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Abstract

The aim of this study was to evaluate the effects of microencapsulation on the water absorption, DPPH radical scav-
enging activity (DRSA), hydroxyl radical scavenging activity (HRSA) and tyrosinase inhibition activity (TIA) in
corn silk extracts. The lowest value (0.20) of water absorption index (WAI) and the highest value (95.23%) of water
solubility index (WSI) were maltodextrintcyclodextrin microencapulated corn silk extracts (MD+CD) and cyclodex-
trin encapulated corn silk extracts (CD), respectively. The 18.60% for DRSA value of control was increased to
89.25% for that of CD. The 16.89% for HRSA value of control was increased to 47.46%, and 7.16% for TIA value
of control was increased to 39.35% for that of MD+CD, respectively. The MD+CD would be used for functional
food and cosmetics materials as antioxidant and skin whitening agents. All investigated responses between control

and treatment were statistically significant (p<0.05).
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A (core material)©] 7FA 3L Q)=
iﬂl A1 4 A tH(Champagne
FAAoNA o mMR &S} 7sS RS
=4 Af 7154 A, AshEA 9 BE
o]_[q;q_u‘r So] BERo g ALEy gon AMERA
ﬁ_-_(Betz & Kulozik, 2011), &4+l &2 (Nesterenko et
, 2012), 2F(Shi et al., 2007), Z2~(Anjani et al., 2007),
%7] /d #(Krishnan et al., 2005), B]E}¥1(Augustin et al,
2001), +A](Cha et al, 2007) 5°] o] &= Ut} JEE
AL 7|BA o7 yutg o] ©5rE BAS ALLET Qo
W I EEZ=Z maltodextrin, modified starch, chitosan,
alginate, gelatine, gum arabic 5°] FZ ©o]&% L O‘E}
2013). "M €] Fa3 VEE
emulsification, coacervation, spray drying, spray coohng,

_l:|:"4

(Estevinho et al.,

spirming disk, liposome entrapment 5©] ) tH(Estevinho et

. 2013). A &S} 7] AFAY ol9d s, Al
91k, olof, A, W 4 T shehEellM “6]'%‘?’]5]'
Al AFHEE 3 AthHong et al., 2002). S e]How 2=
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T Fh FEE0 U mAREest A7) o E
[e3]

et 2 AFde 57 9 FEES JELE AR
stRon mEEAZE HEYAE Y (maltodextrin), A
Z2 Y 2~E(cyclodextrin), TEH2ZEJ S} Alo]| F2H 2~
EAS L(ww)E EFS Al 7kA] 9 E3-EZS o]&-3ke]
hydro-shear homogenizerZ emulsificationd}e] ®] Al 74 &3}
slS w7158 FAtst AF e v sFE LA EA
F5A o], &4kst EIHDPPH radical 2775, hydroxyl
radical 2271%) 2 "W & I(tyrosinase A3 EA])e] FX
AEE v B4 5T
Tz o

A=

Al5= HlolAl(maysin)E o] 7HY =2 Al7I0 EAF &
2-79 Aolell AF e w5 (unfertilized) S5 THOZE
T35 % (Jeonju, Korea) 2 ZFE ZEHgit) 7= o
ik At S g A ol S 40.79 my
100gel Aot v S 9] 7% 818.69 mg/100g
oAt} FEEZHQ] maltodextrin?} cyclodextrin Z}2} &)
Sh=rm} 22 Thu (Seongnam, Korea)9t o467 £ (Seoul,
Korea)oll X -9 5ko] AH&-F3ATE.

