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ABSTRACT

The present study investigated effects of microbial additives on the floor of Hanwoo steer manure in barn. The treatment following:
without additives (CON); additives (AMA). Each treatment used 3 barns as replication and each barn contained 5 Hanwoos. The
Hanwoo steer manure in barns was sub-sampled from 5 sides of pen at 0, 4 and 12 weeks. The sub-samples were used for analyses
of chemical compositions, microbial counts, gas emissions and compost maturity. The concentrations of moisture, organic matter, total
nitrogen and carbon-to-nitrogen (C/N ratio) of Hanwoo steer manure before the microbial additives were each 59.1%, 83.2%, 1.78%
and 50.0%, respectively. The counts of lactic acid bacteria, Yeast, Bacillus subtilis, and Escherichia coli (E. coli) were each 5.94,
6.83, 7,28 and 5.52 cfu/g, but Salmonella was not detected. The ammonia-N gas was 4.67 ppm, but hydrogen sulfide gas was not
detected. After 4 weeks, moisture, organic matter, total nitrogen, pH and yeast count were lowest (p<0.05). The lactic acid bacteria,
yeast, Escherichia coli (E. coli) and ammonia-N gas were not effects of microbial additives. All treatments was not detected at
Salmonella count and hydrogen sulfide emission, and compost maturity was completed. After 12 weeks, the lactic acid bacteria and
Bacillus subtilis were highest in AMA, while moisture, yeast and E. coli were lowest (»p<0.05). The ammonia-N gas was not effect
by microbial additive. Sal/monella and hydrogen sulfide emission were not detected in all treatments, and compost maturity was
completed. Therefore, in present study, the microbial additive did not affect of gas and compost maturity, but the pathogenic
microorganism such as E. coli, were inhibited by microbial additives.
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I. M2

FZ T SARIeIA AERAPE ik 8% ZACe R
o)l g, Z4ele] thsl, 71lsk} o]0l 7] Al
SEaL s Zolejo] 20214 OF 355957} AR Qe
(Statistics Korea, 2022). ARSF0] 371 SAERS] Z7I12
olofR7] wizol] &g3} #Alo] s 7ol Basht Ak &
o 715 Eez sl TA¥eks Y vidEoks ddwit
Adla) So] 9o, ¥ njAEQ] tiiat Al dlei= &
OFA] HAkEO] 2 ARl F Shtelm, SokA] g TS A

ZItK(Song and Chai, 1998; Kang et al., 2001). ©]&3t HA
TPRESS olofl 1AA] kAl et PR Yo S 241
AlA SAF U Q9] ]lo] Hk(Jajere, 2019).

o= SIS 8 H1Y F shielH, 7150] oFol
A7t eEHA HH AEYA A& &S], 47 A 50 &
AS SPIAIZICK Yasuhara et al., 1984). SAHolA o) A7k
fsh ARESh= RIRE T ShURI RBES ol83sto] AFIE Alefst
+ PR A AFHE 71 7] W9 Rekte] 191 %
HolE Whews WhAolH, Jir A2 A] E4 292 €071 $150
O[-&=]1L IFHKim et al., 1999). T3t BetA] A5 X vF=9
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W A oS YL AIRORA 4% S8 o
k8-S G5l (Petersen, 1985), WY tES] A4S 94
Skl FEAR] FHHol H FRRtE 52 HAAA WAE A
718k= a3} Qck(Terada, 1994; Kim et al., 2006).

