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ABSTRACT

Agricultural and livestock microorganisms including bacteria, yeast and fungi have been
used as eco-friendly biological agent in plant growth promoting, disease suppression and odor
reduction. In this study, we have optimized culture conditions of three species, such as Bacillus
subtilis, Saccharomyces cerevisiae and Lactobacillus casei that could act as effective biological
agent by producing growth-promoting factors to crops. They also reduce harmful odors generated
from livestock manure. We made up the optimal media recipes for Bacillus subtilis, Saccha-
romyces cerevisae and Lactobacillus casei named as MMS (glucose 0.5%, soy bean flour 0.8%,
NaCl 0.15%, K;HPO, 0.25%, Na,CO; 0.05%, MgSO4 0.1%), YSM (dextrose 1%, soytone 0.5%,
yeast extract 0.5%) and LSM (glucose 2%, soytone 0.5%, casein milk 0.5%, NaAc 0.5%,
KH,PO4 0.2%, MgSO4 0.002%, MnSO,4 0.05%), respectively. The culture period of three micro-
organisms were determined on 30 hours in 500 L fermenter. In addition, the maximal cell growth
of Bacillus subtilis, Saccharomyces cerevisae and Lactobacillus casei was measured as 1.4x10°
cfu/mL, 6.4x10% cfu/mL, 3.3x10° cfu/mL, respectively. From above results, we represent that
development of practical media and cultural techniques can economize heavily the cost for
mass production of agricultural and livestock microorganisms.

Additional key words: Bacillus subtilis, Saccharomyces cerevisiae, Lactobacillus casei, Practical

media, Fermentative technique
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& 2 FEre g M7 Har)e Jide] |a%
Ag g HEE gt

M= 3 g

ZHERAAZ 28 —|—,»9— |RE 15(Bacillus subtilis),

9 BANNE FRUAE 25
ccharomyces cerevisiae, Lactobacillus casei)®] Tt
2 ARS8l 5EUSE T AARIATE (Ko-
rean Agricultural Culture Collection)® F-E| HoF &b
of AMgalIT) 3% EFe] A7) RES 98 20%
glycerolE 715t stocke A|Z351e] -80C A2 Y
FaLof| Haste] Aol ANESISiTh B. subtilis HE
£ X2 Luria Bertani(LB, BD Difco™: tryptone 10
g, yeast extract 5 g, NaCl 10 g per liter)S ARE-5}
a1, S. cerevisiae~= Yeast extract Peptone Dextrose
(YPD, BD Difco™: yeast extract 10 g, peptone 20
=9 Hijx| =2, L
casei~ Lactobacilli MRS(BD lecoTM: proteose pep-

g, dextrose 20 g per liter)ul| XS

tone No.3 10 g, beef extract 10 g, yeast extract 5 g,
Dextrose 20 g, sodium acetate 5 g, polysorbate-80 1
g, ammonium citrate 2 g, magnesium sulfate 0.1 g,
manganese sulfate 0.05 g, dipotassium phosphate 2g
per liter) HIX|E BEL Wjx|2 AMSIG). F5o]
s RS gia) 2 2] AAAIe) 1.5%
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2. RE0IYEE Hix| &5t I gk HiY =7
EFAH
a1
7}, BN Bacillus subtilis)

1) CHEHHUS fIet HHX| S

2RERAZEA 7158 2= 5-4uREQ] B. subtilis
o] 27 443} ujx] NS $3] TSB(Tryptic Soy
Broth)Z 7|20 2 g2, A4 7719 2AS &
Aot A4 wiz)l TSB HiA| 2 tryptone, soy-
tone, glucose, NaCl, KbHPOs)% A1-8-3} vl 2] 7S
L3l B, Fagol w2 24 BT} 371 771
© & NayCOs, MgSO.E %3t 7] =4S A8t
o] 30T, 150 rpmO. & 48A17F St ZE} wekslary.

