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Abstract Wheat germ, which is rich in nutrients and phytochemicals, is a by-product during the milling process of wheat
kernel. In this study, we aimed to increase the amount of bioactive 2,6-dimethoxy-1,4-benzoquinone (2,6-DMBQ) in wheat
germ using the cell-wall-degrading enzyme cellulase (Celluclast 1.5L). The amounts of organic acids, free sugars, and 2,6-
DMBQ in wheat germ treated with Celluclast 1.5L were evaluated at various reaction times and temperatures. The results of
reversed-phase high-performance liquid chromatography of Celluclast 1.5L-treated wheat germ revealed 2,6-DMBQ, four
organic acids (tartaric, acetic, lactic, and succinic acids), and three free sugars (sucrose, fructose, and glucose). As reaction
time and temperature of the mixture of wheat germ and Celluclast 1.5L increased, the contents of four organic acids, glucose,
fructose, and 2,6-DMBQ increased, but that of sucrose decreased. Taken together, these results suggest that Celluclast 1.5L-
treated wheat germ containing increased amounts of 2,6-DMBQ serves as a source of functional ingredients in food industry.

Keywords: by-product, 2,6-dimethoxy-1,4-benzoquinone, high-performance liquid chromatography, organic acids, wheat germ

N o=

9 wjok(wheat germye FEH A7 =2 G g
AolX|gk He] Al Y F WS FikEolth B
& 2Kkl e 9 Hloks EEsRE st
IR0 2 Uul-E ¥ E(a-tocopherol), HIEFT] B
A, 2o, F7148o] TR FrEol o] AFE AAEA
7FX17F =t Mahmoud 5, 2015; Megahed, 2011; Rizzello 5,
2010; Zhu -5, 2006). 2 Hiole] 7|5/ d&sto] Dujolf
(wheat germ oil)e] I9F5 FF(Kang &, 2016a), Aspergillus
oryzae= HEAZ] L wjore] AlEZ W Ak 2 oA F Albs)
ZE#| 2 (oxidative stress) &A%5(Park 5, 2015)°] FHAU. Y
Hjole] Exsl Xuhike 3AkskE (peroxide) A4S Flske g
Z A A Yo A (lipoxigenase)Z Q13te] Atshrt wh=A] M=), o
2 E wjole] A kAL = EFHE Sh AR 5o B3k
AF-E0] HiEo] grtiMahmoud 5, 2015; Megahed, 2011).
2,6-Dimethoxy-1,4-benzoquinone (2,6-DMBQ):= B-1,6 Z&|ZA|
= A3 (glycosidic bond)o.2 & AAHE WEAS|ER
| ¥=(methoxyhydroquinone)] 4tslEl FE]olti(Jeong 5, 2017).
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2,6-DMBQE= ¥ Hiololl 0.1 mg/g, && 2 Hjo} FEEl| 02mg/g,
ol W x| & (germinated wheat product)®l] 0.001 mg/g A= T
=] 9lom(Témoskozi-Farkas?} Daood, 2004), 2,6-DMBQE 3
frslk= a9 ujo} FZE(fermented wheat germ extractyS
Alzed s FEdF 25 JERIATHMueller &, 2011). 2,6-
DMBQ= 9 ool wigA] Fej = A8t ujAE] EAls)
£ WE-ZFIA v|o) = (B-glucosidase)e] 7IFE-alol] 2sle] f-2
Aty dH AT (Rizzello 5, 2013; Yoo} Kim, 2010). ZAZ3}
TR &9 wids Eal 2 uiote] 2,6-DMBQ At 285 F
7N ¢ dihs A77F RE (Yoot Kim, 2010).

