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Study on the food and health functionality of Bugak, a Korean

traditional fried dish, and the strategy for its globalization
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a Korean traditional fried

(Study on the food and health functionality of Bugak,

dish, and the strategy for its globalization)
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SUMMARY

Health benefits and food functionalities of traditional bugak reproduced and
standardized by cross—cultural consumers acceptability were introduced and informed
based on the experimental evaluations of in vivo hypolipidemic effects and in vitro
antioxidant activities. This study were consisted of three main parts; 1. Health
promoting properties of bugak on the reduction of plasma lipid concentrations and
inhibition against oxidative stress, 2. Food functionality and in vifro antioxidant
activity of bugak, 3. Reproduction of traditional bugak recipes and developing
standard bugak recipes by understanding cross—culture consumer acceptability of

bugak.
® Main results obtained from this study are as follows:

e PBugak prepared with the fermented glutinous rice flour batter has plasma TG
lowering effect in LDLr’" mice compared with those of bugak prepared with
wheat flour batter. Plasma TG concentration was significantly lower by 26.92% in

the fermented glutinous rice flour better fed group.

e Protein expression of fatty acid synthase (FAS) for bugak prepared with
fermented glutinous rice flour better fed group was 29.01% lower, compared
with bugak prepared with wheat flour better fed group. However, protein
expression of sterol regulatory element binding protein (SREBP) —1 responsible

for regulating FAS was not different between the two groups.

e When hypolipidemic effects of bugak were studied with two different batters,
significant reductions in plasma TG concentration of mice fed bugak prepared
with the fermented glutinous rice flour batter was observed with decreased FAS

expression.

e Plasma TG, TC, and LDL-C concentrations were reduced in atherogenic diet
containing 10% of lotus root bugak fed group compared with those of

atherogenic diet fed group.

e Plasma TG, TC, and LDL—C concentrations were decreased significantly in mice
fed lotus root bugak prepared with opuntia ficus—indica var. saboten batter and

with green tea batter compared with those of mice fed lotus root bugak.

e Plasma TBARS concentration was significantly decreased in lotus root bugak fed
group than those of AD diet fed group. Adding opuntia ficus—indica var. saboten

and green tea powder significantly reduced plasma TBARS concentrations.

e Protein expressions FAS and 3—hydroxyl—3—methylglutaryl coenzyme A reductase



(HMGCR) in bugaks prepared with opuntia ficus—indica var. saboten batter and
green tea batter group were suppressed, compared with lotus root bugak fed

group.

In accordance with the results of FAS and HMGCR expression, SREBP—1 and 1I
expressions of bugak prepared with opuntia ficus—indica var. saboten batter and
green tea batter fed groups were decreased than those of lotus root bugak

group.

Hepatic TBARS concentration of lotus root bugak fed group was significantly
lower than that of AD fed group.

Bugak prepared with the fermented glutinous rice flour batter was pan—fried in
unroasted sesame oil or soybean oil. Plasma TC (—=16.79%) and LDL—-C (—=19.27%)
as well as hepatic TC accumulation (—14.49%) were significantly lower in bugak
pan—iried in unroasted sesame oil fed group, compared with those of the bugak

pan—fried in soybean oil fed group.

The protein expression of hepatic HMGCR was suppressed by 20.69% in the
bugak pan—fried in unroasted sesame oil fed group than in the bugak pan—fried
in soybean oil fed group. However, protein expression for hepatic SREBP—2 that
1s a transcription factor for regulating HMGCR gene expression was not different

between the two groups.

When frying oil differences were compared; a significant decrease in the plasma
TC and LDL—-C concentrations via suppression of HMGCR expression was found

in mice fed bugak fried in unroasted sesame oil.

Bugak prepared according to the Korean traditional frying method using the
fermented glutinous rice flour batter and pan—frying in the unroasted sesame oil
was compared with bugak made with wheat flour batter and fried in soybean oil.
Plasma TG, TC, and LDL—-C concentrations for the bugak prepared with Korean
traditional frying method fed group were 25.50%, 18.48%, and 20.33%, lower
respectively, compared to those of bugak prepared with wheat flour better and

pan—fried in soybean oil fed group.

Hepatic TC accumulation in bugak prepared with Korean traditional frying
method fed group 21.39% lower than that of the bugak prepared with wheat
flour batter and pan—fried in soybean oil fed group but hepatic TG suppressing
effect was not observed in bugak prepared with Korean traditional method fed

group.

Protein expressions of FAS and HMGCR in the liver of bugak prepared with
Korean traditional frying method fed group were 38.89% and 23.84% less,
respectively, than those of bugak prepared with wheat flour batter pan—fried in

soybean oil fed group.



The Korean traditional frying method using fermented glutinous rice flour batter
and unroasted sesame oil are recommended for fried food production. The
advantage of using this method in frying is that it suppresses the elevation of
plasma lipids that is normally observed when consuming large quantities of fried
food.

The DPPH radical scavenging activity and reducing power of lotus root, dried
laver, and perilla leaf bugak were in the order of perilla leaf bugak > dried
laver bugak > lotus root bugak, and there was no significant influence of
different recipe for bugak—making in radical scavenging activity, however, perilla
leaf bugak by traditional recipe (using fermented rice batter and sesame oil)
showed higher reducing power than that by modified recipe (using wheat flour

batter and soybean oil).

The color difference between bugak manufactured by traditional recipe and that
by modified recipe was the greatest in perilla leaf bugak, followed by dried laver
and lotus root bugak. All bugak samples manufactured by traditional recipe

showed higher hardness than those by modified recipe.

Linoleic acid occupied the greatest ratio among fatty acids in lotus root, dried
laver, and perilla leaf bugak, followed by oleic, palmitic, and stearic acids.
Lipids of the bugak by modified recipe consisted of linoleic, oleic, palmitic,
linoenic, and stearic acids, in a decreasing order. The fatty acid composition of

bugak reflected the fatty acid composition of their respective frying oil.

Conjugated dienoic acid (CDA) values and p—anisidine values (PAV) were lower in
bugak manufactured by traditional recipe than bugak by modified recipe,
suggesting low degree of lipid oxidation in bugak manufactured by traditional

recipe of fermented rice batter and sesame oil.

Polyphenol contents were higher in bugak manufactured by traditional recipe,
and tocopherol contents were higher in bugak manufactured by modified recipe,
due to differences in antioxidants present in sesame and soybean oil.
Polyphenols and tocopherols in sesame and soybean oils were degraded during

frying.

Significant differences in chlorophylls and carotenoids were observed in perilla
leaf bugak and dried laver bugak, respectively, with higher content of
chlorophylls in perilla leaf bugak by modified recipe than that by traditional
recipe. Carotenoid contents were significantly higher in dried laver bugak

manufactured by traditional recipe than that by modified recipe.

The DPPH radical scavenging activity of lotus root bugak increased by addition
of powdered green tea or cactus to rice batter, but addition of gardenia powder

decreased it.



Reducing power of lotus root bugak significantly increased by addition of
powdered green tea, cactus or gardenia to rice batter. Reducing power was the
highest in powdered green tea—added lotus root bugak, followed by powdered

gardenia and cactus—added lotus root bugak.

Addition of powdered green tea, cactus or gardenia to rice batter decreased the
lightness of lotus root bugak, however, it increased redness and yellowness. The
color difference from control lotus root bugak without addition of coloring to
rice batter was the highest in powdered gardenia—added lotus root bugak and

the lowest in powdered green tea—added lotus root bugak.

CDA wvalues and PAV of powdered gardenia or green tea—added lotus root bugak
were lower than the control lotus root bugak, indicating lowering the oxidation
of lotus root bugak lipid by powdered gardenia or green tea. On the other

hand, powdered cactus increased the CDA values and PAV of lotus root bugak.

Polyphenol contents of lotus root bugak (25—30 mg/kg) did not significantly
change by addition of powdered green tea, cactus or gardenia to rice batter. vy
—Tocopherol among tocopherol isomers was detected in lotus root bugak, and
powdered green tea and gardenia added to rice batter increased tocopherol

contents of bugak, however, powdered cactus did not show any effect.

Total carotenoid contents of lotus root bugak were significantly increased by
addition of powdered green tea to rice batter, and addition of powdered
gardenia significantly decreased the degradation of tocopherols in sesame oil

during frying.

Replacement of sesame o1l with soybean, extra virgin olive, or palm oil
increased the radical scavenging activity of dried laver, and the bugak with

palm oil showed significantly higher reducing power.

Oil absorption was the highest in bugak whose oil was replaced with olive oil,
and there was no significant difference in oil absorption in dried laver bugak
with sesame, soybean, and palm oil. Fatty acid composition of the dried laver

was very similar to those of their respective frying oils.

PAV was the lowest in dried laver bugak with sesame oil, followed by those with
palm or olive oil, and the highest in bugak with soybean oil. Formation of

oxidation products in oil during frying was the lowest in sesame oil.

Polyphenol contents were in the order of dried laver bugak with olive oil >
bugak with sesame oil > bugak with palm oil > bugak with soybean oil, and
tocopherol contents were dried laver bugak with soybean oil > bugak with
sesame oil > bugak with palm oil > bugak with olive oil. Polyphenols and
tocopherols were degraded in soybean oil at the lowest degree during frying for

manufacture of dried laver bugak.



Total chlorophyll and carotenoid contents were the highest in dried laver bugak
with sesame oil, and carotenoids were degraded in oils except in palm oil during

frying for manufacture of dried laver bugak.

Considering 1in vitro antioxidant activity, lipid oxidation, and antioxidants in
bugak and frying oil, unroaste/d sesame oil was appropriate as a frying oil for
bugak, and the functionality of bugak can be improved by addition of powdered
gardenia to rice batter. In addition, palm or olive oil can be an alternative for
foreigners who are not familiar with flavor of unroasted sesame oil, which

enables globalization of our traditional bugak.

As a result of investigating the sorts of bugak and traditional recipes through
ancient culinary books, it was found that fried kelp first appeared in
fGosa—sibijipy (1780), and afterwards, it also appeared in ‘Jeoncheon—chobang  of
the [Jeungbo—sallim—gyeongje; (1766), [Joseonmussang—sikshinsik—yorijebeop; and

fGyuhap—chongseo;

The oil used in jeon (savory pancake), fried kelp and bugak specified in ancient
culinary books could be divided into animal oil and vegetable oil; the books
include the contents that beef tallow and lard were used as the animal while

sesame oil and perilla oil were used as vegetable oil.

It was known that water—soaking of glutinous rice had a big influence on the
quality of the starched glutinous rice and a product when manufacturing fried
kelp or bugak; and the traditional methods of soaking glutinous rice in water
differ from each relevant bibliography; for example some bibliographies specify
that it was better to soak the rice in water until it was completely crumbled
and became sour for 3 to 4 days while other bibliographies suggested ‘for 2 to
20 days.’

This paper conducted sampling—based experimental cooking in an effort to
reproduce the traditional recipe and develop the optimum recipe, and analyzed
the difference consequent on the main ingredient (perilla leaves, lotus root,
laver, etc.), and the preprocessing of batter (glutinous rice, wheat flour, etc.),

as well as frying oil (sesame oil, soybean oil, etc.).

As a result of examining the glutinous rice flour/starched glutinous rice for
bugak used using the scanning electron microscope and optical microscope, the
paper could find that, there was a distinct difference between uncooked
glutinous rice and fermented rice for 7 days; however, there was no big
difference when handling the fermentation period of the rice for 7 days and 14
days. In addition, as a result of observing the fried specimen after drying the
starched glutinous rice using the scanning electron microscope, the fermented
glutinous rice flour was found to be puffed evenly with the puffed bubble film

retained as it was.



The result of doing experimental cooking of laver bugak revealed that the outer
appearance, and chewing texture of the glutinous rice were fine when the rice
was made into the flour with thickness of 10~20 meshes, and the chewing
texture was found to be best when a specimen included 66~70 g of flours. The
result of doing experimental cooking of lotus root bugak showed that the outer
appearance hue was good when the natural color flour was mixed after cooling

down the starched glutinous rice without heating the natural color flour.

As a result of description analysis of laver bugak, this paper could draw a total
of 36 sensual terms, and the Grice_Briceld specimen showed the characteristics,
such as 1its greasy outer appearance, and brightness level of its outer
appearance, as well as the hardness, crispness and cohesion, etc. In addition,
Grice_Wheat_Soy_1d & Grice_Olive_1d specimens showed high characteristics,
such as brown/yellow color level of its outer appearance, artificial snack flavor,
savory taste, sweet flavor and sesame flavor while Wheat_Soy, Grice_Soy_7d,
Grice_Sesame_1d, and Grice_Soy_1d specimens showed high characteristics like
green outer appearance, transparent appearance, rough appearance, oil rancid

flavor and burnt flavor.

As a result of conducting a consumer survey for locals and foreigners on 7
sorts of bugak, it was found that Koreans has a high liking for laver bugak,
and the outer appearance, color and sweetness squash bugak and carrot bugak
worked as drivers of liking in case of both Koreans and foreigners; in addition,
in case of pepper bugak, its outer appearance, hardness, spice taste, and

strong flavor worked as drivers of disliking to them.

In addition it was found that unlike Koreans, foreigners made a significantly low
evaluation of their liking for kelp (p<0.05) because its outer appearance and

color worked as a major agent.

The result of making a consumer acceptance survey on laver bugak for
Koreans and foreigners indicated that for the Koreans, the characteristics of
laver bugak, such as the brown/yellow color of its outer appearance, savory
taste, sweet aroma, sweet taste, etc. worked as drivers of liking for laver bugak
specimen while the characteristics, such as transparency and roughness degree
of its outer appearance, green color, oil rancid flavor, burnt smell, etc. work as

drivers of disliking.

For the Chinese, the characteristics of laver bugak, such as brightness and
greasiness of 1its outer appearance, burnt smell, soy sauce flavor, and salty
flavor, etc. worked as drivers of liking while its surface uniformity, bubble level,

transparency, oil rancid flavor, and cohesion work as drivers of disliking.

As a result of surveying a consumer acceptance for 4 sorts of lotus root bugak

for Koreans, it was found that the characteristics of brightness and greasiness



in the outer appearance, and the nature of burnt smell, soy sauce flavor, and
salty flavor worked as drivers of liking for laver bugak specimen while surface
uniformity, bubble level, transparency, oil rancid flavor and cohesion worked as

drivers of disliking for laver bugak.

e Based on the these experimental results, standard recipes were developed and
made it easier to use for a marketing strategy by suggesting the characteristics

that have an influence on likings for diverse bugak by country.

Upon carrying out this study from 2012.12 to 2013.12, the goals in the proposal are
achieved; 3 papers were in press (SCI list 1, KSCI list 2) and 1 paper was under
submission. The number of presentations at the academic meetings were 5
(International oral presentation at abroad meeting 1, International poster presentation
at abroad meeting 1, International oral presentation held in Korea 1, International
poster presentation held in Korea 2), 4 poster presentations will be submitted to the
abroad academic meetings, 1 patent pending, and our results were distributed to the

public through one of major newspaper in Korea.
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2. 2EAY

1) Agale] A=

A 2ol= 1.2%9 FUAHESS T3 5943 &
B7ve Zy7y 2ole] 20%%F 10% o2 FH7Fskdth
Table 1—-2—13 7t}

Table 1—-2—1. Composition of the experimental diet

(%)
. Experiment diet
Ingredient Control dried laver bugak lotus root bugak
Casein 22.3 17.8 20.1
L—Cystine 0.3 0.3 0.3
Corn starch 23.6 18.9 21.2
Maltodextrin 7.9 6.3 7.1
Sucrose 13.7 11.0 12.3
Cellulose 5.6 4.5 5.0
Soybean oil 2.8 2.2 2.5
Cocoa butter 17.3 13.8 15.6
Mineral mix" 3.9 3.1 3.5
Vitamin mix”’ 1.1 0.9 1.0
Choline bitartrate 0.3 0.0 0.2
Cholesterol 1.2 1.2 1.2
Bugak - 20.0 10.0

YAIN—=76A mineral mix (#200000 Dyets Inc., Pennsylvania, USA).
YAIN—=76A vitamin mix (#300050, Dyets Inc., Pennsylvania, USA).

2) TEAMS

AT 532 LDL receptor knockout (LDLr”") mice 484 19 wild type mice€l
C57BL/6 mice 6<% Jackson laboratory (Bar Harbor, Maine, USA)o A F435te] 23 o
ALkt AW 23 + 1C, AthsE 55 + 5%, 12 hr light—dark cycle (07:00 ~ 19:00)
2714 chow dietét =& S8 swotH dFA 4o ASAI 5 2t 9] AFo] 5d
stAl A8t o5 WSl Aol 2o Fol & glol7] Sl Ag2l ol & AA| st
Rom, 7] 257k shFel 3.1 g9 AolE, yrA| A37IZE] 85 shFol 3.3 g9 A ¢]
g dAZ Azt FEelddnh B FEAT A H2¥sEY3] (Pusan National
University—Institutional Animal Care and Use Committee, PNU-TACUC, Approval
Number PNU—-2013-0281) 255 %91& w2 & Al&s)gih 2377 5ok dFdo b
= Agrel Ass AR o uf 4 F AZF A AolE Alghste] AoldF = Qg )
28 ATS7HE Wkt & AT HA¥a2 ADE A F ek wild type u}Ti¥ (wild type
mice control group, WC), AD% MqFH3= LDLr ™ w2~ iz (LDLr /™ mice control
group, CON), 281 #ZAZ 2712 71 BzF A3 (LDLr/” mice fermented glutinous rice

il
AN
ol
g
4‘,1
> rlm
Wi



flour batter and pan—fried in unroasted sesame oil bugak group, FGRUSSO), 2}alz+2-
Z3712 71 K7 A#HF (LDLr mice fermented glutinous rice flour batter and
pan—fried in soybean oil bugak group, FGRSBO), W l#ZZ7E 71 ¥z A3+ (LDLr
mice wheat flour batter and pan—fried in soybean oil bugak group, WFSBO), A HF-z}
# 7 (LDLr~ mice fed lotus root bugak group, LRB), Wl x ol 3z A% (LDLr /™
mice fed opuntia ficus—indica var. saboten bugak group, OFB), =2} A+ HZF HHT
(LDLr~~ mice fed green tea bugak group, GTB), X & < 37} A3+ (LDLr/~ mice fed
gardniae fructus lotus root bugak group, GFB)%] & 97-o|t} (Table 1-2—-2).

Table 1—-1—2. Experimental groups

Group .
Mouse type Diet
(n = 6/group)

WC C57BL/6 atherogenic diet

CON atherogenic diet

FGRUSSO atherogenic diet + 231 HAZRAAVE A F72F (20 g%)
FGRSBO atherogenic diet + 231 HAZF7E A H72F (20 g%)
WFSBO B atherogenic diet + R7}FE371& A 72 (20 g%)
LRB atherogenic diet + A=HZ}+

OFB atherogenic diet + W\dx A 77

GTB atherogenic diet + =% A B2z}

GFB atherogenic diet + XA A+ Fz}+

(3) 3 B AeF3

105 AFS &, w928 12A13F A2 X714 zoletil (30 mg/kg BW, Virbac Laboratories,
Carros, France)®} xylazine (10 mg/kg BW, Bayer Korea, Seoul, Korea) &S 27} F
Absto] R A1 & BE-S d7ieto] st gl Aol A P eRqitt. 2 heparin tubed
AF8ke] 3,000 rpm, 4CollA 207 A4 FR o, dojxd 2 —80Tol| Hustqivt. )
d % PBS®E ¥ste] A7) W S AASR L 1, A, ¥, aLgk, HE A Este] o 3
2 TS AAG & FAE ST Frl= —80TCd BAstHA AP A3l

s

(4) Plasma aspartic acid aminotransferase (AST) % alanine aminotransferase (ALT) 3

g

o

|5 vx= a9E g2lslr] st g5 AST % ALT-5%=% Reitman—Frank
X

7'—0]

o
N

ué,; o]&

rU

(5) F AdF= £4

g2 W total cholesterol (AM202—K), triglyceride (AM157S—K), =—18]a2 HDL-C
(AM203-K) ¥%+ 84S o] 83 A= kit (Asan pharm., Korea)& AF8-3ko] 57431913
(Allain CC et al., 1974; McGowan MW et al., 1983), LDL—C% Friedwald® ol 2]3l #l4ts}
¢t} (Friedewald WT et al., 1972).