o] & & x| Ags} ujx|et A sguste]
A 70t Bacillus tiegFul e A-8-3} vl 2]Q1 BSM Hj

Z](soytone 0.5%, glucose 2%)2} HllYF T8 H|WE ¢
o oS =35kt
2) CHEFHHQEF Z|MZ=74 &M

B. subrills THaPAloF A] ALg} xjo S )

HollAl 7kt BSM ul =] ¢] wjef a8 vuE Fol
iEuoF HAx27AS e-starz} 5 L jar fermenter?)
ZAMGFE, AHkEE 27 E9E pHYS 500 L
8 Lol HeshAck'” 12} F-2 250 mL
AzFEakag@ Zu)E LB oA} HjR] 50 mLof| 2
= "Eslo] 30T, 150 rpm 2702 1247} 2}
wjoFstct 22 S92 LB A} BiX]E 5 L jar fer-
mentero]] 3 L 3£H] & AA 8k 1% =2 13}
Zo vjoFls &3] 307, 120 rpm, 0.3 vvm &
ZoflA 9AIRE Ft Xk vieksigict 2 i A8
3} wjA] 300 LE 3233t 500 L o8 war)of 1%
exzo] Z3 HjoRlS HE5te] 30T, 100 pm, 0.4~
0.5 wm Z70] 4 364178 Bt vfepsteict. £ wjor
A 6212k 2¥ 0.2 wlepel e AAsIo! FHES) pH
ZA5191 31, ujokon o] SJoRAaE 9l LAY __\Tz;x}_% 3}
Q15}0] A3} vj<I} BSM A1) ceer B8-S

o qu

BEE

Lt. 2(Saccharomyces cerevisiae)
1) CHEF HHES PISh HHX| ErAY

SA AR 2 AN 76 A= S cere-
e 34 858 WA A 519 et
2 BSM HjR|E A8t} S cerevisiae A-8-3} vl Z]
NS $J3t gAY AR maltose, fructose, sucrose,
dextroseS ©]-83}3. _0_01 o]7)o] HAYO R yeast
extractE 7l 0.5~2.0%7H4] s vz E =
A%t &, A H7~]°] YPD ufjz|&}e] vjoF a8
IE% 30°C, 150 rpm, 48A)7F F<t =Ie}
A 6A|7F A0 HjoFolS. 7Y
sto] E(ODsoonm) s =45t

0

S cerevisiae®] A1-83} v A8 vz 9] ujjoF
B8 0 EE 9 A2 272 Y] 98 500 L
t-&2F g 7|5 0] 8351l 5 L jar fermenter =7
< 7|22 sho] w2, BV, wkse 9l pHE
ARk 13} St 250 mL §9] ArEes
0] YPD oW uljx] 50 mL Al £ v ERUE
E3te] 30T, 150 pmo2 12417 ZUg uli skl
t} 22} 42 5 L jar fermentero] 3 L] YPD <A}
A A2 3 12} SR 1%E FE351e] 30T,
150 pm© 2 9417 215 HjoFaksich. 2 HjokL 500
L tf-&5F Farlof 300 L A-83} ujA & A=t £
2] 82 1%<1 224 St gle FFsto] 30T,
60 rpm, 0.3 vvmO.& 30X|7F 3t ujaksleict. ek
R A 1 402 sk iﬂ%é}oﬂ e
(ODgo)& Z 400,

YPD 3hvjAE Bo) 22
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Ct. QA Lactobacillus casel)
1) CHEF HHRKS ISt &AM HHX| B4

S cerevisiae®} EUsE A AR A7 2 S|4
7'6& Zr= L casei®] A 483} viA] 7S Sl3]
7|24 z]0] MRS A4S Ed|& =} 7HHSE G4
HjA] 24 Bt X4 ufA] A Sl gha