94 @491 Celluclast 1.5L2 Trichoderma spolX fed A
Ed o] Z(cellulase; EC 32.1.4)2A FFIANE ATES 7153
sto] AEZ Q X (cellulose)ZHE =3} Al ZH] Q X(cellobiose)
£ AT Tsai2t Meyer, 2014). E4% 715315 $I8] Cellu-
clast 1.5L& 2N (rundo donax) Rl ] Al & Wkg A7
o] wat 3Pl Z7VEt A (Pirozzi E, 2017), € HEE B
2] 2 (hydrothermally pre-treated barley straw)ell *]2] A] EETo]
Z 718l t(Tsai2t Meyer, 2014). Celluclast 1.5LS *2]g 2 )
ofollA] FHlE T FEEEI-o|= FhEo] FURITIA B
= AHChoi &, 2018). ' wjjolol] thket T4 Az 2 dE V)
=& Ao FN i 22 {714 2,6-DMBQ, FHlE 3
< T7RIA Bo 33E 7158 SR F US A= 7Y
o Ut

9 Hjote] tiRRe dr1EH A o] AHe RS
2 o] &HAL 7] wjEel, ¥ wjolRSE AR 7154
Aol st 285 A A7 stk & dAFe E ulold]

o
£
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F220 Celluclast 1.5LE 7kated ohefst wk
& ¥R st {29, 7714 2,6-DMBQ #HF
H3ls vAsdA A2 rkE 289 (high-performance liquid chroma-
tography; HPLC)Z #A4J8eh. @el A 37400/ SAsks F
ARl owfols FE AEEdEE 2,6-DMBQO] HulEA S}
E SN, o) B3l 24 A 2 wjo FE2E] 7154
LA EA G 7S Bt s

ELTETE
M=
] HHo]. 222 Az AME AEE AFgmolA 20174

AlEsts A ollA lvj-’&ﬁi AakEl s 2 who}
(Sajo Don ne Co. Ltd., Dangjin, Korea)S A2t A 4

sto] 4°Co) Hsto] ARSI

O o

Alof
FZol| AR AEH o] Z(Celluclast 1.5L, >700 endoglucanase
units/g of solution)= Novozymes A/S (Bagsvard, Denmark)ol|A]
Attt T4 4ktartaric acid), % 4h(lactic acid), ZAHacetic
aCld), S8 F(succinic acid), (fructose), E=F(glucose), &
(sucrose)> Sigma-Aldrich Co., LLC (St. Louis, MO, USA)°llA]
A3t th 2,6-DMBQ+ Tokyo Chemical Industry Co., Litd.
(Tokyo, Japan)ll A 43I Th FZZ E(chloroform)< Merck
Millipore Co. (Darmstadt, Germany)ollA] -1 5+3th.

4 2| & ujot FEH M=

g Hjo} 50 gS 500 mL YAEE FH] @] F/FF 200 mL
= 7Bk @ ajol =3 UM 0.5% (V/W)—/] F5E2 Celluclast
1508 73 o, f710t -Erﬁ:% 28l 30, 45, 60°CE, 23
A4S 938 30°CcE AT 3 Z(MaXturdy18; Daihan Scien-
tific Co., Wonju, Korea)ol|A] 6, 12, 18, 24, 30A17F F<F RS
AR, A7 HEF(contro) o2 AA 3 TE 2 Hjolo)
it Z7te] g4 whgo] FEE Fo ZnE 943EE]7](Union
5KR; Hanil Science Industrial Co., Ltd., Incheon, Korea)S ©]-&
3lod 1,000xgoll A 1587 ARSI G4 E ASde
o] Z}X](Whatman no. 2; GE Healthcare, Little Chalfont, UK)Z
AEde zRee APES AAS FE2AL A=Y 5=
A2 #Z7](HG-15D; Daihan Scientific Co.)& ©]&3sle] 3%7F o
1513k 5 ARS-SlTh

ruN

24 X2 2 dijol F&Ho| FIUIL EET =Y
a4 A D ujo} FEA9] {714 = 42 Do F(2005)

o] Wg FAsIA ARSI WERE SmLet S/ 10mLe
FIA A B4R Sep-Pak® C, 7HER] A (Sep-Pak C,q 1 cc
Vac Cartridge; Waters, Milford, MA, USA)°l| F=4 ImLS F
gt o SHT 1mLS 33 FIAA oAFde] HF HIrt
4mL7F E|=2 ok 7S Al 0.22 um polytetrafluoroethyl-
ene (PTFE) ZE(Merck Millipore Co., Carrigtwohill, Ireland)Z
oAt {715 FF £4E ¢4 HPLC (SpectraSYSTEM,;
Thermo Scientific, Waltham, MA, USA)E ©] &3}, 4

