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Evaluation of Enzymes and Beta—Glucan Production
by Germination Conditions and Mixed Fermentation
Using Hulled Barley
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Department of Food Science and Biotechnology, College of Engineering, Global K-Food Research Center,
HanKyong National University, Anseong 17579, Republic of Korea

Abstract

The solid-state fermentation was carried out to produce enzymes and A-glucan using
hulled barley with different germination time conditions and co-culture processes.
The ergosterol concentration determined by high-performance liquid chromatography
at UV 254 nm was used as a biomass indicator for fungal growth. Solid-state
fermentation of hulled barley pretreated for 60 min at 121°C produced greater
fungal biomass as well as increased concentrations of enzymes and B-glucan. The
best germination time of solid-state fermentation was found to be 24 h. Maximum
fungal biomass of 0.76 mg/g, amylase (23,293.10 U/g), protease (512.6 U/g), and 8-
glucan at 11.2% (w/w) were obtained during fermentation. Solid-state fermentation
with co-culture was carried out using Aspergillus oryzae NIBRFGC000501965 and
Aureobasidium pullulans KCCM60122 to improve the f-glucan production. Maximum
productions of fungal biomass, amylase, protease, and f-glucan were 1.26 mg/g,
33,206.89 U/g, 1,735.9 U/g, and 13.3% (w/w), respectively, at 60% of moisture
content condition. Therefore, solid-state fermentation of hulled barley is a process
that could enhance the yield and overall production of enzymes and A-glucan.
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e/ og Qlsl AR il FHERH, phytic acide}
AE0] st AjraE Qloto] Al7to] BolR)= wgo] ltk(u
et al, 2007). o[=3t ZHoIA] 7]&9] 4] ATl Aoy} K,
LS I A A 1% 7158E AP A7t T X8
¥ QcKPark er a/, 2018; Kim et al, 2011). E&E HopA]
7|¥ phytic acid®} 20| #afi=o] A7t oS /AT 4
Q1S Bt oluz2} amylase, protease, phytase ¥ A-glucanase
OF Zr2 Tt A S QJalA y-aminobutyric acid (GABA),
ofu]i=Al arabinoxylan, HIEFY E 5 tHst AEE] EXE9]
o] S71EKCha er al, 2012). BE2= Ado] & Ee=lo]
T2 AGOoE AMEY, 2= 7SN AT =0E
S A7) 93t e 2 A8ET QrKKim I Park, 1995). £ dF
oAz BE | thgt A= mn|ek A7goloiA RIS 7|d=
o]-gsto] IAEEYAE IS ALY

TG (solid-state fermentation, SSF}& JojgBo] i
shE 1A|9] FHo|A 2 nBES vifels HaHOE 114
7142 12 gEdet o), gAY 9 dagos AREHC
(Robinson et al, 2001). 348, Aspergillus &9 #F52 T
o] TS BH|ok= 58, B4 tepgilo] A3st da 4,
A 9 AlR ARG QP 59 ol fE YA REAYA] Hol o]
2531 QltiSandhya et al, 2005). E3t Aureobasidium
pullulans KCCM60122& Saraty 43d 4572 W2 He
9F 22 EAEKOF 100 kDa)9] 484 8-1,3/1,6-glucans 4443
sh=tl, o] 8-1,3/1,6-glucan AN 73t 7t HolE JAlok=
4 237} ok HEo] QitKkimura er al, 2006). WA &
AFME A oryzae NIBRFGC000501965% A. pullulans
KCCM601229] B Fi= SIaE B9 f4 9 f-glucan A
Abo]] tigt A+E Aottt

2 A 542 AHE 1A 7|AR AMESI] A oryzae NIB
RFGC0005019655 o]-8st HAeta(liquid state fermentation,
LSE)2}F XALA(SSFO] a4 9 B-glucan A4kl tigt profile
HESIAA, E3E f-glucan = S7HA1717] sl He] ot
(germination)A|7to] W& SSF, 182 A. oryzae NIBRFGC
0005019659 A. pullulans KCCM601229] S3has =5 &
A 9 f-glucan A4l tigt AFE STt
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s Y HfY =A
B oA ARgE AEE(Hulled barley)s 485 Yecheon-
gun, Korea)ollA Ftufistlon, Ado] AREE A|2FE2 reagent

{ g’d\p‘cm%\
\ %"v 49‘50

L KSLAB?