(6) XAdlA} &4 @) (SREBP-1, SREBP-2, FAS, HMGCR) ZdAE &<l
WAk ¥4 &4 (Fatty acid synthase, FAS) % Fgx~
(3—hydroxy—3—methylglutaryl CoA reductase, HMGCR) 2] w2 d+§ =
o] 7v ZZ9] protease inhibitor (10 uL/mL protease inhibitor cocktail, Sigma—Aldrich,
Saint Quentin Fallavier, France)E& 3X3}3F NP—40 lysis buffer (50 mM Tris, pH 8.0, 5
mM EDTA, 150 mM NaCl, 1% nonidet—P40)E % 7}38}] Polytron homogenizer (PT—MR
3100, Polytron, Kinematica, Lucerne, Switzerland)® &3} st tE @A AS 1A7F FoF
d5o] Btk § 4TeA 12,000 rpm o2 2087F A4 &8t g 4T A Axe ol
A FEHo 2 ALESIGtE @A F== Bio—Rad @A 4= Ak (Bio—Rad, Hercules, CA,
USA)o &2 SA3A L, AE Wiz FZES Laemmli sample buffer (Bio—Rad, Hercules,
CA, USA) <} B—mercaptomethanolS- =3kt 3z 8% sodium dodecyl
sulphate—polyacrylamide gel (SDS—PAGE)e]l #7|9d% 3&tgct EgdE dwzgs
nitrocellulose membrane (0.45 um pore size, Whatman, Dassel, Germany)Cl. = ©o]&A]7]
2 5% skim milkel] 1A]ZF &<F blocking 3F%tl. Anti—Fatty Acid Synthase (ab22759,
Abcam Inc., Cambridge, UK)®} HMGCR (sc—33827, Santa Cruz Biotechnology, Santa
Cruz, CA, USA) A= 1:1,000 W& =, Anti—alpha Tubulin (ab52866, Abcam Inc.,
Cambridge, UK) &A= 1:50,000 B &= 3]41&}e] 4TCollA] 1x} A S WA wk-$ A]7] a1 A H
g 5 24 FAE A2 1ARF E9F v AIZ Y 23 A= AFE-$F Donkey polyclonal
secondary antibody to rabbit IgG (ab6802, Santa Cruz Biotechnology, Santa Cruz, CA,
USA)S} Goat polyclonal secondary antibody to mouose IgG (ab6789, Santa Cruz
Biotechnology, Santa Cruz, CA, USA)+= ZFZ} 1:30002F 1:50009] W] &= 3]Aste] AFE3IA
o WhEol EY membraneS AlFHsIe FAREXA e FdAE A A F enhanced
chemiluminescence (ECL) €< (HyGLO, Denbille Scientific, Metuchen, NJ, USA)°o. & A
A7l ¥ CAS—400SM (Davinch—K, Seoul, Korea)oll A ©tid wtd S sl ol zo] wt
3& TotalLab—CoreBio Quant image analysis software (Core Bio, Seoul, Korea)& A}-&3}
o] ZA4sPa, ¥d HAEE a—tubulindl tF ¥ EE FAEI
A A gaol wdo wolst= ARSI sterol regulatory element binding protein—
[, I (SREBP—1, )9 & Ar JA]| A& FA 540 HdH} L3 PHo = ST
A& ol AL-g3F 12} 3Al+= SREBP—1 (sc—8984, Santa Cruz Biotechnology, Santa Cruz, CA,
USA)¥ SREBP—-2 (sc—5603, Santa Cruz Biotechnology, Santa Cruz, CA, USA)o]H,
1:1,0008. =2 24 3sto] ARgsk3int. Aol AFE-3h antibody®] F+ Table 1-1-33 #t}.

Table 1—1—3. Antibodies used in western blot analysis

Primary antibody Secondary antibody

FAS Anti—Fatty Acid Synthase antibody (ab22750)

HMGCR HMGCR (H-300): sc—33827 donkey polyclonal secondary
antibody to rabbit IgG

SREBP-1 SREBP—-1 (H—-160): sc—8984 (ab6802)

SREBP-2 SREBP—-2 (H—-164): sc—5603
goat polyclonal secondary

a—tubulin Anti—alpha Tubulin (ab52866) antibody to mouse IgG
(ab6789)




= FurEEAAAR yedida. $A- 8= SPSS version 20 (SPSS Inc.,
Chicago, IL, USA)<S o]& T o ke g 9 7 AFE, FAS,
HMGCR, SREBP—1, 28] 3L SREBP—2¢] @& %+ student's t—test® #A3tglom, o 3
Z} AFH 9] datas= one—way analysis of variance (anova)E AAIStal, Al HEo =
Duncan's multiple range test& AAlste] 9 F 0.05904 Fod& A3

2

3. 7} vl F74 & dF A& FE ¥ oxidative stress /|1 &3
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Table 1-3—1. Body weight and body weight gain of LDLr~ mice fed bugak prepared
with fermented glutinous rice flour batter or wheat flour batter which both are
pan—fried in soybean oil

(g)

Groupl) Initial Final Body weight gain
NS

FGRSBO 19.14+1.44™ 27.7442.39™ 8.6+1.03

WFSBO 19.1341.47 26.03+2.75 6.9+1.71

Data are mean = SD (n = 6 each group).

DFGRSBO, LDLr’" mice fed atherogenic diet (AD) containing 20% of bugak prepared with fermented
glutinous rice flour batter and pan—fried in soybean oil; WFSBO, LDLr '~ mice fed atherogenic diet
(AD) containing 20% of bugak prepared with wheat flour batter and pan—{ried in soybean oil.

“Data in the column are not significantly different.

2) % AST, ALT &E&
T o] A= AST, ALT 35+ »

T AR elel ATk (Table 1-3-2). whehA] A F7+9
AF R Q3 7 B8 VERA] &otrt.



Table 1-3-2. Plasma AST and ALT concentrations of LDLr~~ mice fed bugak prepared

with fermented glutinous rice flour batter or wheat flour batter which both are

pan—fried in soybean oil

(Karmen unit/mL)

Group® AST ALT
FGRSBO 51.60+6.40N 70.30+7.94N
WFSBO 51.93+6.13 64.17+8.42

Data are mean * SD (n = 6 each group).
1)‘See the legend of Table 1—-3—1.
NData in the column are not significantly different.

FGRSBOw ] 8% FAAY srs WHEER A
&S 26.92%%T)
< off &l vto 7]l
gk gdo]l wrom, Asl= B T amylased 93] Hio]l FaiEo] A4 E maltose,
7} ol B4 A F= AAE crusty film A o]
o= AztEn.

[-NJ

Table 1—3—3. Comparison of ©plasma and hepatic lipid concentrations of

LDLr™’ "micefedbugak prepared with fermented glutinous rice flour (FGR) batter or
wheat flour (WF) batter which both are pan—fried in soybean oil (SBO)

Experimental groupl)

FGRSBO WFSBO

Plasma lipid (mg/dL)

TG 85.22410.08* 116.61£18.09

TC 1043.89+63.35™ 1065.51+£117.98

LDL-C 986.70+62.80"° 999.82+119.78

HDL-C 39.05+4.81% 43.97+8.68
Hepatic lipid (mg/g tissue)

TG 104.28+23.72" 109.834+28.12

TC 18.57+1.83" 20.20+2.67

Data are mean = SD (n = 6 each group).
1)See the legend of Table 1-3—1.
*Significantly different between two groups by t—test (p<0.05).

NSData in the row are not significantly different.



4) ¥ ROS¢ TBARS &&=

FGRSBO+* 3} WFSBO @3 ROS¢} TBARS ¥ %E Table 1-3—4°] gt F 9 &
Z ROS$} TBARS 5%t F9 4<%l #olE HolA] ot}

Table 1—3—4. Comparison of plasma ROS and TBARS concentrations of
LDLr™’ "micefedbugak prepared with fermented glutinous rice flour (FGR) batter or
wheat flour (WF) batter which both are pan—fried in soybean oil (SBO)

Group® ROS (Flu./min/mL) TBARS (nmol MDA/mL)
FGRSBO 1644.80+1020.86™° 44.67419.66™
WFSBO 2668.33+1553.60 58.75+14.34

Data are mean * SD (n = 6 each group).
USee the legend of Table 1—3—1.
NData in the column are not significantly different.

5 X2 A4 #d 54 ¥ |
FGRSBO-2] 7Fo A 9] FAS ®H& LS WFESBOT Rt} 29.01% 743t o™ (p<0.05), FASS]

AR SREBP—19] -2 94 Q1 xfo]& HolX| &ttt (Figure 1-3—1A, 1-3—1B). 2}3l
_]
(¢}
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Qs = = fE ] =
pEER AES A F4e AFR Ry 92 dF Ad FEE Bdve Aot fARE B
= B3t mEbd AREER Q1% oMo A §A A4 5 45 SAAY v =
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Figure 1—3—1. Western blot analysis results of FAS (A) and HMGCR (C) activities and
SREBP—1 (B) and —2 (D) expressions in LDLr™’~ mice fed bugak prepared with different
cooking method. Bugak was prepared with fermented glutinous rice flour batter and
fried in unroasted sesame oil (FGRUSSO) or with wheat flour batter and fried in

soybean oil (WEFSBO).

Data are mean = SD (n = 6 each group).
See the legend of Table 1—3—1 for the experimental group.
*Significantly different between two groups (p<0.05).

NSData between two groups are not significantly different.



6) 7te] ROSS} TBARS %
FGRSBO 3} WFSBO9] 7Fe] ROS9} TBARS =% 9zl xtolE Jehgxl &t
(Table 1-3-5).

Table 1—3—5. Comparison of plasma ROS and TBARS concentrations of LDLr"mice
fed bugak prepared with fermented glutinous rice flour (FGR) batter or wheat flour
(WF) batter which both are pan—fried in soybean oil (SBO)

Group® ROS (Flu./min/mg liver) TBARS (nmol MDA/mg liver)
FGRSBO 716.21£104.27™ 9.67+0.52™
WEFSBO 712.77x£87.79 8.70x1.21

Data are mean * SD (n = 6 each group).
DSee the legend of Table 1—3—1.
NSData in the column are not significantly different.

4. 71574 s A2 FZ49 oxidative stress 7} &3}

AR F 75 AER “ﬂkﬂi, w=2b, AAFFEE HTVelo] Az A F7he Ve AdS
glstr] f8l] A F2H& 2lolo] 10% H7bste] mhg-2o AHA 714l o] &9 ze]& H]auls}ks]
t} Ad e ADE AFH = wild type PF-2+ (wild type mice control group, WC), ADZ
A 3= LDLr ™ w92 o)z (LDLr™ mice control group, CON), 9+ ¥z} A#

(LDLr”/~ mice lotus root bugak group, LRB), Wldx o %7+ A& (LDLr mice
opuntia ficus—indica var. saboten bugak group, OFB), ¥z} & 37} A#H < (LDLr /~
mice green tea bugak group, GTB) 2 AFA 57 A (LDLr "~ mice gardniae fructus
lotus root bugak group, GFB)2] & 6a-°]|t}.

1) Az A3}

Nfﬂﬂﬂ = np$ro] AEWEEFS Table 1-4—13 2v} LDLr ™ vh$-2= wild type
mouse®l C57BL/6°l H|3] %7] A|Fo] Wttt A37|7+59 ATS7HES vuws] HeksS uj
9o F5 9 Ao o] mE Aol UERA Gt ol thgd A wrte] Aolg A

HE7] 98] AgAelE skl Moz BE



Table 1—4—1. Body weight gain of LDLr" mice fed atherogenic diet containing various
kinds of lotus root bugak for 10 weeks

(g)

G H Body weight Body weight
Toup .
Initial Final gain
WC 22.540.7* 30.2+2.4° 7.742.6N
CON 19.1+1.6° 26.1+1.4° 7.0£2.2
LRB 19.1+1.2° 26.3+1.5" 7.1+1.3
OFB 19.1+1.3° 26.3+1.1° 7.1+1.1
GTB 19.1+1.3° 25.7+2.3" 6.5+1.6
GFB 19.1+1.3° 27.7+1.4° 7.941.0

Data are mean = SD (n = 6 in each group).

LRB: lotus root bugak prepared with fermented glutinous rice flower batter (FGR) and pan—fried with
unroasted sesame oil, OFB: opuntia ficus—indica var. saboten was added to FGR batter for the LRB
preparation, GTB: green tea was added to FGR for LRB preparation, GFB: gardeniae fructus was added
to FGR batter for LRB preparation

YWC: wild type mice, C57BL/6, fed atherogenic diet (AD), CON: LDLr’~ mice fed AD, LRB, OFB, GTB,
GFB: LDLr”"™ mice fad AD containing 10% (w/w) of various type of lotus root bugak, respectively

**Data with different letters in the column are significantly different with one—way anova followed by
Duncan’s multiple range test at p<0.05

NData in the column are not significantly different.

[\&)

) % AST, ALT %
BE AEgol FF AST, ATL 5= A4 W9 Yo 22t) (Table 1-4-2). wpafa] o
z = ’

ol Behe A g Ao gzwdh

Table 1—4—2. Plasma AST and ALT concentration of LDLr™~ mice fed atherogenic diet
containing various kinds of lotus root bugak for 10 weeks

(Karmen unit/mL)

Group® AST ALT
WC 60.646.6° 73.5+13.0"°
CON 62.4+9.9 69.844.4
LRB 73.349.6 72.8+12.0
OFB 70.6+14.8 74.847.9
GTB 60.0+12.4 65.44+13.6
GFB 73.6+12.5 79.349.7

Data are mean = SD (n = 6 in each group).
1>‘See the legend of Table 1—4—1.
NSData in the column are not significantly different.



B skdaol 5 AFH A1 LDLr T ukg-20) dF FAA, FEUAEE, 18 LDL-C
T wild type w9291 C57BL/6ET oA o wolth. w3 e384 olS A48
ol = stal LDL #8A7F 299 45 Ads=rt 435 dsds AL+ A

(Table 1-4-3).

A F7HE A A ADYS T $ CONToll vls) 85 TG, TC, 18] LDL-C <&
T7F oo o A F AHE Qg d5 A4 A 5= vUE e AL 74
AF oA e o] =

a8 3 LDL-C § 55 waus 4 7218 ol &gt A3 2o} %ﬂ‘cﬂ?ﬁﬁ‘r.

F-zbe] 2Bt flsto] AR AHA Y Aol A gle s Aot FAks) e A HAS
7154 B ASE SXANE 7 e Wdx 541 2 AxE

7154 S5 g8 & A3 Wdx (OFBw) B =52k H7F A2 72 (GTBa) = A3 vk
29] TG %5 LRBwO vl&f 242t 22.8%9 21.7% Fold o2 HAhsdion, TC v 217}
13.4% <} 12.5% A o2 43¢ 1831 LDL-C 5% 9A] 15.8%%} 13.2% Fol¥ o=
#askltl (p<0.05). oldll whal X2} H7F AL H-2F (GFTwH) = AF e w29 d5 A4 &
L o 9] LRB Y d5 Ads=e FAsElaL, Axp H7bel &gk A& A8t aart
HRE A okt WAz o] A4 Aol Eah= ST G A oly pectin AW WlEoE A7
o}, wd =25y HEg3k 9OkDa9] glycoproteine triton WR—1330& *8]3F n}9-~9] %

TG, TC, 18|31 LDL-C& E gy RaEon awhd o 23k pectin G A] guinea
pigsel Al LDL-C9] tjAtE &@6}04 Bk :—;aﬂwﬂig Aar) e a7t Rus Aok 53 =
Yoo e Ve AR BaEal glom 53] catechin® T &HE A3t 7l

o S G PE AN R L e s eplgallocatechm gallate (EGCG)+ @ FTZdl=
HE 223 LDL-C9 $%5 W5v ai/F Rusfivh AAke] 4 Mg <l crocin
% lipaseE A 284S 58 5 A, FFU2HE 2 LDL-CS #aA7tta 4
A A9 crocing carotencidAlE® b 2 AFAIA F guEr] HAokm deA Qo B
Aol Al A AFA T FZ o] A A A3t adE UERA RS o]fr= ARAATEZLe] Az A
T HAAA F crocino] HFEHo| dFAHAS} AHE UEHA Ao w ABZhE
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Table 1—4-—3. DPlasma lipid concentration of LDLr~ mice fed atherogenic diet
containing various kinds of lotus root bugak for 10 weeks

(mg/dL)

Group® TG TC LDL-C HDL-C

WC 38.7+13.1¢ 98.0+14.9¢ 24.7+7.1¢ 65.6+9.1°
CON 121.0£18.4% 1184.0+73.9% 1082.6+78.1% 50.4+12.3°
LRB 92.7+8.6" 1000.14£93.5° 949.0+85.8" 54.54+3.8%
OFB 71.6£8.9° 865.84+119.4° 799.5+128.8¢ 52.2+15.1°
GTB 72.649.2° 875.4+99 4° 823.6+83.4° 47.3+£7.0°
GFB 91.54+21.4% 1037.7£100.1° 964.3+£100.4° 48.949.2°




Data are mean = SD (n = 6 in each group).
DSee the legend of Table 1—4—1.
Data with different letters in the column are significantly different with one—way anova followed by

Duncan’s multiple range test at p<0.05
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Figure 1—-4—1. Plasma ROS and TBARS concentrations of LDLr™”™ mice fed atherogenic
diet containing various kinds of lotus root bugak for 10 weeks

Data are mean = SD (n = 6 in each group).
See the legend of Table 1—4—1 for the experimental group.

*Significantly different between two groups (p<0.05).
NSData are not significantly different
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Figure 1—-4—-2. Hepatic TG and TC concentrations of LDLr™’" mice fed atherogenic diet
containing various kinds of lotus root bugak for 10 weeks

Data are mean = SD (n = 6 in each group).

See the legend of Table 1—4—1 for the experimental group.
*Significantly different between two groups (p<0.05).

¥Data are not significantly different

6) o] AAt A FARIA H 549 ¢d

Zrol 4] FASS mRNA 3 AEZ protein =2 F<1to] Figure 1-4—3°] YERHAT
LRB o] FAS &L CONtoll Hla| fo]dom wokrt (p<0.05). OFBwr# GTBw¢| FAS
mRNA &S LRBTH.UF 242} 46.5% 9} 42.7% F2H o2 Shdt} (p<0.05). o] wtaf] GFT
9] FAS ¥d A X+ LRB7F FAFSFSG T FAS 2 212] promotorel] ZAdsFe] mRNAS] 2Hg
& ZZ2AN 7= AARIA R 2ol SREBP-19] HHAAEE protein ¥ 5 & F<¢1519S w LRBT
°] SREBP—1 protein 5%+ CONwI B3] HWokor}t {Fo]# o)A ¥ty 18fv} OFB-
GTB¢] SREBP—1 &2 LRB ol Hl3] 2+2; 31.9%%}F 32.2% 482 (p<0.05) GFT<
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Figure 1—4—3. Western blot analysis results of fatty acid synthase (FAS) and sterol
regulatory element binding protein (SREBP)—1 expressions in LDLr" mice fed

atherogenic diet containing various kinds of lotus root bugak for 10 weeks

Data are mean = SD (n = 6 in each group).

See the legend of Table 1—4—1 for the experimental group.

““Data with different letters are significantly different with one—way anova followed by
Duncan’s multiple range test at p<0.05

7) o] FH2HE A8 AR E 249 IHE

7ol A o] HMGCRE} o]9] HAFQIAFQl SREBP—-29] ¥&-S protein =% &<¢13}e] Figure
1—-4—4°] Yeidth. LRBa+9 HMGCR mRNA &S CONto| ®la] oz om wigton
(p<0.05), OFB¥ GTBw¢ HMGCR & & LRBw ol M8 23.3% 9} 24.4% 92 o2 71438}
At (p<0.05). HMGCR®] mRNA & o] #ofel= AA 212k = shhel SREBP—2% Z# ~H =
StAl o] Tl @A Atoltl. LRBw9] SREBP-2 & A= CONTEU 12.1% Yolxl o}
frol A oA gkokrt, ey OFBwd GTBw ¢l SREBP—22] &S LRBw ol Hl&] z+ 7+ 25.5%
o} 26.5% Frold o s AU (p<0.05). & AFolA 4 Fel2~HE F=9 9] HMGCR
o] g 2 SREBP-29] #de £ AddAE Btk webd widxe)l 3k 17 AFHZ 2
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Figure 1—4—4. Western blot analysis results of 3—hydroxy—3—methylglutaryl CoA
reductase (HMGCR) and sterol regulatory element binding protein (SREBP)-2
expressions in LDLr™~ mice fed atherogenic diet containing various kinds of lotus

root bugak for 10 weeks

Data are mean = SD (n = 6 in each group).

See the legend of Table 1—4—1 for the experimental group.

®‘Data with different letters are significantly different with one—way anova followed by
Duncan’s multiple range test at p<0.05

8) 7te] ROS, TBARS &%

AT B2 AFH T w29 719 ROS9 TBARS %% Figure 1-4—5°] YJERAAT 3}
A= AFE Lo oA o] ROS sl FoAQ1 Aol & HolAw A I -7 A5
ol vl AESITE (p=0.054). +2] TBARS Xt tZwro] vl A F-7F AFtolA &
oH oz TAast (p<0.05).
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Figure 1—4-5. Hepatic ROS and TBARS concentrations of LDLr™”™ mice fed atherogenic

diet containing various kinds of lotus root bugak for 10 weeks

Data are mean = SD (n = 6 in each group).

See the legend of Table 1—4—1 for the experimental group.
*Significantly different between two groups (p<0.05).
NSData are not significantly different

9) @5#H AAI NF—«B, COX-2, iNOS ¥#d A=

(1) NF-«xB 2#d A%
NF-«Be ¥d A= A 74 A3 Alolol w24l zbol& HolA &t} (Figure
1-4-6)
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Figure 1-4—6. Western blot analysis results of NFkB in LDLr™ mice fed atherogenic

diet containing various kinds of lotus root bugak for 10 weeks

Data are mean = SD (n = 6 in each group).
See the legend of Table 1—4—1 for the experimental group.



*Significantly different between two groups (p<0.05).
NSData are not significantly different
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Ql zpelE HolA| ekgtrl (Figure 1-4-7)
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Figure 1-4—7. Western blot analysis results of COX—2 in LDLr~ mice fed atherogenic
diet containing various kinds of lotus root bugak for 10 weeks

Data are mean = SD (n = 6 in each group).

See the legend of Table 1—4—1 for the experimental group.
*Significantly different between two groups (p<0.05).
NSData are not significantly different

NOSel wae txwel wal WzAE A7k AT B2 4RTA felHon dasedn
(Figure 1—4-8)
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Figure 1-3—8. Western blot analysis results of iNOS in LDLr™”™ mice fed atherogenic



diet containing various kinds of lotus root bugak for 10 weeks
Data are mean = SD (n = 6 in each group).

See the legend of Table 1—4—1 for the experimental group.

*Significantly different between two groups (p<0.05).

NSData are not significantly different
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RAAZ A AHE 7B EARE Sobnr] Fste] ANABES o] Gl WE 7
Al

D AZ ¥
BzEo] wiE] o] w2 wle o] FFE §Fo]H 2 o2 WolX| ¢t} (Table 1-5-1). o] #j
Elo] Apolo] we maE 1] ¢ olgtar Azhent.

Table 1-5—1. Comparison of body weight gain of LDLr “mice fed bugak prepared with
fermented glutinous rice flour batter (FGR) and pan—fried in unroasted sesame oil
(USSO) or soybean oil (SBO)

(g)
Group” Initial Final Body weight gain
FGRUSSO 19.13+1.82% 26.33+£2.83" 7.241.417
FGRSBO 19.14+1.44 27.7442.39 8.6+1.03

Data are mean = SD (n = 6 each group).

