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Abstract This study evaluated the effects of fermentation using a sulfur-oxidizing bacterium on
sulfur reduction and storage-related quality characteristics of spent shiitake mushroom substrate
(SMS). Pretreated SMS was inoculated with Sphaerotilus microaerophilus sp. nov. (FB-5) at
concentrations of 0.001%, 0.1%, and 10% and fermented at 25°C for 21 days. Before pretreatment
and fermentation, the moisture content, pH, total acidity, sulfur content and nitrogen contents of SMS
were 34.21%, pH 4.68, 0.64%, 3.14%, and 0.32%, respectively, and no pathogenic microorganisms
were detected. After fermentation, the moisture content of the FB-5-inoculated groups increased to
36.67-38.42%, which was significantly higher than that of the control group (CG). The pH and total
acidity ranged from pH 4.05 to 4.11 and 0.38 to 0.51%, respectively, with no significant differences
among treatments. Sulfur content was highest in the control group, whereas all inoculated groups
exhibited significantly reduced sulfur levels (2.91-2.95%), particularly at lower inoculation
concentrations. The nitrogen content ranged from 0.32 to 0.33% and showed significant differences
compared to the control group. The population of FB-5 with depending on inoculation concentration
and gradually decreased over prolonged fermentation. These results demonstrate that FB-5
fermentation effectively reduces sulfur content in SMS and suggest its potential application as a
pretreatment strategy to improve the storage and distribution suitability of spent mushroom substrates.

Keywords spent mushroom substrate, fermentation, sulfur reduction, upcycling

1. ME

[ -

B, PUF 5 8959 15 WS EuHAe SRR FEHAE LEHE T A
A &oll £st(Han 5, 2015), Spoladt @, 2, vl 8 7714 59 Jdart ST
o] QLA B o] f<ote] A8 H FEoR de] o] &H AL 9lt(Jang 5, 2015). EAIHA
S AAA G AQuiEls A = sPUR AR W AAY 9 goFd 71x]7F =2 11719
AgHA ZF slo|thKim 5, 2024). $-2jutate] AL ABAFAL oF 2,0009] Yof| o] 21,
A HAFY 33.5%F AATTHMin, 2020).

S A Ao S5 A FA o= s, dF Al A 2] 23l Az
o] 28531 B AS317] o ©Hol tt(eong 5, 2019). o] wt IFA 7] =0]
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TS Al AEE B3 B AR ALEHA Ao
FHiol o] 7HssiATHChoi 5, 2021). YRHA o2 WA 1
kg AYAF Al 5 ko] BAL HIA|7} A=, U HAL HEiR]=
A7F 2005t E olido] HiEE = AR FHH T (Lee 5, 2015).
H Aol S7Fetol whet Al wuljA] AT T3t S7lekal
o, Hujzl= Ads] A=A FoH HAet I FAE
of7|gtth(Park 5, 2025).

HA Hui2E W FstAY A2t A9 EXT 7] 292
e, £9] vgtrtAaeh -2 2A7FA7L B EETHKim 5,
2022a). BIHA HEjAl= 2 T8 Y AE HoE
s A A 5 BFolA 371 DA mE FAlo] go
stH, 53] & 3= A 5 olF] AT nE B
Feto] AE FAEY §-5 71 7IE 9EA7IE 8 0
A2 H1E QJrkKim, 2002; Kim 5, 2004). B4l Hujz|S
A&t Yolg AE o] T3 A4H(Kim 5, 2014), HA
HHjA|E o] &7t AFR & o]9] A £ ol Bet AH(Cho 5,
2012), ®A Al 2] HHjA] E= HEQE L8 AEE
g3l Az W Jeong 5, 2017) 5 2 HulA] A& A7t
3| o]FojR| L glon, E3] EH|3 3HS B3 AHeRE
Z&ohe vt Wo] AE L Qlok ey )& HHiA] A

52 T2 EHEL AHRst B AHhsto] 230l wHA o
o, A% 2 5 oA sk FH71 92 948 B 2A
£ ddst| At AAE 71l digt AAHA £ of¢-
Azt ot webA HujR S AE A 33T AAE FAE
BA a&A 0% &gol7] AsiMe AR - fe DA A
oh= F7] 2 94 B9 811e ALY 4 = AAEY 7|e
9] gtH 7} "ol

