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A Study on the Oxidative Stability and Quality Characteristics of
Kimbugak Made of Aqueous Green Tea
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Dept. of Food and Nulrition,

Mokpo National Unmversity,

Auan 534-729, Korea

Abstract

The purpose of this study was to investigate the quality characteristics and oxidative stability of kirmbugak,
a traditional Korean food, made of aqueous green [ea (KBG-AGT). The kimbugak was stored at 60°C {for 40 day.
When 52 AGT was added, the acid value and peroxide value were lower Lhan both the control and the KBG-10%
AGT. Fried KBG- AGT contained mostly linoleic acid {Cis=), followed by oleic acid {Cis1) and palmitic acid (Cigv).
The proportion of saturated fatty acid was higher in the control compared to both the 5% and the 10% KBG-
AGT. Among ihe unsaturated fatty acids, monoenes only slightly decreased while polyenes greatly decreased in
pariicular, in the control. The proporiion of carolenoid and chlorophyll a was higher in KBG-AGT than both in
the control and in the friied KBG-AGT. When the aqueous green lea contenl was increased, the content of
chlorophyll a increased but that of the carolencid did not change. The seaweed’s original and afier Laste scored
highest in the KBG-5% AGT. Overall, the KBG-AGT and the [ried KBG-AGT were preferred more than the

control,

Key words: oxidative stability,
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aquecus reen tea
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, flavonoid, phenclic acidE *
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A Bzt A 47122 2 Folch® (35)e 2l sbsiv). &, 7%
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Table 1. Recipe of malerials used for the preparation of kimbugak

Ingndient Dried laver Glutinous rice Sall (g) Extracled aqueous green tea (ml.)
Group {piece) powder (g} al ik Watler (mL}—green tea leaves (g}
Control" ) 150 450 30 _ Zo0o”
KBG- 5% AGT” 150 450 30 2000‘_” {2,800 mL+140 g)
KBG-10% AGT™ 150 450 30 20007 (3300 mL+350 g
Jszbugaix

’The kimbugak using glutinous rice pasle seasoned with 5% agueous green tea.
“The kimbugak usig glutinous tice paste seasoned with 10% agueous creen tea,

PThe amount of water.

The amount cf agueous green tea extracted from 2,800 ml. waler with 140 g
The amount of agueous green lea exiracted from 3,500 ml water with 350 g green lea leaves,

(33

g green tea leaves.
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NaOH-methanol 5 mLE 92 202 %ol A3 2 7] F Bl
methanol 5 mLE 5% %<k methvlation# 7] 37 n-heptan &
mLE 9ol 3Eeh] GO B4 AR = ALsskieh ol
habe] B2 Table 29F FHgbcl

Mt ME EE 9 24
N4 EL) 2E5L Lee T(38)2] 52} 3o A= 2 gell

A& A S5 5mLE 1083 Dg-A A dlak 1 g3t A w3
8l acetone : methancl(] : 1) -4 80 mL& Y3baie] A 484
T ET T plass filter 3G-4% AAlrh Falo0] H ourlz]
o fale] 100 mL= 88t}

Chiorophvll a 3FES- ¢ A2 £9 50 mLE F2 7] <
w3 10% NaCl 49 50 mL, 5= 00 mL. 182 50 mLE
A2 g 3 EEe] AT ouE FoR §1) ohg E}"]
5 50 mL2 43] whEsle] A3 &y F NapSO 2 2
5kl 50 mLE A &3 F 663 nmell A FHEE S,

Tahle 2. Operating condilion for faity acid analysis by gas
chromatography

A e ABES o4 Ava

Insuument Varan mode 3400
Column DB wax (30 m*0.32 mm [ D. 0.25 1m)
Deteclor Flame Ionization Detector

Column temperature  165°C (1 mun)-2°C/mun~200"C (1 5 mun)
Deteclor temperature  240°C
Injection temperature 210°C