SHH, X& 7153 S4R0 2 wHsl] st Wikt 5 shu=E
2021 3EHE EH] B HARPF oSl Ql=T], EElo] v
AES A7boke e aARl EM] B 915 i 5 of
UE, 715 2ol nE 371 Al EYTES ARESIGE wiEoh
B8] Fo] SX1=w F2o] K (Shin, 2002). T3 of2gt
EH] R Soto] et S48 /MAAA A 7714 Hm
2 olg3 & ok @A o A7 2 e TS flste] A+
7h B2 SARolA K= Ql=T, TReAE Hofl it Al
njufgt Aol webA 2 A= nPE 71wt AARES-
2ol A= FFE AR Skl =3¥si3ict

0. M= ¥ g

o

2 AEE Bd=gdeiuols dAsks sEATEEE7 =
Fol0] AllS AAISISTHGNU-210705-A0062). §-¢- HIS-S-
3075 BASH] S arEslo] AT 1554 HiA]sIgic
(65050 kg). & Ao ARSI E-2 2021d 7Y 7B ARAI
24 RS oA AFfslsi: Aol ol &H Bt widE
(Lactobacillus sakei, 2.8 x 10° + Bacillus subitilis, 4.6 x10°
+ Sacchromyces cerevisiae, 3.2 x 108)2 (RHARAZIZ g m|
AEAGC 2R E FFHSIE AP A} HiEl| dvkEE
5 cm #O|& 231, vPYES J7IHA] 2 AIRTHCON)2t By
2 AT ARFHAMA)Z Ayt tE A S
TPES Fofstal(5008] 314, QEIEF(1008 Bl4)E 53 1
o 1027} 10 L Bi=o] Asigion, fAF Higo] REE 5
cm 0|2 ZolEqltt. AIF7IE F 1257 AAslgoH, &
A5 flolo] Al 05, 45 E 125%0f] 3 53LoflA] 9= 5 ke
Azfsto] wAof ol-8siitt

2. 20| O33N £

0x

0] opelA /g B4 sl AFE AlEe 65C &
FAZ7100|A 4841 AFRAIA Wiley mill 24715 ol-8sto] &
A5k, 1 mm screen2 £33 A EE BA48.07 0]8519th
Q30| LB SRS 105C AXR7|(OF-22GW, JEIO TECH,
Korea)ol|A] 24417t B9t AR & EAS 24510 BASI9ICh
Z44 FRES AOAC (2005)0] Z5t0] EA69Ic 244 3

S Kjeldahl'{(B-324, 412, 435 and 719Titrino, BUCHI,
Germany)& ©]-§5}0] Lk 2 Sl AAaAE Hiro]
B4, S8 SRS 3)5t2(muffle furnace, Nabertherm,
Liliental, Germany)E& 0]-85}0] 550TollA 4A17F B9 SISkA71
T U 255 Sk Aw B Wl glow AWSIeT, S5
ZZ0 A/ 98 20 g} FFH5 180 mLE TA7|olA 30%
7+ Bt 5 Az el AzSIeIch AR S8 2EE pH
meter(SevenEasy, Mettler Toledo, Greifensee, Switzerland)E ©|
Balo] plig 2HII0E ONES 97180 FUAE Lol Akt
a9ick

3. Djg= 3¢

TPEES Wi 05 45 B 1250] ARt = 1 g2 Bt
]4901(0.84% NaCI)O.2 1031 S}Jlo] we} 314 & e 23
2 gfslo] 7t 814 wAle] SIS ALEsIoIT SARKLAB,
lactic acid bacteriay2 Lactobacilli MRS agar media (MRS,
Difco, Detroit, MI, USA)O]l 3}4%H 100 uLE L'Zo}o] 30TOf|A]
4A8AI7F vl = S(logl0 cfivg)S 245199}, 312K Bacillus
subtilisy= Luria bertani agar (LB Agar, Difco Laboratories,
MI, USA)E 0|85, JHKyeast)S potato dextrose
agar(PDA, Difco, Detroit, MI, USA)E o]-85}o] A5t 4
22K Salmonella)?} WITHE.coliy> SS  agar (Difco
Laboratories, MI, USA)2} Violet red bile agar (VRB agar,
Difco Laboratories, MI, USA)9]| 340 100 YL T=Holo] &
AV B PO T Sloglo cfveyS ST BAL
o Saelgion, viEe] Haghe BARAC] ol8sid

