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Bacterial Growth Inhibition Activity of Loess (Hwangtoh) Ball
Manufactured using Antimicrobial Copper and Tea Tree Extracts
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Abstract Urban concentrations have accelerated in parallel with industrialization, and most city rivers
have exceeded their self-purification capacities due to inflows of domestic sewage and pollutants
discharged from industrial facilities. As a result, water and soil pollutants circulate in water bodies and
harm animals and humans. Various methods are being used to eliminate these pollutants, but the
effectivenesses of purification facilities and the side effects of pollutants continue to present challenges.
Therefore, in this study, we conducted a survey aimed at inhibiting the growth of pathogenic
microorganisms using loess, antimicrobial copper, and tea tree extract, which are known to have
environmental purification effects. The study confirms that loess balls comprised of loess, copper, and
tea tree extract achieved an antimicrobial activity of ~99% against Enterococcus faecalis, Klebsiella
pneumoniae, and Vibrio parahaemolyticus and inhibited the growth rate of Bacillus subtilis by )95%.
Although inter-species differences were observed, the highest inhibitory activity was shown when loess
ball contained loess, antibacterial copper, and tea tree extract. The results of this study are expected

to be useful for the eco-friendly bioremediation of contaminated tidal flats, soils, and brackish water.
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Table 1. Loess ball composition.

Loess Copper Tea Tree
A 125 g 05 g 30 mL
B 125 g 30 mL
C 125 g 05 ¢g

FEE Ax= BE 125 g, ¥4 79 0.5 g, HEF
F29 30 mLE EF 4o] ARl FEE BE I
A FEE ALt At GEE Ce HEHSE
o Al BH3AEF 30 mLE ol-&sto] ARFetoirt.
YEE AZA| ARRE HEZFEE210 mg/mLY &
T2 A5t ARgsilon, 7t SES & 412 F A4
1 cm® FEES AF6IT ol AP ARSI

2.2

oL = o
221 Y 25
Frge] FRee 29| Aste] 959 WY o

A& (Staphylococcus aureus KCCM 11593, Bacillus
subtilis KCCM 11779, Vibrio parahaemolyticus
KCCM 11965, Escherichia coli KCTC 1116, Bacillus
cereus KCCM 11204, Salmonella typhimurium
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KCCM 40253, Klebsiella pneumoniae KCCM
11418, Pseudomonas aeruginosa KCCM 11266,
Enterococcus faecalis KCCM 12448)S =&
HEME A 2 Wol ARSI 54 iy
oABE0] ML £AHQHY|E o] Bl £ colE 7]
207 o] Z7HH o2 HAA BAE 7= S
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223 S8y 59
%‘E% AZE B2 FFES 57| oo Z
AH#E HE BT 1~5 x 10° CFU/mL7} HEE 2
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whfoFste] S ERlstatt. HuEir 1038
2 3A5to] =Estalon = 3 12417 HigF & ZiA|
TE Asstdnt. 7iAIS 28 9= 30~300 colony®
sl BE AEE 33 grEsTt (Fig. 1). I
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Fig. 1. Experiment scheme
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Table 2. Bacteria growth conditions.

Strains Conditions

S aureus KCCM 11593 NA, 37C

B. subtilis KCCM 11779 NA, 30T

V. parahaemolyticus KCCM 11965 NA+3% NaCl, 37C

E. coli KCTC 1116 NA, 37C

B. cereus KCCM 11204 NA, 30T

S. typhimurium KCCM 40253 IFO, 30T

K. pneumoniae KCCM 11418 NA, 37C

P. aeruginosa KCCM 11266 NA, 37C

E. faecalis KCCM 12448 BHI, 37C

3. 2 & 13

2 A7 Peerd 2450 SUS 59 3R 5
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§ 7HT 28 £ olgoiel 4o (Table 3
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resistance, MDR) HYw 224 [10] oFst 3HA3Aof
dsht WidE g5shl 419,
resistance enterococc)ZE &

faecalisl st A5+ FAA
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RE0 o [11] E
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Fig. 2. Antimicrobial activity of manufactured loess
ball against E. faecalis. Ctrl; Control group,
A; Loess+Copper+Tea Tree, B; LoesstTea
Tree, C; Loess+Copper.
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Fig. 3. Antimicrobial activity of manufactured loess
ball against V. parahaemolyticus. Ctrl;
Control group, A; Loess+Copper+Tea Tree, B;
LoesstTea Tree, C; Loess+Copper.

