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We evaluated the quality characteristics of Kimbugak prepared using a microwave oven or the oil-frying puffing
method with different contents (0%, 15% and 30%) of Capsosiphon fulvescens in dried laver. Microwave-processed
Kimbugak had lower crude fat content but higher levels of crude ash, crude protein, and minerals than that prepared
by oil-frying; it also had higher hardness values. The redness of Kimbugak containing 30% C. fiilvescens processed
using either method was lower than the control group. In sensory evaluations, participants preferred Kimbugak
containing 30% C. fulvescens puffed by oil-frying. These results indicate that Kimbugak puffed using the oil-frying

method has the best quality characteristics.
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sung)2 40°C, 4417 712510 sigtafol o 799l uiel 2z
& A3 Sl 180°C, 727F FAW= Y mi-
crowave oven (KOR-634K, Daewoo electronics, Seoul)S ©]

| Dried laver with Capsosiphon fulvescens |

v

| Coating with glutinous rice paste |

| Drying at 40°C for 4 h |
| Dried Kimbugak |
I
N v
| Oil frying at 180°C for 7-8 s | | Puffing at microwave oven for 15 s

Fig. 1. Processing method of Kimbugak containing Capsosiphon
fulvescens.
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Zn} B3 A|(IRIS IntrepidIl ICP Atomic Emission Spec-
trometer, Thermo Scientific, Waltham, Massachusetts, USA)
2 Abgste] #7148 Fe BASHth $A2A0E plasma
flow ratex= 15 L/min, sample flow ratet= 1.5 L/min®] =42
2 Ca (317.9 nm), K (766.5 nm), Zn (206.2 nm), Mg (285.2
nm), Mn (257.6 nm), Na (589.6 nm), Fe (238.2 nm), Cu (317.9
nm)E sk
d= =3

Rheometer (Compac-100 I, Sun Scientific, Tokyo, Japan)=
o1 88l0] 8 a0, 2k Al Rolet 93| W S 45to]
Batgr o e Sich 57 271 Table 137} ot
Mz 5%

AFA(CR-300, Minolta, Osaka, Japan)E ©]-8-5}o] H2+9]
L (lightness), a (redness), b (yellowness)E 43100, Z+
Al g} 93] v 2Asto] Wagho.2 Lhepolet. o o A}
S5+ & AT L7F 97.06, agh-2 +0.04, bk +1.84 9]
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Table 1. Operation conditions of Rheometer for Kimbugak

Operation condition

Mode Hardness, rupture test
Strain 50%
Table speed 100 mm/min
Maximum force 10 kg
Distance 20.00 mm
Sample size 4cmx2cm
o, o, 223, oA olgl, v Aol g, FekHA VS eE T A
Mo Brlehes ol
A
A

A% A7+= SPSS program (SPSS 21.0 for windows, SPSS
Inc., Chicago, Illinois, USA)S o]-&3lo] Hatd} EEHAE
T AR Bl FAREA(ANOVA)S: AAlskL, 2 &
A Batgk 7He] 7942 P<0.05 4~ 2 = Duncan®| th51H 9]
A AR S AHE-sto] FE skt
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sho] 3zkuct Gl o e SRare Uehhgich
ZA2] AL MO-302 0.22%, OF-302 21.64%% micro-
waveZ HHSIA|] ujAYo] ZJ FZFETE 7] 5ol F71 Aol 25
Zto] AA 5] Al ghgol e A2 WA = 2SItk Leeetal.
(2008)> A=} QIA &= WBFAX F-ko] o= Fho] F117]
= YA o] et o T B arskgl o n Kim
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WA AlEZ FHo| AZRE D Y £Bo] 272 Z3E| o] g
Tal7E A7, AZE AE | 527} FabE|o] o] RS
25 AlE YRE 99 F47F dojubal YRR o