gt 272 Table 13} 2t} {714 3

A (standard curve)S ©]-&3fo] ALFSES

2 Park 5(2017)
o] WS dF FAst] ARt AlxE 24 AE 9 HHOF
= 89 SOmL— ARy FHE Wi 3087 2 &
¥1¥E-2]7](Union SKR; Hanil Science Industrial Co., Ltd. )—
o]-g3te] 1,000xgoA 15%7F AT dojzl dEde
020 um PTFE ZE|(Millex Samplicity filter; Merck KGaA,
Darmstadt, Germany)Z &3} & G4 2] o wjo} FEd9] F
2]d g2 HPLC (SpectraSYSTEM; Thermo Scientific)S ©|-&-
0}04 qu SIS, A 2712 Table 13+ 2ot f21d g2 @

FEBY FEFAE olgste] AL

FZ1¢h H7F g4 x2| Y dijor FEH M=

B4 AE E Aol FE=E Ax Al {714 H7PE 2,6-DMBQ
o] HlujgA|slol] n X FTFS lﬁ7]--3]-7] 95le] W wjo} 2=
=M AR ] frldte R 35 &l pHE 452 A7
SFAT pH 4.5 Celluclast 1.5L9] & pHZ <A AUTthLee
5, 2006). 2,6-DMBQ ¥ 44 a4 g FE2EL v
7ol Azsiet. &4 A ¥ Hjo} FEE] EAlstE AR
IRIE F71ARD FA4%, 24 24, ke ARE-Ste] pH 4.5
7t HEE 77t {71 §AE Axsidnh 714 &9 (pH
4.5) 200 mLol| ¥ Hjo} SOg— 2o % Celluclast 1.5L2 2
ol T3 o] 0.5% (viw)E 7I8IAth & &% 30°CE 3L
A3, 6, 12, 18, 24, 30A17F Bt RESAIATE W] &
ZA] YAE-2]7](Union SKR; Hanil Science Industrial Co., Ltd.)
£ o]&3l 158 B 1,000xg2 YRS Fof] FFAL o
F}A](Whatman no. 2; GE Healthcare)® <3}5}¢] 2,6-DMBQ &

Table 1. Analytical conditions of high-performance liquid chromatography for free sugars, organic acids, and 2,6-dimethoxy-1,4-

benzoquinone (2,6-DMBQ)

Conditions
Parameters
Free sugars Organic acids 2,6-DMBQ
Detector (wavelength) RI-150 UV1000 (210 nm) UV1000 (290 nm)
Pump P2000 P2000 P2000
Column Hypersil APS-2 Amine column SUPELCOSIL LC-18 column Discovery RP-Amide column
ol (250x¢4.6 mm, ID 5 pm) (150%¢4.6 mm, ID 5 pm) (250x¢4.6 mm, ID 5 pm)
Mobile phase Acet()(l;lg 1318:)Water 0.25 mM phosphate buffer 25 ml\/i;%]—{z(l)’ (}))ﬁ:cgt)omtrlle
Injection volume (uL) 20 20 20
Flow rate (mL/min) 1.0 0.3 0.7
Run time (min) 25 25 25
Column temperature (°C) 50 30 70
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718 M| §4 2| Y Hjor FEHo| 2,6-DMBQ & =4

7 A71HEAY, 2, 24, 3EhE o]8ste] pHYY 4.5
2 BE &4 AT E ol FE99] 2,6-DMBQ BF 42
Yool Kim(2010)9] WHE dF F43l] SAAT F29 10
mLE E2E2F 100mLE 33] HAFZ(liquid-liquid extraction)Z.
et 2¥E SREESS U8 F57I(N-1000; Eyela Co.,
Tokyo, Japan)S AF&-3te] 40°CollA &3 T 20mLe] 25
mM KH,PO,:acetonitrile (9:1 (v/v); pH 4.8)%] ©]& 32 §3)A|
Atk £3¥ A&+ 022 um PTFE ZE (Merck Millipore Co.)Z
oAt &, g4 Azl d wjo} FEN9] 2,6-DMBQS] T A
& HPLC (SpectraSYSTEM; Thermo Scientific)s ©]-8-3} %t}
(Table 1). 2,6-DMBQ ##& Fxo} WA 1214 43 3AE
B3l dojzl 2,6-DMBQ EFA-& o83t AT

ofm

A 24

BE AL 33 o wkES 445 W+ ETUAE e
At} vIYE] (Minitabl7; Minitab Inc., University Park, PA, USA)
ol-g-sle] UYuX|HE2HEA] (one-way analysis of variance)yS 2
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o