K. pneumoniae GA A W& E53= 2
2 g#A 9o E3] CRGNB (carbapenem
resistant gram negative bacteria)® 52 3%
carbapenemol gt WS SE5tHA ISEAHE
AAgfjof & He=2 FAZF Aot [12]. K. pneumoniae
of thet A BY] AXFEES] P 99% o=
gRl= A

Fig. 4. Antimicrobial activity of manufactured loess
ball against K. pneumoniae. Ctrl; Control
group, A; Loesst+Copper+Tea Tree, B;
Loesst+Tea Tree, C; Loess+Copper.

oAl AR ol Al ool Aol gigiont

419

BT A B ARFEENA ot ALE Al 99% o
9] /o] UehdE EQlstqltt. ol= AT 3 &<l
Y T 7 2AR disiA 3AHQ ARt
LEd Zor A 85N ThedE gelgt 2
Tojo}.,

Az FEE A AFE EFolA dRLEY =2
o] Uehd WYT-2 B subtilis?t S. aureus= &
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Byt £ co]z, B. cereus, S. typhimurium, P.
aeruginosa®l WA= Al7HA] Brl9] Aot HFolA
2t o] g E/do] YEhbA] gttt

Fig. 5. Antimicrobial activity of manufactured loess
ball against B. subtilis. Ctrl; Control group, A;
Loess+Copper+Tea Tree, B; Loess+Tea Tree,
C; Loess+Copper.

Undiluted

Fig. 6. Antimicrobial activity of manufactured loess
ball against S. aureus. Ctrl; Control group, A;
LoesstCopper+Tea Tree, B; Loesst+Tea Tree,
C; Loess+Copper.
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Table 3. Antimicrobial activities of manufactured loess ball (colony counting).

Strains Undiluted 10" 107 107 10" 107 10° 107
Ctrl TNTC TNTC TNTC TNTC 189 6 0 0
S aureus A TNTC TNTC TNTC TNTC TNTC TNTC 1 0
B TNTC TNTC TNTC 98 51 3 0 2
C TNTC TNTC 2 0 0 0 0 0
Ctrl TNTC TNTC TNTC TNTC 120 50 5 17
B subtilis A TNTC TNTC 173 11 6 1 0 0
B TNTC TNTC 56 131 9 1 0 0
C TNTC 9 19 6 1 1 0 0
Ctrl TNTC TNTC TNTC TNTC TNTC 10 2 0
) A TNTC 0 0 0 0 0 0 0
V. parahaemolyticus B TNTC TNTC TNTC TNTC 34 7 0 0
C TNTC 183 23 16 1 2 0 0
Ctrl TNTC TNTC TNTC TNTC TNTC 99 1 2
£ coli A TNTC TNTC TNTC TNTC TNTC 150 0 1
B TNTC TNTC TNTC TNTC TNTC TNTC 9 2
C TNTC TNTC TNTC TNTC TNTC 114 13 0
Ctrl TNTC TNTC TNTC TNTC 255 37 1 0
B cereus A TNTC TNTC 10 TNTC 270 7 0 1
B TNTC TNTC TNTC TNTC TNTC 120 15 1
C TNTC TNTC TNTC TNTC 27 59 0 0
Ctrl TNTC TNTC TNTC TNTC TNTC 140 33 2
S typhimurium A TNTC TNTC TNTC TNTC TNTC 144 29 3
B TNTC TNTC TNTC TNTC TNTC 287 41 4
C TNTC TNTC TNTC TNTC TNTC 158 31 4
Ctrl TNTC TNTC TNTC TNTC TNTC 4 4 0
K pneumoniae A TNTC 57 21 50 5 2 0 0
B TNTC TNTC TNTC TNTC TNTC TNTC 17 1
C TNTC TNTC TNTC TNTC 219 53 1 0
Ctrl TNTC TNTC TNTC TNTC TNTC 210 14 2
P aeruginosa A TNTC TNTC TNTC TNTC TNTC TNTC 77 8
B TNTC TNTC TNTC TNTC TNTC TNTC 67 2
C TNTC TNTC TNTC TNTC TNTC 226 25 3
Ctrl TNTC TNTC TNTC TNTC 59 10 0 0
E. faecalis A 0 3 2 0 Y 0 0 0
B TNTC TNTC TNTC TNTC TNTC 22 0 0
C TNTC TNTC 78 5 8 0 0 0
1) TNTC; Too Numerous To Count
Ctrl: Control group, A; Loess+Copper+Tea Tree, B: Loess+Tea Tree, C; Loess+Copper.
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