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Abstract

Liquid-state fermentation (LSF) and solid-state fermentation (SSF) were carried out
to produce enzymes and A-glucan. The modified synthetic medium composition in
liquid-state fermentation (LSF) was determined to be 5% (w/v) whole oat flour, 2%
(w/v) tryptone, and 2% (w/v) rice bran. The different humidity conditions of oat by
solid-state fermentation were evaluated in terms of maximum production of fungal
biomass, amylase, protease, and B-glucan, which were 0.23 mg/g, 7,157.38 U/g,
413.67 U/g, and 8.26% (w/w), respectively, at 60% of humidity condition. Moreover,
a-glucosidase inhibition activities of fermented oat with 60% humidity at 48 h were
shown to be high 49.08% (w/w). Therefore, liquid- and solid-state fermentation
processes were found to enhance the overall fermentation yields of oat to produce
enzymes and B-glucan.
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2T AV 7RSS SHiEe] wet 17l theh Thilo] EolAle W, A sido] ALals
A Fiergo] fHE0] SV Stk @A G ARo= BTE PSR AR 84
(sulphonylurea), 7Y =(biguanide)l K&, a-glucosidase A3Al, ElolEe]H(thiazolidine)
A kg 53 Qe 849, Fgold 52 AR8SRL QItHKim and Min 2005). B 9Fa<t9] okETt
H w5t g-glucosidase A1oiA12] 2821 R 9 HAl 52 AJdjdos Rago] Hu|siy,
G F HFHEEE o] fo14 537t Qs A& HAET Gt} & Ao s FRERE o8ttt fa
AR &7 5589 &) 59 495 3| e-glucosidase 2A| AA 0l TSt ATE $H5tIA}
St

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © Korean Society for Lactic Acid Bacteria and probiotics |79


https://crossmark.crossref.org/dialog/?doi=10.35732/ctlabp.2022.8.2.79&domain=pdf&date_stamp=2022-12-31

®

G S
\< s
ke SLASP

A&(Avena sativa L)'= HIo] £ol= 352 B4 9 B2R20]
o] AFEIA ] Qe AFTEC] =2 AXl=olA Hol ABlEL
Qi FEolc}. Ao vlAE thdF non-starch polysaccharide)

2l (1—3), (1—-4)-#-D-glucane 35 L9 7L} SHS AlE

HE Hdolal e AECE Tt Alaso] ¥=A St
(Clemens et al, 2014). £3|, 353t Aojds dh= 84, o
9, UL 5 AR S2S AAlste] vvk BAE 4
< ASAA AR ool 37 Sl A& A UK Choi
et al., 2000; Kim et al, 2002). T, I79] 2|5 SolA] tief
St 2% G819 g-glucane] A= 9l2H(Yoo et al, 2009),
HEAR 24 S tiek B 9 migkt At A |t
HE|gjoret 7143300 ot ol digt ARt et AF-E0]
A=K Lia er al, 1995; El-Khoury et al, 2012; Yun et
al, 2003). 12U AHiHoR g E S quﬂoﬂ Suly

1

A= Bkt AAolH, olof] 2le] IR FEEZ o8t
A7dst A5 RARSHIA} Btk
IAEFH(solid-state fermentation, SSF}2 Joj4io] 4

Sk 1A4S] FRoA B&F nBES vtk daeE U
AR Aatol] g ARE T Sl HRE pES ol8sto] 7]
52 27 PR JPPE-S IR FAIsHEA HAEo]
HH[ok= 2k 71eallaaet AlE W) 220 2= o] = Y
ddEdso] FeElokEwA AA0l8ES FEAIZITHRobinson
et al, 2001; Shin et al, 2014). Aspergillus & MRS

amylase®} proteaseS FABH= QI Al 5 SPIE theke]
A2 HHjpls L8 g4 gkl Hakel g B4, A1E

= 59,
2 AR ARRE] QA 59 olfE ABEAtgE k] &8
(Balakrishnan er al, 2021; Sandhya et al, 2005). ©ehA &
Ao Aspergillus niger NIBREGC000134713% ©]-&35t
A A (liquid state fermentation, LSF)2} A9HE(SSF)2] &
_—g__,]d axqﬁ]. ol ah, b’—glucan J\HA]-J,]. EHL_& z%o_ o]_Q_
5t rat &% 3212 e-glucosidase inhibition A8 &35 @

3 a5 Hidt A2 s

j "rd?

