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Changes in 2,6-dimethoxy-1,4-benzoquinone and Water Extractable
Arabinoxylan Content of Wheat Germ Extract by Enzyme Treatment
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Abstract

This study was carried out using Celluclast 1.5L to increase the content of 2,6-DMBQ and water extractable arabi-
noxylan in wheat germ extract. Extraction temperatures were 30°C, 45°C and 60°C. The extraction times were 0, 6,
12, 18, 24 and 30 h. The pH of the extract decreased rapidly from 18 h at 30°C in both water- and enzyme-treated
extracts. 2,6-DMBQ of water- and enzyme-treated extracts increased with the extraction time. At 30-hour extraction
time, enzyme-treated extract increased 27.60% at 30°C extraction temperature than water extraction. Extraction tem-
peratures of 45°C and 60°C were increased by 65.03% and 151.05%, respectively. The highest content of water-
extractable arabinoxylan was 15.23+0.08 mg/g when the enzyme was treated at an extraction temperature of 60°C for
30 h. At 30=hour extraction time, enzyme-treated extract increased 7.92% at 30°C extraction temperature compared
to water extraction. Extraction temperatures of 45°C and 60°C were increased by 31.20% and 54.38%, respectively.
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9 wfol= He| AES Bt EHRE Aitete A
oAl FAHER AstEw, &gt vjolRhe FEElste] AJAE
"ok d wjols ¥ HA S| 2-3%0l st 2k
o] A% FHH 7 FHC A &2 TS A7 o
ol A Al A A" Rizzello et al., 2010). Hlol= 25%
A 8-13%2] AWS $Hste] BIERIES] S agh
Fdolw F71d defo] 4-5%02 JFd 55 A E
o] tH(Zuzana et al., 2009). & Hjo}e] I 7|53
dste] d ufjo} {71 LPSE A=H th2A| ZolA d53}
AHE 1A= TRl A= S AvE A3 NF-B 2
MAPKs®] 215 A2 =4S F QA= Ed
a2 Y &23= Yepdoky 319 th(Kang et al., 2016a).
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a8y g odjols w2 AW o R Absfrt A s,
2 wjole] M-S FTHAFN7] flete] &, wholA=Z g o]
B A&2A4E AHE Tol AAEAL (Paradiso et al.,
2008) 7Ha & S7FR Qlete] it ALRE o] 8§55 )
ouv= JIHA S A 7] de] Za
27golt}.

Celluclast 1.5L2 Trichoderma reesei 8]0l
Agg o) 22, AgIAs IR AU oAz
2, B-glucosidase 5 FTIAE= 7HEEEo] #ojsl= &
25 Al 222 HtHRosgaard et al, 2006; Seong
et al., 2008; Claassen et al., 2000). Choi et al. (2018)2
2 wjolel Celluclast 1.5L8 *I8]8le] 3047 5 Al =
HE53Es & SR o= o] F718H31 AL, DPPH 2
Uz 2753 ABTS 2tz 2750l S7kete] ikst
E9S Vet s o, Celluclast 1.5L2 F2
18-S 7HEs AAe st 2w 349 885 St
A7171 913 AAlgel 2 AHEE AL 9tk (Ausiello et al,
2015).
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axxjgel] wE 9 Hjo} 2E2] 2,6-dimethoxy-1,4-benzoquinone?} =84 olep Al 32k W3} 23

A g CH(Hidvegi et al., 1999). 2,6-DMBQE & Hjolol| 0.1
mg/g, 2] Hiolol= 0.07mg/g £ e FAoE Hiy
S THTomoskozi-farkas & Daood, 2004). = & ujjo}ol|A]
HA=sEs 577171 flste] midA R EActe Wl
A= S A EZRE 71AEE B-glucosidaseZ -
glste] Aibste AF7F = A TH(Yoo & Kim, 2010;
Rizzllo et al, 2013). ©] FA= S & S22, & 2
o]/ ¥ WYY aRE I e AL Lo
(Mueller et al.,, 2011), & Hjo}E FA4F A& 3t 2,6-
DMBQ##FS S7HZ F2EE 3 95 €48 e
©](Kang et al., 2016b) 2 ¥jo}e] 2,6-DMBQE 7|54 4
A Ze] 7FHed S AA AT

