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Abstract

The antifungal activity of polygodial, which was isolated from Polygonum hydropiper used as a hot spice in Japan,
was investigated through measuring its MICs and MFCs against several food-contaminants including 4 strains of Sac-
charomyces cerevisiae, 3 strains of Zygosaccharomyces species, and 5 strains of Aspergillus species. All yeast-like fungi
exhibited strong antifungal susceptibilities with MICs and MFCs below 3.13%g/ml. Strains of Aspergillus species sho-
wed moderate with MIC of 25-504g/ml and MFC of 50-100#g/ml. However these fungal strains to sorbic acid,
as already known, revealed very weak with MICs of 200-8004g/ml and MFCs above 16004g/ml. In addition, effe-
cts of various pHs and temperatures on the antifungal activity of polygodial were tested against S. cerevisige. At 4T,
the fungicidal activity of polygodial gradually increased with incubation time and reached the maximum(MFC of 3.
13#4g/ml) in 5 hours. At temperatures in the range of 30-45%, the activity of polygodial increased in proportion
to temperature rise and in particular at 45C was possible with the concentration of 0.14g/ml. On the other hand,
medium pH was also identified to affect the antifungal activity of polygodial. Namely, compared to neutral(pH 7),
acidic(pH 3) and basic(pH 9) medium synergized its activity(MIC and MFC) to 8- and 2-fold, respectively.
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Drimane sesquiterpene dialdehyded] 724 &4& 2
T polygodial > YEFoA we & W FdoR AL
S 3 Q= Polygonum hydropiper® 2 EZ5FE A& Feld
2 Warburgia ugandensis, W. stuhlmannii®, Pseudowintera
colorata’ @58 e} AEEAME FAHL 3Tt Polygoe-
diale WA AT i it &4 AKX Candida
albicanss9 EF4 ATE3} Trichophyton mentagrophytes,
T. ruburum, Penicillum marneffeis2] oA A5 o
3] amphotericin B9 Hltg8 ¢ e F§ ATBHE Y
el itk E8 polygodial® actinomycin D -2 rifampi-
cin#e) 23t A C. albicansol e 0159 A7 FAS
FEAINE HOE e,

N2 d2EY WA HEARAY 7tsAS HE]
A3, S cerevisiaest HZ WEAQ AF @72 & A
7} 91 Y= Zygosaccharomyces %Y, 12]1 aflatoxin
AAstE Aspergillus 599 o2l FE9 g polygo-
dial®] AT E4& B7leta 11 A% A e 229
pHY HFE& ZARIATh
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B Ao A9 Saccharomyces cerevisiae ATCC 7754,
Saccharomyces cerevisiae ATCC 28383, Saccharomyces ce-
revisiae ATCC 28382, Saccharomyces cerevisiae ATCC
605303} Zygosaccharomyces bailii ATCC 60483, Zygosa-
ccharomyces  bisporus ATCC 38993, Zygosaccharomyces
rouxii ATCC 34890, Aspergillus niger ATCC 16404, As-
pergillus parasiticus ATCC 22789, Aspergillus parasiticus
ATCC 26691, Aspergillus flavus ATCC 15548, Aspergil-
lus flavus ATCC 101242} #5E52 American Type Cul-
ture Collection(Rockville, MD) 2. 2R H F{1=¢lon 10
% glycerol® ¥ 33H= yeast nitrogen broth (Difco Labo-
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ratories, Detroit, MI)oll &E8te] -80TH|A BHEHIT)
552 Sabouraud’s dextrose agar (SDA) (Bactopep-
tone 1%, Dextrose 4%, Bacto-agar 1.8%) W|X& of&
o] ARA FFS 35T, WA AFL 25CoA 4zt
At} =) i
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744 phytochemical?! polygodial Polygonum hy-
dropiper (Polygonaceae) 9] ® O ZHE| o] Wiof) F3}o]
&g 25900, Sigma AHSt. Louis, MO)2XE 7Y€
sorbic acide 3 &4 Y AFEE AEEHUT &
A 4 Z4< 938 polygodialt sorbic acid®] =3
% o 2 MAEo] Dimethylformamide(EM Science, Gibb-
stown, NJ) &uiol4 2E wx9 10082 HEAH &
T}A] RPMI 1640 (Sigma Chemical Co., St. Louis, MO)
oA Aol 109 AU

