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SUMMARY
(FE Q)

® Culture contents were developed to introduce and inform the superior
characteristics and health functionality of mung bean (nokdu), dried
laver (gim, nori), and Tangpyeongchae, based on the experimental
evaluation of physicochemical characteristics and in vitro and in vivo
antioxidant activities. The study consisted of 3 main parts;, 1.
Experimental verification on physicochemical characteristics and
functionality of mung bean (nokdu) and dried laver (gim, nori), 2.
Experimental verification on health functionality of mung bean (nokdu),
dried laver (gim, nori), and Tangpyeongchae, and 3. Finding of
traditional recipe and development of culture contents for

Tangpyeongchae.

® Main results obtained from this study are as follows:

e To compare the mung bean starches (MBS), Korean varieties,
“Geumsung,”’ “'Dahyeon,” ‘“Sohyeon,’ and ‘“Eohul,”” were purified
using water and alkaline steeping methods. The protein contents of
the mung bean starch with water steeping (MBSW) were 0.37—0.69%
while the protein contents of the mung—bean starch with alkaline
steeping (MBSA) were 0.24—0.32%. Water binding capacity was higher
in MBSW than MBSA and water binding capacities of “Geumsung’
and “Eohul”" starches were higher than those of others. The

viscosities of MBSW were all higher than those of MBSA.

e The MBS gels were made from starch pastes after going through the
RVA heating program. SEM of gels formed either regular or irregular
3—dimensional networks. Steeping mediums did not affect the network

structures, but MBSW gels showed more regular shapes with clear



boundaries than MBSA gels. When the microstructure of 4—day stored
MBS gels was observed, regardless of differences in steeping
mediums, the order of well formed gel was as follows: ‘“Dahyeon’”
starch gel>"Eohul” starch gel>"Geumsung’' starch gel>"Sohyeon”
starch gel. The hardness and gumminess of “Geumsung’' and
“"Eohul”" starch gels were higher than those of “Dahyeon” and
“"Sohyeon’ starch gels. And the hardness and gumminess of MBSW

gels were higher than those of MBSA gels.

To compare the physicochemical and gel properties of mung bean
starches  prepared from  different production areas and  with
purification methods, starches from Korean “Eohul” variety and
Chinese mung bean (MB) with or without hull using alkaline solution
or water as solvent were purified. Apparent amylose contents of
“Eohul” and Chinese starch showed 37.06—39.03% and 31.57—32.74%,
respectively. Chinese starch was higher in water binding capacity.
“Eohul” starch gels purified from hulled mung bean showed higher
resilience  (bending property) and hardness. Therefore, it was
suggested that high quality muk could be made using mung bean
starch purified from hulled domestic mung bean using water as

solvent.

“Dahyeon” starches isolated from soaked whole and dehulled mung
beans with distilled water were studied. The protein and ash contents
of “Dahyeon” starches were significantly different (p<0.05) and low in
dehulled mung bean starch (DMS). The total dietary fiber content of
whole mung bean starch (WMS) and DMS were 11.94 and 8.71%,
respectively. The two different starch gels, whole mung bean starch
gel (WMSG) and dehulled mung bean starch gel (DMSG), were made
using starches isolated from whole and dehulled mung beans. The

starch gels stored at 4C for 4 days (WMSG—S4, DMSG—S4), and



reheated after 4 days (WMSG—R4, DMSG—R4). The WMSG—-S4 and
DMSG—S4 showed the highest hardness and gumminess. The textural
properties of the reheated starch gels, the WMSG—R4 and the
DMSG—R4, were similar to those of WMSG and DMSG.

The total dietary fiber content ranged from 84.42 to 88.47%, with
“Sohyeon” hull showing the highest value. By refluxing using soxhlet
apparatus, the antioxidant properties of extracts were the highest in
“Eohul”, but the lowest in “Dahyeon”. The ethanol extract from
“Sohyeon” hull at room temperature showed the highest total phenolic
and flavonoid contents, activities of DPPH and ABTs radical

scavenging and reducing powers.

The antioxidant properties of mung—bean starches and mung—bean
starch gels, Cheongpomuks, were significantly different. The total
phenolic and flavonoid contents of WMS and WMSG showed higher
than those of DMS and DMSG. The DPPH and ABTs radical
scavenging activities and reducing power of WMS and WMSG were
higher than those of DMS and DMSG. The antioxidant activities and
total dietary fiber contents of whole mung bean starch were higher
than those of dehulled mung bean starch isolated using water.
Therefore, it is suggested that starch isolated from whole mung bean
using water could form starch gel and improve quality and functional

properties of Korean traditional Cheongpomuk.

Gim contained high contents of proteins, carbohydrates, and minerals,
with little amount of lipid, of which eicosapentaenoic acid was the
most abundant. Contents of carotenoids in dolgim were higher than
that of phycobilin, and chlorophyll was present at the least amount.
Porphyran content was high, while tocopherol content was very low.
Ondolgim showed lower content of carotenoids, phycobilin, and

chlorophyll than Bandolgim or Paraegim, however, polyphenol content



was higher in Ondolgim.

The antioxidant activity of gim was not different among different
kinds of dolgim, and both water and 20% ethanol extract of dolgim

showed higher antioxidant activity than 100% ethanol extract.

The lipid oxidation of gim increased during storage as Aw increased
from 0.11 to 0.30, 0.51, 0.75, and 0.89, whereas the relative content
of eicosapentaenoic acid was decreased; however, the contents of
polyphenols, a—tocopherol, and porphyran in dried laver showed the
reverse phenomena. Lipid oxidation and antioxidant degradation in
dried laver sharply increased at an Aw of 0.51. Light further
increased and accelerated the lipid oxidation and degradation of

pigments and antioxidants.

Contents of chorophyll a, carotenoids, and phycobilins in of gim
decreased with storage time, and their degradation was increased and
accelerated as Aw increased. Chlorophyll a was degraded at the
highest rate, and changes in Aw affected degradation of phycocyanin
and chlorophyll more than that of phycoerythrin or carotenoids. Light

accelerated the degradation of pigments.

Heating resulted in the lipid oxidation of of gim, however, no constant
patterns were observed by different heating conditions, with no

significant changes in fatty acid composition by heating.

Heating significantly degraded tocopherols, polyphenols, chlorophyll,
carotenoids, and phycobilins in gim, however, porphyran did not

change by heating.

The in vitro antioxidant activity of of gim extract was  decreased
during heating and storage with higher decrease under light than in

the dark.



Chronic  consumption of mung bean coat extract significantly
decreased serum glucose and blood glycated hemoglobin and
increased adiponectin in db/db mice. Mung bean coat alleviated

hyperglycemia by inhibiting a—glucosidase.

Mung bean coat extract reduced serum triglyceride and cholesterol
and atherogenic index in db/db mice. In addition, it decreased serum
pro—inflammatory  cytokine levels and hepatic lipid peroxides
compared with the control group. Thus, mung bean coat extract

showed hypolipidemic and antioxidant effects.

Consumption of mung bean endosperm significantly decreased body
weight and epidydimal fat pad weight in db/db mice. It also reduced
serum glucose, insulin and blood glycated hemoglobin, and elevated
adiponectin. Thus, it showed anti—obesity and hypoglycemic effects.
Mung bean endosperm reduced serum pro—inflammatory cytokines

and exerted hypolipidemic and antioxidant effects.

Chronic consumption of gim alleviated hyperglycemia and improved
serum lipid profile and atherogenic index in db/db mice. Gim
decreased serum IL—6 and hepatic lipid peroxide levels and elevated
activities of antioxidant enzymes. Therefore, gim exerted
hypoglycemic, hypolipidemic, and antioxidant effects in animal model

of diabetes mellitus.

Consumption of tangpyeongchae decreased epidydimal white adipose
tissue weight and serum leptin in high—fat high—sugar(HFHS)
diet—induced obese mice. 7Tangpyeongchae improved insulin resistance,
hyperglycemia and glucose tolerance and alleviated
hypercholesterolemia.  Therefore, tangpyeongchae could ameliorate

diet—induced metabolic syndrome.

Tangpyeongchae reduced total lipids and triglyceride in the liver and



serum ALT and AST activities, suggesting that it could be effective in
prevention of fatty liver in HFHS diet—induced obese mice.
Tangpyeongchae reduced lipid peroxides and elevated activities of

antioxidant enzymes in the liver.

Consumption of tangpyeongchae decreased epidydimal white adipose
tissue weight and improved insulin resistance and hyperglycemia in
ob/ob mice. Tangpyeongchae improved hyperlipidemia and exerted
protective effect against hepatic steatosis. It increased hepatic
glutathione and antioxidant enzyme activities and decreased lipid
peroxides. Therefore, tangpyeongchae  could be  beneficial in

management of diabetes mellitus.

Tangpyeongchae as a representative Korean dish was selected and
then its traditional recipe was developed. Standardized traditional
recipe of Tangpyeongchae was established, based on literature review
on Korean cookery books, Tangpyeongchae tasting by food and
nutrition professionals, and sensory evaluation. The recipe of
obangsaek Tangpyeongchae with color cheongpomuk was optimized.
Chija, omija, black sesame were wused for preparing color
cheongpomuk. The recipes of Tangpyeongchae sauce were also

standardized.

Korean university students preferred white cheongpomuk
Tangpyeongchae to green cheongpomuk Tangpyeongchae  with
traditional recipe. Chinese youth didn't find any significant differences
in acceptance between standard and obangsaek Tangpyeongchae,
whereas Korean youth showed higher acceptance in obangsaek
Tangpyeongchae, The Tangpyeongchae with sesame sauce, oyster
sauce—pepper oil sauce, and dubanjang sauce had higher acceptance
than vinegar soy sauce Tangpyeongchae by Korean and Chinese

students.



e Chinese university students' mean acceptance score of
Tangpyeongchae was higher than 4 on 5—point scale, indicating that
they had high acceptance for it. Most of the Chinese students chose
'taste' as the most important factor for enhancing the popularity for

Tangpyeongchae.

e American university students showed high acceptance for
Tangpyeongchae. Most of American students answered the texture

should be improved for Americans' preference.

e Most of the university students didn't know that 7Tangpyeongchae was
a dish served on the table in the discussion of Tangpyeongchaek by
King Yeongjo, suggesting that information on the origin behind was
highly needed. With regard to the image of Tangpyeongchae, focus
group, and Korean and American students perceived traditional

Korean taste as the representative image of Tangpyeongchae.

e Cultural materials of nokdu, gim and Tangpyeongchae were collected,
based on literature review, word of mouth and experimental results
from this study. Cultural materials collected were noticeable
characteristics and health functionality of them. The behind story of

Tangpyeonhchae was also excavated.

e The characters of nokdu, gim and Tangpyeongchae were developed
for image—making. Promotional materials such as comic book based
on Tangpyeonhchae story, recipe cards and folded fan were made.
Comic book was written in English as well as Korean. Promotional

materials were distributed to 74 universities in Korea.

® Upon carrying out this study from 2011.07 to 2013.06, the achievement
was exceeded the goal in the proposal; 5 papers were published (SCI list

1, KSCI list 4), 3 papers are in press (SCI list 2, KSCI list 1) at present



time (goal; 5). The number of presentation at the academic meeting was
27 (domestic 23, abroad 4), which also exceeded the goal, 5. Although
the goal was 4 cases, 6 contents materials (brochures, leaflet, and recipe
cards) were produced, and our results were distributed to the public
through mass media and extension education (3 cases). Composite for
prevention of non—alcoholic fat liver using mung bean hulls is patent

pending (1 case).
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Drying, grinding & -
passing through 100 mesh sieve || Mung bean grain

Whole grain e ‘ Washing &t soaking ‘
pOWder <«— | Dehulling
Soaked grain Dehulled |grain Chin
[ \
Water steeping Water steeping Alkaline steeping
method method method

Drying, grinding &
passing through 100 mesh sieve

Precipitate (Starch) ‘ Grain & Skin
powder

Drying, grinding &
passing through 100 mesh sieve

Starch

Fig. 1—1—1. Preparation procedure of different type mung bean starch
powder with different soaking mediums
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(6) FAAAARE S o] &F 5F 7179 I° #F
L= 72 HE FEHE @By YA FAFAAE Y A (Scanning Electron

Microscope, SEM, JEOL JAM—540, Japan)& ©|-& Poﬂ‘ﬂr oM ELE 7JH118}74] =2
< stubdll o]F Ho]ZE e} Zolal of7]o =% JHEE A T2 /e
o8 Lygste] ARAFE ZHA ot FARAA A& /\}%3@4 7+ 7&?& 20 kV,
Phototimes 85 sec Z71ellAl 100089 # &= #2a3it)

2-2) HFAE A 54
(1) A% FFs SFALS] AWHE 53
2-1-(3)9t $UF APPPoz Yot



(2) 3= 54

2-1-()sh 59T APPHOE S,

(3) olgkety B4 54
2-1-(5)-, 2-1-(5)-@sh BAF AFPhow Z43qh

(4) X—-4 JE=E &4

Az x-Ad FARd gt AAFEY ARFUEE x—d  FE7](x-ray
diffractometer, D/Max—1200, Rigaku Co., Tokyo, Japan)E A}-&3&}o] A3}t
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speed,” 8/min: voltage, 40 kV: current, 20 mA= 3]dZt%=(20)= 405 7}A] 3
A AlA Blaskglit

(5) A% AR AR B3 54 23
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ANz AL 999 et Z g3t 2 7] (Homogenizer, M133/1281-0,
Switzerland) & ©]-&38to] 247t A3} star 7S o Faho] Aol A sk 1
%3k A5 vl ske] 100 mesh A A ANEE AFESISlAL, 2-2-(4) ¢ &

& dguoR S,

¢

il
oft
i)
>
me

©® FAHAAEHF(SEM)S &3 5549 & a3

A z3k AL eppendorf tubed] Yil dAAAR F& 4 A7 F 54 A
(Freeze dryer, FD 5505, Vision, Korea)E o]&3slo] A=xst3t. Axy 2
al

= S e AR Rl FEEelZE et Zolal, 2-1-(6)3 LT A

Ho= 2000 wjEellM SAAT.