vjo]] o5 w}a|H Ajzd F2E 0= w7t Gamble et al.,
1987; Krokida et al., 2000). ©}-2}4 microwave=Z JS}A| 7] 5
7r& 7150l F1Z1 F2to]| vlsf it Sio] S| dojubr] &
gt Ao & AR Eh 2323} 2tz o] 749 OF-30-> 212t
3.14%, 13.43%, MO-302 717} 4.34%, 17.40%= 7] E-°f ¥]7]
o] 4212 ot microwave® kA7 HiAg o] 71-2o] 2
B, 2 A o] ghefo] -2 A 0 & YET & Ao] AR
732 OF-302} MO-302] A]o]4-8- steFo] Z+2} 9.75%, 9.10%
& OF-300] MO-30°] v} A]o|4df o] F-o4 o2 =&
A0 & Yepsitt. wjAdo] 7kt Abo]of| A= OF-300] Z3]+&,
Z Aol A gl FH o R = YR ou OF-159] 7
= OF-05T} -2 gh2- Al 5 o] Zfoju} A eajol| w2 24
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2714 St 2% AT1E Table 30 LRSI} w2 ujayo]
A7 AE o] 714 gk K>Na>Mg>Ca>Fe>Zn>Mn>Cu
O & UEPITE o= Jung et al. (2005)9] A4 A] 7] of] wh v
Aol A& Aol ¥3ket Son et al. (2011)2] Aol w}
2 o)l olstata] ol A Ae} FARE AL U
EFi itk MO-309] 49 2=, nk1dls, 4, 7+ ol 7t
7} 66.28 mg/100 g, 163.90 mg/100 g, 11.94 mg/100 g, 0.94
mg/100 gO& OF-300] 8| = Fheo] otow], Qo
Ao g 235 njgkael ofdE 328 mg/100 g = OF-30
of Hsl ool Eea & 4= Utk MO-309] 7714 ool
% 1822.66 mg/100 g, OF-302] 79 % 1298.75 mg/100 g<.
2 microwave® 54471 ujgo] 715zto] 7] 5ol F71 vjAy
o] ARZETE A H 0 2 -2 FHkS e 3ich. Choietal.
(2011)2 tpAu} 22 H7Eet A 72E2 b & gel st

Table 2. Proximate compositions of Kimbugak prepared with different contents of Capsosiphon fulvescens

Proximate compositions (%)

Moisture Crude ash Crude fat Crude protein Total dietary fiber
OF-0' 3.24+0.20° 2.79+0.04¢ 23.20+0.082 15.06+0.45° 7.0410.25¢
OF-152 2.2240.01° 2.7210.17¢ 22.8510.122 13.44+0.24¢ 4.82+0.30¢
OF-30° 3.86+0.09° 3.1410.45° 21.64+1.25° 13.43+0.10° 9.75£0.202
MO-30* 4.40+0.58° 4.3410.15° 0.22+0.05° 17.4010.572 9.10+0.05°

Means sharing the different superscript letters in the same column are significantly different at P<0.05. 'OF-0, Oil frying of Kimbugak with-
out containing Capsosiphon fulvescens; *0OF-15, Oil frying of Kimbugak containing 15% Capsosiphon filvescens; *0OF-30, Oil frying of
Kimbugak containing 30% Capsosiphon fulvescens; *“MO-30%, Microwave oven puffing of Kimbugak with 30% Capsosiphon fulvescens.
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Table 3. Mineral contents of Kimbugak prepared with different contents of Capsosiphon fulvescens

Mineral contents (mg/100 g)

Na K Ca Mg

OF-0' 814.73+34.292746.91420.40° 37.17+0.08¢ 112.80+0.96° 1.31+0.04"s
OF-15% 466.544+28.23% 590.93+11.22° 43.00+0.29° 106.27+0.09¢
OF-30° 554.79+31.34° 560.24+1.70° 52.45+0.23° 116.64+0.37°
MO-30* 727.96+15.40°847.00+36.62° 66.28+0.02* 163.90+0.33°

Mn Zn Fe Cu
3.07£0.31%  9.15+0.38°  0.30+0.03°
1.32+0.20 2.43+0.14c  8.15+0.17¢  0.26+0.01°
1.34£0.09  2.71x0.29* 10.19+0.16> 0.3910.03°
1.36+0.04 3.28+0.197  11.9440.39°  0.94+0.02°

Means sharing the different superscript letters in the same column are significantly different at P<0.05. NS means that the values are not sig-

nificantly different at P<0.05. 'OF-0, Oil frying of Kimbugak without containing Capsosiphon fillvescens; *OF-15, Oil frying of Kimbugak

containing 15% Capsosiphon fulvescens; *0OF-30, Oil frying of Kimbugak containing 30% Capsosiphon fulvescens; “MO-30%, Microwave

oven puffing of Kimbugak with 30% Capsosiphon fulvescens.
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ERf =], o] =7} B3 A EAAEERDA, 2011), Kim et
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Table 4. Hardness of Kimbugak prepared with different contents of
Capsosiphon fulvescens

OF-0'  OF-15?

OF-30° MO-30*

Hardness
(9/cm?)

Mean value+SD (n=9). Means sharing the different superscript let-
ters in the same row are significantly different at P<0.05. 'OF-0,
Oil frying of Kimbugak without containing Capsosiphon fulves-
cens; *OF-15, Oil frying of Kimbugak containing 15% Capsosi-
phon fulvescens; *0OF-30, Oil frying of Kimbugak containing 30%
Capsosiphon fulvescens; “M0O-30%, Microwave oven puffing of
Kimbugak with 30% Capsosiphon fillvescens.

