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Optimization of Production Medium for Mass Culture of Beauveria sp. C208. Ki-Hyuk Moon',
Pyong-Hyok Kim’, Jeong-Weon Yoon', Jae-Mo Sung’ and Seung-Wook Kim™*. '‘Department of
Genetic Engineering, The University of Suwon, Suwon 445-743, Korea, ‘Department of Agri-
cultural Biology, Kangwon National University, Chuncheon 200-701, Korea, °*Department of
Chemical Engineering, Korea University, Seoul 136-701, Korea — Entomogenous fungi which attack
living insects are powerful means for microbiological insecticide. The purpose of this study is to estab-
lish the culture conditions and media for mass production of Beauveria sp. C208 which has a broad
host range as a potential microbiological pesticide. The temperature and pH range for optimal cultiva-
tion of this strain were 28T and pH 5.0-7.0. For Beauveria sp. C 208, 2% rice straw and 0.6% tryp-
tone were found as the proper carbon and nitrogen sources, considering cell mass, enzyme activities
such as chitinase, protease and lipase, and spore concentration.
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t}, ﬂﬂiﬁ&i‘ Bacillus thuringiensis(Bt)}& 55 &
v, Bt FR2FE A& F-32be] AR A7) =
(L3 ?“771] o}zl Btell 33k B A7l AHSAHLR
o] Fol XA glei(2, 3). o9} A 5 WA TRl E

ol 48k s Wil = vi$ sty {48 podolnE
olof ek o] EH T Qlort o} FfjelA =
AFA o) wlelgh Adelje])

L5 °“3 oo AbZ 7|2k o] Kol o] Al
golch(4). TF 7S] BAXE X}(comdla)ﬂ % 9
Hol| 2o “'e‘""} P4 =72 appressorium-Z A}
43lo] FEZFSE v oA 2Hgo] o, o]9gt
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A= Alg Aol A s 7]/‘11-‘?_{-9] AEad e 2 7}
= 7} "l (5-7). o]F A Z
% Wiell H]lgt Fgel= %ﬁ:% AArsle] g F
]l 4% 2 5 FARE A

v 255 AR F&

Aoz o ¢ 9=

H mleletE #Astn, R 22 S
F7o] Hl 238 FEFEE £ voF vjela A
Zo]'ié} O

vt AR F3els oA A 7HsE el 4
S AAksle] vigholu} B 50 93-S o] 83}
thE 555 G AIRIS).
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o e A AR 9Eke] B2 A7 AR 9f
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TS 7FA 5L Aa(9), A 2004 7 AR s
A-Eol ghont, oAl TF VAT vlAE A
24 A4 dAL sFoR ARgshrele A slof &
= “%3 TAREC] ok 7P T3 FAle A AF
A s A gk veks st A, M2 2y
&= HH"J & Al ek vk S mHEA A o} FhE
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thekgh Ao 5o 71AE Adgstelof & ¥rt opzt
29} pHE Aol d2te W& AdAsl) Folof gt
mebs] 2 delxe T He =
U= Beauvem'a sp.& ol-g3be] A 2
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H3 YA Telo] A5l Beawveria sp. CZOSL_
gy A ESTe A e skl 2 tE