® A 924 =4
Aol ¥ »~2+= Texture analyzer (TA—XT plus, Surry, England)& ©]&3}o] =
a3, wkE ot= AJF S A X&) TPA(texture profile analysis)S T8t t}. 7]
71¢] Z7& Table 1-1—-13} ka1, o] 2HE A& TPA F4(Fig. 1-1-2) 2. 25
=]

74 % (hardness), 424 (adhesiveness), -5 (cohesiveness), ¥4 (springiness),

AA (gumminess) ¥ 3] & (resilience) ] EAXE v L3k T}



_Hardness

Foree

0
Springiness

Adhesiveness
Time

Fig.1—1—2. Texture profile analysis of pattern

Cohesiveness= Area B/Area A

Springiness= B graph peak time/A graph peak time
Gumminess= Hardness X Cohesiveness
Chewiness= Gumminess X Springiness
Resilienece= Area A/Area A'

Table 1-1—1. Measurement conditions for textural properties of mung bean starch

gels with different mung bean starches using texture analyser

[tem Conditions
Instrument Texture Analyzer (TA—ST plus)
Test type TPA (two bite compression test)
Probe type cylinder (® 20 mm)
Sample size (® 1.8 X 1.5 cm)
Deformation 60%

Pre—test speed 1.0 mm/sec

Post—test speed 1.0 mm/sec

@ olztsty 9 53 £
a. & 2% 59

2-1-(5)-0% $AF PPHoz SAsher.
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Fjel me 5% A dAke] RYa A7]E dopr7

st Fsk dwv)F (LM, U-LH 100 HG, Olympus, Tokyo, Japan)< ©|-£3}o] 200
el 1000 = F43sk . A dAF 271 20002 FEE AEGA] 7718 A
2 o] ¥% wHew AT

® Amax®} leachate—iodine E3A e §H= =

A Azdde] 84 g5sE9 A0 Ao
leachate—iodine &3A Hd Ao JFH=
(0.01-0.3%)2 A &A &5 (65, 75, 95C) = water bathoﬂf\i
3000 rpmOE 105 EoF 94 Ealdgrl 1 mLe Ax o
HA7VstodA opd 2o Ax—-a 0 EJAE FAAAAY. Ho 34 JJr Hoj 9o 5%

L

% E spectrophotometer (Optizen POP, Mecasys Co., Ltd. Daejeon, Korea).
o1 §-5to] =5,

— I
ruiruo

® 4d9 BEA 574
a) A9 Az

2-2-(6)-@3 AT APPRoE SYssnt.

FAARNAE 088 5F AR A% 10 de 39 42
g Az} 8L T4 WP LRAA 49 B AFF Ao YA Aol F )
Bai) ool 2-2-(6)-G3} FAE AP AT

o) A9 924 7
2-2-(6)-®3 BAF AAPRoz SYArh.



S T3 5 BEE HA dolet AHS wEld & ZAWS Hopx w4
A %7 (Freeze dryer, FD 5505, B] 4, Korea)E o|&3to] Ax AAA &4 & 100

mesh Ao W& AF&-3}3lt.
80% ethanol =& Axv w5+ A4 1% 2 g& 4=
= i

7)
9] 80% ethanol = ¥ A 20 mlfé— H7Fsk & 3k Al7bo] A A&

E£oR EEoFY
A IS o] &l o, o]FE= 10 mIY 2 WHS AREslo] oF 4A7F
e FE8t O FEES Eo} ?ﬂ% A3 AlA 50 mlzE ALde] =228 %3
oﬂq,
%

A o §F S8 AN FEB Azt BT P4 10 g2 A HAe) o

3, &8 olgalo] B F, 80% ethanol 100 mLE £HZ aje] &2 FAF ol
g-3le] 8AIZF FoF FEoIY] FEEWS Bt FEELE 35T 9 water bathollA
L2 AAEA

FAA 71 5Z%7](Eyelan—1100, Shanghai Eyela Co., LTD,
M=
[e)

(3) 5% AdY 4=
2-2-(6)-@3 FAF APPPoE SYsont.

(4) == vy 2229 3z =3
BE AA FE2E0 F2 2 3EF2 Zarco—Tejada PJ. et al.(2004)2] ¥ A
to] ARESRiTh 5% A 5% 2 mLE 3 mLe NN- dlmethylformamldeﬂ
Hksl o UV—Vis spectrophotometer(Optizen pop, Mecasys Co., Ltd, Korea)
0|83ty 400~700 nm M FFEE 0.5 nm @92 SASAT.

1

¢

(. 051

(5) = HHdE P43 G454

(D Total phenolic content

Z ¥ =3FS folin & cioaltu's phenol A]9FS ©] 83} Jin et al (2010) WH S
WHEste] Ao ARgslnh w7 g4 F5E 0.1 mL
Folin & Ciocalteau's reagent 0.1 mLE Y3 &3ts}
Na,CO; 1 mL Y EFste A2oA 1Az Wx % UV-Vis
spectrophotometer(Optizen pop, Mecasys Co., Ltd, Korea)E ©¢]&3}%] 716 nm
A FHEE FAHIY, dHE FFE TFFH(Fig. 1-1-3)22Z5H AL

=
F A2 S gallic acide] sEHEE AAMEIG o 28 Y=

Gallic acidE o]-& 3}

B



51.79x+0.0028 2 A% (R*=0.9996)7} w]$- =9t}

18
¥=5179x+ 0.0028

R*=0.9986

% ™
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Absorbance at 716nm

Gallic acid (g)

Fig. 1—-1—3. Standard curve for total phenolic contents from gallic acid

@ Total flavonoid content
Fehrio] = FE Jin et al (2010)9] Wel Fohel ZAFGTh HF 44

il

%%g 1 mL} S75 4 mLE 33, 5% NaNO, 0.3 mLS HHSAIAA 55
2 A st 10% AICL; 0.3 mLet 1 M NaOH 2 mL, S#5 2.4 mL< ¥al 4]
o] ¥ UV-Vis spectrophotometer(Optizen pop, Mecasys Co., Ltd, Korea)E&
o]-&3te] 510 nmollA FHEE S43F quercetin Hlusto] Alge] F ZgE -
ol= dtFS g I quercetin FHEFOE Skt FA|EHIT

@ DPPH radical scavenging activity

=5 Ad FE5E9 DPPH Yz AA S @13517] 913k A8 Wi jung and
roh et al (2004)°] +38te] 2A18H8ith DPPH 2.1 mLel ol€& 1.3 mL, FE&
0.6 mLE A3l 3087+ whEA|Zl %o UV —Vis spectrophotometer(Optizen pop,
Mecasys Co., Ltd, Korea)E ©o|-&3t] 517 nmolA SHE=E =H3}o] ascorbic
acide} Bl sle] DPPH o)z &275S Eelaqit)

@ ABTs radical scavenging activity
AR FE2E9 ABTs(2,2'—azino—bis(3—ethylbenzothiazoline—6—sulfonic
acid) diammonium salt) 2ttZ A7 %2 Re R 5(1999)2] W] £=3Fo] A A3}
NATh ABTs radical cations SFF° =9 7 mM ABTs radicale W& U
2.45 mM potassium persulfate®} =35l A2 dAolA 24417 FoF ®A| s
gz AAHAY. e ABTs #t]Z3 potassium persulfate =3 &
PBS(Phosphate buffered saline)oll 3]413}o] ABTs £ (viv=48.5:1.5)S A|Z

_1%
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o} AlZ38k ABTs 89 1980 ulell 55 A F=55 20 uLs #H7ksle] 2294 10
w7+ W%k 3 UV—Vis spectrophotometerE ©]8€34 734 nmolA SHEE 5
A3t h. BHT (butylated hydroxytoluene, Kocher)o} Hlnste] 1% F+E&E 899
ABTs &tz 2755 A8k

3

T A4 FEE9 399 (reducing power)S Lai F 5(2010)¢ WS A
o] A3}tk 200 mMe] sodium phosphate buffer(pH 6.6) 1.25 mL<}
1% potassium ferricyanide 1.25 mLel] A% 1 mLE A& % 50T water
batholl 4] 20%&7F ¥H-S-AFH T 10% trichloroacetic acid 1.25 mLE FH7Fsk &

of 4CoA 10&3F HHSAIZ] & WESAIZ] &8 & 25 mLS SHT 5 mLe
0.1% ferric  chloride 1.25 mLE 44  ¥-8A . UV-Vis
spectrophotometerE  ©]-83to] 700 nmolA E%E% =A3sle]  BHT
(butylated hydroxytoluene, Kocher)9} vl nldlo] 3hel= S

2-4) §% 1 e X% AR Agl e A 54

2 1) (1)4 3} FU3 W o7 NaOHE o] &3to] Hesle] AES A Z23A
=
(2) 55 AEY BEAFY EXAE £

D 5F A& BAH £

HPAECE o] &3le] 55 AE ExxF EXE g9lsr}t. 1% (50 mg/5 mL)

- Ab
55 AE EAE 90% DMSOd Holal, FHAECA 1A17 FoF mulk 7}d %
o Ao A  stirringste] 24A]13F E<F overnight$t}. 1 mL of 1% starch®
falcon tubedl Y3l 6 volume of 99% ethanole YWil Aol F, 25CoA
4500+g= 1561 St dAEYste] s ds AASAT. AHdEL EAR 1ml9
D.Woll =521 % 30%5< Aol 5 5 ume] o Aol o JA 7Y, HPAECS] ZH
2 Shodex OHpak SB—806 HQ and OHpak SB—804 HQ columnsS AF&3}aL
AHol 2%+ 50T, flow rate= 0.6 mL/min, detector= RI detector, eluentt

deionized water (18.2MQcm), injection volume= 100 pl= S %At}

@ 37 ALY EAAE £E SF

HPAEC%— ol sto] =55 Ao FAANES ST el vhol el 100 mg?
T HAES ¥3 1 ml DWE ¥olF § vortexing 3 $, 9 mLe DMSOE ¥+
. S Az AR N A 35% S 50 mL YA F
o 99.9% ol¥& 30 mL& Yil, %< A& 5mL& vortexing dFWHAl Eo]FT.



[e)

3000 g, 20min, 25C2 A3t §, e q= A7 8haL, 99.9% ol &E2S 30mL

At gt dsdS AAT ¥ HdZE(overnight) g+t
50 mge AE(0.5% &N)S 10mle 10mM sodium acetate buffer (pH 3.5)9] =
o] & 1AZFs¢t stirringdte] F¥o® =9lt) [soamylase (0.5 U/ml)S Ei1,

[e)
resultant starch solutione 24A]7F &<t 37 Coﬂl\i lfHolHd 3t 3 gAE B
[e)

Y31 vortexing & % & 94

=0
A3} 317] 9lete] i EoA] 108 FoF 2l = 0.45 ume] E Fo|H =2 o 73t
S Aol A&kt HPAEC®] ZH#2 Shodex OHpak SB—806 HQ and OHpak
SB—804 HQ columnsS AMg3&tHar, ZAHe &%= 50C, flow ratex= 0.6
mL/min, detectori= RI detector, eluent: deionized water (18.2MQcm),
injection volume< 100 pl= =A% A}

(3) 3% ¥ X-4 JAE 2
2-2-(D)sh BAF APPYOE S,

(5) 5% A& 49 A=
2-2-(6)-DO3 FL3 AP o Az A

(7) FAAAATN AL o83 55 AR A9 A Wyel Be g B2
AS A zd ATl WA Lo
X

sl 2-2-(6)-@3} FAT 4

(8) A2 Lo & A gxx 5H

2-2-(6)-®% FAF APPRoE SYsont.

