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ABSTRACT : This study was conducted to investigate the total phenol contents, antioxidative activities
and antibacterial activities of twenty species of entomopathogenic fungi. The total phenol content was
highest in Aspergillus flavus (553.0452.15 pg/g) and A. parasiticus (529.9+60.10 pg/g). On the other
hand those in other strains were within the range of 26.6~121.9 ug/g. The antioxdative activity was
shown in the most of strains and the highest DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging
activity was observed in 4. flavus (90.9+2.90%) and A. parasiticus (77.9+4.13%). This result indicated
that the antioxidative activities were very correlated with the total phenol contents. The antibacterial
activitiy was found in the every tested pathogenic bacteria. Especially, the antibacterial activity was strongest

against Listeria monocytogenes and Escherchia coli.
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3l B4L A B4R RaE1 QiKitahara et
al., 1992; Lee et al., 1997; Konyahoglu et al., 2005).

WA 222 AE & 23 grARRE R A tokst 12
€ 7HAu, 3A 37k 2§22 vt phenolic

acid " coumarinFH{Cs-C1, Co-Cs), flavonoidHH(Cs-C3-Ce)
Zlﬂi’ B S (hydrolyzable & condensed tannins)7} o]
o] &%t Lee & Lee, 1994). o]&& 314, e =27),
Brok =] o, Al A 9 gy oHb) &)
Qo ARG Aol A alkyl radicalo|ut alkylperoxy
radical o) =45 FoJ5}0] radical 2 A|AXZI 223 AL
k2 oJRattHLee et al., 2006).
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2 1000 &of 8000] Fo] UejA glon F3of 7=
H FL2 3000 Fo=2 e dAqso] Eus] A7 Fo|
thKuo et al., 1994; Zhu et al., 1998; Shim et al.,
2000; Shih et al., 2007; Lee et al., 2008). aLth s==tof|
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Table 1. List of entomopathogenic fungi used for experiment
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Category Scientific name Isolate No. Korean name
Cordyceps bifusispora J114 W) 7| ST 2s %
Cordyceps isarioides J121 VeSS
Cordyceps militaris J233 Hol7 5552
Division Cordyceps nutans J11 R b Rt e
Ascomycota Cordyceps pruinosa 19 o2 5532
Cordyceps scarabiaecola J123 Zollo| 5382
Cordyceps sinensis 185 &3l
Cordyceps sphecocephala 1201 HEZ3%
Ascosphaera apis A017 e
Aspergillus flavus J66 A St
Aspergillus parasiticus Jo4 258+
Beauveria bassiana 1200 LA
Gibellula spp. J7 Ao
Division Hirsutella nutans 122 LAl 2 T Eo
Deuteromycota Hymenostilbe odonatae n7 AA 5582
Isaria sinclairii J16 o) g-E 25552
Metarhizium anisopliae J88 =7k
Paecilomyces farinosus J5 Hoj7| 28 2282
Paecilomyces fumosoroseus 130 A
Paecilomyces tenuipes 12 LEZE23)=
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borerE ©]-8-off E-Z wojol 250 ml 4H2tEEEAA
o] 100 ml¥ EF¥ PDB (Potato Dextrose Broth,
Difco) HiXIo] #& ML 14217F AT HI9K25C,
150 rpm) & Bt ojZx|(Whatman No. 1)of oz}s}
QAck. izl AR 9 wferle B AN 5 ulslol
o] 451 13.000 pmoll Al 1087+ A4ER)
Aok AASoHL 0.2 um syringe filter (Sartorius)2 ik
S943 4C erlo] malal 2 Ao A

£ U= By 5%

Z HE ¥=F &H o= Folin-Dennis & ARS-3I%ct
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3%t & AR 38 BEEAIZL B 10%
Na;CO; Z3Mg-H 0.4 ml& ol thr] E33E & 1AZF
B Ao WA AlA 700 nmol A FEF=(O.DYE &
A3FATH Amersham Biosciences, Ultrospec 6300 pro).
22X 550 % = tannic acid®}l gallic acid& o859
e REAe] ARG olgst 7o)

& R ¥ % s RS Toidch A9
¥F529 tannic acid®} gallic acidE 2}z 0~250
mg/L TV} HEE SF50) mo] fjef 2 o
2 EBEs 2gstol A4S

DPPH radical £27{5 &3

SHASIEA =40 DPPH (1, 1-diphenyl-2-picrylhydrazyl)
o FAHL o §3to] 1 WM FER ZA5hgIrHChae
et al., 2004). DPPH (Sigma) 30 mg 50% ethanol 400
mio] ¢l -8 1 mlo] 10 mg/m! FE= 3MH A=
0.1 mlx A7isto] 183 Ao WAste] vEA1X1 &
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ing activity= ThZat Zo] ARV F8et A=
HIE7RA Sgee] MEgR HASHYTh
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= {1-(Sample O.D/Control 0.D)}x*100