2]g FFEA, o] F Hokield B A AEE4
o}, FTEIA] ARSEE APl R] = DPA(2%(w/v) dex-
trose, 1%(w/v) peptone, 1.5%(w/v) agar) =2}
SDA ] (Sabouraude's Dextrose Agar: 4%(w/v) dex-
trose, 1%(w/v) peptone, 1.5%(w/v) agar)g& A3
7, TR 2= DPA il A oA agarE A ARE H Al
Z(DP wz])E Alg-slodct. £45e] AAERlE 9%
A& g-uA] 2=, chitinase &S #34 0.6%(w/v) col-
loidal chitin, ( ..)5%(wfv) MgSQO, - 7TH,0, 0.03%(w/v)
KH.PO,, 0.07%(w/v) K,HPO,, 0.001%(w/v) FeSO, -
7H,0, 0.0001%(w/v) ZnSO, - 7H,0, 0.0001%(w/v)
MnCl,, 2213 1.5%(w/v) agar& &8sl wh&3] o,
protease Erel WA 2= 1%(w/v) dextrose2t 1%(w/v)
skim milk(A]-&&A]E-f--crall 2 359 3H7-) 22|37 1.5
%(w/v) agars Egste] 2HE<ict. Lipase?] &<l wiz|
= 1%(w/v) tributyrin{Sigma Co.), 1%(w/v) potato
dextrose broth(Difco Co.) 22|37 1.5%(w/v) agar<=
b &3kslo] FE38] =o]F & homogenizers ]85}

S8 AAN BEATHI0). BE WAk BE F 154

petri dishell 4 mm&] F7| 2 EF8}od A3}t

Colloidal chitin@| M2

Chiting vlgAloln] Bzhl FAazdgoes <lajo
o] $- ©hebgl FRE 7R3 QL7] Wil Atent ﬁ.:i‘:ﬂ
ola A A Bl ¢kl 18] 2 & chitin® ¢
E o BAFA|A chitinase’} 2 7 U colloidal
chitin® A Zz3fed &4e] 7[¥& 288kt Crude
chitin(Practical grade from Crab shells, Sigma) 100 g
off 218k 34k 2,000 mlE 718hed 4TellA 24A17 gt 2
HlA] 7] 2 glass wool2 ofFhsladct, ofl-g 4T w77
o 7}l wWHEAZ|H F A2l colloidal chitine] A4
o] Ab2ol4] colloidal chitin ©] 7lepeks w7hx] ¥ 3}
of A5dE tHEh:P o] & 7,000 rpmellA] 1587F 4]
B2g 5 AAES oA g AR % 5N
NaOH= *a*ii}f"iﬂf)r 219 ﬂr/"bﬂ"ﬂ A1 E NaCl-& A
17 %H/H 3~43] SFTR MM F d4] =8

o A E-L 34 colloidal chitin® A 25} c}.
HHFR 2 &HE
HAAAL-E 2 pHE #%3l7] & 25+ 25, 28,

Beauveria sp. C2088] L2t viUHZ $5FH MAMHIX[C] XX B} 607

-7{-_._.__,__} 7.,;7:31_ w;qa-}oq F)2] M%P.% x%eél:a].,\it]-. Z
Frulekull | = DP broth® AR&-3kedc}. PDAAFE ul =] ¢l
A FAZ oF 102 Wkt F, WFS 10 mlE o] g3k
cap tubeol AAEH EAH10%/ml) @ 2E FAHAES £
ShiL, o] A8 ehlel AFshd A st § -
& ZAshed T mlokel 7P Hghal vz S Adwshy
th, A7k Eepazol o] HAueke 250 ml A2HEERA
o 100 ml7F HEE AAuIR] S 5] 28C, 180
rpm 25 F1eol oF shivh,

oHE FF

FAE 242 dry weight®t PMV(Packed mycel-
ium volume)& AH8-3lo] $33}3ict. Dry weight= 100
mle] #jofel-& filter paper(Whatman No.1)E o] &3}

of 7hqt gt F FHFE Abe] wiRAGES Al Mg o}
& 80Tl ko] & wirbx] Aol AakE 543
ok, PMVis 779 Qe 44 7144 AHE-3)
AL o FAsdch. 22l FE+ haemacytometers
o]-&3te] FA st

SA ENE 3

Chitinase, protease 12|31 lipase =#-& viz] $ell
78} paper disk(ADVANTEC, 8 mm, thin, Toyo Co.)
= afi‘}’”‘ﬁ HjoFE-8 20 ¥ AHEahe] 28Tl A wi<k
f’;. *‘?'— 4 ﬂHR] 219] halo®] 78 2dA|e} 4dA) FF W
f40 A HEE PR I3l