(9) 55 AE&AY X-A 4= 54
2-2-(4)8} L3 AdPdnier SAsY
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g} B8 559 B8 AASIL 0.2% NaOH(w/w) &80 143+ &
oF x5ttt E9 (DA 282—2, Daesung Artlon, Seoul, Korea)& ©]-&3] w4
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AAZe] w=gFo] AlgE w7bA] 0.2% NaOH &H o2 wkE Aol A%2](3,000
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A3l TR AW o] whEsle] Aa YA E F, dolXl o & 55 FAH
o

T2 Ao FA3 & skl 100 mesh Aol SHAIA A EE /\}&“Poﬂ‘jr
= e 44 ol wek A2edA bds] S5 wizbA] 1-29 =9 ol& 3
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mesh A& A& SHA7|L AAE A2 STHTZE AL & dAEEst 38
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(2) AEY) AR BY
2-1-(3)sh 59T APPHOE S,

(3) A= =3

2-1-(D)sh BAF APPHOE S,

(5) FAAA And < o] &3 FHY B A
2-1-(6)7 w43 AAWP o= S50t

() 5% AL 49 A=
2-2-(6)-O3 T4 AP o AxHAH
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y=0.0097x+0.0565
14 R2=0.984

Absorbance at 680 nm

O | | | 1

0 25 50 75 100 A(%)
100 75 50 25 0 AP(%)

Fig. 1—-1—-4. A standard curve for fractionated potato amylose and potato
amylopectin
A: amylose AP: amylopectin

I AR F Ao)ldf e AOAC WO R total dietary fiber assay kit
(Sigma Chemical Co, St. Louis MO, USA)E o]&3slo] <ro] FAHy 2e
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HxEol 214#He Texture analyzer (TA—XT plus, England)® spaghetti
tensile rigg °]&3ste] SAHsIAT. HEXHS ASHE SH7V|9 2209 o=
e 3l ol dE R Xﬂﬂé} 17.4 cm X 1.4 cm X 0.3 cm E° ¥o] 327k 9]
A 23 & Ay AREelar, THE AS SoA] wige] 17.4 cm X 0.7 cm X 0.3
cm®] A7|& whEo] 1709 % rigol Ast= F viFE ol HAS 10 mm=E
st S35kt 717] 2712 Table 1-1-29F #28ka1, Atz FoldA #oAA = &
()@ 1 wfe] dol(mm)E SAste] vaskitt.

Table 1—-1—2. Measurement conditions for tension of mung bean starch gels with
different mung bean starches using texture analyzer

Item Conditions
Instrument Texture Analyzer (TA—XT plus)
Test type Tension
Probe type spaghetti tensile rig
Sample size 17.4 X 0.7 X 0.3 cm

Pre—test speed 1.0 mm/sec

Test speed 1.0 mm/sec

Post—test speed 10.0 mm/sec
Target mode distance
Distance 60.00 mm

2-2-(6)-®) BAT AP BN,



el AR SRS 08 AGAA Ake] BAAAD. 4 D7) P2l WD
;( -

1

A& st 10 7};(] S74 Al EHOHH 5 4] L—El‘*é 3 A
A 7Z(color), T = (clarity), 7314 (hardness), FA1 34
(brittleness), 3]°] & A (bend property), -4 (cohesiveness), B4 (springiness),
=% (moistness), F-E=8 =7 (smoothness), 7| &% A= S84 Q1 BH(Overall) &
2 97ketdth(Lee SK & Shin MS 1996).

A} %25—9] Firs g4 54
O =5F A&} HEFY FE= A=

Mﬁ} TIE SAN] AT FEEE AZD] A% %F A2 wU} YR

55 AE o] RVA 77 243 593
ko] ZHFE HA/bsta vlavle wE Yol 587k FASAATE o] F 95T o] At

2 =
S A 16 7F Zhdste] vhEoll FEE AHFS AAdEE 345 4 A F
T4 AXVE o] &5t Pz Y. dxHE AJEE 100 mesh Aol &3] WA
AHFS FE2 Azl AHEEA

FEE AR BY 5 g A¥Y 5 g UFoE AxH HXE BIE o835t 50
mL2 80% ethanol® F=33 Tt 20 mLe 80% ethanolS Z}zte] Fito] H7}3h
5 g AZheiot %%01

FH A AFZ=dluke 34»4194 o] 83} w}i 51_3}1:}, 80%
W o
H=2

sto] TR l"i*Ei w2 g S L—a(whole mung bean starch, WMS)JJr 74-4
ZRE 223 55 HAE(dehulled mung bean starch, DMS), WMS2] ﬂ‘(WMSG)
o} DMSe] A(DMSG)9 F=&E& 77t AxsQth. 555 XoF Whatman No.2
oAHA & o]&sto] g oI AlA 50 mLE A&ste] FE=o AZLsHH

3}

Z =4 3gE3k(total phenolic content)& Folin—Ciocalteu reagent A]9F
= ol&ste Jin YI 5(2010) @<= WYt wAMstalth Als 0.2 mLel S5+
0.8 mLE 43 0.1 mL9 Folin—Ciocalteau reagentE ¥ il &3tslo] A2oA 55
7F AT 7% NawCOs; 1 mL E&star ALoA 1A7F #x 3 UV-Vis

- H
spectrophotometer® 716 nmolA SF L2 SAsle], dHEA 3= IS 15



Absorbance at 716 nm

S B2EE ARt Almel 2L WHOR gallic acidE ©]&38e] a4
[e)

1l — = v 1l
2489 AL, Fig. 1—-1-59] JEpATE 55448 Y=51.334x + 0.0058= AA
(R*=0.9999)7} v]9- *=¢kt} x¥= 100 mL 3 gallic acid g¢]3. Y& 716 nm<]

Y =51.334x + 0.0058
16 - R?=0.9999

1.2 ~

1 -
0.8 -
0.6 -
04 -

0.2 -

0 T T T T T 1

0.0000 0.0050 0.0100 0.0150 0.0200 0.0250 0.0300

Gallicacid (g/ 100 mL)
Fig. 1—-1—-5. Standard curve for total phenolic contents from gallic acid

@ F THE=olE TF 53

% ZtH ol = g=F(Total flavonoid content)< Jin YI 5(2010)¢] WHd &3}
o ZASAT. FEE 2 mLe 5% NaNO; 0.3 mLE& 410 5&3F vbgA17 oh,
10% AIClz; 0.3 mLe®s 1 M NaOH 2 mLE Y11
spectrophotometer® ©]83o] 510 mmolA JTHEE =AU A BEE=
quercetin® H]wdle] A8 F ZTgPH ot FHS g 3}
kst 1 AEHSI T

A

£
A
o
-
D
=
w

® DPPH radical &%
F=52° DPPH (1,1—diphenyl—2—picrylhydrazyl) 5 2!

o] Lee KJ 5(2010), Oh JH 5(2004)¢] HAWHel Fsto] dod= HAASH3Th

DPPH 2.1 mLel FE& 1.9 mLE A3 3083 W-&AR

spectrophotometerE ©]-83}e] 517 nmolA SF=E

ascorbic acid®} ®]nl&}e] DPPH #dZ AA TS



® ABTSs radical &7%

55 FEE2 ABTs(2,2'—azino—bis(3—etylbenzothiazoline—6—sulfonic acid)
diammonium salt) E]r‘:]ﬂ 2A%52 Re R 5(1999)¢] W sl /?:_]/‘]3}037’
oro] AAIF W FAF o AFF ABTs € 1950 ulol 55 A4 %

50 uLE FH7lste] ALoA
|-&ste] 734 nmollA FFEE
< Slekgith

1057 Wx|gk 3 UV-Vis spectrophotometers
Z74skelth. BHT9F vlarste] ABTs @tz &A%

Om.[g

rU

@ 49

299 (reducing power)= Lai F 5(2010)2] H#HS WHPsto] BA3% a1, e
2-3-(5)-® 5F 44 F=E9 ddg 49 Z& PSS ARSIt
2-6. TAAY

Ee AYe] Ay dotasdxE dehfie SPSS 12.0K (SPSS Inc,,
USA)E o]&3le] EAAY 33tk =5 dolE+= ANOVA (Analysis of Variance)
o o9& EAFEAS AAESE AL, p<0.05 s+ A4 Duncan's multiple—range test@=
TR AT, vd 557 A 54 2 A 54 HolHE 59 t—testE
o]-&ste] FA sk TH

alE
3-1. F54E 579 vt B4 2 o|5}d, 33 54

(1) =7 389 54 % A=
i ko] F3W g4I 942 Table 1-1-3¢] YehASIt &4 =%F7F

[e]
4.30£0.43 mm, 3.63+0.14 mm, 3 4.44+0.35 mm, 3.83%£0.17 mm, A&
3, e 4.5740.32 mm, 3.61+0.19 mm©]

1:}

AHTS 55 1000709 A= FAstEd 24 555 40.9340.90 g, tdS
49.19+0.72 go|QaL, 2H-L 37.5040.02 g, o] =2 48.24+0.34 go]3t}. 5EXE
A A=Y 7 55 TH2008) WEH 54 555 THITOE 4.7 g/100¥

ola, Ad HFFE AY FTO=E 4.2 g/100HeR E AFy FAE AT Kim
et al.(2009)9] AFolA T8 HF] AYFL 48 g, o] & ¥ F= 49 go 7 H A3

Azt fAretgh,

r1r



Table 1—1—3. Length and width of whole mung bean grain and thousand grain
weight of mung bean varieties in Korea

Whole mung Thousand grains

bean grain Length (mm) Width (mm) Length/Width welght (g)
Gumsung 4.30+0.43" 3.63£0.14° 1.1940.11° 40.9340.90"
Dahyeon 4.4440.35% 3.83£0.17° 1.16+0.08" 49.19£0.72°
Sohyeon 4.14+0.33° 3.2840.22¢ 1.26%0.09* 37.50%0.02°
Aerwul 4.5740.32° 3.61+0.19° 1.26£0.09* 48.2440.34°
(2) 5FY 4
o] dibd Fo] A3 Table 1-1—40] YRS A 557 7159 TR
9.05-9.92% W= frel Al Aol = Wb, 82 3.31-3.71%% #F {F 9
Aol zolE WALk A A gL 0.64—0.73%, 2ol H FH 12.10-12.99%°]
NaL, Fekulz SFeES 24 65-28.94% % EFF Jrol| 94 Ao]E YERATH

Table 1—1—4. Compositional analysis of mung bean varieties

Whole mung ~ Moisture Ash Crude lipid Crude Dietary fiber
bean powder content (%) (%) (%) Protein (%) (%)
Gumsung 9.92+0.08? 3.71+£0.03% 0.64%+0.05 28.94+0.14% 12.77£0.24
Dahyeon 9.86+0.06% 3.48+0.08° 0.73%£0.03 25.61£0.05° 12.99+£0.39
Sohyeon 9.3540.09" 3.67+£0.03% 0.68%0.09 24.65+0.12¢  12.41£0.20
Aerwul 9.05+0.15°¢ 3.31+0.04° 0.69£0.02 26.34+0.06" 12.10£0.28
(3) 579 A=
A el A S5 JbFe] AxE 543 Z3E Table 1-1-59 Hunter L, a, b
value 2 YERH AT} Lat2 4 %= (lightness), +aghe A S
(redness/greenness), *Thak iol/;ﬂt/ A = (yellowness/blueness) S 9 w] 3=,
FE3 A 2ol whebd §o1490 Aol T RS o 5 ATk A HFel WE

2 37.04—40.53%0d H]&te] A HF 7pFo] W= 87.27-88.69= HA A UERY
A e vlEiA HRE HERS W o Helds o ¢ Tk &AF S5 A
HEeh A S bR RUEAA W gho] thE FFo] HsiA oA oR 7}% =
Uebth A 550 g ke —1.34~0.130]9 3, A 55 7HEE —0.84~—-0.64% F
Z 7bol F9A¢ AolE BTk b e A HF7F 14.69~17.78, A % JME}
13.55~15.452 oAl zol&E RIS & AP, O]E EFHA A T =%

