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Functional Composition and Antioxidant Activity of Eel Teriyaki Sauce with
Bokbunja (Rubus coreanus Miquel)

Ki-Hyub Sung' and Chang-Ho Chung®'

‘Dept. of Hotel Culinary Art, Daelim University College, Anyang 431-715, Korea
Dept. of Food Service Management, Sejong University, Seoul 143-747, Korea

ABSTRACT

Antioxidant activity of factory eel teriyaki sauce with bokbunja was investigated by functional analysis. Sugar content
analysis of eel teriyaki sauce-free with bokbunja showed fructose and glucose but not maltose. Anthocyanin content of eel
teriyaki sauce with bokbunja juice concentrate was 40%. DPPH radical scavenging activity and total polyphenol content of
bokbunja added eel teriyaki sauce increased with increasing amount of bokbunja and were 80% higher than control sample.
Total polyphenol content and DPPH radical scavenging activity were closely related to electron donating ability. The preferred
concentrations of eel teriyaki sauce for commercial production were 60% for bokbunja, 40% for bokbunja concentrate, 20%

for bokbunja powder eel.
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olgle EdEE AHAEA E THE 48] S vHEo
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g}, olgt ARE FE A EAE Follla, 714
A Fo 8 Jhtshe AT7F AFE 3L ATk Shin er al 2003).
HZ 50] HAZANA s} sES A ste AdTe
1578 gl ol 53] AelFot vzl 7ol gikst Do
13] o] Fo]A 1 AT Shin ef af 2003). E3] BEAE= @
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olaL, F=, A&, T, 1, V= 2] 1,000 m okl A7s

o] Wo] =& XX sk A==, T2 Rubus coreanus
Miquel, 92 Korean raspberry, Korean bramble, 3252

ERANEAET), W ZAHEEMNT), PR, S (Rf)o]
THRDA 2003).

EExlo] dhd AEld B2 ¥hd, 2,3-(s)-HHDP-
D-glucopyranose, sanguiin H-4, gallid acid, sanguiin H-6(Pang
et al 1996)°] 2] B FUeH, &7], 4 SolA quercertin,
quercertin 3-O-B-D-glucuronide ellagic acid”} B3 v} 9131
(Lee MW 1995), $Hl=& 71A| a1 ole A% &S] HE
C 2 H]E}R! B, a-tocopherol, sulfur dioxide, polyphenolH
52 nitrosamine A/dS JASI= 715 7HA L UtHLee &
Hwang 2006).

EE2le] 32 M A= anthocyanin, carotene, ellagic acid,
polyphenol, quercetin 5 @18 7IX7} EAsl=d], 1 5 &
A0 2B A~ anthocyanin®] 2}a R 3189 tHBai SK 2006). An-
thocyanin 2| & Aol A EAeh= A, 24 9 A& et
e 584 AolH, ARl we 2t bt FR71F
i, A AAe] AAMLZA B o] §71A7F vka g
A A(Francis FJ 1989). Anthocyanin 47 QFgAdo| 4
FE BlAE AL BEAS BRoln, o]eld HiA TFo

Z}8-© & anthocyanin A4V} E&& oty HuH ok
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(Choi et al 2005).

EEAb e Aelgd ) oFeA ARgo] dElRWA
iAol gk A7vE @s] s n givh 598 Lee &
Lee(1995) = E-8AF UL} Z7|ZHE flavonoid 33
3} tannin 5] EAE H1181%2H, Park & Joo(1982)= %
g FollA A FHAge] P A, 57 e E 1
Zgo| v Huslgnh 1 9 Bl o|ges 54
(Cha et al 2005a), &4+l X (Yoon et al 2002), B-&=} &+
At AE FE2AC wE FsA SEe] 54¥SKYoon
et al 2003a) 59 A7} o] FolHth Hgk Au| el gt
ATZE deE FE2E A5 dAE A4 ¥a(Cha
et al 2001b), ete FE57 o AL B (Cho e
al 2005), MEHE FE59| gitst 448 A quercetin®]
=43} 2] (Yoon et al 2003b), E3} o|ghe FEEo] A
DA (Lee et al 2003), HE 4o F4itst & (Lee & Do
2000), g s}gh=9] ksl AH-8(Kim er al 2000) 5©] B
D= AT

ol Hglopr] Az M & Hglopr] AnE o]
S gAJoll e AG(Park et al 2006), AFE=A
tjglol7] F4 54 (Sung & Ko 2010) =7
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1. AEXZ

