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Abstract

The antifungal activity of ethylenediaminetetraacetic acid (EDTA), an antioxidative food preservative, was inves-
tigated against Saccharomyces cerevisiae. At the general condition for antifugal test, EDTA exhibited the min-
imum inhibitory concentration (MIC) of 200 ug/mL and the minimum fungicidal concentration (MFC} of 6,400
ug/mL. As seen with the antibacterial activity, the antifungal activity of EDTA was greatly decreased by high
inoculum size, acidic medium, and cation (Ca** or Mg™) added to medium. On the other hand, when EDTA
was combined with polygodial isolated from natural food spice, they showed strong synergism on the antifungal
activity. Further, the diminishing antifungal activity of EDTA by high inoculum size, acidic medium, and cation
(Ca™ or Mg"™) added to medium was considerably improved by the combination with polygodial,
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Kubo 5™¢] ubo] F3le] Polygonum hydropiper=4-
B o FE|sled g3tk Ade AM-E H3HE
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CFU/mMLE 7z} 248 ohy 319hEe] e 844%
AR} Y 2 AR, 10° CFUMLE 7 =6 o
3} EDTAE 400 ugmL®] sxel2 HF SHYMICYE
VEPHSIIL, 6400 pg/ml o] FRolAME AR 84
(MFC)& vl 2t Polygodial & 3.13 pg/mLs} 6.25
pg/mLeil Al Zkzt MIC9H MFCE vehiglEd ol& 7]
o] B1uvg) JAjsleict =3 {00 CFUmMLY %
%o s, EDTAE 6,400 ug/ml ¥E7%] oju gk
A YA X eplz] 23 wha polygodiald- 6.25
pg/mLe] W2 w2 At B4 L JePlsich 3,
o]l 5 £ ¥ XA EDTASt polygodial 7+2] &=lg
4} B8 T IAE Saccharomyces cerevisiaeS WA} O Z =
Absted el 10° CFU/mLe] &3 3o &, EDTA:
polygodial 2] 1/2 MIC(1.56 pg/mL) 2} H-831& o



Saccharomyces cerevisiaeoll W& EDTAS] #37 ¥A 4 EDTASF Polygodial 2+e] ¥4 A= 1111

125 pg/mL2} MICE YR 2™ polygodial®l 172
MFC(3.13 pgmb)$} #4349 & W= 50 pgmL 9
MFCE viellglet. ¥t 2, polygodial-2- EDTAS) 172
MIC(200 pg/mL)e} 851918 o) 0.39 ug/mLe] MIC
Z el gl o EDTAS 1/2 MFC(3,200 pg/mL)2} ¥
4319S W= 039 pgmLelr MFCE Heplicth =
& 10" CFUmL®] F7 &= 93, EDTAE poly-
godial®] 12 MIC(3.13 pg/mL)2} #8311 v 25 pg/
mLe] MIC$} 200 pg/mLe] MFCE 72} vJelviglet.
w2, polygodial2- 3,200 pg/mLe} EDTASH ¥-8-351
< o 039 pg/mLe} MICS} 0.78 ugmLe] MFCE 7t
7} el gl ch(Table 1).
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ces cerevisiaeol| W&t 33HE9] AT VAL A8
Ak 2 A3} EDTAY pH 744 7F @2 200 pg/
mL ¥ MICE Jelslend pH 59 3ME= 22t
3,200 pg/mL¥} >6,400 pg/mLe} MIC-E vtehlsic). =
3 EDTAL pH 7elA4 6,400 pg/mLe) MFCE vlehi)
Rem ] pH 2716 M= 6,400 pg/mLe =7
A At BAMFCOYE W] $-35ti ) v, ofu]
B 3109%) upe} zho| polygodial& AHY ZA A 23]