olghi Al e o] NEH S A S E F23 5
AR AEZHE AR = 9TS st UTK(Saulnier et al.,
2007). He] olgpH| =AU e VA2 E A, g 2
27 JA a37F QS H(Bae et al., 2004; Choi et
al,, 2017), & ufjolel A E2]H olgpH|mad ghe] A
238t a3= A ENA EH| == lysosomal enzyme
9 0k AbAaEe] A Ao] ATk A THChoi
et al., 2002). H A7 W= Celluclast 1.5L E4 3]
g g D& F8A4 ofgtu=Ad o] ghaFo] 0.32%9]
A 1.14%=2 3A F7FeAA, A 2] E5S T7HIA
3 dF ZFHE vElTZ B AtHKang et al,
2016a). E wjore] F Ao]idf FFS 1647 g/100gC =
g A J oy (Bansal & Sudha, 2011), HH-E2] 77}
HIEFIE HFHo] o ofgpn|=aded #d A=
uju) &k A4 o)},

B Axes 7 wjolo] B-14 glucosidic linkageS 7H¢
&l3h= Celluclast 1.5LE A 2|3t & A7 5 &
o] MEE F=99 pH ¥MsE XAl & UXE
7154 B4 2,6-DMBQE &4 ol =AU 3

= el sl & T 584 FHS 5Ho=

o

o ws
SFATH
Ma U
HEM=E
U wjol & FF 71X E(water extract wheat germ,

WEWG)# Celluclast 1.5L &4 #]g] 2 Hjo} & AXRE
(enzyme treated wheat germ, ETWG) Aol A4 A&
= 99E Aiste FAolA FAHEE A== o)
OK(wheat germ, Sajo Dongaone Flour Mills Co., Dangjin,
Korea) & A3t FZo AlEE T4 +E Celluclast
1.5L (Celluclast 1.5L, Novozymes, Bagsvaerd, Denmark)E
A,

A|Z2| ZH|

U Hjo} 50 g5 500 mLe] YAEE] FHo| HoE v
ZHT 250mLE 718tk 2 wjol F& tiY] 0.5%9] &
L= Celluclast 1.5L 7Y o, &4 &4 255 gels)
7] 918k 30°C, 45°C, 60°C2 A H -4 (Maxturdy-
18, Daihan Scientific Co., Wonju, Korea)ollX Zt2te] &
AIZF Bot A" &3 320 F8Y FF 1,000xg
ol 1587 ¥AE2(Union SKR, Hanil Co., Incheon,
Korea) 39t 94 #2849 459HS o 34X (Whatman 2,
GE Healthcare, Little Chalfont, UK)E A}&-3le] 2=
A AR AP E] AAE Fede -70°CANA 6417
Fob 12} B4 A7 ¥ FZ7A%7](FD55, lishin Lab Co.,
Dongducheon, Korea)oll A -50°C7}A] 22} 749t Az 3l

48 3274x FEE8 Axskin.

Al=2| pH &5

AR & AF3E FE2HE F27|(HG-15D, Daihan
Scientific Co., Wonju, Korea)& ©]-&3}o] 387+ #3315}
o, #4318 AE= vl B4 pH 37871 (Model420,
Thermo orion Co., Waltham, MA, USA)E Al&-3le] =4
skt

AlZ22| 2,6-DMBQ N&f

WEWGSH ETWGS] 2-MBQ$} 2,6-DMBQ 4 %
Yoo & Kim (2010)2] el we} 43tk
E 1g2 S7FT S0mLe) &3lA1Zl &, S22 X F(Merck
Millipore Co., Darmstadt, Germany) 100 mLo. 2 33] &3]
sttt E8E FEEXES Y FF7I(N-1000, Eyela
Co., Tokyo, Japan)E AH&-3to] 40°ColA 553 tha 20
mL®] HPLC ©|&% 25mM KH,PO,/acetonitrile (9:1, v/v,
pH4.8)0.2 &3 AIZ T &3fl¥ A|E= 0.22um PTFE
(Millex Simplicity, Merck Millipore Co., Carrigtwohill,
Ireland)2 3348 & HPLC (Spectra System, Thermo
electron Co., Waltham, MA, USA)Z #213}% tH(Table 1).
248 A7 2 Discovery Rp-amide Cl16 5pum 250x4.6
mm (Supelco, Bellefonte, PA, USA)S T} o]57de] §&52
0.7 mL/min® 2 AAAS, A 5= 70°CE FA =
Atk AE7= Al AE71E ARSI 290 nmE #
Atk A 2 A 24 A 2,6-DMBQ (TCI Chemicals

=)
RS

=

=

X

Table 1. Analytical conditions of HPLC for 2,6-DMBQ

Apparatus Spectra system, Thermo electron
Detector UVv1000
Wavelength 290 nm
Column Discovery Rp-amide C16
Mobile phase 20% acetonitrile in 0.025M KH,PO,, pH 4.8
Flow rate 0.7 mL/min