S, A& @ Fstu} sk AEe] &4 SEAA EE
A ©714 A2l FB-5 (Sphaerotilus microaerophilus sp.
nov.)= Foleas ARISE 4 Q& lithotrophic E4S Al
FARSE FO 2, Sphaerotilus £014 F RAZ HIilH Folrt
(Narihara 5, 2024). olof] & oAz EIHA Hufz]of
FB-5 #55 H&sto] dagte s & 5ol ¥MalE B7tet
I AR 9 5 oA F71 E oA EHY 8Qle deke
T Sle AAE 3429 AL 7S HESAL gt

—

=

[T

2. g 2 ditH

2.1. &g M=

£ Aol AHgH HA HHiA= HASAPERIL FASAF B
oA At F Al Hj8iR|(Myeongjin, Gwangju, Korea)S
Ag5tolet. & ARE Y3t FB-5 #3(23146)= KACCO]A]
Hofdto} AR2-5}9th(Korean Agricultural Culture Collection,
Wanju, Korea).
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2.2. H41 HHfx/o] £E& 24
2.2.1. O|3}stX 24N

FUHA HEjA] 9] +E FFE ARE It A 283
U T clean bagell H3elo] EFS 2% o) A
=5 105°C drying oven (Puriven, CRYSTE, Bucheon, Korea)
oA 4817 B xSt AR FFE S 2 T
FZ AWSTONA clean bag®] S AR FFS Alsto] WE
&% AESIItHLee 5, 1999). pH R F4F 3FF £A42 915
of EVHA HEjRE R sl4sto] FE5| 23 & YA
E.2]7](1580R, Labogene, Lillerod, Denmark)E ©]-8-5}o]
6,000 xgofl Al 1587t YHwestH. o]F A5HE ojntsto]
olg}std RAE AmE ARESIItH(Lee 5, 2015). pHE o7t
H A& 10 mLE #3}o] pH meter (Aquasearcher Ab33ph
Bench Meter, Ohaus, Seoul, Korea)Z 435} 0H, &4 3+
2 of7tE AlE 10 mLo] 0.1 N NaOH (Duksan General
Science, Seoul, Korea) €92 pH 8.39] =&2& wj7}x] %3}
AA5tAal, Ao 4H|E 0.1 N NaOH -§49| F LH|FS
T3] lactic acid (%)= A5} THBaek 5, 2025; Sung 5,
2018).

O

222 Mg B4
e B4

fsto] U4 MRS W Al
£ o}8sf T A % ofmkslel B4lo] AMgSlSIch B
= PCA (plate count agar, MB cell, Seoul, Korea)o] 3]4%
NEE S 5 35°CoIA] 244847F Hepstict. AR et 2
AL A&7 25 gof HE AlF AZHMB cell2 225 mL H7}5}h
o] 35°Cof|A] 18-24A17F B2 A HjYStH &, o] £ tetrathionate
broth (MB cell)2} RV broth (Rappaport-vassiliadis, MB cell)
of Z¥z} Fstko] 35°C, 42°Cfl A 20-244|7F SFa kit
2t719] S gHE XLD (MB cell)o] st} 36°CO]A]
24X iRt & A P 7o Andet EX o7 E
stk (Kang 5, 2024). B2 ¥ FF0|:= PDA (potato
dextrose agar; MB cell)o| 34 A& Egdlo] 25°CoA]
24-48A17F HiFSHY EE tdE = Hd F 15-300
colony H{9 3|g}+ 41t A4=3} log CFU/g (colony forming
units)2 YJER AT

3 S 5 B4 HEY ASTM D42390] F310] 414]

3%
or], Jgudetuo] oFjste] Sustoitt. Ao A AF
OJOREQPHA AlEZ o] WEH(MFDS, 2025), 2T £417]

