= AHEo] Z2e] Helof

Table 1. Instrumental conditions of the combined application of
Gas chromatography and Thermal desorption system for
the analysis of hydrogen sulfide and methyl mercaptan.

25 mLmin”"
Low: —30°C, high: 400°C

Sampling time
Cold trap temp

g?ffrﬁﬁln Hold time SOmin o
Outlet split 10.0mLmin ~(10: 1 split ratio)
Flow path temp  100°C
Detector PFPD
Column CP-5(60m x0.25 pm X 1.0 um)
Carrier gas He 1.0 mLmin"'

GC/PFPD Air-1 flow rate 17 mLmin”"
Air-2 flow rate 10 mL min”"
H2 flow rate 13 mLmin”’
Oven temp 4°C to 450°C

e} 24 YeTh(Fig. D). IAES ARESte] Zafet 2
Zo AR ~HEY mfElo] ¢F 5000 DL H oA FA
g tf29 AEA Hepol= o= gl o=t 2442
o] A A e o, AEA} HEHo|E AT EH]
A dize) w3 syt 2 Aty w3 sfdo] gRith
oj¢} o] th2 ¥3 2 Sz T Eajot nyE
9] tatzb oA AAHE AEA Hepo| =2 Q3 UEhe=
Aoz Azt B3 n| & ot HHT GZY &
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TUAY o £ AEANF SHATLE RGO T3
= YERA] 33hth(Lee er al. 2016). 0|23 Ait= A= S,
cerevisiae7} o] A B FX o= H|EE AMESHAL
Tt ApAlof| H]Z0] B o (Lonhienne ef al. 2014), &2.9] o}
H AA magk SRIEGE HEZS At v R E YA
ste=tl mi¢- A& A nER ARE AT 5 QL
7Fed& AARTE olof wet Ao A A aNE
gst7] Sl dEYol, g3t wEw 20T 5o WA
BEA7|=A] ZAFSFSI T

FZF FdENS B. amyloliquefaciens= TA7F 2339
uil St A Yot= 1.75 ppm®| AL, B. amyloliquefaciens
9} S. cerevisiae KACC 300083} KACC 30068 #52 z+zt
ol JFsAs e dRYol T Fo] & 47 BF 747t
1,13 ppme = AN#¥tE ARt Zafstdle e 64.6%
Aot B3 Al £ RS 2R FFE FA AHSSHES
= 0.75 ppmo] LA o= ARt AHERE w9
429% T2 A5 Th(Fig. 2). ©] & A= RS
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Fig. 1. Peak spectra of protein chip arrays Q10 and CM10 arrays of surface enhanced laser desorption/ionization time-of-flight mass spec-
trometry in egg suspension treated with a bacterium or yeasts. Control: only egg suspension, A: egg suspension decomposed with only
Bacillus amyloliquefaciens, B: egg suspension decomposed with B. amyloliquefaciens and treated with Saccharomyces cerevisiae
(KACC 30008), C: B: egg suspension decomposed with B. amyloliquefaciens and treated with S. cerevisiae (KACC 30068), D: egg
suspension decomposed with B. amyloliquefaciens and treated with S. cerevisiae (KACC 30008 and KACC 30068).
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Fig. 2. Ammonia gas emitted from egg suspension decomposed
by Bacillus amyloliquefaciens, and odor decreasing effect
of Saccharomyces cerevisiae. The gas was measured with
GASTEC with ammonia detector tube 3 L. C: Ammonia gas
emitted from egg suspension decomposed with B. amylo-
liquefaciens, B+08: Same as A and S. cerevisiae (KACC
30008) treated. B + 68: Same as A and S. cerevisiae (KACC
30068) treated. B + 08 + 68: Same as A and S. cerevisiae (both
KACC 30008 and KACC 30068) treated. Results were ana-
lyzed by ANOVA tests. Same letters on column means not
significantly different (p <0.01).
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Fig. 3. Hydrogen sulfide gas emitted from egg suspension decom-
posed by Bacillus amyloliquefaciens and odor decreasing
effect of Saccharomyces cerevisiae. The gas was analyzed
with gas chromatograph with pulsed flame photometric
detector. C: Hydrogen sulfide gas emitted from egg suspen-
sion decomposed with B. amyloliquefaciens, B +08: Same
as A and S. cerevisiae (KACC 30008) treated. B + 68: Same
as A and S. cerevisiae (KACC 30068) treated. B +08 + 68:
Same as A and S. cerevisiae (both KACC 30008 and KACC
30068) treated. Results were analyzed by ANOVA tests.
Same letters on column means not significantly different
(p<0.01).

o

3% %t 087ppm &2 AT AHSHE Rt 1.5%
FEO 2 AT (Fig. 3). Al B. amyloliquefaciens<
AHgslo] 7Y Fot Ealdt Eel A= 15ppme] HEH EZE
gho] BrAE G I, Al A &5 KACC 300083 KACC
30068 AES AL 22 159 9ppme 2 AlFT AR
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B
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Fig. 4. Methyl mercaptan gas emitted from egg suspension decom-
posed by Bacillus amyloliquefaciens and odor decreasing
effect of Saccharomyces cerevisiae. The gas was analyzed
with gas chromatograph with pulsed flame photometric de-
tector. C: Methyl mercaptan gas emitted from egg suspen-
sion decomposed with B. amyloliquefaciens, B +08: Same
as A and S. cerevisiae (KACC 30008) treated. B + 68: Same
as A and S. cerevisiae (KACC 30068) treated. B 4+ 08 + 68:
Same as A and S. cerevisiae (both KACC 30008 and KACC
30068) treated. Results were analyzed by ANOVA tests.
Same letters on column means not significantly different
(p<0.01).

< &} Bl 100%2E 60% ol Atk Al F 719
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A =2E A7l At les HoEth 53] 2
Ae JAZ dFojX = 3449 B aHY AFE2 3
RS WA ABAREE & + AAT T2 5 T
9] A KACC 30068 #F7} KACC 30008t} o & 3}& S
2 JAE gasded ole d5ol wet A J=vt o
2 % 9e8 Moizth o] ART FUFE 2 Aol
A S. cerevisiae7} B2 Ha| A oA WASI= oI FHE
2R o7 ZrAA 7|3, B. amyloliquefaciens}t A G2k
AeeRs W G BN HAGA LSS FATA,

%N N

q 2

B H7)et= @& Bacillus amyloliquefaciens

£ °o|& &allste] HRI}st= o qlo] WAsHE oFe
718 Aol Aol 8T AFaa F sholtt. o] &A
= 2317 Ykl F MY &R, Saccharomyces cerevisiae
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