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Abstract

This study analyzed and compared growth characteristics under large-scale fermentation
at 35T of three microorganisms with the ability to reduce odor-producing substances in
livestock. The three microorganisms (Bacillus subtilis FWC1, Bacillus amyloliquefaciens
NAAS1, and Pichia farinosa NAAS2) evaluated in this study have been proven effective in
reducing odor-inducing substances. Bacillus subtilis FWC1 exhibited the highest viable cell
count when using 2% maltodextrin as carbon source, 0.05% soy-peptone as nitrogen source,
and 0.3% yeast extract. The optimum media composition for B. amyloliquefaciens NAAS1
was 1.2% modified-starch with 0.8% yeast extract. The spore formation rate in the mass
production of the Bacillus strains was over 90%, indicating that optimal growth medium
compositions have been identified. In the case of P. farinosa NAAS2, our optimized growth
medium [2% (w/v) glucose and 1% (w/v) yeast extract] improved biomass production.
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o] did o= Fho] vl o] EAolr}. RREHEHIHES S83t uiA] HH3k= Lacroba-
cillus casei YIT9018, L. plantarum JNU2116, Bifidobacterium animalis subsp. lactis
JNU306 59 probioticsE Wg484tsl7] fIste] AT=QoH, Ao wf== vz E} 74
A2 =2 probioticsE ARt 4= AATH3-5].

T3y HjR| 2] BERGHA] g2 ols shte] 891 o] 0= 1 UMA| QRIS
THAA A¥5H= change-one-factor-at-a-time S-S AMSHo] HAuA] 4L AHT
=], B SRR (TR0l 9T F= SRJEIRAAR)Y B ATE 4 glou, ojmdt A%
AP zgoA FHje] ¥R B & UeThe T 4 Stk

B Ao AN ulBEQl Bacillus subtilis FWClE A% A&So|lA Eejslgod, B
amyloliqufaciens NAAS13} Pichia farinosa NAAS2+ 27+ E4a} BAol|A Eajotqict. g
TolM S5 W78 9 24 {7189 B subtilis FWC1, B. amyloliqufaciens NAAST & P
farinosa NAAS2 w75 A=Al 33 UJIEHQ1 o}, 3lea 9l ofql7kAl] WAlS:
HaA7= 2 ER1sHITH6,71.

Bacillus subtilis FWC1< tryptic soy(TS) broth(BD Difco, Fraklin Lakes, NJ, USA)°llA|
QA =2 A8 UENH O, B amyloliqutaciens NAAS13} P. farinosa NAAS2= 242+
Luria-Bertani(LB) broth(BD Difco)2} YM broth(BD Difco)ollA 953t ALFAS HF oLt
7to] vl Al iR R ARESE o= of el Agoltt. Egh APAoA ol nBEY A
ARS: 93t BjA| 2/ Sdol o, uikAIZto] 72-120A17E02 AA| AAte] Z-8o}7] ol A
o] Ik

w2k B A= B subtilis FWC1, B, amyloliqufaciens NAAS1 2 P. farinosa NAAS2 w4
YA BkAQ1 ARAA AR Q1R AR RIS APdstarat egstqlth

ot >

M=z 2 U

1. AE(E HHFH H|ZE

B Ao ARSH AT vlBE 3%, B subtilis FWC1, B. amyloliqufaciens NAAS1
P. farinosa NAAS2+= 547 |& 83 Aol A Eefitot ABSIITY. Bacillus subtilis FWC13}:
B. amyloliqufaciens NAAS12 Z1ZF TS broth®} LB brothol|A 35C, 24417t XEhulof & AEHE
2 ARSSIF O, P farinosa NAAS2E YM brothollA 30T, 48417t Zguofsto] AEMEZ ARE-
SF3lct.