N

grade® Sigma Chemical Co.(St. Louis, MO, USA)ZH-E| T
WiStHTt TSt Aspergillus oryzae NIBREGC000501965% =+
YAEAT (NIBR, Incheon, South Korea)olAl H£4IQEo.
v, Aureobasidium pullulans KCCM60122%= (AD3H=E24383]
B sk nRPEREZAE (Korean Culture Center of Micro-
organisms, Daejeon, Korea)ol|A Egtol AR5}t

A. oryzae NIBRFGC0005019650] thg} seed culture= HA
F HiRE 250 mL flask (working volume 100 mL)°4] 121°C
ol 1587 Bt viAIE ARSI O, seed cultureo]] ZA} 1
x 10® spores/mLE HZ3}9] shaking incubatoroll4 30°C
A 150 rpm o= 48 h Hijgsiicty. AAIRHEIA] 2442 70 g/L
21 Bt 5 o/L soytone, 6 g/L ascorbic acid (vitamin C)2
2, 37 AR 5 g/L KoHPOy, 0.25 g/L MgSOsE W Bt
of HF Ao HALR wixlo] Hrlsilch. W, A pullulans
KCCM601220] thgt seed culturet= Difco™ Potato Dextrose
Broth (Becton, Dickinson and Company, Sparks, MD, USA)
£ 250 mL flask (working volume 100 mL)ollA] A|Z5}51 oM,
5% (v/v)2 FE3$t 3 shaking incubator (30°C, 150 rpm)E&
o]-85to] 48 h 52t vt

AR Yok= 4°Col|A 24417 B AR BelE B9l S
ZAl £o] Z= 500 mL stainless steel rectangular tray (CY-
1070; 260 x 170 x 50 mm, Chunyangsa Co., Ltd., Seoul,
Korea)ollA] 30°C, €& 50% 249 32357]1(DS-150 TV
Daewon Science, Bucheon-si, Korea)E ©]&3ta] zHz}t 24,
48, 72 h <t HWopAzith

VAL (Solid-state fermentation)

AR T dole 2R 100 gt 150 mLe FH42 500 mL
stainless steel rectangular tray(CY-1070; 260 x 170 x 50
mm, Chunyangsa Co., Ltd., Seoul, Korea)o] 2o} 121°Coj|A]
607t it & AR20A WZbsiltt. b 24 slof|A] AAuj
A 5 mLE A7MIXE rectangular trayoll 71t 5, A oryzae
NIBRFGC0005019652} A. pullulans KCCM60122 #55S
717y 10 mlA o E= 23 JHR HEota E3sto] vAER
£ AFsltt. vAERE JLF571E ol8sto] 2% 30°C, &
T 50-70 %A AR E etolon, I AR HaAl
FE AFsto] 5271%7] (BFD85-FS; IlIShinBioBase Co. Ltd.,
Dongducheon, Korea) & £ 52 AZ5I9th HZEL nj2
3t & amylase, protease, ergosterol, f-glucan 59| 4 9
FEE EAoiith
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37°ColA 1587+ ¥RSAIZI & 2 mL9 3,5-dinitrosalicylic
acidg 911 100°CY] 2204 587t WESAIF. o]F A2
o= W7sto] UV/Vis 2335 A(EMC-18PC-UV, EMCLAB®,
Germany)E ©}8519] 540 nmollA SF=E SHsIch 284
4 1 mLo] o8l EafEle HE9] pmol 5 TATIHS 1 unit
0= sto] AR 1 mL 7 eHbote] EASHITHQureshi er al,
2016).