Culture Collection)ofj 4] F-oFREe. A2=310 2 [isteria
monocytogenes KACC 10764, Staphylococcus aureus
KACC 10768, Bacillus cereus KACC 100045 323}5}
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KACC 10260, Shigella boydii KACC 10792& x%a}
L Gum () 4% 5 % 758 AT daae
paper disc*H(Lee et al., 2008) 0.2 ZA3}¢ict. vjoFE
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100 ul#) spreaders ©|-&-sto] T HsHA LB ]
0] 8 mmg! paper disc (Advantec)ol| 40 mg/mlE 3]
e AR 50 wE FFAA AolA o 1A A=
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Yol A7l & 28~37TC 9] 2704 2441 o
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Table 2. Total phenol contents in parts of Cordyceps militaris and Paecilomyces tenuipes

Total phenol contents (ug/g)

Isolates Part used N N
Tannic acid Gallic acid
Mycelia 41.24 34.00
Cordyceps militaris J233
Culture broth 67.24 55.44
Mycelia 24.74 20.39
Paecilomyces tenuipes 12
Culture broth 26.86 22.14

Table 3. Total phenol contents of entomopathogenic fungi culture broth by Folin-Denis method

Total phenol contents {(uig/g)

Strains Tannic acid Gallic acid
Cordyceps bifusispora J114 121.946.81 100.5+5.61
Cordyceps isarioides J121 89.5+£2.12 73.8+1.75
Cordyceps militaris J233 67.240.11 55.4+0.21
Cordyceps nutans J11 106.6+4.42 87.9+3.64
Cordyceps pruinosa 19 66.9+4.33 55.243.57
Cordyceps scarabiaecola J123 116.9+6.89 96.4+5.69
Cordyceps sinensis J85 63.143.71 52.043.06
Cordyceps sphecocephala 1201 26.6%1.15 21.9£0.95
Ascosphaera apis AO17 52.6+0.44 43.3+0.36
Aspergillus flavus 166 553.0+52.15 456.0+43.01
Aspergiilus parasiticus )64 529.9460.10 436.9+49.57
Beauveria bassiana J200 76.5+1.94 63.1+1.60
Gibellula spp. 17 66.9+1.17 55.1+1.46
Hirsutella nutans 122 52.6+3.80 43.3+3.13
Hymenostilbe odonatae J17 90.8+6.10 74.9+£5.03
Isaria sinclairii J16 39.0+8.13 32.1+6.71
Metarhizium anisopliae J88 62,5+2.12 51.5+1.75
Paecilomyces farinosus J5 85.0+5.48 70.1+4.52
Pacecilomyces fumosoroseus 130 77.9+6.54 64.2:+5.39
Puaecilomyces tenuipes J2 26.9+0.13 22.140.31

% sl B 240] 73 Wol 2olul 2 Aol A%
H Folin-Denis§]-2 #|i4 E20] phosphomolybdic
acid®} ¥hgale] HAME Yehf= A4S o83 3y
(Lee & Lee, 1994)0.2 R2PAMAF 2059 % ¥
& S-S Folin-Denis] 0.2 H&E29] tannic acid9}
gallic acidE o]-&3lo] EA43%F Axt= Table 33} Zt}
U w9 F wlE ol 26.6~121.9 pg/gel 7o
ks 4. flavus®} A. parasiticus®] & 9 Fhefo| Zhzb
553.0452.15 ug/g, 529.9+60.10 pg/go = H|LA =7
UERsTh

HEFE EM e = 7b

ol7} el ol REEAY FFE 0|83t

At 7S Zx*o}oﬂﬂ o2 BEEF 7t 3
Z}Oloﬂ 7] °1s}~ o
=29 :
5ol wfet %i—/ﬁil {94 ‘}017} kil Bkt
et TEHUAPAF] F dE g SPS YT
52 A 9 gekrd wye g ga o] ok
a1 gkt

w2 H5A EAES o AEgAdS 1A

ki
32
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7] WjRol 7154 AE] o RO FEUy )}
(Whang et al., 2001). T3t Martinez et al. (2005)2
B RS pH Sol A WS % glov] Fuskey

3 AR AL ook Bastch mrebd A

¥ Zihe TEERHATO AR BA 9 s
240 7|2 422 BEY 4 U AT ek
ghitstaty

DPPHE= 43t 43t Wi-g-shA = 2o Hepdy
9] ¢t = free radical¢] DPPH7F FtA 0 2 WHalA|
o s S vl Agskal et 53 &
3= Stk 25 A%y 2052 DPPHE: o|&sto &
A A S &A% AT Table 49F Zro] el
B A3l C bifusispora, C. scarabiaecola 131l
Gibellula spp2 ASIT FHoIA 21.8% ole] it
SRS Hol TEHAYUEY e FASAZA)
Qug AltE - 9 Aoz Az Sol A ¢
ZFo] 71 =4 UebY A, flavus®t A. parasiticus+
free radical 7% ) 74 A Lreht PSR
I} & #lE $HF 7holl= Konyahoglu e al. (2005)2] =