L] FF & glucose, maltose, dextrose, fructose, su-
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crose, AAY O F = urea, yeast extract, NHsH,PO,,

tryptone, NaNQ;, proteose-peptone, KNOs, peptone2-
AFESIIT 0|, Al H=ulK|o] 7| EH]l 7]
&Je1 MgSO,, KH,PO,, sodium acetate, tween 802 57}
so] A48 wiIXIMRS) ] vjef A8 v asHA. H
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5 o212 wfeole] EY(ODwn) B3 Hlwlsick
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&= L casei 9] 24 il dS S5t A
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vk, $71%;, aRkEE, pH 59 242 AAst
Slow, of % 500 L e W) ojge 27
g2 skt iRl Al S+t HEF
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MRSE ARSI 22} £S5 L jar fermentero]]
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F710] 300 L 41§35} WA= Zulsto] A Hjok 1%
£ {E3$E £, 30, 100 ipm, 0.3 vwmZE 36A]17F St
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7}, Bacillus subtiis Z& A3} HIX| MH

B. subtilis®] %2 A-83} wjA] LS 2lsf TSB
(Tryptic Soy Broth)E 7] 02 g4, A4, F7|
A 244 BT EAY S 2= glucose, maltose,
fructose, sucroseE ARSI OH, A4 O 2= yeast
extract, (NH4);POy, tryptone, peptone, soy bean flour
2 Agsilch 7 24 Hl AT BAUL g
coseol|A] % 36417kl 0.562] S8 (ODsoow)”} =
A0 H(Fig. 1(A)), AL soy bean flouro] A
Wiy 2447k 0589 FYwsl ZYESckFie
1(B)). Glucose®} soy bean flour s=of T2 TP
v A3}, glucose= 0.5%, soy bean flour:= 1.0%7}
A4 270w AUE|9tkFig 2(A)), (Fig 2B). 2
Z Al8-3] vjx] A2 913l soy bean flour 0.8%,
NaCl 0.15%, glucose 0.5%, KoHPO,4 0.25%, NayCOs
0.05%, MgSO, 0.1%9] 24 A MMS 1|
2} wysisct

Lt. Saccharomyces cerevisiae XX A23| HiX|
-

Bacillus TH=lF-8 w2 Q1 BSME £ 3] 4
SAJA A (maltose, fructose, sucrose, dextrose)},
HaxQ(yeast extract) 77} B Fieof whE wigoR
A-83} v 7] 7S =345l BSM 2|9} -8
HiX|(YPD)S] A5 &1 At s 4841710 BSM
HizjoflA] 1.22, YPD R]ollA] 1.482] F33E(ODegoonm)
7} &7 = o] BSM Aol WA UkAIE, vjA] &
39 & B A8 iR A2 7RsAdE =l
SIATH(Fig. 3). S. cerevisiae A1-8-3} vl 2] 7S $5)

0.8
—e—Yeast extract ——(NH4)3PO4 —+—Tryptone
—=—Peptone =#—Soy bean flour
0.6
g
E
S 0.4 - _
Q —
0.2 4 ]
0 T T T
0 12 24 36 43
Time(h)

Fig. 1. Optical density of B. subtilis by carbon and nitrogen sources.
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—m—Glucose 0.5%
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Fig. 2. Optical density of B. subtilis by soy bean flour and glucose concentrations.

2o o1510] 0.5%, 1.0%, 1.5%, 2|1 2.0%2] &

Hjekslict. = wjekATl dextrose 1.0%2] H

soytone 0.5%%} b4 2% w2 v}t
¥ 2 maltose, fructose, sucrose, dextrose= Al
of jorstich. 2 gl AN SIEH MiFATE o 48A1000 FHIES} 172, yeast extract 2%9) Wl
dextrose 2% %715t vjokel o] SF =T} vl 36 48470l SF =L L7308 7P A SAE AN
)
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i
)
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o 124 o2 71 w7 ZHEUckFig. 4 (Fig. 5(A), (Fig. 5(B)), Tagi7} Aaelo] 44 i