2. CHEHHY =2 B

Ad7E =2 WA 24 FAE floto] APAola dojxl ATE Higo R BAY, A,
nEFdA 5 2429 YEE Frlste] A8 ki = HIAEEES EUE A= 249 HiAE
ASIAS. B, subtilis FWC19) 739-0l= maltodextrin ¥+ soy-peptones H7lolo] Au<rE
B WtR.OW, Bacillus amyloliqufaciens NAAS1S glucose, fructose, maltodextring 242t &
et BiR| 2 HE WS v wstct. ESt, Pichia farinosa NAAS2E= F718F thAlo] yeast
extracts Y3t HiXE Azl 27 HE AA5E v w5l Table 12 APATL6, 710014
e AR 24E YERd 20 B Afoie tixE Aottt

3. 47+ =4

Bacillus subtilis FWC1, B. amyloliqufaciens NAAS1 Y P. farinosa NAAS29] a4 &4
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Table 1. Composition of control medium for tested strains

Bacillus subtilis FWC1  Bacillus amyloliqufaciens NAAS1  Pichia farinosa NAAS?2

Component Concentraion (%, wiv)

Glucose 1.8 - 12

Soluble starch - 1.2 -

Yeast extract 0.6 0.8 -

Soybean flour - - 0.4

NaCl - 0.1 -

MgSO4 . 7H20 - - 0.02

2 BYst o Aoty on, WY 1 mLE Bt FYAESE J4 &, J4H ARE
TS agar, LB agar & YM agar©l| =%510] 30C(P. farinosa NAAS2)2} 35T (B, subtilis FWC1

4 B amyloliqufaciens NAAS1)OIA 27t 48A17F &<t vlieFsto] FghS AlG=stoiH.

4. SA<

HE AT 33 ol RHEsto] AAfstlon, Aat grof] tigt SAREAS SAS ZEIFH(SAS 9.4,
SAS Institute, Cary, NC, USA}& ©]-&3to] LA EAHEA (one-way ANOVAyS HAIRE & £
OJst Aol7} = AL, AAHS O F Duncan's multiple range testS AAISH] f-&Q1 Xjo|&
p<0.05 FEo|A H7gsioith
23 9 1%
1. Bacillus subtilis FWC12| CHZFMIA BHQF X2

Aol RUH(6], Bacillus subtilis FWC12] ¥iA|Q1 glucose-yeast extract medium}
H woto] BEEreet 24 g4 AR 5o B BlIE 59l A8 RS A6 Ta
202 glucose, maltodextrin, fructose, sucrose ¥ modified starchE 1% 5% s&°= Z+zZ¢
AAsIHoH, AAYOR soy peptoneT} yeast extracts Z12F 0.01%0.05%2} 0.3% 1% 552
2 AAsto] HiXE ARl e gAl viA] 28 25 Aeia= Table 20 AXleelch 484
3}, Bacillus subtilis FWC12 ©4Y 2% olsf, A F 0.3%2] 2402 35T A 24417 v
St AM A A4to] 7heRt Ao YEITH

Kwon et al.(2007)2 B. subtilis S37-2+= TS Bix|oA FS3t ABSATEE e o™, 30TH
o 37ColA HIFA] 48 o] oA S EACH, peptonet tryptones 7R HjA|E
o} yeast extracts F7I%F WA HA| B0l Fostttal Esiths]. & A¥4A, B
subtilis FWC19] 7% ©A99] TS 2% =2 o 29]2] AEEdo] Ao, yeast
extract ggo] 27150 et A|ZEYo] Zrlsl= AL HYtHdata were not shown). ES
HjF2 oA 30CEH 35T A 5Tt 571ehE golste] 719 Aot fARE vigF
S5 UERlth 184 yeast extract®] O] 0.3% OVHE= AEZRE 2 A BTl 2
2}olE Holx| Utrtidata were not shown).

2. B. amyloliquefaciens NAAS12| CHZFAAL H{QF X2

Bacillus amyloliquefaciens NAAS1 tegAg4kE 98t B82S ©AYOR glucose,
maltodextrin, soluble-starch, modified-starch® 247+ 1%5% =02 4AotHoH, 24
O F soy peptone, veast extract ¥ soybean flourZ ZH2 0.01%-0.05%, 0.3%1% 2 0.1%-
1% 202 H7iste] Brlsiyich
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Table 2. Viable cells of B. subtilis FWC1 with different culture media

Component Amount (%; wiv) B. subtilis FWC1 (log CFU/mL)
Glucose 1
Maltodextrin 1 9.05+0.02°
Yeast extract 0.3
Glucose 1
Fructose 1 a
Soy peptone 0.05 9.25£004
Yeast extract 0.3
Maltodextrin 2
Soy peptone 0.05 9.02+0.01°
Yeast extract 0.3
Glucose 1
Fructose 1 a
Soy peptone 0.05 9.28+0.01
Yeast extract 1
Maltodextrin 2
Soy peptone 0.05 9.2+0.05°
Yeast extract 1

* Means with different superscripts indicate significant difference within a column (p<0.05).