Aol AR HEAls deuE wAEel 949 oar
Hell A 2013 69l g BiAl s GuifE ol sk
BEAE % B 3] ez Azele] 200 YED
(B126-4RM- OS-E, Lassele, Korea)oll &5l ] AF2-5131 T}

Foluliz 274 Qo2 £dakn e WS AL
ok A71E oA B, A2E FARE 84 FEA

o

T3 ool A, vEe HEU RS Fovd, A
TE PHFUTFY WSy, A PALA D] Fuld,
He FME] FZRIFF 5018 2013 7€ o Fol

oMo} fekiRa s

1) S=4 & M=
BEAE Gl g 33] A& & 2417](HALLDE VCB-61, Kista,
Stockholm, Sweden)ol|A] #33le] 287F 242 ¥ 20 mesh

Aol Wed A-g-sksl

2) S2A 22 M=
22 dulE 33] AL £ —60T2] Y¥-&7|(FD-240SF,
Sungjin, Seoul, Korea)l|A] 24417t WAl & 54 7127
(FD-5518, Ilshin Lab co. Seoul, Korea)E ©]-&-3to] 96417t &
oF Azslgith A% EEAE 257/(HALLDE VCB-61,
Kista, Stockholm, Sweden)Z #-3|3}e] 2871 22 % 20 mesh
Aol W& AHE-sHAT

w

) BEX} SEM ME

22 Eull 1 kgs 33 A2 & 524 GrlE 60T
Y57](FD-240SF, Sungjin, Seoul, Korea)ol| 4] 24A]13F W53}
of ARgslITh HEAl dullel & 200 mLE 12H2 Y1, #
) 71(HALLDE VCB-61, Kista, Stockholm, Sweden)@® 23}
A8 & AR A Ayt AZ T g2 1Al E 200

S 2xE Y3 WE RA AE F E FE 1A &
S upxjgto 2 100 mLE 332 Wi "R A ARich |
2}, 2249} 322 A EEA F2 30 cm 9 WHjo] @
o] &(SK-250WP, Sato Keiryoki Mfq Co, Tokyo Japan)7}
LB 80C7F FAIH == 5413 7FERE 5 1A3EE 43
A A 5o AT
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a17] el xHEel SAIE 'Sk & £28
ZA1Z1 3 F-0]7](DK-K8-017, Rinnai, Seoul,

Korea)oﬂ LA 200TCAA 20827 FRo] 71 7122 A
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1) S=AES ®7tst Zof diglopy] &A M=
7ol digep]
e BEAES v 1,000 mL the]
0%, 20%, 40%, 60%, 80% HI&= 1& 1,000, 800, 600, 400,
200 mLel thulal] E-E21F 0, 200, 400, 600, 800 g2 3 7}a}
ATt 10 L &595 871 570l 22 -2 gofw 500 g, 4
= 1,800 mL, & 700 mL, A& 900 g, A7} 30 g, ¥} 70 g
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2) =X 20t =24 sEAHS HUrs o diz|
o] A A=

EEA B B w5 e o] digjer] &
2 Aze duAddS Fate] M &S A3 584 BT
I BEA szAS HE 900 g thH] 0%, 20%, 40%, 60%,

80% H| &= 4

B.ualy zo
Lo

oi

900, 720, 540, 360, 180 goll thH]&l -2}
< 7+7} 0, 180, 360, 540, 720 g H7}atsich
Aol 115C et B2 kst 2o 85T (SK-250-
WP, Sato Keiryoki Mfq Co Ltd, Tokyo, Japan)e] W& 2%
B2 F9 421705 9 29 F 12,000 mLE Y1 5EA
A7vete] 2213 § 3R & 2R o] diglopr] & 9
o =& 7153 AF& A7 20 mesh A= A2 B2t
A7) Aol digloy] AAE A FE}tHTable 1, Fig. 1).
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(1) HPLCE o|Zst ®elgd &4
2 9 B72A; H7 Aol digopy] &2 Y 53
2 BFA)9F A E<] maltose, glucose, sucrose, fructose(w/w)
Aeagn AREe @ BE 7t
o] HPLC W4 #hs T8 HFFAE o] &
sl F 5 =731%. 2™, HPLC(Agilent 1100 series, Varian,
PaloAlto, CA, USA)E ©]-&3+ f2ld 42712 Table 29}

2.