Carrier gas Nz
Injection volumn 1 pL.
Spilt ratio oGl
Flow rate 20 nL/min

gElabA Al 1 FEEAC B T 350

E"gaml 4 max) = 84.0(39)8 Apgste] At eh

Z carolenoid ek $1¢] M A &4 50 mle] 7.5 g¥
KOHZ magnetic hot plate stirrerell A 3087} 8]473} 4| 7]
Z10% NaCl, 255, ether3 zZ}zb 50 mL 4 34 2% 7|5}
55 EYEte] W ABA L cthyl etherd S 2 o] 84| 7]
22550 mLE 43 418§ LA 5 NanSQ4=
25 7) F- 447 nmell A FHES S 5k f-carotene]
5 Al 2,080(d0) & o431 Al4kakel cHUVI601, Shimadzu,
Kyoto, Japan)

g ot b

Chlorophvll a (mg!

= 0D, % Vol % 10784 % weight of tissue (g)
Total carotenid (mg)

= 0. X Vol % 10%2,080 X weight of tissue {(g)

257}
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Table 3. The proximate composition ol kimbugak {unit * %)
Varmes Component compositions (%)
rites Moisture Asgh Lipd Protein

Control"! 11.6 025" 1041001 0.79£0,03 2BOE005
KBG-5% AGTY 127037 1012003 0.72+007 27 31006
KBG-10% AGTY 1254008 109+002 0.78=006 220+003
F Contral” ) 9.30£0.21 9.30£002 1421003 254+005
FKB(G-5% AGT” 9000 36 9.80£001 122+0.02 27.0+003
FKB(-10% AGTY 1022023 10.2+0.04 14 520,03 30.0£0.02

“Krmbugak.

MThe kimbugak using glutinous rice paste seasoned with 5% aqueous green tea.
a The kimbugok using gluninous tice pasle seasoned with 10% aqueous green tea.

"The fried fembugak.

The [ned kimbugak using glutinous rice paste seasoned with
The frned kimbugak using glutinous rice paste seasoned with 102

"The values 1s the average value® SD ot triplicants.

Acid value

—4— Conrrol
—m FKBG-3% AGT
—a- FKBG-10% AGT

0 10 20 30 40
Storage period (day)

Fig. 1. Changes of Acid value in lipids extracled from fried
kimbugak during the storage at 60°C.

Svinbels are Control: Fried kimbugak, FKBG-5% The [ried
kimbugak using glutinous rice paste seasoned with 5% aqueous
green ten, FKBG-10% * The fnied kimbugak using gluinous nce
paste seasoned with 10% aguecus green iea

2059, 397, 423 498 5202 % FKBG-10% AGTTZ 0.59,
199, 518, 6.00. 6.12% Fr)slgd et A&7 Z) PKBG-
3% AGTT0] 7} stabstA| 7182 2.4 controle v} FKBG-

0% AGTel ulgtod o A7lE vehglet

?ﬂiﬂ;ﬂf’—i =7} JArTrh 2Tl BlEe] g bl E
Hodgre] A HEA J-afmus JAaL o el T R I Y
§ 53} 22 e wasqd.

oMElET e| HE

abst2rte] A9 Fig, 200 vhebad whe) qbe] gabsiA
T4 71 &4l controld2 27] 23.3+20.12 meg/ke auleita] #
A 10¢e] FubeA] 738003 meg/kg oil = ¥ A &4 =7}
g B oYz, FRKBG5% AGTTS A4 104 ] 2}
A 425+0.02 meg/kg ol R contralTel ] 8] & #arE)
=712 319} FKBG-10% AGT2] 2% #7109 &< 647

e

021 meg/lig oll® controlsl Bl &4 Yo ghe wsiot
T Fo] ol gl ghadeh o]yl A A A A7)
ot vrelyted ® A )9l 409 el s FKBG-5% AGT>

% aqueous green tea

o agueous green tea

s
(=]

[
=1

=
=

/

Peroxide value (meg/kg)

80 |-
60 |-
a0 —4— Control
m— FKBG-5% AGT
20 ¥ —a— FKBG-10% AGT
0
0 [ 20 30 40
Storage period (day)