Table 3= A& il viR| 22 AHsk7] fIste] ofg] M= 02 35T oA 244
7t Hijo¥sto] & A4S el Aoltt vjA 24 maltodextrin 1%, soluble-starch 1%, soy
peptone 0.5% % yeast extract 0.6%= St%Z @ 9.49] o|2= =2 A4S HAth

Bacillus amyloliqufaciens NAAS1+= 72A17F viF &, @074 2%5 0 =2 Tk ©ad
7F Al AlEmE o] aste], A = Adfcls A& Uehston, A4 dgo] 3715
uet Al EEFo] J7bottt. HAG tivl A7t Blwd 948k modified starch 1%-1.5%,
yeast extract 0.5% 1% 59| FAJo] At viA =2 7P A3t Ao& Kol B amyloliqu-
faciens SKU-78th R 3Hgo] o Hijoko] 7hsdka gelsiitth.

Kim and Cho(2014)+= B. amyloliqufaciens SKU-78 48A17t v goll A SAYO 2 H 24

Table 3. Viable cells of Bacillus amyloliqufaciens NAAS-1 with different culture media

Component Amount (%; wiv) B. amyloliqufaciens NAAS1 (log CFU/mL)

Maltodextrin 2

Soy peptone 0.05 9.210.02°
Yeast extract 0.3

Modified starch 1.2 b
Yeast extract 0.8 913£0.04
Glucose 2

Maltodextrin 0.5 8.03+0.02°
Yeast extract 0.3

Modified starch 1.2

Yeast extract 08 9.150.05
Soybean flour 1

Maltodextrin 1

Modified starch 1 a
Soy peptone 0.05 94001
Yeast extract 0.6

& Means with different superscripts indicate significant difference within a coulmn (p<0.05).

https://www.ejmsb.org



Bacillus subtilis FWC1, B. amyloliquefaciens NAAS1 2! Pichia farinosa NAAS22| MH MAS Q|

]

s 221

https://www.ejmsb.org

TR FRolA =2 A= Elon[9], daYeE v} soybean flours ARSI O
A /7ol 7HE AL HAseinh E3E, soybean flour?] &0 Wt A W SIS
L 5% oJAtollA= 2 X}o]E Ho|R| 9Qk=H| 5% soybean flourd] H#AYO R 25LAE I
3, soluble starch 3%E 242 A715l] BiYF Al 5% soybean flouro] AU E 24, HES
A7 A7 ©AYE H7ISHA] 2 5% soybean flour T 8 AlECE 4] S Rt
3L SEITHOL

3. Pichia farinosa NAAS22| CHZFHAM HHQF X714

Adu|AEIA P farinosa NAAS2E YM BiA]2} Potato-dextrose ¥iA|(BD)oA ASEAJS H]
WRE A3 30T YM HiRIoflA] HitA] B =2 kS ESitKdata were not shown). 71&9]
BE P farionsa NAAS2 AJAHRZ]Q1 glucose-soybean medium¥}t H|wslo] AR} Aot
S YIS B0 ARG IR E SMGIRTHTable 4). Pichia farinosa NAAS2+= 2% glucose2t
1% veast extract® 7% viR|OA] viQF 24417kl Adt<=7t 73 E39Tt Kwon and Kim(2016)
2 P farinosa MBY/L1569 = 7] pH 7.0, &9 5%, %% 37T 7 w2 3
EE RYcky B ow10], B AFAT P farinosa NAAS2 #59] 7S AL QlojA
£ 35C7F &7 T HEA UERgou, oAl ikl Slojal= 30TAlA 71 24=519it.

g8

71 ARAVHA 9 SRR e 22 9o 7s3St B subtilis FWC1, B, amyloliquefa-
ciens NAAS1 2 P, farinosa NAAS2T-9] 414 Hjspit 24& |Aet 23, B subrilis
FWC13} B. amyloliquefaciens NAAS1-2 A5t R E tieFgitaz|o| A 2z} 9.283} 9.49] A3+t
(log CFU/mL)E ®o] 7|& vjX|Ect 95t A o2 YeldthTable 5). P farinosa NAAS2=
Ayt e AYARIA R wieket Ay, wieF 24417t 47t 8.63(log CFU/mL)2E UEFE oL,
71% v B9 v 120417] A7} 8.73(log CFU/mL)O2 HiAIZES: 1/52 TEA]
Z 4= AQUtHTable 5). AF4A PARE gt A Sl viAIE ZRIEUANE of= 500 L €59

Table 4. Effect of glucose and yeast extract concentrations on the growth of P. farinosa NAAS2

Component Amount (%; wiv) P. farinosa NAAS2 (log CFU/mL)
stlel:;?sttract 01.5 8114005
%ﬁ:szxtract f 8.63+0.0%

Scl:;/(l:)(;:en flour 01.5 8.5020.05°

b Means with different superscripts indicate significant difference within a column (p<0.05).

