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In this study, 18 kinds of Korean medicinal herb extracts were examined for anti—microbial activities against
pathogenic microorganisms. The methanol (MeOH) extracts from Schizandra chinensis, Rhus javanica and
Caesalpinia sappan exhibited antimicrobial activities against most pathogenic microorganisms at concentrations
of 5 mg/mL, whereas the other 15 extracts exhibited anti-microbial activities at concentrations of 30 mg/mL.
The minimum concentration at which Schizandra chinensis extracts inhibited for S. epidermidis and Bor. bron-
chiseptica was 0.6 mg/mL. The MeOH extracts from Schizandra chinensis, Caesalpinia sappan, Rhus javanica
and Seutellaria baicalensis which had higher anti-microbial activities were subsequently fractionated using 5
different solvents, and further screened for anti-microbial activities. The inhibitory effects of ethyl acetate
(EtOAc) extracts on microbial growth were greater compared to any other solvent extracts. In order to investigate
the inhibitory effect of Korean medicinal herbs with high anti-microbial activities on microbial proliferation,
the MeOH extracts at concentrations of 0, 100, 300 and 500 ppm were added to the media. No addition of extracts
caused rapid growth of microbes after 12 hours incubation. As the concentration of extracts from Rhus javanica
and Caesalpinia sappan increased, the growth-inhibiting effect on gram-positive bacteria including S. aureus,
S. epidermidis, and L. monocytogenes was prominent. RRhus javanica extracts exhibited growth-inhibiting activ—
ity for gram-negative bacteria including Sal. Pullorum and Sal. Choleraesuis. The low concentration of extracts
from Rhus javanica and Caesalpinia sappan exhibited the growth of Bor. bronchiseptica and E. coli serotype
Os. However, the higher concentration of extracts from Rhus javanica and Caesalpinia sappan exhibited a strong

inhibitory effect on microbial proliferation.
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AE7E 2 AL TASA(FL T FA] AL AAE)
A stnl Aerstlo A BFS & At il Bs)]
= = Table 13 2t}

=3
A =Ad| AE3 Gram positive bacteria 45,
Gram negative bacteria 7%, mold 1 ¥ yeast 152 ¢
BEAY, ¥Rt gd o2 RE 24T FFo)H
o] S da8g S-S 9l AHE-g vl X= Table 29

Eo] AT 7 gAY 54 FAHE g2
k2] 300 g= AAE3IAY ZA Fpo] FHoE AFYAE
< F2A]170 round flaskel] A1 &9 58] A &9 MeOH(w/v)
& 77 #H7kek & 80°Coll A 5A17E B2t 38 B/ FE31%
t}. &9 Whatman No.2 ] #A & 23] o138 % rota-
tory vacuum evaporator® ¢t F=slgon HEZFHoE
Z+zto] FHEE-& W3 DMSO(dimethylsulfoxide) & 9 -&

