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Abstract

In vitro antioxidative activities and antioxidants of the lotus root, dried laver, and perilla leaf bugak, Korean traditional fried cuisine,
were evaluated. The bugak was prepared with fermented glutinous rice batter and unroasted sesame oil for use in the pan-frying. The
perilla leaf bugak showed the highest radical scavenging activity and reducing power, with the lowest in the lotus root bugak. The
antioxidative activity of the blanched lotus root was lower than the dried laver or the perilla leaf. Polyphenol content was higher in the
perilla leaf bugak than the lotus root or the dried laver bugak, and tocopherols were mainly derived from frying oil. The antioxidative
activity of bugak was correlated well with polyphenol contents, but there was no correlation between tocopherol contents and the

antioxidative activity.

Key words: bugak, antioxidative activity, lotus root, dried laver, perilla leaf

I.ME

42 Aast slxg AFs] Al HEES e
Tt gl Age] 715olA AW o] HE 54
oltt. &4 A=zl AHgsh= 7152 TRt ol BA &
Fd f2lo] HF FAolA FHAL mf E3A e =
ol e, mebs 22 HF d=x52 7k A=
3 le@_a 71 ol AHE 4 e S olUtkPark

T 2001). T AAie) sz S Bl dHEH =

ﬁﬂl"‘ﬂ]' 22 gdolEARZ 5o 78 BAES fA A
g F Ae A AFelIE sk =3 Wb 5k
AAREA N8 5o AARE A Ui A
&4 2 gl mlsf 43 EER V1SS o83t
= 29 A5 4 WHol plasma AWE FES EE
Oh= o] H BAuEUTHKim M 5 2014). 1y F
7+ AzxE AT H2 AGNA 71%—% A2o= Thas)

+Corresponding author: Department of Food and Nutrition, Inha Uni-
versity, 100 Inha-ro, Namku, Incheon 402-751, Korea

Tel: +82-32-860-8125

Fax: +82-32-873-8125

E-mail: eochoe@inha.ac.kr

767

ofF tEE F|Zf9 Ashs EE, o|E U3 HAf 4
o] Fze] Hol=o] FZ AHE ofe}t FHZ
OEJ,]. x-]xL Oﬂol: 7—]7]— 7]v— /R-]Eg] é_\_/él, fgjl: o
F4E& AeAZ 4 AtHJung L 5 2013).

B2 g A5E o] &st AxE + %10111
& A% 7150 5% AF dEE ARSEHE A
of Ego] H& Hizloly 29 F Ofd §EE iﬂl%
T de @‘%Olﬂ} AT L Role, FtR o]
T, 2YdE e 5 oY Aggd =4 et
o](Sridhar KRS} Bhat R 2007) €t sl ¥ d,
ot AR T AksEA] 3K Cho SI®F Kim HW 2003,
Park SH 5 2005, Ko BS 5 2006, Lee JJ 5 2007) 59|
NE 740& EJ_HH 9,11:}. Holl= 7714, *401 S o
Ny FEIFP 8 fguZs AANEFOEN LEE
AAsHE 7HREclEe} EEHE sEEe] UE
o] JATKHON SI 5 2013). ALY S22 712 E| 0]
c, 77143 HlEPﬂ A, C 55 53 st e
w A ARSI Eg o) o3 FHol 3F &4 B

oft o

i)

A

o 0.9.

o
L.

6‘

o] ==X O

IE TEE T
3, YAE A % oA, 33 7P91 FikslA A 2 A
3 2 A3} 9kA] G3KLee KI 5 1992, Kim JHQ} Kim

MK 1999, Yang SY 5 2013)7} M% Ao g HIET



N
=

]

Lo

1

F-Z}ol| gt ﬂﬂﬁ Ass 2AF5H Yol o
Fd(Park JT 5 1994), I52F =84
%(Park BH % 2001) E}Alu} H2HChoi HM 5 20
S(Lee IM % 2002), f4H+(Ko YR 5 2009)3 o] oﬂ
F7te] Xi%“é% Ndshs AT 5 ﬂ] FEo] A B4
H A 4bste] HgtEo] s W AR & 2 A
7 717l tigk A7 ule- EETE olo] E AFolA
LA AAR $538 AR7)|S5A ) RuE Az 7, A
AL o] g3t FEES SHA e A=A & zL71—011
A] pan-fryingdh= AFZQ WHo 2 B7HS A Z3kal o]
9] 4R @43 AkshA] JES 24 st §74e
Aol tigk 712 A8E AlgstaAl skAth