(CSB 8s, Gerhardt, Germany)E AH&5t] S5t AR
9k 1 gof| Kjeldahl £3} ZZIA|(VELP Scientigaca Stl, Italy)&
535t & A5 FAk(Duksan General Science, Seoul, Korea)
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12 mLE #7Voto] 420°CoA 45-6057 Eafst3ict. Ead
Al A A5 Z243|(Vapodest200, Gerhardt, Germany)
£ o]&st 7 9 FAsten, olg ol A TFZ At

sl

e

2.3. {41 BjEfx/9] XA/

HAL HujR] o] A Y B ERtAE, F, 55, 2EA T
2 o|Bg AT WA B A9 AH F ussksc. o
Z iR E4)7](FL50, Livong machine, China)E ©]-83}0]
mm®] YEE EHF T 121°C, 158 FU% BF-S APakAct
Bt F HiRE 15°CE $Zsto] Aol AMgSHIH

24 7 55 ¥ =7

HAL HEiA] 9] o HE2 =SB (KACCO)NA 2FE2
FB-5 (S. microaerophilus sp. nov.)Z ARE3l T FB-5 5=
15 g/L agar (BD, Franklin Lakes, NJ, USA), 2 g/L proteose-
peptone No. 3 (BD), 0.01 mg/L H|E}] B, (Daejung CNP,
Daejeon, Korea)2 <-4 5 HjR|of] = & 15-25°COf|A] 5-7¢
Zb ettt o]F HigE #FE 4 g/L glucose (Sigma
Chemical Co., St. Louis, MO, USA), 2 g/L proteose-peptone
No.3 (BD), 0.2 g/L yeast extract (BD), 0.2 g/ MgSO, - TH,0O
(Sigma Chemical Co.)2} 0.01 mg/L H|E} Bj, (Daejung
CNP)= /g% Bix]o] &sto] 25°CoAf 5 B 5 Aol
AR5 CH(Narihara 5, 2024). HIYE #32 #A Hujz]of
0.001%, 0.1%, 10%= F=35}910H, A|Z= control group
(CG), low (L, 0.001%), mild (M, 0.1%), high (H, 10%)Z =
Fokoith WAL EE FB-59] B2 =Rl 25°Co|A A5t
o o HE A5 295t 3,7, 14, 219 Aof| FB-5 & &,
pH % 34 3, o2 o, & I 2 24 S 345
(o]

oh 4 242 220] 7148 Wl whet ssiolh

2.5, A4 X2/

A A8 SPSS (27, IBM Corp., Armonk, NY, USA)
2IHE Argsto] dEix] BAREA(ANOVA)LR H7tst
AUk A AHE 33] WHESto] B EEHAE TSI
™, Duncan®| T 9] A8 AAlste] A8 B2 749 &
) (p<0.05)= A3ttt

1. 44T DTS 5 Y

£ ATo|E EuHA A4S A - 45 BAN o1
Moz P R F 242 B AT /1% A2E T

https://www.ekosfop.or.kr

AL ghdsls Al @42 B 1ET Qth(Jhune 5, 2010). I
A HEjA| 9] HA e A B4 EAZ 3= Table 13} 2t

3.1.1. 0|35t 2

FEHA HEjA]= §71E o] AR A e A
IGol A mAFE] 9t §7131EY] Bofet 4 SAR <l
g 2430 & Wsprt A G A QltiMartin 5, 2023).
2 AFoAE HEjA 9] Bt 5 TS 3421%E YEHS
™, oli= FUHA 2|9 & Tl 12} 8 F 52.6%, 3%
T T 54.0%= B1E APA(Sung 5, 2018)2} FfolE
Hlt} & AtollA] ARSRE HHiA] = 428 & dFYo] gt
A AEE, 9] AR IFS AXA] gotRolle $8 &
Zo| WA veht A% 5 Ad Sl oE 7 AR U
=, diidozs Bt £8 2 A% F udE 4 9 o]
H I 7FeAE dAlts WFoE 28T 5= Qlof A% <t
A oA G5 EXo 7 A EHLee 5, 1986). HHY
A 9] pHi= 4.682 UEFEOH, Shon 5(2018)9] A+t FA
g AFE HAt v, F4F 2 0.64%=2 7120 EaE
8 25 gufz| Q] FAF 9l 0.8%HE T ¥ ghe EYY
(Sung 5, 2018), o= A|=9] A% BHE QI3 {7|4HY] 4uH]
T 3o i A gF A4V SAY] tEog s E)
olg|gh Ay AL Fuf n|PE9] F4|S Agtol= 82102
283 £ qlo], HuEiAE A% - 75 dACIA S AR
Z8st7] 95k 712420 A S Hitel= ZAE
wehE Th(Quatrini 5, 2018).