Ciafst J|1&l0) CHE K8 AL

clokdt gbA), A4, F7]9F S(Table 1) 35+
o} b FAle) AR Y g4 A7) rej3 212 AA]
FHA v A= F3kE AR 'Y 5 dist-
ller's dry solubles+ =AW 8] & A ZgA 4] A
FHbolx] H2 F vpslg)e] AR =7 (mesh No. 35)2
A2 deid] AR8-3tei e, vellow sugar?t corn starch,
wheat flours—- AlgollA st ARg-3t5ict. DP
broth®] FAlolA dextrosetA! 2+ A& 1%2] 5%
2 o R]E vl wiokdt F FAE, E40] &4, 17
o FAbe] e E A3l AEet ghAS AEsks]
o}, A gade oA 159717 FF delsA] vl
ofsto] A e gtrde] FEES SEYdgct AU
1% peptonel.Z 1A 3}t

theldt Fr1A A W F1AAYS Holsho] wlokgt
<+ *_'Liﬂ"%, fhne B, 2l FEE FAEe] g
7] 9 Hr e odEgs Al ygith A A
9L 0.2-1.0%8] w2 H7IEE F wierste] A Ha
el Fe 8 s

|
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Table 1. List of various substrates as carbon sources, nitro-

gen sources, and inorganic salts for the cultivation of Beau-
veria sp. C208

Carbon source

Nitrogen source [norganic salts

rice straw (NH,),50, CoSO, - 7TH,O

(mesh No.35)

distiller's dry solubles  NH,NO, ZnS0, - 7H,0

{mesh No.35) NaNO, FeSO, - 7TH,O

saw dust KNO, MgSO, - 7H,0

rice bran soybean meal KCl

wheat flour cormn steep liquor CaCl, - 2H,0

corn starch proteose peptone CuCl, - 2H,O

dextrose bacto-peptone MgCl, - 6H,0

lactic acid tryptone MnCl, - 4H,0

citric acid yeast extract CaCQO,

SUCTrose hydrolyzed casein Na(l

molasses distiller's dry KH,PO,

yellow sugar solubles K,HPO,
D293 Aade) 25 Y Feot $Y9 9o o

¥} 22 Wrhetel Agstact. ol 4

=] 7] HEE FollX 05%R 27]EE2 A3 AL
0.1- 05/64 T2 AL woksial, 0.20%. 27|
T2 A Elod wloksl 7L 0.05-0.39%2] =x2 )3t

F Agsigdct
3 3 nE

OO0 HA XA S

Beauveria sp. C208%] H& 3 HZof] 307 4}
8317] glsle] AdA el A3 718 Aot} A3Ab
Al d52] AL St gAY AAE AekEsd
. 3o Faol2 2 PDAL} SDAwiRI A FA=FS
Fol lo] AAksle 718 dast = glglon A=
o} ko] WA A= wiR|e] FRHdl ule} z}o)rt
t}. Beauveria sp. C208- PDAHH Aol A o] F& A

Holm, mef = 25T 28Tl & A A A}e]

HolA] gt} wiA]o)l ulE oF k2 PDAB|R| ol A=
E&H A ike] o5 #biksled oo, SDA| Aol A& A
ko] Z2le] t]2- Fglr} o)eidt A= SDAv|A o=
eth o g A== glucose® T} Folr] B3
Fokae]l FHE7) Wil Ao FHEHUG, FHA A
A B dol A3 250 30CAA & xpo]E Ro]
Al gk ot 28°CAA Ao dFe] AR AAS neo
o2 HA Azex 2 AAsAcH Table 2).

el
)d

ZMONLG&FIB_Q

x| pHO| 38t
T2 27] pHell #3F 933k2 F413F A3} pH 4.090
A A Z23 AARE vy el pH 5.0, 6.0 28] 7.0¢]

Table 2. Growth of Beauveria sp. C208 at different temper-
atures in potato dextrose agar (PDA) and Sabouraud dex-
trose agar (SDA) media

Growth
Strain PDA SDA
25 28T 30T 25 28C 30T
Beauveria sp. C208 ++ ++ + + ++ +

+: means the diameter of cell growth (+; <5.0 cm, ++; <6.0 cm).