=
=
o) o~
o= T
bl wls) o FAe We % 5 Y

[e)
=



Table 1-1—5. Hunter L, a, b values of different type mung bean with different

varieties
L a b
Mung bean grain
Gumsung 40.08£0.30% —0.48%0.20° 17.7840.95®
Dahyeon 38.35+0.31° 0.83%+0.21° 14.69+0.37°
Sohyeon 40.53+0.21° —1.34+0.21¢ 18.75+0.55°
Aerwul 37.04£0.73° 0.13£0.02" 17.1540.79"
Whole mung bean powder
Gumsung 88.40+0.12° —0.64%+0.09? 13.63%£0.28°
Dahyeon 87.45%0.12° —0.84+0.04" 13.55+0.30°
Sohyeon 88.69£0.25° -0.82%0.02° 14.83+0.40"
Aerwul 87.27%0.04° -0.67%£0.04" 15.45+0.28°
(4) °|3}sty &

-
o

A mF 7R & AeH 2 1 Apol7F e od H57)
149. 35%; MG e B AdsES B, o]g S5 123.27%2 7HA %-8— 5=
TEE Bt WE&EHS 5.33-5.89 g/go 2 #F (ol F94 AolE Bl
- o]

Table 1—1—6. Physicochemical properties of whole mung bean powder with
different varieties

Water binding Swelling power at

Solubility at 80C (%)

capacity (%) 80C (g/g)
Gumsung 140.31+1.38% 5.894+0.07° 38.85x0.99
Dahyeon 149.35+7.90% 5.33+0.05" 32.36x£4.98
Sohyeon 128.38+2.34" 5.35+0.24" 35.33£0.45
Aerwul 123.27+5.05° 5.87+0.15% 37.21£0.29




(5) FAPAAZEM A 2% B HF71F FH aF

FAAAA oz BA A %T AT Ao Fels
e FgA ARYAS @A e wadsel B Eeel A= e AT 4
A, HF AT Gejol AT AR Rt A8 s D
F gl 29

10pm  CCRF 1/17/2012 3 Wm— 10pm CCRF 1/17/2012
X 1,000 15.0kV SEI M WD 8.0mm 10:17:27 X 1,000 15.0kV SEI M WD 8.0mm 10:22:06|

Gumsung Dahyeon

4
Sl

4 o
10pm  CCRF 1/17/2012 m— 10pm  CORF 1/17/2012
X 1,000 15.0kV SEI M WD 8.0mm 10:25:44 X 1,000 15.0kV SEI M WD 8.0mm 10:30:23|

Sohyeon Aerwul

Fig. 1—1—6. Scanning electron microphotographs of whole mung
bean grain powders (X1000)

2-2. 5FAL A9 54
(1) AY 57 A& 4=
Ad  EHFo  AwkgRE S Table 1-1-79 YERUT. FE3I
10.05—10.62% 2 =59] EZ2Ha §o]H 9] 2}o]E HYr}, 3|7 ek 3.39-3,
2 o4 ApolE yYERRlaL, A =55 779 A3 (Table 3)olAAH w733
55 FFY 3R el Ao =2AHE RS 1.20-1.53%, =T
25.63-28.76%= 940 Atol= fliTh

rlo

%

tr
i} W S oft
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Table 1-1-7. Compositional

different varieties

analysis of dehulled mung bean

powders with

Dehulled mung Moisture Ash Crude lipid Crude

bean powder content (%) (%) (%) Protein (%)
Gumsung 10.62+0.21° 3.70+£0.03% 1.25%0.20 28.76+1.24
Dahyeon 10.26+0.22° 3.5240.04" 1.53%0.00 27.23+1.16
Sohyeon 10.05+0.19" 3.65+£0.01° 1.4710.21 26.91+1.67
Aerwul 10.25+0.06" 3.39£0.05° 1.20£0.00 25.63%+0.09

=
=
T

G Aeste] Y3 S
e 11.84-12.07% 2 F2l 9l o]

ek Table 1-1-83 #gkar,

Table 1-1-8. Moisture contents of mung bean starch with different varieties

Mung bean starch

Moisture contents (%)

Gumsung
Dahyeon
Sohyeon

Aerwul

12.07£0.07
11.89£0.10
12.01£0.17

11.84%0.19

(2) A=

A wFef % ARe] Ax

w5 MY M L g 94.92~96.112 Ay HF

ruim
JlNA

B A

7} o] 87.27~88.69H.t} = UrE}M B

ok A¥ 557 Aol agke —0.91~-0.27, 7M EFE 0.18~0.38% oAl
=l HleiM o =4& e
= 57F 17.256—-19.500. 2
of Wsid ¥ s vebdE

kol

N
T

=

1o ol o ruim

ATt

32,

Bt 29 d3s S 5
T AT b @2 Ay =
At

=% Ao] A

I o] 2.87-4.22, AT
FoHQ Aol 7k thekika, A HE7b AR

o

Table 1—-1—9¢] YFel it

% 91.19~91.77% A
,]zq 0@ =90 of 4

o 2 ¥ i Y
oy o © ¥ &



Table 1—1—9. Hunter L, a, b values of

starch with different varieties

different type mung

bean powder

and

L a b

Mung bean starch

Gumsung 95.8940.03" —0.4440.01° 2.9940.03°

Dahyeon 95.3340.03° —-0.2740.03? 2.8740.03¢

Sohyeon 96.1140.06" —-0.91+0.03¢ 4.00£0.04°

Aerwul 94.92+0.03° —-0.32+0.02° 4.2240.01°
Dehulled mung bean powder

Gumsung 91.1940.15 0.2240.04° 18.534+0.17"

Dahyeon 91.774+0.07° 0.1840.02° 17.2540.23°

Sohyeon 91.71£0.06° 0.2340.04° 19.10£0.33

Aerwul 91.2740.22 0.3840.06° 19.50£0.09

o = Ated¥ WHY, &A= Table 1-1-109] AT AT
¢ B Ag5Ho] 107.08—127.05% = FF 7ol 97 ¢1 2po]= YERA

7ol vl w2 AEgS BT Wi 5.33-5.89 g/glo 2 EF
oA el 2pol S Bl fal L 32.36-38.85%F EF 7o 94 ¢l xpo]=

LFERA AT

Table 1—1—10. Physicochemical properties of dehulled mung bean powders with
different varieties

Water binding Swelling power

Solubility (%)

capacity (%) (g/g)
Gumsung 119.72+9.72 6.34%£0.04 39.76+0.46"
Dahyeon 107.08+2.63 6.73+0.23 38.4740.19%
Sohyeon 127.05x11.69 6.58+0.56 37.11£0.96"
Aerwul 113.3243.15 6.05+0.14 37.74%0.51°

(4) X-A Ax 24

Ad HEe Ad 5 AR X-A AHEE SH Ayt 3
At} Liet al. (2011)9] el A9} o] 20 = 15.16°, 17.16, 18.27°, 23.29° 5ol
A 9Ag Yeds A0% Hol A¥ %%l Au =T A¥E A typeo] 2HHL
vebd S & = Al

Fig. 1-1—="7¢°l A A3}
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Fig. 1-1—7. X—ray diffraction patterns of different type dehulled
mung bean powders (A) and mung bean starches (B)

(5) AFHE=SAH7 & A9 =59 AL 23 54

AEHE SA7I(RVA)E o] &dto] 535t 545 47 2= ths Table 1-1-11
7 Fig. 1-1-63} Zokrh. fwme] Wste Y= S3piA ke Ay 5571 719
S A HEA B & 2EE Bl St mE dEe AT 5571 5
AR B FEER vE Fde Uit HuHEP)E UEhle ke
2@ HFA FolHor L vas yeblen, 33 5 Gl it A3
2 S Hole #¢ breakdown HAE=(P-T) HdF &8 S04 7]—%} T2 W=
el s kg ol M AR Qlste] T2V d4H s A A58
T iz setback HIE(F-T) @k H=3F 2@ =50l =/ dYebdae Sdsksit



Table 1—1—11. Pasting characteristics of dehulled mung bean powders by Rapid Visco

Analyzer

Initial Viscosity (cP)
sti
pasting Peak . Breakdown Setback
temperature Trough (T) Final (F)
o (P) (P-T) (F-T)
()
Dehulled mung bean powder
Gumsung  77.85+0.64 512.50+14.85° 501.50+13.44¢ 1273.5046.36¢ 11.00%1.41 772.00%19.80°
Dahyeon 78.25+1.13 909.00+11.31" 894.50+16.26" 2384.00£35.36" 14.50%+4.95 1489.50£19.09%"
Sohyeon  78.65%+0.49 1131.00+14.14 1113.00£5.66 2637.50%82.73" 18.00%8.49 1524.50£77.07°
Aerwul 78.25+1.13 831.50+3.54° 816.00%0.00° 2184.50%36.06° 15.50+3.54 1368.50£36.06"

Mung bean starch

Gumsung  73.08£0.60  5966.00+63.64"  3409.50+74.25  5248.50+130.81°  2556.50+10.61"  1839.00%56.57°
Dahyeon  73.90+0.64  6183.50+17.68° 3370.50+0.71 4676.50+37.48° 2816.00+16.97"  1306.00+38.18°
Sohyeon ~ 73.05+0.49 6109.50%6.36 3341.50431.82 4895.50+12.02° 2768.00+25.46°  1554.00+43.84"
Aerwul 74.33%0.04 5894.50%0.71" 3358.00%25.46 4920.00£60.81" 2536.50424.75" 1562.00£35.36"
i SR 6006
2400 o=ym =
b 45006+
1800 -,
o O
é 1 =axm £ ]
%20& §00(}
S00 15006
O*i 0; Jﬁ Mewport Stientific Pt 1 td
5 1's s 4 T T F T T3 i 1's
Tinme 1nins Tizme mmins
Fig. 1—1—8. Pasting curves of different dehulled mung bean powder and

starch by Rapid Visco Analyzer
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FAgol & G4 o} Asfe A A
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|23 7o) Fux 54 Fig. 1-1-99}
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= s
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Sohyun Sohyun
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Fig. 1-1—9. Shape of powder and starch gels with different mung bean

varieties
U, Ax
A %7H9} A3 =5 Zﬂv’i" Ao MiS SAT A= Table 1-1-12¢1 AlA]
SHYT ME L oo Ay =% AR Ao] 41.15~42.792 AY =F A 5931~
65.15¢ 1 A o A L‘rE} AE} Aol g k& Ay wmF AE Aol —1.83~-1.55,

a e
A9 B5F7EF Aol —4.73~-4.260.% FF I 7 A7t AN e, A9 =5
7hE Aol o 548 YEhdlS & ¢ AT b g2 A 557 A& Aol —10.25~
—9.78, A =% Aol 7.74~10.99% Yepow, Ay mHFrhE Aol M Ao H]
3 o s vEldS & 5 A
Table 1-1—12. Hunter L, a, and b values of mung bean powder and starch
gels with different varieties

L a b

Starch gel type

Gumsung 42.43+0.52% —1.64+0.09% —-10.25+0.31°

Dahyeon 42.79+1.32° —1.5540.05 —10.0740.15"

Sohyeon 41.154+0.52° —1.7140.04" —9.7840.17"

Aerwul 43.66%0.69 —1.83 £0.04° -8.92 +0.19°
Dehulled mung bean powder gel type

Gumsung 65.15+0.19° —4.4440.07" 10.99+0.08%

Dahyeon 61.4740.56° —4.4240.05 7.7440.19°

Sohyeon 63.64+0.36° —4.2640.05 9.75+0.16"

Aerwul 59.90+0.47¢ —4.7340.03¢ 8.54 +0.11¢

o X-4 AR $4

AS) HFAATE AT BT AR AL ARG G5 A7 Fo] X-4 HAE A
A3 Fig, 1-1-100] etk X-4 S 4EP2 2wl 4 Ay %57h7s) 4
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Fig. 1-1—-10. X—ray diffraction patterns of dehulled mung bean
gels (A) and starch gels (B) with different varieties
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11. Scanning electron microphotographs of dehulled mung bean powder

1
gels with different varieties
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Sohyun Aerwu