e

Table 1. List of medicinal herbs used for antimicrobial experiments

Family name

Scientific name

Part of used Korean name

Myristicaceae Myristica fragrans Hourr. Seeds S5
Magnoliaceae Schizandra chinensis Bany. Seeds Qm A}k
Zingiberaceae Alpinia katsumadai Hayara. Seeds 25T
Meliaceae Melia azedarach Linng. Fruit HAxt
Rutaceae Poncirus trifoliata Rapn. Fruit A4
Caprifoliaceae Lonicera japonica Tuuns. Flower 723}
Labiatae Prunella vulgaris Linvg var. asiatica Hara. Bud Sz
Rubiaceae Hedyotis diffisa WiLLp. Bud W BALE 2
Leguminosae Caesalpinia sappan Linng. Stem S
Anacardiaceae Rhus javanica Linng. Leaves L Hj =}
Gramineae Phyllostachys nigra Muxro var. Hexonis Stapr. Leaves =9
Ranunculaceae Paeonia suflruticosa Axpr. Bark Egty
Compositae Siegesbeckia orientalis Linng. ‘Whole 3=
Labiatae Elsholtzia ciliata (Tuuns) HyLanper. Whole Sk
Labiatae Seutellaria baicalensis Grorce. Root 3=
Araceae Acorus gramineus SoLanp. Root M AE
Compositae Atractylodes japonica Koy, Root i
Lauraceae Lindera strychinitolia F. VL. Root Q<F
Table 2. List of strains and media used for antimicrobial experiments
Strain Media Temp.
Staphylococcus aureus ATCC 6538 Nutrient broth & agar 37°C
Gram (+) Staphylococcus epidermidis ATCC 12228 Nutrient broth & agar 37°C
bacteria Clostridium perfringens Type C LB broth, Miller broth & agar 39°C
Listeria monocytogenes ATCC 19111 Tryptic soy broth & agar 35°C
Salmonella Pullorum ATCC 9120 Nutrient broth & agar
Salmonella Gallinarum ATCC 9184 Nutrient broth & agar
Gram (=) Salmonella Typhimurigm ATCC 13311 Nutr@ent broth & agar
bacteria Salmonella Choleraesuis ATCC 10708 Nutrient broth & agar 37°C
Escherichia coli serotype Og LB broth, Miller broth & agar
Escherichia coli serotype Oz LB broth, Miller broth & agar
Bordetella bronchiseptica ATCC 4617 Smith-Baskerville medium
Mold Aspergillus fiirmigatus ATCC 10894 Potato dextrose broth & agar 37°C
Yeast Candida albicans ATCC 10231 YPD broth & agar 37°C




Medicinal herbs
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Fig. 1. Extraction and fractionation of medicinal herbs.
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7% 0.2 39 02 mg/mL FE 2. E 0.2 mg/mLolA 50 mg/
mL7FA o] 9] ol A plated]l HF3te] 2 #F9] ZF2
SO A 24A1ZT Bl FSE & Sto 2 st} n|AEo] F4
HA ge 55 MICE ZHAh
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Zy T 1930 30 50 mL A Al R0l HFsh] A
Aol A 2442 T2t vl st WY 25 mLS # 3
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FZ 58 Gram positive bacteria 3%, Gram negative bac-
teria 759 WFE FF W] 5 mg/mL FFAA ZF
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Table 3. Growth inhibiting activities of medicinal herbs for

microbial strains

&3

Clear zone diameter (mm)

Strains/Scientific name

MeOH ext.
Staphylococcus aureus 0.5% 1% 3% 5%
Schizandra chinensis - - 8 9.5
Alpinia katsumadai - - 10 11
Melia azedarach — — 9 13
Poncirus trifoliata — 9.5 12 14
Lonicera japonica — 8 10 12
Prunella vulgaris 9 10.5 11 12
Hedyotis diffiisa — 9 13 12
Caesalpinia sappan 10 14 19 21
Rhus javanica 12 15 17 21
Phyllostachys nigra — — 9 10
Siegesbeckia orientalis — — 7 8
Elsholtzia ciliata 8 9.5 10 12
Seutellaria baicalensis - 9 12 16
Lindera strychinifolia — — — 8
Staphylococcus epidermidis
Schizandra chinensis 9 13 19 21
Prunella vulgaris — — 11 13
Caesalpinia sappan 18 22 27 30
Rhus javanica 17 18 20 22
Paeonia suflruticosa 13 15 17 19
Seutellaria baicalensis — 10 14 19
Salmonella Typhimurium
Rhus javanica — — 10 12
Schizandra chinensis - - 8 85
Caesalpinia sappan — — 7 9
Salmonella Choleraesuis
Rhus javanica — — 9 12
Schizandra chinensis — — 9 12
Salmonella Pullorum
Rhus javanica 7 9 13 17
Schizandra chinensis - - 8 9
Salmonella Gallinarum
Rhus javanica - 11 14 20
Schizandra chinensis — — 9 11
E. coli serotype Ors
Rhus javanica 13 15 17 19
Caesalpinia sappan 8 9 11 18
Seutellaria baicalensis — 8 9 12
Paeonia sufltuticosa 8 12 15 17
E. coli serotype Os
Rhus javanica 14 16 17 18
Caesalpinia sappan 10 15 20 21
Seutellaria baicalensis - 10 11 13
Paeonia suflruticosa — — 10 16
Bordetella bronchiseptica
Rhus javanica 15 18 22 25
Caesalpinia sappan 8 12 17 19
Seutellaria baicalensis 75 10 14 16
Schizandra chinensis — 11 16 18
Listeria monocytogenes
Rhus javanica 18 19 23 24
Caesalpinia sappan 13 15 18 20
Seutellaria baicalensis - - 8 9
Schizandra chinensis — — — 9
C. perfringens type C
Caesalpinia sappan 9 15 18 22
Seutellaria baicalensis - - - 10
Myristica fragrans - — - 9
Schizandra chinensis — — — 12
Candida albicans
Seutellaria baicalensis — — 10 13
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Table 4. Minimum inhibitory concentration (MIC) of medicinal herbs for microorganisms