Table 3. Growth of Beauveria sp. C208 at different pH in
potato dextrose agar (PDA) media

Growth
pH4.0 5.0 6.0 7.0

Beauveria sp. C208 ++ +++ +4++ +++

Strains

+:means the diameter of cell growth {++; <6.0cm, +++; <7.0
cm).

fﬂw‘; 33 A5 vHERIE(Table 3). A3 2

£ 2oz dF2] wiokA] 53] 27| pHE 2353 &
¢+£ 2 o ® #Addsg]oed) ookl 7)|A S A}-%}oﬂ
v 2| & wHs A5 2o pHYF 2 gk 22 PDA%)

SDAWIR| & A&3ares B A vzl pHE 552
u}-;mg.] —h;}.

= Hi2F £212| 2fE

Ft vl ool AEE 5 SDAAPHwR] ol A nlj okt

745 T oFe) s A AR wiFoll EabE AAJe] A ol
oJu}z] odol DPAAPHMIA] (2% dextrose, 1% peptone,
1.5% agar)& AH&-3skitt. =3 DPAAFH =] °ﬂ 5"—“ A
T Follx 10¥ oAk w7 itE FolA 83 2
A7} A= EE 3 F S vl k8 wi Rl HE %‘ o
T}, S wi k-8 v R 2] dextrose Xt 2% E. 3poict,
Azl A8 R 2 g aoFE wol & A
TEE T Ao Aluuix]e] EARF HAeR %?—4
812 9+ cap tubeell AAAEE X & FAHAA] 2b-
TAF ol&al] F-u], HE3le} o] A} 11}?-4(103/
mD 22 wiekelsd-& ul R} 3.5ue] FAA So1E o

& % glgieh.
EH20| oiat
o3 dQFe) A ejde Held APY DU
dassich $& ade A T 5 Q7 Al A
B3], & 442 Gepl T, WA o Bakal 2y
S A 5 ghojof shul, wiek F Abe] 17| o] A2

7} folstodol sl= T2 thakdt 278 o) g}
ol2¥t £HEF 4, cellulose T35 7R ¢+ 7]
AE 88 AR 5 gloee #HdE A}, Table 4+
okt Bt g Al8-sled nljolgt AAE BedFr) Rice



Table 4. Effect of various carbon sources on cell mass, en-
zyme activities and sporulation in the cultivation of Beau-
veria ? Sp. C208

Carbon Cell
substrate

Enzyme activity

Sporulation
Mass  Chitinase Protease Lipase

*rice straw  3.00%  ++ ++ ++ 1.96x10%/ml
*saw dust ND ++ + +++  9.32x10"/ml
*rice bran ND + - ++  2.96x10%ml
*wheat flour 3.00%  ++ - +  4.28107/ml
*corn starch  2.00%  ++ . ++  2.95x10%ml
dextrose 1.17 ++ - ++  2.75x 10 /ml
lactic acid 1.41 + - ++  5.50% 10"/ml
citric acid 1.63 + - ++  1.81X107/ml
SUCrose (.90 ++ + ++ 372X 10°/ml
molasses 5.51 4+ - ++° 2.63% 10%ml
distiller's dry ~ 4.00 + - ++ 6.51x10%ml

solubles 8.32x 10/ml
yellow sugar  3.81 ++ - ++

Culture was carried out at 28°C in the basal medium containing
1.0% (w,/v) -::arb@n source. + and - mean halo size (-; 0 cm, +;

..........

determined, *. lnsoluble substrate- Cell mass was measured by
Packed Mycelium Volume (PMV).

