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Abstract

Enzymatic treatments of maize flour (MF) were investigated using commercial carbohydrases (Ultraflo L and

Pentopan 500 BG) to enhance the phenolic acid content and antioxidant property. The total phenolic acid content of the
MF was 3.76 mg/100 g, whereas those of the Pentopan 500 BG and Ultraflo L treated MF were 6.85 and 39.55 mg/100
g, respectively. Particularly, ferulic acid content of Pentopan 500 BG-treated MF was 20.0 times higher than that of
untreated MF (1.7 vs. 33.9 mg/100 g). Pentopan 500 BG appeared to be more effective than Ultraflo L in increasing the
free phenolic acid content. Antioxidant activities of enzyme treated MF were significantly higher than untreated MF. In
particular, the Pentopan 500 BG-treated MF (16.0 mmol TE/100 g) was approximately 1.5 times higher than untreated MF
(12.6 mmol TE/100 g). Enzymatic hydrolysis of cell wall polysaccharides in MF could be used as an effective procedure
for not only increasing phenolic content but also antioxidant activities.
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gEate] A% 50 wel {2 #H=4k(free phenolic acid), 3
7 & 4H(conjugated phenolic acid), £-84 #|=4Hbound phenolic
acid)o 2 EFelth B84 dEike T2 AE Az A4
3} o] 2~E A (ester bondyS 3FaL YT FH HEARS
4 HEitE ol e e Agstal e AR, A
ol Zopx Eoll %& F e FHolH, f HEAR
sigtEat A3l 42 &5 Jue dsiks ouEit
HErhe B84 ABEg A FFE0] Eom AgdAdol
Aet Ao2 B E Jti(Chandrasekaras} Shahidi, 2011).
S Hesithe e B84 IR SAsk=tl, Acosta-
Estrada 52014y S5, dvl, 59, 72, 2 59 FFolA
B84 dE sijtEe] ARske HlE2 A s s=e 70%
oPdolgkal slTh TS Lopez-Martinez 5 (2009 1852 <4
ol Hest S AR A, HssgEe] 77-82%7F B8
A FEE SAFTAL ST S5ol= ferulic acid, p-coumaric
acid, sinapic aicd, diferulic acid 5 TIYgH #Hj&2te] 9lom, o)&
RES Ay ferulic acid FEHE A ST} (Chiremba %,
2012). Adom¥} Liu(2002)= S5ollx 484 ferulic acide] o
FEe 22 g5 A%s FHl(conjugated form)Z EA5H,
44 ferulic acid®] 27 10%%Fe] 2] ferulic acido-2 FEA]3tc}
I ST e S TR oS FPE AEToR
wio} v} A SeF FTAE e T8 79 F st
o, #lEite 2 3¢ arabinoxylans} A3t I tH(Yadav
5, 2007). SEAIRE B84 HEite] e 2l FE(free
form)Et} 7] wjitel, £84 HEite 78 FEE d8T &
UTH S 7175 FUEE ke 7 EY YR s =
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21Z9] Holdfi= AEZ2(cellulose), 3l ]"“Ei/\(hemlcellu-
ToZ FAE A=, A olEs
ErslE TTel aat §U7] wiEe] 2loldf 3
ol A¥sta e B84 #eite 4t ¥ 9 IE
grste TRl aas BstE s degeR e &
e aiho FAHOF, amylase, cellulase, B-glucanase, hemicellu-
lase, xylanase, arabanase 5°] Ut} o5 FF9 FF FAHE
o] eld Tl HsAk 59 & 88 woEF ¥ v o}
2 22k 7?“7“* 2, F7)e AF BT FAE F
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Poll= 20169 E5% =g FashdolM A =
B (Zea mays L. cv. Kwangpyeongok)S A3}t
dE ZEdh F jFo] FAISHL 40°ColA 24A17H
Z3&gT) 7 5_7]- d59 AIEE 24 £ 100 mesh
(pore size 150 um)ell FZAIA A Z71¢] 7175 AoH, <]
o AE iﬂré‘}] B AEE ] 24 2 AR Ae S
HHEs T eeslE 7Rs| €4 Pentopan 500 BG (Endo-1-4-
B-xylanase from Thermomyces lanuginosus)®} Ultraflo L (heat stable
multi-active B-glucanase)i= Novozyme (Bagsverd, Denmark)ol 4]
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EleslE 7128 &2 (carbohydrase) X2
S 7R 15 g (dry basisy?t 100 pL &rshe 7R 84
(Table 1)2} 10 mL sodium acetate buffer (S0 mM, pH 5.5 &
HE g7)o] ¥War 48] 4ojFEr). ol ol IRARTR40°C,
16A1ZE, 150 ppm)ell A WHGA|7]5L A Z(50°C, 8A17h)staitt.
Azx7t ¢89 ASE AAPEE 251 100 mesh (pore size 150
um)oll FHAA LA A7) ofste] S THREE AUTh
24 Jl2o| Sl E2F BAM
%%ﬂ% M111er(1959) 9] dinitrosalicylic acid (DNS)HS
st ST S5 7FE 19l 75 10mL
g 22(35°C, 102, 150 rpm)ollA] g2
13521 (10,000xg, 105, 4°C)3te] AZnt AUt 4&