Al
. 9]
B4 (dextrose) 1} 24~ (yeast extract)] AA 5= = ook} TS 7otste] 2 A =E soytone

18 1.8
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Fig. 3. Comparison of optical density between BSM Fig. 4. Optical density of S. cerevisiae by five carbon

and YPD medium. sources.
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& N
15 15
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= i
= 0.6 4 —=—Dextrose L0% =2 06 —=—Yeast extract 0.5%
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0 . . ‘ 0 . . ‘
0 12 24 36 48 0 12 24 36 48
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Fig. 5. Determination of optimal concentration of dextrose and yeast extract for S. cerevisiae culture.
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0.5%, dextrose 1.0%, yeast extract 0.5%%= 2%
483} wjx] YSMe® wHsigic

A},

C}. Lactobacillus casei & A3} HHX| MA

Lactobacillus casei WoF-8 -85} v 2] 73k
3 AT 713281 R]%] MRS HiR] 9] 2402 EviE A
S g5}9rt. Soytoned} yeast extract HEE
0.5%= o] etA Y x| uat S4= =42 &3
H| w3t A7, MRS #j2|¢F & 2pol5 YEirk(Fig.
6(A)). ©]°{A] soytonel} yeast extract®] ‘& 2|4

do

& vfjofsl Ax, yeast extract 1.5%%} soytone 0.5%7}
7P & FEE BUANEL thRQ] MRS s A] H}

37| 24 =] ch(Fig. 7(A)). E3F soytoneT} glucose
o] 5 W] et GRS 247
2%%} soytone 1% =/do] MRS HjX|e} 7}4; 717k2-

5t A3}, glucose

A
18
——DMRS —m—Dextrose =3=Maltose
15
—a—Fructose —+—Sucrose
12 4
g
S 0.9
<
4
= 0.6 1
0.3 4
r =
0 * y i T
0 12 24 36 48
Time(h)

FAE Hlou v 244 @S aefste] %4
© 2 soytone 0.5%5 ZAA3IATHFig. 7(B)). Lacto-
bacillus casei 283} v 9] & A4 A4S ¢
3 6 A0 E-4% &% A, yeast extract A
o] 7 w2 gk UEaL(Fig. 6(B)), vHA[9fe =
beef extract, yeast extract, casein milkE- ©]-83F S
= =23 Ay}, 7= MRS Rt} & =2
24U Fig §). oleidt ATES o 24
2123} vjZ|E LSM vjA 2 33k, o|E Lacto-
bacillus casei NigFS 913 A-83) i = AAs)

oAt

2] ¢l

2. S04 HEHIYE 2N waJls i
7} B subtilis FE0V4Z2| CHEHIY

Bacillus subtilis®] MMSH|A]of] t}2 X7 vfjofz

B
18
—e—Tryptone —m—TYeast extract
1.5 | —¥—NH4H4PO4 ——NaNO3
—e—Proteose-peptone ——EKNO3
12
i
§ 0.9 -
E
“ 0.6
0.3 4
0 T T T T
0 12 24 36 43 60
Time(h)

Fig. 6. Determination of optimal carbon and nitrogen source for L. casei culture.

A
1.8
1.5
1.2
g 0.9 -
e —e—Yeast extract5g  —#—Yeast extract 5g
:'E 0.6 - soytone 5g
i —#—Yeast extract 10g —=—Yeast extract 10g
soytone 5g
03 - —e—Yeast extract 15g  —i— Yenst extract 15g
- soytone 5g
——MRS
1] T T T T
1] 12 24 36 48
Time(h)

B
18
1.5 4
12 4
2 094
=)
:.' —8— Soytone 5g, —a— Glucose 20g,
:% 0.6 4 Glucose 10g Soytonelg
—#— Soytone 5g, —»—Glucose 20g,
03 Glucose 20g Soytone 10g
’ —e— Soytone 5g, —— MRS
Ghucose 30g
0 T T T T
0 12 24 36 48 60
Time(h)

Fig. 7. Determination of optimal concentration of yeast extract-soytone and glucose-soytone by L. casei

culture.
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Fig. 8. Optical density of beef extract, yeast extract

108 CFU/ml
e

0.9

0.6

—o— Beef extract 10g
—a— Casein milk 5g
—f—Yeast extract 5g
—+— MRS

0 12 24 36
Time(h)

and casein milk by L. casei culture.