Table 5. Comparison of viable cells with optimum media

Control medium Optimization medium
Final incubation Viable cell count  Final incubation Viable cell count
time (h) (log CFU/mL) time (h) (log CFU/mL)
Bacillus subtilis FWC1 72 9.12+0.05 24 9.28+0.01
Bacillus amyloliqufaciens
NAAS 96 9.09+0.07 24 9.4+0.01
Pichia farinosa NAAS2 120 8.73+0.05 24 8.63+0.03

J Dairy Sci Biotechnol Vol. 39, No. 3 | 91



Yoo et al.

92 | J Dairy Sci Biotechnol Vol. 39, No. 3

£
o
&
u
=2
o)

ARt 212 ok} ggfo| F i AoA e Butr B7PF FUHE0E BAgt
=4

207 B subtilis FWC12 maltodextrin, soy peptone, veast extract’} 7Fg 8iz]o]
A 49t AWE B OW,| Bacillus amyloliquetaciens NAAS1-2 modified-starch®} yeast
extract’} A7FE HiR|OA =& A4S YNNI Pichia farinosa NAAS2= glucose?}
yeast extract”} H7Fe vjX|o|A] HiQFA] S5 FAE S Hof, & AtollA] FEE Hix Aol

ERAQI Tpge] AT HAUL T 4 Ui

pad
it |-n? °
O:
oZ,
)
;

¢

Conflict of Interest

The authors declare no potential conflict of interest.

Acknowledgements

This work was supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Korea government
(2021R1A4A1031220).

References

1. Lee EY. Problems and verification system of probiotics as livestock-environment
improving agent produced and circulated. Microbiol Biotechnol Lett. 2008;36:87-95.

2. Montgomery CD. Response surface methodology. In: Montgomery CD, editor.
MoDesign and analysis of experiments. 3rd ed. New York, NY: John Wiley & Sons;
1991. p. 521-568.

3. Oh S, Rheem S, Sim J, Kim S, Baek Y. Optimizing conditions for the growth of
Lactobacillus casei YIT 9018 in tryptone-yeast extract-glucose medium by using
response surface methodology. Appl Environ Microbiol. 1995;61:3809-3814.

4. Yoo H, Rheem I, Rheem S, Oh S. Optimizing medium components for the maximum
growth of Lactobacillus plantarum JNU 2116 using response surface methodology.
Korean J Food Sci Anim Resour. 2018;38:240-250.

5. Dang TD, Yong CC, Rheem S, Oh S. Optimizing the composition of the medium for
the viable cells of Bifidobacterium animalis subsp. lactis JNU306 using response
surface methodology. ] Anim Sci Technol. 2021;63:603-613.

6. Yoo JH, Park IC, Kim WK. Material treating for production of malodor. Korea patent
10-1465093. 2014.

7. Yoo JH, Park IC, Kim WK, Kim JS. Material treating for production of malodor,
Korea patent 10-1549191. 2015.

8. Kwon ]S, Weon HY, Suh JS, Kim WG, Jang KY, Noh HJ. Plant growth promoting
effect and antifungal activity of Bacillus subtilis S37-2. Korean J Soil Sci Fert. 2007;
40:447-453.

9. Kim SD, Cho HB. Fermentation of a potential biocontrol agent, Bacillus amyloli-

https://www.ejmsb.org



njo

Bacillus subtilis FWC1, B. amyloliquefaciens NAAS1 2! Pichia farinosa NAAS22| MHZS AMAL

rot
=
09
Rl
asl

?
9

quefaciens SKU-78 strain. Korean ] Microbiol. 2014:;50:84-86.
10. Kwon HJ, Kim MD. Isolation of stress-tolerant Pichia farinosa from nuruk. Microbiol
Biotechnol Lett. 2016:44:349-354.

https://www.ejmsb.org J Dairy Sci Biotechnol Vol. 39, No. 3 |93



