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Changes in microbial phase by period after hepa filter
replacement in King oyster(Pleurotus eryngii) mushroom
cultivation
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ABSTRACT: This study was conducted to set up a proper replacement cycle of High Efficiency Particulate Air (HEPA) filters by
observing the microbial populations in the air of the cultivation house of Pleurotus eryngii, before and after HEPA filter
replacement at different periods . The density of bacteria and fungi in the air during each cultivation stage was measured using a
sampler before the replacement of the HEPA filter. The results showed that airborne microorganisms had the highest density in
the mushroom medium preparation room, with 169.7 CFU/m’ of bacteria and 570 CFU/m’ of fungi, and the removed old spaun
had 126.3 CFU/m’ of bacteria and 560 CFU/m’ of fungi. The density of bacteria and fungi in the air at each cultivation stage
before the replacement of the HEPA filter was 169.7 CFU/m’ and 570 CFU/m’, and 126.3 CFU/m’ and 560 CFU/m’, during the
medium production and harvesting processes, respectively. After the replacement of the HEPA filter, the bacterial density was the
lowest in the incubation room and the fungal density was the lowest in the cooling room. The microbial populations isolated at
each period consisted of seven genera and seven species before the replacement, including Cladosporium sp., six genera and six
species after 1 month of replacement, including Penicillium sp., 5 genera and 7 species after 3 months of replacement, including
Mucor plumbeus, and 5 genera and 12 species, 5 genera and 10 species, and 5 genera and 10 species, 4, 5, and 6 months after
the replacement, respectively, including Penicillium brevicompactum. During the period after replacement, the species were
diversified and their number increased. The density of airborne microorganisms decreased drastically after the replacement of the
HEPA filter. Its lowest value was recorded after 2 months of replacement, and it increased gradually afterwards, reaching a level
similar to or higher than that of the pre-replacement period. Therefore, it was concluded that replacing the HEPA filter every 6
months is effective for reducing contamination.
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Table 1. Location of sampling in mushroom cultivation
house

Name Sampling location

Site 1 Mushroom substrate preparation room
Site 2 Cooling room

Site 3 Inoculation room

Site 4 Incubation room

Site 5 Room of removing the eld spawn
Site 6 Growth room

Site 7 Harvesting and packing room

Ewingella americana®| 23+ U4 APY (internal  stipe
necrosis) 5°] B3 YL (Kim et al., 2007, Kim et al.,
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AL W Ffat 2 < Mas-100 Eco Airsampler
for food industry(Merck, Germany)& 1,000 L/m’ %%
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Table 2. Changes in microorganisms by mushroom cultivation house(bacteria)

Before replacement 1 month later 2 month later 3 month later 4 month later 5 month later 6 month later
(Apr) (May) (Jun) (ul) (Aug) (Sept) (Oct)
Site 1 169.7+15.4 16x1.5 2.3+0.2 7.0£0.6 43.3£3.9 157.3+14.3 7.0+0.6
Site 2 10.3+0.9 9.6+£0.9 1.0+0.1 10.0+£0.9 5.7+0.5 2.7+£0.2 9.7+0.9
Site 3 12.3£1.1 4.3+0.4 4.7£0.4 12.3£1.1 208.7+19.0 7.3+0.7 6.7+0.6
Site 4 3.0+0.3 0.8+0.1 0.2+0.0 1.0+0.1 2.5+0.2 2.7£0.2 5.2+0.5
Site 5 126.3+11.5 6.3+0.6 3.0+0.3 7.0£0.6 5.70.5 125.3+11.4 7.0+0.6
Site 6 4.0+0.4 1.6+0.1 0.7+0.1 4.0+0.4 17.3£1.6 13.3£1.2 7.9+0.7
Site 7 45.0+4.1 5.3%0.5 2.0£0.2 9.3+0.8 205.7+18.7 56.3+5.1 28.7£2.6
* Site 1 : Mushroom medium preparation room, Site 2 : Cooling room, Site 3 : Inoculation room,
Site 4 : Incubation room, Site 5 : Removing the old spawn, Site 6 : Growth room, Site 7 : Harvesting and packing room

Table 3. Changes in microorganisms by mushroom cultivation house(fungi)