A ANA B2 HA oehs FHOEM AR 1g
g ol'E 30mLe] AN oEE 8045%, FE2=
53.49°C, FZAI7F 4.95 he] Y02 FetaE o] &3t
shaking incubator (HZQ-311, Neuronfit, Seoul, Korea)Z 3
e dgE FE3 ARE §4 71X (SFDSM24L,
Samwon Freezing Engineering Co., Seongnam, Korea)3d}
Atk EFF Fd dEE FEF FAUNE AR A"
4 2ATF 9 Ve TS AT A THOEN
NovozymeAH(Bagsvaerd, Denmark) Celluclast 1.5 L FG
(700 endoglucanase unit/g) E4E ©]83RoH FAFE
0.75%, WH-g-% 28.91°C, WH-&-A17F 1.81 he] 7oA &
2AYE T F FANE S AA BEE xS v
EdE ARSI dehs FEFHH BaA Y
A= S A (central composite design)oll 2] 3}
o] X3P o™ Design-Expert programe ©]-&3F t}5ut
S ¥ 23K (multi-response surface optimization)ol] <] 3}

of ztzke] ¥z A H At

oNe==y

Sl FHOE AxHE S5 FE FEES YEEAR
A3 AL, T58-52 2 = maltodextrin, cyclodextrin, malto-
dextrin?} cyclodextring 1:1 (w/w)Z &3t Al 71A] T&

S o] &8tk miAflE T8 HEA fEEEH
FHTE L4wwRE H7tste] $38kA171 & hydro-shear
homogenizer (Janke & Kunkel, IKA® Labortechnik, Staufen,
Germany)E ©]-83}4 8,000 rpmolA] 3057 F& 3} AlA
Azstadct #4353 & F471%7](SFDSM24L, Samwon
Freezing Engineering Co., Seongnam-si, Korea)Z 4% &
& 6%(dry basis)7FA] AZ38 U H27 28.84 um A
719] S Azl

OjMT=

A& 9] vMFZE scanning electron microscope (S-
4300, HITACH Co., Tokyo, Japan)S ©]-&3&}o] #2&}3]t}.
SEM ion sputter coater (E1030, HITACH Co., Tokyo,
Japan)E o] &-3lo] 21FAdefoll A 60%7F gold-palladiumS
2 10-30nme] FAZ FZ"HF ths °ol& 10.0kVollA <
Ao BAAZXE AR FEARE HEEA

Particle size analyzer (Maxtersizer 2000G, Malvem instru-
ment, Worchester, England)E ©|-83l5 2 A8 & o8&
< &R ARESt] 127 250 EE AT AR
o] A+ YAA7IE ST
TEETAT ¥ TES0HKE

FE-G A S(water absorption index, WAI) & -85
A 4(water solubility index, WSI) =72 Phillips et al.
(1988)¢] WS W st S A8 0.5 goll 20 mL
FHFE H718] 3,000 rpmolA 2087 ARG F
HAAER FESFFATE AEsidon, 452 g +

S 73 7)ol EElste] 105°ColA A 7HEE AFRA
7l s IS o8t FRESAGTE ofEe] 2

Water absorption index (WAI)
_ Hydrated sample weight (g) — Dried sample weight (g)

Dried sample weight (g) )
Water solubility index (WSI, %)

_ Dried supernatant weight (g)

Dried sample weight ()~ 100 2)

DPPH radical 21

gakslse 273171 918k 2,2-diphenyl-1-picryl-hydrazyl
(DPPH)®] el o] gk A 2tz 2758 S 7833t
(Sarepoua et al., 2013). 2+ Al58NS 717} 0.3 mg¥ 2.0x
10*M DPPH methanol solution 2.5 mL| 3 7}3le] = F
WS- o] 28 mL7F HEE SHATE 10327+ REste] A=
oA 30 ®Hg- A1Z] & UV-visible spectrophotometer (UV-
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1601, Shimadzu, Tokyo, Japan)S ©]-&3}o] 517 nmollA &
FEE SASAL 92 A= gzt dig 245
(%) 22 ERH AT

DPPH radical scavenging activity (%)= (1 - %) x 100 (3)