Table 1. Physicochemical and microbiological properties of
shiitake mushroom substrate(SMS)

Category Measurements
Moisture content (%) 34.21+0.02"
pH 4.68+0.06
Total acidity (%) 0.64+0.07
Total number of bacteria (log CFU/g) 2.73+£0.25
Salmonella (Presence/absence) absence
Yeast and mold (log CFU/g) ND?

Total nitrogen (%) 0.32+0.01
Sulfur content (%) 3.14+0.17

DAIl values are mean+SD (n=3).
IND, not detected.
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3.1.2. 04E 2N

EHA Hejz] 9] S5+ 2.73 log CFU/gE UERGO.
gudele} 1 9 Bl @%ﬂ 2| Sk, Sehill S(2021)
o] Ao A FuHA HEjR 9 2HSE um 3.7 log CFU/g
& HIEon, & AFoAE O]E‘:} FAE HESL
o} ol= HEjA] AA| Y v]PE Foprt B tﬂ%é A&
et o] §le2 AlAlsHH, Aujghgo] MU nldEl &
FEA LAAY, Hufjx]o] EAoh= Tt &2l o Fd
Aol aE o A H Zo= wokEnh EIHA HHEjA|
ZZE9| 3o A4S A Ao w2 H(Zepeda-Bastide
S 2016) R FEE0] g+t E Andet It A48

o, #HHjAl W & ot EFo] SAFe] AU

]1“40} 2hEs 5 J"?a o, FIHA HEjx]= HBHoE ¢
ot B ndE 2d 87 Rob v 9 A AHhe
B AqgEE & 31—‘5 Aol Eokal ek

G 2 3.14%E R HAY] HEjX]Ql 6.73%H Tt W2
%k% HA3(Zakil 5 2022), ol LEHAL A9t EaH

A A1) A E5e %0 Kol wasL, A F ol
o1} oz} 2 ;4_9_01. ol szo07 WEE E3} 3 2719
e ANSHET EHA A A T 032%
E AYAF div] 22 EoI Utk (Catal 5, 2020). Fujihara®]
Ao W=, WX FHLFo| WErF A FE4L
o] 891514 Z713-S H 11519 © H(Fujihara 5, 2000), Y
A Y Aa7t AR R HolE= He vEHE o, Au) 9] H
BR[O A 5 ATt Fagt Aow H&EP%E} ERE, wHjA| 7}

2] o] TUE Aefoln], e Goph YO Alof W
FHARGE B ARA 2 4718 32 J o5 72 g

EAT} YAZTHMartin 5, 2023). E5] X 24459}
o329 WHE Ao ga A JA Y HuEjA g A%

ol 0110

ox

<

9 9% IOl wgReH 98] A5 Aol e AL
sk, o= WE Ae), A% £ WA D 54 37
XLQ_ /\] _l_]l\ﬂ _L]-ﬂ Hlﬂ-o %]—g]:cﬂ- A 01‘_ 7]}_ ZAo=Z 2(_]'-_8_
T 4 gtk B, vlEA gL S8 a4 e
A 5 B ol o] WA 5 o 8
3 4 9lo], 2 SR} A Ak] 4 A
28%7] St AR AEeAe] AP A

.