straws ©] &%+ A% Beauwverta sp. C2082] #A= 2
49 #HAES 2 45“‘9 o2 7] 2ol dv]3fA] 3708 &
A Aol o F 5354 bt IR FRE 1.96
X 10° 2.2 vhelydr). Bmuverza sp. C208-= =+ 7]’7” o]
A pellete] obd WAL 2 715 H{xA] =gt o], Eo]dh
A3}~ saw dust®} corn stathC’ﬂ/‘H ------ foame] H*‘%’* o
o] Hhsed 31, foamell = EAP7E gol slsdch A=
rice straw, distiller’'s dry solubles, rice bran, mola-
sses, wheat flour L8] 37 yellow sugar sollA Zeo] &
Alg)on], walake] Frkeld ZAY] FREE FUIRHE
A & S oglodvt e wAlE E40] gl
vl el 3hA] edskar, A4 B E= 7|A-Y Faell 28
ol k& wkgl=d], rice straw® A 9l3} L= protease]
gzt 79 LJr‘f'!r‘-JrZ] 35S B 4 qlr}. Dextrose®}
sucroset ¢ Ao vn)siel o, ¥ 2k} FEE X
gi.e i lactic acid®} citric acid= B4 o8+ 44
‘6'}‘_‘3373}.

olE F ©4Y o Z rice straw?} molassesE 4133}
o #HA 2 &% A7 2% rice straw”7} AA =
t}(Table 5). Rice straw?] 73-%7} -&LRJ LA BAe
FARS] AT Fol 7MY 3k :ﬁ?:«*ﬂi’* 3% rice
straws ©]-§-30-& ufl 292 %Twﬁmt} F 9ok or} ¥}
o) 5 (3.80x10%mDE zeld W 299 =7} gt
aAck. w3 37| A4 2% FulEs "’.l’ Ui 1
giv) g A 848 A VT A vehbA
S e Al—g-a}ﬂoﬂ‘“ h’ﬂ*ﬁa}aidr(Table 6).

Beauveria sp. C2082] CH2t ir2 95t MAHYX{Sl == 609

Table 5. Effect of rice straw concentration on cell mass, en-
zyme activities and sporulation in the cultivation of Beau-
veria sp. C208

Rice Cell mass Enzyme activity

Sporulation
straw (%) Chitinas¢  Protease Lipase
*1 3.17 + +* ++7 3.01x10° /ml
*7) 7.00 + ++ ++ 3.80%10° /ml
*3 8.17 + + ++  1.44x10% /ml
*4 4.83 + +* ++  1.50x 10" /ml

Culture was carried out at 28T in the basal medium. + and -
mean halo size (+; <1 cm, ++; £1.5cm, ++; <20 cm, +++;<
2.5 ¢m,). *Insoluble substrate. Cell mass was measured by Pack-
ed Mycelium Volume (PMV).

Table 6 Effect of molasses concentration on cell mass, en-
zyme acfivities and sporulation in the cultivation of Beau-
veria sp. C208

Molasses Cell mass

% (Wwh)  (g/L)

Enzyme activity

Sporulation
Chitinase Protease Lipase

1 4.70 - +* ++ 1.06x 10%ml
2 5.30 - +* ++  1.00>10%ml
3 6.40 ; + ++  5.69x10%ml
4 6.90 - +* ++  1.47x10%ml

Culture was carried out at 28 in the basal medium. + and -
mean halo size (-; Ocm, +; <lcm, ++; <15cm, ++; <2.0
cm, +++;<2.5 cm,).