(Sigma Chemical Co)E
7o) 4

24 A7 Ao diElop] el Ve 42 % ke 24 289

(2) Anthocyanin &2 &

ER2 9 BRzl 371 Aol dgobr] 429 anthocyanin
T Lee er al(2009)°] WS S-&3to] A8 A=
10 g 30 mLe] FZ871(60% methanol)®} E3tate] &4
3 & AAE2](30 min, 3,000 rpm)dte] MAS FZE3Th

ZH- o] 22 (Whatman No. 2)°l] oJZHA|7] & B A7 g

3}3 2™, HPLC(Waters HPLC,UV System 2487, Waters Co,
USA)E o]83Fo] 57313t Anthocyanin 52?1 C3G
(Pharmacopeia, St. Rockville, Maryland, USA)E A-8-3}%] 2
™ anthocyanin 3% =% EAZ272 Table 33

4>«

(3) & Hisy sfae s 24

una) 9 BRA H2h o) vlelr] kel  Eels
3}+2F-2 Folin-Denis'®H(Slinkard & Singleton 1977, Amerine
& Ough 1980)= $-83t] SA3IATE 5, A5 2 g F=
S 70% o EHE 8 mLel| 83417 2™, Folin reagent 2 mL
2 F7l2 9o T A41E2](3,000 rpm, 20535k, o] 7=
(Whatman No. 2)°l] oJZ}A|Zit}

%5 1 mL®| Folin-Ciocalteu's phenol reagent(Wako Co.
Japan) 1 mLZ 3+ 3 220 383F WXe o2 10%
Na,CO; 1 mLE H7IE F E9h&e] F] 10 mL H=% T
FrE AU olF 1AIZEE W3 & Spectropho-
tometer(Shimadzu, UVmini 1240, Japan)Z A}-8-3}e] 760 nm
o F3E=E st

e

(4) DPPH Radical &~7{&M &3
S22k 8 522 A7F el diglopr] &2-9] DPPH ra-

Table 1. Formula of teriyaki sauce for broiled eel with added various bokbunja

Bokbunja
Ingredient Quantity(g)
Juice Powder Concentrate

Eel bone 500 500 500 500
Soy sauce 2,000 2,000 2,000 2,000
Rice wine 1,800 1,800 1,800 1,800
Mirim 1,000 1,000, 800, 600, 400, 200 1,000 1,000
Bokbunja 0 0, 200, 400, 600, 800 0, 180, 360, 540, 720 0, 180, 360, 540, 720
Sugar 900 900 900, 720, 540, 360, 180 900, 720, 540, 360, 180
Leek 70 70 70 70
Ginger 30 30 30 30
Water 700 700 700 700

Total 7,000 7,000 7,000 7,000
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HOoFA o} RATHEETE

’ Eel bone washing (5 hr)

’ Air drying (48 hr)

Eel bone roasting
200°C 20 min (in salamander)

Removal alcohol of rice wine, milim | —

Mixing —

Added with eel bone, ricewine, milim,
ginger, roasted leek, sugar, water

Added with bokbunja juice, powder,
paste

— Boiling (4 hr) 115C—85C

’ Boiling (2 hr) 115C—85T

‘ — ’ Added with soy sauce

Removing of scum ‘ —

’ Filteration (20 mesh) ‘

’ Eel teriyaki sauce added bokbunja

Fig. 1. Flow sheet for preparation of eel teriyaki sauce added bokbunja.

Table 2. HPLC operating parameters for sugar analysis

Parameters Condition
Column Aminex HPX-87¢
Detector Waters RI-2414
Flow rate 0.6 mL/min
Mobile phase Water
Oven temp. 83T
Injection volume 20 pL

Table 3. HPLC analysis for pigments of bokbunja

Classification Anthocyanin
Instruments Waters UV System 2487
Waters, Nova-Pak C18 Part No.
Column WAT086344 (3.9 x 150 mm, Waters,
Milford, Massachusetts, USA)
Wavelength 520 nm
Mobile phase géO: :1;116::‘[1?11/(21/; )formic acid
Flow rate 1.0 mL/min
Sample size 20 pL

dical 2AEA 24L& A= 6 goll 70% oNere 24 mLE 4
3L, 308 St A § AAEE(3,000 rpm, 302)5t, o3}
X](Whatman No. 2)°l] AZAZ o). 2H7e] o3l 1 mLo} &
59 mLE 4olE T ARS WEOl AR 3 mL 0%
DPPH%LO—‘.4 2 mLE ISt bAoAl 30F &<k vhe-Al
71 % Spectrophotometer(Shimadzu, UVmini 1240, Japan)S
olgst] 517 iz FHEE Sgolo], FRwel v]2 A4t
stch olw] Hizte] FEE il 70% eSS ARG
Ao FFEE HEF2