: O_u
£ OPé e 1o

ko

F

A371E
I, 7 2 ditH
1, AEE U Al
78 Aghdr 2ok A 2013 1 % oA 24
o FEele T AZRAIR 71‘1}% 01&4”

E(Hwasung, Korea)Z5-E] J‘OZ] o A]’%‘O]";’i‘:}

AU 2013 5%011 ZYzh 7715 o 59} v%“*c 34
oA 3 AL & %U}~(Y601u Korea)¥t ¥9 =

e 9 E%(Namyang]u Korea) © 2 HE T 0]’9\9\‘:}. %J’

Ao FUPAS @3- (Seoul, Korea) oA, FA B
FAERE 2 FE3 AV 2L 3FHlo] &(Eumsung,
Korea)oll A T3ttt

Aol ARESE caffeic acid, o-, y-, S-EZHEZE, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu’s phenol
Aleke- Sigma-AldrichAKSt. Louis, MO, USA)Z3E|, HPLC
£ n-F4ky o]AZZ S JT. BakerAKPhillipsburg,
NJ, USA)Z5H TASATE 1 9] Aok =5 dF Al
okg AlLg-aAT).

N

£21o| M=
A
13l JaE23 7182
e wet Alxsidth &, %’Q*} %3 4‘101(1 2, W/W)
24°CollA 79 Bt A% FEE 7R st ovll T
oA 7t O}Oq e IS A ALY, B B =
A SR AR A(FA 0.9 mm)ol] 2 HEE 3 A2 4
4y £ 180°C AFVIEES ¥ WAE 28 om, =0]
241 cm)ollA 623t HA & Axsdoh 7242 Hd

)

o] THstA d= FAU= &7 ¥a daz ST

>

17

3 BHE y7hx] -20°C] W¥Eare] Rasiyoh
3. BEZER 9 Atsiax| e EA

B2 A7 7, A, == HF A3 o]F AHLE)
of Alzg F2te] 48l WA AL Lopez A 5(2011)

a2 22 7feks) 4] 4 308 A 63 (2014)

o Yol W DPPI AT 4] 24 Ao
Hrletgch 52 98E -50°C, 5 mtorroll A SAAZ
shdaL, F-zhe :LEHE B33t 247k 2 goll tisked 80%
oghE 30 mLE T35t A FEES AxsATh
A8 B ®7} FZFE9 DPPH 0% &4 4L 0
SI 59 WW(2013)= ©]83t 0.1 mM DPPH 1 mL%
F== 0.1 mLE &3t 301 3t dAoA WESAIA
UV-Visible spectrophotometer (HP 8453, Hewlett Packard,
Wilmington, DE, USA)Z 517 nmolA FFEA)E &4
skl Tk 2ol ofs) Y& 5 7 FE<2 DPPH
Z 27 24< BrrskaH

’.:Y‘

DPPH radical scavenging activity (%)

(- A of samples with bugak extract % 100
A of samples without bugak extract

Y5 2 77 FE2E9] 8L Oyaizu M (1986)2]
HE ol 8ste] 95 B 77 5 1 mLell 02 M phos-

phate buffer €8 2.5 mL%} 1% potassium ferricyanide -84
2.5 mLE F7FkaL 50°CelA 30 B¢ WESAIRL - 10%
trichloroacetic acid &4 2.5 mLE F7}sle] LAEE] 31
o} Asde] 25 mLE #Hs) & 2.5 mLe} 0.1% F3kE &
o 0.5 mLe} A &3 F UV-Visible spectrophotometer
(HP 8453, Hewlett Packard, Wilmington, DE, USA)E ©]
%’3}04 700 nmolA 9] FREE d8 B 74 FEEY

™S Hrisidth o] W 2T YT TEY o
EFHE3 ofazHAIO 2 ST

4. H=et MEpx] 42

4 AxE

= HI
N Ix

AL A, A, Vel dRE F
g¥E 318E S Wong KHEF Cheung PCK (2001),
Maksimovi¢ Z 5(2005)¢] WS WHFPst] Ttk A
<, A, A, JVE A4 1 gH 80% oMAlE & 50
mLE %o 25°Co] &8 4=%(DS-SHWB45, LAB house,
Gyeonggi-do, Korea)ollAl 6A17F &<t &stal 10 mLE
484xg, 4°ColA 2083+ UAlE2l(Avanti J, Beckman,
Fullerton, CA, USA)?F ¥, 45 0.2 mLE #3} Folin-
Ciocalteu’s phenol A|9F 0.3 mLE ATk 383 HAXA
7 F E8} IEENGCO) §9 05 mLE 91, $F
T2 5 mLE 83T 1A% B AAAIZ F UV-
Visible spectrophotometer (HP 8453, Hewlett Packard,
Wilmington, DE, USA)E ©]-83} 725 nmolA $3E=E
Z43}H o™, caffeic acidE TFEZE ARESH A=A
< B3l e IgES AT EFNE SR
g A, A, A, FV1E A2 05 g2 n-84E 5 mL
9} &33l hydrophobic membrane filter (PTFE 0.2 pm,
Toyo Roshi Kaisha Ltd., Tokyo, Japan)Z |3k 3 20 uL
£ HPLC (YL 9100 HPLC, Younglin, Anyang, Korea)oll 5

.