Protease &4 242 ¢34 0.1M phosphoric acidZ pH 7%
2798 0.6% casein 8N 1 mLof] 2EAN 1 mLE Es}o] 37°C
oA 1087 ¥SAIA. o1% 2 mLY 0.4 M trichloroacetic
acid & &3okal, 37°ColA 2587 REGAIZ ths, EAlEe7]
(Centrifuge FLETA-5, Hanil Science Co., Ltd, Korea)E °o-&
sto] PAEE (994 x g 5 min) 3tk oA 1 mLol 0.4 M
sodium carbonate 5 mL®} Folin reagent 9 1 mLE &3}
of 37°CollA] 3087 LASE 3 UV/Vis B34 =A(EMC-18PC-
UV, EMCLAB®, Germany)E ©]-8319] 660 nmolA S35 =
Aot 284N 1 mLolA 187 1 umol®] tyrosines F-2Ig
] 1 unitZ 51 AlE 1 mLE FHIste] FAIBTATHQureshi et
al, 2016).

Al
o2 AE|Eergosterol)& 15w A ELS] FR3H 114
JE0=E o el 583t 7|52 Rtk wEbA] ARG A
o] £49| F=Z EATCEN 1AV #iA] ol = FBolY
A 519K Mille-Lindblom et al., 2004). A& 0.5 g&
AUsHA 3le] 0.07 M potassium hydroxide (in methanol)
10 mLofl #7Fste] shaking incubator (30T, 150 rpm)°fAl
1 h &% F&019t). 23 842 dHEE (994 x g 5 min)
sto] A= tubed] 4 0.1 M HCI 200 L& A7t} A%
Ho| 9l ergosterolE Visiprep™ SPE vaccum Manifold
(Merck KGaA, Darmstadt, Germany)®} C-18 SPE colum
(Discovery® DSC-18 SPE Tube, Sigma-Aldrich, Supelco,
USA)E olgsto] ofzkEa|dt , isobutanol 2 mLE H7I5}o]
ergosterole &3t} ©|% ergosterol == HPLC (Agilent
1200 Series; Agilent Technologies, Santa Clara, CA, USA)2}+
UV detection (282 nm)= Fof 24 Zgsiltt. FHS
SUPERSIL ODS [-C18 column (250 x 4.6 mm) & AR5t

HI
113

>
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injection volume 10 gL, AL 30°C, °%5% 100% methanol
< 1 mL/min®] FFoE AAsto] EA3c)

HElZ2E7 f-glucan kit (K-BGLU, Megazyme, Chicago,
IL, USA)o& &4 B3 & UV/Vis 43 =A(EMC-18PC-UV,
EMCLAB®, Germany)& 510 nmolA &4=E 234519 kit &
Ao Akksto] AEstnt. A& 2F 100 mgoll 50% oS
0.2 mL2} 20 mM QAHIE-EH (pH 6.5) 4.0 mLE £AF o=
7¥oto] 582t wHkehY F= BollA] 2481t HARH & 2Ado|A
(lichanase, Megazyme, Bray, Ireland) 0.2 mL (10 U) 7I5t
of 50°CollA 1A1ZF B3t A2sigitt. A 2|Ho] 200 mM oA
EAF A58 H(pH 4.0) 5.0 mLE 7ot RES-S S8AIZ1 & €
4l 22 (994 x g 5 min) ot AJFAS FHoItt A5H 0.1
mLE 3709 Al 2zt 92 & shte] AldHel= 50 mM
O EAF Z5l(pH 6.0) 0.1 mLE 7Iska, YA AlgHol=
HEFZ2FAH o] A(B-glucosidase, Megazyme, Bray, Ireland)
0.1 mL(10 U)E 7Fsto] 50°ColA 10=7t A3t aaris
E3 Yol GOPOD (glucose oxidase/peroxidase, Megazyme)
3.0 mLE 7Fokal 50°CollA] 2047t g & 510nmollA] F8%
£ =9919] f-glucan? TR ARSI Lee er al, 2012).

