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Since COVID-19 began at the end of 2019, the wearing time of protective clothing used to prevent
pathogenic bacteria and virus infection has increased, and the development of safe protective materials
that are human-friendly and have antibacterial and antiviral functions has been required. In this study,
we investigated the possibility of developing natural antibacterial protection materials using ethanol
extract of the medicinal plant Zanthoxylum Piperitum DC. The antibacterial activity assay of the 80%
ethanol extract of Z. piperitum DC leaves against various nosocomial infectious bacteria, using the
disk diffusion method, showed that Staphylococcus aureus ATCC 25923, Klebsiella pneumoniae ATCC
13883, Salmonella typhimurium, and Aeromonas hydrophila are sensitive to the inhibitory action of
the extract. The ICso values of the ethanol extract against S. aureus, K. pneumoniae, P. vulgaris and
A. hydrophila were about 0.59 mg/ml, 0.50 mg/ml, 1.06 mg/ml, and 0.06 mg/ml, respectively. To
determine whether the ethanol extract of Z. piperitum DC leaves can be applied to the development
of antibacterial protective fabric, the ethanol extract was tested using a protective fabric from the
KM Health Care Corp. using the JIS L1902-Absorption method. As a result, the bacteriostatic and
bactericidal activity values of S. aureus ATCC 25923 and K. pneumoniae ATCC 13883 appeared
to be more than 2.0 when treated with the ethanol extract at a concentration of 1% (w/v). Together,
these results suggest that Z. piperitum DC leaves can be applied to develop natural antibacterial func-

tional protective fabrics.

Key words : Eco-friendly antibacterial material, ethanol extract, infection prevention fabrics, nosoco-
mial infection, Zanthoxylum piperitum DC
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Fig. 1. Schematic diagram of the fabric
treatment process based on the
JIS L1902-Absorption method.
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Table 1. The antimicrobial activities of EtOH extract from the leaf of Z. piperitum DC against various human nosocomial infectious

pathogens
. . 80% EtOH extract (mg/ml)*
No. Microorganisms
0.5 1.0 2.0

1 Staphylococcus aureus ATCC 25923 9 mm** 9.5 mm 10 mm
2 Staphylococcus epidermidis ATCC 1917

3 Bacillus pumilus

4 Proteus vulgaris KCTC 2433 - - 10 mm
5 Escherichia coli O-157 ATCC 43895

6 Klebsiella pneumoniae ATCC 13883 12 mm 13 mm 15.5 mm
7 Salmonella typhimurium - 11 mm 12 mm
8 Pseudomonas aeruginosa

9 Aeromonas hydrophila 14 mm 14 mm 16 mm

Disc size: R=8 mm, h=0.7 mm
*The concentration of extract (mg/disc).
**Zone of inhibition (mm).

Table 2. Antimicrobial activities of various organic extracts from the leaves of Z. piperitum DC against various human nosocomial

infectious microorganisms (mm)*
Microorganisms
Fractions Cone. S P. vulgari K 1
/i) . aureus . vulgaris . pneumoniae o .
(mg/m) ATCC 25923 KCTC 2433 ATCC 13883 > Dphimurivm A hydrophila
EtOH 0.05 9.0+ 0.00 N.D 12.0+0.00 N.D 14.0+ 141
0.1 9.5+0.14 N.D 13.0+£0.18 11.0+0.00 14.0+1.14
0.2 10.0£0.11 N.D 15.5+0.18 12.0+0.35 16.0 £ 1.09
MC 0.05 N.D*** N.D N.D 9.5+ 0.00 N.D
0.1 8.5+0.18 N.D N.D 10.0+0.35 N.D
0.2 N.D N.D N.D 11.0£0.35 9.0+0.35
EtOAc 0.05 N.D N.D 10.0+0.35 N.D N.D
0.1 9.5+0.18 9.0+0.35 12.0+0.35 9.0+0.35 12.0+0.00
0.2 11.0+0.00 15.0+0.71 14.0 £ 0.00 10.0+0.71 14.0 £ 0.00
H,O 0.2 N.D N.D 13.5+0.00 N.D N.D
n-BuOH 0.05 N.D N.D N.D N.D 10.0 £ 0.00
0.1 N.D 10.0+0.35 12.0£0.16 N.D 12.0+£0.00
0.2 10.0+2.12 11.0£0.00 16.0£0.12 11.0+0.35 15.0+0.71

*Zone of inhibition (mm).

**The concentration of organic fractions (mg/disc).
*#*N.D; not detected. Each value represents the mean + SD.
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Fig. 2. Inhibitory effect of the EtOH ex-
tract from Z. piperitum DC leaves
on growth of S. aureus ATCC
25923 (A), K. pneumoniae ATCC
13883 (B), P. vulgaris (C), and A.
hydrophila (D) for 24 hr. Each
value is expressed as meantSD

5 (n=3 with three replicates per in-
dependent experiment). *p<0.05 ,
ok *#p<0.001 compared with control.

0.06  0.13mg/ml

0.75 1.0 mg/ml

Table 3. The chemical composition of the EtOH extract from Z. piperitum DC leaves

II:I?I; Compounds Ri** Pe?;)ir:: Biological activity
23 Propancediamide, 2-amino- 20.37 30.71

51 1,3,4,5,-Tetrahydroxycyclohexanecarboxylic acid 34.28 8.52

52 DL-Arabionose 34.63 3.31

15 1,2,3,-Propanetriol 17.22 2.81

25 4H-Pyran-4-one, 2,1-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 21.58 2.25

34 Hydroquinone 25.07 2.14 t, wE E 3
27 (pyro)-Catechol 22.78 1.89 g+, FEF
37 2-methoxy-4-vinyl-phenol 26.36 1.56 3

10 Methanesulfinic acid methyl ester 14.91 1.49

49 beta-Asarone 33.79 1.4 W A=

75 Phytol 44.10 1.28 I+, FEF
84 (+)-Sesamine 63.84 1.24

42 2-Deoxy-D-galactose 29.88 1.22

3 DL-Allo-cystathione 4.79 1.12 Cys 14HE,

GSH #4

5 Methane, thiobis- 5.15 1.11

45 3,4-Altrosan 31.22 1.09

4 2,3-Epoxybytane 5.013 1.06

68  Neophytadiene 38.75 1.05 I+, FEF
82  Vitamin E 62.43 1.05 Frts}

*Numbering refers to the elution order on an HP-5MS column.

**Retention index on an HP-5MS column.

***Peak area (%) was related to total detected compounds by GC-MS.
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Table 4. Bacteriostatic (S) and bactericidal (C) activity of protective fabric treated with 80% EtOH extract from leaves of Z.
piperitum DC against S. aureus ATCC 25923 and K. pneumoniae ATCC 13883

Fabri Conc. of 80% S. aureus K. pneumoniae
anmes EtOH extract s* C** S C
0.5% 11.30 +£0.054 8.30+0.013 0.72+0.078 -2.29+£0.018
1.0% 11.30+0.017 8.30+0.016 11.25+0.078 8.24+£0.017
Protective fabric 2.0% 11.30 £ 0.023 8.30 = 0.009 11.25+0.078 8.24 +0.004

*Bacteriostatic activity (S) = M1 — M3.
**Bactericidal activity (C) = M2 — M3.

M1: Common logarithmic value of cells after 18 hr of incubation in control.
M2: Common logarithmic value of the number of live cells inoculated into control.
M3: Common logarithmic value of viable cells after 18 hr of incubation of fabrics treated with 80% EtOH extract of Z. piperitum

DC.
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Aol o) B L A X7} 2.001%F Ugkor,
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