MICs2t MFCs2| &3

5 Aol F7 AL o] -d BilE macrob-
roth3] W10 Fate] ARt 2hks] AR, 35
259 #2447 H4452(0.3 mD) 10° CFU/ml]
AME 2#& E£33HE RPMI 1640 A4 wfx](2.7 mD 9}
THHAG A AFBEL 35T 4847 B T
glo] wi%sSlth. MIC(minimum inhibitory concentra-
tion)® 94 # AFo| oe FEY HA T 2

A 7] AL ok &S Adstue axAy
AFEE A Pt TYA 2AF AT SDA WA <]
A TAEZ 0.05% Tween-80 £4& o] 83}e] £33}al

£ 10° CFU/mlE 2A3% thy o2 AMg3tnt.
&2 4L YM (glucose 1.0%, polypeptone 0.5%,
yeast extract 0.3%, malt extract 0.3%, 0.165M MOPS
buffer, pH 7.0) AA WA A 25T, 597t B wjgsto]
ZAHE

MFC(minimum fungicidal concentration)¥= Uh&#% 2
o] ZAHTE MICE 238 F & 450 gle & A9
#o2HEH 30 M8 Hdta ol&& AU sDA HA(3
mDl 7Ft Ak 4841 W FF V| HEE] B&o] vEhtA|
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22 3 7%
AE 249 FAEY tid polygodialy] T A
macrobroth &A% o] &3] MICS MFCE-& &A%
FALE| e (Table 1). Polygodial& S. cerevisiae® o
FEo i8] 0.39-1.564y/ml8] 5% WA AT
(MIC) & YERASISH 0.784g/ml-3.134g/mle] T%
el i A8 (MFC) & Uehiglch 3 polygodial &
Zygosaccharomyces 2] o8] d5-E tis] 3.134g/ml2]
FroA A7 2 AFFAL Yehhdod Aspergillus£ )
#3550 taiME 25-504y/mloly AFEAHE 18n
50-1004g/mll A & &d-& 242k ehliglok st 7
A 3T AF BEAY sorbic acide 200-800
Hg/mle] TEAM AFEAYE HERIUT 16004g/m] ©}
qe Frore AT8AE JYeERIUCE wekA polygo-
dial& W& 73 FA7F B4 & 2He AoE Aoy £3)
polygodial®] Ad 8L AF o2 HE SHTF S A3 A
AGE 7l AF BEAZA oS- a3AY AR 7]
2lR<)=
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1710 o] Z71olA] HA polygodial |
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HdAS 2AVE T} (Table 2). pH 3, 5, 7, 9% 248
7} ¢+2 A (MOPS buffer, 0.165 M)l polygodial& =
(1004g/ml) ¥ 30¢C, 100CY &5 =M 24171 59
HHS-AI713. S cerevisiae ATCC 7754¢] oI Ha¥
(MIC) & ZAF3I¥th 30T, polygodial®] 42 £3
g-o vlu g 2 pHEAA 2 FAEge 9714
Z(pH 9) A= 4] Z4AHA) 100CY wHs 229
A, polygodial?®] BA& FA g = 13 ZasA &k
w2 pHECIAME 28] Zadtgon 9714 2A(pH
9ol M= 168] 2AsHTh = polygodiale 574 pHAA
= go vl e A4 pHENAE 25 #ARe]
ok EQHAEIn(50% 9 A¥) G714 pHEAAE A
oA ot tf Eebgety 53] noAE wfg EhAd
Aog B

Polygodial®] &3 @4 Al &5 EFe S cere-
visiae ATCC 7754 7 @94N(FF ¥ 10° CFU/ml)
7 polygodial BMAES EFS F o] 2ol WLt
WA AR AFEY(MPC) S F48td AU
(Table 3). Polygodial& 30TA 2417 sjek$ H1 84
(HA MFC 1.564g/ml)& HEPRSH A&(4C)ol A=
g Algel MEH oz Zulehe A4S YEer 5
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Table 1. In vitro antifungal susceptibilities of food-contaminants to polygodial and sorbic acid

. Polygodial Sorbic acid
Fungal strains(ATCC)

MIc MFC® MIC? MFC®
Saccharomyces cerevisiae 7754 1.56 3.13 400 1600
Saccharomyces cerevisiae 28383 3.13 3.13 400 »1600
Saccharomyces cerevisiae 28382 1.56 3.13 200 1600
Saccharomyces cerevisiae 60530 0.39 0.78 400 1600
Zygosaccharomyces bailii 60483 3.13 3.13 800 »1600
Zygosaccharomyces bisporus 38993 3.13 3.13 800 1600
Zygosaccharomyces vouxii 34890 3.13 3.13 400 1600
Aspergillus niger 16404 25 50 800 »1600
Aspergillus parasiticus 22789 50 50 800 >1600
Aspergillus parasiticus 26691 50 100 400 »1600
Aspergillus flavus 15548 25 50 800 »1600
Aspergillus flavus 10124 50 100 800 »1600

*Mg/ml. Determined by macrobroth dilution method.