1%‘

u

ER R

ez o HfY =A

2 Aol ARE A= 43Fs"(Yecheon-gun, Korea)ollAl
TFufstdon, AOFEL reagent grade® Sigma Chemical Co.
(St. Louis, MO, USA)ZHE Fufsigict.

F54la-8 Y= A niger NIBRFGC0001347132 ZHAE
ALUIHNIBR, Incheon, South Korea)ol|A Hofiiolom 2=
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Rl - 2HijE

W50l i3t seed culture= EAF 1x 10 spores/mLE HES
shaking incubatorol4] 30T oA 150 rpmO.& 48 h vt
t}. B EgElA|(synthetic medium) 8L 50 ¢/l AT &%
(whole oat flour), 20 g/L ©7 Erice bran), 20 g/L
tryptone 7151w, 71 iR E 3 g/L K;HPOy, 2
g/L MgSOy, 10 g/L NaCl 2 g/L CaCly, 7 g/L ascorbic acid
(vitamin C)& W& Hote] HE Ao AATR wjx]o] A7t
shich AAaEiR](synthetic medium)= 250 ml flask
(working volume 100 mL)°A4 121CollA 1587 B3t v
£ AREsiaith

UHLZ(LSF) L XS (SSF)
A. niger NIBRFGC0001347135 ]85t AAMEHE 250 mL
Brlenmeyer flaskoll4l working volume 100 mLZ 30T,
150 rpm, 120 h &<t #HaE W5t One-factor-at-a-
time WS B9 8 #ARA £4E Asto] ZH2o] A=
o] n|yYE9 A& G4 XA+ 9 B-glucan AAtof ojust gk
u| =] 2RIsHI BjR2AdS HAREAB)A|(synthetic medium)
£ ARgato] Al whole oat flour) &%k, AAY(nitrogen)
}“%’ 4 5%, "7(rice bran) =5 HPAA F4 AR
S AAsIolt F7HIAIE 71t 7, seed culture®] &
% (v/v)& #ZEdlal, shaking incubator(IS-10, DAIHAN
Scientific Co. Ltd, Wonju, Korea)E ©]-&5fo] dALFE 454
siolct.
A7 100 ¢ 150 mL9 $F%45 500 mL stainless steel
rectangular tray (CY-1070; 260x170x50 mm, Chunyangsa
Co., Ltd., Seoul, Korea)oll o] 121TCoA 60&7F B3 &
Aol JAsct F 27 sloflA & A 2 AAEE
i} Z](synthetic medium) 5 rnLE HA7MHAZ rectangular tray
of 715t 5, seed culture® BFast AL FHIA] 10 mLE &
oto] TALEE AFPoirt. TALEE F2F571(DS-150
TM; Daewon Science, Bucheon-si, Korea)S °]&3lo] 2%
30T, & 50-70 %ollA IAERE 5.
U A HAF TARLEA RS AFote] 52AE71(BFD8S-
F8; IIShinBioBase Co. Ltd., Dongducheon, Korea)olA 52
Azxsta vlEete] BHo| AEEQIE Amylase, protease,
ergosterol, f-glucan 59 A ¥ 55 £4519] fermentation
profileZ &It

Amylase®} protease & £H
Amylase 8732 1% HAE8HT 2540 1 mLE 37CofA 15
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270 BReAIFT o] o BAE 99 FER2 DNSG,5-
dinitrosalicylic acid)®¥ (Miller, 1959)0.8 &4} o,
2 mL9 DNSE 91 100C9] oA 587 WA
o) deoz wWzsto] UV/Vis EFF=A(EMC-18PC-UV,
EMCLAB®, Germany) ©1-85t 540 nmollA 8= S74st
At 28948 1 mLof| s == &9 pmol 5 BAZ
A 1 unitoZ Ao},