32 EZa 54 24

FB-5= G3leas Alslole A C R, HHjA W &
RS A} - Ageto gy o]F TS At AL F
4 PE TN & 9F AR 7|ttt (Narihara 5,
2024). ol & QoA FB-5 FZ ojfio] w2 SE ek
pH, &4h & 9 A4 sleF 9 H4<5 HilE &9, dd +59
Z-go] vz o|g}stE] - mAEHE 4| vA= FF=
FHH o r Yristaat skt

SR B A B uE 24, o) w9 WhE Wk
2] *Zi J 0%&— Vl% Y =8 A HO[HGwag 5, 199). &
Y B 5keko] Wol= Table 29+ ZF
o ga 27 CG«] n-‘:# AFo] 36.04%= AT A3} FAF
gt ot HHFTTE 41.13-42.63%E HEFHT 2
TE HFE EA. ol FB-5 FF Al AR St o] HHf
A WEE SeEEA Yehde S22 257 @deR
stk A 39 A BE AAolA 7 Fgol 47
a3t on, o]% otAs}E it o|st Axt= HujA| 7} g
a5 oM md=el ) f71E0] E8fE o] oA &
Hlo] W& B A0 7]Q1sk Aoz s EHKim 5, 2013).
HF o8 IF2 CG 22 84%§ 7P e SRS RN, o
HAEF= 36.67-38.42%9] 7 S HYch

Table 2. Changes in moisture content of shiitake mushroom substrate(SMS) during the fermentation period

Day Moisture content (%)

cGP L M H
0 36.04+0.11249 42.56+0.15* 41.130.17** 42.63+0.10
3 31.49+0.18" 38.69+0.15°C 38.24+0.07C 38.99:0.15*8¢
7 34.11+0.08% 38.39+0.09°° 35.65+0.26F 39.09+0.18®
14 33.48+0.10% 39.7440.14* 39.29+0.29°° 38.78+0.17°
21 22.84+0.21 38.42+0.09%° 37.86+0.09°° 36.67+0.11°

YCG, control group; L, low, FB-5 0.001% inoculation; M, mild, FB-5 0.1% inoculation; H, high, FB-5 10% inoculation.

PAll values are mean+SD (n=3).

*Different letters lowercase (%) for dates, uppercase () for samples indicate significant differences (p<0.05) by Duncan’s multiple range test.
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3.2.2. olglety Ed

pHe} 34 % T 3 5 eAdE oA 24 9 R4 B4
A #o]th(Luedeking 5, 1959). &8 7|7t &

A uﬂHHZH pH ¥3k= Table 337} At Ha 09 2t
CGS T 2E A2 7] pHiz pH 4.11-4230.2 £.O4<]
2 Ho|x] Qo u(p>0.05), AA2) A pHETH S e
1:} W 39 2} BE M2 o] pHE ZHastelon, CGYl

G 1207 Q] HEA EHA FrHdERLA
7? Fo A f7]4t] F7FeE BHAHI 5, 2021), o HE
AelH= FB-57F B o]-&sto] f714k& 4% Ao s ot
Hth(Kashket, 1987). & 7Y 2} o|F pH= 35 Ei= oMY
ste= %S Hourh TR 717 57t Al HEjA| o] F4
Sl Hol= Table 49 2tk 27| CGY &4 T 0.61%,
o HF AT 0.44-0.57%2] ghZ Hth F4F hg2 o
239 7 F 57 BT, pHe) Haeh SuE B4
o] 7k $714k0] Aol 719Ig Ao BeHEtkPark
5, 1994). o}% Aoz Zaslglon], A% B4 AL
CG 0.43%, L 0.45%, M 0.38% 18]1 H 0.51%% A2+
oAl ApolE HolA| AUTHp>0.05).