g ol Zhet A BAE Jehigd g3 olE
2] pH ZFNM  Saccharomyces cerevisiae ] g
EDTA$} polygodial 7+e] #2d4 W& FAE FAL
3lglc}h. EDTAY polygodial?) 1/2 MICS} 23158
) pH 7, §, 39l 47 6.25 pg/ml, 25 pg/ml, 400 pg/
mLe] MICE veblig]2n polygodial®] 172 MFCS}
HesdE = pH 7, 5, 3eAM 22 625 pg/mL,
1,600 pug/mL, 3,200 pg/mLe} MFCE 77t viely
ek, W2, polygodial®- EDTAS] 12 MIC =¥ 12
MFCS} #8319 & o) ZAME 2E pHelM 242} 0.10
pug/mLel MICSF 0.20 pg/mLe) MFCEH Jepbigich
(Table 2).
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CaCLs} MgCLE 27t 10 mM% wlx|o] H7}5 o}
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B4& A o A3 AV S5 ol FF
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Table 1. Effect of inoculum size on the antifungal activities of EDTA and polygodial against Saccharomyces cerevisiae

EDTA (ug/mL) Polygodial (ug/mL)
Inoculum - ) - >
(CFU/mL) Alone With polygodial Alone With EDTA
MIC MFC MIC MFC MIC MFC MIC MFC
10° 400 6400 125 3.13 6.25 0.39 0.39
107 >6400 >6400 25 6.25 6.25 0.39 0.78

"The MIC (MFC) of EDTA was estimated in combination with 1/2 MIC (MFC) of polygodial.
PThe MIC (MFC) of polygodial was estimated in combination with 1/2 MIC (MFC) of EDTA.
n case that the MIC (MFC) of EDTA was >6,400 pg/mL, the MIC (MFC) of polygodial was estimated in combination

with EDTA of 3,200 pg/mL.

Table 2. Effect of medium pH on the antifungal activities of EDTA and polygodial against Saccharomyces cerevisiae

EDTA (ug/mL) Polygodial (pg/mL)
pH Alone With polygodial” Alone With EDTA?
MIC MFC MIC MFC T MIC MFEC MIC MFC
3 >6400 >6400 400 3200 0.39 0.39 0.10 0.20
5 3200 >6400 25 1600 0.78 0.78 0.10 0.20
7 200 6400 6.25 3.13 6.25 0.10 0.20

YThe MIC (MFC) of EDTA was estimated in combination with 1/2 MIC (MFC) of polygodial.
The MIC (MFC) of polygodial was estimated in combination with 1/2 MIC (MFC) of EDTA.
¥n case that the MIC (MFC) of EDTA was >6,400 Jig/mL, the MIC (MFC) of polygodial was estimated in combination

with EDTA of 3,200 pg/mlL.
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78] #AFA HE BAE 2Abslgch 2 A3 A7) 400 o
H &4 o] FFo} A ¢le] EDTAY: polygodial

2] 12 MICS} #8-319& o) 2 MICE 6,400 ug/mL

2RE 25 pgmLE ZHAsdon polygodial & 172 3 300
MFC$} W-23l98 A-$ 1 MFCE >6,400 pg/mLE %,

FEl 400 pgmLE FHastge. RIE, polygodial =
EDTAS] 12 MICSH W38 o T MICE= 313 g = 200
mL 25E] 0.10 ug/mL 2 7r42d1 2™ EDTAS 12 a

MFCe} B 4-519]-& 7% 1 MFCE 6.25 pg/mLZ Y€ 100
1.56 pg/mLE 758453 cH(Table 3).