39} o] &2 didol LETE

QA ARE HimA Y GAEA| 2 BHA (Butylated
Hydroxy Anisole), BHT (Butylated Hydroxy Toluene)
So] Ao ARgE QoW 7F HdFolut S
UehfiE Zom orexich whebA o]t I Akt
A= hAIE7] e 1A AR et A 28X
o] A7t AFAN A flavuset A. parasiticus
Moon & Heo (2007)7} 2118+ BHAQ} BHTS] &4t
B4 79~90% 50 EAU fAIR O olHdt I
WA FABIEA JES o8 Al I FE=T)
¢ =& oz gutdEch o] §Igte] o= free
radical A7)0 2-gohs LEHY Y] B o
3 AA ATt BaT Ao Az

32 essential oil, flavonoid @ tanninS
H|£5}e] tfEEo] terpenoid A2} phenoldy IFEE
oFe]#] ltKLee et al., 2000). £35] phenold &3 %

= volels 5 HUTl Aol e Wl 24 3

Table 4. Antioxidative activities of entomopathogenic fungi culture broth by DPPH method

Strains

Free radical scavenging activity (%)

Cordyceps bifusispora J114
Cordyceps isarioides J121
Cordyceps militaris J233
Cordyceps nutans J11
Cordyceps pruinosa J9
Cordyceps scarabiaecola J123
Cordyceps sinensis J85
Cordyceps sphecocephala 1201
Ascosphaera apis A017
Aspergillus flavus 166
Aspergillus parasiticus J64
Beauveria bassiana J200
Gibellula spp. 17

Hirsutella nutans 122
Hymenostilbe odonatae J17
Isaria sinclairii J16
Metarhizium anisopliae J88
Paecilomyces farinosus J5
Paecilomyces fumosoroseus 130

Paecilomyces tenuipes J2

-3.247.21
59.1£1.70
63.5+2.06
38.4+11.11
33.3£1.86
-3.3+0.64
48.4+4.26
30.3£9.41
36.5+5.83
90.9+2.90
77.9+4.13
52.1x4.95
-12.3+16.03
56.1+4.64
44.94+3.26
42.6+7.19
49.84+4.27
21.8+9.72
48.9+4.27
32.6+4.82
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Table 5. Antibacterial activities of entomopathogenic fungi culture broth against pathogenic bacteria

Inhibition zone (mm)

Category - Strains
A. flavus 366 A. parasiticus J64
Listeria monocytogenes KACC 10764 22 16
Gram (+) Staphylococcus aureus KACC 10768 12 11
Bacillus cereus KACC 10004 13 il
Salmonella enterica KACC 10763 16 12
Gram () Escherchia coli KACC 10115 23 18
Pseudomonas aeruginosa KACC 10260 18 11
Shigella boydii KACC 10792 14 11
L 7lo 2 HuEthWoo, 1996). WzhA E Al oA = Jang, S.H., E.A. Yu, K.S. Han, S.C. Shin, HK. Kim and S.G.
% Wi sk} &) f’*ﬁ%} Aol =4 ERE 4. ﬂavuSQ]r Lee: 2008, Cha'nges ",l .tota] ‘polyphean co~ntents and PPPH
12 o radical scavenging activity of Agrimonia pilosa according to
A. parasiticus 5 FE& FOR AFEF| gt gt harvest time and various part. Kor. J. Medicinal Crop Sci. 16:
g8 =4 o}Odq_ 397-401.

GBS paper disc O ®  RA}SlY]  inhibition
zone®| 3715 &A%t A7= Table 59 Zth 4. flavus?t
A. parasiticus B 752] AFEtol diste] FAEA
& vebll=d F F 25 Gram (+)€] L. monacytogenes
9} Gram (-)9] E. coliof st B3] 733t ptgd e
Bao™ A parasiticus BTV= A flavuso| X -4
o] 75ttt A AT Lee et al. (2008)0] H.118t Wg
Xﬂ inhibition zone®] 7] 25~46 mn XUl Lo

Fovt = 2ol wjoF 24 A & BR A =
cq ‘6‘]——T{-§]—/H.Q_ =ql £ 9e ] Aoz J}%%E}
&= Aspergillus<;
ol ol A F 715E AT
WA WGt o Z A (Nam et al., 2003) aflatoxin, ochratoxin,
g

Ay
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Pt
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A. flavus®} A. parasiticus
emay 2%
sterigmatocystin 5 TFF3E =4(mycotoxin)E
ok olelst A Adshe BUoks g oE
= TS A5 2AE-S e mechanismE VA=
Zo g2 HIFTrKWisemam & Marth, 1981; Kang et
al., 2001). B A¥ Ad, A flavus@t A. parasiticus=
ol Al % AEEaste] 4Ede e 4%
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