Protease /432 0.1M phosphoric acid (pH 7)° %<1 0.6%
casein 8% 1 mLo] Z84% | mLE &35l0] 37CAA 105
7 BESAIFEE 013 2 mLY 0.4 M trichloroacetic acid & &
sl 37ColA 2587 WRSAIX the ¥4EE7](Centrifuge
FLETA-5, Hanil Science Co., Ltd, Korea)E o|-8slo] Y&
(994 xg, 5 min) 3F¥CE 9% 1 mLE Casein-Folin$(Oda
and Murao, 1974)& Ar&sto] UV/Vis 3= A(EMC-18PC-
UV, EMCLAB®, Germany) 660 nmolX Z3=E =433t
2849 1 mLoA 187 1 gmol®] tyrosines F8 o 1
unit® sto] A7 1 mLg SHAksle] BASHL

Ergosterol &3

TAVS HiA] &0l Sl 819 HAlRRE 75517 flol dARIY
AolA ergosterol TS EASIALE A& 0.5 g2 #3519 0.07
M potassium hydroxide(in methanol) 10 mLoll 7}t ¥,
0.1 M HCl 200 xLE 37}2 A7) shaking incubator (30
T, 150 rpm)ollAl 1 h &<t FE019}. 2 A5Hdl =
ergosterolZ Visiprep™ SPE vaccum Manifold(Merck KGaA,
Darmstadt, Germany)Z+ C-18 SPE  colum(Discovery®
DSC-18 SPE Tube, Sigma-Aldrich, Supelco, USA)& o]|-&3}
o] ojzpEa]st H, isobutanol 2 mLE #7519 ergosterold &
Z3199tt. Bregosterol 5= HPLC(Agilent 1200 Series; Agilent
Technologies, Santa Clara, CA, USA)?} UV detection(282
nm)}& 53 4 Fgeteict. Z32 SUPERSIL ODS 1-C18
column (250x4.6 mm), injection volume 10 gL, AHLE
30T, o84 100% methanolZ 1 mL/min®] FFo2 HHs}
of FAsIlt.

B-Glucan &4

AHHE o]dst FFIE {9 B-glucanBEAL B-glucan kit
(K-BGLU, Megazyme, Chicago, 1L, USA)S AEslo] A&
100 mgll 50% ©llgh2 0.2 mLe} sodium phosphate buffer
(20 mM, pH 6.5) 4.0 mLE ¥l 3ot #= 2ol 1804

N
& z
-4

28 B3t 9ol &8st & Aol A(lichanase, Megazyme,
Bray, Ireland) 0.2 mL(10 U)E 42 & 4oj& & 50C wyt
A 2ol 1ARE B9t Akt aax ol sodium
acetate buffer (200 mM, pH 4.0) 5.0 mLE Y1 W32 £2
A7l & LA B2)(994 xg, 5 min)dto] ASAS 5} A=
H 0.1 mLE 3709 Aol 247t Y2 & she] Algol=
sodium acetate buffer(50 mM, pH 6.0) 0.1 mLE 7}ota, Y
A AlgolE B-glucosidase(Megazyme, Bray, Ireland)
0.1 mL(10 UYE 7Fsto} 50T 1082 HAsIGiH. 8avke
E Yo GOPOD(glucose oxidase/peroxidase, Megazyme)
3.0 mLE ZF Aol ¥ar 50CofAf 2087t HAIgt & UV/Vis
E333 = A(EMC-18PC-UV, EMCLAB®, Germany)E °1-83}]
510nmelA FFEE 5743510 f-glucan®] AF= AR

a—Glucosidase XHZH

dhg &0 tidte-glucosidase AHEAL Lee 5(2014) B4
of wet g HPste] St Alm 1 goll 74 20 mLE
41 g whlslo] 25 & A5HE ofafsto] ARSI -
Glucosidase 4% rat intestine powder 30 mge potassium
phosphate buffer(50 mM, pH 6.8) 4 mLol 91 th
4,000 rpmollA 1027+ &S 5 A5AS AFiste] A8k
ot a2 N 50 plof e-glucosidase AN 50 pl, &5
%822 50 pL, 3 mM p-nitrophenyl-e-D-glucopyranose
(oNPG) 100 pLe}t &3t} 37CoA 6087 ¥ F 0.1 M
sodium carbonate 750 pLZ W2 HX|A|ZT}. Microplate
reader(Multiskan FC, Thermo Fisher Scientific, Waltham,
MA. USAYE ©]85t9] 405 nmollA FBEE S4okL, Al=8
T 5O ASEHS Yo fRAS V[EOR 84 A5 E4S
ofgfe] Alog AAlsIrt.