2582+635%® 2303+393° 2383+723° 31088137

o] ZH-zFo] microwave= B 3HA| 1 v o] 7} H 7t H T} 7
L7} wolA|= Zgko] WAE QAL o] gt ek uhE 7
O] xfol= REEF] gl Ao & AR EHCE wjAYo] M7t
o Atololl= o4 Zo) 7} gli= A S & YEhgT
M

H=0] 749 microwave 2|3t wfjfo] ZE 7O W=7t
58458 et F71 mj o] AR A ET f-o)4 07 FU1ehE
£ 4 %len wjgo] A7kt 7kl 194 Zpol7h ¢l
(Table 5). Lee et al. (2008)2 H3hi-S de|slo] Su1= A
z23+9L o), 57172 BEA| 7] 527} microwave oven: ©]
S5l HSAZ Fraki o v m s o] 2ills| xls)E|of Lgk
o] tf Wttt sttt £ A A = FAkeE AaE et
At aghe] A9 +gk2 A E, gk S e S UeRY =] 9
Sk of] w2 2oz UehbA] ghgkom njAjo] 7t Ato]
ol A= Yol o] F7E AN ET} rAshs AES
Hor), 22T OF-15% agho] -1.32, -1.512 397 zjo]
2 Holx| ¢¥Fo L}t OF-30, MO-300] zHz} -2.239} -2.400.2
22t OF-1550F §-2 4 20| & Hol agho] Fadt= A
< Hol ujgo] Fhego] F7kghof| whe} 2521 ujAY o] ] chlo-
rophyllol| &3] AN w7} ZHAskal M7} F7leh= 208
AFEETE o)1= Jung et al. (2008)2] wjAo] 7k H7}F FH A
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Table 5. Color characteristics of Kimbugak prepared with different contents of Capsosiphon fulvescens

OF-0' OF-152 OF-30° MO-30*
L (lightness) 48.1043.24% 44.22+4 19° 51.59+6.05° 58.45+4.79°
a (redness) -1.32£0.24° -1.51£0.46° -2.23+0.24° -2.40+0.26°
b (yellowness) +6.05+1.27° +8.89+1.03° +9.51+1.18° +10.28+2.06°

Mean value+SD (n=9). Means sharing the different superscript letters in the same row are significantly different at P<0.05. 'OF-0, Oil fry-
ing of Kimbugak without containing Capsosiphon fillvescens; *0OF-15, Oil frying of Kimbugak containing 15% Capsosiphon fulvescens;
*0F-30, Oil frying of Kimbugak containing 30% Capsosiphon fulvescens; *“MO-30%, Microwave oven puffing of Kimbugak with 30%

Capsosiphon fulvescens.

Table 6. Sensory evaluation of Kimbugak prepared with different contents of Capsosiphon filvescens

OF-0' OF-152 OF-30° MO-30¢
Appearance 5.714£0.732 4.36+1.08° 5.79+0.892 4.36+1.74°
Color 5.57+0.762 4.14+0.77° 5.79+0.892 4.14+1.66°
Flavor 5.1410.772 4.6410.932 4.79£1.192 3.07+1.07°
Texture 5.07+1.21% 4.9310.62% 5.43+0.762 4.6410.93°
Taste 5.29+1.142 4.43+1.09° 5.79+0.892 4.36%1.28°
Savory taste 4.57+1.02° 4.361.08° 5.71+0.832 3.5741.34¢
Capsosiphon fulvescens aroma 3.64+1.28° 3.21+0.97° 4.71+1.272 3.79+0.97°
Capsosiphon fulvescens taste 3.504£0.94° 3.64+1.39° 5.43+0.942 3.71+£1.14°
Overall preference 5.36+0.84° 5.00+0.68° 6.14+0.772 4.00+1.18¢

Mean value=SD (n=20). Means sharing the different superscript letters in the same row are significantly different at P<0.05. 'OF-0, Oil
frying of Kimbugak without containing Capsosiphon fulvescens; *OF-15, Oil frying of Kimbugak containing 15% Capsosiphon fulvescens;
30F-30, Oil frying of Kimbugak containing 30% Capsosiphon fulvescens, “MO-30%, Microwave oven puffing of Kimbugak with 30%

Capsosiphon fulvescens.

2, Hong and Choe (2009)2] ufjAjo] £k 2 7|5t Alw 7| 2=
Jung et al. (2009)2] vl o] 7}+-5 H7FgE A== A £, Lee et
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