o> 2 —h

A2 7] 54 133

< DNS& 3mLell 7h8tal F® F253(95°C, 5%, 150 rpm)
AN LA F 2087 B, olF SR o8l
25mLE &3, 550 nmold FHEE 23k 9T A
2 D-glucose (Sigma-Aldrich, St. Louis, MO, USA)E “Z+&E
Az AHgon, EE APAS st FU9Y FHE mg
glucose/g©. 2 YEFATE

S 7189 Eﬂ*** =8 F&

S5 7R 2028 70% SR (10 mL)oll WL 25°ColA] 34]
7F B9k WHH200 rpm)dt 3, FAEE](10,000xg, 10%, 4°C)3}e]
e ARE AL, XJAPOﬂ Al 70% O ERE-(10 mL)S %
2HE 23] o ¥HESITE FAE AT BobA A

B A F27)(40°0)2 EEsla, o) T 10% oehE(10
mL)ell AREARSIAL 1M HCEE: 718t pH 2.082 243t A
Asle FEE ﬂl%owzﬂolE-oﬂ%oﬂalem i) gL
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7FskaL, 1A17E &)t ZsiAl it & odobAE| o] Eof o H| =
ST FASALH, o] HS 43] o WESIIch dojxl of
dopAElo| EcEolE| 2 BYFE AFIHTEH/|Z 4d] &
Z3aL 3 mLe] WgEo] o] Aol ARSI

s

9] F dE e T £42 Folin-Ciocalteu™ (Adom}
Liu, 2002y 4% WHEFste] sk 94 s== 34A
8 FE5 0.1mLF 2% sodium carbonate (Na,CO;) 2mL<
sgtat oA 3EZF WAl , 50% Folin-Ciocalteu
(Sigma-Aldrich) A1%F 0.1 mLE 7}8lal °“]°ﬂ"1 3047 BEEAIZL
T 750 nmoA] SEEE = ’3} 3T}, Gallic acid (Sigma-Aldrich)
o8 AFNS A T E A% FTE FFE gllic acid
equivalent (mg GAE/100 g)Z UEFITH
S 7189 el Histt =4 24

A8 fE st 2 T HEdt £ FEE55 025
um syringe filter2 433t A I "-,XJ]ELEU}EZWTL]
(reversed-phase  high-performance liquid chromatography, Ulti-
Mate 3000 system, Thermo Fisher Scientific, Madison, WI,
USA)ZE At Th 84 A7 Capeell-pak C,q column (4.6x
250 mm, 5um, Shiseido, Tokyo, Japan), A&7]= UV #HA&71S
AHEEEE T o582 A (0.02% tnﬂuoroacetlc acid ?vfr)
2} B (0.02% trifluoroacetic acid &7 HE-2)E 0.4 mL/min F+
o7 ZHFUH, 71&7] %E]_%ﬁ(gradlent elution) 0-30—1:(0-
15% B), 30455(15-25% B), 45-60%(25-50% B), 60-655(50-
100% B), 65-67.55(100% B), 67.5-705-(100-0% B), 70-75%(0%
B2 A3t dH 2= AE FUFS ZH7F 40°Cet 20
L= A7gsisint. Hsit R4 wE AE uv 33E delst
#2™, hydroxybenzoic acid Al€-2 280 nm, hydroxycinnamic
acid A€ 320 nm oA St