A: absorbance of sample, B: absorbance of control

Hydroxyl radical 2~

Hydroxyl radical 42752 Halliwell et al. (1987)2] W
ol w2} Fenton ¥Eg-ll ]38t 2-deoxyriose”} hydroxyl radical
o o) 4Fsl=o] malonaldehydeZ ¥H3¥ F chromagens
FAsle ARE S5t WHES o] &3kATh 2.8 mM 2-
deoxy-D-ribose®} 1.4mM H,0,5 &-3F= 10mM potassium
phosphate buffer (pH 7.4)& YA Fe| F7Tol U 47
o] A &9} premix © EDTA/FeCl, (100 uM EDTA pH 7.0,
20 uM FeClL)E F 718t FFWHE 4o] 2.0 mL7} HA 7

= 37°CollAl 4h &<t RESAIFTE 10% trichloroacetic
acid (TCA)Z ¥H3-2 FAAF]3L 1% thiobarbituronic acid
(TBA)S} 2 E§ste] 95°CellA] 20 w7F A7 § A&
oA Wzhsted 532 nmellA FFEE S5 e A
S2 93 A7 glo]l FYE AH S HESIIA R
A g A FFHTE o] &5t L3 PR Sttt
Z} A5 t gt hydroxyl radical 2275 (%)< ol 9] 4
o]-&-3te] ALkt T

Hydroxyl radical scavenging activity (%)

(1—2 g) 100 4)

A: absorbance of sample (4 h), B: absorbance of sample (0
time), C: absorbance of blank (4 h), D: absorbance of blank
(0 time)

Tyrosinase X{o{EH

Tyrosinase A3l €42 dopachrome® & ©]-&3}o] UV-
visible spectrophotometer® =7 3+ th(Kwon et al., 2012).
0.2 M potassium phosphate buffer (pH 6.5) 2mL % 2mM
L-tyrosine 0.2mLe] &3] A5 02mLE 78ISk
&J 7] 9 mushroom tyrosinase (100 units/mL, =>1,000 unit/
mg solid, EC 1.14.18.1, Sigma, St. Louis, MO, USA) 0.1
mLE F7Fste] 37°CollA 2087+ RESAIZ] $ 470 nmol|A]
FHEE AU 7 AlEo] i tyrosinase A 2Hd
(%) okl o] 25 o]-&-&tod AlLtetaitt

A-B

Tyrosinase inhibition activity (%)= (1 -=C ) x 100  (5)

A: absorbance of sample, B: absorbance of sample without

enzyme, C: absorbance of blank

S|
2 QAT RE vk Ao ise] 3RO S

Bagd xFARE YeER)lom SAS 9.3(SAS Institute

Inc., Cary, NC USA) program< ©]-83le] FEAHEA
(ANOVA)ZH & p<0.05 <+==9l4] Duncan’s multiple range
testE ato] A 7he] frold A8 S skt
2ot
aIITRES
SFF TE FEES T4 Axs HEs) oA 42

oo} mAEskek 22l te] ERvAFERE FAREAE
HArZ 02 900-1,8008] Sfist & gt oA Fig. 1
I 2ok 2FH(x900)= EAF e FHE g HeH
U wjnH & FEHE HAFATE W] A
(x1800)°] 737 mIAIF =3t oA B = o] YA=2717H
Zrolg o thekst el E UElskth Maltodextrin (MD)
Al FEi7E A ke Al TRe AR
A YEFS ). Cyclodextrin (CD) X 2] A& HA ol 717}
= FHE Hon HH vy FEHE YERRTh
MD$} CDE 1:1(ww)E EFHMD+CD) A= FE =
2R Zo] How FH-e 279} FASHA w11
& FHE 2T ﬂlﬁ]?&i%i‘r gk Ao d 4
FHWA TR OE olfe IE Ednit e
AL, x4 59 g?ﬂd%*é AYL 7] W&
(Estevinho et al., 2013).