Minimum inhibitory concentration (mg/mL)

Strains/Scientific name SA SE ST SC SP SG EOz EOg BP LM CP CA
MeOH ext.
Myristica fragrans — — — — — — — — _ _ 48 _
Schizandra chinensis 20 4.6 14 12 16 22 — — 6 40 32 —
Alpinia katsumadar 14 — — — — — — - _ _ _
Melia azedarach 18 - — — — — — — — _ _ _
Poncirus trifoliata 8 — — — — - — — — _ _ _
Lonicera japonica 8 — — - — — - — _ _ _ _
Prunella vulgaris 3.2 16 — — — — — — — _ _ _
Hedyotis diffisa 8 — — — — — — — _ _ _ _
Caesalpinia sappan 1 0.8 16 - - - 4.6 1.4 4.6 16 2.6 —
Rhus javanica 1.2 0.6 12 12 4.8 8 6 8 0.6 10 — -
Paeonia suffruticosa — 2.2 — — - - 4.6 12 — — — —
Siegesbeckia orientalis 20 - — — — - — — — _ _ _
Elsholtzia ciliata 4.6 — — — — — — — _ _ _
Seutellaria baicalensis 6 6 - - — — 8 8 4.8 2% 46 2%
Phyllostachys nigra 26 — — — — — — _ _ _
Lindera strychinifolia 34 — — — — — — — — _ _ _

SA: Staphylococcus aureus, SE: Staphylococcus epidermidis, LM: Listeria monocytogenes, SP: Salmonella Pullorum, SG:
Salmonella Gallinarum, ST: Salmonella Typhimurium, SC: Salmonella Choleraesuis, EOs: E. coli serotype Os, EOzs: E. coli serotype

O, BP: Bordetella bronchiseptica, CA: Candida albicans.

Table 5. The fraction yields of solvent fractions extracted
from extracts of medicinal herbs

Yield (%, w/w)

S Rhus Caesalpinia Schizandra Seutellaria
olvents . ; . . . :
Jjavanica sappan chinensis  baicalensis
MeOH ext.
Hexane 6.30 1.10 7.04 44.40
CHCls 2.52 1.50 2.18 2.00
EtOAc 71.86 62.04 3.00 0.26
BuOH 12.67 23.00 18.08 1.76
Water 6.50 3.40 40.06 2.94
Total 99.85 91.04 70.36 51.36
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o2 &ufel diste] dRE Faddo] YEs o™, MeOH
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ol EHOH Ae 5714 &0l E8%F FolA EtOAcT©] 7}74
& G2l HEhth Jung 5242 vl T4 5
=] z‘so;LEJ,].oﬂ;q =AY T AnrAo =g 733k ﬂ;ﬁ
£ Y= MeOHF
EoA diAHe =z 3

j=}

m\‘AOFOHHFﬂA
>,

44

ru[o

o|83ko] YT A3t ¥

=5
TgAo] Y¥gtom S aureust
Sal. Typhimurium& 23 734

o] VFERA 2k,
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A=)
w3

Sal Typhimurium 2 E. coliol A19] clear Zone94 2 7o) Z+
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2317 98t MeOHFEE9] E8E9 w4 S
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Table 6. Antimicrobial activities of solvent fraction on medicinal herbs

Clear zone diameter (mm)