Fig. 1—1—12. Scanning electron microphotographs of mung bean
starch gels with different varieties

uh. Ao g2z 4
A S57EE A AY S5 AR Ao Y92 Ayks Table 1-1-139F 29kt
A¥ H55F A8 AL "Hxx 5EA4X9 % (hardness), 24 (adhesiveness), &3
d (cohesiveness), ¥ (springiness), 774 (gumminess), 3]&3 (resilience) -9l
A FE ol Fo Al Aol AT 28T A AE FEe fHdAe] 7
1526.50 g, 1329.58% Y& F£F HE Ao n|diA Fodor w2 S Horn
BANT SAHE 28 =TI Ao b T Ay BE R An An 2y
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Resilience
0.61
+0.01°
0.64
+0.01°
0.66
+0.01°
0.63
+0.01°
0.47
+0.02°
0.55
+0.01°
0.57
+0.00?
0.54
+0.00°

Gummines
1329.58

+110.03%
1041.84

+121.29°
1024.98
+49.89"
1006.14
+41.17°
570.91
+37.39¢
721.43
+13.24%
665.29
+20.18"
679.60
+11.87"

Cohesivenes
0.87
+0.02°
0.87
+0.01°
0.91
+0.01°
0.87
+0.01°
0.78
+0.02¢
0.84
+0.00"
0.86
+0.01°
0.85
+0.01%

Springines
0.52
+0.01°
0.51
+0.01°
0.50
+0.01°
0.50
+0.01°
0.50
+0.02
0.51
+0.00
0.51
+0.01
0.51
+0.01

Adhesivenes
-130.72
+24.87°
-109.34
+30.86°
—317.05

+130.53"
—92.42
+12.33%
-292.14
+117.77%"
-185.01
+111.35®
—344.63
+167.81°
-167.18
+35.84°

Hardness
1526.50
+105.51%
1195.41
+122.26"
1130.45
+54.79"
1159.11
+45.02°
Dehulled mung bean powder gel type
731.59
+25.46°
855.16
+16.34%
769.68
+25.95
796.05
+6.17°

Starch gel type
Dahyeon
Sohyeon

Aerwul
Gumsung
Dahyeon
Sohyeon

Aerwul

Table 1—1—13. Textural properties of dehulled mung bean powder and starch gels
Gumsung

from different varieties by texture analyzer
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Table 1—1—14. Moisture contents of mung bean starch

Mung bean starch

Moisture contents (%)

Protein contents (%)

Water steeping

Gumsung 8.51+0.12° 0.694+0.01*"
Dahyeon 8.49+0.05° 0.47+0.02%
Sohyeon 8.50£0.05° 0.37+0.01%
Aerwul 8.16+0.14° 0.59+0.01°
Alkaline steeping
Gumsung 8.55+0.04" 0.26%+0.05
Dahyeon 8.30%0.04° 0.29+0.02
Sohyeon 8.57+0.06% 0.24+£0.00
Aerwul 8.14+£0.04° 0.321+0.11
. olsetd o 53} 54
a. & 4% 9
] e mE 55 AR B A3sdS Table 1-1-15¢] YRt & 4
FeEe AREe] FEAY S Uehls ARRA ol A3 Be ARU
of ARHAY, AR ke Flol FHAGT wuelglrh ARIAE Helshs
HAo M ERFETF 555 S22 eHo| HotAl= Aoz 4dA v & 2%
He 25 8% Ao dZAgE Y AEY o =%, A5 TFe oEST
Aol o F FEHuy A4 JErstt

Table 1—1—15. Water binding capacity of mung bean starch prepared from
different varieties using water and alkaline steeping methods

Mung bean starch Steeping condition Water binding capacity (%)

Gumsung Wate{ 153.3£0.9°
Alkali 139.4+5.1

Dahyeon Water 137.3+3.6°
Alkali 126.8t4.4

Sohyeon Water 143.6+4.6"
Alkali 133.0£3.5

A 1 Water 151.9£1.2%
e Alkali 133.9£5.0

o
o I 2
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Chang et al. (2000)¢] A% FASE Augich, 285 ARe HAATY 2
Aw7E 78 e ghs YERAA R, breakdown FEE 7HE %9tk Setback HE
T Astel M8 o] ~EQ] wglel dAdte] drtal AT, HE Y g #
FEol WA setback A= @S FoHQl AelE HTh 4%,

LR RS =28 gethack HEE HYIL, oeE5F AES SHIFE
o

<
[e)
147.8 RVU, <Ze2 #83ls o 161.6 RVU= 714 =

W;IR n
£ o

Table 1—1—16. Pasting properties of mung bean starch prepared from different varieties by
using Rapid Visco Anayzer

Viscosity (RVU)

Initial
Mung bean pasting Peak ) Break Setback
starch temp(C) ® Trough (T)  Final (F) —down (F=T)
(P-T)

Water steeping
Gumsung 75.210.0 495.8+2.5" 290.2+1.2¢ 437.4%+0.7% 203.6+3.7° 147.3£0.5°
Dahyeon 75.6+0.7 508.3+£5.9° 297.9+3.8° 435.6+5.6 210.5+2.1° 137.8+11.8°
Sohyeon 76.0£0.1 510.4%3.5% 278.3+0.4" 379.5+4.0° 232.1£3.1° 101.244.4°
Aerwul 75.1+0.0 480.4+1.9° 301.5+1.4° 449.3+6.8" 178.9+£3.3° 147.8+5.4°
Alkaline steeping
Gumsung 75.7%0.6" 485.6+7.3 272.0%0.1° 416.7£2.7° 213.5+7.4% 144.742.8
Dahyeon 75.940.0" 492.1+11.8 287.2+2.5° 429.1+1.0° 204.9£9.3° 141.941.5°
Sohyeon 76.7£0.1* 486.7+4.9 270.2+3.4° 394.4+0.7¢ 216.5+£1.5° 124.2+2.7¢
Aerwul 75.240.0" 468.5+3.1 291.8+0.2° 453.4+2.7° 176.74£2.9" 161.6%+2.5°
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Fig. 1-1-13. Scanning electron microphotographs of mung bean starch
with different varieties. (A, a) Geumsung, (B, b) Dahyeon, (C, ¢) Sohyeon,
and (D, d) Eohul. (A—D) starch isolated using a water steeping method and
(a—d) using an alkaline steeping method



Fig. 1-1—14. Light microscopy (right) (scale bar = 10 m). (A, a)
Geumsung, (B, b) Dahyeon, (C, ¢) Sohyeon, and (D, d) Eohul.

(A-D) starch isolated using a water steeping method and (a—d)
using an alkaline steeping method
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Geumsung Geumsung

Dahyun Dahyun
Sohyun Sohyun
Aerwul Aerwul

= =Rl

(NaOHX 2|)

AE Ao M=E SAS A Table 1-1-187 29t %= L 32 £F
2 2pol7} YERbA] @¥9kar, 41.98~43.809] W lol A LrER:

M /=B e 2 el E g e /752 288 A8 A48 —2.05~-1.74, &2
kel

o) § H4E e & 5 A9tk FAw/

AN/
56~-10.91, &4zl =2 Fagk A& Ao] -10.38~-9.95% &7+

2g AR o] ~11
g2 Feld ARA bgkel ¥ e o & A9k

Table 1—-1—18. Hunter L, a, and b values of mung bean starch gels prepared by
different purification methods with different varieties

staren L 2 b
Water steeping
Gumsung 42.76+0.34 —-1.77+0.01° —11.56%0.05°
Dahyeon 42.7940.63 —1.7440.01° —-11.10£0.25®
Sohyeon 43.80%0.67 —1.7440.07* —-11.26£0.09"
Aerwul 42.64+1.50 —2.05%0.05" —-10.91£0.20°
Alkaline steeping
Gumsung 41.98%0.88 —2.08+0.05" —10.31%£0.02
Dahyeon 43.00x+0.81 —1.85£0.07% —10.38%+0.22
Sohyeon 42.18+0.53 —2.1740.04" —10.18%£0.24
Aerwul 42.06£1.04 —2.28%0.07° —9.95%0.27

c) 57 A& A9 A% 7|3 wE I
RVAS o] §3te] 719 Q7314 e AR wEolnl A% Mo 2ER A%£F %57 4
B A A-D, a—ds} 49 E<F A3 A Ad—D4, ad—ddi= Fig. 1-1-150] AlA83ich
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Fig. 1-1-15. Morphology of mung bean starch gels stored for 12 h (left) and 4
using a water steeping method and (a—d) using an alkaline steeping method

days at 4C (right) by scanning electron microscopy (scale bar
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Table 1—1—-19. Textural properties of mung bean starch gels from different
varieties by texture analyzer

Mung bean Adhesive Springines Cohesive Gummines .
Hardness Resilience
starch —ness s —ness s

Water steeping

1941.1 ~153.2 0.54 0.89 1724.8 0.66
Gumsung ¢ o +108.6* +0.02 +0.01° +110.4° +0.02"
1738.9 ~157.3 0.54 0.90 1563.8 0.67
Dahyeon ;oo +86.0° +0.01 +0.01° +100.7" +0.01%
1820.8 ~195.5 0.55 0.89 1626.8 0.66
Sohyeon . yigon 4gg3.3e +0.01 +0.01% +105.2% +0.01"
1918.3 ~349.1 0.55 0.90 1732.6 0.68
Aerwul +55.4° +30.3" +0.01 +0.00° +43.7° +0.01%"

Alkaline steeping

1910.3 ~9299.5 0.54 0.89 1693.7 0.64
Gumsung ¢ e +105.2 +0.01" +0.01° +60.4° +0.01°
1617.7 ~929.8 0.55 0.90 1457.3 0.66
Dahyeon +85.4° +140.2 +0.00™ +0.01% +73.8¢ +0.01°
1771.9 —344.1 0.54 0.89 1585.0 0.64
Sohyeon +87.4° +81.3 +0.01° +0.01 +75.8° +0.01°
1910.6 —9224.1 0.56 0.90 1727.0 0.67
Aerwul +90.3" +109.6" +0.01° +0.00° +78.1° +0.00°
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Table 1—1—20. Moisture and dietary fiber contents of mung bean hull from four

different Korean varieties

Moisture contents (%) Dietary fiber (%)

Mung bean hull

87.11+1.01%

1.7440.06""

Gumsung

2.67£0.41° 84.42+0.92°

Dahyeon

88.47+0.05%

1.70£0.05"

Sohyeon

85.92+0.16"

3.15+0.07°

Aerwul

UValues with different superscripts in the same column are significantly

different at p<0.05
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Table 1—1—21. Hunter L, a, and b values of mung bean hull powder with different

varieties

Mung bean hull L a b AE
Gumsung 63.2040.09°  —1.12+0.06°  17.974£0.13°  38.21%0.07¢
Dahyeon 58.56+0.46¢ 0.01£0.06* 18.40+0.23"  42.5240.33"
Sohyeon 61.88+0.13"  —1.68+0.10°  18.26+0.64"  39.54+0.29°
Aerwul 60.08+£0.10°  —0.83%£0.04"  18.53%0.25" 41.2340.20
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T Ad FEE0 FE2RY g dopr ] Q) 5 T FEE2] 400-700
EE 0.5 nm 92 203 A3 Fig. 1-1-17, 1-1-183F 24t} 80%
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Fig. 1-1—17. Absorbance of chlorophyll

room temperature

of 80% EtOH extracted mung bean hull at
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Fig. 1—-1—18. Absorbance of chlorophyll of 80% EtOH extracted by heating from

mung bean hull

Table 1—1—22. Absorbance of chlorophyll a and b of mung bean hull extracts

Mung bean hull extract

absorbance at

646.8 nm 663.8 nm
80% EtOH by heating
Gumsung 0.2140.00° 0.20+0.00°
Dahyeon 0.19£0.00° 0.16%+0.00°
Sohyeon 0.49+0.01° 0.34+0.01°
Aerwul 0.2140.00° 0.1940.00°
80% Ethanol at room temp.
Gumsung 0.01£0.00" 0.01£0.00
Dahyeon 0.02£0.00° 0.01£0.00
Sohyeon 0.0140.00 0.01£0.00
Aerwul 0.0240.00° 0.0140.00




(4) F= THE st &4

7}. Total phenolic content

F= Wyl A gallic acid =4 st 55 A FE5E9 F A=A 3}
FES ket A3 Table 1-1-239) Fig. 1-1-199] YeRH St DPPH )z A&
15 0% Yehl= 3kt 245 9ot 583 A 9 el T HsA T

.