DFGRUSSO, LDLr’™ mice fed atherogenic diet (AD) containing 20% of bugak prepared with fermented
glutinous rice flour batter and pan—fried in unroasted sesame oil; FGRSBO, LDLr ™/~ mice fed
atherogenic diet (AD) containing 20% of bugak prepared with fermented glutinous rice flour batter

and pan—fried in soybean oil.

NData in the column are not significantly different.

2) % AST, ALT &&

el 9% AST, ALT =+ 25 Aol A0t (Table 1-5-2). weha 4 F-7+9]
AFE QA I 542 gle dow e



Table 1-5-2. Comparison of AST and ALT concentrations of LDLr "mice fed bugak

prepared with fermented glutinous rice flour batter (FGR) and fried in wunroasted
sesame oil (USSO) or soybean oil (SBO)

(Karmen unit/mL)

Group® AST ALT
FGRUSSO 53.68+3.59™ 70.40+7.64N
FGRSBO 51.60+6.40 70.30+7.94

Data are mean * SD (n = 6 each group).
1)‘See the legend of Table 1—4-—1.
NData in the column are not significantly different.

3) 8% 2 79 A 5=

A Z71Ee H A s AFHAZ 79 5 TC 1813 LDL-C s %+ 51l 52 A
VS AHAANZ ol vls] Z2F 16.79% 183l 19.27% 743tk (p<0.05, Table 1-5-3).
FGRUSSOw 9] 7tol]l 2 H Ze|~HE % FGRSBOTd Hl&)] Fodoz 7Hastion, 1
s 14.49%F ) (p<0.05, Table 1-5-3). °o]i= FHAA A& A A7) 59] gAikstE2Ql
lignan 3}3H& 5 shubSl sesamin®] 7FEAEs) Qb Ao w9 ol A T FIEHA & VE
of F5E W AiHor bE FAsEA Hla) 2 st AEFoEN A A A5t a9
Ueld Aoz AZET, Sesamine % FH2HES St a3t deA o

&

Table 1—5—3. Comparison of lipid profiles of LDLr "mice fed bugak prepared with
fermented glutinous rice flour batter (FGR) and pan—fried in unroasted sesame oil
(USSO) or soybean oil (SBO)

Experimental groupl)

FGRUSSO FGRSBO

Plasma lipid (mg/dL)

TG 86.88+18.78N 85.22%£10.08

TC 868.61%£48.31x* 1043.89£63.35

LDL-C 796.60%£46.41x* 986.70%£62.80

HDL-C 52.64£2.70% 39.05+4.81
Hepatic lipid (mg/g tissue)

TG 104.45+44.61% 104.28+23.72

TC 15.88+1.18+* 18.57+1.83

Data are mean = SD (n = 6 each group).
DSee the legend of Table 1—-5—1.
*Significantly different between two groups by t—test (p<0.05).

NSData in the row are not significantly different.



4) 8% ROSS TBARS F%
FGRUSSO ¥ FGRSBOT¢ &3 ROSS TBARS %+ F9%¢l xpo]E Rolx &gkr)
(Table 1-5—4).

Table 1-5—4. Comparison of plasma ROS and TBARS concentrations of LDLr"mice
fed bugak prepared with fermented glutinous rice flour batter (FGR) and pan—fried in
unroasted sesame oil (USSO) or soybean oil (SBO)

Group® ROS (Flu./min/mL) TBARS (nmol MDA/mL)
FGRUSSO 1791.50+557.37™° 50.67+17.47"
FGRSBO 1644.80+1020.86 44.674+19.66

Data are mean * SD (n = 6 each group).
USee the legend of Table 1—5—1.
NSData in the column are not significantly different.

5 AZA 34 #H a4 E AARIAY Td

o] ZelseE A ma9l HMGCRe 232 FGRUSSOw oA FGRSOBol H
20.69% 7AsFR o™ (Figure 1-5—-1C), o] @49 ZAIIA}QI SREBP—-29] W2 + &
o 24l Aol 7t At} (Figure 1-5—1D). Sesamin< rat®] 7telA HMGCR A& 7
0= 297 Rusoeln 2 Aol Ao % sesamin®] HMGCR #4 a3& &
T Ao, gt e FH2EE A davt dF B ghel FAE Fel2EH S Yl
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Figure 1-5—1. Western blot analysis result of FAS (A) and HMGCR (C) activity and
SREBP-1 (B) and —2 (D) expressions in LDLr/~ mice fed bugak prepared with

fermented rice flour batter (FGR) and fried in unroasted sesame oil

soybean oil (SBO).

Data are mean = SD (n = 6 each group).

See the legend of Table 1—4—1 for the experimental group.

*Significantly different between two groups (p<0.05).

NSData between two groups are not significantly different.

(USSO) or



6) 7te] ROSS} TBARS %
FGRUSSO ¥ FGRSBOT¢ &3 ROSS TBARS %+ F9%¢l xpo]E Rolx &gkr)
(Table 1-5-5).

Table 1-5—5. Comparison of hepatic ROS and TBARS concentrations of LDLr™"mice
fed bugak prepared with fermented glutinous rice flour batter (FGR) and pan—fried in
unroasted sesame oil (USSO) or soybean oil (SBO)

Group® ROS (Flu./min/mg liver) TBARS (nmol MDA/mg liver)
FGRUSSO 650.82+72.48" 8.58+1.08™
FGRSBO 716.21£104.27 9.67+0.52

Data are mean = SD (n = 6 each group).
USee the legend of Table 1—5—1.
NSData in the column are not significantly different.

FRE AR A B4 Aoldd 20% H7EEE § vh-zol HHAIA AL
[e)

7 eyl e Sdsty] s AR REEa A RVES olEste] Axd
o 3 S A
3}931;}' AF e A AEE A BB A 27 AT (FGRUSSO) ¥ A7FRE gl F
A

—_—

F2He] Firel mE w29 AT 7oA AfolE HolA] gkt (Table 1-6—-1).
Table 1-6—1. Body weight gain of LDLr™™ mice fed bugak prepared with fermented
glutinous rice flour batter and fried in unroasted sesame oil (FGRUSSO) or with wheat

flour batter and fried in soybean oil (WESBO)

(g)

Groupl) Initial Final Body weight gain
NS

FGRUSSO 19.13+1.82" 26.33+2.83" 7.2£1.41

WESBO 19.13+1.47 26.03+2.75 6.9%1.71

Data are mean = SD (n = 6 each group).

DFGRUSSO, LDLr’~ mice fed atherogenic diet (AD) containing 20% of bugak prepared with fermented
glutinous rice flour batter and pan—fried in unroasted sesame oil; WFESBO, LDLr™/~ mice fed
atherogenic diet (AD) containing 20% of bugak prepared with wheat flour batter and pan—fried in
soybean oil.

“Data in the column are not significantly different.



2) 8% AST, ALT &%
a8 dF AST, ALT =< 25 A4HS N AT (Table 1-6—-2). webA 7 F-2+9]
AHE A3 7 4L gle Aoz yzdn,

Table 1-6-2. Plasma AST and ALT concentrations of LDLr~~ mice fed bugak prepared
with fermented glutinous rice flour batter and fried in wunroasted sesame oil

(FGRUSSO) or with wheat flour batter and fried in soybean oil (WFSBO)

(Karmen unit/mL)

Group® AST ALT
FGRUSSO 53.68+3.59%¢ 70.40+7.64
WESBO 51.93+6.13 64.17+8.42

Data are mean * SD (n = 6 each group).
1)‘See the legend of Table 1—-5—1.
NData in the column are not significantly different.

3) 8F 2 1Y Ad 5=

p

AR g A AU ES Ol%é}c A8 F2F Az vy
4% TG, TC, 18]aL LDL-C &%+ Y7HFE3 52 Axg 7 7270 b8 foj5 o=
7Hsk o (p<0.05, Table 1-6—3), 7HA&2 217 25.50%, 18.48%, “12]3L 20.33% AT}, 3
o FH® FY2HE X 9A] FGRUSSOTAA WESBOl M) 21.39% 7433
(p<0.05, Table 1-6—3). A {AEH A 7|5 ol &ste= =9 AF FHHHHY 3
A A AdE 2 AT Aol A glg vpef o] ARIFEES] dF TGHA a3
7159 d% TC 19]a LDL-C #Aaaart 24835k o= Azt

F

ﬁn&

Table 1-6—3. Lipid lowering effect bugak prepared with fermented glutinous rice flour
batter and fried in unroasted sesame oil (FGRUSSO) or with wheat flour batter and
fried in soybean oil (WFSBO) on the plasma lipid profiles of LDLr "mice

Experimental groupl)

FGRUSSO WFSBO

Plasma lipid (mg/dL)

TG 86.88+18.78% 116.61£18.09

TC 868.61+48.31+* 1065.514£117.98

LDL-C 796.60+46.41+* 999.824119.78

HDL-C 52.64+2.70™ 43.97+8.68
Hepatic lipid (mg/g tissue)

TG 104.45+44.61" 109.83+28.12

TC 15.88+1.18% 20.2042.67

Data are mean = SD (n = 6 each group).



DSee the legend of Table 1—-6—1.
*Significantly different between two groups by t—test (p<0.05).

NSData in the row are not significantly different.

4) 8% ROSS TBARS F%
FGRUSSO3 WFSBO¢] &% ROS$® TBARS %= £ xpo]E Holx &ttt
(Table 1-6—4).

Table 1—-6—4. Plasma ROS and TBARS concentrations of LDLr™~ mice fed bugak
prepared with fermented glutinous rice flour batter and fried in unroasted sesame oil
(FGRUSSO) or with wheat flour batter and fried in soybean oil (WFSBO)

Group® ROS (Flu./min/mL) TBARS (nmol MDA/mL)
FGRUSSO 1791.50+557.37™% 50.67+17.47™°
WFSBO 2668.33+1553.60 58.75+14.34

Data are mean = SD (n = 6 each group).
1>‘See the legend of Table 1—5—1.
NData in the column are not significantly different.

5) A4 4 B &L D AR B
]_

Zholl A A kak ghAd o] ol &4l FASS] wHe & FRGUSSO A WFSBOS Hl &l 38.89%
7F~skd o (p<0.05, Figure 1-6—1A) FASS] AA}e1A}¢] SREBP—19] &S f-2] %<l z}ol=
A A% FRGUSSOT-ol A WESBO-ol| vl &) 7+43ttt (p = 0.056, Figure 1-6—1B). =~
HZ gA &F4¢ HMGCR 94 FRGUSSOwol A 23.84% 743+ tt (p<0.05, Figure

1-6-1C). & F A koA o] FAS, HMGCR & 74 &3 oA & Oﬂ?i Ul 7 2hel
FAE] FAS #d oAZ-E9 A 27159 HMGCR Zd A28 wfj&l Aoz Ayzher),



A FAS o o B SREBP-1 ey o
o-tubulin  qu—  —— o-tubulin_ e——  —
FH - 25
*pP=.02 NS
X S
= =
= =
Bi15 - E1s - T
2 =
= L
%‘ 1 - :E 1 -
= 2
05 w05
0 ] — 0 +— — —
FGRUSSO WFSBO FGRUSSO WFSBO
C HMGCR  -———— - D SREBP-2 | —— B
o-tubulin  CE—— g o-tubulin a3 R
E5 S DB T
*P=.001 NS
= ags 0
= =
= =
B 13- B15 T
z 3
2 o
E 1 é 1 -
= =
=05 “ s
0 - I F—— S 0 +— . | I
FGRUSSO WFSBO FGRUSSO WFSBO

Figure 1—6—1. Western blot analysis results of FAS (A) and HMGCR (C) activities and
SREBP—1 (B) and —2 (D) expressions in LDLr™’~ mice fed bugak prepared with different
cooking method. Bugak was prepared with fermented glutinous rice flour batter and
fried in unroasted sesame oil (FGRUSSO) or with wheat flour batter and fried in

soybean oil (WEFSBO).

Data are mean = SD (n = 6 each group).
See the legend of Table 1—5—1 for the experimental group.
*Significantly different between two groups (p<0.05).

NData between two groups are not significantly different.



6) 7+l ROS¢} TBARS 5%
FGRUSSO3 WFSBO¢] &% ROS¢ TBARS %= £929 o] Holx &ttt
(Table 1-6-5).

Table 1—5-—5. Hepatic ROS and TBARS concentrations of LDLr™~ mice fed bugak
prepared with fermented glutinous rice flour batter and fried in unroasted sesame oil
(FGRUSSO) or with wheat flour batter and fried in soybean oil (WFSBO)

Group® ROS (Flu./min/mg liver) TBARS (nmol MDA/mg liver)
FGRUSSO 650.82472.48" 8.58+1.08™
WEFSBO 712.77x£87.79 8.70x1.21

Data are mean = SD (n = 6 each group).
USee the legend of Table 1—6—1.

NData in the column are not significantly different.
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(w/w) H] &2 410] 24 °Coll A stola]o] YL 7Y F<t 213 a  F, 7§33 B 5 Ho|F+=
W o 72 Azt kgl Ja MR 4
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oA 10+ 7k F, oFEolA 107 ¢ 7FAsiFArt. 9@7hFE2 W79 &5 1012 (w/w)
H& 2 Yl Aol ZEoA 102 7 H, oFEolA] 5 tf 7853l §719] 98
g AL AEE AN FH, 0.9 mme] FAR Edfols st e Eoll ¥ 511 "
g3 A3 A 307 5 ©@HUF AEVNE AAGS FH EVIE AASAL. E71E AAS ¥
AT FAES F TR A2 13S 6555t AMEe o vt FAE ¢ &
=S k23 A8 &8, g J3EE W S5 vES O 94 A4S 8, A J3EE 8
TS IEth AYS BAE AAGI Holx EVIE AAT H, Ao AR Fid FEE
g ZeS Y e AlEE 393 & Ed & S W (278 cm)ell 520 mLe] A F
75 GIAE A ¥ g 7528 Futol (F)ollA skl a)S Al 180CE 2 %=7}
ezt H, FE 93 3%, AF9A 32 HA H AUFAG Az g2l sy E F7h
P om A3 FAE il WIFES, AV A TS AREete] sdd WO E A
Z 33t

Z+e in vitro AFSPEAEAE H7Es7] 914 Lopeze] W (2011)e 93] 80% ollghE 5
S o F7F 2 goll 80% ol¥rE 30 mLE 43l 1837 4o Futh 2412
= H, #3534 27 o3+ (Whatman No. 5, Kent, UK)E ©]-&3}
7] (Avanti J, Beckman, Fullerton, CA, USA)Z 2000 x g = 20% &
]

(1) DPPH &% &A%

B7h 2559 DPPH 2oz 274 %52 Blois (1958)%< o]-&3l4 #4331t} 0.1 mM DPPH
in ethanol 1 mL ¢ Z} 5% 0.1 mLE <33 blankdl<= ©l8&2 1 mLe} F&+ 0.1
mLE &3%35tal, controlol+= 0.1 mM DPPH in ethanol 1 mL9} 80% &= 0.1 mLE &3t
3 5, 3087 Ao A wrAlFTE. UV-Visible spectrophotometer (HP 8453, Hewlett
Packard, Wilmington, DE, USA)Z 517 nmolA S3E=E SHsIF oY X270 ofA~7=
HANY o-EFHES AFESEIA T

FEAE/ Z7Fe AEA 2YHY UHFE/F7IEY MEE ey wet Alxd A,
A, AQ 72+ 80% vt F-7F F+E=9 DPPH ¢tz 275 #bol+= Figure 2—1—-13 2t}
DPPH g}tk A7 52 L—ascorbic acid (93.73%)2} a—tocopherol (77.07%)3} ¥]uLste] 50%



o] #4S Hylorn el 7 2o B4 Wl A, A B sl AY
F7h2 ez (27.53%) 3 WEgd 2 (29.00%) & Wl e S 2750 79
g Apol7k figleoy e MET Mg el o A A F-rpe] fols we =
Oz 275 s Had (p<0.05)

DFPH radical scavenging activity (%)
n
(=]

Lotus root Dried laver Perilla leaf L-ascorbic acid o-tocopherol

Figure 2—1—1. DPPH radical scavenging activity of bugak (N; Rice batter/Sesame oil,
[]; Wheat flour batter/Soybean oil) (Different superscript means significant differences

among the samples by Duncan’s multiple range test at 5%.)

)

B2 2559 39452 Oyaizu (1986)¢] WS o]&ste] EAstt. 55 1 mLd 0

M phosphate buffer & (pH 6.6) 2.5 mL® 1% potassium ferricyanide &% (w/v) 2.5
mLE F7Fstal 50CeA 30 &<t ¥HeAlZ1 % 10% trichloroacetic acid &9 (w/v) 2.5
mLE H7}ate] AAE2] 7] (Avanti J, Beckman, Fullerton, CA, USA)E 3000 rpmelA 10%
T ARE BT A4S 2.5 mLE F8 & 2.5 mL9 0.1% A3k €9 (w/v) 0.5 mLe}
sk &3%}3l ¥, UV—Visible spectrophotometer (HP 8453, Hewlett Packard, Wilmington,
DE, USA)®Z 700 nmolA SHE=E A3

TR HI WY E ol wel Alxg A, A, A F7e] 80% oeE FEES Y
&< Figure 2—1-29F 2t} 959 A= 2uZd L5 A8t A 74 F55 > 4
B2y FEE > A 52 F=E9]%31 L—ascorbic acid (0.83)¢} a— tocopherol (0.83)3} ML
stel Bheld /%Rt ke $U%S noth 497 ave ABxe iy Wy 2o
Hol WE feold Aol7t gRlen), A B REEe zd%}_aﬂsoﬂ e Ao, qir vt
FEES AFE P GF 97 FA B BASS BAT (0<0.05).
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Figure 2—1-2. Reducing power of bugak (N; Rice batter/Sesame oil, [J; Wheat flour



batter/Soybean oil) (Different superscript means significant differences among the

samples by Duncan’s multiple range test at 5%)

3) 4, A2, 29 ¥4 4 L 924 Yo}

(1) A=

Hzrol Mw H7L= Color JS—555 (Color techno system Co., Ltd, Japan)S A}-&3}o]
Hunter’s L (lightness), a (redness), b (yellowness) #tS =743} tl. White standard plate
= AHgstlom gk Al | 103] whEste] SASEGITE gk L, a, b e EREH ta Al o]
&t Az iy AygE ey ok F-7F Afolo] MAHAE)E TeF3ith.

AE= V(AL + (Aa)?+ (AD)?

=
Aezeyel o A 7ol wokort L gk 88 wokrh 7 eyl o8 Axd AL,
A, A Fzhe) Ak 77t 2,93, 4.96, 23.29 o &, A F7to] ey wEgd Zey
ol el AA7t 7 A

Table 2—1—1. Hunter's L, a, b values of bugak

Lotus root Dried laver Perilla leaf
Rice batter/ g\;lgte;t/ flour Rice batter/ g\;lgte;t/ flour Rice batter/ g\efl}t]teeit/ flour
Sesame oil . Sesame oil . Sesame oil .
Soybean oil Soybean oil Soybean oil
L 59.92+40.05#xx" 57.53£0.05 19.54£0.1 1% 24.09£0.15 28.63E£0.14*%x* 11.50+0.23
a 1.56+0.02:#xx 0.994+0.01 1.75%0.03%*x* 0.25%+0.06 —2.5910.03#%: —8.43%+0.24

b 12.82£0.08#xx 14.42+0.08 11.48%0.44#xx 10.18+0.41 6.110.19%xx 20.77£1.93
AE 2.93 4.96 23.29

1)Significant difference between rice and flour batter bugak in each attribute by t—test; *: p<0.05, !
p<0.01, ##*: p<0.001

(2) B

F7+e] Bl2~x= Sun Rheometer CR—100D (Sun Scientific Co., Ltd, Tokyo, Japan)E A}
&3t rupture testE ©]&3l A% (hardness)E S7A3sto] H7Felglth. &+ adaptor (20 mm
dia)E AFg3tgon 2=l 31358 AA (10kg), adaptord] A& W3k 219 Zoj= 5

mm, A5 o]lF £EE 60 mm/minlE AAIHT. HolEo FHoAe] AAAE 0
. _

Rupture testol] o]3] =743t
H71Ee AexeHor Axd

A , A
kg/em® WM FE3 F7)E9 HEH zgHoR A
%

L= Table 2—2—2¢} Zt}, FAEZ3 A
= 7}z 108.40, 52.60, 101.23

ol ®zlo] An zbz}

1. o i , /|, 77)&? T
45.91, 34.76, 42.04 kg/cm’ o2, FAEI A FI7E To] AFEEI FIE T v A=
7F Fo8k Al =AdTF (p<0.05). oA FHAEN A AV Fo = AxSH AL, A, A Fzho] I



PrEd F7IFoE Az B4R o bl tigh Aol wae AlARRHL

Table 2—2—2. Hardness of bugak by rupture test

Lotus root Dried laver Perilla leaf
Rice batter/ Wheat flour Rice batter/ Wheat flour Rice batter/ Wheat flour
. batter/ . batter/ . batter/
Sesame oil . Sesame oil . Sesame oil .
Soybean oil Soybean oil Soybean oil
Max 9.38+2.65wx") 3.98+4.59 5.39+2.33% 3.57+1.90 8.56+2.90%% 41944 .49
weight(kg)
?r‘;rtrf‘)nce 4.16+1.16 4.18+1.31 5.11£0.09 5.07+0.36 4.4740.77% 5.0340.20
strength 31.2848.83%xx 13.25+15.32 17.95+7.77% 11.89+6.33 28.54+9 67 13.96+14.97
(kg/cm®)
?ﬁg}?&%i 108.40%31.78%xx  45.91£52.50 52.60+£22.70%  34.76+17.82 101.23+43.87+  42.04+45.30
vield(kg)  5.47+5.24 3.05+4.48 2.9443.09 1.4942.24 6.82+4.96 3.95+4.68