L=,

o]t}

U] /‘ﬂ Aestdt 9 7 F2E
Table 13} Zt}. H]
Hlaste] BWl thxTo] Hat A3 28.84 pmo] oM
MD, CD, MD+CD #2792 7% 27} 567, 3.61, 3.85
ume. =z zolxt), ol= wAHEst I A hydro-shear
homogenizer®] 43|17 (8,000 rpm)el] 2lsle] Ao
2575 7Y FEEY A 24 E=H07] el

AR = St %—’F# TH FEE 2T WAL B WSI
Table 29} 2t} 2% 7h& b SHAA WAISE WSI
o] QR ol g Fag 8108 A}t
JAEHANA e WAL 33 =2 WSI @S a8t
(Chae & Hong, 2016) T WAL 32 0682 7H3
e AFE R AT A= 020-0260.F e
AFE YERIRA E‘r 22T Fo) A MD+CD A 27} 0.20

o g e FREFATE UEgor BE APz

fr rr
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Fig. 1. Scanning electron micrographs of microencapsulated corn silk extracts. A: control (corn silk extracts, x900), B:

microencapsulated corn silk extracts (x1800), C: cyclodextrin microencapsulated corn silk extracts (x1800), D:
cyclodextrin microencapsulated corn silk extracts (x1800).

Table 1. Mean particle size of microencapsulated corn silk extracts

295

maltodextrin
maltodextrin+

Sample Mean diameter at 10% (um) Mean diameter at 50% (um) Mean diameter at 90% (pm) Mean diameter (pm)
Control” 1.2440.0559%) 23.27+0.94* 41.17+0.95° 28.84+0.96"
MD? 2.76+0.08* 5.48+1.62° 9.07+£5.57° 5.67+0.64°
cD? 1.54+0.71¢ 3.55+0.13¢ 6.15+0.84¢ 3.61£0.23¢
MD+CD 2.46+0.17° 3.84+0.09° 6.53+0.36° 3.85+0.09¢
DCorn silk extracts
Maltodextrin microencapsulated corn silk extracts
3Cyclodextrin microencapsulated corn silk extracts
YMean+SD
“Means with different superscripts in the column are significantly different (p<0.05) by Duncan’s multiple range test.
Zroll F2ol4 ztolE UEhITHp<0.05). dtH o s S5 5 1995). S5 F9 B2 vl FHH0] B A=
dgol mow el B3 A 2ol —7}6}1 Tl *1 B AFAA 25°C, 75% RHEZICE 12h A% Al
ojg EAWsle s AFPAA0] RolArk FEATE 200 meshE BASE vlH S45 £ B S A
< ¥ ZAH-E(amorphous)ol] 2]3F Ao g H|AH K] °] % (caking)d == 90%°1 R o1 TG 0.48 g water
BAY WEAEE7E Yom Fite] Ajtgo] F71stt absorbed/g dried corn silk] ATt
(Peterson & Brockel, 2015). ¥tz o7 Fuajzo =13} WSl A= 277t 72.23%2 713 @S A+2 Ve
o] Z7Fekel wabA free flowing, bridging, agglomeration,  W1S™ CD A 2|7F 95.23%2 7FF =2 A 4& Ve

compaction, liquefaction®] TAIS AXA HtrHAguilera et  WATH =2 th2 2 MD+CD 2] 89.5

3%, MD A 2|
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Rl

=
1=

82.06% o & VElton BE g bl 917 xjo)
S HATHp<0.05). WSIE 24 9] 5-9F2 X E (recon-

stitution quality index)Z4] ©] 8L o Uukgo g 4
HZ= whEm s 298 8 7 Soh(Mahdijafari et al.,
2017). CD= Aol CD A4 22 (ED2.4.1.19, cyclodextrin-
glycosyl-transferase, CGTase)E 283t e Zo=2 67
(a-CD), 770 (B-CD), 87N(y-CD)2] EZ=°] o-1,4-glucoside
Ao ® AAHE e EYlRGS 3 HEdA TEST
agolth, EHlFR WSoe F47F midE o] Slof &

