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Analysis of microbial pathogens in air solution

products and prevent cross-contamination using antibacterial filter

Seung Mok Yeom

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Many atmospheric pollutants including chemical agents, house dust, and microorganisms
were found in indoor environment. These pollutants can cause building-related illnesses
through respiration in humans. As a result, indoor air purification was now recognized as an
important issue. Improved sterilization and disinfection technologies were constantly being
investigated by the medical, food-processing, and air-conditioning industries. This study
was conducted to analysis microbial pathogen in air solution products and to develop an
effective control method of microbial contaminants for preventing cross-contamination in
air solution products. In the beginning of this study, microbial contaminants present in air
and air solution products used in home, office and industry were analyzed. Dominant
eleven species of microorganisms were isolated and identified in environmental air and air
solution products used in this study. Among of them, six species are fungi, one species is
yeast and others are bacteria. Among of bacterial species, three genera of bacteria

(Staphylococcus sp., Micrococcus sp. and Bacillus sp.) are the most dominant species. It



has been known that these bacterial species are closely related with food spoilage and
human infectious disease. In order to discover an effective natural agent to control the
pathogenic bacteria in air solution products, this thesis evaluated the antibacterial activity of
the leaf extract from Panax ginseng C.A. Meyer, which was known to possess strong
antibacterial activity. A filter containing the leaf extract (10 mg/filter) exhibited strong
antibacterial activity against isolated strains from the air solution products. The isolated
strains were identified to be Staphylococcus epidermidis, Micrococcus luteus, and Bacillus
epidermidis. After the treatment for 60 min in a filter containing Panax ginseng leaf extract,
the cell populations of S. epidermidis, B. amyloliquefaciens and M. luteus were reduced
about 4-5 log CFU/mL. These results indicate that this study will contribute to develop a
green solution using natural antibacterial agents for controlling pathogenic or food spoilage

microbial contaminants in air solution products.
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Product A Product B Product C Product D

Fig. 1. Air solution products used in this study
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Fig. 2. Sample collection using swab test from air solution products.
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Fig. 3. Identification of microorganisms isolated from air solution products
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Fig. 4. Scheme of determining antibacterial activity of filter containing an

antibacterial agent.
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+ Discharge unit
+ Discharge back

- Filter

- Fan

- Inside broad

* Outside broad

- Suction unit

+ Pedestal

- Cover

* Water tank
- Disk

- Tray

Fig. 5. Sample collection parts using swab test in product A.
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Table 1. Identification of bacterial contaminants in product A

(Unit : CFU/cm?)

Determined cell /

Parts Strain identification
total cell
Staphylococcus sp. 340 /680
Micrococcus sp. 280 /680
Discharge unit
Bacillus sp. 30 /680
Sphingomonas sp. 30 /680
Staphylococcus sp. 70 /100
Discharge unit back Bacillus sp. 20 /100
Micrococcus sp. 10 /100
Micrococcus sp. 40 /70
Pedestal
Staphylococcus sp. 30/70
Staphylococcus sp. 4,320 /7,650
Micrococcus sp. 2,820 /7,650
Filter
Bacillus sp. 400 /7,650
Sphingomonas sp. 110 /7,650
Staphylococcus sp. 530 /1,050
Disk
Micrococcus sp. 520 /1,050
) b Staphylococcus sp. 30 /50
Suction unit
Micrococcus sp. 20 /50
Water tank Staphylococcus sp. 750 /750
Staphylococcus sp. 180 /300
Fan
Micrococcus sp. 120 /300
Micrococcus sp. 70 /130
Cover Staphylococcus sp.. 50/130
Bacillus sp. 10 /130

13



Table 1. Continued

(Unit : CFU/cm?)

Staphylococcus sp. 530/730
Inside board Micrococcus sp. 160 /730
Bacillus sp. 40 /730
Staphylococcus sp. 170 /270
Outside board Micrococcus sp. 80 /270
Bacillus sp. 20 /270
Staphylococcus sp. 15,710 /24,640
Disk board Micrococcus sp. 8,920 /24,640
Bacillus sp. 10 /24,640
Staphylococcus sp. 99,600 /130,600
Tray Micrococcus sp. 30,100 /130,600
Sphingomonas sp. 600 /130,600
Bacillus sp. 300 /130,600

14



Table 2. Identification of fungal contaminants in product A

(Unit : CFU/cm?)