DPPH 2:7%5(%) =

WEF)EYE A A T ERE
EEETOEE 100
2) B} M7} &of tl2opy] AAZ 0|23 Aoj7

ole| 7|E5 AHA}
ERAE Aot Axd 58 ol HElop] a2
ol-g3te] g Folgtolel Uigt VT EE HrHE HE 8
&
7

J

715
2 Ao Tl 2 FEe A Al 55 i‘% dAE o]
=, Aol dolekA] g d= 1
T ArE AN e BEX
o]t & FolTole] 7|5
£ o]&sted Hrkeiith 7t
(color), ¥Hflavor), B(taste), Fo(salty taste), -

.

w2
],
7
2o
mog

1r
oi

goielsl 4

cHE =
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(softness), BAF o] tlglopy] 2xg o] g3fo] & Fol
g ZAREA Q1 7] S % (overall-acceptability) & 713}

Tolell o
[e=]
AN
4. SAXzE
7F Aol A2 A FlolH = SAS B4 v ZR=ad

A& o

1__ ==y

= AHgEte] BAIAE A THSAS 1988). &
38 WEARS s, BAYEo R WY B4
EAHE(ANOVA)S ©]8-319] Duncan's multiple range test
2 7} A= 7k BAAY FIHl Al pe0.05 Sl
A

1) HPLCE olg3t ezt 24

BExte] #2 A A3}L= Table 49 2t} Sucrose}
maltoser E-E2} o]z Fejo| = Ve }R] gigkon BExz)
o] 2 Fl9-2 glucose, fructose®] AT} Glucose= E-7AF
9]'5'—5‘1]'59‘311%,338%§ Uelgom, B2zl B
= 18. 61%, B 52} m=ddE 13.49%7F UEFSTE Fructose
T A Bdo] 7MW 17.98%5 Jetdon, HEA;
FZ2N 16.22%, BEAE 5.69%, BEA} 491% o 2 YE
Wtk Lee et al(2005)S B-EA9] f2ld g3k EAdA
sucrose 1.52%, fructose 3.9%, glucose 1.24%2}al H.13}3] ©
o]z & AT} vk zlo]lE B o, o] HiAte] A
g, 713 B BEAbe] 4, TS| whet bl
7F e Aoz AlgEh T3 Kim IM(2008)2 B-E212]
Fe1d & T A vl A= sucrose”t VERLH, B
Z=3}o)| 3 sucrose’} EEA7}F A4o] E4E glucose )

of
I

Table 4. Free sugar content of bokbunja samples

Free sugar(%, W/W)

Sample
Sucrose  Maltose Glucose Fructose

Bokbunja N.D. N.D. 3.11£0.09  4.91+0.09
Bokbunja ND.  ND.  338:0.15 569022
Jjuice
Bokbunja N.D. ND.  18.6120.17 17.98+0.38
powder
Bokbunja N.D. ND.  13.49+0.08 16.22+0.22
concentrate

ND- Not detected.

B8 47 o] delop] 2ol V%4 AR L G B4 291

fructose 2 A=) o] sucrose’} B 7S HAthn H sk
=, & Ag A8t gk B0l A = sucrose’t UERY
A e AR AlmETh

2) Anthocyanin &

Anthocyanin®] 7}l oJgh Fall&-& 28 0]#] gl lo-
garithmic ¥t o] S0l &3l7d o) 3)oIx= anthocyanin
£ anthocyanidin®l] aglycone®|2h= G771 Bo] lom, oA
o] WA 7Rl 7} ¥ 1, 1 SA] anthocyanidin®] #3171 &
. geiA] U tH(Fennema et al 1986).

2449 anthocyanin 2 54 ¢ 23= Fig. 29 &
o). 5%A}2] anthocyanin H-2 33.08 mg/g, SEAES
33.05 mg/g, B-EAF EEL 206.58 mg/gl 2 UEon B
AL F5Yo| A= anthocyanin o] YERER] 2ESITh Park
et al(2008)2] Aol <5l B-EAle] £35S 223 €3G
Bhekol A 7.719014 31.69 mg/ge] Wl IRt stslom,
2 AT A3t ¥ =2 &S YERATE Simon e al(1980)
£ anthocyanin®| ¥] &A% Z'¥ T melanin?] 49 583}
© Bt A" FHA Qe vt ATl e
Park & Joo(1982)2] Aol olshd B-Hx}o anthocyamn-J
NN 257t =255 FEAlOIS] Rl o] Ea,
31204 2] anthocyanin AAE AlZko] Z3glel| ujg} otE
Alobd & Halgittn Hasiglet], & ATdie 524t
F5Y Ax Aol 80T R SAIZES 7HE8I7] Wizl
oA e] Feofl 2F3t anthocyanin®] E4d¢l &3] H5A} &
] anthocyanin FHFo] UYERA] & 2oz ddtdrt

