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Mass production of biocontrol agent is an essential step for its commercial use. Media composition and culture
conditions for production of Bacillus amyloliquefaciens SKU-78, a potential biocontrol agent against bacterial wilts,
were optimized by a flask culture. Low cost media combining nitrogen and carbon sources were tested. Maximum
cell growth (>2 x 10° CFU/ml) was obtained in a medium of 5% soy flour combined with 3% com starch after 24 h
cultivation. The optimum initial pH, temperature and shaking speed was 5.5, 30°C and 150250 rpm, respectively.
Fermentation of SKU-78 was scaled up in 30 L fermenter and the profiles of cell density, pH, dissolved oxygen and
spore formation were recorded. After 8 h lag phase, exponential growth occurred and reached at maximum viable
cell number (1.2 x 10" CFU/ml) after 20 h. The SKU-78 strain grown in a low cost medium exhibited the high
suppression of bacterial wilts. The results indicate that SKU-78 strain can be produced in a low cost medium and

g

provide a basis for scaling up to industrial level.

Keywords: Bacillus amyloliquefaciens, bacterial wilt, biocontrol agent, media optimization

3shgeko] ol ARgol| WHE A oy, sANE Y REA
9 W] E8(Lee, 1997) T ZAIZ el e SN BE
350 o] Bako] 2] Hrsol hoRl AL Ay,
o] 83}7] $I5t A|=7} o]0 A gth(Spadaro and Gullino, 2005).
Ralstonia solanacearum-2 113, EulE, 7R}, 714, gl ohx
27} 5 ohst =8 A e BE] AAE S5l AEA IF
3to] FnlSH-S 9] 7] © 2R (Tans-Kersten et al., 2001) 2}y
3t A A £ 2t B A= HYdolch(Fusjiwara et
al,, 2011). F£2 112 th53t Goje} ot 2|9 FHLE 1
37t ok, ZHfoll= 71 s T Wloll o Fol A=
53] Auprt A F 12 o5t AeollA] viHatA LAYEte
937} =12 Tt R solanacearum®) A B 7] 2}
gt A= @ol o] Fo R ATH(Van Elsas et al., 2000) ©]o] T
AT A ol U WA A= oFF] A E o] QA gtk & 4
T EutEel e AEEE BAAE sty Yk,
EutEel n3o] @ EYolA B3 432, AE e
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colonization®] ZHE]H in vivo potQ} A+ A3 o)A 7323 Ea}
S Wy o)A &4 R Bacillus amyloliquefaciens SKU-78
FRE YBEF FHE M7, Hug v UrkSung er al,
2005). A Sl AESE Mdstr] HaiAe WAz}
Hold 5= A g Eo| 2520 FAIE A=A g4t
3 = Q1= AMA-S viA) A vk 2 EHdo] Wi FRstRE
(Yanez-Mendizébal et al., 2012), & @ oA ZulSH 1A
a7 Holuh AE woke 29 Al 7HsAd o] ER1E Bacillus
amyloliquefaciens SKU-78 (©]3} SKU-78) w52 thaf oj= uj]
& SIek A7} 411G WA o] ATei} vle} 270E SIS
ol&, u7, WYL, v 7R, AR, Hof, F71E 5 75 7]
AL Qe R o Sadn A4y 9 w4 H7glol
Hiekste] AR e HE 714E 4 e &, vk ga
Y(corn starch, glucose, glycerol, lactose, fructose, sucrose)z}
Z 2~9(casein, soybean meal, tryptone, beef extract, (NH4)2SO4,
yeast extract)9] H7}o]| whE SKU-78759] A& a5 HE
Stk e Ak A] Ao 2 1% X &N (yeast
extrac) = AMESII, AAY A A] SAYOZ = 1% 244
ZE(com starch)y& ARG ALt 71d 5 GA &



Table 1. Effects of various substrates on cell growth of SKU-78

Fotg APAZe) il 85

Table 2. Effect of initial pH on cell growth of SKU-78

Substrates Cell density
(5%) (x10* CFU/ml)*
Fish meal 9.0a
Rice bran 48b
Wheat bran 80a
Biji flour 7.5 ab
Sesame oil cake 48b
Malt 7.3 ab
Soy flour 119a
NB 09c¢

" Cell density was measured by colony count on a nutrient agar plate after dilution
with sterilized water. Each value represents the average of three independent
replications and different letters indicate significant differences (P<0.05)
according to LSD test.