Determined cell /

Parts Strain identification
total cell
Cladosporium sp. 1,860 /2,460
Discharge unit Penicillium sp. 400 /2,460
Epicoccum sp. 200 /2,460
Penicillium sp. 40 /60
Discharge unit back
Epicoccum sp. 20 /60
Cladosporium sp. 20 /30
Pedestal
Penicillium sp. 10 /30
Fil Cladosporium sp. 464,000 /486,000
1lter
Penicillium sp. 22,000 /486,000
Disk Cladosporium sp. 10/10
) ) Cladosporium sp. 20 /30
Suction unit
Penicillium sp. 10 /30
Water tank Cladosporium sp. 140 /140
Penicillium sp. 290 /420
Fan Cladosporium sp. 120 /420
Epicoccum sp. 10 /430
Penicillium sp. 80 /120
Cover Cladosporium sp. 20 /120
Epicoccum sp. 20/120
Penicillium sp. 130 /240
Inside board Epicoccum sp. 60 /240
Cladosporium sp. 50 /240
Outside board 2 }
Disk board Cladosporium sp. 800 /800
Cladosporium sp. 130/140
Tray
Penicillium sp. 10 /140

9 Not detected

15
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+ Discharge unit + Suction unit ‘

- Pre filter
- HEPA filter

- Front broad

Fig. 6. Sample collection parts using swab test in product B.
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Table 3. Identification of bacterial contaminants in product B

(Unit : CFU/cm?)

Determined cell /

Parts Strain identification
total cell
Staphylococcus sp. 120 /210
) ) Micrococcus sp. 70 /210
Discharge unit
Bacillus sp. 10 /210
Sphingomonas sp. 10 /210
Staphylococcus sp. 230/340
Top broad Micrococcus sp. 100 /340
Bacillus sp. 10 /340
Staphylococcus sp. 340 /580
Micrococcus sp. 150 /580
Front broad
Sphingomonas sp. 60 /580
Bacillus sp. 30 /580
HEPA filter Staphylococcus sp. 2,130/2,130
o Staphylococcus sp. 100/110
Deodorizing filter
Micrococcus sp. 10 /110

Staphylococcus sp.

18,000 /23,600

Pre filter Micrococcus sp. 5,500 /23,600
Sphingomonas sp. 100 /23,600
Suction unit Micrococcus sp. 30 /30
. Staphylococcus sp. 140 /230
an
Micrococcus sp. 90 /230
Staphylococcus sp. 560 /830
) Micrococcus sp. 180 /830
Middle broad
Bacillus sp. 60 /830
Sphingomonas sp. 30 /830
Staphylococcus sp. 110/190
Rear broad P P
Micrococcus sp. 80 /190
Staphylococcus sp. 130 /180
Inside broad d P
Micrococcus sp. 50 /180
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Table 4. Identification of fungal contaminants in product B . )
(Unit : CFU/em”)

Determined cell /

Parts Strain identification total cell
Penicillium sp. 20 /50
Discharge unit Daldinia sp. 20 /50
Unidentified 10 /50
Top broad Daldinia sp. 10 /10
Unidentified 60 /110
Front broad
Penicillium sp. 50/110
Penicillium sp. 1,130 /2,040
HEPA filter
Unidentified 910 /2,040
Deodorizing filter Penicillium sp. 10 /10
Penicillium sp. 370 /650
Pre filter
Unidentified 280 /650
Suction unit Penicillium sp. 30/30
Penicillium sp. 210 /420
Fan Unidentified 190 /420
Daldinia sp. 20 /420
Penicillium sp. 170 /280
Middle broad
Unidentified 110 /280
Penicillium sp. 160 /230
Rear broad
Unidentified 70 /230
Unidentified 40 /90
Inside broad Daldinia sp. 30 /90
Penicillium sp. 20 /90
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Product C9] &’ @ FH-9+= Fig. 7 ¥ #o] AA3FSI T} Swab test 27}, F 3
| Al 4% FFol7t AEHATE Aol A, AFY e 9

ol X Staphylococcus sp. ©| &3+ L A=7} 77

it

= Zow YBwa, 1 %
water tank inside 2} board of top fan®ll 4] 10* CFU/ecm® ©]/49] & QP E &l
3T} (Table 5). Water tank inside:= #1359 Fx24 B3 A2 o7 HEsh:=
9ol board of top fan sampling A HX|7} @Wo] B9l = AS SQto=z