EIALI0| 015}

Feng 5(11)2 F7] AAYHE o|8& 4% Beauve-
via sp.o WAL FiHelE F2pe] QA =8& £
cly HwEsdch a2 A#eA= (NH,).S0,

NH,NO,, NaNO,, KNO,2} 22 F7]H4H-8 Hrishe
A, Eae A, AP TS s Eget Table
794 Heupel Zro] Muby oz FriAl A4S H7)E
o] dAsF R A4 o] 238 ZFAEE o o 2l

-

Table 7. Effect of inorganic nitrogen sources on cell mass,
enzyme activities and sporulation in the cultivation of Beau-
veria sp. C208

*Inorganic Cell mass Enzyme activity

. Sporulation
nitrogen (%) Chitinase Protease Lipase
(NH,),.S0, 0.97 + + ++  3.04x10%ml
NH,NQ, 0.47 + - ++  1.15x10°/ml
NaNQO, ND + - . 1.03 x 10%/ml
KNO, 5.87 + ++ - 3.17 % 10%/ml

Culture was carried out at 28C in the basal medium containing
1.0% (w/v) inorganic nitrogen source. + and - mean halo size (-;
Ocm, +; <1cm, ++; <2.0 cm) ND: Not determined. *Insoluble
substrate. Cell mass was measured by Packed Mycelium Vol-
ume {PMV).
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Table 8. Effect of organic nitrogen sources on cell mass, enzyme activities and sporulation in the cultivation of Beauveria sp. C208

Enzyme activity

*Organic nitrogen Cell mass (%) Sporulation
Chitinase Protease Lipase

soybean meal 2.20 + . ++ 7.16 x 10" /ml
corn steep liquor 4.97 + - - 2.43x 10%/ml
proteose peptone 0.97 + ++ ++ 4.80x 10°/ml
bacto-peptone 1.37 + ++ - 2.19% 10*/ml
tryptone 7.67 + ++ ++ 1.57x10%/ml
yeast extract 2.97 + + + 1.60x 10%/ml
hydrolyzed casein 2.37 + - + 2.37x10%ml
distiller's dry solubles 1.97 + + - 2.28x 10%/ml

Culture was carried out at 28%C in the basal medium containing 1.0% {w/v) organic nitrogen source. + and - mean halo size (-; 0 cm, +;
<1 em, ++; <£2.0 cm). ND: Not determined. *Insoluble substrate, Cell mass was measured by Packed Mycelium Volume (PMV).

A% ot 4 lsiek.
Table 82 F7]A A 43k& HodFo) A= F
712 4215 tryptone®] 75 Aol 7.67%(PMV)E
7FAR =A4] vehdy, §42] sy wl gzl E=Se g
& of A3 frlAd e s eyl 2Ey corn
steep liquor, bacto-peptone, hydrolyzed casein ¥ dis-
tiller's dry solublesS—> Z2}AJAl o) ofF 3k Ho|gl o
uf, gAlEke] oty AAEA R T TSR] el
BhHell proteose peptoneg AMSgH A= 4 FA®
v FEHo|g ot A Ee] 0.97%(PMV)R -9 sk
3 FAPIAL T 7ERE 1}71} vtelgtel, ulela] A& &
712 412 2 tryptones AR89 3, tryptone2] Fxoll
b= odsks A B etci(Table 9). Tryptoned| F%9}

HAGlo] Hubd o g F4 A ol AR =o| <5

gk 7lo] FAAALSTE 0292 A7 d F
kot AR Ez’rfl cheg Al 4kS $gF FAERS o
218t o} 0.6% tryptone®| 7357 HEg 7 o2 vehgo}

[

=

“%_,{C}Q]c—l

27| 9Ro| ¥
A= g4 Q3 AA4e] FHA FEE 7R ujA R

Table 9. Effect of tryptone concentration on cell mass, en-
zyme activities and sporulation in the cultivation of Beau-

veria sp. C208

*Tryptone Cell mass
To(W/v) (%)

Enzyme activity

- Sporulation
Chitinase Protease Lipase

0.2 3.67 ++ +++ ++  3.49x10%/ml
0.4 1.34 ++ 4+ ++ 2.70%10Yml
0.6 6.00 ++ A+ ++ 256> 10%ml
0.8 2.50 ++ +++ ++  1.39x10%ml
1.0 5.00 ++ +4++ ++° 2.58x10%ml