R 3, 9158 FA1 Bdse] S 2t

e
EEG JAL M gom S5 TR T 9
7)

A

1=

ool Heggolr FJEEZE Fo] o] &F i (Konno
et al, 1982). A& Tto] Y+ nootkatoneS CDZE &3}
39S W WSIZF 6.5-9.18) F7tele Ao ® JEbgth
(Kfoury et al., 2017). WSI= vlAIE W 2 3924,
V5= P27 SOl wetr] Db th(afari et
al., 2017).

=z =
&S T,

sittsie

A st Al e Se FY FEEe] sl
d-& DPPH radical 22 ¥ hydroxyl radical &7 &
A48 234 Table 33} 2tk S 2] ditst 48

],

il

o fU oX

ol

x
= 79 AE-S maysin [thamnosyl-6-C-(4-ketofucosyl)-

Table 2. Water absorption index (WAI) and water solubility
index (WSI) of microencapsulated corn silk extracts

Sample WAI WSI (%)

Control” 0.68+0.019 72.23+1.29¢
MD? 0.26+0.01° 82.06+1.29°
cD? 0.24+0.00¢ 95.23+0.32°
MD+CD 0.20+0.01¢ 89.53+1.90°

YCorn silk extracts

YMaltodextrin microencapsulated corn silk extracts

ICyclodextrin microencapsulated corn silk extracts

“Mean=SD

Means with different superscripts in the column are significantly
different (p<0.05) by Duncan’s multiple range test.

Table 3. DPPH radical scavenging activity and hydroxyl radical
scavenging activity of microencapsulated corn silk extracts

Sample DPPH yadical Hydr‘oxyl ra}dical
scavenging (%) scavenging activity (%)
Control" 18.60+0.609% 16.89+0.59¢
MD? 82.97+2.26° 41.89+3.33°
CcDY 89.25+0.46 37.50+1.22¢
MD+CD* 79.40+2.88° 47.64+6.73*

A

A9 - BB

5,7,30,40-tetrahydroxyflavone] % flavone glycoside®] THZilic
et al, 2016). DPPH radical 271248 E2} ol -3l
radicalS $HFSIAITE FrtslEd o] HAAFe] Fo= Qs
WEFESIRHE B RSNl Rl o) gk E|o] ApAo]
Aol Bl = A& ARE sto] rtstdA S S sk= W
o] tK(Yoshino & Murakami, 1998). <44 5
u A€ sl 2 2ol wE DPPH radical 2784
2T E 18.60%2 71 SO 22| Tella
89.25%% W73 ¥laustls o wf¢ =2
= g I F USh 53] CD A +=
&te] oF 4.89) ¥ DPPH radical 2484 S 1
< A el fFo12 ZFe) 7t AATHp<0.05).

Hydroxyl radical &7 &/d¢] 4% 2T = 16.89%=
el on BE wAfEst AT AlEe T2 vl st
R W w2 S BHAoH {7 20| (p<0.05)E e
WAtk MD+CD X277t 47.64%2 71 =32 MD
e 41.89%, CD A= 37.50%=2 242t eyt
olg gt A g|e] ksl o] A Y Ao g
Sz g 2 AAZE Ao, curcuming gelatin®. &
u A &3}eE 79 ABTS radical 227A&4do] 3.2004] 295
pg vitamin C equivalentsmLZ 53Rt 27t Aot
(Gomez-Estaca et al., 2017). ©]9} 72 @42 n|M|f&s
HGol|X YA |7} ZrolA A H| A A F 7ol wE W
gAML 71615 Atk AR E T Querceting pullulan
7 Tween” 802 S8t HEEAZE Y& 49 in vitro
Z 23 9] 9(gastric)2} (intestinal) FENN A A8} o]
A o] W& Sh(release kinetics)S 71223t & 4k3} =82
© 2 trolox equivalent antioxidant capacity (TEAC)E =74
st A Zbzb 4,659 41 24.56 mmol trolox/g bioactiveZ
7909141 19.63 mmol trolox/g bioactive® 713l tHe X
327} A th(Aceituno-Medina et al., 2015).