Al =o] AF 24 f7u, vAdEo] dd & = filter7} o T

d

G 0QE B 4 Urhs AL ¢ 4+ Ak BHeld] A5, gRie)
Bl A Cladosporium sp. © 23t S AE7}F 7Hd w2 HAo= Yeya, 1

< inlet, discharge side, water tank inside, pre filter, virus filteroll 4] 10* CFU/cm® ©]%}
AEE FQIIUT) (Table 6). ol&= =3 AF B F9, filter 915
E FdTet ESHAME 2 9= WYl Wi vAdEe] A #
HE FEAARE nAEY e9ET 25 5 AdE ASs & F AAH =

g v AFl Bl ed9=7t A =2 FEolH Al Hle w3l

to

AE7} £ & #AF AT o] AL AFE /7o) e AFRG 1d o

ol

20



- Discharge unit

- Hose pipe
- Discharge side
+ Evaporator pin
- Condenser pin
* Suction unit
* Water tank - Pre filter
- Water tank bottom - Virus filter
- Inlet - Fan
= "+ Top of the fan

Fig. 7. Sample collection parts using swab test in product C.
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Table 5. Identification of bacterial contaminants in product C

(Unit : CFU/cm?)

Determined cell /

Parts Strain identification
total cell
Micrococcus sp. 70/110
Rear fan
Staphylococcus sp. 40/110
Staphylococcus sp. 1,630/2,630
Condenser
Micrococcus sp. 1,000/2,630
Staphylococcus sp. 430/510
Pre filter
Bacillus sp. 80/510
Staphylococcus sp. 120/160
Virus filter
Bacillus sp. 40/160
Staphylococcus sp. 150/260
Water tank bottom
Micrococcus sp. 110/260
Staphylococcus sp.. 720/1,120
Inlet
Micrococcus sp. 400/1,120
Micrococcus sp. 580/860
Cooler
Staphylococcus sp. 280/860
Condenser Staphylococcus sp. 201/201

Water tank inside

Staphylococcus sp.

47,120/87,390

Micrococcus sp.

31,870/87,390

Bacillus sp. 8,400/87,390
Fan side Staphylococcus sp. 10/10
Suction unit Staphylococcus sp. 40/40
Micrococcus sp. 197/441
Evaporator pin Staphylococcus sp. 170/441
Bacillus sp. 74/441
Micrococcus sp. 80/180
Hose pipe Staphylococcus sp. 60/180
Bacillus sp. 40/180
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Table 5. Continued

(Unit : CFU/cm?)

Top of the fan

Staphylococcus sp.

30/50

Micrococcus sp. 20/50
) Staphylococcus sp. 230/400
Discharge side
Bacillus sp. 170/400
Bacillus sp. 830/1,190
Discharge unit Staphylococcus sp. 290/1,190
Micrococcus sp. 70/1,190

Board of top fan

Staphylococcus sp.

11,200/22,000

Micrococcus sp.

6,100/22,000

Bacillus sp.

4,700/22,000
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Table 6. Identification of fungal contaminants in product C

(Unit : CFU/cm?)

Determined cell /

Parts Strain identification
total cell
Cladosprorium sp. 2,130/3,300
Rear fan Epicoccum sp. 660 /3,300
Penicillium sp. 510/3,300
Cladosprorium sp. 4,720 /7,810
Condenser Penicillium sp. 3,000 /7,810
Epicoccum sp. 90 /7,810
Cladosprorium sp. 31,300 /31,900
Pre filter
Penicillium sp. 600 /31,900

Virus filter

Penicillium sp.

61,060 /64,330

Cladosprorium sp.

3,270 /64,330

Water tanlk botih Cladosprorium sp. 68,400 /69,000
Epicoccum sp. 600 /69,000
el Cladosprorium sp. 365,200 /376,700
Penicillium sp. 1,500 /376,700
Penicillium sp. 170 /280
Cooler Cladosprorium sp. 90 /280
Epicoccum sp. 20 /280
Cladosprorium sp. 5,670 /6,210
Condenser Epicoccum sp. 300 /6,210
Penicillium sp. 240 /6,210

Water tank inside

Cladosprorium sp.