3.23. & -Zi

T A7 5iks Ot Sy AR %i} | 222 ¢k, A
A 4 85 BN FL P FE SHo)A 583 9
ulE 7Ht & SES A 5 ﬂil»’?’\ A4 9 o] F Ay
o] 9 ARIoR, AXE, A&, AF FAEY H54 24
AstAA 38 7Hs 717+ Agsit(Hong 5, 2008; Oh &,
2017). & 7= 9 204 HE H - 39 % oF Hslks
gelotedl 28 FoH, EF 2719 ¥4 5]
EE‘rL, UE 374 A8 Al F T A 7S AlRIoke 7
Z ARZ gjA=ojof it} U 7|7 B9 AL Hulx|9]
3+ skeF H3l= Table 59F Tt CGY & sigF W= dhg
0 2} 3.41%004 3Y 2} 3.24%2 7HAston, W 827}
2 oA o7 Z71519thp<0.05). HE B4 §71E B
o9} 4= 7HA7} SHE| W (Shalavina 3, 2020), o]o] @z} A|
T A dFo] Favote] B F7] AR A 5= 5
7Fole B84 5% S37F AT 4= thKim 5, 2008). &
Ao M ol A & o] F7HeE EA-Z ol#gt a3t
of 710gt Ae® wetdnt Lo & 3 RS ¥E 27
2.92%01A4 Ia 39 2} 3.07%E Z7H5I30H, 0|5 orA3ly]

ot

m rsﬂ

Table 3. Changes in pH of shiitake mushroom substrate (SMS) during the fermentation period

Day pH

G L M H
0 4.11£0.067* 4.13£0.07*B¢ 4.14%0.13** 4.23+0.04**
3 4.05£0.03* 3.97+0.07* 4.01£0.09** 4.03£0.03%
7 4.04£0.26™ 4.27+0.16™ 3.99+0.13* 4.10£0.08%%¢
14 4.15+0.06™* 4.23+0.05*8 4.06+0.02** 4.15£0.09%8
21 4.08+0.07* 4.08+0.02%5¢ 4.05+0.18** 4.11£0.04*%¢

UCG, control group; L, low, FB-5 0.001% inoculation; M, mild, FB-5 0.1% inoculation; H, high, FB-5 10% inoculation.

YAl values are meantSD (n=3).

Different letters lowercase (*") for dates, uppercase (*) for samples indicate significant differences (p<0.05) by Duncan’s multiple range test.

Table 4. Changes in total acidity of shiitake mushroom substrate (SMS) during the fermentation period

Day Total acidity (%)

cGP L M H
0 0.61£0.029) 0.57+0.02%8 0.46+0.05*¢ 0.44+0.03°°
3 1.66+0.18* 1.49+0.37* 1.37+0.21** 1.29+0.10**
7 1.24+0.16*8 0.67+0.20°8 0.88+0.22°8 0.69+0.05°5¢
14 1.08:£0.14"P 0.63+0.08"® 1.18+£0.41*8 0.84+0.21%8
21 0.43+0.09°¢ 0.45+0.07"8 0.38+0.05 0.51£0.07°P

YCG, control group; L, low, FB-5 0.001% inoculation; M, mild, FB-5 0.1% inoculation; H, high, FB-5 10% inoculation.

YAll values are meantSD (n=3).

*Different letters lowercase (*") for dates, uppercase (*®) for samples indicate significant differences (p<0.05) by Duncan’s multiple range test.

https://www.ekosfop.or.kr
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Table 5. Changes in sulfur content of shiitake mushroom substrate (SMS) during the fermentation period

Day Sulfur content (%)

G L M H
0 3.4120.1675 2.92+0.07°¢ 3.03+0.63** 2.92+0.11°®
3 3.2420.07°° 3.07+0.03°® 2.79+0.05 2.81+0.04®
7 3.27+0.03*P 3.32+0.11* 2.88+0.06™° 2.91+0.11°°
14 3.49+0.04"® 3.12+0.02°° 3.01£0.15A 2.94+0.038
21 4.15£0.06™ 2.91+0.05° 2.95+0.04°8 3.18£0.11°

UCG, control group; L, low, FB-5 0.001% inoculation; M, mild, FB-5 0.1% inoculation; H, high, FB-5 10% inoculation.

YAl values are meantSD (n=3).