1)Significant difference between rice and flour batter bugak in each attribute by t—test; *: p<0.05, !
p<0.01, #**:p<0.001

4 7, A2, 2D 43} 9949 o5t 54 F7t

= SEREXE THFLAES o]&3 FolchHol Y& F=38k3dct §7
Ak = B Al 242 14% BE3—HeHE 2 vE o 2H3E A7 & ditor =&
1 uLE 7232w E2Y3E (gas chromatograph, GC)oll F=938te] #4359t (Lee and
Choe 2009). HP—Innowax column (30 m x 0.53 mm, 1.0 um thick; Agilent)3} &4 o]
st A=717F &2E GC (YL 6100 GC, Younglin) & AM&3stlom o, Y47, #A=7]¢ &%
= 747 200, 270, 280TC oAt &8k 7[AQ] FEFS T 10 mL«] o8 ZeFgon,
split ratiox= 10:1 o]tk Ao At 54 B 72 At 255 ol&ste] HF&
AP} AA S FE ekt
Aeszxeyy wdd Zeyd wet Axs A2, A, 2 5243 559 At 24E
Table 2—1-33 2t} F2-E/AAZ7| 5o o3k A 77 Aol = g=dite] 45.93%= 714
Zol ﬂoﬂ“gﬂﬂ, 24t 36.51%, ZHEA 10.73%, 2~EHol24F 5.53%, ogt7]=AF 0.63%,
=4 0.47%, BV EAULE 0.19%2] A= Hl&o] 3t} o= xRl o3 Hdy A
A FANAE AT S Bt Az H WUFFE/FVIEC 9% A2 F-7 A e
A HAE 2438 =gt 49.49%, A 25.69%, ZU|EAF 12.05%, 2]=AAE 7.06%, 2~Hol=
2F 5.23%, oteb7lE=At 0.47%9) oM E S VS-S WERAL, A A w7 2
= Bt ATz wEE Aozl &) Alxd A2, A, AY F-Zhe ol g A
=

=
A AANEI T AW 24H FASAL. F AxE @ 97 9

‘F‘r_u_,

:

2 2AE HAR
A o] AR At 2442 HA A FoJst 2olrt gllen o= FH A AlZko] 1A17F U
2]Ql Ao A 7]eld Ao g AZtHT

Table 2—1—3. Fatty acid composition (relative %) of bugak and frying oil



C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0

Lotus root Rice
batter/Sesame  Frying oil Before frying 10.81£0.11° Y 0.20£0.01™ 5.4240.12" 36.36+0.21" 46.01£0.12°""  0.50£0.05 0.69%0.05
oil
After frying 10.62+0.01%"  0.21£0.00" 5.54:£0.02° 36.65£0.01° 45.84%0.03" 0.46£0.00° 0.67+0.00"
Bugak 10.73£0.20" 0.19£0.01°¢ 5.53£0.15" 36.5140.37"" 45.93+0.41% 0.47£0.03° 0.63£0.07°
Wheat flour
:i‘l“e‘/ﬁ"»"bea“ Frying oil Before frying 11.7340.10" n.d.” 5.09:+0.03" 25.44£0.11° 50.14+0.00° 7.13%0.04" 0.48+0.00
After frying 11.8240.01" n.d. 5.1440.15" 25.66+0.14" 49.89+0.28" 7.01%0.06° 0.48+0.03"
Bugak 12.0540.11° n.d. 5.23+0.16 25.69+0.30" 49.49+0.37" 7.06+0.22° 0.47+0.04"
Dried laver Rice
batter/Sesame  Frying oil Before frying 10.4940.18' 0.19£0.01" 5.50£0.11%" 36.3440.12"° 46.30£0.11°* 0.51£0.04° 0.67+0.03°
oil
After frying 10.63+0.01%" 0.2140.00* 5.40%0.02" 36.18+0.12" 46.48+0.17° 0.47+0.00° 0.62+0.02°
Bugak 10.66£0.08™" 0.20%0.00" 5.47+0.10" 36.37+0.11" 46.15£0.27°""  0.48+0.01° 0.66+0.01°
Wheat flour
:i‘l“e‘/‘“"»"bea“ Frying oil Before frying 11.650.01° n.d. 5.14+0.08" 25.24£0.19" 50.22£0.13" 7.26£0.14" 0.48+0.02"
After frying 11.79£0.02" n.d. 5.01+£0.05" 25.20£0.13" 50.20£0.13" 7.35+0.05" 0.45+0.01"
Bugak 11.81£0.06" n.d. 5.14£0.03" 25.21£0.11° 50.01£0.11° 7.35£0.07° 0.47+0.01"
Perilla leaf Rice
batter/Sesame  Frying oil Before frying 10.5440.02* 0.17£0.01° 5.43£0.02" 36.3040.05" 46.40+0.01° 0.51£0.05° 0.66£0.00°
oil
After frying 10.55+0.13° 0.1840.00 5.49%0.06" 36.51+0.16" 46.1240.12°""  0.46£0.01° 0.67+0.03"
Bugak 10.61£0.03""  0.20£0.00™ 5.63+0.08" 36.62£0.12° 45.7520.20" 0.52+0.02° 0.68+0.01"
Wheat flour
:i‘l“e‘/ﬁ"»"bea“ Frying oil Before frying 11.6640.02° n.d. 4.84+0.16" 25.87+0.14% 50.06+0.24* 7.13%0.09" 0.45+0.04"
After frying 11.74£0.02" n.d. 4.9140.08% 26.0620.08° 49.79£0.14" 7.03+0.07° 0.46£0.02"
Bugak 11.8740.05" n.d. 5.05%0.05" 26.1040.06° 49.49+0.08" 7.01£0.01° 0.48+0.01°

UDifferent superscript means significant differences among the same columns in each oil by Duncan’s multiple
range test at 5%

“Not detected
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Figure 2—1-3. Conjugated dienoic acid value (%) and p—anisidine value of bugak (N;
Rice batter/Sesame oil, [J; Wheat flour batter/Soybean oil) (Significant difference

between rice and wheat flour batter bugak by t—test; *: p<0.05, *x: p<0.01, %!

p<0.001)

ShH AExEyy Hadd dojzelHe o3k B2 Al F HARY FHo| Ak} ofu A
U2 Figure 2—49} £t} H4S 913 180T = 7Fdst A 7|59 Fdol52kakd ofyAd
e 717 16.36%, 3.36 oo}, A Fr)Eo FHo|FAkT} ol AHEe A B A 2E
A3k 54 34 3 247 27.53%, 32.13 A Fz2F Az T ZzF 23.90%, 20.71, A 7T A%

3 747} 21.42%, 20.19 2 59 8A Z718k T (p<0.001). 7FE 8t 37|29 FHolFakzhd) o}
YAdgke ®4 A 22 17.79%, 10.97 oo, A2 F2F AxE A H4 3 & 747
33.08%, 40.90, A F7+ A=z % Z+7; 27.74%, 32.41, A2 Bzt Az 5 247 26.49%, 34.67
= FrofstAl S7FsklTh (p<0.001). &folFikgkat obAId gL Sk A3 5 BAF7E% F
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Figure 2—1—4. Conjugated dienoic acid value (%) and p—anisidine value of frying oils
(The 1st and 2nd bar in each column represent the value of oil before frying and
after frying, respectively) (Significant difference between oils before and after frying

in each sample by t—test; *: p<0.05, **: p<0.01, ***: p<0.001 )
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Table 2—1—4. Oil contents of bugak

Lotus root Dried laver Perilla leaf

Wheat flour
batter/Soybean  oil

Wheat floury,. .
batter/Soybean  oil Rice batter/Sesame oil

Wheat flour

Rice batter/Sesame Ollbatter/Soybean oil

Rice batter/Sesame oil

g oil
48.15+11.80%x 35.75+£19.04 35.75+£11.54 39.724+9.80 79.87£40.78%*x 45.96+35.27
100g sample

1)Significant difference between rice and wheat flour batter bugak in each attribute by t—test; *! p<0.05,
xx. p<(0.01, =xx: p<0.001

A% BTt 9, AT, 4, 2 B2 £ gwe Avzey wb A9d Y 5
Alzgol whe 018 Apoli= wolA] oM (p>005), A F2he] FE Fpe] b ekt
(Table 2—1-5).

Table 2—1—5. Moisture content of bugak determined by drying method (150°C)
Lotus root Dried laver Perilla leaf
Rice Wheat flour Rice Wheat flour Rice Wheat flour
batter/Sesame batter/Soybean  batter/Sesame batter/Soybean  batter/Sesame batter/Soybean
oil oil oil oil oil oil
Moisture 2.67+0.99 3.30+0.57 3.58+0.49 2.56+0.83 1.40%0.76 0.93+0.20

content (%)




5) 4, A2, AL £7re) J)5AHE B}

(1) Egd=x EIAE

B-Zbol sti-d Z8¥E 3FEE S Maksimovic 5 (2005) 9] WHHS WEsle] B33
ok F2F 1 g& n—32F 10 mLol $d3] 5l & wgkSiE (3:2, v/v) o] £3F-&m 6 mLE ¥
Atk Fwsl Aol = F A2 (Avantl J, Beckman)& 4 °Col|A] 10,000 rpmellA] 20 &
e ARE BYoglt 359 5 mL & Hsle 3 HdX-FSE7] (N-N series, Eyela) 2 40 °C
oA STUAI7|AL, 2EES WEkE 1 mLol =3tk o] F 0.2 mLE #3te] Folin—Ciocalteu’s

phenol Al ¢F 0.3 mLE ¥ 357 AXA71 & ¥3} gHilaF 89 0.5 mLE Yl S/FT=
g Zob A A7l & UV-—Visible spectrophotometer (HP 8453,
Hewlett Packard, Wilmington, DE, USA) & ©]&3}o 725 nmolA SFE=E SAHSAL. F
zve] EElvlE 33E SR caffeic acidE RTEAR AES AFHAE S8 kgl H
Zro| el EFYE e 7 xHkE 0.1 g¢& n—-d2F 1 mLo] F9°]al hydrophobic
membrane filter (PTFE 0.2 um, Toyo Roshi Kaisha, Ltd.) = o33k & 20 uLE HPLC9l
Ttk n—FArko] AXZ 2 RS (99.8:0.2, v/v)S Ol ENOE ARSI £ 2 mLe HE=E
S AT (Lee and Choe 2009). 92 p—PorasilTMZAH (3.9 X 300 mm, 10 um ID,
Waters)S AF838tom, &3 71%7] (G1321A, Aglient 1100 series, Boblingen, Germany) <]
942 excitation 290 nm, emission 330 nm ©] At}
AE iy AYgd 2ol wef Alxg A
& Table 2—1-63 v} Az yga Higd =
& 747} 2559, 0 mg/kg, Hﬂoﬂﬁt Z}zk 25.79, 7.85 mg/kg, A F-Zte A=
44.13, 29.89 mg/kg o2, AExHA A FV|Fo= HI F7o] Hﬂf‘féfﬂ %7
= HX F-Zhol| nls) ZelH= ?:L o] #2a}
ZedE stdEdA dF et sow
H=o]l AE=HA=d ol AR A3 Ao E99
A7t
EF¥E o|AdA| T a—tocopherol> AFxg Wl ol AxH FZolAe= HEHA SR,
HyE oz Axd AT FZdAE 98.66 mgkg, 1 FZolAE 31.84 mg/kg, AU
T2t A= 98.26 mgkg FEFOE HAEHASH, oA HARY BHVIEH FVEY «
—tocopherol & z}olo A H]|F3l= Ao w AZET) y—tocopherol $HS AEZx W}
gy zayel wgt Alzd AT FZbolA Z+7 469.46, 630.48 mg/kg, A H-ZrolA Zt
354.00, 554.54 mg/kg, A FZ oA Z+z} 553.08, 639.39 mg/kg ©]Att. §—tocopherol
Fe Aol e Alxd FAoAe AR K%L, HEE 2 HORE A AL
Zroll A 229.85 mg/kg, A F-ZHell A 232.45 mg/kg, A FZel A 235.59 mg/kg ©l AT
EFvE e dexe ol o8l Alxgt F-eun e ol o) Alxw F-Zhol
A shAl E=koe (p<0.001), o] A A F7Fo] FVIFEY EdES A A
|28 Aoz AZHC
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Table 2—1—6. Polyphenol and tocopherol contents (mg/kg oil) of bugak



Tocopherol

Polyphenol

a—tocopherol v—tocopherol &—tocopherol Total

Lotus root Rice batter/Sesame oil 25.59+2.25 nd? 469.46+16.17+ 2 n.d. 469.46+16.17 55+
Wheat L flour g 98.66+3.70 630.48+21.19 229.85+5.87 958.98+30.65
batter/Soybean oil

Dried laver Rice batter/Sesame oil 25794121 nd. 354.00+19.1 4 nd. 354.00+19.1 4+
Wheat flour

. ) 7.8540.95 31.84+1.52 554.54+14.75 232.4548.12 818.83+15.81

batter/Soybean oil

Perilla leaf Rice batter/Sesame ol 44.13+2.89%5 nd. 553.08+15.45%5 nd. 553.08+ 15,454
Wheat flour 99 89+1.80 98.26+3.50 639.39+10.01 235.50+4.58 973.24+17.20

batter/Soybean oil

W3l agE zewd og 27 Az F 5% 87 A, 97 Fo Zel
=3 B39 B FFL Table 2-1-73 2. Eols S8 dExW] 9442 A 2]
BolAur AZHon, 180°0C 2 7A@ A B71ElA HA A 14.03 me/kg oot A2,
A, A9 ¥ AxE 9@ 97 B4 F 47 2353, 1991, 10.58 me/ke e AES B
of Az 7, A9 5ol EAetd Telssel AR Bow £3d Aow wAY

o

P
&/

A, A §2F AxE g H4 A $ 747} 382.16, 483.76, 486.38
mg/kg S ®E FoetA FHaste] HA AA T A A|Ee EFdEe] ElEAS HERHAT
ey A FUIENAE v ERAE ol9ol = a—$ §—tocopherol= HEHAE=T, a—, v—,

o B A Z+zb 99.48, 697.83, 238.73 mg/kg oo}, A2, 7, A

§—tocopherol &2 ¥
7t AxE gk FHA S o—EFZIEL Z}7ZF 94.59, 96.58, 83.08 mg/kgl =Z, v
—tocopherol< Z}7Z} 635.70, 653.72, 635.21 mg/kg &=, S—tocopherol2 Z}Z} 231.70,
232.27, 239.59 mg/kgo® A F71Eol Hl& EmdE 9 Wy Aok md 37 ARE
A HANA $ A V15 F71514 v—tocopherol ©] el fHasR oM (p<0.05),
E3] A F71E0lA v—tocopherol &&e] 747 B FE a3

jah
%
o

Table 2—1—7. Polyphenol and tocopherol contents (mg/kg oil) of frying oils for

manufacturing of lotus root, dried laver, or perilla leaf bugak



Tocopherol

Polyphenol

a-tocopherol y-tocopherol 8-tocopherol Total

Lotus root Rice batter/Sesame oil Before frying 14.03+3.08%* " nd? 642.78+£17.43%** n.d. 642.78£17.43%**
After frying 23.53+2.87 n.d. 382.16+4.58 nd. 382.16+4.58

Wheat flour batter/Soybean oil Before frying n.d. 99.48+2.72 697.83£16.65** 238.73+4.50 1036.03+18.84%*
After frying n.d. 94.59+1.87 635.70+9.57 231.70+6.72 961.99+4.72

Dried laver Rice batter/Sesame oil Before frying 14.03£3.08* n.d. 642.78+£17.43%** n.d. 624.38+0.56%**
After frying 19.91+1.75 n.d. 483.76+3.13 nd. 483.76+3.13

Wheat flour batter/Soybean oil Before frying n.d. 99.48+2.72 697.83£16.65* 238.73+4.50 1036.03+18.84%*
After frying n.d. 96.58+1.68 653.72+£3.51 232.27+3.05 982.57+4.88

Perilla leaf Rice batter/Sesame oil Before frying 14.03+3.08 n.d. 642.78+£17.43%** n.d. 641.04+4.77***
After frying 19.58+0.51 n.d. 486.38+0.48 nd. 486.38+0.48

Wheat flour batter/Soybean oil Before frying n.d. 99.48+2.72%** 697.83£16.65%* 238.73+4.50 1036.03+18.84%*
After frying n.d. 83.08+0.08 635.21+2.75 239.59+1.42 957.88+4.09

1)Significant difference between oils before and after frying in each sample by t—test; *: p<0.05, #x*:
p<0.01, #=#*: p<0.001
“Not detected

(2) 22297 JIEEHEE

7 Ade] F229 35S HPLCHoZ #3139t (Lee and Choe 2009). §-7+ x4
0.1 ¢& YolF=2=Zvgr 1 mL®E =9 hydrophobic membrane filter (PTFE 0.2 um, Toyo
Roshi Kaisha, Ltd.) = oj¥st & 20 uLE= HPLC (YL 9100 HPLC, Younglin, Anyang,
Korea) ol F£43st3t}. o]=At& ]E]O]—/H]EHO]E:HHE}%:E’Q] S3k8-9 (50:37.5:12.5, v/v/v) =
AFg3Ee] B 1.5 mLe £22 §EAFH oY, AHL Symmetry C18 (5.0 um, 4.6x250 mm,
Waters, Milford, MA, USA)& AF&38}aL UV % §7l g2 438 nm o|T. EE2E2E I
% d7 FEEIY AFFTAE ol&ete] ekt F-4 AW JtEE o= 3 HPLC

o5 3ttt (Lee and Choe 2009). HZF XWd 2 g& n—-dthopAE o g2 E5F<l
(10372627, v/iviv/iv) & & 156 mLE Y £%3% F, & 0.5 mL, 40% FASZE &4
2 mLE FH7F8taL 56C &2 FZoA 2087F WHSAIATE 1 & -4 15 mLE H7bskal
10% - &itas §do= 50 mL2 A&t & A7k AA & 459 10 mLE F 3l 3
A7R-E&597] (N-N series, Eyela, Tokyo, Japan) & A}g3}e] 40CoA &njE A AT
ok gu] 1 mLol o ES =9 hydrophobic membrane filter (PTFE 0.2 um, Toyo Roshi
Kaisha Ltd.) & o33k & HPLCel| 20 uLE FY3A . n— ko]~ 2 3-8 (97:3, v/v) &

ol Ao ® ALgEle] B 1 mLe £ §EAH e, AHL u—Porasil TM(3.9 300 mm, 10
um ID, Waters) & AR&3FlaL, o] wf UV H&E7]9] 3748 436 nm= 3}t 7F=E w0l =
A EF B—7I2H, FHAS o &3 A t}.

dezalyy Hyd ey mef Az A 7, AQ 7 SEEd3 JtEHxolE
stekS H71ek A3 Table 2—1-83F 2t A& BZto| = 4 220 AEHH
s Z

02-1
X,

=

S 4 =i
Fgom, dezeyst wyd zegel o3 Axd A F74e] FREI a FES 2270,
42.00 mg/kg, == b FF> 247 84.51, 71.31 mg/kg olYtt. Eg AEsxeH Iy W H
Z|Holl o8] Ax3k A Bzho] Fr=d g g ZH7F 94.96, 181.25 mg/kg, S22 b
WFE 22t 232.89, 279.62 makg ol9lth A} AL PN Ped Fmmde dAEd
23} 7pel o Zx
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o

G AN O Ao E 1A (p<0
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Hell o3 Az 71 F7re] p-7t=Z "l b 7h7F 8,165.48, 5,664.30 mg/kg ©] L, FE|
Q1 e Zh7t 82.57, 24.61 mg/kg olATh Hg ezl WP xEHel o) Az
A F-ztel B-7hZEl stk 7b7t 6,176.61, 7,213.64 mg/kg o, FEIQ S 747t
14.57, 15.21mg/kg ©lAtk. A3 7S] F7he] JtrE mol=x A RAA 7|93 Ao = Azt
At A HdE il el Al F-7bo T 7R mol = e g F-Zbol At
frolgh ztol& Hth (p<0.01)

Table 2—1—8. Chlorophyll and carotenoid contents (mg/kg oil) of bugak
Chlorophylls Carotenoids
Chiorophyll a Chlorophyll b Total B—carotene Lutein Total
Lotus root Eiife batter/Sesame 4 » n.d. n.d. 21.45%1.44 n.d. 21.45%1.44
Egt‘fjrt/;é"yfean o n.d. nd. 19.6440.32 nd. 19.6440.32
Dried laver ~ Ri¢¢ Datter/Sesame oy 7040 90us 2 g45144.405x 107.2245.11 8165.48+839.18%+  82.57%6,93xx 8248.05£845.90++
;?t‘f:rt/;é"yfean s 4200372 71.3142.37 113.3146.06 5664.304305.55  24.61+1.53 5688.914305.53
Perilla leaf Eiife batter/Sesame g, g6.45 144 232.89:£16.43x 327.85£20.97+x+  6176.61£993.00  14.57%2.48 6191.18+£995.46
Wheat flour 181.25%21.28 279.62+17.31 460.87+36.67 7213.64+1254.71  15.21£2.61 7228.84+1257.26

batter/Soybean oil

YNot detected
YSignificant difference between rice and wheat flour batter bugak in each attribute by t—test; * p<0.05,
#*x. p<0.01, #=*x. p<0.001

S, AExe s wgE 2egdl 9% P4 A% F B9 A3 N4F Hqe 2w
G} F2Ewe] = FHE Figure 2-1-59 2k NS 918 180T 2 7143 4 W7 SN
F2RAe AE5A wgtor] p-7hRY FFL 2076 meke olROt, AW WY F 4 A7)

59 B—7I=" S A F7F Alx ¥ 14.30 mg/kg, # F7F AFE $ 16.35 mg/kg, A

$7} Az F 1869 mgke OF RS gastdth B AW FBANE R
AESA ggkor] B-7hd FFL 1453 me/ke RO, B B F 71E p-shRd
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Figure 2—1—5. Carotenoid contents (mg/kg) of frying oils ([J; Before frying, M, After
frying) (Significant difference between oils before and after frying in each sample by

t—test; *: p<0.05, **: p<0.01, ***: p<0.001 )
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(1) DPPH radical scavenging activity
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Figure 2—2—1. Effects of coloring materials on the DPPH radical scavenging activity of
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lotus root bugak (Different letter means a significant difference among samples by

Duncan’s multiple range test at 5%.)
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Table 2—2—1. Effects of natural coloring ingredients on L, a, and b values of lotus

Zho] 744 b
root bugak



No coloring Gardenia seed Green tea Cactus
L 59.92+0.05° V 43.85+0.04¢ 44.34+0.03° 44.4340.09°
a 1.56%0.02° 13.96£0.02" 0.16+0.03¢ 27.02+0.05°
b 12.8240.08¢ 50.04%0.26° 24.58+0.17" 17.97+0.18°
AE (from the sample without
42.39 19.57 30.24

color)

UDifferent superscript means significant differences among samples in each attribute by Duncan’s multiple
range test at 5%.
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Figure 2—2—-3. Effects of natural coloring ingredients on conjugated dienoic acid value
(%) and p—anisidine value of lotus root bugak (Different superscript means significant

differences among samples by Duncan’s multiple range test at 5%.)
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Figure 2—2—4. Effects of natural coloring ingredients on conjugated dienoic acid value
(%) and p—anisidine value of sesame oil for manufacturing of lotus root bugak
(Different superscript means significant differences among the samples by Duncan’s

multiple range test at 5%.)
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Table 2—2—2. Effects of natural coloring ingredients on polyphenol and tocopherol

contents (mg/kg oil) of lotus root bugak

Tocopherols
6—tocopherol

Polyphenol

a—tocopherol v—tocopherol Total

No coloring
Gardenia seed
Green tea

Cactus

25.5942.25 V)
26.4743.99*
25.1242.62°
29.5241.82°

n.d.?
n.d.
n.d.
n.d.