Before replacement 1 month later 2 month later 3 month later 4 month later 5 month later 6 month later
(Apr) (May) (Jun) (Jul) (Aug) (Sept) (Oct)
Site 1 570.0+51.8 400.0+36.4 402.7+36.6 336.7+£30.6 436.7+39.7 446.0+40.5 354.7+32.2
Site 2 2.0+0.2 0.7+0.1 0.0+0.0 0.3+0.0 0.0+0.0 2.0+0.2 2.3+0.2
Site 3 6.3+0.6 3.0+0.3 0.3+0.0 0.3+0.0 1.3+0.1 4.0+0.4 7.0+0.6
Site 4 65.0+5.9 7.5+0.7 6.5+0.6 9.3+0.8 10.3+0.9 130.8+11.9 181.5+16.5
Site 5 560.0+45.9 400.0+36.4 77.7+7.1 143.3+13.0 400.0+36.4 369.0+33.5 404.7+36.8
Site 6 560.0£39.0 19.3+1.8 380.7+34.6 373.3%£33.9 29.7+2.7 391.3+35.6 407.3+37
Site 7 564.6+51.3 392.3+35.7 401.7+36.5 397.7+36.2 194.3%17.7 405.3+36.8 397.3+36.1
* Site 1 : Mushroom medium preparation room, Site 2 : Cooling room, Site 3 : Inoculation room,
Site 4 : Incubation room, Site 5 : Removing the old spawn, Site 6 : Growth room, Site 7 : Harvesting and packing room
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PCR W32 pre-denaturation(95°C, 5 min), denaturation
(95°C, 1 min), annealing(55°C, 1 min), extension(72°C,
1 2 min) Y& 353] AAel2, HFH 22 72°C, 5 min
B RESAIZHS o] 16s IDNA 992 FSZ39T. &
Z% PCRAHES Qiagen PCR Purification KitE AH8-3}f
o] AR FAE AHES Genotech(Daejeon, Korea)
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ol-g3st] A T8-S AL ITS G999 5352
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TCCTCCGCTTATTGATATGC-3’) primerS AR5} Th.
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1 min 30 sec) IS 353] AAlslaL, HFHOE 72°C,
10 min &+ ¥F-§ATHE F0] (DNA-ITS FE& F3s)
At 52" PCRAHES Qiagen PCR Purification KitE
AHg-te] AAISH $of] AA|E 2HES Genotech(Daejeon,
Korea)oll 2]2]3}4] nucleotide sequenceE #243F3t}. ¥
HE dA7IMge] 42 98te] National Center for
Biotechnology Information(http://www.ncbi.nlm.nih.gov)
9] Blast A Z2 3L 0]835}e] Genbank Hlo]E]H| o]
29 FE/do] w2 2AFEF A S okl a9t
gy wAd AuiAE AuiAbg PR B SHA S
Al v gt AEAA 3.0 cfum’, 4.0 cfwm’Z 7}
g d1EE BN, oFet /i EE dNAS
#7148 Wx7t 169.7 cfu/m’, 1263 cfu/m’E Ao
A AYE= o2 GAll vl 3.8~56.6v1 ©]} 453

=tk A Wdeld 2.0 cfwm’, HEHNAM 6.3
cfum’Z 7P Bgkar, 2 9jo) o dAdE T aA
of vlall EH =& AF UEE B TH(Table 2, 3). £
1 FoeEes Mucor

Cladosporium  cladosporiodes,

plumbeus, Penicillium brevicompactum 5 7% 7%°] &
A= ATH(Table 4, 5). S| HDE] wA] Foll&= 52 H
ol Sl WA #F71EE AYstale B Ffit
o] dxrt §43] AaEe S AT F AT At
o] B AN g7 M 543 Fasitle