a-Glucosidase inhibition rate (%) =
[1_(Abssample - Absblank)/ Abscontrol] x100

SHE

L= A2 33 BHEsto] %9l AgoflA] A2 Aik= SPSS
statistics 18(IBM, Armonk, NY, USA) program= °|-&3s}o] &
Asoict. HolEe Het +#E HAHSD)Z EFHIUL, 11 A
uEt dYuiR] EARESS 3 & p<0.05 =914 Duncan’s
multiple range test® 7355}t

[0

[e)
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H2E 0|8et UHLS
ok A7t
biomass, amylase, protease, 12|31l f-glucan o] mX|=
GRS Folsl7] A3l 250 mL Erlenmeyer flaskolA working
volume 100 mL& 30T, 150 rpm, 120 h 5 H&E ZPs}
Act. HAaEiA](synthetic medium) 232 5% (w/v) FE]
E2whole oat flour), 2% (w/v) U7 % (rice bran), 2%
(w/v) yeast extract® F7It9oH, F7F AR R 3 g/L
K,HPOq4, 2 g/L MgSO4, 10 g/L NaCl 2 g/L CaCly 7 g/L
ascorbic acid (vitamin C)5 W= Hdslo] HE Hoj dAita
vizof] A71skgiek. 71 A3} Fig. 1 (A2 72 heigolA 714 =
2 559 34 9 f-glucan AJAISHIAL 11 o] A} AJAkgo]
Hashs FFoE Uit ojdf 72 he| 78804 fungal
biomass, amylase, protease, 12|31l B-glucan ¥Fo] 0.32
mg/g, 7,537.21 U/g, 1,721.88 Ulg, 7.7% (w/w) 5-2& 7V
=2 559 &S YePIH. mebA one-factor-at-time ¥
< B9l A v R BEE 72 hZ 7|2 E XFsieien,
Z17¥o] A2 QIA=o] WBEY A%, B4 2 B-glucan
AAtol o= JFE ERlsilh
Fig. 1B)= dAtauiR|(synthetic medium)oA A B
(whole oat floun)d &2 Z¥2} 1, 3, 5, 7, 9%(w/v)= 28] A
g519iom, 1 A} fungal biomass, amylase= 5%(w/v)ollA
7P =2 wEot @A By A B st 571l wet
RAGo] ZAAE|QIL HHH protease= A B 7t ZU1H

2 3=

2 35 HFE9] fermentation profile®] fungal

XSl AFEO Huol E=~)
of w2t #ash= S B A2 2L TEE S%(w/v)= o
(A) 10 16000 12
N Amylase

o 14000 - Protease
B g3 | B Beta-glucan 10
E 12000 4 ® Fungal biomass
° G
E ‘S’ 10000 i 8
8 061 2 |
=8 £
5 2 :
A S 8000 - L6
» ]
) @
© ]
£ %41 E 5000 1 ;
2 N -4
a w I i
Tuu': 4000

02 4
Z - 2
w 2000 = h E

i 7
00 - 0- 2 -0

Time (h)

Beta-glucan (%, wiw)

Rl - 2fife

AzA 07 MEsISal, amylase, protease, fungal biomass 3

2 8,150.58 U/g, 1,896.95 U/g, 0.33 mg/gl& ERIstAct.