469.46+16.17°
571.32+3.90°

547.50+12.89"
456.89410.38°

n.d.
n.d.
n.d.
n.d.

469.46+16.17°
571.32%3.90°

547.50+12.89"
456.89410.38°

UDifferent superscript means significant differences among the samples by Duncan’s multiple range test

at 5%



“Not detected

A A}, Ak Wdx TRRE A4S AR EE A VS o8 A e Ax T
AR FeluiEy EasE 932 Table 2-2-37 2ok HE 93] 180C & 714% A
H715e EEdE 2 19.22 mg/kg ollet, HlEw, XA Ak Mdx AL 57 Az
T 747} 2353, 22.98, 24.04, 24.08 mg/kg =, A A FoF Zol= glalen (p>0.05),
AR o] Aol frolebA] ebgket. wpeba FadEel] ke AR}, wak, Mdx bR A 9
4 5 A RAE ZdE gdE B 9% 74 4Ee & e

Table 2—2—3. Effects of natural coloring ingredients on polyphenol and tocopherol

contents (mg/kg oil) of sesame oil for manufacturing of lotus root bugak

Tocopherols

Polyphenol
a—tocopherol v—tocopherol 6—tocopherol Total
Before frying 19.22+3.38* ! nd? 638.25+17.24" n.d. 638.25+17.24"
No coloring After frying 23.53+2.87° n.d. 382.16+4.58° n.d. 382.16+4.58°
Gardenia seed After frying 22.98+0.65" n.d. 445.61+3.08" n.d. 445.61+3.08
Green tea After frying 24.04+3.16" n.d. 399.49+0.76° n.d. 399.49+0.76°
Cactus After frying 24.08+0.99" n.d. 271.67+0.13° n.d. 271.67+0.13°

UDifferent superscript means significant differences among the samples by Duncan’s multiple range test
at 5%
“Not detected
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Ao Az,
AZEmOlE FFE YRT AT F74, A4 A2 B2 w4 AT B2, ud
1 75
()

A B—7t=9 ko] ZtzF 2

= FZelMRE 0.73 mgkg o= HEFHAG F TFERE oS S dlxd AT 4 }
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Table 2—2—4. Effects of natural coloring ingredients on chlorophyll and carotenoid

contents (mg/kg oil) of lotus root bugak

Chlorophylls Carotenoids
Chlorophyll a Chlorophyll b Total 3—carotene Lutein Total
No coloring nd P n.d. n.d. 21.45+1.44" ¥ n.d. 21.45+1.44
Gardenia seed n.d. n.d. n.d. 23.0840.45" n.d. 23.0840.45"
Green tea n.d. 13.83£0.19 13.83+0.19 175.09+7.60° 0.734+0.02 175.82+7.60°
Cactus n.d. n.d. n.d. 22.38+1.05" n.d. 22.38+1.05"

DNot detected
YDifferent superscript means significant differences among bugak sample within the same column by

Duncan’s multiple range test at 5%.

LRk AAE, =2k, Wd R ThRE A2 AR RIS A VES AREE A B4 Az
T HAF F2297 712E o= FRFE Table 2-2-59 2ok F & 98] 180C = 71
A ATEN SREDS AEHA @kor JtRE s &Rk 21.19 mg/kg oo
s, A4, w2k, Mdx A B2 AlxE A "4 3 5 2 14.30, 19.91, 15.73,
14.73 mg/kg 22 A3tk o] A2 FHAE A2} 7HEE Ao RA FHA R FFRE o]

A E AT  dEe AvEH FFRE B B2 9 olT TS 2L o] kel

Table 2—2-—5. Effects of natural coloring ingredients on chlorophyll and carotenoid

contents (mg/kg oil) of sesame oil for manufacture of lotus root bugak

Carotenoids

Chlorophylls -
3—carotene Lutein Total
Before frying n.d.V 21.19+1.45* ¥ n.d. 21.19+1.45°
No coloring After frying n.d. 14.30%0.43" n.d. 14.30+0.43°
Gardenia seed After frying n.d. 19.91+£2.16% n.d. 19.91+2.16°
Green tea After frying n.d. 15.73+0.12° n.d. 15.7340.12°
Cactus After frying n.d. 14.73+0.22° n.d. 14.73+0.22°

YNot detected
“Different superscript means significant differences among bugak samples within the same column by

Duncan’s multiple range test at 5%.
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Figure 2—3—1. Effects of frying oil on DPPH radical scavenging activity of dried laver
bugak (Different superscript means significant differences among samples by

Duncan’s multiple range test at 5%.)
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Figure 2—3—2. Effects of frying oil on reducing power of dried laver bugak (Different
superscript means significant differences among samples by Duncan’s multiple range

test at 5%)

3) A ANE, TNE, LYRE, B A B4} NARY ol 54

(D 7&

I fr. TR A BAe N1E FFFE A7 3575, 36.04, 47.99,
33.79%%, 4 18 F5gel folsl wokor 3
g BH A A T FEFS A BNE A B4 F9% Aok gl (Table
2-3-1).

Table 2—3—1. Effects of frying oil on oil contents of dried laver bugak

Unroasteq Soybean oil Extra virgin olive Palm oil
sesame oil oil
g oil
35.75+£11.54" ¥ 36.04+7.91° 47.9949.72° 33.79+8.15°

/100g sample

UDifferent superscript means significant differences among the samples by Duncan’s multiple range test at
5%

(2) A =4

A JNE, FVE, SEES, B A B4 HA A9 54 39 HA6 A 242
Table 2—3—2% 2t A 7|5 A 72 Agddd = gizwito] 45.93%= 71 wWol =3l
ow, St 36.51%, ZUEX 10.73%, 2HOoIE24F 553%, ol2t7|EAF 0.63%, =4t
0.47%, IV ELHA 0.19%°] £A=Z HE&o] 34t TV #H 572 A%dd e =y
50.03% = 714 @o] dfHdon, it 26.04%, ZHEA 11.14%, ~HoLEAF 4.86%9] %+
M Z v go] =gt SYE A 4 77 Ao e &dite] 75.39% = 7 wol FgfE e,
I EA 11.81%, @=d4t 5.93%, ~Hol2AF 4.24%9 A& H|&o] =k} TH 4
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Table 2—3—2. Effects of frying oil on the fatty acid composition (relative %) of bugak

lipids and frying oil before and after frying

C14:0 C16:0 C16:1 C18:0 c18:1 c18:2 c18:3 €20:0
fﬁimg ?reyfflrge n.d. 10.49+0.18°  0.1940.01°  5.50+0.11°  36.34+0.12°  46.30£0.11°  0.5140.04°  0.67+0.03°
:
Unroasted After n.d. 10.63+0.01¢  0.2140.00°  5.40+0.02°  36.1840.12° 46.48+0.17°  0.47+0.00°  0.62+0.02°
sesame oil frying
Bugak n.d. 10.66+0.08%  0.2040.00°  5.47+0.10°  36.37+0.11°  46.15£0.27°  0.4840.01°  0.66+0.01°
Sﬂf“g geyfiflrge n.d. 10.9840.01%°  0.1640.00°  4.87+0.03°  25.7840.12" 50.35+0.00° 7.3840.11°  0.48+0.01°
Zﬁybea“ ﬁf}ﬁrg n.d. 11.0940.01¢  0.16+0.00°  4.89+0.03°  26.1240.07°  50.0240.03"  7.2240.07°  0.49%0.01%
Bugak n.d. 11.1440.03%  0.1640.02°  4.86+0.01°  26.04£0.06"  50.03+0.05°  7.2940.03°  0.48+0.01°
Sﬂ?“g ?reyfflrge n.d. 11.64+0.03°  1.2340.01°  4.25+0.00°  75.2140.57° 6.2140.57  0.9440.07°  0.5140.02°
Extra After
virgin olive fryﬁlg n.d. 11.68+0.08°  1.2440.01°  4.28+0.00°  75.66+0.11° 5.7640.02°  0.86£0.00°  0.5140.01¢
oil
Bugak nd. 11.8140.05°  1.2440.00°  4.24+003 (239007 5934004%  0.88+0.01¢  0.5140.01¢
fﬂimg ]farf/fi(;lrge 1.2540.02° Y 41.7740.55°  0.2940.00°  5.1340.01°  39.85+0.61° 11.0040.02°  0.2340.02°  0.4840.01°
5 C
Palm oil ﬁgﬁfg 1.2540.01°  42.3240.35"  0.2840.03  5.17+0.00° 32010836 107710040 0.1940.01°  0.4940.00°
Bugak 1.2740.01° 42.5040.26°  0.3140.01°  5.10+0.08"°  39.15+0.13%  10.94+0.09° 0.2440.03'  0.48+0.01°

UDifferent superscript means significant differences among the same columns in each oil by Duncan’s
multiple range test at 5%
“Not detected

(3) 74 Adx HHF9 At

A NE, 75, 8BRS, i A FdA FE AAe As ARE ¥
olUAldgke R H7het A= Figure 2—-3-37 #th A 375 7 F2olA &3 AW

Ao Tkt ol A H gk ZHZ 20.93%, 8.80 oo, FUE A FZo] FHo|FAgk
obUAlAghe 7+7) 26.00%, 16.33 .2 A7 E 7 FZ o] nlg) folsA Eot
B 70 Bzte] oo Z=Azka} oYX WS Zhzt 10.90%, 11.96, T 7
Akt olUAY ghe ZbZF 14.64%, 11.342 A Z71E 3] F2zbol] Hlal o] FAl
A gEorot ol Azt sk A =%t (p<0.05).



5 T
T T ol Lt =3 Mt W © _— :.;D
= .a%%xw_.5ﬂ|eu_wd%xﬂ
§ g CRIPN s No e 5 F % o
O > m X
T2 x%%?ﬁﬂ.ﬁﬁ%dﬂq .
o— o S o ..
SHE x@%ﬁuwﬁla%ng
N ﬂHL.L o T2, Ao x N
[ o o e S 8
E 7damﬂ111A1ro oTH_Drqu
g s ¢ aﬂﬂ.eawbtu‘uﬂ%ﬂﬁ% N
= g NOA oE XL o o
ol = Muoﬂvﬂmvvu,_ﬂ”‘ﬂlﬂﬂ ,mﬂOMiEE
..Hm_uh. 'S +— TUO S ﬂOL .ﬂ
Z:3 % o4 CTEWEa T < o
o Tx M o — T H_T o~ X - ‘LE ,.%A LC To R
IR T cgrzdimazd
- T > H%@mﬁﬂ@;wﬂﬂya
n O WAM ™ ,POnmﬁzT_ ‘m‘mwoo
5 | @z - o*e&au|7_u230qmlqg]_dﬂi
a_lk LA n - N o# 17_._| S ) L_.mo 6N - oT
R 2 = 9 EumﬂmM Wogﬂo %0 B Otﬂ,olx =
3% £ 8 J ﬂﬁ.ﬂﬁz.%ﬂ%&d@%%
& O TH -
Y s 28 2 & Mg ST W w%a@@
W T o— fan -
_ M(D\ o e#mﬁAl.mﬂH;oTﬂmﬁbﬂ%r%ﬂkmﬂ
=] © - ~ ,Ot‘\% ,LlLﬂAl_._ 7JE|1D
- ] w ) o 3 m WE A_..A % :.;D S o _»AATV EE ,.EO N EE
IR rourpisiue-d § ¥ = s ~ 2 LW g ) W m N
|4 A anjeA aulpist a0 = =z K o TS TR il Ejlﬂ
3 2 xza%11ﬁiﬁgix
a = Q9 o — = - N ﬁLI ZdIL.
% 5 © k= ym TR gt Nfo ;oﬂv e ol J_H
% e T % N S o= _ T
: g 2 9 %.mbﬂﬁﬁo.ﬂrﬂo%ﬂﬁﬂ1
= ESE m - & %oumﬂMLt =r N_.Lmﬂi N3
T o) oy 22 e He T =
- 9 aﬂkﬁ7%_6_s T ook = o
" ST g B 5 &J%%%ﬂﬂ%%%%%%
B ° S 9 Lian” < M ﬁzﬁodﬂﬁoﬂlﬂ N Ll
g .M.p ,mﬂoAl‘AlnD PLﬁO %HT
; g & %Hwﬂﬂi%o\i%l%
7 3 8% E a@@m%gﬁﬂ%ga%g
(5] 0 - S
) B S o ﬂﬂM%gﬁM%%M%Lﬂ%
=y L L.L:AZu @ = xX ;AEHL
1N aﬂ@nggia%qga
% 5 8 ! © o X .Oo]oﬁiﬂkx
0 b T o 5.05.0%377141A ~a Oﬁ
g 32 N5 o S R o N G
B .- ,%;;ﬁwa_zﬂ%ﬂﬂ%
I i Z 5 LR EEE ! ey
= ] -—._._U [0) — fust L:ﬂ ) LC‘H
" (36) anjEA ploe HouAp ’ 5 g RS ol o Lo T BN
& = CIRCIE S e
= a ©

- 71 -



25 - 1

20 A

15 A \ *
10 - %T \T&

Conjugated dienoic acid value (%)
[

=]

Unroasted sesame oil Sovbean oil Extra wirain olve oil Palm oil

35 q

HH

25 -

HH

HH
it

20 -

15—

p-anisidine value

ERE \

10 - FHk

N\ 3
S

Unroasted sesame oil Soybean oil Extra wirgin olive oil Palm oil

=1

Figure 2—3—4. Effects of frying oil on conjugated dienoic acid value (%) and
p—anisidine value of {frying oil ([J; Before {rying, N; After frying) (Significant
difference between oils before and after frying in each sample by t—test; *: p<0.05,

#% p<0.01, **x: p<0.001 )

4) A ZA7E, FVE, SYBES, B A2 749 Ve E

(1) Egd=x EIAE

A 7NE, 715, 9B, B A FAY ZYYE SEEY EvE d9s 23U
= Table 2—-3-3% #oh A V&, F 4 A ¥
25.59, 1.13, 71.21, 8.57 mg/kg A=HAxL A A7 SYBEH 5 AAHH FL
Az 2 724 Zevls o] =3tk webd A AVE Al S BERE FAdaE AHES
H s AHE F7HE 7 Jduhed, A VS, B8, 2 Ef, 3 d 5
o =

W= & stk 717} 354.00, 805.11, 7.99, 164.27 mg/kgo & 3

ofj



B E ol GA T EREYQlE #Fo] =kt ol 2’ AahA A9
=

Table 2—3—3. Effects of frying oil on polyphenol and tocopherol contents (mg/kg oil)

of dried laver bugak

Tocopherol
Polyphenol N . . . .
a—tocopherol v—tocopherol &—tocopherol a—tocotrienol v—tocotrienol &—tocotrienol Total
J P
Unroasted  p57947 9120 pg? 354.00%19.14  n.d. n.d. n.d. n.d. 354.00£19.14"
sesame oil
Soybean oil 1.1340.10° 20.71+0.37% 549.11+8.93 235.29£3.50 n.d. n.d. n.d. 805.11£10.97*
Extra virgin 7 5145040 7.9940.31° n.d. n.d. n.d. n.d. n.d. 7.9940.31°
olive oil
Palm oil 8.57+0.94° 20.85+0.97¢ n.d. n.d. 4.65+0.54 89.61+5.91 49.16+3.75 164.2745.13¢

UDifferent superscript means significant differences among samples by Duncan’s multiple range test at
5%

Not detected

w3 AE, TN LUNR, BH A A Az F AU 97
ol

=
}eF2 Table 2—3—43} o] 7 A

EIHE ¢ o FUNE
o A 7 okt o] AL vhE F Aol BlE] AbspEAIA (EXHE) FHFol v =kar A
froln= EFdE walldd 98s & 5 e v Aol W AA FHedA 45 Va9
Zog Btk

Table 2—3—4. Polyphenol and tocopherol contents (mg/kg oil) of frying oils during

manufacturing of dried laver bugak

Tocopherol
Polypheol - " " - -
a—tocopherol y—tocopherol &—tocopherol a—tocotrienol y—tocotrienol &—tocotrienol Total
, 624.38+0.56% 624.3820.56

Unroasted palore 16.96+0.69 n.d.! o n.d. n.d. n.d. n.d. o

After

fryi

e 19.91+£1.75 n.d. 483.76+3.13  n.d. n.d. n.d. n.d. 483.76+3.13

+0.2 235.08+ 2.08%

sovbean ol Defore g IBTARO2EE g0p.9723.04  2IOBEOE g n.d. n.d. 932.08+4.16

After

fryi 925 994

T 76.07£0.68  600.62£1.45 §3°'29—1'0 n.d. n.d. n.d. 911.98£1.06

irg + + +

fl_‘i(\t;aoﬂ virgin fBr;;;re §1337_98 2540_081* n.d. n.d. n.d. nd. nd. 2540_081*

After

fryi

T 79334351 44.48%£1.26  n.d. n.d. n.d. n.d. n.d. 44.48%1.26

I 59+3.5 5.84%4.5 242.87+

bt o Before g 57.48_3.93* o i 184.39_3.39 133.84_4.37 0794185 ffz.87_9.38

After

fryi

T 29.90£0.78  n.d. n.d. 27.94£3.02  100.824£2.97 48.34%4.56  106.19£6.80

YNot detected
2)Significant difference between oils before and after frying in each sample by t—test; *: p<0.05, #x*:
p<0.01, ##*: p<0.001



(2) 22297 IR o=

A ZNE, F71E, SEBES, B8 A 549 22299 Jt2E ot $ekS HUs A=
Table 2—3—5% #&t}. A V&, ¥ B4, FH A 4o E S22 a9t bt AE
Helow A WVE A 74 F 2EEE S 107.22 mgkgl® VIS, ST EA, Fr
A F2pel ma) frolatA w=Rkow FUE, SElEA, BT 4§72 Alolele 2 Apol7t glslth.