Fig. 2. Changes of peroxide value in lipids exlracted from
fried kimbugak during the storage al 60°C.
Symbels are same as in Ing 1
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acid(Cigp)e] =02 warol o] 718 .8 Auk4l 24 (4)
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Table 4. Changes in fatty acid composition of fried kimbugak
during the storage under waler activity 0.5 and 60°C (%4 area)

Storage days

0 10 20 30 40

C 120 - - 0,11 - -

C L0 - - 011 - _
C 156 11.0 11.0 265 29,2 31.2
C me 1.72 1.72 2.03 240 245
C o - - - 014 015
Saturated 127 12.7 287 317 338
C a1 012 012 0.13 014 016
C 11 2a3 5.2 214 201 18.3
C oml 0.08 0.08 0.08 0.08 0o
Nonoene 255 254 216 203 18.6
C s 29.3 593 74 45.8 487
C a3 235 2.35 207 1.99 1.78

C n1 0.06 0.05 - - -
C s .08 0.08 0.09 0.09 (.19
Polvene 6.18 61.8 495 78 77
Tatal 1000 1000 160.0 100.0 100.0

Table 5. Changes in fatty acid composition of fried kimbugak
using glulinous rice paste seasoned with 5% aqueous green
iea during the storage under waler activity 0.5 and 60°C

(% area)
Storage days
0 10 20 30 40
C 2o 021 - - -
C o 011 - - - -
C 5o 8.94 8.09 909 11.7 126
C g 141 1.72 172 1.78 1.63
C a0 - - - 013 0.14
Salurated 107 10.8 108 136 14.3
C 161 0.11 019 0.19 .15 017
C 229 241 24,2 181 180
C w1 0.06 011 011 01l 0.21
Monoene 23.1 214 245 19.3 18.3
C laa 62.8 GZ2.6 G2 619 55.3
C s 3.38 2.10 2.10 2,01 1.91
C 1 - - - - -
C s - 006 006 D07 007
Polyene 66,2 64,7 64.6 669 67.3

Total 1000 100.0 100.0 100.0 100.0

v, EZxa=|uhike} ¢8| = monoenee| 25.5% 00 4] 18.6%
= palyenes 61 7%l 4] 47.7% 2 w2 7148 Bar) FKBG-
5% AGTT oA = F3p=1abake] ghebe| = 107900 4] 14 3%
2 el 2 2 2 3AHMEE moncened] 23.1%600 4 184
%R A4slyg 7 polvened 66.2% 9 A 67.3%l 8143,
FEKBG-10% AGTT2! Z3t=|ubaie] Faknls 9.56%< 4
15.0% 2 27l 77, B2 34942 monoene-2 22 9% ol)
A 15.6%2. #Hashel @ polyene-d 67.6% 0 4] 65192 7}
Agtelvh wetA controld <53k 5 FEER WE IF
el B & EEA|HHALe] AR Sk W] Fe] AbeE]

=
o] 2EZ#HR IS monoened] ek okl 7hasla] o

5L o] 83 zlyzhe] ilalolalA] o %_:.zllfTAj of]

s

)

I -
A E = = gk olg 561

Table 6. Changes in fally acid composition of fried kimbugak
using glutinous rice paste seasoned with 1026 aqueous green
lea during the storage under water aclivity 0.5 and 60°C

(%% area)
Storage days

0 10 20 30 40

C 120 - - - - -

C 40 - - - - -
C 150 819 819 936 10.8 12.8
C 1o 137 137 172 190 221

C w0 - - - " -
Saturated ang 9.56 11.1 127 15.0
C i 013 0.13 015 014 0.15
Couj 37 228 238 225 19.2
C 008 0.06 011 011 0.19
AMonoene 229 229 24.1 227 19.5
C 2 645 G4.5 6825 £82.6 63.3
C wg 2.92 281 2.10 201 1.98

C =3 - - - - -
C ws 011 011 017 0.18 0.15
Polvene 7.5 674 647 &7 654
Tolal 100.0 1000 100.0 1000 1000