SAX]

HE AR 33] vHEsto] 985l Ao A& A= SPSS
statistics 18 (IBM, Armonk, NY, USA) program < ©]-8-5}°]
EAo19tt HlolHe B + 3F WAHSD)Z B, 1 2x)
of upet YR BAEAS $F & p<0.05 422014 Duncan’s
multiple range test 2 AZoIct.

Aedda 9 aF
TRz A =9

o2 AE|E(ergostero) I5wFY AlEato] Sl 83t
ElE2A AlEoly HE rlECl= AL g1, Aot Sle #Fe
AlEolet Sl EAEdoItt by IR 5 dAEE F
Asl7] Y8f Ea MEEHE ergosterolS F&310] HPLC £4]
Hrg ol-8sto] HFEAotglth(Fig. 1). 1 A3k Fig. 1 A&
ergosterol A3%2] HPLC standard peak®]™, Fig. 1 (B)= A.
oryzae NIBRFGC0005019655 ©|&3% IAEaclA &2
ergosterol& 339t § 4%t HPLC £427olct. Fig. 1 (A)°]
Al standard SH49] ergosterol2 15.8 min®f|A] peakE &H2ls}
gk E3F Fig. 1B)oA TALETEY] ergosterol 15.2 mindl
Al peakZF UEFZO™, o] peak &S ergosterol 53410

o >

o]
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Fig. 1. HPLC profile of ergosterol during SSF using A. oryzae
NIBRFGC000501965. (A) ergosterol standard, (B) fermentation
sample (48 h).

Hdstel e kit

ZHIE 0|3 HAELSLt TAHUS

A. oryzae NIBRFGC000501965% ©-8¢t HAUF+= 250 mL
Erlenmeyer flaskell4] working volume 100 mL& 30°C, 150
rpm, 120 h B¢ H&EE APt 1 A3, Fig 2(A)M &4
9 B-glucan 48 h7l 7F} & =& AJARIFT, fungal
biomass, amylase, protease, 12|31l B-glucan F 0.15
mg/g, 12589.65 U/g, 3279.77 U/g, 3.03% (w/w) 52 LJe}
ot wEbA Sk ARSIt AAEE 48 h S<t HiYele
Ao XYoot

SHH, A. oryzae NIBRFGC000501965% ©]8st 1A E = 500
mL rectangular tray°l] 222 100 g+ 150 mLY 57+ 4
o] 121°CollA GOt Hatet & YRt vAEiAlo] <t 10 mLE
HE3la Egtslo] 120 h B TAE(RE 30°C, Fk 50%)E
AFstAct. 1 23, Fig 2(B)oIA AlEAIHergosterol) 96 holl
stationary phaseZ s}, IAEE 59t amylase AR 2
7] 24 h ol 31655.17 U/gO& 7P =2 L3S UG 0|9
TAasl= A Bk ¥, protease’JARS 120 hollA 71
< 8484(1,662.04 U/g )& Uefiglom, ojnf 4E3tek
54%= &A=tk data not shown). ©]= Sivaramakrishnan er
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Fig. 2. Comparison of LSF (A) and SSF (B) profiles on the pro-
duction of fungal biomass, enzymes, and A-glucan. SSF was
carried out at 30°C and 50% Rh (relative humidity at 20°C) for
120 h.

al(2007)9] ==elA 27] Re=o] 371845 ¢-amylase A
Ato] F7Fstal, Eggo] Woldas aagilto] THARIth= |
1o} AR5t} 181 ¥a 96 h B9t -glucan ¥l 10.6%
(w/w)Z ABAEIQAL, o]F 6.3%(w/w)E 43Tt o= Lambo
et al(2005)9] =FollA] native oat®} barley fiber 5% o]
83 LAB WHONA p-glucan E=Fo] IA FHask= A-Aet
Az}, At oJst MaIg S p-glucan EEFo] 4ot
= WAYUES BokA] gAY AEEA Hofet fARE 84 &
3 7FsAJo] =tHSchwarz, 2001).