*Different letters lowercase (*°) for dates, uppercase (“®) for samples indicate significant differences (p<0.05) by Duncan’s multiple range test.

ol &g £7 A] 291%=% & ¥Hsll gtk M2 dtg 0 &}
3.03%CNA] 3 &} 2.79%= 2+ tu] BAFLZ Foulgh
Fo) A FHASFATHp<0.05). o= TY AlAY CG (3.24%),
L 3.07%) L H (2.81%)%} v|Wato] 7}AF W 222, FB-5
FEol 27] da DANA F Aol 278 H0 9TE P
< AARGIE o] WE FE AIZHA] A JUleiylou da
149 5 At FHI 2o]& HolA] ekotth(p>0.05).
ol FB-5 JZo] HufA] Wi & 5= 35 AAsto] &
15 F 5%t 9 FEO04 FAHESE 3 Ao siAH
o}, olEgt A FArsHIo] §7] 9 77] & e 4kt
sto] it 5 &l FEE M7= e E44T U
Aot Aoz APALet GAFE A7E H YrHRohwerder
£ 2007). ¥ H #2204l 2.92%00 4] g 3 2} 2.81%
9g 219 2} 3.18%E Z7F6Hled], ol 27] Al
Iz g3 YIRGE YEABH Aol BaE A
I GARHLE B Aol EH, w2 27] AE s
H 27000 ABLE ESSHA|T, Al7to] 3] uhet APETA
37t 2 &1 f71E HHoR Q| A7|Hl Akt mgo
Askd 4 oty B3k B QITk(Cheng 5, 2021). o]t

N

dl
I
7|

e B A4 #2d HO F BE 37 B4 49T 4
U 7Fsd T stHE siAlEh & AolA] FB-5 FFol 9
5H 3} 61%’—0] 09,]@ o= 71—/\01- 7:11,}‘— 3] 6‘ m—_& jqa]% I

TR A A - 5 1 o) WS ST B
IS A3l 4 e 7he S AR R 7I7HE A
A e A] A4 ohge] HEk= Table 63t 2t} 27] AA o
2 CG 0.36%, L 0.29%, M 0.30%, H 031%5 thz7-0]A]
g we 27 Ao WS AT AN ¥ A2 g
0.32%0°114 0.36%=% S7F3t A2 A3 42401]/\1 w4 9 7}
4z Qg FAsY} i WA Be A2 g S}
kS n|z Ao 2 mrhE ch(Owusu-Apenten, 2002). B8 3
A 2} BE AFTE7} 0.26-0.34%2] RS HoH, #E 7Y
e @ Aol 2 4} 28 9o, 2y
U 2 BE APFolA da Fol FASHA SIS
ZhE ARA 9 v Hio] @ujAo] ofs) A k= A
T FUSHA HuiA] WiREo] T o 9 ARzt
#3553 IHE ST 900 o JFE T2 A
JJ,i',_‘ﬂ_‘:‘r(Baharudin 5, 2025). &8 21¥ A} CGE A9
T AETONA TR AolE HolA] EkTH(p=>0.05).

ﬂl

—

I-FUOﬁr&FlFmd

r_O|L lo N o O

Table 6. Changes in the total nitrogen content of shiitake mushroom substrate (SMS) during the fermentation period

Day Total Nitrogen (%)

G L M H
0 0.36+0.052*) 0.29+0.03"" 0.30£0.01°4" 0.31£0.01°*
3 0.34+0.01*° 0.29+0.02°" 0.26+0.01%8 0.33+0.02**
7 0.29+0.03*8 0.29+0.02"® 0.26+0.03% 0.27+0.01*®
14 0.40+£0.07* 0.36+0.01** 0.31+0.04* 0.33+0.03**
21 0.43+0.03* 0.33+0.01° 0.32+0.03% 0.33+0.00°*

YCG, control group; L, low, FB-5 0.001% inoculation; M, mild, FB-5 0.1% inoculation; H, high, FB-5 10% inoculation.

PAll values are mean+SD (n=3).