Column temperature 70°C
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Fig. 1. HPLC Chromatogram of 2,6-DMBQ in wheat germ extract at water extract and enzyme-treated process. (A) 2,6-DMBQ
(standard); (B) Water extract wheat germ; (C) Enzyme treated wheat germ.
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Co., Tokyo, Japan)E ZT=2 2 AFHE-3IAtHFig. 1).
TE4 Of2H| =X det
|4 o}k =AY F(water extractable arabinoxylan,
WEAX) A &2 Douglas (1981)2] WHol| mel =43+
. 50 mL %Eoﬂ /\]E’—E— 125mg §2, SFF 25mLe
A7 & 127wk A7 o AR TmLs Fet] RE
o &%t 2 %"—‘1‘ lmL2 AlE 5mgel Pt AIRE
3037 A % 1,000xgol A 1027 AAEE] (Mega 17R,
Hanil Co., Inchon, Korea) 3l3L 459 1mLS 3t F
Hol| &7 A& FHIEIA 7t KB I mLe] S/FTE
Z7F T 10mLe] ¥k-S & <l(glacial acetic acid (110 mL)

hydrochloric acid (2 mL), 20% phloroglucino in absolute
ethanol (5 mL), 1.75% glucose (1 mL))2 ¥ T30
25%7F B ol @7F FHA 108 (HHoR A &
date] FATh WS FEAT7] S5t 0°C] =l &
=< & F333=A(Libra S22, Biochrom Co., UK)E °]%&
sked 552 nmellA 510nme] S 58 #S wiE F A
T BlaLste] 84 oletr At ® St

o A2 2 2F42 10 mg D(+H)xyloseE
o Hof 0, 0.5, 1.0, 1.5, 2.0 mL
FTE H7tsld HF 2mLE
10 mLA H7}sla, v =9 258

510 oA SHEE 2435t X+
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gl w2 o} FEE9] 2,6-dimethoxy-1,4-benzoquinones} -84 ol =xjdet sl wsh 25

M PS84 olehiegde B 33 1w
24 & YRy EEUAE Fanh

WEWGSH ETWGS| 4] ZA3= v Y 5 (Minitabl7,
Minitab Inc., University Park, PA, USA)S o] &3] &4k
A (ANOVA)S A8 & p<0.05 oA H 7 2o
o tgt Tukey 541 AAS AAISHATH

a0 0¥

AZ2| pH 5}

At AMEE, W uljole] R o) Fofste] ksl DA
S F7HZIYg 2 B 2EtHDe Angelis et al, 2014;
Scheirlinck et al., 2009; Rizzello et al., 2013). Shin et al.
(2017)°] W= HEje} S¢gk o WE A e %
20-30°CollA] A7kl 45 pHE HAsson, v
Al AR E = F714He OIEE citric acid9} lactic acid”7}
A ehal SR TE ANt o g FAMEe oy 3
S Aspergillus niger®] T% WEE st AAHEH
(Crolla & Kennedy, 2001), 24h2 LactobacillusE ©]-8-3}
of g2 Ea AAEATHLeroy & Vuyst, 2004). A= 2

WEWG®} ETWGS] pHe FF 2% 30°Ce} 45°C A
F= Az wet Aasilon, F& 2% 60°Ce FF
AlZbo]l A #E = pHOl Ws7E A9 fle AR ZAME
ThFig. 2). ¥ wlol= Lactobacillus rossiae$t 732 &%

159 F8 iAS 7HE Mg AF(Byun et al, 1989)
of MEH 71E & 50°CAX = 7FEAIZ el vlE st 3
2bte] HavE ERIFIA, 5 2% 60°ColA = 71HE 10
i ojlell g4 FHa § A7l vl st FHAEkithal

Extraction times m0h ®6h ®12h ©018h ®24h ©30h

(A) 70

a a a a a

30 45 60

(B) 7.0

a a a p a

60 |

40

3.0

30 45 60
Extraction temperature (°C)

Fig. 2. Changes in pH of wheat germ extract at extraction time and extraction temperature. (A) Water extract wheat germ; (B)
Enzyme treated wheat germ. Values represent the mean+SD of three independent experiments. *"Means with the same letter in each sample
are not significantly different at p<0.05.
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26 o)A