A 718, F71E, SYES, BT A FAdAE tEE o= T HETIE R FH 1ol F
=Eow A WV E A e F JEEHwolE S 8,248.06 mgkgl® FU|E, EE
fr, B A F7ZE (3,000~3,400 mg/kg)ell H &) rov F71E, SEES, 4 A
F-2F Atolol= fo gk zbol7t it WIEFZFE Rl $heol] HlaE] FEIQl RS vl A ATt o]
4
%

o

[
o
®
_OL 0!
X,
HE
O

T i T
7 Aze] A RNE O FAE, LG, BR ALES 4 P Ax FFS

S BN RS oS,

Table 2—3—5. Effects of frying oil on chlorophyll and carotenoid contents (mg/kg oil)

of dried laver bugak

Chlorophylls Carotenoids
Chlorophyll a Chlorophyll b Total B—carotene Lutein Total
[;‘ﬁ(’a“ed SESAmE 99 70+0.90" V 84.51+4.40° 107.2245.11° 8165.48+839.18° 82.57+6.93° 8248.05+845.90°
Soybean oil 29.01+4.39% 55.02+1.76" 84.02+2.97" 3016.01£230.19" 11.94+1.26° 3027.95+231.34"
Eg‘itlra virgin olive 93 6840 69" 56.77+3.19° 80.45+3.23" 3189.93+201.06" 14.24+1.09° 3204.16+201.98"
Palm oil 22.89+1.41" 55.02+2.81" 77.91£2.78° 3382.87+157.9" 14.37+1.17° 3397.24+157.85"

UDifferent superscript means significant differences among the samples by Duncan’s multiple range test

T3 FAFolMs S2RRdo] HEHA ok, Hel U=

()

= A —

UoERE HY el % AREmcls FFel fo1% Wabh YTk AR ol s FFe
o2 uhs} o] SenfolM 44 ket

Table 2—3—6. Chlorophyll and carotenoid contents (mg/kg oil) of frying oils during

manufacturing of dried laver bugak

Carotenoids

Chl hyll
Oropayes 3—carotene Lutein Total

ynroasted - sesame  pofore frying nd. 20.5741.03+ ¥ n.d. 20.5741.03+

After frying n.d. 16.35+0.10 n.d. 16.35%£0.10
Soybean oil Before frying n.d. 15.0140.23x* n.d. 15.01£0.23%

After frying n.d. 14.16%0.03 n.d. 14.16%0.03
gi)l(tra virgin - olive Before frying n.d. 85.89+£1.20%x 0.57%+0.08% 86.47+1.12%%

After frying n.d. 47.65+1.28 0.24%+0.01 47.89+1.29
Palm oil Before frying n.d. 17.72+1.12 n.d. 17.72+1.12

After frying n.d. 18.79+1.50 n.d. 18.79£1.50

DNot detected
DSignificant difference between oils before and after frying in each sample by t—test; #: p<0.05, #x:
p<0.01, ##*: p<0.001
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Figure 3—1—1. Bugak in Jeungbosallimgyeongje and Gyuhapchongseo
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Table 3—1—2. The information of bugak sampling differing from the main ingredients

and flour and cooking oil

sample Main Starch Fermentation 0il
# ingredient 2 o) 7} 1d 74 | 27 @_’7‘%% %?T]E H| 31
1 0 0 0
2 0 0 0
3 0 O O
4 ¢ & 0] 0 0
5 2 0 0 0
6 Al 0 0 0
7 AT 0 0 0
3 At O 0 0
9 A 0 0 0
10 4 0 0 0
11 2 0 0 0
12 2 0 0
18| ode O 0 0 AT
4 galey | O 0 0 A
5| (@b 0 0 0 Narg
16 | e | O 0 0 ane el

* A2 JFEES

AA7LE 80g, & 480 (1

1 6) o HEE Az




Sample 1

Sample 2

Sample 3

Figure 3—1-—3. Fried batter samples differing from glutinous rice and cooking oil type

Sample 4

Sample 5

Sample 6

Figure 3—1—4. Perilla bugak differing from glutinous rice batter and cooking oil type

Sample 7

Sample 8

Sample 9

Figure 3—1—-5. Lotus root bugak differing from glutinous rice batter and cooking oil

type




Sample 10 Sample 11

|

Sample 13 Sample 15

Sample 16

Figure 3—1-6. The 3 dried laver bugak differing from glutinous rice batter and

cooking oil type, and the 4 commercial dried laver bugak
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Ferment
process

Glutinous

rice

Grinded
glutinous

rice

Freez—
dried
glutinous
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Figure 3—1—7. The process of fermenting glutinous rice and its grinded and freeze—dried form
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Figure 3—1—8. The glutinous rice batter and its natural dried, and fried, freeze dried from differing



(4) SEM (scanning electron microscope) &% A3}

F24E FATFE/ AR s FAPAANA R E 9 et o R AES A, Aay 7d
243 A= FEg AolE BRUAIT AHel RS 7Y 14U R SGlE "= & AolE HolA|
gokom, Ak A7 Ay ofeel Zrt

A R (A)e 7HE YA ideo] vas] AdtE o e golg] FEjE HolH, Fdn A
o8 BHYs W AlEZY HEFHEYY AL JA7F stA " ddeA 2ol FEE B
ol ¢} el 79 A3l FATEFE (B)v= FETEF A A7 Aokl ow AEAAE el ol o

ey A [e}e) S = I~
o] FZrol ASE &2l T 5 AT

o

o
i)
Y
A
RS
~g

Figure 3—1—9. Scanning electron microphotographs of glutinous rice flour soaked for

Oday (A), 7 days (B) and 14 days (C) (1500 X, 350 X)
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Figure 3—1-10. Scanning electron microphotographs of fried glutinous

soaked for Oday (a), 7 days (b) and 14 days (c) (25 X, 50 X)
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Figure 3—1—-12. Three types of batter differing from fine glutinous rice,

glutinous rice and wheat flour for dried laver bugak
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Figure 3—1—13. Dried laver bugak differing from laver type, batter type, and coating

weight of batter
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Figure 3—1—14. The process of Lotus root bugak with Gardenia Seeds and powdered Gardenia
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Figure 3—1—18. Lotus root bugak differing from batter type with natural color
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Figure 3—1—-19. Three types of batter differing from fine glutinous rice, coarse

glutinous rice and wheat flour for Perilla bugak
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Figure 3—1—20. Perilla bugak differing from batter types
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Table 3—1—6. The information of all ingredients used in this study
A& T A 71 e}
Ao = ARkl A
20139 19 FxolA 249
2 Fo]EALHE (Hwasung, Korea) soll et + |
AZXAZ A8 S 5o
e
AL @A LrS (Yeoju, Korea)
ol 49 =578 452 S wakelA 20134
(Namyangju, Korea) 5o &3 A
Eidy Fehab (Seoul, Korea)
A7 &ICJ (Seoul, Korea)
2| A7 5 Gths Al 2F (Yeongcheon, Korea)
=5 27} 2= (Gyeongsan, Korea)
W 27 A 72 174 wh-& (Jeju—do, Korea)
A Z7E &) FHFe] 2 (Eumsung, Korea)
= &)CJ (Seoul, Korea)
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Table 3—2—1. Definitions of the sensory attributes of bugak samples

Attributes Abbrev. Definitions
Surface roughness Intensity of roughness associated with appearance of corn
Appearance (FHe] AdAL) RoughA chip y g pp
Uniformity of bubble BubbleA Intensity of bubbleness associated with appearance of corn
1z A ubble chi
b
I(Jgj%nélo %fL%a%e)r BatterA Intensity of uniformity of batter
Yezl‘lj(i%fﬁ)lor YellowA Intensity of yellow color
I}%S%C‘g")r RedA Intensity of red color
Bro(v;g&q?;)lor BrownA Intensity of brown color
G{%%C,\_%l)or GreenA Intensity of green color
(ﬁ%e%m%sg) ClearA Intensity of clearness
gf%f%sga‘éi GreasyA Intensity of gresasy of surface

Transparency of

surface TranspA Intensity of transparency of surface
(EHe FHdh
Surface moisture MoistA Intensity of moisture of surface

=]
FEAE)
Foreign material on

__ surface FmeterialA  Intensity of Foreign material on surface
(A9 o5 4%)

Aroma/Odor Sw(?guﬁ);j or SweetO The smell associated with grain syrup
(%)%E%liﬁ) SsauceO The smell associated with soy sauce
?ﬁgezﬁ éﬁfﬁr) SeaweedO  The smell associated with seaweed
(%7]%35212\_%%”) SOilO The smell associated with sesame oil
(7%{%3C/i§_§%i%) RancidO The smell associated with rancid oil
Bu(rgu(i;ior BurntO The smell associated with burnt paper
Sa(l%]%(;or SaltyO The smell associated with kelp
Taste Urr(’%jrf%gf)vor UmamiF The taste associated with MSG
SW?%;SVW SweetF Fundamental taste sensation of which sucrose is typical
Sal(ty@g\f)vor SaltyF Fundamental taste sensation of which NaCl is typical
Bur(négf)vor BurntF The taste associated with burnt laver
(%sﬁ;jm_%z\f%%) SseedF The taste associated with sesame seed
In(sotjg%lgkg@/fr ISnackF The taste associated with Saewookkang
Fi(sg gﬂ%or FishyF The taste associated with seaweed
Texture/Mouthfeel Cri(sg 4{%;‘;3”% CrispyT The texture associated with corn cheese
(I%)Lé%lf;s) RoughT The mouth feel associated with corn chip
?gg%f; HardT The texture associated with nacho chip
C(Z}E_Sg%lfss CohesiveT  The mouth feel associated with ivy cracker
(2;1)%%1?5) ToughT The texture associated with damp laver
(%dgsggf%s) AdhesiveT  The feeling of adhesiveness in the mouth.
After taste ) I%fnﬁi%ﬁ%n]) RancidAT  The aftertaste associated with rancid oil
Fi(sél g_afz—gﬁs)te FishyAT The aftertaste associated with calm stock
Swz:g %-Sfoifg]n)lsm SweetAT Fundamental aftertaste sensation of which sucrose is typical
Sal(% agfétﬁsm SaltyAT Fundamental aftertaste sensation of which NaCl is typical

— 106 —



Table 3—2—2. Reference samples for the sensory attributes of bugak samples

Attributes Abbrev. Reference samples
Appearance (ijilréagj r%u%h%egs) RoughA Corn chip (Crown Co. Ltd., Seoul, South Korea)
Urzli?g% T%fé’ﬂ;}’le BubbleA Corn chip (Crown Co. Ltd., Seoul, South Korea)
I(J%l%nélg %Q‘Sa%gr BatterA Corn chip (Crown Co. Ltd., Seoul, South Korea)
Y"IL‘_"QJ zﬂo)lor YellowA color wheel
I}%S%Ciéo)r RedA color wheel
Bro(vg&q?;)lor BrownA color wheel
Green color GreenA Watery green laver (Banchancheonguk Co., Ltd.,
(2F4) Gwangmyeong, Gyeonggido, South Korea)
Clearness
5 ClearA
BRI 1)
O S GreasyA  Pringles (P&G., Ltd., Ohio, USA)
Transparency of
__surface TranspA Alsaewoochip (Nongshim Co., Ltd., Seoul, South Korea)
X 93
Surface, mobsture  poistA
Foreign material on b cterial A Crunky (Lotte Confecti Co. Ltd, Seoul, South K
(E‘?ﬂ gl]lr%a%j 735_;) meterial runky (Lotte Confectionery Co., Ltd., Seoul, Sout| orea)
Grain syrup (Ottogi Co., Ltd., Anyang, Gyeonggido, South
Aroma/Odor Sv?ﬁtu??or SweetO e : VRS, yeonss
o Korea)
(%)Zofﬁé‘iﬁ) SsauceO  Kikkoman (Kikkoman Co., Ltd., Japan)
Seaweed odor Watery green laver(Banchancheonguk Co., Ltd.,
@z vk SeaweedO Gwangmyeong, Gyeonggido, South Korea)
Sesame oil SOII0 Sesame Oil (Ottogi Co., Ltd., Anyang, Gyeonggido, South
715 a&sdAD 1 Korea)
Rancid oil ) Rancid oil (CJ Cheiljedang Corp. Seoul, South Korea) fried 5
(7]% )Cl'l‘H-xr]) RancidO times
Bu(rg]ﬁ()jor BurntO Burnt paper
Salty odor SaltvO Kelp(Sejongmulsan Co., Ltd., Jeonlanamdo, South Korea)
(&) Y swelled in water
Taste Urr(xglgxzi]fgl?)vor UmamiF 0.3% MSG.(Sigma—Aldrich Chemical Co., Ltd., St. Louis, MO,
we USA) solution
Sweet flavor SweetF Honey water (Sang—a Pharm. Co., Ltd., Yongin, Gyeonggido,
(%3 South Korea)
Sal(%‘f;{‘)“’r SaltyF 0.2% NaCl solution
BuEnEt}é'gvor BurntF Brunt laver
__Sesame seed SseedF Roasted sesame (Ottogi Co., Ltd.,, Anyang, Gyeonggido,
G2 4% South Korea)
In(soté]mit%ngkiﬂ@/fr ISnackF Saewookkang (Nongshim Co., Ltd., Seoul, South Korea)
Fi(sg gﬂ%or FishyF Fresh seaweed (Mulgogijari Co., Ltd., Seoul, South Korea)
Texture/Mouthfeel Cri(sg 4{%’%‘“ CrispyT Corn Cheese (Crown Co., Ltd., Seoul, South Korea)
(I%)LL %lgs—s) RoughT Corn chip (Crown Co. Ltd., Yongsan, Seoul, South Korea)
?fﬂlii; HardT Nacho Chips (Ricos Products Co., Inc., USA)
Co(lgs%f%lfss CohesiveT  IVY (Haitai Co., Ltd., Yongsan, Seoul, South Korea)
Tough:
(éuz_%lirsj) ToughT Damp laver
e AdhesiveT ~ Cheese balls (UTZ Quality Foods, USA)
Rancid oil . Rancid oil (CJ Cheiljedang Corp. Seoul, South Korea) fried 5
After taste (12 2bs)arn]) RancidAT times
Fl(s‘?]yg_af?;;ﬁs)te FishyAT Calm stock
Sweet aftertaste SweetAT 2% Sucrose (Duksan Pure Chemical Co. Ltd., Hwaseong,
(& &) Gyeonggido, South Korea) solution
Sal(%a%f;%sm SaltyAT Kelp(Sejongmulsan Co., Ltd., Jeonlanamdo, South Korea)
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(3) Ag9] &4 & AA

Oft
38

THE 2 s o A58 AsE AREs)
Z 15 Grice—Wheat_Soy_ld, s =9 3
‘ﬂ% O]%E‘} AMZ 45 Grice_Brice_1d, Grice_Olive_1d, Grice_Soy_1d, =g
Grice_Sesame_1d, 79 213l FA7}F+5 o] &3t AME 15, Grice_Soy_7d, 755 ol &
ME 1557 Wheat_Soy). BE Alie 7 & 3 Basqion, 35 o2& AR A&
)3 JHE = Table 3—2-3¢] YeERHAT

N
2 % Ko 5

]_

Table 3—2—2. The information of the 7 dried laver bugak products used in this study

Fermen .
Starch ) Oil
-tation
Sample code Producer
Glutinous ~ Wheat Sesame seed Brown .
. Id 7d Soybean . Olive
rice flour (non roasted) rice
SkyBio Co. Ltd.,
Grice-Wheat Soy 1d  Gyeongsangnamdo, (0] (0] (0] - (0] - - -
Korea
Grice Brice 1a  onsalim Co. 0 - o - - - 0 -
Seoul, Korea
Grice Olive 1d  27View Co. 0 - o - - - ; 0

Gyeonggido, Korea

. Traditional market,
Grice_Soy_1d Seoul, Korea (0] - (0] - (0] - - -

Grice_Soy_7d (0] - - 0 (0] - - -
Grice_Sesame_1d (0] - 0 - - (o) - -
Wheat_Soy - (0] - - (0] - - -
A ARzt ARES A7 247 Aol PFaml A Ao} Aeo] wes) T ot 14
2 Aol TAS A As FA-FEFHe 150 mLE©] FolE #H (Happy Pack Co., Seoul,
Korea)oll 745 Yol Bt dAdoA Azt AT NEe oA SR 8 ke Al
RES AF Yol Aol /1Bl B1 F 3087 7108 AolA NES AAR F ST
EAEER T8 150 mL sto]E] o HHol 45 "o] BHaslvt (Figure 3—-2-1). 4
of et AAL WA 7] fAste] 2 A8 &7 drRolA F=3 Al A8 =AE £7]8H3 2L
7zt 549 Brbe o, & U, g2 B S For S AR AN sAs A"
SRom Qo = 47k AAR) Askel vl ARE Brishe Alloht A5ER A4S Pz
S SImE W 4 ot A B ATHAG, DR2tele) SRPE DA A AEH Hri
159 FBAER, 14oIA 15802 242 w7} 2okt AL drsg
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Grice_Soy_1d Grice_Sesame_1d Grice_Soy_7d

Wheat_Soy

Figure 3—2—1. The 7 dried laver bugak samples for evaluation of the sensory

attributes
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Table 3—2—5. Sensory attributes of the 7 dried laver bugak samples

Grice—Wheat Grice Grice Grice Grice Grice Wheat F—value
Soy1ld Briceld  Oliveld Soyld Soy7d Sesameld Soy
Appearance RoughA 7.63b 5.07¢ 7.00c 10.93a 9.43b 10.42ab 11.00a 24,4115
BubbleA 8.93a 8.70a 9.15a 4.00c 6.43b 5.38bc 4.07¢ 16.688xx:x
BatterA 10.84a 9.44a 10.52a 3.44c¢ 7.11b 5.89b 5.89b 18.493
YellowA 9.70a 3.22¢ 9.04a 5.41b 4.45bc 5.24b 4.74bc 17,952
RedA 2.44ab 1.63b 2.33ab 2.07ab 3.18a 2.92b 1.70b 2.577
BrownA 5.30a 3.48bc 5.70a 5.04ab  4.21abc 4.35ab 2.70¢ 4.066%x
GreenA 2.89cd 3.15¢cd 2.59d 5.96a 4.18bc 4.04bc 5.07ab 7.854 5%
ClearA 7.96b 10.70a 6.74bc 5.63¢ 5.32¢ 4.92¢ 5.59¢ 11.94 75
GreasyA 8.59a 8.81a 6.70b 6.85b 7.57ab 8.58a 7.93ab 2.515%
TranspA 4.22¢ 2.56¢ 4.22¢ 6.81b 7.57ab 8.15ab 9.00a 12,839
MoistA 7.15a 5.78ab 6.63ab 5.70ab 5.46ab 6.23ab 5.15b 1.256
Fmeterial A 5.74b 3.78b 5.67b 14.81a 6.29b 6.69b 7.85b 4799
Aroma/Odor SweetO 6.78a 5.19b 6.81a 4.00b 4.46b 3.77b 3.96b 5.96 3
SsauceO 5.78ab 7.04a 5.48abc  5.4labc  4.68bc 4.14bc 3.85¢ 3.894xx
SeaweedO 4.30ab 4.59ab 3.52b 5.44b 5.14a 3.35b 4.41ab 2.437
S0ilo 4.48b 6.81a 4.85b 4.74b 4.86b 4.81b 4.74b 1.817
RancidO 6.96b 5.26¢ 6.85b 7.00b 7.93ab 7.15ab 8.87a 3.827xx
BurntO 2.26¢ 3.70ab 2.63bc 4.52a 3.25abc 3.65ab 3.37abc 3.218xx
SaltyO 5.04ab 5.63a 4.81ab 5.78a 3.71b 3.58b 4.30ab 3.022xx
Taste/Flavor UmamiF 7.59a 5.19¢cd 6.81ab 6.07bc 4.18¢ 5.04cd 4.63d 442455
SweetF 7.15a 3.30¢ 8.85a 3.07¢ 2.79c¢ 2.50c 2.44c 31.237 5%
SaltyF 4.96a 5.78a 4.59a 5.52a 2.68b 2.69b 2.74b 10.563
BurntF 3.78b 8.89b 2.52¢ 5.93a 2.96bc 3.88b 3.56bc 6.983#:xx
SseedF 7.26abc 5.59d 7.85a 7.74ab 5.75¢cd 6.27bcd 6.18bcd 2.989x:x
ISnackF 8.63a 5.22b 7.67a 5.85b 4.64b 5.23b 4.93b 6.987#xx
FishyF 4.11bc 5.78a 3.33¢ 5.04ab 4.86ab 4.04bc 4.93ab 2.855
Texture/ .
Mouthfeel CrispyT 10.22a 10.30a 9.63ab 7.26¢ 7.32¢ 8.31bc 7.52¢ 7.08 5%
RoughT 10.52a 8.41ab 7.11ab 6.11b 6.18b 7.35ab 6.19b 1.968
HardT 7.26b 10.01a 7.44b 3.63d 5.04¢ 5.85¢ 4.93cd 20.656%xx
CohesiveT 4.70bc 6.48a 5.22abc 3.89¢ 5.25abc 5.46ab 5.30abc 2.617
ToughT 3.22¢ 6.11a 3.52¢ 3.85¢ 5.29ab 5.38ab 4.52bc 5.080sx
AdhesiveT 6.30bc 7.74ab 5.89¢ 7.11abc 8.54a 8.19a 8.04a 3.455%:x
After taste RancidAT 4.78b 4.63b 5.33ab 6.81a 5.71ab 5.58ab 6.67a 2.522
FishyAT 4.04bcd 6.59a 3.37d 5.07bc  4.18abc 3.73cd 5.26b 5.467#xx
SweetAT 5.70b 3.41c 7.41a 2.48¢ 2.29¢ 2.38¢ 2.22¢ 21.280%xx
SaltyAT 4.44ab 5.30a 3.81bc 4.33ab 2.32d 2.23d 2.70cd 7.46 0%
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Figure 3—2—2. PC loadings of the sensory attributes (a), the 7 dried laver bugak samples (b) evalu
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3. FU- =S Aoz 3 HZbe] cross—cultural AH|R A}

BZvo] cross—cultural 2H) R 7|3 % ZFA}

D) #2935 92U gygoz

r°"

(1) A5 F1] 2 AA
s FAs ‘:]rf\]“} H, 9, 9, a8, 15, FHE AXT S ARE ARSI
o B F242 (F9)8kEvke] & (Gyeongnam, Korea)ol A F-ulaich, HAREA] oo} mlzh7bA]
2 FALEFH e 150 mLE©°] sle]E # (Happy Pack Co., Seoul, Korea)ol 574 dof A|A]
st WAe7] flske] b Al &7]dl Wl FET Al A A S
E7leTh Alg AA =AE e 290 YAl (Jaeger et al 1998; Drake et al 2004)<
1 471 A8 H7F 5 108 FAARE FHoll U™ A 3708 A aE 3
w7r& A A s _,40}04 ) A|RE H7sks Abolwit) w29 A

BG_PumpK BG_Pepper BG_Carrot

BG_LoutsR BG_Kelp BG_Burdock BG_Laver

Figure 3—3—1. The 7 different bugak samples for evaluation of the consumer test by

Korean and Foreigner Panels
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F2t AlgEed g8l 7Sk 37 Fo e d B4 tig HHAd WUt s AR, A v
g, 4 ¥ T Hx H7F 55 AT 7% HUks 93 VS Ak (1=uds] &
o] <t} bS=FoleA % Hos AR gerh, 9=duds] wol FhE, AHEAE Huke
just—about—right (JAR) %= (1=U% ~3}A] &t} 5=AQ3a}t}, 9=UHF ~th& o] & 3132w
(Yeh et al 1998), AlF e =< 94 7elate] A= (1=d]93] o814 eth 5=%3A % &
oatx] FAE etk 9=tds] FogthE o] &8t Frtsklth 24 Algdd g FoH S
check—all—that—apply W& ©]&3lo] ZALeIGl o, HFTH o=z Moele 3 7o A& 11
BLE ate] I MRS ALkl A Ero R s o] Z1E AR QIAALE, dh 2ol gk %