Table 1. Characteristics, sources, and optimal conditions of commercial carbohydrases

Optimum conditions

Enzymes" Major characteristics® Sources
! pH Temp. (°C)
Pentopan 500 BG Endo 1-4 B-xylanase Thermomyces lanuginosus 4.0-6.0 45-55
Ultraflo L Heat stable multi-active -glucanase Humicola insolens 4.5-7.0 40-60

YCommercial products of Novozymes A/S (Bagsvazrd, Denmark).
IProvided by the manufacturers.
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S J1Re giEEd &4

S5 E et B 229 gAakslEAde ABTS (2,2-
azino-bis-3-ethyl-benzo-thiazoline-6-sulfonic acid) ZF]Z AL
7} FRAP (ferric reducing antioxidant power) 'S o] &3fo] =
Aatlrh. ABTS 2zt &7E4E Re 5(1999)¢] HHS L+
38t 74mM ABTS €3} 26mM potassium persulphate
|5 1:1¢] H]%i et G B B ¥AI &

, 735 mmollA] S8 %7t 147 95 Uﬂ‘:&%i ZA3 TS AR
—a—} \:} 514 ABTS &9 1mLJ+ At 23 FE9 20 uL

E3tete] hAelA 30 B WESAIZIAL 735 nmellA] &3
=319tk FRAPE Benzie®} Strain(1996) WHS I+ —’Fzé
sl Zg3isin). wlEat £ 55 4930 MLM 300 mM
acetate buffer (pH 3.6):10mM TPTZ (24,6-tripyridyl-s-triazine)
:20mM ferric chloride hexahydrate (FeCl,-6H,0)& 10:1:1 (v/v/v)
o] Hl&=Z E&3 FRAP WhS-89l(1 mL)S E3ala giolA 4
E7F 9bSAZl & 503 mmollA SHEE A5 TE Trolox
(Sigma-Aldrichys 328184 AN F2 ALgEE F2E2A
2, BE 3L toloxE FHHAS FAJSIAL trolox equivalent
antioxidant capacity (TEAC, mmol trolox eq./g)E X &3SIA T
SHEY

=

EE A3AAE 33 vHEalon, dojzl A4S SPSS &
Al package program (statical package social science, version
12.0, SPSS Inc, Chicago, IL, USA)S o]&3lo] HAHEA
(ANOVA test)S A3t 2, th5$1A1E ¥ (Duncan’s multiple
range tesH)Z -Fo|AHS HS53AT
ot nFE

AR JIREMES M2l sS4 JiRel By 8

BSHE leRdEd AP mE arstE Bo Yeg o
obny] Sistel sgske BAY FFS EALSHATHTable 2). 2
Az}, S5 7T YT T2 1.05%A 21, Pentopan 500
BG9} Ultraflo L A2]gh S 7H7e] Skl ghake 717t 129
2 1.95%2 thxwtat vlaste] fo4oz gt Sdd oI
o] Sk A2 Ea Ayt & olFolxeS nigitt. 7t
©rstE TR 8ol o] R verskEe] AwAks)
ol wet %—’F—’F 7hEe] S ko] ST gerske
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bran)ell Y] F/F2 ©@43FE 7S] S 4 (viscozyme, a-amylase,
celluclast, amyloglucosidase)E 23RS W ZE o]
Bl o] tixarth foldo® =om, 53| viscozyme
AEdS FdE ko] tixgtel vlE] 1074 sl Bk
t}. Kapasakalidis 5(2009)y> S HE(black currant) F-AHE|
AhdH o7 o] &5 E cellulase (C13L, Biocatalysts, Pontypridd,
UK)E A shd 3¢de] vlgo] S7Isttta B3tk Kim
Z Lim(2016) Pentopan 500 BGS} Ultraflo LS 233 652
gerstE TheRal a4 AR 7F Pl (rice bran)e] SHATEE of
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.

— B

Table 2. Reducing sugar and total phenolics content in enzyme
treated maize flours

Reducing sugar Total phenolics content

0

Samples (%) (mg GAE/100 g)
MF 1.05£0.107 38812067
P-MF 1.29+0.04° 474341 07°
U-MF 1.95:0.09° 62,4241 46"

MF, maize flour; P-MF, Pentopan 500BG treated MF; U-MF,
Ultraflo L treated MF.