TR AR AR B % 300 g2 7k ER §710] Yo
% Wgsjo] ALl 2417F HANIZL T ZRAEA|GASTEC,
PUM SET GB GV-100S, Japan)E o|&slo] gHuUo}
(GASTEC detetector tube, ammonia no. 3L, Japan)2} &3l
(GASTEC detetector tube, Hydrogen Sulphide no. 4LK, Japan)
2 Bk ) BETE AR B F 200 g 9 4G
8710 Y& F WRsle] ALo] 247 FAN 5 B4 7]

8719} AR Wl Az k2ol 3087 HAN 5 B
E4 7]7/(COMME-100, E&A TECH, Korea)S E5}o] Ea0]

olgstick
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5. EAXNE

E AJFo]A] Hojzl ZAik= PROC GLM SAS program (v.
9.1 program, 2002)< ©]-85}%.2™, Tukey test (p<0.05)Z A=

T2 9o gL AAlsict

II. 2a & J%

1. 0= 37t o 229 8¢

PSR 7F A 2R BSg- 1O olpsld B4, nldE A
4 EJH] Bt Table 13} Atk 3R HISS- BIEY] =8, &
718, & Ah I CONEE 77} 59.1%, 83.2%, 1.78% L 50.0%
o Zom, pH= 9312 Ueldth Akt 8% 9 x4
7Yz} 5.94, 6.83 L 7.28 cfu/gd} 7o YeRtom, thd-S 5.52
cf/g, ARdel= FEEA Atk ESE d=yot AR
4.67 ppm/100 mLE UEPGOH, lpa= MAEE] It
TRt EH] Fate= o] BV} BarR] ok e 2AES]
o} 3k 9E2 o[sleH AL e Y SR vkt

o2 B9 Joo et al, 2021).

2. D=

W4z 3 920l 4y

PR A7t 4 3 3k9- HlSS- 2o olslehd B4, nidE
g 9 EH| B&e= Table 29} Atk 72 1PE A7
Al izt Biste] foj2o® BHA UERITHp=0.047; 67.1 vs.
57.7%. of 94t vleto] SEAE ZolRol S| 428
FEAA Eeo] WA UEE Z0E Aledr: 2 &
29l A Halol 7P 583 821 F shE, 48 o] ==
55 nPE9] o] SHEH, 7 AFORE Qs Bateo]
IS mRckar H IS Ward et al., 2002; Kim et al,
2004, F718 B GEvold folon wA ekt
(p=0.006; 79.7 vs. 73.0%). o= "|AE *LollA A} HI=O|
9uglol $EHE BYOR 2] Wl STl 1% F
Fo] Rl FUE o] w2 A dlell AoE AlmEch Eat
F71Eo] Bl d o o] Aash e difgs B3 &
&Ao] se] f71E Eofieh TR AES ZH=THMiller
and Finstein, 1985). 384 3RS )Z2LoA [ojzo=r =4
UFERTH(p=0.028; 1.98 vs. 1.51%). 0] HE3F e 7ol A
22 4o T4 T uhizel 29 FE4A Tl A Y
Ehd o= Al AL QEUelE AR S g,
2 T4 TS dHYoF BES ASHA AFE Y
O ONGE AT flEQ HoPh ekt el
(005). pHE UE H2i7ol oo A vk

Table 1. Chemical characteristics, microbes, gas emissions, and compost maturity of Hanwoo steer manure just before

microbial additive applications

Manure SE

Chemical characteristics

Moisture, % 59.1 2.181

Organic matter, % DM 83.2 1.965

Total nitrogen, % DM 1.78 0.180

C/N ratio 50.0 6.870

pH 9.31 0.076
Microbes

Lactic acid bacteria, cfu/g 5.94 0.637

Yeast, cfu/g 6.83 0.426

Bacillus subtilis, cfu/g 7.28 0.190

Salmonella, cfu/g ND N/A

E. coli, cfu/g 5.52 0.197
Gas emissions

NH;, ppm 4.67 2.376

H,S, ppm ND N/A
Compost maturity Before N/A

C/N ratio, organic matter to total nitrogen ratio; SE, standard error; ND, not detected; N/A, not available.
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Table 2. Effects of microbial additives on chemical characteristics, microbes, gas emissions, and compost maturity of