|

lo

[e)
3

A gy

==
3 4

79.4

0

rr

(=

9

o

2
oh

—_

2 BN ox

X
o 1
.00

b4
ot

Tyrosinase XofiEh
AR Es Ao WE S5E F
7

d FE=9 tyrosinase
A2 54 A= Table 494 2t

Tyrosinase= 1

Table 4. Tyrosinase inhibition activity of microencapsulated
corn silk extracts

Sample Tyrosinase inhibition activity (%)
Control" 7.16+£0.109

MD? 40.42+0.09°

CcD? 39.45+0.16"

MD+CD 39.35+0.56"

DCorn silk extracts

YMaltodextrin microencapsulated corn silk extracts

ICyclodextrin microencapsulated corn silk extracts

“Mean+SD

Means with different superscripts in the column are significantly
different (p<0.05) by Duncan’s multiple range test.

DCorn silk extracts

IMaltodextrin microencapsulated corn silk extracts

ICyclodextrin microencapsulated corn silk extracts

YMean+SD

Means with different superscripts in the column are significantly
different (p<0.05) by Duncan’s multiple range test.
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wel dapd AR 7HE Tash 27 S22
Aol #oste BAEA W vd Aio] o] E4F oA
she A871dS 7FA AL Ak tEA QD tyrosinase 44
A =2 Z = phenol compound, flavonoid, glycolic acid,
ferulic acid, isoflavonoids 522 ¥#x 2l THCabanes et
al,, 1994). IZTE 7.16%=2 @& &S 2el v Az
© 3935-4042%% Wrh =2 245 Btk vARlE
s} AlE & MD A7t 4042%= 71 E9koH, CD9}
MD+CD A= AR ks Jepl Lo, th7-9F A
T 7l F21A AfolE B ATHp<0.05). A 2]7-9] tyrosinase
A &g o] PGS Ao FREEE 2 XY &
3 B AAZE Aokal S THEphrem et al., 2017).

AL 2
B ATE 52034 F5ATARI(PI011305022017)2]
Aol o)g AFAFRZ o]o] 7HALS =FU T}

2 ATFE 57 Y FEES JELE ARSI
¥ E-E52 2= maltodextrin (MD), cyclodextrin (CD), MD2}
CDZE 1:I(ww)E EF3FHMD+CD) Al 714 JB8EH S o]
gato] mAMFYEs) 519w F5A], DPPH radical 4
715 (DRSA), hydroxyl radical 22745 (HRSA) % tyrosinase
AN (TIA)Y] & =S vl B4t iz
WAI #-2 0.68% 7HE =2 A 45 BYow A e 74
2= MD+CD A&7} 02022 7P @A et
olglgh g2 FEEA o3 frE|do|RE e
FEFo M FRIEAE F7t 7|elE 7] wjFo|Th
WSO = 217 72.23%2 7HE B (42 el
Rqom CD M7}t 9523%E 7Y =L AFE e
Qo wEEHe FREHE Y uHHEE A9
P71 7H47E FoRlolth DRSAS] 4§ iz +=
18.60%% 73 wgkoem CD Aol AE 89.25%0) U 3L
HRSAE thxT9] 79 16.89%2] ¥FH MD+CD A2+
47.64%= JEISTE TIAGA = dE2 e 7.16%2 @2 &
AL Hel BhH MD HE| 77}t 40402%2 7MY = 84
S B o9} e AT dFe SR} B
EAA Z7t] 71R1=E7] wZelth BE B4 XoA] o
et A7l ol dxtolE B A th(p<0.05).
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