M
12 ro

A 4! DPPH Radical &
HEy &4
AAFols Sl AFEEE 1,1-dipheny-2-picrylhydrazyl

150

100

Anthocyanin{me,g)

50

0 T T T 7

Bokbunja Juice  Bokbunjs PowdeRokbunjs Concentrate

Bokbunja

Fig. 2. The contents of anthocyanin of bokbunja.
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(DPPH)®] #4242 CisHpNsOgol 2z, P88t et zd& 2=
B4R OE guzEd 2t Hgg BdAE e
O W(Kim & Joo 2005), DPPHE o} ~3 2HIAL EFH| &,
@5 ool oJste] gAsle] Hepao] GalE ) ol
< T AL RTE st 240 AAgA e s
ole WHoz Huzoz e 2ole Aduhioltt
(Yoon et al 2002).

BEAE 70% ethanol 2 &3+ FE 5L ©| &3t F ¥

=4 33E e 2 DPPH radical 2A AL =43+ A7)

<

N S o O

1

BEAELS 179 g, B8R} 5359 4.02 g, B2 2 488

=59 FFPHA wet o 23 3 xfe]E YEh, Cha
et al2001b)& E-EAE A5 FE5004] 3.76~5.21 g, 80%
methanol 2 &3t FEE0|A 3.21~5.02 go] =] 9l
Tt Buslelom, ol ¥ A9} thE AE Yehiith

DPPH radical 2AEAL EE27} 67.03%, EEA}F0]
68.41%, FEAL F59 0] 69.11%°]H, 552} 22| DPPH
radical AL 72.61%= 71 Eof A= et s
7 Ao FAEQon, Shin ef al(2003)S EEA ¢
FEE°] 1% F=°lA 60% ©]’3<2] DPPH radical £~A 24
= YeR, 2 A3 Azl AR ke JERRITh F
Z2 9= 359 DPPH free radical £2AE4L A2 v
AR A7 olel, & Zeulls el =545 DPPH

free radical &7 AT ZUlele Aoz d#x gt

2. 228 Hyie Fo| B2l Aae s &
2 2%

1) HPLCE o8¢t wale &4

et ArbEE gelstel Az Aol delop] &
o] HPLCE ©]8-3 freld &4 Aoh= Table 63} 2t} &
AR, SR T, SR w5 A7 gl Hlop] as

AAA 07 sucrose?] o 2A YERsEa, fructose,

N
-
o

Table 5. The contents of total phenolics compound and
DPPH radical scavenging activity of bokbunja

Total phenolics

Sample compound contents R]S)[I:P(I;])
(g/100g)

Bokbunja 1.49+0.01 67.03+0.06

Bokbunja juice 1.79+0.01 68.41+0.07

Bokbunja powder 4.88+0.01 72.61+0.08

Bokbunja concentrate 4.02+0.01 69.11+0.07

- H4s

HOoFA o} RATHEETE

glucose®] A2 YERE O™, maltoser WENIR] STt
ol EEAe] fld A& Aol A maltose= WERA] &F
S A7 Ze Ao, dvtd oz HAoA = maltose
ol gls Z o= Alsdrh

Sucrose= WZ&T7F 29.11%0] 01, H7hego] F7hese
= Haste AdE eIl ey, glucose$t fructose= U
T7F A2 1.59%, 2.14%C100k Ao Hrhge] S7He
= glucose®} fructoses= F71ehe S e, B-EA}
F, w8, s 7t GoldlElor] s B 80% M7k
oAlA 7HE A depien, Zb Frk Tt {4 Aol&
YEPATHp<0.001). Choi et al(1997)2] -0l 2]5PH sucrose
= A FedA EelEo] ash, 1 EsiibER] glu-
cose<} fructose™ S713Hchal Huslgom, ol & A3
A= sucrose S A4l WA, glucose$} fructose= 5