A, 7, A Fizko] Absluba] 84, Zalu|i shelEnt ERv 2 o 769

c1°1'
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(PTFE 0.2 um, Toyo Roshi Kaisha, Ltd., Tokyo, Japan)Z & Table 29} 2T} "379,' 7183} ?iil, A, AL &
o33k & 20 uLS HPLC (YL 9100 HPLC, Younglin, HE 3SHE S 17.13, 255.51, 2,548.10, 10,561.19
Anyang, Korea)oll F93te] 919} 5L o= 74 mg/kg (dry basis)© &, ZAde] ZHE 3Ig=o] Bol

=g FHEATE AR FEHE RtE S 14.2-
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Table 1, Antioxidant activity of food materials (blanched lotus root, dried laver, and perilla leaf) for bugak

Blanched lotus root Dried laver Perilla leaf ~ L-Ascorbic acid a-Tocopherol
DPPH radical scavenging activity (%) 21.07+0.92°" 81.14+1.20° 80.34+0.89" 93.73+0.62" 77.07+1.09°
Reducing power (A 0.02:£0.00° 0.79:£0.00° 0.82+0.01° 0.84+0.00" 0.83+0.00"

" Different letters mean significant differences in the same kind of activity among samples by Duncan’s multiple range test at 5%.

Table 2, Polyphenol and tocopherol contents (mg/kg sample) of unroasted sesame ail, blanched lotus root, dried laver, and perilla
leaf (dry basis)

Tocopherols

Polyphenols

a- Y- -

Unroasted sesame ol 17.13£2.27 nd.” 1446.47497.85 nd.
Blanched lotus root 255.51+32.58 13.69+0.27 n.d. n.d.
Dried laver 2,548.10+123.73 6.70+0.81 n.d. n.d.
Perilla leaf 10,561.19+97.87 311.35+24.97 n.d. n.d.

D Not detected
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5,000-9,000 mg/kg = ThFEFH 2 H(Oh SJ 5 2013), A%
9] e FEEME 4,087 mgkg FEE AEHAT
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2 ol AR FF E T A7]9 Aol @E o
2 AZFAthKwak Y 5 2013). AF7|2oHE EX)
& o|4dA F y-tocopherolTF 1,446.47 mgkg A&
y-tocopherol S 392.6-663.68 mg/kg O Z R I3 A
(Elleuch M & 2007)2F= #fol& BT o] T3 374 &
T 9 718 FF 0 AolodA IR HIEHAS o=
AZET "3 A2, A, Al FEEAAE BT ER
HE o]dAA| F a-tocopherol Tt HEFH oW HE 7=
(dry weight basis) 2.2 Z}Z} 13.69, 6.70, 311.35 mg/kg®]l
o A2 EFFE TS AE7]F(fresh weight basis)
O = g-, y-, d-tocopherol®] Z+Z} 4.93, 0.05, 0.03 mg/kg
o=z Hud ul UtkIsabelle M 5 2010). "t 79| a
-tocopherol &2 6.4-12.0 mgkglE HILE ] 2™ (Oh
SI & 2013) ¥ A} 3 o]9} FARATE A 712
olghe FEENA = a-tocopherolTt 26-39 mg/kg (Kim
JHS} Kim MK 1999, Li L 5 2009) AEF Aot His
At

27.53%% A FZol ol w2 BAHE HIT
(p<0.05). A FZ+2 tZ=7<! L-ascorbic acid (93.73%),
o-tocopherol (77.07%)°] ez &7 B9 27} 294,
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Fig. 1. DPPH radical scavenging activity of bugak prepared with
glutinous rice batter and sesame oil (Different letters on the
bar mean significant differences among samples by Duncan's
multiple range test at 5%))
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Table 3, Polyphenol and tocopherol contents (mg/kg oil) of bugak and frying ail