ATt 2h kel #Fel4 Afols p<0.05 frelolM Tukey
B2 77 (Tukey’s range test) -2 753 Th
uo g g

o - o h=4
FA, B, 2, BP0 5] FR71AE FEe A

e AES HATHTable 2).

o sst

y

d 99
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U owfjol 4 JHS 30°C, 3071714 ZAko] 7h el AA
MZT ] F 564% S7HE WbE, @4 WkE 45°C, 3047kl
A Zate] g wel AP IR Ml oF 628% S7hHE A
(Table 2). ¥ wjo}E 30417+ ¢ &4 RS o /714
etz 0AIZE &a whEo ®ls)] 30°C =AM <F
210%, 45°C ZA0NA <k 276%, 60°C ZANA <k 41% Z7}8}
ATH(Table 2). T4 2] 9 wljoloiA] AEH o= T 22 7}
T G4 FEoZ st I Hlol Yel EAlste AEEY B
o} gEo] oy fFrl4te] AAEUS AeZ AZET. 60°C
T 2NN FE2& 30009 45°Ce] F& 2o ®laEl folF
(p<0.05)0.%

2 24494 A

(

WE W L B 44 L% HAE Mol

R =

XL T

ujolo = Akt (lactic acid bacteria)o] EA|s= Aow &
Ath(Rizzello &, 2010; Rizzello &, 2013). & AFolA =
Rz 722 fr7)ake] AL Celluclast 1.5L2F & Hjole
w3 o] W ujjolol] EAjshs Rakgo] A wEQl
o7 FZHth Celluclast 1.5L2 A2 $ 2t (giant reed;
Arundo donax)E E71EEA] ZAH ZAE 5o {7)x AAo] 1
2= (Toscano 5, 2014). ¥ #7182 §4% 715E3)(45°C)
£ S8 Celluclast 1.5LS A2 § 22kt $E30°C)el o5 2
2h 25 222 frlake] Aol Skt A RaE Stk
(Kim 5, 2018). A& & (20-30°C)3+ 2Hdelo)x war}t 1agg
of me} Aiktd R #goR {74 Aol FlshE A
o7 4#A JrkKang 5, 2016b). B A2 AzolA] Ak}
ZAke] Fhepo] i) HIE| oA oR (p<0.05) F7FSF A&
A2t ghe] 2Hg olefol I wjolo] EASle AR T B
kel WwEyE B OE sl o]fY Ao AYztEox|H, 3
F 834 AP D vjol FEE] vAE FA2 BEE FHEY

A7} BastT gAY,

Brorh 28 N rlo

b fof o W

Table 2. Contents of organic acids of Celluclast 1.5SL-treated wheat germ extract at different reaction temperatures and times

Temperature Time Concentration (mg/mL)

O () Tartaric acid Lactic acid Acetic acid Succinic acid Total
Control 0 1.50+0.01"Y 0.67+0.06" 0.79+0.01'" 0.27+0.07°" 3.2340.05"
6 1.44+0.56% 0.76+0.01" 1.16£0.04' 0.24+0.08° 3.60+0.56"
12 1.87+0.27% 0.81+0.03¢" 1.76+0.08¢ 0.15+0.05" 4.59+0.28"
30 18 2.55+0.13% 1.43+0.08¢ 2.98+0.42¢ 0.23+0.06° 7.1940.53¢
24 2.45+0.27% 3.79+0.33° 3.78+0.17° 0.27+0.00° 10.30+0.20°
30 2.48+0.36" 4.45+0.03* 2.70+0.04¢ 0.38+0.23%" 10.01+0.51°
6 1.93+0.24%" 0.93+0.09' 1.31£0.13¢" 0.33+0.15° 4.50+0.26"
12 2.35+0.25>¢ 1.11£0.09°" 1.79+0.15° 0.98+0.12* 6.23+£0.50°
45 18 2.55+0.07™ 1.47+0.04° 3.69+0.08° 0.87+0.01™ 8.58+0.13¢
24 2.65+0.15° 2.14+0.06° 5.01£1.01° 0.73+0.38™ 10.53+1.06"
30 3.37+0.04" 2.15+0.02¢ 5.75+0.23" 0.86+0.06™ 12.13+£0.25°
6 1.49+0.22f% 0.69+0.10" 0.66+0.08" 0.44+0.16% 3.2840.40"
12 1.93+0.05%" 0.67+0.21" 0.57+0.30" 0.63+0.04>¢ 3.80+0.19"
60 18 2.09+0.03% 0.51£0.16' 0.41£0.07" 0.62+0.08">¢ 3.63+0.28"
24 2.29+0.42%% 1.15+0.11¢ 0.53+0.25" 0.75+0.20% 4.724+0.34"
30 2.10+0.04%% 1.38+0.10¢ 0.47+0.03" 0.60+0.04% 4.554+0.12"%

