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Abstract - This study was performed to investigate and measure the antimicrobial activity of evergreen woody species
extracts on Trichophyton mentagrophytes. To do this, leaves and stems were collected from Wando and Jeju islands, and
were used for the extraction with different solvents (i.e., distilled water, 80% ethanol, and 100% methanol), and at different
ultrasonic extracting times (i.e., 15, 30, and 45 minutes). The experiment was conducted by using the agar diffusion method.
The clear zone was measured after incubating the paper disc containing the plant extract in a bacterial culture medium. The
controls were synthetic antimicrobials, methylparaben and phenoxyethanol, at concentrations of 0.4, 1, 2, and 4 mg/disc.
Altogether, extracts of 56 out of 64 species used in this study had inhibitory activity, which confirmed their antimicrobial
activity against Athlete’s foot. Among them, the crude ethanolic extract of Elaeocarpus sylvestris in 45 min showed a zone
of inhibition < 20.2 mm, while the clear zone of Actinodaphne lancifolia ethanolic extraction for 30 min was 23.5 mm. Also,
Quercus acuta, Dendropanax morbiferus and Daphne odora showed clear zones of 28.0 mm (45 minutes ethanolic extraction),
20.5 mm (45 minutes crude methanolic extraction) and 19.7 mm (45 minutes methanolic extraction), respectively. Thus, these
results confirm that the extracts of evergreen woody species have therapeutic potential against Athlete’s foot, and suggest
that in order to extract adequate amounts of antimicrobial substance from the plant sources, ideal extraction condition has to
be considered.
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Table 1. List of plants used in this study and antimicrobial activities of extracts obtained from leaves of 64 species against
Trichophyton mentagrophytes

Family name

Scientific name

Clear zone (mm)

Family name

Scientific name

Clear zone (1mm)

Control (mg/disc)’  Phenoxyethanol 0.2 X Gramineae Phyllostachys pubescens 12.67 £ 0.23 f
0.4 - Sasa palmata -
2.0 13.57 £ 0.76 ef" | Hamamelidaceac  Distylium racemosum 12.60 + 1.14 g
4.0 1417 £ 0.73 ¢ Illiciaceae llicium anisatum 1450 + 0.46 ¢
Methylparaben 0.2 - Lardizabalaceae Stauntonia hexaphylla 8.63 + 432 h
0.4 - Lauraceae Actinodaphne lancifolia 2233 £ 0.62 a
2.0 1423 + 032 ¢ Cinnamomum  loureirii 1467 + 1.12 ¢
4.0 21.40 £+ 1.45 ab Cinnamomum yabunikkei 11.37 £ 0.38 fg
Apocynaceae Nerium oleander - Cinnamomum camphora 12.13 + 0.88 f
Trachelospermum asiaticum var. - Laurus nobilis 14.63 + 0.38 ¢
Trachelospermum asiaticum - Litsea japonica 11.70 + 0.38 f
Aquifoliaceae llex cornuta 11.43 + 0.44 fg Machilus japonica 18.27 £ 0.13 be
Ilex xwandoensis 1243 + 0.75 f Machilus thunbergii 11.00 £ 0.25 g
llex crenata 12.03 + 043 f Neolitsea aciculata 13.87 + 0.28 ef
Ilex rotunda - Neolitsea sericea 17.13 £ 0.03 ¢
Araliaceae Dendropanax morbiferus 22.60 + 0.57 a Loganiaceae Gardneria insularis -
Fatsia japonica 1580 £ 121 d Magnoliaceae Magnolia grandiflora 20.10 £ 049 b
Hedera rhombea 12.77 + 0.61 f Moraceae Ficus oxyphylla 11.47 £ 0.32 fg
Caprifoliaceae Viburnum odoratissimum 1537 £ 0.15 d Myricaceae Myrica rubra 14.10 + 2.00 e
Cephalotaxaceae Cephalotaxus koreana - Myrsinaceae Ardisia crenata 10.00 + 5.72 h
Cupressaceae Chamaecyparis obtusa 1773 + 338 ¢ Oleaceae Ligustrum lucidum 14.40 + 0.76 ¢
Juniperus rigida 1577 £ 037 d Osmanthus fragrans -
Daphniphyllaceae Daphniphyllum macropodum 10.63 + 0.79 g Osmanthus fragrans var. 9.50 + 0.30 h
Elaeagnaceae Elaeagnus glabra 10.10 £ 0.55 h Pinaceae Pinus thunbergii 13.77 + 0.74 ef
Elaeagnus umbellata 930 £ 0.26 h Rosaceae Eriobotrya japonica 1393 + 047 e
Elaeocarpaceae Elaeocarpus sylvestris 20.20 + 1.01 b Raphiolepis indica 12.87 £ 0.29 f
Ericaceae Rhododendron brachycarpum 13.47 £ 0.99 ef Rutaceae Citrus junos -
Vaccinium bracteatum - Schisandraceae Kadsura japonica 1033 £+ 029 g
Vaccinium oxycoccus - Taxaceae Torreya nucifera 1397 £ 0.24 ¢
Fagaceae Castanopsis sieboldii 1783 £ 1.19 ¢ Taxodiaceae Cryptomeria japonica 16.47 + 0.87 cd
Quercus acuta 2227 £ 049 a Theaceae Camellia japonica 1227 £ 0.27 £
Quercus gilva 1513 £2.02d Cleyera japonica 19.27 + 1.83 be
Quercus glauca 10.50 + 0.40 g Eurya emarginata -
Quercus myrsinifolia 1133 £ 091 g Eurya japonica -
Quercus salicina 10.50 + 0.90 g Ternstroemia gymnanthera 13.80 + 0.65 ef
Flacourtiaceae Xylosma congesta. 893 + 447 h Thymelaeaceae Daphne odora 2213 £ 1.05 a
“EN; Evergreen Needle-leaved, EB; Evergreen Broad-leaved, EC; Evergreen Climber.
*Positive control as a synthetic antiseptic.
*Not detected.
“Means = S.E. (n=10) and separation. within columns by Duncan’s multiple range test, p<0.05.
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Table 2. Antimicrobial activities of extracts obtained from leaves and stems of Elaeocarpus sylvestris var. ellipticus (Thunb.) H.
Hara against Trichophyton mentagrophytes according to extraction methods