48

BMMS BSM

! z%a& 913 500 L e g3 wav|E

6AIZF AR ikl AF st oM 9
WA = =} 381 97 FFE(ODsoom) S SH0FAT} L
Az}, woF 3 36X 7H] MMS HiA| S 1.4x10° cfu/

mL, BSM s z|o A= 1.1x10° cfwmL=2 ZAE|¢1
(Fig. 9(A)), 90% o] WAZA FHd& &lskad
ot s B 36A1ZF & MMS B =] o4 9.0,
BSM Hjx|of| 4] 7.5022 7= lch(Fig. 9(B)). A
23} W% MMSE o] &35} B. subtilis T2k} oFo]|
48 5%E ¥]8-2 BSM HiA] thu] F 334, TSB Hj
A ohE] oF 20 A= A - Aoe EALEQIH
(Table 1).

—a—MMS ——BSM

Abs. (600nm)
=

Time(h)

Fig. 9. Comparison of culture profile between MMS and BSM medium by B. subtilis.

Table 1. Comparison of the costs between MMS, BSM and TSB medium for B. subtilis for mass culture

MMS BSM TSB
Component
Conc. (%) Cost (W) Conc. (%) Cost (W) Conc. (%) Cost (W)
Soy bean flour 0.8 16,000 - - - -
Glucose 0.5 12,000 - - 0.25 6,000
NaCl 0.15 1,000 - - 0.5 3,400
K,>HPO, 0.25 12,100 - - 0.25 12,100
Na,COs 0.05 1,500 - - - -
MgSO, 0.1 1,500 - - - -
Peptone - - - - 2 858,000
Sucrose - - 2.0 21,500
Soytone - - 0.5 125,000
TOTAL 44,100/ton 146,500/ton 910,100 (3,250,000/BD)
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Lt. Saccharomyces cerevisiae S-20|4=2| CH
o)

o

Saccharomyces cerevisiae2] YSM B A& E35t of
ol 270 BS99 500 L chge whaslE
0|85}tk 5 L jar fermenter =4S HPEO &2 ujjof
2k, $71%, wHEE gl pHE A4Sk, YPD Hj
A2k i me HwE Sl HH21S skt
YSM Hfjz|of] Hujekie] 1%E FF3ke] 30T, 90
pm, 0.3 vwvm O & 3047t Bjeket A1}, 6.4x10° cfi/
mLe| Algsrl Z4Eon, YPD wiKlojas
6.2x10° cfumLZ S IhFig. 10(A)). FF=2
29 YSM uA o4 wok 30417 F 3512 245
%3, YPD uljix|olA= 3.422 ZAEUckFig. 10
(B)). 3L S. cerevisiae -2 TR A8 F=
HR] o] ©7HH]-8-2 YSM B X7} YPD ufjz|of ulsf
oF 5ul] A AH3t o= ZALE| It Table 2). o]
of we} 7HHE YSM uijR|+= Saccharomyces cere-
visiae NI SE Q17 A0 1AL vz B-&

7FestaL, olg Bl & &= W At I

10

108 CFUml

"

Time(h)

ts7hugo] ZRsstct.