°Hg/ml. Determined by observation of fungal growth in 100-fold dilutions after MIC tests.
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Table 2. Effects of pH and temperature on the stability
of polygodial

o8t g4

Table 4. Effect of medium pH on the antifungal activity
of polygodial

. MIC(#g/ml) at pH pH MIC(#g/ml) MFC(#g/mi)
Temp.(C)
3 5 7 9 3 0.20 0.39
30 3.13 3.13 1.56 6.25 5 0.39 0.78
100 3.13 3.13 1.56 25 7 1.56 3.13
*After incubation at each condition for 2h, the remaini- 9 0.78 0.78

ngfungistatic activity(MIC) of polygodial was tested
against S. cerevisize ATCC 7754.

Table 3. Effect of incubation temperature on the anti-
fungal activity of polygodial
MFC(Hg/ml)* after incubation time(h) ;

Temp.(T)
1 2 3 4 5
4 50 12.5 6.25 625 3.13
30 6.25 313 313 313 313
35 6.25 3.13 156 156 156
40 156 156 078 078 0.78
45 1.56 078 039 020 010

*It was tested against S. cerevisiee ATCC 7754.

Alzkgtel] 30T A9 22 EA(1.564g/ml9] MFC) & 1
ERAIAEE 3 1.2(35-45C) o4 polygodial®] A4
& W eEo AeAeE AEEPEY F 35CoA 1.
564g/ml, 40Te|A 0.784g/ml, 45T 0.2¢4g/mlg|
MFCE YehiSith wW2kA polygodial & ¥4 H#H3<l 2
FANE e FAT B4 vehiin w13 NFo i
oA 3] Wztss] del polygodials #H7HE w A%
HE I8 £ & $& Z2E Jjgdrh

Polygodial®| &3¢ &4 vlX= pH &%+ pH 3, 5,
7,92 238 459 (MOPS buffer) WA EANA S, cerevi-
sige ATCC 7754°] dig MICS} MFCE & 273te] ZAL
H3lt}t (Table 3). Polygodial®l BH#EH(MIC)S F4
(pH 7) wjAlell A Bt 23 g @714 wiAleA o 38
249¢ eIl 53] A miAelMe Ads ZEe
24L Yehiath £§ polygedialdl HTFEEE T4 o
AN B} A 2 G714 MAEANA o ZEHA e
th. & polygodial® 4E9) thefs pH 21l #AGol
FAT G4S Jebd B oope AW 2 A7 2
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* The pH of fungal medium(RPMI 1640) was adjusted
with 0.165 M MOPS buffer.

**The antifungal activity of polygodial was tested agai-
nst S. cerevisiae ATCC 7754.
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¥ 229 polygodial®) AT BAL Saccharomyces cere-
visiae 4T, Zygosaccharomyces 58] 3715, 18] I Asper-
gillus %9 53FE EFste AEF L@TEY iz 2
MICQ} MFCES 243 2AEY 2E &
< 3.134g/m] °[3Fe] MICS} MFCE 7= 743
Q-’F*ég Vet A, Aspergillus £ TF52 25-504y/
ml®} MIC$ 50-1004g/mi®] MFCE Z& tha W 3
T4E EAch 28yt oju] ¥ el Zo) sorbic acid
¥ 200-800#g/ml®] MICS 16004g/ml °|’3¢] MFCE
e g ok A AL UeEhigith =3 polygo-
diale] 37 FAo dfg AFH 29 pHES A7}
S. cerevisiae® T2 ZAET 4T A, polygodial ]
AEEA(MFC) & ¥l Al 37 FRA oz Stk
5A1Zite H1(3.134g/mlY] MFC)ol =d3lgch 30-
45C9 2% WA, polygodiale] &AL 25 A%
of vjHlA oz Stk em 53 45T 0.14g/mld
FRIAME 7HEatgTh @ wiA] pHE E¢ polygodial o]
PAF G4 2 9T T A2 Jet F, F4l
w3 A (pH 3) 2 9714(pH 9) HlA%= polygodial 9]
g 2 AHEAE A7 suf, 2w AsAFH T
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