IValues (dry weight basis) with different superscripts within column
are different with statistical significance (p<0.05).
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Table 3. Phenolic acid composition of enzyme treated maize flours

=

Hydroxycinnamic acid derivatives (mg/100 g)

Samples” — — — - TR
Cinnamic acid Caffeic acid p-Coumaric acid Ferulic acid Sinapic acid
MF 0.11£0.01"? 0.05+0.00° 1.23+0.09° 1.69+0.04° 0.09+0.01°
P-MF 0.14+0.02° 0.060.00° 1.60+0.11° 4.10+0.09 0.07+0.00°
U-MF 0.12+£0.01™ 0.10+0.01° 3.11+0.09 33.90+0.032° 0.48+0.03*
Hydroxybenzoic acid derivatives (mg/100 g)
Samples — —— — — Total
4-Hydroxybenzoic acid Vanillic acid Gallic acid Syringic acid
MF 0.07+0.01¢ 0.36+0.01° 0.04+0.00° 0.1340.00° 3.76
P-MF 0.18+0.01° 0.50+0.00° 0.03+0.00° 0.17+0.00° 6.85
U-MF 0.33+0.00° 1.24+0.01* 0.05+0.01* 0.23+0.00° 39.55

YMF, maize tlour; P-MF, Pentopan 500BG treated MF; U-MF, Ultraflo L treated MF.
JValues (dry weight basis) with different superscripts within column are different with statistical significance (p<0.05).

of o3 APEHE vrstE JERsEsE IR AssdE
SRS S/ Yadav 5(2013) Z(finger millet)ll Rhizopus
oryzaes ATFOEZN FE A=SYEE T 9 PSEES
S7MALH, o= HEAT9 B-glucosidase -3} Bl SHrhar
H3I T McCue 52003y Rhizopus oligosporus 352 ol
M= B-glucosidase &35 2] #HEAk o] LHet AAE 7t
A sgich bt AssigtE B ristEd Sl dis
BrslE sl aae] HEge A8 717 sk Eoh,
olFdl= AAAQ] PAE LREE o83ty S5 Heit T
g3 slEd s S/ F ds Bl A=
Saae A, 9, Ao vlaste] Hisst kel =2 A% &
=olth. Adom¥} Liu002)= HIS S552] f2] slzihe ol
v D3 FAEARE B8 wsst ke ol W v wst
o] 22 9 399 = Stk web geestE TRl e s

Aol e frel dE B S ol Wuc B84 o
B Pl ¥ S5 B AHEY Aelet AZH

ErglE I Ediga X2l S 71 /2l mistt #E

Ay Egs Ao mE S5 7Y 78 Hst *
A 3 dske A4S A ARrEa R S500H,
A= Table 30 et S 7hgel 7P Bol EAisk=
8] HEAL ferulic acido] o™, I T2 p-coumaric acid,
vanillic acid, syringic acid, cinnamic acid, sinapic acid, 4-
hydroxybenzoic acid, caffeic acid, gallic acid A1 AT}. Sosulski
5(1982)2 S Fad f7 A ferulic acid$t p-
coumaic acido]™, ©]E<2] & 747} 0.51, 0.62 mg/100 go|2FaL
SIATE Yu 52010y S5 10552 2] ferulic acid9} p-
coumaric acid®] @S ZAWH A ZbzF 0.123-1.532 2 0.287-
2.047 mg/100 go] Wl ATk ATh S &, He, 9,
Al 5o AFE vt fe st o] ETHBoz,
2015; Sosulski &, 1982). ©|9} 7] SFpE thE 27F EH

th irstado] Hold R Alsits vhE ek Sl7] Wl
ol o' olE 83 AT AFE H EFE el tie

A7t BastT AzkEd.

gskE TR el e S5 7MY & et
SFS foldoz FIMAFTHTable 3). Pentopan 500 BG *]2]
S5 71FONA ferulic acidE EESF fFES] f] dHEA4-
hydroxybenzoic acid, vanillic acid, syringic acid, caffeic acid, p-

coumaric acid, sinapic acid) $FHFS FJH O T F7}EFAA T,

gallic acid®} cinnamic acid= & W3/t It o|9} 22 AHEF
< Ultraflo LAIX = PEE7EA ST Pentopan 500 BGS} Ultraflo
L Ao F ssit g3 g2t @A) vlaste zhz)
1.8 3 1059 =gkt 7k Zbzhe] fig slsdt FolM 7P B
L VRS B HEARS ferulic acido]R oM, ol F G4F
2ol o3l zH7k 24 2 20,00 78k