lebe 4GS el 2o ATE eyl

2) Anthocyanin gzt &M
EEAke] ArhE Dt Az ol dig]oly] Ao
anthocyanin 3t&F =% ZA¥l= Table 73 2t} BEA5, B8
A} 2N 7} o] digloy] &2l A] anthocyanine YEL
VA 9E3IT}. Park et al(1994b)2 & F-Foll ™2 anthocyanin
o] drgAdellA AHde, =Y, 59 9| anthocyanin®]
ZHEE0] 2 2ol YEhl AL dvtal Haskeit Bk Park
& J00(1982)3} Park et al (1994a)2] Ao oA dutbd o
2 anthocyanin A4F 12042 AAIZE 71E, F40]23
ol HF To8 EdHed, AVlde dsHuA SUEE
polyphenoloxidase2] &3} B3t aglycon] 71437}
JEFL vA & Ao Bty b 2 A BE
Az B 55 A7 4] delop] As AE A T
ool A 71, g&el 2] JE TR EEAE
I 22 55 A7 gl digjopy] 422-0l| 4= anthocyanin
ko] el bz &2 Zo s ddenh
EE2} B¢ 7} anthocyanin g2 T2} 20% A7}
T E JERIA] egkont, 40% 7ol e 33.13 my/g,
60% FH7Fol A= 41.56 mg/g, 80% H7FEolAE 69.08 mg/g
o] Yehgtown, EtAl &8 Hrheke] S7FeS anthocyanin
Fel S7kete Ao vesith 524 A7t Ao Hlelok
7] A2 Fo| = anthocyanin®] A4Sl &A1& 73slAl UEL
e, @ebrlsely Fel2H &S A7 88 7K A
P

A=}
54 BAS Fhab] A Fol delop] 2

AE 7 T
Az Al FEAF 28-S Hrkshs o] vk sitta AR
Hth

3) £ He=A setE &zt 24 2 DPPH Radical 2~
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Table 6. Free sugar content of eel teriyaki sauce added with various bokbunja samples

Free sugar(%, W/W)

Sample
Sucrose Maltose Glucose Fructose
0 29.1141.04° N.D. 1.59+£0.51¢ 2.1440.04¢
20 25.07+0.07° N.D. 1.96+0.04° 2.28+0.04¢
40 25.80+0.08° N.D. 2.1620.08" 2.5240.04°
Bokbunja juice
60 20.92+0.12¢ N.D. 2.3740.04% 2.89+0.09°
80 21.57+0.12¢ N.D. 2.5140.05° 3.1440.09
F-value 148.542"" 17.522™ 138.245™
0 29.11x1.04° N.D. 1.59+0.51¢ 2.1440.04¢
20 18.49+0.04° N.D. 2.8240.44° 3.2840.04°
40 14.11£0.05¢ N.D. 4.09+0.10° 4.38+0.05°
Bokbunja powder
60 13.7240.06¢ N.D. 5.79+0.13° 6.124+0.13°
80 6.69+0.06° N.D. 5.81+0.06° 6.114£0.16"
F-value 930.373" 105.126™ 991.035™"
0 29.11+1.04* N.D. 1.5940.51° 2.14+0.04¢
20 20.274+0.07° N.D. 2.34+0.08¢ 2.61+0.13¢
40 21.66+0.14¢ N.D. 3.41%0.05° 3.68+0.05°
Bokbunja concentrate
60 15.05+0.05¢ N.D. 3.9940.10° 4.20+0.05°
80 10.61£0.10° N.D. 4.56+0.11° 4.85+0.05
F-value 655.455™" 85.047" 591.923™

Y Values are mean+S.D.
2 27 mean in a column by different superscripts are significantly different at the p<0.05 level by Duncan's multiple range test.

9" p<0.05 " p<0.01 " p<0.001.
ND- Not detected.

Table 7. Anthocyanin of eel teriyaki sauce added with various bokbunja samples (Unit : mg/g)

Bokbunja juice Bokbunja powder Bokbunja concentrate

Sample
20 40 60 80 0 20 40 60 80 0 20 40 60 80

Anthocyanin N.D. N.D. N.D. N.D. ND. ND. ND. 3313 4156 69.08 ND. ND. ND. ND. N.D.

Y Values are mean.
ND- Not detected.

Rk HrbES gElste] Az o] vEloy] A dRRCREA e BEAE AEA S5 A2 o
o] F W= e I £4] 9 DPPH free radical 24 atal, Aksh-3kel vbg A] 71A 2 AHgate] nAE A W
4 &% A¥= Table 87} 2t} ofsle] 2 &S HEdHe Al AF SolA B g, &ut

A5 AF Foll de] EAske EHEEdE2 s I 22 AE AFe 1/ g #AR HE e
A F AL Fitst g3 Fol T8 GTS dEetE A & dade SRS Welsla, it A Ze3in) B
o7 4EA 9t HAAE HEA IFEEL flavonoid — THI HEH AT AT a, Fobrl Bl da
7, @< 3=/, phenylprophanoid®, phenolic acid 5©] I SR ot g ARATIH, Bl H ZE HeYA
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Table 8. Total phenolics content and DPPH radical sca-
venging activity of eel teriyaki sauce added with various
bokbunja samples