SiEIEe| ¥WE =0 g EXlT #49 T 0
EDTA®} polygodial 7+e] ¥4 F=of w8 gzld
Aol 2z FHE dolr 7] A8 Saccharomyces
cerevisine S WAL Z  macrobroth dilution checker-
board & o] &3l &zl AL EAFIY HFig.
1). =t 23} EDTAS} polygodial-2- A3 &= 24
oA} 0.389] FIC A& ehisl o Adx x4
2gol M= 0259 FFC A4E Yepide. &,
EDTAS] MICE polygodial®] 1/4 MICS) 0.78 pg/mL
ol 2} 400 ug/mLEHE] 50 pg/mL2 ZFAsIg] o
polygodial®] 1/16 MIC%] 0.20 ug/mLell &JsfA % 200
ug/mL 2 ZFA3et. £3F EDTA S| MFC+ poly-
godial®] 1/4 MFC?] 1.56 ug/mLell ©)&l 6,400 pg/mL
ZHE 400 pgmlLE 7FAFA2 polygodial®] 1/8
MFC2l 0.78 pg/mLoll 2|d|A = 800 ug/mLE 7hA-8t 0 2 4
At} wekM EDTAS} polygodial& o8] B4 %o
A AE SR AF P AT B4S e 2 Polygodial (,,g/mL)

L2 o Fig. 1. Resulting isobolograms of the MICs ( O ) and
MFCs (@) obtained with checkerboard combinations of
EDTA and polygodial against Saccharomyces cerevisiae.
EDTA 2| ME Al A0 CHBH polygodial 2] H& The fractional inhibitory concentration (FIC) and fractional
= fungicidal concentration (FFC) indices were calculated with
=2, the MICs and MFCs of the combined compounds which

EDTA2] Abd Aol o3l polygodialsl %2 &3} exhibited the best antifungal effect, respectively.
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Table 3. The effect of metal ion on the antifungal activities of EDTA and polygodial against Saccharomyces cerevisiae

EDTA ({tg/mL) Polygodial (pg/mL)
Cation . T - )
(10 mM) Alone With polygodial Alone With EDTA
MIC MFC MIC MFC MIC MFC MIC MFEC
None 400 6400 12.5 50 3.13 6.25 0.39 0.39
Ca*™ 6400 >6400 25 400 313 6.25 0.10 1.56
Mg~ 6400 >6400 25 400 3.13 6.25 n.10 1.56

YThe MIC (MFC) of EDTA was estimated in combination with 1/2 MIC (MFC) of polygodial.

The MIC (MFC) of polygodial was estimated in combination with 1/2 MIC (MFC) of EDTA.

Yn case that the MFC of EDTA was >6,400 ug/mL, the MFC of polygodial was estimated in combination with EDTA of
3,200 pg/mL.
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Fig. 2. Killing kinetics of EDTA in combination with
polygodial against Saccharomyces cerevisiae. Symbols
indicate the concentration of EDTA and polygodial: drug
free (H); polygodial 3.13 pg/mL (4); EDTA 6,400 pg/mlL
(CD); polygodial 3.13 pug/ml. + EDTA of 200 pg/mL (O),
100 pug/mL (&), 50 pug/mL (@)
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£ ez Ax AMd Fd 978 A5 NFig. 2).
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7+ 5 AHEHA 43 27 2 R SEE A8
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W4 o A AR A 2SS B A7 el
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U -

UubH o2 33HEL FAT AL FF T=, W
A pH, B4 ]9 wix] = $3 22 4 2
o upel & ol F viehll= H R d#A e,
b £ AT M o] 59 o8 =AM EDTA
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2 Ao 1 A5} EDTAY Parish $0%] |t
3t dubdel gAF 2 =AH &, 10° CFU/mLe £
T+ 5%, A4 WA, 583 F ol &8 sl o
2 A\ 200 pg/mLe] MICEHT FNHE Vel

Ao ol tfEAql AFA AFE BEA U sorbic
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EDTAY: 3| 28960 A o} ] gl 2hgol A
A A4S A9 A REtglew, S 5
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22 8E 29S¢ AF AAY F e A 84
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of EAEH: T o] 22 ol ul: EDTAS A3
A FAF AL polygodial o] &l o8l i
M=t ol HDE polygodialS EDTAY &
A EAE 24 ¥ U F43 W 39E
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