< 80% EtOH=E 719 F=3% 57 A4 F==0l Hlsto] 80% &&= AF-2ollA 5
=% FEEO] Y 1A%, olF FAA FE2E7F dE54 e 20 d%s F
= 2 FER #Agle] AdsTF Ad &
<9 100 mL 9 3.17 mg gallic acid/g
mung bean hull, =oA F=E3 FE=E 4F 20.55 mg gallic acid/g mung
bean hullZ 7Fg EUTh Jin et al. (2010) 5 A7+ Ay =2 2% 5+ F=
o T dlu el 1186-1493 pg/g= HEbR L akQlth B3F S.A Marathe et
al. (2011) ¢ A7 wet T3 Z=9] HA=dFES low (<1.0 mg GAE/g),
moderate (1.0—2.0 mg GAE/g), high (>2.0 mg GAE/g) & ®F3hd, Wolul&, o

W, =2 W2 d%e, 559 e, A4 o2 s dEe A

adry

N, O

ﬂJ

a8y gF 52 =2 A=d%S YEMYA Y. SR kanatt et al (2011) Sol W=
9 == = 5 o & =~ o o o
W, oleld FEEel Audde P FEUF v e AL AT Ak
oz Wl
Total phenolic content of 80% EtOH extracted by 25 - Total phenolic content of 80% EtOH extracted
= 354 heating from mung bean hull = mung bean hull at room temperature
= =
5 £ 20
a |5}
a 25 4
g g
5 5 § 15 -
E E
an an
F 151 3 10 |
: :
g 1 2
® 05 - o e
ap an
E d E
4] T T T 0 - : : :
Gumsung  Dahyeon  Sohyeon Aerwul Caig Dal o M AsE

Fig. 1—-1—-19. Total phenolic contents of mung bean hull extracts with different
extracting temperature compared to gallic acid



Table 1—1—23. Total phenolic and flavonoid contents of mung bean hull extracts
from different varieties

Total phenolic content Total flavonoid content
Mung bean hull extract mg gallic acid/g mung g quercetin/g mung
bean hull bean hull
80% EtOH by heating
Gumsung 2.46+0.01° 0.0240.00°
Dahyeon 1.75+0.10° 0.01£0.00°
Sohyeon 3.17£0.00° 0.03£0.00%
Aerwul 2.47+0.11° 0.0240.00°
80% ethanol at room temp.
Gumsung 17.2240.12° 0.13%0.01°
Dahyeon 11.45+0.05¢ 0.0940.00°
Sohyeon 20.55%+0.12% 0.19+0.00?
Aerwul 16.36+0.17° 0.1440.00"

Y. Total flavonoid content
Z ZelR o= Fuke Table 1-1-23%} Fig. 1-1-200 YERARITE & Zeln e
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Fig. 1—-1—20. Total flavonoid contents of mung bean hull extracts by different
extracting temperature using quercetin as control

t}. DPPH radical scavenging activity
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Table 1—1—24. DPPH radical scavenging activity effects of mung bean hull extracts

Mung bean hull extract DPPH radical scavenging activity effect (%)
80% EtOH by heating
Gumsung 69.55+0.38
Dahyeon 68.08%+0.06
Sohyeon 68.04%+3.54
Aerwul 70.45%+0.63
80% Ethanol at room temp.
Gumsung 72.23£2.27%
Dahyeon 63.71+0.19"
Sohyeon 75.36%£0.88"
Aerwul 64.51+1.58"
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Fig. 1-1—-20. DPPH radical scavenging activity of mung bean hull extracts by

different extracting conditions; 80% EtOH extracts at room temperature(GE, DE, SE

and EE) and by refluxing using soxhlet apparatus (GR, DR, SR and ER) compared

using control as Vitamin C

D e byalues  are significantly different with same extracting conditions at

p<0.05 by Duncan's multiple range test.

2 Significantly different between 80% EtOH extracts at room temperature

and by refluxing using soxhlet apparatus by t—test (*:p<0.05)

VitC: 0.01% Vitamin C

GE: 80% EtOH extracts at room temperature from Geumsung mungbean hull

DE: 80% EtOH extracts at room temperature from Dahyeon mungbean hull

SE: 80% EtOH extracts at room temperature from Sohyeon mungbean hull

EE: 80% EtOH extracts at room temperature from Eohul mungbean hull

GR: EtOH extracts by refluxing using soxhlet apparatus from Geumsung
mungbean hull

DR: EtOH extracts by refluxing using soxhlet apparatus from Dahyeon
mungbean hull

SE: EtOH extracts by refluxing using soxhlet apparatus from Sohyeon
mungbean hull

ER: EtOH extracts by refluxing using soxhlet apparatus from FEohul
mungbean hull



2}. ABTSs radical scavenging activity
ABTs #H1Z 27%2 Fig. 1-1-213 ity DPPH o) 275 FAFSH
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Fig. 1-1-21. ABTs radical scavenging activity of mung bean hull extracts by
different extracting conditions; 80% EtOH extracts at room temperature(GE, DE, SE
and EE) and by refluxing using soxhlet apparatus (GR, DR, SR and ER) compared
using control as Vitamin C

D2 byalues  are significantly different with same extracting conditions at
p<0.05 by Duncan's multiple range test.
2 Significantly different between 80% EtOH extracts at room temperature

and by refluxing using soxhlet apparatus by t—test (*:p<0.05)



VitC: 0.01% Vitamin C

GE: 80% EtOH extracts at room temperature from Geumsung mungbean hull

DE: 80% EtOH extracts at room temperature from Dahyeon mungbean hull

SE: 80% EtOH extracts at room temperature from Sohyeon mungbean hull

EE: 80% EtOH extracts at room temperature from Eohul mungbean hull

GR: EtOH extracts by refluxing using soxhlet apparatus from Geumsung
mungbean hull

DR: EtOH extracts by refluxing using soxhlet apparatus from Dahyeon
mungbean hull

SE: EtOH extracts by refluxing using soxhlet apparatus from Sohyeon
mungbean hull

ER: EtOH extracts by refluxing using soxhlet apparatus from FEohul

mungbean hull

BHT/¢ mung bean hull WA YERSI, Ao A Z%E]T"‘P FEE2
19.90—20.97 mg BHT/g mung bean hull® T %<& W E YEelAt. DPPHS}F

ABTs &% 2AGSH fFASHA of& #52 87 FFEN4 9.36 mg BHT/g
mung bean hullZ T2 FFol WA £ A BAa, Ao AR

= 238 ¥£59] 21.15 mg BHT/g mung bean hull® 2 3Id8S YeERS
PhaselousZ:ol £3h+= ‘:‘27} glycines°ll &3t TRET g o] £ HEs
Hol&=H, 70% ethanol® FE3% HFFE=9 100 ug/ul® 700 nmol|A 9] F3%
= 0.11872 & T/ % oﬂ HljA e gkl e S Bt (Nam SH & Kang MY
2003). BF{ FEFES oE FFo] U FF HlalA 4 =2 FAkst vHE 1
Rz, g E Aol e Ayt dojA= Zo R nFo] Hol of & ZHA ] 4t
st 715& 7H 240l 7FEA e s A RS & AUTH
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Fig. 1-1-22. Reducing power of mung bean hull extracts by different extracting
conditions; 80% EtOH extracts at room temperature(GE, DE, SE and EE) and by
refluxing using soxhlet apparatus (GR, DR, SR and ER) compared using control as
Vitamin C
D2 byalues  are significantly different with same extracting conditions at
p<0.05 by Duncan's multiple range test.
2 Significantly different between 80% EtOH extracts at room temperature
and by refluxing using soxhlet apparatus by t—test (*:p<0.05)
VitC: 0.01% Vitamin C
GE: 80% EtOH extracts at room temperature from Geumsung mungbean hull
DE: 80% EtOH extracts at room temperature from Dahyeon mungbean hull
SE: 80% EtOH extracts at room temperature from Sohyeon mungbean hull
EE: 80% EtOH extracts at room temperature from Eohul mungbean hull
GR: EtOH extracts by refluxing using soxhlet apparatus from Geumsung
mungbean hull
DR: EtOH extracts by refluxing using soxhlet apparatus from Dahyeon
mungbean hull
SE: EtOH extracts by refluxing using soxhlet apparatus from Sohyeon
mungbean hull
ER: EtOH extracts by refluxing using soxhlet apparatus from FEohul

mungbean hull
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Fig. 1-1—-25. X—ray diffraction patterns of mung bean starch gels
A: Geumsung, B: Dahyeon, C: Sohyeon, D: Eohul
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Fig. 1—1—26. Scanning electron microphotographs of whole mung

bean grain powders (X1000)
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Fig. 1—1—27. Scanning electron microscopy of mung bean starch gels prepared

Geumsung, Dahyeon, Sohyeon, and Eohul stored for 0 day (A), 7 days at 4C (B),
and reheated after 7 days at 4°C (C) (scale bar = 100 pum)
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Fig. 1-1-28. X—ray diffraction patterns of mung bean starch gels
A: Geumsung mung bean starch gel

. Dahyeon mung bean starch gel
. Sohyeon mung bean starch gel
. Eohul mung bean starch gel
: Geumsung mung bean starch gel stored at 4C for 7 days

Dahyeon mung bean starch gel stored at 4°C for 7 days
: Sohyeon mung bean starch gel stored at 4°C for 7 days

: Eohul mung bean starch gel stored at 4C for 7 days

Geumsung mung bean starch gel reheated after 7 days stored at 4C
Dahyeon mung bean starch gel reheated after 7 days stored at 4TC
: Sohyeon mung bean starch gel reheated after 7 days stored at 4C
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: Eohul mung bean starch gel reheated after 7 days stored at 4C
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Table 1—-1-25.
purification methods based on 12% moisture content

General compositions

of mung

bean starches

with different

Ash content

Crude protein

Crude lipid

Total dietary

Sample (%) content (%) content (%) fiber starch

content (%)
SDEA 0.15+0.01° 0.2040.01° 0.1240.00 4.4140.13°
SDEW 0.1340.03° 0.5740.00¢ 0.13£0.05 6.13+0.13°
SWEA 0.2340.04° 0.22£0.00° 0.17+0.02 4.5540.04°
SWEW 0.26+0.01° 0.42£0.00" 0.19£0.08 6.4240.03°
SDCW 0.33£0.04¢ 1.7940.01¢ 0.1840.02 5.60£0.45"
SWCW 0.36£0.02¢ 2.83+0.03° 0.16%0.02 8.38%0.15¢

Fach value represents meanxSD.

““IQuperscripts in the same column with different letters are significantly different
(p<0.05) by Duncan's multiple range test.

SDEA Starch from dehulled Eohul mung bean by alkaline steeping method

SDEW Starch from dehulled Eohul mung bean by water extraction method
SWEA Starch from whole Eohul mung bean by alkaline steeping method

SWEW Starch from whole Eohul mung bean by water extraction method
SDCW Starch from dehulled Chinesel mung bean by water extraction method
SWCW Starch from whole Chinese mung bean by water extraction method

57 Ao M= Table 1-1-263 2oh. M =9] Lk WX (lightness), tagh->
A A= /= A (redness/greenness), bt A /A AT (yvellowness/blueness)
S 9vlety FElE Ao L, a¢t bgk> EF xolE Ho FoHolurt. SDEAS}
SDEW7}F Lk 3L a$h bé] grol B4 gkt SDEASH vlw S wf SDEWE]
ZHAE)7F 78 w2 #hs Bl AR EEg A8 Tl dFEg=E E9g
SWEA©°] SWEWH.t} Lgko] il a, bgto] wtom gz #2g dito] ¢ st
kMo 7M7hEs o AAT. THAE H5F= SWCWe Like]l 7Hg wtar bgte] 7}
ool ML 7 & AbolE BT ] AR e LA EE EE

pgol W Aol S wol HEARS o gau & u Ho] et
%
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44 7, B g
B e A sk Aol whgrd @ Rlow 47HYl



Table 1—1—-26. Hunter L, a, b values of mung bean starches with different
purification methods

Color values”

Samples

L a b AE
SDEA 93.284008"  —1.71%£0.03"  6.43%0.03° 0
SDEW 94.0840.07°  —1.35%£0.02°  5.46%0.05' 1.234
SWEA 93.15+0.11"  —3.5440.04° 10.94+0.11° 2.873
SWEW 91.23£0.03°  —3.76£0.02"  12.4440.06" 3.546
SDCW 91.10+0.13°  —0.66%0.05  9.05%0.05° 2.334
SWCW 80.70£0.06° —1.25+0.02° 12.7740.02° 5.835

Fach value represents meanxSD.

UL (lightness), +a (redness/greeness), £b (yellowness/blueness), and AE= (AL®+Aa’+
AbZ)l/Z

a“dSuperscripts in  the same column with different letters are significantly
different(p<0.05) by Duncan's multiple range test.

Table 25 for abbreviation.

delet =2 weE A X-A e 2 Fig. 1-1-299F 2oh. 724 4
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& WA S & 5 M3Ih Choi EJ¥ Oh MS(2001) % Aol me =5
Ao} w3l 54 Walel A A AR 20=15.2°, 17.2°, 17.9°, 23.3°¢ A4 23 =g
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Fig. 1-1—-29. X—ray diffraction patterns of mung bean starches.