SIIFR Qg Jaf7t S UM FRAlAe EEE
ol Zagt Zlo g Rl §3Zy WA 171Y &
ol wFdT AFe] 247k 0.8 cfwm’, 1.6 cfu/m’®
7P W BiAlE 9EE BN, W JEAo
TAAF RA R 7P W 2 AEE Hol= RS
Ikt 118 ol ZH-E vABE2 Cladosporium
tenuissimum, C. caldosporioides, Cryptococcus magnus,
Pantoea sp. & 6% 6&°| THEUT. A 271 Fel=
BEE ApRSAE FfAle] BErF 7P Wka, 3
o BEE YA, HEA, i 5 ey wA|
o G e AuiAL AlF7HolA 7P HelAlE RS
gelstct. E2E vAES Cladosporium tenuissimum,
C. anthropophilum, C. cladosporiodes 5 4% 7%°] 3
HAoh 3L FE = AueAE e 2Ert A S
7Vl Cladosporium cladosporiodides, C. perangustum,
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C. ramotenellum, Penicillium brevicompactum & 54 7
o] FREJG. NLERE WLV = Penicillium
brevicompactum, P. fellutanum, P. polonicum 5 5% 10
oF ool FHHEUNT. /ML FEH = slaEy wA A

Table 4. Detection of bacteria diversity in mushroom cultivation according to HEPA filter replacement

Period after replacement of HEPA filter(month)

Bacteria
before 1 2 3 4 5 6

Bacillus aryabhattai Site 6
Bacillus megaterium Site 7
Bacillus safensis Site 2
Bagcillus subtilis Site 4
Bacillus velezensis Site 3 Site 3 Site 3
Pantoea sp. Site 7 Site 3
Pantoea agglomerans Site 5
Pseudomonas sp. Site 1 Site 1
Pseudomonas fluorescens Site 6 Site 7
Pseudomonas gessardii Site 7
Pseudomonas protegens Site 5
Staphylococcus epidermidis Site 6
Staphylococcus fleurettii Site 3

* Site 1 : Mushroom medium preparation room, Site 2 : Cooling room, Site 3 : Inoculation room,
Site 4 : Incubation room, Site 5 : Removing the spawn, Site 6 : Growth room, Site 7 : Harvesting and packing room
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Table 5. Analysis of fungi diversity in mushroom cultivation according to HEPA filter replacement

Period after replacement of HEPA filter(month)

Fungi
before 1 2 3 4 5 6
Site 3
Clad, i .
osporium sp Site 4
Cladosporium anthropophilum Site 3
. . Site 1 Site 1 Site 1
Cladosporium austroafricanum Site 5 Site 5 Site 5
Site 2 iii é Site 4 giz ;L Site 4
Cladosporium cladosporioides . . Site 2 Site 6 . Site 6
Site 6 Site 6 Site 7 Site 6 Site 7
Site 7 Site 7
Cladosporium perangustum Site 4
Cladosporium pseudocladosporioides Site 5
Site 3
Cladosporium ramotenellum Site 6
Site 7
Cladosporium tenuissimum Site 7 Site 4
Cryptococcus sp. Site 5
Cryptococcus magnus Site 6
Fusarium avenaceum Site 7
Site 1
Site 4 Site 1
Mucor plumbeus Site 5 Site 3 Site 4
Site 6 Site 7
Site 7
Site 1
Penicilli .
enicillium sp Site 4
Penicillium brasilianum Site 2 Site 2 Site 2
Site 1
Site 3 . Site 1
. Site 5 . . . . .
Penicillium brevicompactum Site 4 Site 6 Site 1 Site 4 Site 6 Site 6 Site 6
P Site 5 ot Site 3 Site 5 Site 7 Site 7 Site 7
Site 6 Site 6
Site 7
Penicillium fellutanum Site 4 Site 4 Site 4
Penicillium glabrum Site 7
. Site 1 Site 1 Site 1
s ) Site 3 . . .
Penicillium polonicum Site 7 Site 3 Site 3 Site 3
Site 5 Site 5 Site 7
Penicillium raistrickii Site 1 Site 1 Site 1
Penicillium sumatrense Site 4
Rhodotorula sp. Site 3
Staphylococcus epidermidis Site 6
Staphylococcus fleurettii Site 3

* Site 1 : Mushroom medium preparation room, Site 2 : Cooling room, Site 3 : Inoculation room,
Site 4 : Incubation room, Site 5 : Removing the old spawn, Site 6 : Growth room, Site 7 : Harvesting and packing room

FHET QR Frlelgon o] mE ujgE 09% FLEE 3.84x 10° cfu/m’elET (Kwon ef al., 2015) &
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Hj Aol A 71 wolxlar, Xete] PEe WzH A 7t
A JEbs . sllekEy w A Cladosporium sp. &
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