YData are expressed as meantstandard deviation (n=3). Means with the different superscript letters in the same column indicate the significant

difference by Tukey range test (p<0.05).
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Table 3. Contents of free sugars of wheat germ extract treated with Celluclast 1.5L at various extraction times at 30°C

) Concentration (mg/mL)
Time (h)
Fructose Glucose Sucrose Total

Control 0.45+0.02¢) 0.70+0.02" 5.07+0.02* 6.22+0.04°
6 1.04+0.00¢ 1.72+0.09° 3.50+0.01° 6.26+0.01%
12 1.2540.01°¢ 2.24+0.01¢ 3.06+0.01¢ 6.55+0.01*
18 1.39+0.05° 2.35+0.01°¢ 2.76+0.01¢ 6.50+0.05"
24 1.44+0.03* 2.49+0.02° 2.18+0.02¢ 6.110.02¢
30 1.43+0.00® 2.83+0.02° 2.08+0.04" 6.34+0.05°

"Data are expressed as meanzstandard deviation (n=3). Means with the different superscript letters in the same column indicate the significant

difference by Tukey range test (p<0.05).
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Fig. 1. Effects of extraction times on 2,6-dimethoxy-1,4-benzoquinone (2,6-DMBQ) production in Celluclast 1.5L-treated wheat germ
extracts. Fifty grams of wheat germ in 200 mL of each organic acid solution at pH 4.5 were reacted with 0.5% (v/w) Celluclast 1.5L at 30°C.
Data are displayed with meantstandard deviation of three replications. Means with the different letters on the bars indicate the significant

difference by Tukey range test (p<0.05).

2 X2| Y dijo} FEHe| & REITY &E WS

9] ujolol]l Celluclast 1.5 X2]8k] §7]4F Ao t]x= &
A= 3o}y 95l F4 A & 9 njo} EZHale] 9r|gS
Z4e A= Table 33 Z2th ¥ wlojoll= A"”, xv9, I
5ol EA)sH, o] & Ayl 7Pg Bo] EAlshe Ao dBA
I tHRizzello 5, 2010). £ ?i:r%ﬂ/ﬂ‘: o o} 4 EZoo=
A, X4, 4‘401 EAsh= AL S TH(Table 3). 2 Hj
of 2Zdlo] ME Frl Fh ukE A7) Z71EEE A]&H
o7 Zag v, Ags Xrge] FRE g4 W Akl
AoldaE S7keIth 84 vhg 24X 0] e HIL %
144 mgmLE thE tiH] oF 220% 718k er, EEZ-E 30

Nzl A3 T2 2.83 mg/mLE thET the] F 304% S718}
At A" Fr= uke OA)7F thEFE thE] @4 vke 304]7F

Aol F 59% 7+A31S TH(Table 3).
HEl-ZFFIAH|©]=, endo-1,4-B-D-glucanase, exo-1,4-B-D-gluca-
52 ZH= Celluclast 1,512 AE=Z

G Mrralste] Azv| s TEGS §

nase (cellobiohydrolase) &4
920 B14

AlZITK(Tsai®t Meyer, 2014). 3712 Axf2]¥ U= (steam-pretreated
wheat straw)= Celluclast 1.5LE 7FE3s| g wjof] A 2] Q A9}
o] Ado] SIS THRodrigues 5, 2015). &Lz Hx2