*Different letters lowercase (*°) for dates, uppercase (“?) for samples indicate significant differences (p<0.05) by Duncan’s multiple range test.
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B7rstr] gt A ke S Fa 7|7l g FB-59]
o W3k Fig 19] HEMRH. FHSHCO)0M = Be
717t &7t FASRto] AEHA ¥R, LY FB-5 o o= &
g 3Y9 A 1.32 log CFU/g, 79 A} 1.49 log CFU/g, 14Y X}
05 log CFU/g2. E9I5glom, ¥ 219 A AZEA] 4ot
ot M9 A9 ¥g 3¢ # 1.36 log CFU/g, 74 A} 1.35 log
CFU/g, 149 Z} 1.2 log CFU/g& LI} ARSH 2745 Bt
RS BEHL My B 379 Ao 2 47 2% 27k}
oL}, Ao Be 528 §ATYOH, of ke 27]
JEGol Tm 1 F o S0 AR FF= v A
© 2 wtEch(Pereira 5, 2013). ¥, H= 2Ha 0 2} 0.62
log CFU/g, 3Y A} 3.77 log CFU/g, 7Y A} 2.48 log CFU/g,
149 A} 1.03 log CFU/g&2 HEE O
5 UL, o] % Ha oA IAE A4t A5
77F HEEU o= ¥ 27| AETo] HHjA W 24 ¥
slof| whet Hop F3e S fiE1S BY 5 32 AR
= AFe 21U Ao #F 7 HEHA o, o= &
W APESE HEiA W 9 &2 8 ITa7 AR

,EE 275 w2

,d
£

(G | o] S

4.5
4.0
35
3.0
2.5
2.0
1.5
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Fig. 1. Changes in FB-5 counts of shiitake mushroom substrate
(SMS) during the fermentation period. FB-5, Sphaerotilus
microaerophilus sp. nov.; CG, control group; L, low, FB-5
0.001% inoculation; M, mild, FB-5 0.1% inoculation; H, high,
FB-5 10% inoculation. All values are mean+SD (n=3). Different
letters lowercase (*°) for dates, uppercase (“®) for samples
indicate significant differences (p<0.05) by Duncan’s multiple
range test.

https://www.ekosfop.or.kr

o] n]=2 F4]o] o YAAU(KImI} Yi, 2010), 'Ha 2
oAl vE AL A a%lo] EFAow A3t A= w
e th(Kim %, 2022b; Shim &, 2013).

4. Q%

2 AFoME A 9 55 HFSE st AAE T4 A
2, XA FEx|9] dhao] w2 3 geF Hske}
ol5}sta EAE B4ttt A Hluix|o] & A7t o=
FB-5 (S. microaerophilus sp. nov.)E H|-&¥=Z FZ3sl9 CG,
L (0.001%), M (0.1%), H (10%)& Frg5t5ich HHjx] 9&9]
E48 243 A3, 8 T2 34.21%, pH 4.68, A4t 3F
0.64%= YT 3} 3HEES 3.14%, AA TFS 032%E &
Aty Andel, a8 9 FPo|= BF AEEA] ¥ok,
4= 2.73 log CFU/gE t|AE Foprt 2o Hd4 Ay
Eof tigt 2o] gl Aog BEAHSI. o]F FB-5 HF 1
w28 FE 772 243 A9, B F8 A 7 IR
CG 22.84%, T HAET 36.67-38.42%% o] HYry nE
A2l A] pH 4.05-4.11, At 32F 0.38-0.51%2 Al2Ez &
OJAQl AJolE Ho|A] GIhTHp>0.05). A A CG 0.43%,
@ FFTE 0.32-0.33%2 B4 =Tt FB-5 o = CGOA]
£ uAEEeH, e AFFE 31 A& o F7H AF T
7Fta o, Murdog e 228 GASHYh He U 2
715E =2 o £E UEeH, dE 3PgoA AAIEQ
A9t AS7F BEE AT & 3 24 E3 FB-5E 0.1%
&g Aol A LA 3Y Aol thRE tfH] §-HA - A
53t gRlEglon, a F8 Aok CGET @2 &
< FABIALE FBS F o FE =0 ot 27] Ua oA
oA Zpol& EPou 7] TF IHA ke AFS
ERfQICh B A7 AYk= FB-5E o0]83) ¥ra ZAo| 27
F AN 2HA HuiR)9] & S ATeEA £ o]
315t 4 AXE RF o R JAT 4= e ALY V&=
89 5 S Ao, &% AE FAEY A% 9 45
2 P Yt 712 ARE FRE 4 QL AoE wot

ot

g
=
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