Hustath 28 & o] WS $lste] 55°CE &4
25 3 AT A3K(Yong et al., 2012)°1 41 Celluclast 1.5L
S 50°C olgolA &4 FFAol U KIS
Celluclast 1.5L¢] == A7) HUS ZloE Aoty
3, FEES pH W= d vjolo] EAlste f714t A4
7o FFS e Ao R AztHEn. & AFdM e {F714F
S AAshe Aok A wAlEe] FE 2t EoldSE

1

FHo| gad Aoz AzEm, F2 A Y=L F714
o F7s} Gl Bstel 2744 A7v} Base,

2,6-DMBQ &2 Hs}

AN 79| 2,6-DMBQ¥ &S HPLCE #2413 A3} Fig. 1
I} ol ¢ FEENCH, 2 A0 WAL ZRE 35
shake Fig. 33 7Ztl. WEWGSF ETWG 2% F& A%+
< 6AIZH7EA] 2,6-DMBQ7E 79 A HA] %o H, 124]
7F A $HE Frbsh] Al & 25 30°C

ETERE PRk

ol Mg =

yle

Fe] 26-DMBQ7H BAH A0, 75
st LBASE st 4TS tErth Y ol

N

4
= AAto] EA18HH (Rizzello et al., 2010) ZAHFS B-
glucosidaseE A2+l o2 e H tH(Shim et al, 2014).
Bkt d7el met e HA 259 pHE 7HA AL
S (Jang & Kim, 2010), Zheng et al. (2016) & Hjo}
W wiEA =z EA8= 2,6-DMBQE Hio AlE U B-
glucosidase®l] o]ate] slo|ER2 = FFIAA =7} of=zE| &
o7 7}ElE A, peroxidaseol] 2|te] WlzF=o 7 Ak
shE|ltha BAstth E AoAE 30°CY] F& 2=
of| A ZAikto] Aatsl= B-glucosidasee] &4~ EAdo] 74
gtste] D ujolol] M= =43t 2,6-DMBQY] Z3
A= Aol AeE A F#g3tE o], AxE W o] =
Al SRENCH, 257t F7HETE a4 FAdo] 1At
o Zas Aoz AZE Rizello et al (2013)S p-

glucosidase®] A S 7122 Lactobacillus plantarum

(A) o550 Extraction times m0h ®6h ®I12h ©I8h ®24h =30h
§0.150
0.000 %ﬁ i
(B) 0.350
go*so .
%;o;oo %
20,150 £ % %
N E
0.100 § % . %g h
0.050 § % i ‘I%E K J
0.000 n 1t \ % & %g

Extraction temperature (°C)

Fig. 3. Changes in 2,6-DMBQ of wheat germ extract at extraction time and extraction temperature. (A) Water extract wheat germ;
(B) Enzyme treated wheat germ. Values represent the meantSD of three independent experiments.Not detected atextraction time 0 h.
*"Means with the same letter in each sample are not significantly different at p<0.05.



aaxglel 2 U wjo} FEE9] 2,6-dimethoxy-1,4-benzoquinones} 8 o2 i=Alde F5F W} 27

LB12} Lactobacillus rossiae LB5S A 3le] 2 ujo} 48
AZE B FEES A 23 2,6-DMBQE] F ol
0.252+0.013 mg/ge] S 2 F7lelAthal sttt 5 2%
= 2g310S W ETWGE WEWGS} Hlwsle] & &
7} 30°CE % A 2,6-DMBQ2] g#o] 0.311+0.003
mg/gl 2 °F 27.60% S7FFA 21, 45°C 5= A 0.190+
0.001 mg/gS 2 65.03% S7FstAaL, 60°C 3= Al 0.060+
0.003 mg/gS 2 151.05% 5713t Celluclast 1.5L *]2] 7}
2,6-DMBQ F&3}° 885 H=oFE 2oE YeHt
(Fig. 3). Lee et al. (2006) 52 Celluclast 1.5L] &4
A4S 93 HA pHE 4.50|2, SE5E 50°C JohL B
FatATh B Ao FE2% 30°C9) 45°ColA] FEA]
7+ 18A17F €] pH7F oF 453 2™, o|w] WEWG Erth
ETWG®] 2,6-DMBQ 3dteko] Z7istgion, gikte] &
Aol e 60°CAl % WEWG Bttt =& $£89 26-
DMBQ &2 ueRdTh Celluclast 1.5 W3 p-14 2

e FZA9 2 ZTEE endo-1,4-B-D-glucanase, &2
AZZ o) 2H83l= exo-1,4-p-D-glucanase, A ZH] 9 25
7HrREste] E=gS FElA)7])E B-glucosidase 5 AE
220 FEIANE TFEEsel #ofshe aAE ALkt
(Vinzant et al., 2001). 28] Lee et al. (2006} e} =
71 B 9 Celluclast 1.5L A #ate] & A] 50°C7F 24
L9ty BRIEHTE 2822 Celluclast 1.5L X 8+=
A2 2F 7HEslstar, dakto] A4kt B-glucosidase
7} 2 wjote] 2,6-DMBQ +&3+E &ola ste FE=E
BHEol Fe Jlo s AzdEn.