Part Solvent Extraction time (min.) Clear zone (mm)
Control Methylparaben 0.4 Y
(mg/disc)” 1.0 -

2.0 14.1 £ 0.24 c-¢*
4.0 21.1 £ 0.19 a
Phenoxyethanol 0.4 -
1.0 -
2.0 14.3 £ 0.53 c-¢
4.0 14.9 £ 0.55 c-e
Leaf MeOH 100% 15 15.9 £ 0.77 b-d
30 154 + 0.13 c-e
45 15.6 £ 0.67 b-d
EtOH 80% 15 18.5 £ 0.50 a-c
30 17.3 £ 0.40 ad
45 20.2 + 0.10 ab
Distilled water 15 -
30 -
45 -
Stem MeOH 100% 15 142 £ 0.12 c-¢
30 13.0 = 0.38 de
45 10.7 + 2.00 e
EtOH 80% 15 147 £ 047 c-¢
30 12.6 + 0.28 de
45 13.0 £ 0.65 de
Distilled water 15 -
30 -
45 -
P (Part) ek W
S (Solvent) NS
T (Time) NS
P xS NS
PxT NS
T xS NS
PxTxS NS

"Positive control as a synthetic antiseptic.

YNot detected.

*Means + S.E. (n=10) and separation. within columns by Duncan’s multiple range test, p<0.05.
"NS, *, ** #*% ponsignificant or significant at p<0.05, 0.01 or 0.001, respectively.
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Table 3. Antimicrobial activities of extracts obtained from leaves and stems of Daphne odora Thunb. against Trichophyton

mentagrophytes according to extraction methods

Part Solvent Extraction time (min.) Clear zone (mm)
Control Methylparaben 0.4 Y
(mg/disc)” 1.0 -

2.0 14.1 £ 024 cd*
4.0 21.1 £ 0.19 a
Phenoxyethanol 0.4 -
1.0 -
2.0 143 £ 0.53 cd
4.0 149 £ 0.55 cd
Leaf MeOH 100% 15 125+ 017 d
30 122 £ 099 d
45 19.7 £ 0.75 ab
EtOH 80% 15 16.7 £ 0.60 be
30 15.0 £ 0.58 cd
45 19.2 £ 0.23 ab
Distilled water 15 -
30 -
45 -
Stem MeOH 100% 15 13.3 £ 095 cd
30 122 + 0.50 d
45 16.2 = 0.45 b-d
EtOH 80% 15 14.0 = 0.85 cd
30 15.0 £ 0.35 cd
45 14.9 £ 0.55 cd
Distilled water 15 -
30 -
45 -
P (Part) NSY
S (Solvent) NS
T (Time) *
P xS NS
PxT NS
T xS NS
PxTxS NS

"Positive control as a synthetic antiseptic.
"Not detected.

*Means + S.E. (n=10) and separation. within columns by Duncan’s multiple range test, p<0.05.

"NS, *, ** #*% ponsignificant or significant at p<0.05, 0.01 or 0.001, respectively.
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Table 4. Antimicrobial activities of extracts obtained from leaves and stems of Actinodaphne lancifolia (Sibold & Zucc.) Meisn.
against Trichophyton mentagrophytes according to extraction methods

Part Solvent Extraction time (min.) Clear zone (mm)
Control Methylparaben 0.4 Y
(mg/disc)” 1.0 -

2.0 14.1 £ 0.24 cd*
4.0 21.1 £0.19 b
Phenoxyethanol 0.4 -
1.0 -
2.0 143 £ 053 cd
4.0 149 £ 055 ¢
Leaf MeOH 100% 15 20.0 £ 029 b
30 219 £ 0.01 ab
45 208 £ 0.72 b
EtOH 80% 15 122 £ 023 d
30 235+ 199 a
45 222 £ 0.72 ab
Distilled water 15 -
30 -
45 -
Stem MeOH 100% 15 133 + 0.03 cd
30 14.0 £ 0.06 cd
45 122 £ 029 d
EtOH 80% 15 14.0 = 0.62 cd
30 150 £ 128 ¢
45 150 £ 031 ¢
Distilled water 15 -
30 -
45 -
P (Part) ek W
S (Solvent) NS
T (Time) ook
P xS *%
PxT *k%k
T xS EEES
PxTxS ok

"Positive control as a synthetic antiseptic.