86,750 /96,750

Penicillium sp.

9,980 /96,750

Sporobolomyce sp. 20 /96,750

Epicoccum sp. 910/1,280

Fan side Cladosprorium sp. 310/1,280
Penicillium sp. 60 /1,280
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Table 6. Continud

(Unit : CFU/cm?)

Epicoccum sp. 490 /500
Suction unit
Cladosprorium sp. 10 /500
Cladosprorium sp. 2,090 /4,870
Epicoccum sp. 1,430 /4,870
Evaporator pin
Penicillium sp. 1,340 /4,870
Sporobolomyce sp. 10 /4,870
Cladosprorium sp. 2,510/5,120
Hose pipe Penicillium sp. 1,350 /5,120
Epicoccum sp. 1,260 /5,120
Cladosprorium sp. 1,150 /1,200
Top of the fan Epicoccum sp. 30/1,200
Penicillium sp. 20 /1,200
Cladosprorium sp. 80,020 /82,000
) ) Penicillium sp. 1,500 /82,000
Discharge side
Epicoccum sp. 290 /82,000
Sporobolomyce sp. 190 /82,000
Cladosprorium sp. 1,330/1,510
Epicoccum sp. 130/1,510
Discharge unit
Penicillium sp. 40/1,510
Sporobolomyce sp. 10/1,510
Cladosprorium sp.. 1,150 /1,200
Board of top fan Epicoccum sp. 30 /1,200
Penicillium sp. 20 /1,200
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Product D2] o] 259+ Fig. 89 #o] AA3}SIt}. Swab test 23}, F

T Al 459 wgelZt ASHAT Aol A, AFEe] diFEe] -9

ol Micrococcus sp. ol 2|3t AL} 71 & Fo 2 Yelga, i 5
9l 29X}t 10° CFU/em® 4= 2.2 SE9kal HEPA filterol A 10° CFU/em® =52

10

stol3} It (Table 7). +330] 9]

O o
a7

A, -2 oA Cladosporium sp. ©

T 10° CFU/em? °o)8tE =X

galo] fAE AlFoldTE

dehle Ag AtmH
A7z

T wH, Al

Staphylococcus sp. Micrococcus sp. 123l Bacillus sp., 72T
Cladosporium sp. 2 Penicillium sp.7} Y¥FH o2 QAHo 9= ASZ Yl
thoolglg Ads F7] Foll EAEE -4 HAECd dg e d7ARets

& %] 5} 9 th(Lee et al., 2005; Kim and Kim, 2009; Seo et al., 2013; Lee et al., 2015).
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- Discharge
- Hose pipe
- Hose pipe side

- Filter
+ Fan

+ Fan bottom

- Base

Front

Behind

- Suction unit
- Back board
- Condenser pin

- Evaporator pin

» Inlet
- Water tank

Fig. 8. Sample collection parts using swab test in product D.
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Table 7. Identification of bacterial contaminants in product D

(Unit : CFU/cm?)

Determined cell /

Parts Strain identification
total cell
Micrococcus sp. 120 /180
Discharge unit Staphylococcus sp. 40 /180
Sphingomonas sp. 20 /180
Micrococcus sp. 570 /760
Hose pipe Staphylococcus sp. 180 /760
Bacillus sp. 10 /760
Micrococcus sp. 1,070 /1,330
Staphylococcus sp. 100 /1,330
Hose
Sphingomonas sp. 120 /1,330
Bacillus sp. 40 /1,330
Staphylococcus sp. 390 /560
Water tank
Micrococcus sp. 170 /560
Micrococcus sp. 140 /250
Inside unit
Staphylococcus sp. 110/250
) . Micrococcus sp. 40 /50
Suction unit
Sphingomonas sp. 10 /50
Staphylococcus sp. 150 /190
Inlet
Bacillus sp. 40 /190
Staphylococcus sp. 250 /350
Back fan Micrococcus sp. 80 /350
Bacillus sp. 20 /350
Micrococcus sp. 640 /930
Sphingomonas sp. 150 /930
Fan
Staphylococcus sp. 130 /930
Bacillus sp. 10 /930
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Table 7. Continued

(Unit : CFU/cm?)