1% ==& 283519 21 NB (Nutrient Broth, Difco) 8] A& 7]
& HiR = stgich NB HiR| ol 4] 24 4] 7F vi(30C, 160 rpm) %t
SKU-78 5= seed cultureE HjFH <] 100 mlo]| 1% (v/v) FZ
3F & 30°C oA 160 ipm O 2 48A|7F FIe- vl kst 3 x| o wh
£ A Ux HIkE SA% A, AT AY S VA TRE T
7}V2E A5t tk(Table 1). F7HF 712 of thefFet g9l 7t
2E AES A= vl 24X 7R o] T (fructose), S5
Z&(corn starch) Z12] 3 A (sucrose)2 H7Fet v A ol A 9
7ol FUAL, 48 A7 vl A= S AR} F-F(lactose)
oA 2] Aol ko, AT AMAE Bl A o] Bo]
Fo oA Uerd e 2R (Fig. 1), FHE o2 AFskaL A7 ol
F A= o Jg] EIF 2 S5 AES SAY0RE A
Wekglet. a9 A= w7 (rice bran)dt F7HEE AFER
< o) FA| 7ol 7P =A Ueh(Fig. 2) dHid ez |7l
TIEE oY o g AIsilch 498 71 = AME MR
9 FEo e A UEE ST 2 7| 5T 525 E
TA D=E F7FetH o, 5% o449 714 FRolA e & X}l
7t ARG AR v A, 5% F7HF 7180 44 HE, L=
L= soluble starch 42 3% A 7|5ho] 484171 vljofst 2x}
3% S AES A1 Afole ©AagS HEE HUeHA|
U3 F7FR v Tro 2 wiekst H9of v|s| A Y=t St

‘? =
§ § u log (Cfu/ml)
T U
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Fig. 1. Effects of carbon sources on cell growth of SKU-78. Each bar
represents the average of three independent replications and different
letters indicate significant differences (P<0.05) according to LSD test.
(Cs, Corn starch; Glu, Glucose; Gly, Glycerol; Lac, Lactose; Fru,
Frutose; Mal, Maltose; Suc, Sucrose; NB, Nutrient broth)

Cell density (x10° CFU/ml)"

Initial Incubation time (h) .
pH Final pH
24h 48 h
5.0 2.4° 5.0 6.58
5.5 1.2 39 6.51
6.0 0.4 2.7 6.53
6.5 1.0 0.8 6.60
7.0 0.5 2.5 6.11
7.5 1.7 1.0 6.61
8.0 0.4 33 5.74
8.5 0.5 2.6 5.75
9.0 1.3 3.6 5.69
9.5 1.9 32 5.33

Deell density was measured by colony count on a nutrient agar plate after dilution
with sterilized water. Data are means of three independent experiments.

3} o}, Zrto|L} soluble starch S 71 A= 5
7} E37F JebtA] eH AR Bl A|A). whekA] SKU-78 o5
vkl 7 matA]l A8 wiRA= 5% TFE + 3% S5
AR 2 BPE AR A, ob&e] 4G 7= uiA] 9
F7]4(0.1% KH,POs, 0.1% K,HPOs, 0.1% MgSO4, 0.1%
CaCl) H7to] gt J3S AES A3, F7|49 A7t g2 &
A 4% 2= B3] gle 422 UeElHH AR vAA). o]
= A S v A 2 At FEEe 8424 o] SKU-78 5
Aol a3t | dE0| 83| A5 W Eo 2 AyZtHc.

AelE AFF8 8X|(5% soy flour + 3% corn starch)S o]-&
stof, Ia S Estr] s weF %225, 30, 35C)¢ w
Hl £-5(100, 150, 200, 250 rpm)oj] wE SKU-78 A& &5
ZA33ch 30C et 35T 9] AFo] FARIFLALE mAA)),
wEk &% HA] 150-250 rpm HE] WA Al D= 7kl 2
Al FFE HXA] g AR YERGTHAE v|AA]). SKU-78
A 7ol v R]= pHE| FEE 2ALGE A, 24 A7k 48 A
ZH i A] 5 27] pHE 5.002 BA19S o Ay W=7}
7H w3ker 2F pHYE 6.582 &E|s) H& Fero] UEry:
tHTable 2). o]4}e] Z21-5 v o2 30 L Har|oA 448§
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Fig. 2. Effects of nitrogen sources on cell growth of SKU-78. Each bar
represents the average of three independent replications and different
letters indicate significant differences (P<0.05) according to LSD test [Ca,
Casein; Sm, Soy bean meal; Try, Tryptone; Wb, Wheat bran; Rb, Rice bran;
Be, Beef extract; Am, (NH4),SO4; Ye, Yeast extract; NB, Nutrient broth].
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Fig. 3. Profiles of viable cell number, spore number and pH during the
culture of SKU-78 in an industrial medium. The data are the means of
three replications. Vertical bars indicate standard deviations.