Bugak Frying oil
Tocopherols Tocopherols
Polyphenols Polyphenol
o Y- 6- o- Y- 6-
Before fryi 14.03+3.08° A" 642.78£17.43% d.
Lotus root 25594225 nd? 469.46:16.17° nd. —— 2108 _ z 1
After frying 23.53+2.87 n.d. 382.16+4.58 n.d.
. b . Before frying 14.03£3.08° n.d. 642.78+17.43" n.d.
Dried laver 25.79+1.2 nd. 354.00£19.14 n.d. - 5 5
After frying 19.91+1.75 n.d. 483.76+3.13 n.d.
i . . nd. Before frying 14.03+3.08° n.d. 642.78+17.43" n.d.
Perilla leaf 44.13+2.89" nd. 553.08+15.45 - 5 5
After frying 19.58+0.51 n.d. 486.38+0.48 n.d.

Y Significant difference among samples within the same kind of antioxidants by Duncan’s multiple test at 5%.

? Not detected

B3 EFAE g
tﬂ—al:t Oj,:_L z

mgkgl 2, A, 4 FAROE A %L OM Eﬂ B
o] ZYuE FFEo] HEFHUL oA dAFA A
Qo) e EE o] HRl AL, AR E3Ud
ZAolA 7] Ao=m AZHEAT. AR A 752
ZP¥E s 2 H4 A 14.03 mgkegolAl AL,
A, AL 7zt ﬂli% g =1 HF & 77+ 23.53,

o

gd
=
HS rlo
£
N
2
>
Jr
[\
kh
L}l
o
[\®)
Lll
9
o
i
IS
)

ey
-
(9]
[oze]
oi
=X
[0}
b
ol
N
N
i)
32
rr
, =
i o
=

i o e 5
o\ ol
e
N
(o]

LU
9
T

ofo

HHN‘

i

s
;

9=
N

Qﬂ
R 0
oo
o
32
o
A
e I
ry
N
P
[/
o 2
g
il
Ml
K=
flt
ro ¢ o Hrl

oo o £ g 0
Mo
mg{;
=)
e
N

mo mlo AQ.
k

N2
fth
o
Am
N
Jo
ro

n\‘ )

e
Jo
£
52
an o |

5} Ess|Eo] ¥
}k—tﬂ l ] AEEE H}E_L 2
=% 3} o]?f)JJr B & Bzlo] xukz dlifo)
2.3~3.4% (data not shown), 25~64%% 572!
] %ﬂﬁ Aol gRES A A 79
[2E T Jung L 5(2013)2 HAR] A4 &
7t Aupde] EAS rE wkdke B sk ul
o A, A o] ESHE TS 47 469.46,

IS e
5 1o o
5 2
_%

Jo
o i ol

%Z

N
—_ I'U'{N'
r)L il

>,\1
\1 flo

Y0 ox M N N oo rlr r2 N omot
l.mo
>

0.0 [odu iy 2

Lo
fr
K
i)

354.00, 553.08 mg/kgl.2, A H7} i
7H8 mghed, s g4 —?71]94 Fzbo] thste] 79
zte] 79 wi#o] Yol % o
ool oa) EadE Pl l—ﬂ?ﬂ AEANL Aoz 4
SEH 789 E;r_ﬁﬂi kS 642,78 m
2, A, A F24 AxE % B2 B F 22 382,16,
483.76, 486.38 mgkgl Z ZAstgon, o]Ae A
A F 7189 A3 As) ARE il o3 =2

£ 9] Baj(Vaidya BS Choe E 2011)0l4 LX 7213 A

o7 AztdEr,

4, BZo| M3pHtX| MEDt MSEIX| 2dnte| 2t
Hzte] ZHE e, ELAE T e AR

e Kb FEE AR @479 dadAe
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Table 49} Zth. F7+o] Z¥= sot= %%Ur DPPH
gz A F4, FAEL wlg =2 Fo P

O k(22 17=0.9580, 0.9998), EAHE 3} JJr DPPH
g &4 &4, St AABAE o T
(A7 #=0.2377, 0.1158). °|AL EXFASHTE= ZH
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Table 4, Regression analysis between antioxidant contents and DPPH radical scavenging activity or reducing power of lotus root,

dried laver and perilla leaf bugak

a 1
Regression parameters '

DPPH radical scavenging activity

Reducing power

a b P a b s
Polyphenols 0.0233 -1.04 0.9580 0.0003 0.0718 0.9998
Antioxidants
Tocopherols 0.0684 -17.48 0.2377 0.0005 0.0202 0.1158

" DPPH radical scavenging activity (%) or reducing power = a x antioxidant contents (mg/kg) + b, > = determination coefficient
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