YNot detected.

*Means + S.E. (n=10) and separation. within columns by Duncan’s multiple range test, p<0.05.
"NS, *, ** #*% ponsignificant or significant at p<0.05, 0.01 or 0.001, respectively.
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Table 5. Antimicrobial activities of extracts obtained from leaves and stems of Quercus acuta Thunb. against Trichophyton
mentagrophytes according to extraction methods

Part Solvent Extraction time (min.) Clear zone (mm)
Control Methylparaben 0.4 Y
(mg/disc)” 1.0 -

2.0 14.1 £ 0.24 fg"
4.0 21.1 = 0.19 be
Phenoxyethanol 0.4 -
1.0 -
2.0 143 + 0.53 fg
4.0 149 + 0.55 fg
Leaf MeOH 100% 15 185 + 0.32 c-f
30 23.7 £ 0.27 ab
45 20.5 = 0.10 b-d
EtOH 80% 15 20.5 + 0.63 b-e
30 262 £ 0.83 a
45 28.0 = 0.87 a
Distilled water 15 174 £ 0.90 c-g
30 26.0 = 027 a
45 21.4 + 0.10 be
Stem MeOH 100% 15 145 £ 033 fg
30 16.2 = 0.50 d-g
45 14.0 = 0.50 fg
EtOH 80% 15 15.6 = 0.79 fg
30 149 + 0.90 fg
45 15.0 = 0.40 fg
Distilled water 15 13.6 £ 043 g
30 172 +£ 0.38 c-g
45 159 £ 0.32 e-g
P (Part) ek W
S (Solvent) NS
T (Time) ol
P xS NS
PxT NS
T xS NS
PxTxS NS

"Positive control as a synthetic antiseptic.

YNot detected.

*Means + S.E. (n=10) and separation. within columns by Duncan’s multiple range test, p<0.05.
"NS, *, ** #*% ponsignificant or significant at p<0.05, 0.01 or 0.001, respectively.
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Table 6. Antimicrobial activities of extracts obtained from leaves and stems of Dendropanax morbiferus H.Lév. against
Trichophyton mentagrophytes according to extraction methods

Part Solvent Extraction time (min.) Clear zone (mim)
Control Methylparaben 0.4 Y
(mg/disc)” 1.0 -

2.0 14.1 £ 0.24 f-h*
4.0 21.1 £ 0.19 a
Phenoxyethanol 0.4 -
1.0 -
2.0 143 £ 0.53 cd
4.0 149 + 055 ¢
Leaf MeOH 100% 15 18.2 £ 0.00 a-f
30 16.2 £ 0.00 c-h
45 20.5 = 0.00 ab
EtOH 80% 15 15.0 £ 0.00 f-h
30 149 = 0.00 f-h
45 19.7 + 0.00 a-d
Distilled water 15 159 £ 0.00 d-g
30 17.2 + 0.00 a-g
45 19.3 = 0.00 a-e
Stem MeOH 100% 15 14.0 = 0.00 gh
30 15.6 = 0.00 e-h
45 12.5 £ 0.00 h
EtOH 80% 15 15.0 £ 0.00 f-h
30 20.2 = 0.00 a-c
45 16.7 = 0.00 b-g
Distilled water 15 159 + 0.00 d-h
30 16.4 £ 0.00 c-h
45 20.1 = 0.00 a-c
P (Part) NSY
S (Solvent) NS
T (Time) ok
P xS *%
PxT *
T xS NS
PxTxS NS

"Positive control as a synthetic antiseptic.

YNot detected.

*Means + S.E. (n=10) and separation. within columns by Duncan’s multiple range test, p<0.05.
"NS, *, ** #*% ponsignificant or significant at p<0.05, 0.01 or 0.001, respectively.
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RIS 4= Ik, L & Hp offehol 4587 &3 A7
Lol A 20,2 mm, SEPS= 80% ofeh& 2 3057 &3t 22
TrollAl 23,5 mo} E2jolES Uellth, T3 F7 AV, 4
U 2 A5Re] § 2552 717F 28,0 mn (80% o6k 45+

2), 20.5 m (100% H|ERS- 455 322) 2 19,7 mn (100% W EFH
455 5+35) 9] SejofEo] 2ALE T webA, o] Ak

B B 220 RET TR AR /e FAT S
Aglon StEdol wWol Figt AlEaAE 47 HeiM=
Ao AA &2 1S neeljop & R oR Az
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