Sample Total phenolics DPPH RSA
(g/100g) (%)

0 2.82+0.01° 26.06+0.05°

20 2.64+0.01° 23.06+0.10¢

Bokbunja 40 2.65+0.01 26.05+0.13°

juice 60 2.9120.00° 30.65+0.06

80 3.02+0.01° 32.64+0.11°

Fvalue  4,029.198™ 5,000.229"™

0 2.82+0.01° 26.06:+0.05°

20 2.89+0.01¢ 38.89+0.08¢

Bokbunja 40 2.93+0.01° 42.28+0.06°

powder 60 3.03£0.01° 50.58+0.04°

80 3.49+0.01° 51.29+0.04°

F-value  90,684.956" 97,007.658""

0 2.82+0.01¢ 26.06+0.05¢

20 2.76+0.01° 26.01+0.09¢

Bokbunja 40 2.99+0.01° 30.29+0.11°

concentrate g 3.06£0.01° 36.46£0.10°

80 3.40+0.01° 39.69+0.15°

F-value 3,722.633" 9,974.332"""

Y Values are mean+S.D.

? 27¢ mean in a column by different superscripts are signifi-

cantly different at the p<0.05 level by Duncan's multiple
range test.

D7 p<0.05 7 p<0.01 7 p<0.001.

Y DPPH RSA : DPPH radical scavenging activity.

¥ &7} Qe Ao g B w3 tiKuhnau J 1976).
AR b Delte] Alxd Aol diglopr] 4zl
s Zeldls g Uizt 2.82 golla, EEANE M7t
2= Arbeko] 2713t whet 20, 40% A7 AE iz
THRT A2 2.64 g, 2.65 g5 UERH oW, 60% H7EFE =
2R Bol 80% F7krelA 3.02 go 2 =4 JEhte
, TR B AL hae FTbo] S wEt F F
2 e S8k 80% F7krolA 349 go 7 71
=7 Uehgen, ol 7+ AR 7kl frel# el Aol zt e}
HCHp<0.001). T3 HwA F5 H7E ane HUEE] 5
7¥ell whe} 20% A7kl E 2.76 g0 2 tlR TR A7)
e oW, 40% H7EEE S7Eske] 80% H7brolA] 3.40

et o

P

HOoFA o} RATHEETE

go & 7P =A YEhgem, o= 23 1.18 g 2] 1.54
2= sRhE e vehle =u
i) FEelde
[e)

ATh(Lee et al 1997,

o] Azt o digopy] &
NZT7F 26.06%°101L, &= &
gro] Z7elol Wl 20%, 40% H7FrolM e t2TE A
< 23.06%, 26.05%E YEFAOMU, 60% H7bEFE =
TR} 2ol 60% 7S 30.65%, 80% 7ol E 32.64
%= =A UEson, At 29 H7F aae Aol 5
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Elton, ol ZF Al Zholl {124 Q1 Aol 7t YERskth(p<
0.001). JEAe] FEE A4 Aol ikt i3 Bdst
o] A ellA] oje] 7154 9&s FPste 302 Haugt
A (Markakis P 1974)2] Az} B3k Azte} & 5= 9]

ol BEEA B F Zuldls &% DPPH free radical
A 0] 7HE mol AL B HUE ol vlgoh] A
A= &S & o= Alsdrh 3 HiEAF w59 MUt
die A7kl S7METS Skt 80% el A 39.69
%= 7P E=A JEbson, g 7} A8 gl o491 A}
o7} UEFATHp<0.05). ©l= HE4t 59| & Fejvs
Z¥} DPPH radical 22718/ ¢] szo}, a4t w5 7 2
of dlglopy] axo® JEFS F AR ALRHY, F Z¢
¥ %2} DPPH radical A2 H3 3t #AZ) o] &
s o] 2555 AAFAdTE Ttk AoR

4o A sk

3. BER &7} Hof tlzlopy| 2AE 088 FHoiT
olel 7|z HIt

) ==XAHE &7t &of diglopy| &~AE 0| &3 &of
o] 7|== &It

EiAbg A7 ol Higlopr] Aa2E o] &5t T Aol
Tole] 715% H7HE Table 994 2t} A(color)oll & 2 &
7kt Zbell oA Q1 Aol 7b UM OV H(p<0.05), 20%, 40%
A7 A o4 Apol7F yephuA] ettt BE2AE A
7ol S7VESE Aol dHiglobr] &2so] Ao XA wA
80% H7hroll A 6442 71 A VERATE o= HiAk A
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Table 9. Mean preference scores"