j_g/g Of2td | = Xf 2t &t t

874 oAl @ e ETWGZ7E WEWGH t
%7}3}311;}(}:1% 4). 3] £27} Z7184E ETWGY]
44 olgiH|:=xU o] WEWGHTE ] <F 54.38% =7}
she A%e eIt ol g e W paEge

12k t3
feig
=

{

( A)w Extraction times @0h ®6h ©12h ©1sh ©24h =30h
§10
i, 8
g6
(B)1s x
14 %
12 ; %
|
; 1
: i =
| :
: . .
4 %
:
o =

Extraction temperature (°C)

Fig. 4. Changes in WEAX of wheat germ extract at extraction time and extraction temperature. (A) Water extract wheat germ; (B)
Enzyme treated wheat germ. Values represent the meantSD of three independent experiments. “'Means with the same letter in each sample

are not significantly different at p<0.05.



28 oA - o1

-3

=

S F JE Aol 3 FFZE(Lu et al, 2000), 2]
A EZH EA 8= FnAER 22 dFolt(Autio, 1996).
Escarnot et al. (2011)2 E7]&2] ofgpH| =AY e I

2312 4 ATh 310 H, Wang et al. (2014)0l] ¢Ja}
Uq endo-1,4-B-xylanaseE 27|l A 2stA S o, F=F =

50°CollM 71 =& &9 ofgr|=Atd o] FEH
2, —%‘% AlZko] F7hetel whEt /‘OO] ¥ i

0_>‘|., rr
>

deo] S 7249} TrA}oPiE} Celluclast 1512 As
2AE XEFOR VMRS wkgel H8HE aaoH
(Merino & Cherry., 2007), Serensen et al. (2003)2 endo-1,4-
B-xylanase®} Celluclast 1.5L7}2] A& 802 xylobiose}
xylotrioseE xylose®Z 7F=&3 gt} 3112 ™, Liu et al.
(2018)2] < o] w=W Celluclast 1.5L0] AEZ X
o] &3} 4 F xylanase®] As4-&o E5g FATHL
Rstdnh wehA Celluclast 1.5L2 xylanase®} £33
o2 9 wjofo] ofeu|=AUT FEslo) g5 Ao=

A 7rRT,
Q oF

2 d7e 2 wjote] 7154 42 2,6-DMBQS} ot

MEAAT FE BES F7HA717] Astel FUE T2

Celluclast 1.5LE A}g3}] L=

FEsit. FF A
30, 45, 60°CL3L, FF AIZEE 0, 6, 12, 18, 24, 3041 7F
F= F 35 pH Hstel dxeS BYsit #2329
pHE WEWGS} ETWG B F2& 2% 30°ColX = 184]
7t FE AHﬂ—H WA ZHaEglen], 45°CE 12471
B A2y, 60°Ce e 75 X9 vaste] 2 |
st A% } 26DMBQ1_ WEWGS} ETWG B%F &
1& | 733l wet S7heRleh F5 &% 30°CoA 7t
< %%Mi FEENeH, 30417 FE2L 0 26-
DMBQ stk ETWGOA WEWG Ht} % &% 30°C
oA 27. 60%, 45°coﬂA1 65.03%, 60°CllA 151.05% <7}
st 784 oA d # e WEWGS} H]aLste]
ETWG7}F E7 34 =HAeH, 84 A7 & 60°CollA 1523
£0.08 mg/gl 2 7P =& o 7 Yehgtt 3007 &
Al ETWGSE WEWGA A 9] =874 ofehi| At oh a5
H WS w 30°CoA 7.92%, 45°CNA 31.20%, 60°C A1
54.38% S7FskATh & A Ate Alw b=l v
ofell & BAHE Bfrshe 7154 2AlZAM ] 28-S 9
3 71 ZAR R ol & Ao = perer).

mr

2~ 0]l o
'l‘/\/l\e

#Alel 2

4d - H8Y - 1Y

W7 el AIHIWER] A EF e/ EAR (A S 116005-
3)2] A el 93t AAe] X2 o]of] AL =g Th
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