Sleoh Aole So s dEskivh

(4) A48 243

@ ZA}EH“XH AL
ol=ele]l 9 e A} 39.1% &7} 60.9% % oA v Lo Fton, J= AFT|E

270 & 5-¢ 207H A7MA 2 2 M. A® 2 Gk 23.0941 % 200 ko] St Eo] s & F A

o} &=RlE o R & s AR vE A A Y Hen gal S A

g, ATl 2~3 ek ebal SHEk Abgto] 129 02 vERE. WHA gk A Feke 9

Egstar dFde] 1e] 47, 25 1ol S Aol 1% QAT ghdle

T /HE FA 43.8%, A} 53.6% = HY HlEo] ¥zl A YERT AS & 5 da, A

H 24844 & Ve

Table 3—3—1. General characteristics of the subjects

Foreigner Korean
ftems (n=46) (n=64)
Gender (%)
Male/Female 9.1/60.9 43.8/53.6
Duration of staying (month/M+S.D.) 2~20/8.02+8.06 -
Age (years) 23.0943.95 24.84+3.04
Daily 28
2-3 times a week 12
Once a week 4
Biweekly 1
Frequent consumption of Once a month 0
Korean food Once in 6 month 0 i
Once a year or less 0
Rarely 0
Never tried before 0
non-response 1

@ H7he B4 JEE 24 23
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A 57, suh 9ot g pbe) Al 7 BEst fo40® B (p<0.05) UEom,
S% /) EE oAl A Bl feldom vl ekt (p<0.05). @ $7He] A5 1%
e} oMo A (p<0.05) BAHEY N, o] ThA] W2 o) gt FA)FE 2 Py
& e

Table 3—3—2. The mean intensities of on Consumer acceptability and attitude ratings of

the 7 different bugak sampleslm by Korean panels

BG PumpK BG Pepper BG Carrot BG LoutsR  BG_Kelp BG Laver BG Burdock F-ratio

Overall liking 5.89a 4.57¢ 5.89a 5.39ab 5.48ab 5.89a 5.16b 5.360%**
Appearance liking 6.19a 4.10c 6.31a 5.15b 4.56¢ 5.37b 5.55b 17.561%%*
Flavor liking 5.97ab 4.92d 5.68abc 5.44bcd  5.444bcd 6.05a 5.13cd 4.663%**
Textual liking 5.63ab 4.95¢ 5.81a 5.15bc 5.56ab 5.90a 5.52abc 2.907**
Familiarity 5.67ab 4.92¢ 5.52abc 5.19bc 5.64ab 6.03a 5.10bc 3.173%*
Willing to try again 5.79a 4.27¢ 5.39ab 5.21ab 5.31ab 5.81a 4.88bc 4.441%%*
Willing to recommend 5.46a 4.13c 5.23ab 4.81abc 4.92ab 5.56a 4.52bc 4.145%%*

***p<.001, **p<.05 R Likert-type 9-point scale, 4 Duncan's multiple test

Overall liking

willing to recommend T Appearance liking

—RG_Pumpk
=R _Pepper

PG _Carrot

(| outsR

[ &N ) —BG_Kelp
Willing to try again 5 7 Flavor liking
— B3| AVEr

BG_Burdock

Familiarit',.': .Tex'lureliking

Figure 3—3—2. Consumer acceptability and attitude ratings of the 7 different bugak

samples by Korean panels
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RE AFBE A BEY nplet A A £ Hoy fodow =4 yvehgon
(p<0.05), 7AF-7ZFe] g3l A wrto] F7F ghel 570 o2 o7 Hlojupx] kol A A3 7
S5 7HAA duha H7rE ok

Just About Right Scale

k)

&

7

i L

i 5.1

5 |

4

3

2

2

Crispiness Hardness

mBG_Pumpk mBG_Pepper m BG_Camot m BG_loutsR
mBG_keip mBG_Lsver = BG_Burdock

Figure 3—3—3. The mean intensities of on just—about—right (JAR) ratings of the 7

different bugak samples by Korean panels

F7}o] Drivers of liking 54 50] %o

7 i}
B A€ B 5 vk 58 supas gunzel Oud A JEEE sol 74 Fow
Zgsla S & 5 A, GHAEE VEES Fole oo yelyr ¥ 73wt U
Al vERd aFF2Ee] A9 Drivers of disliking S7d¢] ¥ o] Yehd S & & i, 9
o, SEr vlews 49 gu) So] RS WEE 7o 5oz 4831 Jes % F 3l
ATk
Table 3—3—3. The list of attributes that the consumers liked and disliked about the 7
different bugak samples by Korean panels
BG_PumpK BG_Pepper BG_Carrot BG_LoutsR BG_Kelp BG_Laver BG_Burdock
appearance(23) crispiness(25) appearance(23)  crispiness(21) crispiness(33) crispiness(36) color(21)
color(20) none of the color(25) sweetness(27) sweetness(24) savory flavor(22)  crispiness(27)
Liki crispiness above(23) crispiness(26) seafood
1king sweetness(28) sweetness(27) flavor(23)
savory
flavor(20)
hardness(24) appearance(20) hardness(24) hardness(27) sticking to sticking to the sticking to the
sticking to the hardness(23) sticking to sticking to the the teeth(20) teeth(24) teeth(20)
Disliking  teeth(24) hot&spicy(24) the teeth(24) teeth(24) fishy flavor(23) none of the
intense rancid odor(20) above(23)

flavor(24)
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B RZe ANA V1EE L RE NERAA FH402 5 BAA0n (p<0.05), 9
A EEG BaA JERE G 2] QoA f MO £2(p<0.05) %S ek
o 2 H2A A EE Yol FAHOE T ke Eor, ot BE JErEd
GGE FA BT ACE Ueth 99 S ERs Go) ERE §90R W FohE wE
$23h ek B2he AWAL ERE S (p<0.05) BIE 00, B8 1% R2e )%
sk oA e % R 2 AT fH0 Wi PAEAh

Table 3—3—4. The mean intensities of on Consumer acceptability and attitude ratings of

the 7 different bugak sampleslm by Foreigner panels

BG PumpK BG Pepper BG Carrot BG LoutsR  BG_Kelp BG Laver BG Burdock F-ratio

Overall liking 6.22a 5.20cd 6.02ab 5.96ab 4.96d 5.37bed 5.87abc 3.654%**
Appearance liking 6.70a 4.65d 6.59a 5.63bc 4.26d 4.89cd 5.96ab 11.361%**
Flavor liking 6.48a 5.04¢ 6.09ab 5.89ab 4.96¢ 5.52bc 5.93ab 4.096%*
Textual liking 6.15a 5.41ab 5.80a 5.39ab 4.93b 5.57ab 6.04a 2.602%**
Familiarity 5.78a 4.63¢ 5.37abc 5.37abc 4.83bc 5.54ab 4.78bc 2.630%*
Willing to try again 6.02a 4.80c 6.00a 5.74ab 4.93bc 5.41abc 5.83ab 2.749%**
Willing to recommend 5.76a 4.83b 5.78a 5.48ab 4.74b 5.20ab 5.48ab 2.110

mp<.001, Mp<.05 R Likert-type 9-point scale, 4 Duncan's multiple test

Appearance liking

Willing to recommend . Flavor liking

m—RE Pumpk

—R_Pepper

B Carrot

— R LoutsR

Willing to try again-’l:'"'. : — Texture liking

—RGKelp

=R Laver

=BG_Burdock

Familiarity “Overall liking

Figure 3—3—4. Consumer acceptability and attitude ratings of the 7 different bugak

samples by Foreigner panels
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m BG_Pumpk mBG_Pzpper ® BG_Camot m BG_loutsR

m BG_Kelp mBG_Laver s BG_Burdock

Figure 3—3—5. The mean intensities of on just—about—right (JAR) ratings of the 7

different bugak samples by Foreigner panels

N7t A vebd sEbRZE Bl gt 2249 Drivers of liking 54 E5°] ol Yebd A&
B % girh @Rels hAAE GAFAES Fuzka zke] St A e g 2
9% s Folste Aowm uethth v Yjserh WA vEbd gialep Fzbe] A
Drivers of disliking EA4 50| o] UEwton, E3 oty Mo 7|ZxE Ui F9o =0l
0% AL & & Atk wFR7e) AR 7550} il Yehdon, 1 fglon o9

o] A

A, msE, ofel B A

Table 3—3—5. The list of attributes that the consumers liked and disliked about the 7

different bugak samples by Foreigner panels

BG_PumpK BG_Pepper BG_Carrot BG_LoutsR BG_Kelp BG_Laver BG_Burdock
appearance(24) crispiness(21) appearance(21) crispiness(20) crispiness(21) crispiness(25) texture(21)
color(25) color(26) sweetness(22) seafood flavor(21)  seafood crispiness(27)

Liking crispiness(22) crispiness(27) none of the flavor(25) sweetness(22)
sweetness(28) sweetness(23) above(20)
sticking to the appearance(27) hardness(21) hardness(20) appearance(23) appearance(23) sticking to the
teeth(21) color(20) sticking to the sticking to the color(24) color(20) teeth(20)

Disliking none of the hot&spicy(20) teeth(20) teeth(23) seafood sticking to none of the
above(20) sticking to the none of the flavor(21) the teeth(20) above(22)
teeth(20) above(21) seafood
flavor(22)
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2) =3 F2UAL A Z 3t AEZY cross—cultural 28R} 7|5 E FA}F

(1) Alg EH R AA

HAREA S 5T AR E o] &3] 2R 2AFE AAISHSITE (Table 3—2-5). HARZA] g}
7R 2 FAL R 9] 150 mLE©] 8te]E F (Happy Pack Co., Seoul, Korea)oll 748 9
o] AL, s2xbel Bk HAS BA8H7] flste] 2 Alg &)l Gl A F=E3 A 2
=AHE w7Tskl Als AN =M SR 290 YAl (Jaeger et al 1998; Drake et al
2004)& ARg3dlo] AA] st o, WA 4708 Alg H7F F 108 FAAE FHell YA 479
ANRE FrFstE® stk Yol P 724S A Yate] wj A 25 BHrlets Alelnttt )

™
2o A5E 4% BF & =S ATHAL

m

(2) 48 A
@5e % 8799 el ol S, S F 5599 o] Folslddrh. Faole B

of AFE A 1de] WA g AIES hgo sk

A4 W7t s A, A
°] ok T 9T TY HE B s AT Va3t 97 Vs Ak (1=tds] B
o] Ht}, S5=FolSAE HosAE ke, 9=didd] wWol FthE, AAAY HUbe
just—about—right (JAR) # %= (1=4% ~3}#| &t} 5=4Tsit}, 9= ~slth)E ©|-§ 5} or
(Yeh et al 1998), AlFHE+ 94 7Helag] H & (1=td3] 5934 &=}, 5=523A % &
o] ebx] % 1 el 9=ts] Fogth)E o] &ste] Hrtalgint. mixwro R sfde] 7] Al
AAAE, b ARk AE 5, AF Wl ol tis) AEskit
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(4) 48 2%

(o3

ZAYGALS] AWkALERS o} Table 3—-3—-63F Zrh F=elel A @A 35.7%, oA
64.29% % o149l H]go] Etor HF AHL 22442 vl 57 Ad F5E A w
% MR ehgon], A9 wA gEdheha $EW Al 16.1%2 A9 Bdkeh 197
o A FTE WojRA) & Ale] 67.9%2 AN oldE AA ML, ARzte] R WEE
e w2 ek eta SEEk Abge] 27.8% = Ald Bkt

F7A0] A G 45.98%, o4 54.02%2 o149 W] 2t wFom, BT AL 22.4
Az Yebsth 52 A9 f72 86.2%7F wol Bokar tigglar, F-2 AF Wk 67hel g
Holebal S Hgk Algho] 32% % Alo] Wt AF-ZY] AHTT = A Holid Abgo] 83.9%
2 OFRE AP, AR AHANEE 6Ll delgta SHe Aleto] 28.8%% AU B
kTt

Table 3—3—6. General characteristics of the subjects

Items Chinese Korean
(n=56) (n=87)
Gender (%)
Male/Female 35.71/64.29 45.98/54.02
Age (years) 22.46+2.1 2235423
Intake experience of Yes 48.2 86.2
bugak (%) No 51.8 13.8
2-3 times a week 11.1 0
Once a week 11.1 2.7
Frequent consumption of Biweekly 0 I3
4 bucak (‘Vﬁ) Once a month 18.5 22.7
PUgAz (7o Once in 6 month 14.8 32.0
Once a year or less 11.1 16.0
Rarely 333 25.3
Intake experience of Yes 32.1 83.9
dried laver bugak No 67.9 13.8
no response 0 2.3
2-3 times a week 5.6 1.4
Once a week 22.2 14
Frequent consumption of Biweekly >0 0
ciirie 4 laver bg ke Once a month 22.2 19.2
g Once in 6 month 5.6 28.8
Once a year or less 16.7 19.2
Rarely 27.8 27.4

Al H7Z 2%FF (Grice—Wheat_Soy_1d and Grice_Olive_1d)9] Awrd7|3 %, A7 |%
=, B 7IRE, 9aA VRt FolHoR (p<0.00D)5A BhE AT & V2R oAM=
1

Grice_Brice_ldAl5ollA] ol 0 %A (p<0.001) B7F= At dubd oz zwahA] &2 A
Z ANEE B 202 3 AT AEEY 7|57} 3 BrtEdow, Ax ARE Fole 749
AP AT B Wb Rl VSTt fel o 57 (p<0.001) BIFE QAT 79 AR
A7 Frhel vl 712 el o YAl (p<0.001) BI7EE =], ol AFE] wHA ol A

- 120 —



o, FH ol gkl A

o
=
0%
o 2
ul
i3
kol
e
fru
ro
%
N
r o
rot
=
o,
I
>
>,
il
i,
iY
19
Hx
rot
o
ol
1o
iy
>,
i)
filo

Table 3—3—7. The mean intensities of on Consumer acceptability and attitude ratings

of the 7 dried laver bugak samplesm) by Korean panels

Grice_Wheat Grice Grice Grice Wheat Grice Grice

Soyld Briceld Oliveld Soyld Soy Sesameld Soy7d F-value

Overall liking 6.20a 5.25b 6.46a 5.53b 3.86¢ 3.25d 3.59¢cd 57.807***
Appearance liking 5.83a 5.57a 5.6la 4.62b 4.06¢ 4.00c 4.45bc 19.768%**
Odor liking 5.34ab 5.72a 5.16b 5.13b 4.91bc 4.52cd 4.13d 10.910%***
Flavor liking 6.24a 5.36b 6.68a 5.39b 3.59¢ 3.25¢ 3.72c 58.838***
Textual liking 6.23a 5.28b 6.21a 5.74ab 4.40c 4.10c 4.31c 25.521%%*
Familiar 5.77ab 5.29bc 6.04a 5.15¢ 4.21d 3.85d 4.10d 23.035%**
Willing to try again 5.29a 4.92b 6.32a 5.00b 3.26¢ 291c 3.34c 49.802%**
Willing to recommend 5.98a 4.86b 6.28a 4.95b 3.19¢ 2.81c 3.30c 54.074%**

“p<.001, © Likert—type 9—point scale, © Duncan's multiple test

Overall liking

Willing to recommend, / . Appearance liking

s Grice-Wheat_Soy_1d

e Grice_Brice_1d

Willing to try again ¢ Odor liking e Grice_Olive_1d

—Grice_Soy_1id

W heat_Soy

e (G riCE_Sesame_ld

Grice_Soy_7d

Familiar = : ~" Flavor liking

Textual liking

Figure 3—3—6. Consumer acceptability and attitude ratings of the 7 dried laver bugak

samples by Korean panels

AehAFel A T4k Grice_Soy_1d, stF &9 FE= wsi A FJr)Ed HAW
Grice_Sesame_1d, 18]l @752 w511 F7) 5] H AN Wheat_Soy A|5E2] vpAksk A%
o F7F A7 53l FolH e ® Apol7F YA o B R (p<0.05), A upAehe 7HX = A
ox HrFEJT. ArFdedd A A5 Qo] A& F245 (Grice—Wheat_Soy_1d,
Grice_Brice_1d, and Grice_Olive_1d)> Y& wpatst Aoz 1 A&7t ZsiA H7ks A=,
ol 7he Al F7bH e 2R (3, 9 F)oE & R npabgk Jrrt szl Ao = AL
528 715 % Hrtel oAM= o] AEEY AF7t FA vEhd Ao 2 Hofp upAehy AXNAE
7F 2 F4s dsske doem M 5 dvk AA el A & Grice_Soy_1d A&t ¥

HEE WD 7139 7AW Wheat Soy AEES A R B7h 457} 5HNM Fol A
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o2 Apol7} A gkormz (p<0.05), A3 A AEE Yeltl= Aoz Frhe vt vpatet
Ae Hrl weo} wprvA R AlEE 25 (Grice—Wheat_Soy_1d, Grice_Brice_1d, and
Grice_Olive_1d)& Y3 wpabsl Aoz 1 Aw7} 24384 F7kE et 79 AHe 382 whsa,
F71Eeo 2 HAW Grice_Soy_7d AlgoA = vlarek Aot Axl HALE7F 5o FoH o=
A (p<0.05)E 71 ST}
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9
8
7
: ] 21 s = 50
% 4.9
3
2
1
Crispiness Roughness
B Grice-Whest Soy 1d  ®m Grice_Brice 1d m Grice_Olive 1d
m Grice_Soy_1d = Grice_Soy_7d m Grice_Sesame_1d
mWheat Soy

Figure 3—3—7. The mean intensities of on just—about—right (JAR) ratings of the 7 dried

laver bugak samples by Korean panels

- 122 -



olgte] ZAYES} wAHE, Qlgad Ful, AT, EFI Ful R W Fulo) S4o ¥
Al YERY Grice_Wheat_Soy_1d®} Grice_Olive_1d AZ2] AWrAQl 7|3 =7} Fo A o2 =
YUERSTE (p<0.05). €3, 3 v 247 7S50 oA & S YErdY v 25
Aol Frst o, AR o, 7|E A ], 9 g guje] 5o =A Yehd
Wheat_Soy, Grice_Soy_7d % Grice_Sesame_1d A 559 7|Z%x = FoHo=z A HUly
At (p<0.05). wepA @A o2 AN webao] 54 o] gkl glojae 7E T, 1143
aEla W 54 Bl AR AR g /EES Rolt F o gt AS L
S oolm, oo BT AN AR, 234 543 /1§ A9 A, 8 o) 54 5 19R A
2o tigt 7R E YUFe 78 Fde=E A& 5S¢ 7 drh
Correlations on axestl and t2
1
0.75
. Ranu’d;\IRD hA
* FmeterialA
0.5 . . s -
: G:lce_OIwe_ld Grice_Soy_7d *
. ® .
Uny . L]
SweetF BrownA o | + Greenh
. g Grice_Soy_1d|
5 SweetAT
Grice-Wheat_Soy_1d
+ SweetOQ L *| BurntF
RedA
= @ : : : —= : :
* saltyo g Grice_Sesame_1d
SallvE  « * BurntOQ
-0,25| BatterA L -
salty RoughT Wheat_Soy
SCrispyT
esiveT
= FishyAT
* Ssauce(
i — + FishyF
ClearA ar + GreasyA
* CohesiveT
4B Grice_Brice_1d
[ |
-1
S -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

t1
Figure 3—3—8. PLSR result indicating the relationship between sensory characteristics
of the 7 dried laver bugak samples and consumer acceptability by Korean panels
;OL—COverall liking, APPL—Appearance liking, ODL—Odor liking, FLL—Flavor liking, and
TXTL—Texture liking
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@ T AR} FAL
o 7ol tigt #EA V| A Ad

Q F (Grice—Wheat_Soy_1d and Grice_Brice_1d)9 & 7|3 &7} FoFd o w2
(p<0.001)= A H7FH AT =813 wpz7HA| = ARk o g Znjeb] & A Alis B =
HE & A3 AEESY 7IE57F 54 Br7HE o, dxdeds 9 Ax AN 5 27HF 7
Zhol| ik 7| S w7F oA o2 WA (p<0.001) B7FE A, BT =l g 7 Argl
AF-zhel gl 715wt FH o R w4 FrF HAA=H, olF Ed THUdES AE o]

aF o e AFZo] FxAdERTY FS & F Yk HAH VIR s
A Aol A sk 27F (Grice_Soy_1d)ol] that 7|E %7 f-9H o2 3A (p<0.001) H 715

mn
:‘_J‘
i)

Table 3—3—8. The mean intensities of on Consumer acceptability and attitude ratings

of the 7 dried laver bugak sampleslm by Chinese panels

Grice_Wheat Grice Grice Grice Wheat Grice Grice

Soy1d Briceld _ Oliveld __ Soyld Soy  Sesameld  Soyrd ! _value

Overall liking 6.11a 5.91a 5.61ab 6.04a 4.36d 5.09bc 4.94cd 9.79 5
Appearance liking 5.73ab 6.04a 5.28bc 5.22bc 4.40d 4.96¢cd 5.26bc 5.49 1%
Odor liking 5.89a 5.96a 5.06bc 5.35ab 4.67¢c 4.95bc 5.15bc 5.14 3%
Flavor liking 6.20a 6.02ab 5.37bc 6.19a 4.33d 5.04c 4.91cd 9.47 Qs
Textual liking 5.96a 6.04a 5.59ab 4.13¢ 4.69¢ 5.23bc 5.31bc 5.83 3k
Familiar 5.82a 5.67a 5.32ab 5.81a 4.30c 4.87bc 4.87bc 6.39 9
Willing to try again 5.67a 5.04ab 5.51a 5.52a 3.91c¢ 4.64bc 4.43bc 6.408x*x
Willing to recommend 5.53a 5.47a 5.06ab 5.61ab 3.68¢ 4.44b 4.46b 7.494 s

*p<.001, V' Likert—type 9—point scale, ¥ Duncan's multiple test

Overall liking

Willing to recommend ' " S ~ Appearance liking

= Grice-Wheat_Soy_1d
== Grice_Brice_1d

e (Grice_Olive_1d

Willing to try again  Qdor liking — Grice_Soy_1d
' ' —Wheat Soy

e (3riCE_SESEME 1d

Grice_Soy_7d

e :