S Aol ol Celluclast 1.5L< x{a]ﬂogzyq TEuy g
o] Y (reducing sugar) o] SISt G A tHMyatet

Ryu, 2016). ¥ Aol Xz I vjolo] Celluclast 1.5 2| PS
ol Aere] riRe R HFF ExFo] AAE], FEA A
X HFe] sheFo] Frlsle Aoz ddEn) Celluclast
1.5Le] WEl-ZFIAHo]z &40z Q] AEZ QoA Xk
Fol g xxde T T o= Fx |og Ae=w
AT}

2 djo} F&o| 2,6-DMBQ &2 s}
tﬂ BHo}_ Eﬁ\_ ;ﬂ.golioﬂ/\i Z)\-l)\]— xb\\l—, }_)‘\l—’ Etﬂ—/\]—o] ‘j = o]
HATKTable 2). ZF f714F A (pH 4.5)°] ¥ vjolel Celluclast

1.5LS EFsled 30°C 274 6, 12, 18, 24, 30A17F B a4

He5le] AojF FZHe] 26.DMBQ T WslE =438 A}
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£ Fig. 13} 2t & vjol= wHSAIZke] 7S 2,6-DMBQ
o] bk AEe Bk @ wjolet EAE 6, 18, 244
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2 AT a4 wkgelA 7P v
(Fig. 1). 44 24H 2402 pHE 243 &
A7k 2,6-DMBQ ¥ thxwrTt T WA
HolA= ekthFig. 1). ol #A7 A" {714
pHE 452 4% 24 ¥ F&F2 2,6-DMBQ &% F7ll=
HOE JEe 72 o 4T & Aok

A& HEl-FRAAU 0|2 TR 202 W ufole]
g Fel = EAsle 2,6-DMBQ7E #ElEE Foz dEA
AtHRizzello 5, 2013; Yoo} Kim, 2010). ¥ Hjo}S Lactoba-
cillus plantarum LB1} Lactobacillus rossiae LB59} 73S Z 24t
o] E&l%(mixed culture) TE FHAoA 2,6-DMBQ7} WEE
Atk B EAHRizzello 5, 2013). HEL-ZFIA|H0]= A4
S HA3R= Lactobacillus zeae Z4Hd-S o]&3te] U wljolg
JA 2,6-DMBQ7F S7FeRiths A7 237t $ATH(Yoost Kim,
2010). ol= 2 ol wigHE Fe|Z EA|sHH 2,6-DMBQ
7F Bl FeR EEATE AS u)gth. 4K citric
acid)?t GAelE W&t 2,6-DMBQS] F83h7F F7he 2wl
o} F&E0°| 2,6-DMBQ7} §l= 2 Hjol FE2&E Hof AWEn
F(lipopolysaccharide)@ A}=% 573t 2 4l 2 (peritoneal macroph-
ages)ollAl FFA Al EFIR] (cytokine)e] A4S © Asfgiar
ByE S tkJeong 5, 2017). o= ¥ AT F8A dojH 2,6-
DMBQ &g =<l &4 A 9 Hjol FEE0] JEF EF
(anti-inflammatory activity)s} 72 Ajg|&Ae] =
AZA B8 7FeAS BHAFEty AR

™
i,
N
olf
oX,
B

o ok
L =

4 wjolE AEFo]= EAJo] U= Celluclast 1.5LS ©]-8-31]
ket A7 2 2xo] wkgol A EE {712 HEA4L Bt
22, 3ebhat fElERD, A", 3 FES 2459
T3 Zak 22 FuRE F4ako 2 pH 452 A3 fU4 &
Aol A Celluclast 1.5L7F E HjolE WES-AIA 2,6-DMBQ2] &
o] nXe JIFE HrEINTE U ujolo] thdk &4 WhE A7

22
fol

1)
2
=

[}
lf
lo,

N
-

HAle| 2
AT e sEEMERY AdeR FHr&718% ]
IRV AEE MDA EARE: 116005-3)2] =Ll 2]

o] sjatd 54 101
Sk AT YR olo] FAP=Y T,
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