Micrococcus sp. 1,160 /1,810
Filter Staphylococcus sp. 490 /1,810
Sphingomonas sp. 160 /1,810
Staphylococcus sp. 70 /80
Front broad i
Bacillus sp. 10 /80
Back broad Sphingomonas sp. 40 /40
Staphylococcus sp. 40 /90
Condenser pin Micrococcus sp. 40 /90
Sphingomonas sp. 10 /90
Micrococcus sp. 210/300
Base
Staphylococcus sp. 90 /300
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Table 8. Identification of fungal contaminants in product D

(Unit : CFU/cm?)

Determined cell /

Parts Strain identification
total cell
Discharge unit Cladosporium sp. 30 /30
Hose pipe -2 -
Cladosporium sp. 130/140
Hose
Phlebia sp. 10 /140
Cladosporium sp. 310/330
Water tank
Penicillium sp. 20 /330
Inside borad Cladosporium sp. 80 /80
Suction unit Cladosporium sp. 10 /10
Inlet Cladosporium sp. 10 /10
Cladosporium sp. 90 /110
Back fan Phlebia sp. 10 /110
Penicillium sp. 10/110
Penicillium sp. 550 /590
Fan
Cladosporium sp. 40 /590
Cladosporium sp. 90 /110
Filter Phlebia sp. 10/110
Xylariales sp. 10/110
Front broad Cladosporium sp. 10/10
Cladosporium sp. 90 /110
Back broad Phlebia sp. 10/110
Penicillium sp. 10/110
Condenser pin Cladosporium sp. 10/10
Cladosporium sp. 20 /30
Base
Penicillium sp. 10 /30

9 Not detected
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32 F714EAFY F-AE 4 AT T4

ol

WAl T EASAL EAT Ahsgel e H9E welaga nr T
A ATE WA e B AT FANRHAFANN FEHoR Bew

TE T WEAS #2 Staphylococcus sp., Micrococcus sp., Bacillus sp. = DNA 2
712142} phylogenetic trees &3k wASItE ZF Mlate] DNA 714 E2

Table 9o WERAATE 2} Ale] ASs £4S AP

N

2} Staphylococcus sp.,
Micrococcus sp., Bacillus sp.= 22} Staphylococcus epidermidis (Fig. 9), Micrococcus
luteus (Fig. 10), Bacillus amyloliquefaciens (Fig. 11)= B3] 5t}

Staphylococcus epidermidis + 5 AFEe] FHo| AA|st= I Fd Aol

FIXELTHLERE EYY WK oE HEdAolEa deElAd AT

297 gleka okelA glow Eadl A v 100000 WA BA0h wAee
Ao 2 23 5 2 tH(Reuben et al., 1989; Mark et al., 2013).
Micrococcus luteus = AFE2] 3]F-o] dnwbygo g Exstal lom Lo} EF

ME &3] LHEE Folth dutH oz nydgolAwt W& Vs fghe
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S doZivar Bas o] Qlti(Darouiche, 2001; Upadhyay et al., 2010).

B. amyloliquefaciens™= EFo|A &3] w8]¥ = o2 aikgddA aiAL

o fr&3stA AF&EAL U= Alolth At Al B S dor|Ae AN
Ao dEy W 22 AEel A" A FuE dod  jivar 4y A

2 TH(Valerio et al., 2012).
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Table 9. DNA sequences of bacteria isolated from air solution products

Strain

DNA sequence

Staphylococcus

sp.