A 0z s&0f ME AHLS

AGE o83t IR BiFEolA A4 7Y sk, 11
a L7t v A= FFZ A Yo AAERE
72 h 5% 3s1SIckFig. 2). Fig. 2(A)olA AALAHR|(synthetic
medium)©l| beef extract, yeast extract, soytone, tryptone,
NHiNOs, NH(Cl & 2%(w/v) s== 27t Z7Fotal 18519t
1 A3}, A4Y F tryptoneOlA amylase, protease, ergosterol
9] 57t 47} 10,240.86 U/g, 1,943.64 U/g, 0.50 mg/g OF
F& ST B YESITE TR tryptones HAYUOE
5t¢om, o= Kunamneni 5{(2005)2] +=2oll4] thst &
% peptone, tryptone, _L&]1 meat extract’} ILAEIA]
0|83t 84 (amylase) A4t Agtolrts AFAutet A

Nl P o
ol llv ro g
it

2o 3R

&

o B

Ql tryptones THI HEE H7oto] AALEES FPs)
Ao F&o met 2%(w/v)elA 7H 2 59 3a
fungal biomass< JABIHA L 1 o|F Hx} AYAbA o] ZHAS}
BEeE UeHthFig. 2(B). E4Y sk 2% (w/v9
tryptone©ll4] amylase, protease, fungal biomass ¥&-2 ZHzt
109,020.96 U/g, 1,932.85 U/g, 0.50 mg/go& Z73=t. ot
A 2% (w/v)Y tryptones HALEHIA](synthetic medium)
oA HE sz A}
Fig. 2(C)= o1 #29] 7t skl tiet a3z 7 527t 5
7V4E G488/ (amylase, protease)T 74| E(ergosterol)
£ A5k 23S YRt 11t £ 5% 2%(w/v) 4 o

LA )

[

®) 16000 10
. Amylase

14000 - EZZ] Protease =

Fi I bi 5

@ Fungal biomass L og E.,

12000 | -

s 3

=) ]

= ] =]

= toooo Los @

z )

G 8000 9,

«© [

o ]

£ r04 =
6000

8 5

a

4000 =

Loz 2

3

2000 - % % @ 'Y

0 T T T T 0.0
1 3 5 7

Whole oat flour contents (%, wiv)

Fig. 1. Effects of liquid-state fermentation (LSF) profiles (A) and various concentrations of whole oat flour (B) on fungal biomass and enzymes

production by A. niger NIBRFGC000134713.
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16000 1.0

I Amylase
14000 + EZZ3 Protease
@ Fungal biomass

~
z

F08
12000

fLLELEEZ

Beef extract VYeast extract Soytone Tryptone  NH4NOz NHacl
Nitrogen sources

Enzyme activity (U/g)
Fungal biomass (ergosterol, mg/g)

16000 1.0

(B) N Amylase
14000 4 EZZ] Protease =
Fungal biemass =)
08 £
. 12000 - =
5 e
2 )
= | =
S 10000 Los &
H o
G 8000 4 2
o a
[
£ o4 =
6000 +
8 s
5 8
4000 4 =S
F02 g
2000 @ % @ i
0 - 00

0 5
Tryptone concentratlon (%, wiv)

16000 10

M Amylase
14000 4 EZZZ Protease
Fungal biomass

—~
(2]
<

F0.8
12000 ~

10000 - L os
3000 |
6000 A o4
4000 -|
o2
2000 -|
E 00

Rlce bran concentrahon (/ wiv)

Enzyme activity (U/g)
Fungal biomass (ergosterol, mgig)

=}

Fig. 2. Effects of various nitrogen sources (A), tryptone concen-
trations (B), and rice bran concentrations (C) on fungal biomass
and enzymes production by A. niger NIBRFGC000134713.

amylase, protease, fungal biomass &2 ZHF 13,356.51
U/g, 2.372.67 U/g, 0.53 mg/g °0& i“c‘M &7t =4 veh
o, uF B Frvt SRS 54 S 4A st da
sttt Alauddina 5(2017)°] w=2d v JFE 2442
34-62%2] ©43=(carbohydrate), 15-20%2 AHHlipid),
11-15%9] ¥ (protein), 7-11%2] Z4G(crude fibre),

t
< /

7-10%2] 3%(ash) 528 FAH] lom, X3t Sterna &
(2016)9] ==olA A L 2L 27.3-50%2] starch,
9.7-17.3%9] protein, 5.2-12.4%9] lipid, 13.6-30.2%2] total
dietary fibre, 12]1 2.7-3.5%2] f-glucan 5-2& 450 3l
h. wEbA AE 714AE 3 AL EER](synthetic medium)l]
A F7FARI vt B 7K AR 9 BARARS: Afsfjck=
A%E YERITE wetA AAERE 3 vl 5%(w/v)
A &L, 2%(w/v) tryptone, 2%(w/v) 17 = 59 240

F7NAE Alelel IRURS YA
IS 0IZE TS

ZE/\E’.