Z5a| 2HOoKHGermination)A|ZH0 M2 1XLE

ZAxe] Yol AZH24 h, 48 h, 72 h)oll ©HE IAEE AIk= Fig.
33t 2t Fig. 3(A)2] IALSE i EE ] Hot 24 h), A%
(ergosterol)2 48 holl 0.76 mg/gl & 718t o]% HAsk= 4
IS YeRASIT. 3 AR B2t EABARS 48 holl amylase
(23,293.10 U/g)2 72 hell protease (512.6 U/g) Aol 7V
A YE oY, Fig. 2(B)9] ZEEE WolslA] Y aariikr
HWolE W 84 DAL SIS W, f-glucan
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Fig. 3. Effects of different germination time conditions on the pro-
duction of fungal biomass, enzymes, and g-glucan from SSF using
A. oryzae NIBRFGC000501965. (A) 24 h, (B) 48 h, (C) 72 h.

72 holl 11.2% (w/w)E S71otltt. BRe Wobs 48 h (Fig.
3 B) 72 h (Fig. 3 (O) X33t uAMLS 23, 5 47t
B-glucan g2 IA S71=|A] gotom, SRRt 120 hojlA
22-30%% 249t data not shown). gt ZH 2] Wo} A7k
(24 h, 48 h, 72 hjell W2 TALAEE BF YR wet pH
7} 5.5004 4.22 #AsI3=d|(data not shown), °]9+ Z-& pH
Hae 59 484 AL A 5)9 853 e
AL f&EoZ AYE 1 Qlt} (Kim and Bang, 1996; Chun er
al, 2004). TALFE free flowing water?} 43k Ae]oflA
Wyt glo] 17FFoIA mBES vigRe R AR S 53t
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Fig. 4. Effects of different moisture conditions on the production
of fungal biomass, enzymes, and S-glucan from SSF using mixed
fermentation of A. oryzae NIBRFGC000501965 and A. pullulans
KCCM60122 (A) 50%, (B) 60%, (C) 70%.
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(Fig. 4(C)oIA TAEEE S5t 11 ATt Fig. 4(A)olA=
a4 9 B-glucane 48 ht 2 L& AARIYT, fungal
biomass, amylase, protease, 12|32l B-glucan $F 0.81
mg/g, 31051.72 U/g, 1106.55 U/g, 10.7% (w/w) 52= et
Wt ol IAPIE WOl SRR Ak Wl opio] Skl &
a3t 7iA] 28-S 517 whiRe] SEgtEe] ¥ AH-50% °lsh
o= Trg AR Qlef Y= 71A| SEAIRte] Wdsto] A=
37 A olo] HgloH, 1 At ih E f-glucan A 7
27F A9k B tHHe and Chen, 2013; Nampoothiri
et al, 2004; Yu et al, 2017).

T3 Fig. 4B)°Ae TAEE B ZEAPARS 24-48 holl
amylase (33,206.89 U/g)2} 120 holl protease(1,735.9 U/g)
ZAo] 71 A YERFOH, B-glucan TR 72 hollA 13.3%
(w/w)2 YEFITE 91, Fig. 4(C)°llA Uehd viet 2ol 8 <5
T8 70%2 FAlsl] IALEE At o, 1ALE =
E2 71& TAEEREE 50-60%)°1 Bl ZA S7FokA] ket
A 2 tH] 22 sETFoA = Jojaio] EA¥sk] &
718 ARk, A'd3(channeling), A3+ Adl & FARA A3 A
o7} WAgoto] N 2 BAPARE Asigictal A=A ot
(EI-Naggar et al, 2009).

e

ol

2o
2 AoA= BRYE 14| 71AE ARgse] BAIE(SHY} 1
ALA(SSHE S5l on, Est ARz Yol germination)
of W= SSF 9 A. oryzae NIBRFGC000501965%} A. pullulans
KCCM601229] S as 5o a4 9 f-glucan AJ4tol tigt
TAMER AFE FPSIH. ol A ANES 719 IAY
aHoA 3a4 9 B-glucan A4l Qlo] B&4Q1 HR-F7H9] 7]
FARE §8% HHE AT Aoz wdH

el =2
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