5'- TCACCATTCGACGGCTAGCTCCAATGGTTACTCCACCGGCTTCG
GGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGACC
CGGGAACGTATTCACCGTAGCATGCTGATCTACGATTACTAGCGA
TTCCAGCTTCATATAGTCGAGTTGCAGACTACAATCCGAACTGAG
AACAACTTTATGGGATTTGCTTGACCTCGCGGTTTCGCTGCCCTTT
GTATTGTCCATTGTAGCACGTGTGTAGCCCAAATCATAAGGGGCA
TGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCA
GTCAACTTAGAGGTGCCCAACTTAATGATGGCAACTAAGCTTAAG
GGTTGCGCTCGTTGCGGGGACTTAACCCAACATCTCACGACACGA
GCTGACGACAATCCATGCATCACCTGTCACTCTGTCCCCCGAAGG
GGAAAACTCTATCTCTAGAGGGGTCAGAGGATGTCAAGATTTGGT
AAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTT
GTGCGGGTCCCCGTCAATTCCTTTGAGTTTCAACCTTGCGGTCGTA
CTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGG
CGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTA
CCAGGGTATCTAATCCTGTTTGATCCCCACGCTTTCGCACATCAGC
GTCAGTTACAGACCAGAAAGTCGCCTTCGCCACTGGTGTTCCTCCA
TATCTCTGCGCATTTCACCGCTACACATGGAATTCCACTTTCCTCTT
CTGCACTCAAGTTTTCCAGTTTCCAATGACCCTCCACGGTTGAGCC
GTGGGCTTTCACATCAGACTTAAAAAACCGCCTACGCGCGCTTTAC
GCCCAATAATTCCCGGATAACGCTTGCCACCTACGTATTACCGCGG
CTGCTGGCACGTAGTTAGCCGTGGCTTTCTGATTAGGTACCGTCAA
GACGTGCATAGTTACTTACACATTTGTTCTTCCCTAATAACAGAGT
TTTACGATCCGAAGACCTTCATCACTCACGCGGCGTTGCTCCGTCA
GGCTTTCGCCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGG
AGTCTGGACCGTGTCTCAGTTCCAGTGTGGCCGATCACCCTCTCAG
GTCGGCTACGCATCGTTGCCTTGGTAAGCCGTTACCTTACCAACTA
GCTAATGCGGCGCGGATCCATCTATAAGTGACAGCAAAACCGTCT
TTCACTATTGAACCATGCGGTTCAATATATTATCCGGTATTAGCTC
CGGTTTCCCGAAGTTATCCCAGTCTTATAGGTAGGTTATCCACGTG
TTACTCACCCGTCCGCCGCTAACGTCAGAGGAGCAAGCTCCTCGTC
TGTTCGCTCGACTTGCATTATAGCGACTTGCATGTATAGCACGTCG
CC -3’
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Bacillus sp.

5'- TCTGATCACCATTCGGCGGCTGGCTCCATAAAGGTTACCTCA
CCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTG
TGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCG
CGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACT
GCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTC
GCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTA
GCCCAGGTCATAACGAGGCAATGATGATTGACGTCATCCCCAC
CTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACT
GAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGAC
TTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCAC
CACCTGTCACTCTGCCCCCGAAGGGGACGTCCCTATCTCTAGG
ATTGTAGAGGATGTCAAGACCTGGTAAGGGTTCTTCGCGTTGC
TTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGT
CAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGG
AGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCC
CTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTA
TCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTT
ACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCT
CTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTG
CACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCG
GGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTA
CGCCCAATAATTCCCGGACAACGCTTGCCACCTACGTATTACCG
CGGCTGCTGGCACGTAGTTAGCCCGTGGCTTTCTGGTTAGGTAC
CGTCAAGGTGCCGCCCTATTTGAACGGCACTTGTTCTTCCCTAA
CAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGC
GTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTG
CTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGG
CCGATCACCCTCTCAGGTCGGCTACGCATCGTTGCCTTGGTGAG
CCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCCATCTGTA
AGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCA
AACAACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAG
TCTTACAGGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCT
AACATCAGGGAGCAAGCTCCCATCTGTCCGCTCGACTGCATTAT
AGCTGCCGCCATT -3’
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5'- CACAAGGTGTTAGGCCACCGGCTTCGGGTAGTAACCGAC
TTTCGTGACTTGACGGGCGGTGTGTACAAGGCCCGGGAAC
GTATTCACCGCAGCGTTGCTGATCTGCGATTACTAGCGACT
CCGACTTCATGGGGTCGAGTTGCAGACCCCAATCCGAACT
GAGACCGGCTTTTTGGGATTAGCTCCACCTCACAGTATCGC
AACCCATTGTACCGGCCATTGTAGCATGCGTGAAGCCCAA
GACATAAGGGGCATGATGATTTGACGTCGTCCTCACCTTCC
TCCGAGTTGACCCCGGCAGTCTCCCATGAGTCCCCACCACT
ACGTGGCTGGCAACATGGAACGAGGGTTGCGCTCGTTGCG
GGACTTAACCCAACATCTCACGACACGAGCTGACGACAAC
CATGCACCACCTGTGAACCCGCCCCAAAGGGGAAACCGTA
TCTCTACGGCGATCGAGAACATGTCAAGCCTTGGTAAGGT
TCTTCGCGTTGCATCGAATTAATCCGCATGCTCCGCCGCTT
GTGCGGGCCCCCGTCAATTCCTTTGAGTTTTAGCCTTGCGG
CCGTACTCCCCAGGCGGGGCACTTAATGCGTTAGCTGCGG
Micrococcus ~ CGCGGAAACCGTGGAATGGTCCCCACACCTAGTGCCCAAC
GTTTACGGCATGGACTACCAGGGTATCTAATCCTGTTCGCT
sp. CCCCATGCTTTCGCTCCTCAGCGTCAGTTACAGCCCAGAGA
CCTGCCTTCGCCATCGGTGTTCCTCCTGATATCTGCGCATT
CCACCGCTACACCAGGAATTCCAGTCTCCCCTACTGCACTC
TAGTCTGCCCGTACCCACCGCAGATCCGGGGTTAAGCCCC
GGACTTTCACGACAGACGCGACAAACCGCCTACGACTCTT
TACGCCCAATAATTCCGGATAACGCTCGCACCCTACGTATT
ACCGCGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTGC
AGGTACCGTCACTTTCGCTTCTTCCCTACTGAAAGAGGTTT
ACAACCCGAAGGCCGTCATCCCTCACGCGGCGTCGCTGCA
TCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCT
CCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCC
GGTCACCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGGTG
AGCCATTACCTCACCAACAAGCTGATAGGCCGCGAGTCCA
TCCAAAACCGATAAATCTTTCCAACACCCACCATGCGGTGG
ACGCTCCTATCCGGTATTAGACCCAGTTTCCCAGGCTTATC
CCAGAGTTAAGGGCAGGTTACTCACGTGTTACTCACCCGTT
CGCCACTAATCCACCCAGCAAGCTGGGCTTCATCGT-CGACT -3'
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Staphylococcus capitis subsp.