C}. Lactobacillus casei®| THZFHHRE

Lactobacillus casei 2] 2|7 tj=hulof 24 IS
el LSM i & o2 sjga &S AR
5 L jar fermenter 272 v 2 vjtR e, BV
WkEE 9 pHE A7kl MRS Hjx|e} v a&
WE Fo HARAS St AN 1%E
Z310] 30T, 100 rpm, 0.3 vmOE 36A17} vk
} Ax}, LSM R0l A 3.3x10° cfymLe] AJ4+5=7}
AEgon, MRS Hiz]9] A2 7.0x10° cfu/mL2
A7t SRR, FBE SRS 22 210,
1.89% Z7g=lo] &= uix|7ke] 454 b= Aol= Yt
U] eIti(Fig. 11(A)), (Fig. 11(B)). 3}, & #52
o orell e ¥= iAo @7t B8 LSM HjiA|
7} MRS HiR]o] vlal] oF 508 = AHRE AOoZ AL
%] Ick(Table 3). o] 3+ Au]g a8 283} x|
£ 2§ 7hs3t LSM HiXIE F6f s F8n =S
A 9 s7tE o] 7hed AeE Jdidch

=

o)

_1[)14 rol,

—=—YSM ——YPD

1.0

0.0

Fig. 10. Culture profiles between YSM and YPD medium by S. cerevisiae.

Table 2. Comparison of the costs between YSM and YPD medium for S. cerevisiae mass culture

YSM YPD
Component
Conc. (%) Cost (W) Conc. (%) Cost (W)

Soytone 0.5 125,000 - 800,000

Peptone - - 2 -

Dextrose 1 24,000 2 48,000
Yeast extract 0.5 80,000 1 160,000

TOTAL 229,000/ton 1,008,000/ton
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aLSM MRS ! ——LSM -—=—MRS
4.0

o

3.0

108 CFU/ml
-

Abs. (600nm)

10

0.0

Time(h)

Fig. 11. Culture profiles between LSM and MRS medium by L. casei.

Table 3. Comparison of the costs between LSM and MRS medium for L. casei mass culture

LSM MRS
Component
Conc. (%) Cost (W) Conc. (%) Cost (W)
Soytone 0.5 125,000
Glucose 2 48,000
Casein milk 0.5 230,000
Na-acetate 0.5 15,000 *Lactobacili MRS (BD Difco™)
Potassium phosphate 0.2 13,000
Magnesium sulfate 0.002 500
Manganese sulfate 0.05 2,000
TOTAL 433,500/ton 400,000/20L
z = Tl FEUBESY w2 o e 57 dF
g A ol5o] A Y EES TS oA
o] T8 fr8uEe] A= A Y Stk

& 5 TN B BRET Slonl, FU Bacillus subilis Nepjoe] 29 g5t WA
of Aolete] A7 EAEO A T SBUME  MMS WjAE Balo] 14x10° cfuimLe] A S
2 Ss7lol BSk 9Tk o] 3 /P We  7h 7Ksstan, 71%o] BSM a4 ok 33w, TSB u}4
B AN G PSRN TEdHBalus o] oF 200 AT 1A% B Rsslet. S
sp)ol F5 AAISHL Qlow, IO AN (Lac-  AFR37E H BANAE F-80]A8ER] Saccharo-
tobacillus sp.), S5 (Saccharomyces sp.), BEHA Alat myces cerevisiae= "33} H] 2|2 YSM H|X| & 3
(Photosynthetic bacteria) 5-°] )2, I Fo|ut HhAl 6.4x10° cfu/mLZ HjoFo] 71salhH, 71282 ZHo|A
@ 5 75 YT Aok ol B} B AT0] % /120 YPD wlA|n} of S A AR AE

M= Z-EAPRZZ 0} 24 AR Z 7 9 SAA & SR s}t E3F Lactobacillus caseil] 285} v %]
A& d= 98 F-EE 350 thistol EH‘“*HHOt = LSM uiR| =, digulief A] 3.3x10” cfwmLe] At
A% L87les g OPJ—Z} SFGICE AHg ILE 4= 227} 7hsstal gilelel] 28 ¥ Hl8-2 LSM
Q1 A-83} uixE F3F 500 L chshuleF =4 Q%% HiA]7F MRS | H e} oF 508 Y= A HEE Ao
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