Hanwoo steer manure at 4 weeks

Treatments’

CON AMA SEM P-value
Chemical characteristics
Moisture, % 67.1° 57.7° 4.043 0.047
Organic matter, % DM 79.7° 73.0° 1.520 0.006
Total nitrogen, % DM 1.98* 1.51° 0.17 0.028
C/N ratio 40.6 48.5 3.803 0.064
pH 9.50° 9.36° 0.045 0.021
Microbes
Lactic acid bacteria, cfu/g 6.81 6.74 0.141 0.602
Yeast, cfu/g 6.39° 5.63° 0.274 0.028
Bacillus subtilis, cfu/g 6.66 6.32 0.568 0.500
Salmonella, cfu/g ND ND N/A N/A
E. coli, cfu/g 5.08 5.16 0.508 0.868
Gas emissions
NH;, ppm 3.00 4.67 2.483 0.457
H>S, ppm ND ND N/A N/A
Compost maturity complete complete N/A N/A

ICON, no additives; AMA, applications of microbial additives.

C/N ratio, organic matter to total nitrogen ratio; SEM, standard error mean; ND, not detected; N/A, not available.

(p=0.021; 9.50 vs 9.36), Oli= W= 7oA ET S&
3 AEl2. Qe i} 248 Ao A ool 95
3l7] 22 HA9] pHE 6.7-9.008 LR F=g|(Miller, 1992),
2 Aolkl= 9.0 A Yehd A2 B4 Z0% AR
i}, ol Eplsl} WS S FAoP] SR TS
Uehd 4 g ofe ehmuol B Z7iokE Qo] Sk
Zog & 4 Qlti(Lee et al., 2005; Mari et al., 2005). S5
= TRE AN fFoRe® WA UERom(p=0.028;
6.39 vs 5.63 cfwg), SANE T2 Amde} @ gt Sl 9
ofxjo o} UefLA] Qelckp=0.05), & Ak HOkE 1),
WA= v Helo] ofste] BES AR, vAE 4
Ao] RS vA|A] Q= A0 7 AlgELh o= o] EH|g)
Eo7haA mESe] A= AT BAcke Zog meEr:
(Kim et al., 2004). &HUo}, BslA dhAleF 9 EH| Bbr=
A2i77E GolHel olsk ek gtk ot} Fal
2 9F]9] = 8RI0F of= o] §7|E0] EdfjElo] A
o] 7159 27 W0l Y= HIA=HI(Kim et al., 1999), %
£ B0l ulgE A2 F 027t Rslgien], B 2 94 o
AE Soto] AHE 70% TAAIFHCH(Choi et al., 2015), TA]
2 A7) 5 YL 40U HEAHE v, FEriols of
84%, Bsl4A= 100% TAAIFHTH L B 15139t (Jeong et al..

2019). SHIE E ATOI GRS HIA] elglt EH] Bawe
upgE Helo] BAgle] 4020] Mg w Ho] SRl
Rie0] Hn] Bo] AFPHE QLole} Poldh 52 WA
Al 9S4 A7 (Hong, 2003), 1 AolAl F0]
e} T 9 o Jjio] wgo] B Aow AlwEt