A, B, C, D, E, and F mean SDEA, SDEW, SWEA, SWEW, SDCW, and SWCW.

Table 1 for abbreviation.

0
il
T
o

—~

2t FARA dArF e ol &

AL 1,00081¢] Hj

E
=

o ez

o F7he

7} Fig. 1-1-3037} #<kr},

PApe] 277 ==

F1o] 9l

o] %= membrane FEE Z

Hg o= dEdxtel =7]17F 2k

823

o]

el

g

TR

2012).

=
[e)

# 4 2 th(Hongsprabhas P$} Israkarn K 2008, Park SJ

or
=

e Aow

J|



— 10pm CCRF 8/20/2012 10pm CCRF
X 1,000 15.0kV SEI  IM WD 8. Onm X 2,000 15.0kV SEI M

SDCW>1000 SDCW>2000

NN 10pm CCRF 8/20/2012 1
X 1,000 15.0kV SET  IM WD 8.0mm

10pm CCRF
X 2,000 15.0kV SEI __IM

SWCW>1000 SWCW>2000

Fig. 1—-1—30. Scanning electron microphotographs of mung bean starches
Table 25 for abbreviation.
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2 AESAS uw 70CoAA 16.7%, 80CoA 31.9%, 90T A 37.8%, 95T A
43.6% % Biste] W AT Avnc) ¥ ghe ngloh

Table 1—1—27. Water binding capacities, apparent amylose content, total dietary
fiber starch contents of mung bean starches

Water binding Apparent amylose Swelling power at Solubility at

Sample capacity (%) content (%) 85C (g/g) 85C (%)
SDEA 103.73+2.16" 37.76£0.21° 13.66%0.30 15.9340.03°
SDEW 113.62+3.16° 38.67£0.17° 13.77+0.25 15.56+0.13°
SWEA 97.46+2.05° 37.06+0.74° 12.89+0.19 16.50+0.29¢
SWEW 95.1840.60° 39.03+0.17° 14.3040.32 15.68+0.29°
SDCW 152.9642.70° 32.74£0.34° 14.93+0.64 14.66+0.05"
SWCW  156.37+3.72¢ 31.57+1.13° 13.63+0.28 13.2540.22°

Fach value represents meanxSD.

““Superscripts in the same column with different letters are significantly
different(p<0.05) by Duncan's multiple range test.

Table 25 for abbreviation.

33 =
A7lel ot 55 M SsdS vludg T ZERY gk 55
A& 337fA %9 peak, trough, cold viscosity®} breakdown % setback
viscosity gt Table 1-1-28¢ AAJst 2ap/ix 2k, A=, HAAHE, 4
ZFH %2, breakdown = Hitol] whel o2l Apol & H AT Ayetal =
ek A& IspPiA2ErE 7HE mokem yUmA= & AolE HolA %
gk

.
55
=

P ak w5 A 9] 318 = (peak viscosity, P)& 54 H =R ¢ =940
EZ FE3 Aol dZ4gE Y3 AERT 2 Hiu JAEE Ry YA HE
(cold viscosity, C)&= A3 5F2HEH F23 Ao 44 A 55245 22
AERT %3 53] A9 5F25E FEg Ao YA s JuHd e} v
SIRAIRE AAA HFE2RY f8sh A& BT SolA = AeS Bt & WA
Ao S717F 3 A2 A JAgd gd3Fs & A= AU s34 5575 344
e Agle] AAA R W& HAEE Yoy 5 WAH Y el
oAttt HuH =9 H A E(trough viscosity, T)2] zFe]E vER = breakdown

viscosityw Al HFAE0] TR A4 E=9kom A Uit SR
w8 uwg} g 22 FEI9S W o & 32 YERIY total setback
viscosity: ol xFo] 7} glo] 129.8—158.3 RVURE AAx| v Eajukyo] o3k z}o]7}



AUt AFEo] 7t w ofdR e~V §EH Yo
THE7 FoH 53519 Foll §EH ofdERe A~ 3%01
AN HETt molA &= HoZ o5 5 gty 55 o}
5 ek dddtel ofa WA wf 15 72l A
Aoz A Q) S FEE ofdEAR LS opUEz
o= A% As wE F 9o 7HE Fo AR 53}
T A EAS A5 7 As FeE AAHATH

E—HWFW

%7k 577 Wl
A AgE ARQYATL
QY HeF oz
22 % 94T+ de
2 WEds YR A
A Wk whselxl A

Table 1—1—28. Pasting properties of mung bean starches by Rapid Visco Analyzer

Initial Viscosity (RVU)

Sample pasting Peak (P) T b (T) Cold (C) Breakdown Setback

o ca rou (6]

temp (C) g (P-T) (C-T)

SDEA  75.95+0.07°  455.5+0.4° 293.840.4® 452.242.0° 161.7+4.3° 158.3+2.4

b . 350.9163.6 . .
SDEW  74.740.71 477.4+2.1 . 480.7£17.9° 176.5+9.2 129.8+45.7
SWEA  75.03+0.04" 457.3+0.4° 288.6+0.8" 434.1+1.3" 168.7+0.4% 145.542.1
SWEW  75.15+0.00" 466.9£0.1" 298.74£0.5® 434.3+2.1"> 168.2+0.5®  135.6+2.7
SDCW  75.1340.05° 388.0+1.7¢ 252.7+1.3° 397.1+0.6° 135.340.4° 144.5+0.7
SWCW  74.2340.04™ 351.040.5° 238.4+1.8" 386.6+3.8° 112.6+1.3¢ 148.2+2.1

Fach value represents meanxSD.

““dSuperscript in the same column with different letters are significantly different
(p<0.05) by Duncan's multiple range test.

Table 25 for abbreviation.
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Fig. 1-1-31. Shape of mung bean starch gels prepared from domestic and
Chinese mung bean with different purification methods and stored 0 day and for 4
day at 4C.
Mung bean starch gels prepared from SDEA, SDEW, SWEA, SWEW, SDCW, and
SWCW stored 0 day (A~F) and for 4 day at 4°C(a~f). Table 1 for abbreviation.

(p<0.05). xib_ %%1 zﬂ—l% Ao Lk 35.
S, SWCW= WH=

o= g Aol 7H ‘;%O}Otﬂ b%)fo 7Mfﬂ %IH LEAR R THE
S e By 53 SWCW=E 7HE 22 a9} bo] gho] 25 ko] gk
T =2 s Bl A dEAS RS SRUS HolBE Lito] EF S
sglom a e BT &9 #toz 74 a bats: Akl agke] 2ol 7} o

i

¢

Atk AR Ao MR 2ol §oish YA we ol B wol BE FEF ARO
2 T8 B 4} Ron ANE AL A} AT, A A AL Yro2 U
EoAe gudes 2 42 gt 53 FaA 55 g4 A ARG AR

£ AL e 53R A us 2 Aol E gtk



Table 1—-1—29. Hunter L, a, b values of mung bean starch gels

Color  values

Sample 0 day Stored for 4 days at 4C
L a b AE L a b AE
SDEA  38.3£0.2° —2.0£0.2> -9.240.2° 0 63.441.3° —3.74£0.1° —10.7+0.5¢ 0

SDEW 40.640.1° —1.8+0.0° -10.4+0.1° 2.08 63.741.3° —3.440.1" -11.74£05° 1.06

SWEA 38.7+£0.4° —2.840.0° —8.740.2° 1.14 63.0£1.4° —4.6+0.3° -8.8+0.6° 1.66

SWEW  39.1£0.0% —2.940.0* =-6.6%0.1° 2.02 61.0%0.8"° —5.0%0.1° -7.2£0.6" 2.70

SDCW  42.0£0.1" —-2.0£0.0° -7.140.1" 2.63 63.1£0.7* —3.740.1° -7.240.4> 2.31

SWCW  35.6%0.1° 0.140.1¢ 4.540.2f 5.84  53.4£0.9° -2.9£0.1° 4.4£0.4° 6.90

Fach value represents mean®SD.

Mean values in the same column with different letters are significantly different
(p<0.05) by Duncan's multiple range test.

UL (lightness), +a (redness/greeness), £b (yellowness/blueness), and AE= (AL®+Aa’+
AbZ)l/Z

Table 25 for abbreviation.
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Adays at 4C SWCWX500

0day SWCWx500

Fig. 1-1—32. Inner structure of mung bean starch gels prepared from domestic and
Chinese mung bean with different purification methods and stored 0 day and for 4
days at 4C

Mung bean starch gels prepared from SDEA, SDEW, SWEA, SWEW, SDCW, and
SWCW stored 0 day and for 4 day at 4°C. Table 25 for abbreviation.

2 SFAE de "g2x
Ak eh el el W S5 AS 2¥ 4Aste] TPA(texture profile
analysis) 258 %k o] Aol wE ¥ 2x A= Table 1-1-299 . A
vl ~ 2= ZX(hardness), EHAd(springiness), %A (cohesiveness), A

(gumminess) ¥} 3]E 2 (resilience) &2 UJEIY AT AR AL A% dd =
I AEet A IEHS FoHS zolE BT AR AEA =2 =3
R

g =TATOR BE Ao g ¥ gk 544.81 g RAOH BHA 1



yste] 22 FET AR wE o] U2 g BEAY. =AY A Ay et
B2 FEY AR0R VE A ARt v 2 g wol Rl ue 43S
g2/ btk g3 S L 0.96-0.999F 0.85-0.86 22 2| A7F gl A
e Amsh e AFS BAN ABYS ANG FHN AROE VE AR o]
0.630.2 =% Mg Fol= 7 sttt

YFemel A 497 Ak Ak A 4u) 3% FAEEoH wae 2 ws
7F ot Sdde] skl E5#2 0.51-0.572 AT Fo] Ay A
HaAt B PREAoR Jud ¢ Qi ol ERHow Fudon ey
5|38 0] e Bol Fdo] $53S ST 4 vk WY AL ARG B
gk A7 A daglel Mg Fow Al ol 554 oA 55 BT S
Age na,

AdAe] g2x s & o =4t ol 5571 T4 S5EY Fon ey
A B3 5 ALgele] ATRTE BR FE3E g0l § & JoE A7
HA. A 552 A 55 vlE] dEAS Y o FES WA T
AnEE AR ) B2 3E velshs o]l AR WA suee fAe] 5T
AdAds AxT e o F2 UHos AA4EAn. I5E A7 53] 59 &
53¢k 57421 bending property®= WER 4 9low & A xstr] ¢ A g
S deEste o3 A o) e AzhEgic,

Table 1—1-29. Instrumental properties of mung bean by texture analyzer
Sample Hardness Springiness Cohesiveness Gumminess Resilience
SDEA 505.47+1.63" 0.99%0.00 0.86%=0.02 434.93+9.77° 0.66+0.02®
SDEW 482.45+2.40° 0.97%£0.02 0.85%0.01 411.00£2.75°¢ 0.65+0.00®
1 SWEA 505.30%4.34° 0.97%0.00 0.86%0.01 433.0240.60" 0.67£0.00%
day SWEW 544.81+2.71% 0.96x0.02 0.85%0.01 462.91+4.73% 0.67£0.02%
SDCW 398.05+5.66¢ 0.96+0.01 0.85%0.00 339.23+3.77¢ 0.63+0.00°
SWCW 357.44+2.48° 0.97%0.00 0.86%0.01 305.91£3.20° 0.66+0.02®
SDEA  2051.24+2.97°  0.96+0.01 0.62+0.08"  1266.82+159.06° 0.51£0.02"
SDEW  1994.29+28.13° 0.96%0.00 0.714+0.02% 1422.42425.42"  0.5340.01"
4 SWEA  1985.58+6.51° 0.96%0.01 0.78+0.00% 554.24+8.97® 0.57£0.00*
days SWEW 2094.09+3.57¢ 0.96%0.00 0.78%+0.01% 1622.33+15.54% 0.56+0.00%
SDCW  1585.24+17.75¢ 0.96%0.01 0.714£0.05" 1117.16+73.26¢ 0.50%0.01°
SWCW  1473.04+2.02° 0.96%0.01 0.76+0.02% 1112.64+25.59¢ 0.54+0.01°

FEach value represents mean®SD.