Familiarit'g."':-- s = ' Flavor liking

Texture liking

Figure 3—3—9. Consumer acceptability and attitude ratings of the 7 dried laver bugak

samples by Chinese panels
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S B9l &R wEa A F7]E ® AW Grice_Sesame_1d Al &2] wpAe H o] H7}
W57} 5HOIA fe Mo Ao} U Bem R (p<0.05), AT WS A Aow 3
ZFE QAeh Sl e AR AR Al A e AR 9 =
(Grice—Wheat_Soy_1d, Grice_Brice_1d, and Grice_Olive_1d)< Y% up2tsk Ao w2 =

7h A b A,

Awg w7
A

Just About Right Scale
9
8
7
E, -
| 51
5 - _*_—-=g_
4
3
2
1
Crispiness Roughness
W GriceWhest_Soy_1d W Grice_Brice_1d B Grice_Olive_1d
W Grice_Soy_1d B Grice_Soy 7d B Grice_Sesame_1d
E'Wheat Soy

Figure 3—3—10. The mean intensities of on just—about—right (JAR) ratings of the 7

dried laver bugak samples by Chinese panels
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. A H7e] AERe G MAE B 54
sake]l AW, AR wAR A7, W, PF F, @ Fule] Sl wA dehd

Grice_Wheat_Soy_1d, Grice_Brice_1d, 2831 Grice_Soy_1d A=Z9] A
Ao g =A YElET (p<0.05). 93, 3, o, 247 7S5 oA e Fe S HE
o W, 3 fdd, VIEAE, FEE, 71E AHEEH 2 A

, T
Wheat_Soy A89] 7|ZEE FoF o=
[e]
(e}

:

v
X
o,
N
Ll
i
2
)
o
N
o
o
S
k)
L)
S~
fo
r
)
o

- = = -
I3t 7152 Qe Bl Fulo| : 2
of tigt 7|ZEE Folv T8 TJoE A& AS & A, xue 7Yy, VIEAE,
= S = 1] = [e] = o =] = = = = == =
FEE 71E A E B2 1A o2 A4 AR g Vs EE HEs e eeleR A8s)
(o) 2~
I Es T dAT
Correlations on axes tl and t2
1
2 Ssee:iF « BrownA
Grice_5Soy_1d
0.75 1] T
Umamik
L ] -
Burntk . Fmeterial&
saltyF Saltyo 1snackF
. . Yellowa
0.5 a i .
SaltyAT
» SweetF
- *sweetaT Grice_Olive_
: o
0.25 ssauceoGreena T Ra.ncidATcsweeto
i * *Burnto
Grice-Wheat_Soy_1d *RoughAa . RedA
RoughT o
o~ . . $ . Grice_Sesame_1d | .
=t 0 T '. L] [ ] 3 T T T
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clears’ Transph £31FA
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-
ol AdhesiveT*
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-1 -0.75 -0.5 -0.25 0 0.25 05 0.75 1
tl
Figure 3—3—11. PLSR result indicating the relationship between sensory characteristics
of the 7 dried laver bugak samples and consumer acceptability by Chinese panels
;OL—Overall liking, APPL—Appearance liking ODL—Odor liking, FLL—Flavor liking, and

TXTL—Texture liking
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3) ¥=UE teE F 47kA] A2FZd g

(1) Alg EH R AA

FF AD A2 (NAx, A, 5 RS %

o ¥7he ABE A

(Happy Pack Co., Seoul, Korea)ol 4%

gto] 2t Alg G770 dReld F&

2H|7} V|3 E FA}

H7bete] Alzdk o 7] e 4 T

E*}t'“ uj o} w7 bA| = AR o] 150 mLEe] StolE A
o] AAle L, Aol ek AAL WA s 9
af} Al A 225 w7)ETh Als A A= e A

Fo] tlAFel (Jaeger et al 1998; Drake et al 2004)& A}&3te] A o, WA 271 A

% W7 F 108

A7) Qake] v AmE Brksks Abolnit b

FAARE Rl A 29 ARE FARES Hoinh gol G g2AE A

2o A5 42 P £ AL AT

Prickly pear

Gardenia seeds powder

Green tea

Figure 3—3—12. 4 Lotus root bugak samples for evaluation of the consumer test by

Korean panels
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(2) 43 A4
% 917 9] djdo] 2nAF FAbe| Hof ST

(3) 4% ¥4

T2t AlEE] Wl 7Sk HUE e e A SAC e AdAd B s B=, A
o), 4 o 59 HE H7F 55 AAEAY 7EE e 94 V3R AR (1=dds] &
o] Ht}, b5=FclSAE HosAE gerh, 9=tidd] wWol Fr}) R e b e
just—about—right (JAR) %= (1=4%F ~3}#] &1}, 521—1%&4, 9=4%F ~3tth) &, (Yeh et al
1998), AlFH %= 94 7Heate] A= (1=djg] gt 5=59A = Fo5tA] A

= gt} 9=ugs] Belathe ol st Bt

. Amnte) B NEE 24} 4%

ANAQ 7SR Wdz A B feldom B UET (p<0.05). 9#7EEE
wal o] freld e Wi (p<0.05) BrEem, B 715 Ee} Bad 75 And 7%
wo} 2ol Midz AuRAd A folH o B (p<0.05) JERTh F A Bl L Aw &
A9 Aol zh pebbA @skek, A8 Olhe AL o9 olrh el ggkend, o
A e ol w A oge Awkd sEe 2o G el

Table 3—3—9. The mean intensities of on Consumer acceptability and attitude ratings

of the 4 Lotus root bugak samplesm) by Korean panels

Plain Prickly pear Green tea see(iiasrdpeonvivader F—value
Overall liking 5.32b 5.77a 4.91b 4.91b 6.72 3%k
Appearance liking 5.3ba 5.72a 4.30b 5.77a 15,1265
Odor liking 5.27 5.66 5.18 5.38 2.022
Flavor liking 5.15b 5.70a 4.80bc 4.48¢ 9.165%::x
Textual liking 5.35b 6.09a 5.27b 5.61b 5.776%x
Familiarity 5.35 5.70 5.10 5.34 2.379
Willing to try again 4.91ab 5.33a 4.43b 4.37b 5.812%x
Willing to recommend 4.53b 5.11a 4.30b 4.14b 5.329%:x

*p<.001,”p<.005 " Likert—type 9—point scale,  Duncan's multiple test
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Overall liking

== Plain

— Prickly pear

\j' Odor liking
] = Green tea

= Gardenia seeds powder

Texture liking

Figure 3—3—13. Consumer acceptability and attitude ratings of the 4 Lotus root bugak

by Korean panels

Auk AR} Mz A2Rrre] vk AEe) B A5 5PN frelHem dolzt
A em (p<0.05), HAT MG e Ao Frhh. dud JE B Jus
Mz Brbo] AAsitn BrbEgen, e % AuE du AuR gy HAdTR el A4
3 Aow BrhEgl

Just About Right Scale
9
8
7
& ] =0 52 5.2
il 4.8
i i-
3
2
1
Crispiness Hardness Astringency Sweetness
o plain M prickly pear ©green tea M gardenia seeds powder

Figure 3—3—14. The mean intensities of on just—about—right (JAR) ratings of the 4

Lotus root bugak samples by Korean panels
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2) 23

212327} A9 7=

Item: {F& Xz A 2IS
Tool: WH|3L, AHIE, L}2 32, AFgAE, o]l T, HA7] Shelf Life : To order
Refer
o Ingredients Preparation Quantity for Flave
attitus
Fog— g e o & skg+ 2 12keE E=00ll 22 5tEE =Y 5, 320 g
s¥ s Hdotol =221 HHE A 201 = =0 (10-20mesh).
= 1920 g
FIyTES 1360 g
2l i== ol Z=Ct 20 =
M EANE 900 mL
Total cost:
Sales price:
Food cost:
Preparation and Service!
<AMEE OIED|>
1. 512 22 JEEW =5 Ho T 204 F017] A2
LI0EAEE ME F FI AFEE ¥ 22 20|11, 105
(F7 9A & AvEH FHF

[¥¥)

TEolA UFZ o DRt 021560 AT

=il FT

o
e
¥i)
rd
e
bt
v

i

b | o=
Bl

10 Mo

=]
—_

T, 0 Ho HEE T E 23

=
= HIE 5, O A 25 Sl

dut E£ T 2= FT (3 samy

) L1
2 ffof >
5

52}

[F5)

N2 & EEEL

ey N FE)

T2 dm) o
i)
Y !

21, 180CcE LI £2171H, U

=
=
-

IE, ChA] &t H 3
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257} dlA] P

Item: 2 7 —‘?—7—!__%7]%
Tool: WH|3L, ~HE, L}2 54, A ~=E, Fo]l5d, §7] Shelf Life : To order
Refer
P Ingredients Preparation Quantity for Flavo:
attitud
FraDE T8 okg+ = 12ke= MO0 22 72 =OF AEl &, 320 g
s A5l 2 et 5§ 20l Z =01 (10-20mesh)
= 1920 o
ZHarE 1360 g
2l 65 = 20 =
2JE 200 mL
Total cost:
Sales price:
Food cost:

Preparation and Service:
<“HEE WS70»
L7 Fob A HEEDN E 40 F 204 F017]
L10EEE tE F OF7 AFEE o4 22 01, 10E
(=4 #A 2 AvEYH FH0F &

3. =04 AdE F 2Rt T=(1360g) AT ST

<=2 BET

I 22 ¢ SEa ZuE

2 Bl Zol 298 24, 1 9ol S8E o = &8
TP BEE 9 2 &2 O ¥, 1 7ol 35 293
ES BIELL RE J% 55 O LS U0 ( sampl

538 O 9= WA & THELh

3 S0l JI5E 24 1s0cE LUt Eehid, O
FAECE 2E) QoA 3%, U 99 s ¥ 2
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A%7t WA 7le

Item: M7} ZAHZE
Tool: WH|3L, ~AHIE, L} 254, APdAFE, So|5d, 527 Shelf Life : To order
Refer
Hin. Ingredients Preparation Quantity for Flave
attitu
LU= 160 o
= 1020 g
2NEZ= 1360 o
2 6= ol E=LL 20 At
ERE 200 mL
Total cost:
Sales price:
Food cost:

Preparation and Service:

[ 2ot=a B2 A0 2 Bl Zol7] AEE s

2 SERE J1E §, 271 A o B Z0lW
=X 24 & ANEH 290 )

3 SRl A9E W Bad Ua(i60p AD S5

4R wEl

I IS ¢ SEa Zu g

>, o] 20l 292 B4, 1 90l B0 ¥ 2 B
T €71=E o 2 &8 BI= o, 1 940 g8 &°
£S HIEL. 5= J9 B8 O ZES S (G um

538 O 9WE WA0H 2 THEL

: T HZ0l JIe 8 ¥4, 1s0cE EEJt Ze0Md, O%

dold 32 P 1 982 § gA9Y
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AL 52}

gl Ay 71

Ttem: U253 ZHol L7}
Tool: WH|3L, AHE, L} 234, AFdAE, £o] 52, § 7] Shelf Life : To order
Refer
g Ingredients Preparation Quantity for Fl:
att
2= 160 g
1= 1920 o
o s 1350 g
nal AUH =SJHA =0l BAIE Aol =00 130 g
29|12 200 mL

Total cost:

Sales price:

Food cost:

Preparation and Service:

IR E BEIl

=olA F07] AlZELE (1

LU= 25 49 &
1

28823 P8 £ 27 AEEE 4 EE S0, 7

(A ¥A 2 AN ZFHor T

3. AR200 A AEE H Eas THE1350g AT =

#,
.
2

H
I
-

pl |
i
2

10|
2| o

EAE A5t A0 A S2E 20

Zu, WMYE f1dd SHEE

|
o
M
0
o
rla
r—r‘
Hy

gol 25 AMEE

[¥5)
e
i
LEA
41

il
]
=2
-

e & Y En

e
qnt
o
ol

1, 180CE ZXP S217HH, §
E 3 R e = iy e o

Lx
2
)
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Rt e Ay 7

Item:

Tool :

r

|

T, 3012, "7

Shelf Life : To order

Refer
No.

Ingredients Preparation

Quantity for Fla

atti
ke + & 12keS TE SO Alsl 5, 3z0 g
s A5l 2212 A ==C} (10-20mesh)
= 1920 g
THarsE 1330 g
na AUAH =218 0l BAE HAHd E=CL 180 g
2Is 200 mL

Total cost:

Sales price:

Food cost:

Preparation and Service:

<HEE W=7

1. 5t® 28 HEEL 22 A0 7 2004 F017] 4
LWEER g £ £ AEEHE 2% EE £0]1.1

(=7 g 2 AMEH THor T

30 AT AEE F, ERT W2y AR E

SRR MHEI=

1. WAS ZXE HAHSIZ #AZo] ¥ EIE B

208" 20 2ES 21 WUE HEM SHES
goteh (g2 vE glo] 2R AREE)

3.39 2 UHE AN @ g9TiEnt

4. H 220 P1ES £, 180cE =2 S447HH, 2
(AMAcE BE) A 3% R T1H HEyE 3
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Az Rzt HAW] Fle

Item: <F2F H2HZ7F (=2zh

H 1 -
Tool: WH|3L, AHIE, L} 22, AFAE ol 5 A7 Shelf Life : To order
Refer
Ne, Ingredients Preparation Quantity for | Fiave
attitu
ZHAIIE ZH& skg+ = 12kgE E=00I E0 72 S2H A 5, e
s¥ Mool 2212 AHE H 201 = =0 (10-20mesh). = g
= 1920 g
HI@EHAN) HAZ2E g.omm =210|*~ 5t § skg S0l 22 A=} i i
ZH=20) 302 SUCH 2218 HAHEHL = :
DA SHE AMEl FAE 2000 + SARDNFE 4028 DT A2 H 2w
g §h OF D12 5] T =t i g
s a2 1700 g
2| 200 mL
Total cost:
Sales price:
Food cost:

Preparation and Service:
“HEE US7=
L78 Fob A FEER 22 A9 T A F017
DEEE JME FOEI] AERIE ¥ 2F S04 103
(=4 ¥A 2 ANFEH 9ot T
342 HEE | F 2000 SR IR d0g (HE
4 Bad™ U3 Al FETHIS0g

“EZE UEI
[ bowldl HOIH BUIE WEC 2% H89: B8 |
2 Bl 20] 298 2, YEEC 425 Ee A2
(9= 9% @0 B e D)
39 7 gWE Agoi 2 gHEL
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52 dAlY] 7I=

Item:

Tool :

¥, 50l 2, HA7I

Shelf Life : To order

Refer
No.

Ingredients Preparation

]

Yl +Maolol 2215 HHE 5

r2 (M

ZEEAAN

= 0.9mm E2t0| 2 &t

i
m
B
£
M

-

ry

OB |
Mifa
g

Quantity for Flavi
attitu
T = oLAE S 120
=Cl (10-20mesh) - g
1920 g
et e
Ske S0 22 &=t - -
40g2 15T HA2 A 2%) i i
1700 g
an0 mL

Total cost:

Sales price:

Food cost:

Preparation and Service:

<EE EI>

179 T AT JEEWL 22 HO Z 2o 2017

1L10EEE 718 F BT AEEE & ER 201, 10

(24 ¥4 & AoisH ZTool &

3. 424 AEE H F 2000 HUEE IR 40z (FH

4 Baz U3 AT FS01870g)

S 2 130cE LI ST0TH, U

=
=, LAl ¥ Hg 2 F JAWLE
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A257} w4 Fhe

H|3L, ~AHE, L} 224, AP AT, Zo]| &4, B 717] Shelf Life : To order

Tool :
Ingredients Preparation Quantity for | Flave
attitue
ZHanLs T 6kg + E 12kgS I =SOI0I ‘20 7€ SO AME &
s 2 Hatol 2212 HAHE S 20 S ECF (10-20mesh) Al g
= 1920 o
AZ@EHN) H22 0.0mm £2}0l~ 3t 3 skg 200 22t A=t i e
=0l 302 ST E2NE AAHEH S =
AlAF EHAE é!ﬂ_é.”‘é% 2000e + AADIE 40g2 2T H2 H 2w —— :
25 2F O3 Jigkel ==Ch ' =
ae Al 1700 g
27|12 200 mL
Total cost:
Sales price:
Food cost:
Preparation and Service:
() 24 v LEE UE01-
[ 7 . 1.7d 29 A% FEEFL F€ A0 2 24 Fol7
;’ LaEEE 218 £ 7] AIEEE 4 2 =011, 102
- , (EA A & AdFH B &
i . 3. AZ0lA HNEE o, = 2000g0 A = d0g (HE
- . L Zaz U= A= E-ousog
S -AZna wEl
"-, Lbowid] &ORY E71E WizE A HERL 8
’-', 2 HiEH Zo] zdE g, HEE0] 12H B2 HE
g s gol 2% AMEEh
5 53¢ 2 g9E Hg@o g dEHE
+ HZ70l 7188 F1 1s0cE ZEOF ZepE. o
TolA 3%, O I8 HIZ ¥ AAWLL
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Ttem: '_ﬂr%} ﬁ—z—‘f]—
Tool: WH|3L, AHE, L}2 34, A=, Shelf Life : To order
Refer
e, Ingredients Preparation Quantity for | Fia
atti
Tan=E 12kgE &= TH SO ARl S )
£ =CH (10-20mesh) A g
= 1920 g
AZEERAN) 0.9mm =20l &t sk &= i o
guE 1870 g
Az ez 1700 2
2 200 mL

Total cost:

Sales price:

Food cost:

Preparation and Service:

HEE TSI

178 =0t &M HEEN BS o] A EoA Fol

LEAHE IS £ 27 AFEH 2% EE £0]1, 1
(=4 o2A & AxzE 2ot T

30420 AHE F Ea® BEaston AT =

de |
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F Ay 7l

Item: & F2F2F
Tool: WH|3L, AHE L}232AH AHAFE, So| 5, § 717 Shelf Life : To order
Refer
il Ingredients Preparation Quantity for Flave
attitu
& Tha 21 7Y SO ARl £,
55 ﬁrm EJ12 H2Ast S 20l ==Ch(10-20mesh) 320 g
= 1920 g
SI2@EHN Omm =20~ B & Skg S0l 122+ A=t e 0 Sweetnes
= ey
CH2F 2212 HAHEHCL £
cHars 1870 o
Hs o2 1700 g
22E 200 mL
Total cost:
Sales price:
Food cost:

Preparation and Service:

HEE UE0s

178 B¢ AW ZEES B2 /0 Z oA 20

L10BEE F1E £ E7] AEEH o E2 S0]1, 105

=A 82 & AoixH FHoF T

3. AhE0lA AHHHE H, BRT TE(1870g) AT FE
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27} wlAv] st

_—

-Jé]- _CT,_HI-

= |
Wy|3L, A=, LT 3248, AT

|>

¥ 3012, H4sl

Shelf Life : To order

Ingredients Preparation Quantity for Flavo
attitud
ZHaE =00l ‘20 72 SO AEl =, Sweetnes:
SJIZ HAHE S 20} = =0 (10-20mesh). 320 g
= 1920 o Savory
= B AIAH) £ 0.0mm =2l0|~ 8t & E Eoldl 122t &=t 2.5 kg
s 1870 g
2e 9 1700 o
2INE 000 mL
Total cost:
Sales price:
w- Food cost:

Preparation and Service:

<HEE USV)>

178 =9 A7 FEEN = 40 F Sol4 F017]

A
m
2108FE JME £ ST AlFEElH % 2E E0]1, 10%

(=A #A 2 Aozl ZH0F H

3. D2old U8E W, gay wa(sitg ATl Eo

Lbowlo] &otd EE #lEFE zZulul 348 E2 W1
2 HiEY o] 243 23, F8E0 12A == Fu

AEH

= )
38 7 UFE AN F LHEL

S 21,180cE =EIT S0, wel
T FHIPS T HHMLEH
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A% "HA89 ot & By 5& TAA7]7] A3 HFHoz ALEEHY oY, F
AxS JFS o F3 2gd qFFse= Ao o] Yol tt (Makinson JG &
1987)

FE ofu At 24 F A obu =t v o] ko feEo FUH VE
S 7%t Ado] EolAY] "Wioe® AVFE RS XS 949 HAL 4 E NS
%o 2 vhE HAo & 7§ FFEc] Wrha B askgity (Shih F 5 1999).
AT AP FAE oF et o dd4st 2 d5 FUd2HES Asta
H7F d#A Qar Ft, Fd, Y 59 oy AE&E= HuHia 9o (Du H &,
2010)

Mdze] Ae@dd o2 dgdidst, AdA} &3 Fol &#A i, Lo
gAY, FLHa7], A, a8l F9S5 a7 Fol Hiuxo dom (Saleem M
5, 2006), ¥ A 2HAAE kst 2FH I A2 Vb A Fol ®ol AFEH A
Atk (Lee SP %, 1998)

ke v ZEldes sk ol ks, &9t ddAE, @ TA4A
Wod ZFY2aEHE Ast T A vIsAdel & 4#A Avk(Bursill CA 5, 2007,

, 2

2| Zpo] g A A~ E Al crocine «ﬂﬂ lipaseE A= Z8&& &3 85 544
W, FFU2HE 2 LDL-CS #AaAvda dHAd dov(Lee IA &, 2005),
carotenoidA & 7l& % AFAAH T FIH7] fdor BaHolx dok(Slim K
5, 2000).
2+8l = WA T amylaseod] 93] A maltose, dextrin, 181 ttE HAE F3
B9 %7t EolAd HA HAH F AAFE crusty film A ol Frtsteo 7 E &
£ Wefget (Villagran MD 5, 1995, Lim YH &, 1993).
Sesamin<> HMG—CoA reductase® W& S JAst= o2 By 9ok (Hirose
N &, 1991, Suzuki T &, 2013).
betalain % 342l betacyanine 90 °C o] Ao A o] E& ¥, betanine 74
of o3& o]}, e =2 (Azeredo 2009, Gokhale and Lele 2012), o] &5
vk et Mdxe FAY Zo] oA Y e AlFolA st S o o)
7l o =
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