1} polvened] #heke & 23k 2408 B9ich Shono%t Tov-

omiquidd)= &A% B FabA upb4ke] ghas 4bs e 2 A

el olual gl shp e el o sl s Loldla e
(=]

o&

v Zalz|ukalell Wk B X HA R u)Fe] FAE A4
o] #F e Asstedo) Leest Leeldsis oFsfe} A7 55
gt 22 WEAAsld S o) 2H Hial FAl gl el 4

efml-2 & 7}ak A9 PUFA #Hke] tocopherol ¥ 2
2 ex e wa At 242 HEE ol A s

AL
T
}.

ey nasigdEd £ Ay E 57 L84 F2E
-] s

s gl v
71L& wirle] &4 oksl 2 B8 vhE carolenoid TEFe] :

ghE 7o g HaE

W)z o g 719 carotencids A& Fol cise] g &t epo-
xvdabhion 22| 3 linoleate-lipoxygenase=| 2% B-crotene
a] 2.2 A3} 2]%F carbonyl FEHE Fo] AEH = ASE
ata] 2] gl TH46). Carolenss B-1onone®te] AHEE| o] oxy,
epoxy, hydroxy?] S Z-e xanthophyll& # A 4kzhbelchar
she] . caratenes] A A+ Z¢ll xanthophyllel B8l 4-2h7} w2
oz 4@z 3loh47).

B 213 8] D ¥rte)] glof A Fig. 35 o] 3 rHEl HAak7)
faA Z2Bo g Aol nE 7‘]}“4 9l carotenoid-t chlo-
rophyll2] gtakel s o} 2 G 9Fs 2] Ghe 22 Havh
e} el v)sl 5%t 10/6%4 &4 FEF] A7t

%@%&ﬂﬂ%qi§%7-1 e Aol ol



62 ul® 5] . oz

" —4— Conrrol
40w KBG-3% AGT
30 - —&— KBG-10% AGT
-~— F Centrol

Carotenoids (mg/100 g)

2
0 «— FKBG-5% AGT )
10 -& FKBG-10% AGT —
By . : 1 . .
Q 5 10 15 20 25 30 35 40

Storage day

Fig. 3. Changes of content of carotenoid in kimbugak during
the storage at 60°C under 0.5 of water actlivity.

Symbols are Control * Kimbugak, KBG-5% AGT : The kinthugak
using glutinous rice paste seusoned with 5% anueous green tea,
KBG-10%AGT : The kimbugak using glutincus nce pusle sea-—
soned with 10%8 aqueous green tea, I Conlrol  The [red kimbugrk,
Fl\’BG—S%AGT The fried fmbugak using glutinous rice paste
seasoned with 5% aguecus green tea, FKBG-10%AGT  The fried
kumbugak using glulinous rice paste seasoned with 10% aqueous
green tea.

Z7] §aFe] 90.9 mgolH 2 A A 204 0] Aval 545
AeEbs ASE 1y on, A 409 eE

7

h=

7 avte] 225%2) AEL S
1T

295 mgl = =A
2Hoh KBG-0% AGTE &7

91 mg2| carotenoid & 7Fe] A&7 7ke] & ol n}el 2bukal
TEoE FashaA HMAd0d el s 35 mg e 8 385% Y A
5 vehliglivh KBG-10% AGT+ KBG5% AGT3 »)
srabA gba] gt e 2] 924 mgell A A3 409 <
= 407 mg2E 449%2] AEES Wgitt

=z 2 Bzbie] A control 7] 85.3 mgell 4] & 23
2 ZAade] A2k 0y 6= 00 mg o B 106%8] A& é"—%
oo FKBG-5% AGT-2