Strains/Scientific name

Hexane CHCls EtOAc BuOH Water
Rhus javanica MeOH ext.
Staphylococcus aureus — 10.00 10.00 11.00 —
Staphylococcus epidermidis 7.67 9.67 12.67 11.33 8.67
Salmonella Typhimurium — 8.33 22.67 13.33 —
Salmonella Choleraesuis - 11.33 21.67 14.00 12.33
Salmonella Pullorum — 8.00 20.33 19.67 —
Salmonella Gallinarum — 8.00 15.67 12.67 -
Bordetella bronchiseptica — 8.67 23.67 18.33 9.33
Listeria monocytogenes - 14.00 22.00 9.33 —
Escherichia coli serotype Os — — 14.67 14.67 8.67
Escherichia coli serotype Ors — 8.67 12.33 18.00 9.00
Caesalpinia sappans
Staphylococcus aureus 8.00 13.33 19.67 13.00 10.33
Staphylococcus epidermidis 9.33 16.67 23.67 23.33 18.67
Salmonella Typhimurium — - 9.17 8.00 -
Bordetella bronchiseptica — 12.67 19.33 13.67 8.33
Listeria monocytogenes — 9.67 11.67 12.33 —
Clostridium perfiingens — 9.00 14.67 13.33 9.33
Escherichia coli serotype Og 8.67 12.33 19.67 18.00 11.33
Escherichia coli serotype Ors — 14.67 20.67 18.33 13.33
Schizandra chinensis
Staphylococcus aureus — — 9.67 10.67 10.00
Staphylococcus epidermidis — — 14.00 12.67 10.33
Salmonella Typhimurium - — 8.67 8.67 8.33
Salmonella Choleraesuis - — 12.00 11.17 10.33
Salmonella Pullorum - - 10.00 8.17 8.00
Salmonella Gallinarum — — 10.00 8.67 8.00
Bordetella bronchiseptica — 9.00 19.67 18.00 17.33
Listeria monocytogenes — 8.00 9.67 — —
Seutellaria baicalensis
Staphylococcus aureus 8.00 10.00 11.00 - —
Staphylococcus epidermidis 9.00 11.67 12.67 7.33 -
Bordetella bronchiseptica — 8.67 13.33 8.00 —
Listerra monocytogenes - 10.33 10.33 8.00 —
Escherichia coli serotype Og - 8.33 9.33 - —
Escherichia coli serotype Oz - 10.00 10.67 — —
Candida albicans - 9.67 11.33 - -
06 1 Rhus Javanica MeOH ext. —#-0Oppm  —&—100ppm 06 71 Caesalpinia sappan MeOH ext. —#—Oppm —&— 100ppm
——300ppm —%—500ppm —k—300ppm  —<—500ppm
05 A 05 A
04 A 04 A
0.3 A 03 A
021 0.2
0.1 A 0.1 A
0 | TS X X X X 0 A —X— X K
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time (hr) Time (hr)

Fig. 2. Effect of concentrations of medicinal herbs on growth inhibiting activity of Staphylococcus aureus.
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05 7 Caesalpinia sappan MeOH ext. —&-Oppm —A—100ppm
—x<—300ppm —><—500ppm
04 1
0.3 1
0.2 1
0.1 1
0 A o £ % x X
0 12 24 36 48 60 72
Time (hr)

Fig. 3. Effect of concentrations of medicinal herbs on growth inhibiting activity of Staphylococcus epidermidis.

—Oppm —4—100ppm
—%—300ppm  —%—500ppm

1.2 7 Rhus javanica MeOH ext.

0 12 24 36 48 60 72
Time (hr)

17 Caesalpinia sappan MeOH ext. —&—Oppm —&—100ppm
—>*—300ppm  ——500ppm
058 - = ] - s—— 8

0 12 24 36 48 60 72
Time (hr)

Fig. 4. Effect of concentrations of medicinal herbs on growth inhibiting activity of Listeria monocytogenes.

—&— 100ppm
—K—500ppm

—&- Oppm
—>—300ppm

0.5 1 Sal. choleraesuis

0 12 24 36 48 60 72
Time (hr)

—-Oppm —&— 100ppm
—<=300ppm -l 500ppm

0.7 7 Sal. pullorum

48 60 72

0 12 24 36
Time (hr)

Fig. 5. Effect of concentrations of Rhus javanica on growth inhibiting activity of Salmonella sp.
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Fig. 6. Effect of concentrations of medicinal herbs on growth inhibiting activity of Bordetella bronchiseptica.
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