TAFEE 500 ml rectangular trayoll A 100 g
150 mLE 7Fliom, 121CoA 6087t Bt E ¥ & 34|
WA SO 2EE A niger NIBRFGC000134713E 10 mLAZE
Soict. F2A571E ol8sto] % 50%(Fig. 3(A), 60%(Fig. 3(B)),
70% (Fig. 3(C)), 182l &% 30C Y] vjdxdos IAHIRE &
otk
Fig. 3(A)0lA B S8 50%2 AFotH-S w, fungal biomass
£ 96 hol stationary phase® ZYstgltt. 1AMEE 5
amylase YAEE 96 holl 5,559.32 U/ 7 w2 2442 1
EFYQlT o]F Frasks A3 Bt wH, protease"@&t
72 holA 78 =2 8484(1,662.04 U/g )& HEHIL
g 72 hollA B-glucan 3ol 5.7%(w/w) A= Tt O]r‘ﬂo}
TAME AR W et SATYS TR 5t =
9] S} 714o) W F=9] Ao], 12 thAlke] Afolof o5t
Ao 7 AZEHEI-Naggar er al, 2009).
Fig. 3(B)= Y S5 60%= APotFS u], G4 amylase Y
B-glucan T 72 hollA 7B} w2 47 528 YelY,
fungal biomass®} protease T2 96 hollA 7FF w2 5=2t
A4S 315kt o fungal biomass, amylase, protease,
T35 B-glucan %2 0.23 mg/g, 7,157.38 U/g, 413.67
U/g, 8.26% (w/w) 5-0= &4 04‘_4' oj% HutHog WAYR
HAMKEESQ fungal biomass &k, 484, 181 8- glucarl
°L%E3 Faohs ARE Ueiglth. YA RN R
29735t I3RS o= Aoz UHA Q 1‘4(Slvaurarnakmshnan
et a[, 2007). IAEIRS 13t 7149 S gt S w80
U 71489 R0 wet thEd|, gRFo R 35-80% R &
A AthRaimbault, 1998). WebA & AolA= AZE o€
S TAROA HAMKEE BARS 919t Bl = 60%7t ARtet
ohal ek
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Fig. 3. Evaluation of solid-state fermentation (SSF) under different
moisture conditions using A. niger NIBRFGC000134713. (A) 50%,
(B) 60%, (C)70%.

Fig. 3(0)& Wi &% 70%9] vAHaE £33t Aoy,
Fig. 3(B)¢} v wotHS o thARRMES] fungal biomass &%, &
A%, 1831 B-glucan $FES AEHE 0 & 7HASILt Fig. 3(C)
oA YRt fungal biomass, amylase, protease, 12|11 S-
glucan?] & Frel G4/ 0.22 mg/g, 5,753.02 Ulg,
452.81 U/g, 6.0% (w/w) 2= E4=U. ole 2 TEdF
I} FEoflA= Jojgo] WA¥sto] 1A HiX|Q] F= Atelo] Eo]
HAAA = B719] Fdo] oA A=A & aaiito] A
SfjElctal &4 QItHEI-Naggar et al, 2009).

a—-Glucosidase 52t
ARL B5lR0] S5 HE o 24 oA BB amylased]
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Rietl - s

60

El 24h
EZE 48 h
a 80  E=9 72h
EEEE % h

S

7
g

7

o-Glucosidase inhibition activity (%)

=

The humidity condition in solid-state fermentation (%, wiw)

Fig. 4. Comparison of g-glucosidase inhibitory activities of
fermented oats under various humidity conditions.
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