2159 M EHL cellulose, xyloglucan, arabinoxylan, pectin, p-
glucan 5] ThFeF 2 ©F3HE(structural carbohydrate)® ©]F
oA ok WSk Azl st 12E /A7) fEixe &
eeslEo] 7k Y (cross-linking) S 3FaL QlofofabH, o]o] F2
o] &5 3l5Eo0] ferulic acidt} p-coumaric acid9} 72 #H|=4¢
ojth. Ao AMEH ©slE 7R3 E42 Pentopan 500 BG
¢} Ultraflo L] ¥ 84% 217 B-xylanase®} B-glucanase©]™
(Table 1), 22t AlxHe] su]AEZ 9] BxylanS xyloseZ, A
E229] B-glucang glucoseZ -3l ST}

S EAlshe HlEit gREe B84 JHE Axde
TZ erslEa) A%E JelE E)3(Acosta-Estrada 5, 2014;
Chiremba 5, 2012; Lopez-Martinez ‘5, 2009). Sosulski 5(1982)
2 FA HEAblA {2 slEite] AXEe HlE2 24 53%
23 3199 th Dewanto 5(2002)2 S50l &2, T, B84
ferulic acid7t FA3h= HI€-2 72} 02, 23 2 974%E3L STt
Adom¥} Liu2002y= &, &, 7l2|¢} vlaste] S557F 84
FEak vlgo] Erh 31901, Dewanto 5(2002)% FAHE 2
I= B3l

grstE R Ed Al mE 84 HlEat
Agt Tk BA A B84 dsita Agsia
ol L grslE WjEYAE FAlFoEA S84
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gl ogt B84 #HEte] fElshe thkdt =iA B
€t Moore 52006y 27]-&(wheat bran)ell BrrshE 73]
BAE APt 3ad wel Bxe o)zt YA 284
B2F el adke v, RE dlsAt el STkt st
St} 53] Ultraflo L A2+ 2] vanillic acid, syringic acid, p-
coumaric acid, ferulic acid®] $F&g F2]8 o2 Z7MA At} Kim
3} Lim(2016) Viscozyme LS H|E3 652 BalE 7lEs)
Favt v w7ke] fE HEAt g9 ot 23AolH, 59
Ultraflo L& 2] ferulic acid S 4.18) S7HA AT SFTh
Alrahmany 5(2013)2 #z2] #(oat bran)oll X EpalE 71453
"a FR ot f8 #et S el tgEgAL &4
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Table 4. ABTS radical scavenging activities and ferric reducing antioxidant power of the enzyme treated maize flours

ABTS radical scavenging activity

Ferric reducing antioxidant power

N
Samples (mmol trolox equivalent/100 g) (mmol trolox equivalent/100 g)
MF 12.59+0.52% 10.17+0.11¢
P-MF 16.03+0.12" 12.50+£0.21°
U-MF 18.95+0.24* 16.48+0.33"

YMF: maize flour, P-MF: Pentopan 500BG treated MF, U-MF: Ultraflo L treated MF.
DValues (dry weight basis) with different superscripts within column are different with statistical significance (p<0.05).

Kim ¥ Lim(2016)= ©7(rice branll¥] W<t A%E w38ls)
o, ol AUAHLE o8 FhE FH B53E J5E
aEd G 9o HRA g4e] Bgo] 7] wWiRelgkal s