B2 27k ol delop] 2ol J15H AR W G5 B

295

of broiled eel seasoned with eel teriyaki sauce added bokbunja juice by Korean

consumers
Ad(i;ttli-;)nal Color Flavor Taste Salty taste Softness Overall-acceptability
0 4.80+0.93¢ 5.86+0.93° 5.60+1.43° 6.48+0.84" 5.62+1.03¢ 4.964+0.99¢
20 5.16+0.82% 6.18+0.83° 5.84+1.18° 6.76+0.80™ 5.76+1.04% 5.56+1.01¢
40 5.46+1.11° 6.76+0.98° 6.30+1.05° 7.08+1.05° 6.08+0.99% 6.0620.89°
60 5.88+0.96" 7.1240.75° 6.74+0.72° 6.34+0.85¢ 6.44+0.81° 7.12+0.90°
80 6.44+0.91° 6.82+0.85° 6.38+0.75° 5.86+0.83¢ 6.92+0.80° 6.5240.91°
F-value 22.527" 17.446" 9.075™ 13.638™" 15.751™" 39.463™"
! Hedonic scales(1 : extremely dislike, 5 : neither like nor dislike, 9 : extremely like).

2 Sample 0, 20, 40, 60, 80 : Eel teriyaki sauce with added bokbunja juice 0%, 20%, 40%, 60%, 80%.
p y ya j

Y Values are mean%S.D.

4) a~e

D" p<0.05 7 p<0.01 "7 p<0.001.
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Table 10. Mean preference scores”

consumers

HOoFA o} RATHEETE

of broiled eel seasoned with eel teriyaki sauce added bokbunja powder by Korean

Additi-onal

ratio Color Flavor Taste Salty taste Softness Overall-acceptability
0 4.86+0.86° 5.76+0.82" 6.08+1.01 6.86+1.05" 5.12+1.10° 6.14+0.88"
20 5.58+0.78" 6.84+0.77" 6.68+0.65 6.44+1.09° 6.02+0.87" 7.14+1.01°
40 6.88+1.04° 6.12+1.12° 6.32+0.84" 5.92+0.67° 7.06+1.15° 5.94+0.82°
60 5.12+0.94° 5.46+0.84% 5.88+1.04° 5.36+0.85° 5.90+0.81° 5.12+1.29°
80 4.18+1.24¢ 5.08+1.21¢ 4.64+1.19¢ 5.42+1.60° 4.48+1.434 3.84+1.39¢
F-value 52.113™ 24.130"" 32.246" 17.456™ 39.737" 62.933"

! Hedonic scales(1

: extremely dislike, 5

. neither like nor dislike, 9

: extremely like).

P Sample 0, 20, 40, 60, 80 : Eel teriyaki sauce with added bokbunja powder 0, 20, 40, 60, 80%.
» Values are mean=S.D.
9 27 mean in a column by different superscripts are significantly different at the p<0.05 level by Duncan's multiple range test

)" p<0.05
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Table 11. Mean preference scores”

consumers
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of broiled eel seasoned with eel teriyaki sauce added bokbunja concentrate by Korean

Additi-onal

ratio Color Flavor Taste Salty taste Softness Overall-acceptability
0 5.56+0.86° 5.82+1.02¢ 6.16+1.13" 5.74+1.17° 5.4240.91° 5.62+0.90°
20 6.26+1.12° 6.36+1.06° 6.52+1.01* 6.44+0.99° 6.12+1.06° 6.48+1.05°
40 6.48+1.20® 6.84+0.84° 6.86+1.31° 5.52+0.97"™ 6.32+0.91° 7.06£0.91°
60 6.80+1.05° 6.14+0.95™ 5.94+0.77¢ 5.12+1.08% 6.72+0.76" 6.22+1.00"
80 6.32+1.06" 5.76+0.77° 5.24+1.02 4.72+1.13¢ 6.26+0.75 5.84+1.06%
F-value 9.174™ 11.059™ 16.719" 18.412" 14.322% 16.376""

" Hedonic scales(1

. extremely dislike, 5

: neither like nor dislike, 9

: extremely like).

2 Sample 0, 20, 40, 60, 80 : Eel teriyaki sauce with added bokbunja concentrate 0%, 20%, 40%, 60%, 80%.
Y Values are meanS.D.

4) a~e

)™ p<0.01

mean in a column by different superscripts are significantly different at the p<0.05 level by Duncan's multiple range test
p<0.001.
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