7B

Staphylococcus caprae

Staphylococcus saccharolyticus

Staphylococcus sp.
38 | Staphylococcus epidermidis

Staphylococcus aureus subsp. aureus

Staphylococcus petrasii

BE — Staphylococcus warnen SG1
7] I— Staphylococcus pasteur

a5

0.002

Fig. 9. Neighbor-joining phylogenetic tree of Stapylococcus sp. isolated from air
solution products. Bootstrap values based on 1,000 re-samplings display the
significance of the interior nodes, and are shown at branch points; only values
displaying >50% are given. The scale bar represents a 2% estimated

difference in nucleotide sequences.
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74 |_7 Micrococcus sp.
79 Micrococcus luteus
a9 _|— Micrococcus endophyticus
57 Micrococcus antarcticus

Micrococcus lylae

Citricoccus zhacaiensis
—

g9l Citricoccus nitrophenolicus

Micrococcus terreus

53 Arthrobacter pascens

0.005

Fig. 10. Neighbor-joining phylogenetic tree of Micrococcus sp. isolated from air
solution products. Bootstrap values based on 1,000 re-samplings display the
significance of the interior nodes, and are shown at branch points; only
values displaying >50% are given. The scale bar represents a 2% estimated

difference in nucleotide sequences.
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oe Bacillus sp
a5 4|— Bacillus amyloliquefaciens subsp.
l— Bacillus vallismortis
36 Bacillus atrophaeus

Bacillus subtilis

Bacillus tequilensis

42 | Bacillus mojavensis

79| Bacillus malacitensis

0.0m

Fig. 11. Neighbor-joining phylogenetic tree of Bacillus sp. isolated from air solution
products. Bootstrap values based on 1,000 re-samplings display the
significance of the interior nodes, and are shown at branch points; only values
displaying >50% are given. The scale bar represents a 2% estimated

difference in nucleotide sequences.
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Table 10. Antibacterial assay of ethanol extract from Panax ginseng leaf against

bacteria isolated from air solution products

disc diffusion assay

Strains
1 mg 5 mg
Staphylococcus b 9.0+0.2
epidermidis ' '
S. epidermidis
KCTC 1917 102202
chzllus ‘ } 10.0+0.3
amyloliquefaciens
B. amyloliquefaciens
KCTC 3002 =02
Microccus _ 9.0+0.2
luteus . :
M. luteus
KCTC 1056 s0=02

a) : . .
Ethanol extract and its solvent-soluble extracts from P. ginseng were loaded onto a disc (6

mm in diameter) at concentrations of 1 or 5 mg/disc.