TS AR olgHe "@isE iRl aart /K=
phenolic acid esterase &/ H3F S 712 {8 HEAF FF
F7tll 711 Ao = Azt B84 mEAt tiiEe AEd
o] FAAEF} o 2=E A (ester bond)ES FAFIAL JoH, o]F
E3 H=2e G2 FEE v7] $I814= phenolic acid esterase
7} lojok dt}. = phenolic acid esterase Alo] Uojof &7
o2 F8F HAsie vE F Jon, vk old tigh &4do] ¢l
o B84 HEA oiEe $ds] fElER] Belal gt &
e T FEHE AEHoA BE Zlolth. AYPH LR o)§
He g@rslE R adas nAECdA FAE A=, o
E U582 feruloyl esterasel} caffeoyl esterase®} 73~ phenolic
acid esterase S HZT 7= A7t Aok Humicola inso-
lenso| A FZE = Ultraflo LS ferulate (ferulic acid), sinapate
(sinapic acid), p-coumarate (p-coumaric acid), caffeate (caffeic
acid)et A2 Atole] Ahs BE F U esterase S 7HA
3 chFaulds 5, 2002). Di Gioia 52007y QA o= o] &5
= BrskE v Eslase] 548 #Es ™, pentopan 500
BGE H]E3 AR 404 feruloyl esterase®} caffeoyl esterase 2
Adol d&S TAFATE TS Xue 5(2017)2> phenolic acid
esterase &S 71 BrsE VAl a At e dlEat
< S/ 2Felgtal Basli) i) grslE vt
T3] 4= phenolic acid esterase S 7Aoo, o]

S5 19 B GFE FAND £ 9 Zele Azt

ElrSlE JIESS A XM2| S TR &HitstEy
S 7129 gl ABTS )z 4718434 FRAP
o 24sgon, 1 A3k= Table 40 UERATE 8442
Blx] ke S 7120 ABTS 2 2718437 FRAPE 7t
7} 1259 2 10.17 mmol trolox eq/100 go|LoH, ojE 7]&E2
Hael fALSIATE Zilic 52012y FF whef xpol 7k AT
$54 24 ABTS ZHlZ 244 0] ¢k 1535 mmol trolox
eq/kgel™, S99 ksl Al EEtEeols, QFEA|
oid, Fl2Hol|E T3} 722 H=dstE daa Al
o1 &t} Salar S(2012)% ABTS gz &A@ o= =3
H S5 gakslEAdo] oF 15 mmol trolox eq/kgolEHL 31
o B3 Ku 5(2014)2 40539 S5 tiiEolx ABTS 2
Uz &AEde] FRAPEY =7 S9EYal 33t Pentopan
500 BGS} Ultraflo L &2 ABTS gz &AS4e zb7
16.03 2 18.95mmol trolox eq/100 g2 THZT(12.59 mmol
trolox eq./100 gy} Hlwste] Zbzk 1.3 & 158 =34th FRAP 4
oA ABTS 21 AASA R §A1E AS 1o, Pen-
topan 500 BG9} Ultraflo L A 2]+ FRAP= 727 1250 ¥

16.48 mmol trolox eq./100 g& 2 tZ<4(10.17 mmol trolox eq./
100 gy} Bk zhzt 12 9 1L6H] =8kt

oje} he S5 V1R s FUhe EaA T %
8] HE seE 9 Asite] g% STkl 71Q1gK(Table 2
het theket wlEslgtEe datsl, g, 48
ARG A T S E3E 7RI lon, S55E HE
g ohdE AEAloM e 2% 2 HAEdd diE o] 7% Sl
%03 98-8 sltkBalasundram 5, 2006). Kim¥} Lim(2016)
erslE TRl aa Aot vAke] AkstEd S a0
Z7MZITk &3tk B3 Moore 52006y BHR3ME 71
slas Art 27189 PSR fojHoz FIH7IH,
sl S e 54 A2l viEgtta 319t Salar
5(012) 449 vAE Fa7F a-amylase, B-glucosidase,
xylanase 5] &4 EA3le} A HE ITE ek PiEE
A& T/, o] W FE SFE S lslEde Ao
FABAAE 7RI 8

B AFolA 55 7R AksEge G4 Ml o8 F
7VsAIRE, f2 HlEA 2 e SEE st Ho AR
E 7HRA] EUTHTable 2 2 3 vs 4). ol S5 71 H)
A e EEE e g sl A5 bR
AT 4o TR o E, B, EefHrolE, IEA]|
opdy} 72 teket dAlm Age] SFEET oz} HE, 7]
T4 AW 5 ke dkelEE S XL ok (Bacchetti 5
2013). 2% E78ly gaxge A 2 & Asse
SHEEERE ofUet S 71RO SRS FXIA)T =)
HH AL 2 A9 T8l dET £ A
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