Culture was carried out at 28°C in 2% (w/v) rice straw medium
containing different trypton conc. + and - mean halo size (++; <
2.0 cm, +++:<2.5 cm, +++;=<<3.0 cm,). ND: Not determined. *In-

soluble substrate. Cell mass was measured by Packed Mycelium
Volume (PMV).

dlo] chekgh 7] AF-58 Arisld o ddE Ay
teh(Table 10). Aubd o2 F7145[/71 Beauveria sp.
C 2082 A& vlalsh= 7l o2 vtepygde}, wiok Al
B MgCl, KClE3 &4 MgSO,7} 6.67%8] 714 =2
WARS By, o] A FUIEAFE AUVEHA 6
7-1 ‘3 ] ]«3]] O‘r {}67‘7&-9’4 0]:7}- = ,H;z]-_g_. EC’:'D} -13
vt ﬂH FEE 5.76x107/mlE thi 2 #Holglr}),
7 wvte] F7] %%’-::—Gl Beauveria C208¢] Ad#Abof|+=
Taa A B8k lem gkl CuClyss wiek A=
2318 TAe AR &) 24 WA 5 Aeste A
o5 vebgdtl, 57| AR5E Akt 7 2 23

Table 10. Effect of various inorganic salts on cell mass, en-
zyme activities and sporulation in the cultivation of Beau-
veria sp. C208

*Inorganic Cell mass Enzyme activity * :
Sporulation
salts (%) Chitinase Protease Lipase

CoS0;-7H,O'  4.34 ++ ++" ++ 9.28x 10%ml
ZnSO, - TH,0'  6.00 + ++ ++ 1.07%107/ml
FeSO, 7H,0O 3.67 + o+ ++  6.32x10/m]
MgSO,- 7TH,0"  6.67 + +++ ++ 5.76x10"/ml
KCr 5.84 + + ++  2.02%10%mi
CaCl,- 2H,0" 4.84 + ++ ++  6.59%10%/ml
CuClL-2H,0° 1.67 - - - 4.00x10%m}
MgCl, 6H,0"  5.67 + ++" ++  2.01%X10%ml
MnCl-41,0° 0.34 + +++  ++° 3.74x107/ml
CaCO,* 5.00 + HH+ ++  9.68x10"/ml
NaCl’ 3.00 + + ++ 1.31%10%ml
KH,PO,’ 1.84 + ++° ++ 1.90% 10"/ml
K,HPO," 4.17 + +++  ++ 3.10x10/ml
None* 6.00 ++ -+ ++° 2.56 x10%/ml

Culture was carried out at 28 in rice straw 2% (w/v), tryptone
0.6% (w/v) medium containing various inorganic salts. ‘mean 0.2
% (w/v) conc. "'mean 0.5% (w/v) conc. ‘No inorganic salt was
added. + and - mean halo size (-; O cm, +; <1 cm, ++; =< 1.5 cm,
++; <20 cm, +++;525cm, +++;<3.0cm). ND: Not deter-
mined. *Insoluble substrate. Cell mass was measured by Packed
Mycelium Volume (PMV).



Table 11. Effect of the concentration of MgSO, on cell mass,
enzyme activities and sporulation in the cultivation of Beau-
veria sp. C208

*MgSO, Cell mass

Enzyme activity

T (Wiv) (%) Chitinase Protease Lipase Sporulation
None 6.00 ++ +++ ++5 2.56% 10"
0.05 3.67 + +++ ++  1.29%10°
0.1 4.67 + F+4° ++  2.20x10°
0.2 6.34 + ++4 ++  1.84x10°
0.3 5.50 + +t ++  5.84x10°

Culture was carried out at 28T in rice straw 2% (w/v), tryptone
0.6% (w/v) medium containing different MgSO;-7H,O conc.
‘No inorganic salt was added. + mean halo size (+; <1 cm, ++;
<<2.0 cm, ++++; <3.5 cm). *Insoluble substrate. Cell mass was
measured by Packed Mycelium Volume (PMV).
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