b) 5 . .
-, No detected antibacterial activity
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o529 ‘ol tigh A4 ¢ EtOH FEE9 AFHQ I+ 4S5 MIC
assay = H7}sIsit). ZF 50 tlsle] MIC value= 256 pg/mLollA] 512 pg/mL

2 UERST (Table 11). o2l gt A¥p= 14k 9le] FFE°] Gram positive bacteria

Ir

of tg Hold &S 7tk 71Ee] A Ao dAska AthJo et
al., 1998; Lee et al., 2014). o]& 3 A= A4 A FEE9 S o] &3t &

7143t AR e] BE R st Qs AT F e HAEHEE dddn.

Table 11. Minimum inhibitory concentration of the ethanol extract from Panax

ginseng leaf against type bacteria and isolated bacteria from air solution

products
Unit : pg/mL
MIC
Strain
EtOH extract
Stap'hylocc')c'cus 512
epidermidis
S. epidermidis
KCTC 1917 256
Bacillus
amyloliquefaciens 512
B. amyloliquefaciens 512
KCTC 3002
Microccus 512
luteus
M. luteus
KCTC 1056 256
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Table 12. Antibacterial activity of a filter containing Cu™ (50 mg/filter)

Unit : CFU/mL

: Antibiotics Control 15 min 30 min 60 min Aqtlbacterlal
Strains activity value
Staphylococcus 5 3 2 0
epidermidis 2.9x10 3.3x10 7.5 %10 48 99.98%
S. epidermidi 5 3 2
e o7 18x100 27x10° 37x10 2 99.999%
Bacillus 5 4 3 5 \
amyloliquefaciens 14x10  28x10 48x10 4.0x10 99.71%
B. loli j 5 4 3 )
amgg{gugg?gens 1.0 x 10 5.5x10 8.4x10 2.2x10 99.78%
Microccus 5 4 3 ) 99,767
Tuteus 2.2x10 4.1 x10 6.6 x 10 5.2 %10 76%
M. luteus 5 4 5 5 ,
KCTC 1056 28x10  7.9x10 84x10 68x10  99.76%
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Table 13. Antibacterial activity of a filter containing Panax ginseng leaf extract (10

mg/filter)
Unit : CFU/mL
. Antibiotics Control 15 min 30 min 60 min Aqtlbacterlal
Strains activity value
Staphylococcus 5 5 5 4 0
epidermidis 4.1 x10 1.3 x10 1.0 x 10 5.6 x10 86.34%
S. epidermidis 5 4 4 4 o
KCTC 1917 25x10  7.9x10  55x10 2.8x10  88.80%
Bacillus 5 4 4 4 0
amyloliquefaciens 1.2 x10 8.8x 10 7.7%10 3.8x10 68.33%
B. amyloliquefaciens 5 4 4 4 0
KCTC 3002 1.4 %10 6.9 x 10 2.7x10 1.8 x 10 87.14%
Microccus 5 4 4 4 26.11%
luteus 1.8 x 10 5.5%10 2.2x10 2.5%x10 11%
M. luteus 5 4 4 4 0
KCTC 1056 2.4 x 10 2.3x10 8.5% 10 4.1 %10 82.92%

45



Table 14. Antibacterial activity of a filter containing Panax ginseng leaf extract (10

mg/filter) and Cu*? (50 mg/filter)

Unit : CFU/mL

. Antibiotics Control 15 min 30 min 60 min Aqtlbacterlal
Strains activity value
Staphylococcus 5 2 o
epidermidis 5.2 %10 4.5 %10 N.D N.D 99.999%

S. epidermidis

5 3 2 .
KCTC 1917 4.3 x10 5.8x10 34x10 N.D 99.999%

Bacillus

5 3 2 0
amyloliquefaciens 14x10  55x10 2.0x10 2 99.999%

B. amyloliquefaciens

5 3 2
KCTC 3002 30x10 2.9x10  1.7x10 20 99.99%

Micrococcus

5 4 0
Iuteus 26%10  38x10 7.8x 10  ND 99.999%

M. luteus 5 4 ; ;
KCTC 1056 3010  69x10 4.0x10 3 99.999%
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