Hj 2] 20 Loj) seed culture 400 ml-& AZ£3}a1, 30 C o)A 1 vvme]
F71% 300 rpm @] Wy &= 2 ujeFsHA] HjFA|Z | e
pH, -8& Abbga Ayt Ui e8] X} 4=0] HIHE 2RSS
v oFbg o A WAYS= 11F9] foam-2 antifoam A (Sigma, USA)
£ AHESte] 2ESTE e B 4R HE o2 Ha o 20
nl ¥ 3|4=35lo] g2 10 BYl, 100 v 3|43} NB B %] of|A]
10 &A 3 MY o 2 FA| =5 SHH L, X} = 34
A7 A|RE 65 CTollA 1587 423t & NB agar plateo] =
wsto] LR colony 2 &7 23t A+ Y= 8 AIZt o] F
FA5H $71817] Azksted, wieF 20417 ol HTigh1.2x10"
CFUm)ol =23t & o7t A2t Al {2 = i rh(Fig.
3). pH= i Z27]0f] B asit}rt 16A]7F o] S HE = Al
A A8 F7HEIGAL, DO= 12A]7F o] % A& 022 JFA|H it
ZA AL 20X 7HRE A A3] o] Fo] A 40A|7te] o =
gotgon 22k P4 &L A9 90% ) Gt T2 A8
HiZ)E AHESte] B713] B 3718 02 WS wol 7]
A g o A= A o Y=ol B st Al7to] 4A1ZE ERE oL,
2|3 x| A= E Apol7F A FUTHAE || AA).
HjQEAZ e WHE EuhE WA adE HAFe 23 2047t
H S g v FHS = AR staS o EulE WA 2t
H(65% oVHE VFEFH AL v AT o] SRl whet ap 7+
2ste] Bt D=7t i o) 3 JAanE FHeo|u 235
/g Tholl whet AR} sk Ao = viepth E3 vk, cell
ek, cell free B AHS T A A] H{FHLE 65%, cell
HEFH-2 32%, cell free HiQF M2 58% 2] WY JAE 22}
UEto] ko] ogt iy A et 7 A UE T
£ A9 A3, A71e AYE- vl A] FUHRY S AR AN
o o3t At o] i i 7hedS Elstg o, 22 A4
o] o|RoJX|A| gl A W=7} HE X == 20417t o
Al Fdf 3 A aaE UEhdE & 5 ok A AT 2
To]| A SKU-78 w329 EutFH A 712 thsf) A sHA ¥
& 22 GISIA|TE in vitro antibiosisE VFEFHR] 9Fgked, root
colonization®] ZE| 111, in vivo plant assayol|A] 733t €y <
Al a7= B AchSung et al., 2005). wakA SKU-78 #F7}F &
g 222 S Hud e ¥He HIE Tol IS A
sk= 71& e biofilm FAdE SXAZIAY E+= induced

systematic resistancee]] TfsHz 24 Edo] uapolo] EAfaks
A2 Y 4 9Irh. IS B SKUT 259 A2 sofoR
(ESMEE RISE2E FUEREEESE R DGED,
o ) A o3} hAERY] BT §AIRHE 24 o] 7}
4 Fasihn ALz, ool g 4 AT Aol w4
5oF AASE 2 0] $s] FHE 4 e AL e

N o
=

(

A4S BE 52 sty Haixe ARE AEE-
HiR & o]- 85t i AL A AIE Eohs Aol S a5kt 2 A+
o XE Fulsd A a7t Hold Bacillus amyloliquefaciens
SKU-78 59| s =4S gdstact. #2719 448 7142
£ grheol 95g AR WAIsh 7 A AP BRI,
2% pH 5.5, ¥ 2% 30C, 2HEE 150-250 rpme] 2A S
2 30 L fermenter ©|-§-3F v %ol A 20 A7t ol Zof A<=
(1.2%10" CFU/ml)ol| =235t #72] Abd8- w2 2 whoFat
WoFOlS TR HeISHRS 1] 65% 2] Wy ofx) ETFE ek
2 SKU-T8 359 A9J§ HIAS o] 8 thapufere) 7] %
7} utA = Qi

e
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