=123 me 2 E 145%2] =54 FKBG-10% AGT2 =
86.8 meelA A A 40 ) 140 mg &2 16.1%2] AB4L

ol et

Chlorophyll 2] 822 Fig. 4o 4] 2 uhs} Ze] 57) %1

&2 ¥ 100 g9 control2 A A 2714 680 mge]4l
F7F 1590375 v wre] 7""31" AL By o AL ~10°—J
o= 398 mg o= 58.53%2] FIEEL By en KBG-5%
AGT2] AL 271 710 rng"ﬂ"‘] ﬂ 40 o] 530 mg == A
F vhelle] 74 64% 9] AhES Wgch 18T KBG-10%
AGTE £7] 712 mg chlorophyll a®] <ke] ==k 402 )
B82mg. o 81.74%2] AEE 5 Byrlh 2=l 3 B 7 g ot
|4 controie A #2219l BE0 mgelglor] A7) Ak A
el et A A Zhaste] Ak 409 of & 302 mg 2 24 5392
%2 FEEE etk KBG-5% AGTS KBG-10% AGT=
Mg apet 2F vebiidd e, 22 23 22] 604 mg,
806 mg= -5t el e # 7 27) <l 404 ol = 319 mg,
323 mg& $-f3lo] 51.82%9} 53.30%2] AEE-& Byit) o

=
i
Z27] 86.1 mgall A A A 109 ¢
=]
B

esan

600 A

Chlorophyll a (mg/100 g)

400 v _g— Control
—a KBG-5% AGT

300 —&— KBG-10% AGT

200 - —- F Conuol
—i— FKBG-§% AGT

100 - _@- FKBG-10% AGT

0 . 1
] 5 10 15 20 25 50 33 40

Storage day

Fig. 4. Changes of conlent of chlorophyll a in kim!:u_gak dur-
ing the storage al 60°C under 0.5 of water aclivity.
Symbaols are same as i Fig. 3.

chiorophyll a2) 588 7|7 & 7 F2he] H71 +
7—] 1T} whe] ghfalz el o) Hrle A &l alFRk
A fr)abe] vkl chlowphyHOIl A glo ch]o:rophvllol
24 2] pheophytin® 2 # 3= 7] wiiel Aow AdEvt
(48), Hal 2= 44] E2EE 2 E 713 2be] A 7ke] AiRlA
chloropbyll aZ 2ol glo] FaEg 235 & 5 sl
Z A A7 Bk 5|7 A a2 A alabw) 571 71| A
KBG-10% AGT, KBG-5% AGT. =72 o2 wel ¥+

F 730 2 ubelge) Shin(49)8) Al# o] & Zake] Fa4 ¢
w2 o] akA EA) o gt Ao w2 A= lﬁclu;z}g] chlo—
rophyll a2] 8ke] 54,31 0 5~69.232 3.0 mng/100 g -4
9o Wyl el gled, ol oA H =8 FEER
e z]wzle] ]2l BlE chlorophyll a2l BFake] o =
Al vpehd 7w =2) 544 FEEo| F5-38a 4l chloro-

phyll asl] 7lalgtcta AlsE )

=
U’Q

j\ri
3

7l s g wgd ol Flel °l°] A T g

7] she mala| M= conlrolite] 28T 1388 B2 HpE
A3 Bzl 3] A= FRBG-10% AGTTe] 3.0£1.0
o 7l e ASE vheblvh A Hs H A o
b g7 37k wpe]E welR| ehghes 7)Ao F2te]

= KBG-5% AGT7H39t1.2% 53 74 ﬂ]iﬂhFKBG*

5% AGTE FKBG-10% AGT?) 3811022 4135 &4
e Aoz g, ols 718 BAE o 3 =4
aFo] 18] ALl A A AAE A E A7t g D57
o kel 37 ¥ 27 Ho1H e ¥ o] vl sd A
2 2qw 2 4ol WAE BE LA B ¥t 57]

2 A2 el oo KBG-5% AGT?F



2L o] 43l

Ay

A 44

"
o

Przs] Astd 2

Table 7. Analysis of Duncan’s multiple range test for scnsory evaluation of kimbugak

H63

Flavor Taste Overall
Sarnple”? Color Textur

Good Rancidily exture Original Back ground preference
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FEBG-10% AGT 3.6+1 1 3.0L-10 383*T1.0 3.3+09° 3.0*t12 29+1 0 34x08°

“Symbolf; are same as m g, 3
‘\Iean valuex SD (standard devlatlon)

"Means shurng the different superscript lelters in the same column are sigruficantly dilferent al
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