3. n|g% o] MAf

od
ToT— oo

ol

=VIIPES

e %7}7} 127 3 3kO uj9.9 Ho| o|53ke B4, ulAy
a

= /3 3 EH| Fiess Table 33} Lok 22 45 & 2o}
AR IS HYloH, nE Mtz 310}04 r

)

ol o= v VERFOH(p<0.001; 72.0 vs. 57.5%), 971%,

Ak, CNg 9 pHE A7 524491 Aozt Vet ?—é*:k
Hp>0.05). o= 1257} A o, 9718, & 24 9 ONES
Ak wx]A] o= Ao@ ARELE SAHp=0.021; 6.64 vs.
7.40 cfw/g)T T2T S(p=0.002; 6.12 vs. 7.38cfu/g)= TAB=
7oA o R A Uehton, Sudt = WA vet
WTHp<0.001; 6.42 vs. 5.33 cfu/g). o= HIE FH7ILollA] u]
}‘gE 247}01] _40]— _S_J—]'E L}E}u- A o]ou:] 001 o] -ﬁ—/\]‘;’ﬁﬂ-
NEFO] 939 Bolo] HYY nE ] A5 oA A4
= okal B 318} HK(Gibson and Roberfroid, 1995). tidat 4=
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Table 3. Effects of microbial additives on chemical characteristics, microbes, gas emissions, and compost maturity of

Hanwoo steer manure at 12 weeks

Treatments'
CON AMA SEM P-value

Chemical characteristics

Moisture, % 72.0° 57.5° 0.428 <0.001

Organic matter, % DM 77.1 80.4 2.132 0.129

Total nitrogen, % DM 3.13 2.90 0.297 0.402

C/N ratio 0.04 0.04 0.005 0.299

pH 9.24 9.23 0.049 0.756
Microbes

Lactic acid bacteria, cfu/g 6.64° 7.40° 0.250 0.021

Yeast, cfu/g 6.42° 533 0.032 <0.001

Bacillus subtilis, cfu/g 6.12° 7.38" 0.212 0.002

Salmonella, cfu/g ND ND N/A N/A

E. coli, cfu/g 5.13% 4.88° 0.122 0.049
Gas emissions

NH;, ppm 6.00 8.50 3.189 0.454

HS, ppm ND ND N/A N/A
Compost maturity complete complete N/A N/A

ICON, no additives; AMA, applications of microbial additives.

C/N ratio, organic matter to total nitrogen ratio; SEM, standard error mean; ND, not detected; N/A, not available.

£ HE2ToA FH o= A WEEA(p=0.049; 5.13 vs. 4.88
cfu/g), ARdeh= HEFA] Aot vE 7oA tidt
57} Aot ole 94 et o] 125 BRE uPAE vt
of oJsie] flte] o] Sfsto] tfdat 47 AsIitt tft
o Andeks AEe A3E 52 FEAA 75 WA
IS ABHA71= Q9lo] E=d|(Song and Chai, 1998;
Jajere, 2019), & ZAolx= rE 7} Al tfd=to] Z4sio]
71%9] A7 S AAAZ Z0R AlaE dryolet
G3jgeds AR At 22l Aol7t UeRdA] Qlok
(p>0.05). o= 1257t HAE Ao w2 A=57te] aik=
e ] 92 Ao AmEth EMai s At B B
Qb AEiQIH], ofn] 4521 wf Ejujigo] ghgxo] olek 7
2 ZIE YeRH ZoE AleHrt

V. Q9

2 oM vhE 7ol wEE AMRK: Bl 22 ofsh
F 54, vidE A, 7 3 Ev] Rt viRlE o

b | =2 0
(o]

FESRIA Sk ool AUE FUSM, 4% T,

i _lolt

2

S H7TeIA] B, 9712 Fa B 9 vk wiorer)
U] ofsfsb SAolA Xolt ek elgiek Akt
AR Sk Fegon, B S 2Asie 125 3, v
e IO $ARET TaF S BoL 4% AR 9
et i A Stk S Qo] Fekea Wt
] e ulgE H7jo] ofgh vk LA elolek wet
A, RS- ol mEg H7leka fole STt e
RS 72siol, ul890] e 50 Ao ArEH]
w7k A 9 B Rl thet S7hAe) v A4
om Zaelolol & Aow Awgr

V. At
2 =22 sHHRE I8 SR sARst

71ENEAAEANZ: 321083-05-2-HD040)Q] Aol 2J5] o]
FojRsU
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