Mean values in the same column with different letters are significantly

different(P<0.05) by Duncan's multiple range test.
Table 25 for abbreviation.
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Fig. 1-1-33. X-ray diffraction patterns of mung bean starch gel powders prepared
from domestic and Chinese mung bean with different purification methods and
stored 0 day and for 4 days at 4C

A, B, C, D, E, and F were made from starch gels prepared from SDEA, SDEW,
SWEA, SWEW, SDCW, and SWCW, respectively. Table 25 for abbreviation.
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shek & Table 1-1-30% 2kt E5F2HE 23 55
L 1049%9 3 AYETFZRE B3 =% AE(DMS)E
9.79% % 141 Aol b AT, M kS WMS7} 3.63% % DMS 2.79%]
A Fol Ao 2 g UErAT 2 A9 AF=Park ST 5(2012)9 vy

E

FE< 7T ABE 100 mesh®t 200 mesh A& FHste] A& S WY
ol oheF 0.47% 1K %2 A3k Chung KM 5-(2000) ] wP HodeEe
92 gl Agetal JoeHA HiE 72 e E E3E dvar &
Rom HAFE JAF el AgdEo] = duido] okzbe] X o) Kol HdiE
JA7F sk Eeldvta sialth. wek SR B EE SR U AdRs
S e AAE 55 dEET 52 9id s aete AS ¢ 7 A, 53
meshel ]3] 1 #8 HLol JFES TE F ASE & T AAUT I FS
WMS 0.52%, DMS 0.50%°] a1, 244 3 WMS 0.24%, DMS 0.16% % 9] 4

A Apel= fASlH

Table 1—-1—30. Compositional analysis of different mung bean starches

WMS DMS
Moisture content (%) 10.4940.09 9.7940.25"
Crude protein (%) 3.6310.06 2.7940.05
Ash (%) 0.524+0.01 0.50+£0.01
Crude lipid (%) 0.24+0.03 0.16+0.00

Data represents mean=£SD.

v Significantly different between the WMS and DMS by t—test (*:p<0.05)
WMS: Whole mung bean starch

DMS: Dehulled mung bean starch

A 54 23 Table 1-1-31°l A&kl Ao ¢ 5l uhel

™ =

ot

(Lightness, L), Z—1/5‘1411:_/*5'%/5‘1L:_(redness/greenness, ta), SHAE/ANE
(yellowness/blueness, £b), AE #to] F24<1 zle]lE UERAATE HEQ] Lk
WMS7F 76.25, DMS7}F 89.45% ZAo] gl AEo] Fodo=w ¢ ¥ S e

We oF 4= du}, =% AR HMT/=AT 7k WMSZF —1.10, DMS 0.11%
DMS7} &2 Z*,Qi =3 WMS7F ¥ 5218 YEPH S & 4 A S/ A
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T2 YJEhyE 4b 3k WMSZF 15.38, DMS7} 8.252 WMS7F DMSE.t} -2 4
o2 ¢ s YHERES & ¢ AT HAgs V|Eoe R o wjo] A o]z Al
22 e E AE 2t (Park SJ 5 2011), WMS 25.81, DMS 11.192 A& A g
Al AASl el mebA MA7F s & T AU

Table 1—1—31. Hunter L, a, and b values of different mung bean starch

WMS DMS
L 76.25%0.11 89.45+0.21°"
a —1.10%0.02 0.114£0.04
b 15.38%0.05 8.254+0.24
AE 25.81£0.11 11.1940.32°
Data represents mean=£SD.
L, *a, +h, and AE mean lightness, redness/greenness,

yellowness/blueness, and color difference, respectively.

v Significantly different between the WMS and DMS by t—test (*:p<0.05)
WMS: Whole mung bean starch

DMS: Dehulled mung bean starch

ol

=5 AR X—4A Fdx Pde Fig. 1-1-349F Z3ih
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Fig. 1-1—-34. X—ray diffraction patterns of mung bean starches
A: WMS, Whole mung bean starch
B: DMS, Dehulled mung bean starch
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g0 X=A s A=Y T FF wE Zol7f o, Ao 4%t g4
o= s WS 4 dttal & th(Sandhu KS & Lim ST 2008, Chung HJ &

X S

= Fig. 139 AtellA E‘:‘r/\M A kel FAL
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Table 1—1—32. Physicochemical properties of mung bean starches

WMS DMS
Total starch (%) 77.79£0.12 82.18+0.52""
Apparent amylose content (%) 32.42+1.02 33.09£0.95
Total dietary fiber content (%) 11.94£0.36 8.71+0.28"
Water binding capacity (%) 187.41+2.55 169.80+4.17"
Swelling power at 80C (g/g) 8.74%0.08 8.68+0.14
Solubility at 80C (%) 13.19%£0.07 12.24£0.05"

Data represents mean=£SD.

v Significantly different between the WMS and DMS by t—test (*:p<0.05)

WMS: Whole mung bean starch

DMS: Dehulled mung bean starch
D % AL, 2wy ofdzes FH3 F Holdd B
I AR = HE IS WMS 77.79%, DMS 82.18% % DMS7} o)A o2 &=
< s UERAT F A o] A U2 AL 5& ol &g A F8 #HHd
A A" T & Zdo] et A EE A %] wiEel™, WMSTF
DMSHU e Af gFS Hol= AL AE e Al 23 =5 gdo 93lo]

=
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Atk Fw7] opd & 2 ek WMS7F 32.42%, DMS7} 33.09% % 9] 491 A}e]
i+ $121th Hoover R 5(1997)¢] =57 A& d7tol wh=w el A3 55 A3
o] AW7] opdZ O~ 3L 39 8% UL F YR AE 453%2 H AT 2
Hrp 2 ghs Bom, Li S 5(2011)2 29.7%, Sandhu KS & Lim ST(2008)&
31.6%%= HaHQdth obdE e~ e A= FHFE ol&ste] e il
Sl 5o 2] LeE7h Sl o] Fol A X obd AR F A ol
S Moz AZbEn Al glojA ofd R e s FrEFo]l S EFE o] AT
ol 7hdd 2ate] Hwrh P sk o A marek 22 AbdA o] gl A3

AL 3tH(Liu W & Shen Q 2007). M Ae] glxx &= 7t Fol &5 U
ofd w0 2 Fpekut EA] JFS wom, AE Ao Pt ofdr e 4
e BA7F Ak s tH(Lee SK & Shin MS 1996). WMS$} DMS9] o= 9
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= AR = AolAF FHLS WMSE 11.94%, DMSE 8.71% %2 WMS7}
ol og 2oldf shafo]l ¢ oL ol T AR A9 Aol df kol
84.42-88.47% R & kS Hol=d, WMSE A ZF Ao 5 A2 o] =
7] W&o DMSEU %2 &S Ha, A8 Az A AHE 3/ o] &
OO o
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A% S AHEe] i AR 7 de 58S UEie ARE, o] o
AYdH = 52 &Yl AFHAY A g¥e FARETAL Balk o] glow
(Halick JV & Kelly VI 1959), A& JAZ Fdte HAoA 4T} Fold4=
= A% 0] mokx = Ao R 4l dtk(Jeong SH 2011). =55 Ao = 2%
598 & AolAf duko] & WMS7F DMSKE.UF 187.41%, 169.80% %2 Ho] & o=
o %8 S YEudyl. o] Choo NY & Rhe HS(1989)9] &% A& &
& 59 185.1%9 FAFEE AT 2 A A3E WMS7F o 52 FEEFTEHS
2 Ao R BHifEo] ¢ & Aow B HYFO Bz EAo 9IS nA
Ao B3l
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o
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Lo
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83 e 259 Walel APHor Aye] da, =7 F7He
I} S % gro] Z7lsle EAS /1A At Liu W & Shen Q 2007).
E] A Astd AES g A3

Ishe A AGYEE o 4

Mo 2
|

to 2

)]
2%
(Choo NY & Rhe HS 1989).

L B 80TCo|Ae WEHLS WMS7F 8.74 g/go] i, DMS7} 8.68 g/g= &
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o ME FoAl ol EAEHA L, {3 EE WMS 13.19%, DMS 12.24% =
WMS7F f94d oz =4 vepgt, die] Aags) Saes dE Ao 243

P A& Abse] FAEY e Ao AV|E #Hrlehe SR, olE A2
ofUR O ~-AHd BFAY et Bx UEST A7), old2AY B} 2 T o}

A2 Qo ol gdAE o] EXo ost kS Wh=t}(Hoover R & Ratnayake WS

2002, Li W % 2011). Hoover R 5(1998)°] M2 557 df o2 3 it

Hlslo] ofd =l el AL&o] AA Y Fato] o AshAl dAdHo oA & F3 A

of wjste] WH-= gto] =A eI 513l ot S g R A
=]

i
o,
il

viscosity, trough viscosity, cold viscosity2}t breakdown(P—T) viscosity %
setback(s—T) viscosity #t< Table 33| YEMN AT}

5 AR 33 A REE 76.75TC, 76.14CTE M 2+ Fo A Aols 1
o] A gFokrh. A = (P)= WMS7} 306.36 RVU, DMS7} 345.79 RVUR DMS7}
oH oz L s YeEAaL, HAAHE(T)E 215.44 RVU, 208.52 RVUE 9] 4
9 Aol g hEhhA keh AR w}w ArE QAR AR 949 58k JEst
o] gaol el SEsi, Aol A GEoh UG WYL oEo s 9
7} DP 13—249} DP 37 o]/ OF’E‘EJ—*J‘% AbE ZEA Ol oA g dFe Wethal )
R tH(Ahmed J 2012). =5 HE9 opd 20 ghefo] Hlzehd] HuHdwrt vtod
ofd =AY 3} o] 71 Ak&o] & HIES 7HA7] wEolgtaL s tt(Jayakody L &
2007, Tan HZ % 2009). WMS®} DMS+= o} 2 Q2 ghafol] xfo] 7} EAjatA] eko
R, 747} 7&%01 T = obE R Q2 FAEI Y AbE o], H5F A o3k g
of ztolE Kol Aom Az, W¥AHRE(C)= 369.61 RVU, 402.36 RVU=
DMS7h #9402 %& @< Uehhoirh B3 RVA H% st SR04 HAngn
(P)st AARE=(T)O AtololH, AEUA7E doll ola] TH¥= A=E YEl=
breakdown Viscosity k2 WMSZF 90.92 RVU, DMS7}F 137.27 RVUZE 9%l
zfol S WAL o]F Fal DMS7F &l old] w3 H= =7 WMSEY ¥ 55 ¢
T A ‘/§7—| o ALVt Asste A5 YER = setback viscosity ab2 As}H
oF AR &l wslets Aol Q] 154.17 RVUS 193.84 RVUE {94 o
= DMS7F A Wt
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Table 1—1-33. Pasting characteristics of different mung

Visco Analyzer

bean starches by Rapid

Mung bean starch WMS DMS

Initial pasting temp (C) 76.75%0.04 76.14+0.44
Peak (P) 306.36+9.42 345.79+11.77""

Trough (T) 215.44+8.49 208.52+25.36

Viscosity
Cold (C) 369.61+£9.08 402.36+18.44"
(RVU)

Breakdown (P—T) 90.92+4.88 137.27+£14.60°

Setback (C—T) 154.174+2.14 193.844+7.20°

Data represents meantSD.
U Significantly different between the WMS and DMS by t—test (*:p<0.05)

WMS: Whole mung bean starch
DMS: Dehulled mung bean starch

Fig.
Analyzer

DMS

WMs

o 12

= nufc Pty | o

1s

1—1-35. Pasting curves of different mung bean starches by Rapid Visco

WMS: Whole mung bean starch, DMS: Dehulled mung bean starch
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= %k 14—25 umo]a, DMSE ¢F 10—-29 um=z YeElgth 2 Z3:= Kim SH §
(2007)°] P_i?‘z} gho| A e 5744 5 AR A7]7F 10-30 pmel Atk 4
7o} A L, Liu W & Shen Q(2007)¢] Hi13k 7.9—31.6 um, Hoover R %

(1998) <] 7.1—26.0 umet = FAREE A3t

DMS (X 1000, X 3000)

Fig. 1-1-36. Scanning electron micrographs of native mungbean starch granules
(1000 X%, 3000 x)

WMS: Whole mung bean starch

DMS: Dehulled mung bean starch
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0 day
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after 4
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WMSG-R4 | DMSG-R4 | WMSG-R4 | DMSG—-R4

Fig. 1-1—37. Shapes of gels prepared from WMS and DMS at different treatment.
WMS: Whole mung bean starch, DMS: Dehulled mung bean starch

@ FEE A&

A 717r0] gl A WMSG, DMSGeF 4TColl A 447 W A3 A WMSG—S4,
DMSG—S4, 4Cell A 447t ¥ Adst £ 100Ce = =l 223 A7FEste] A
Zgk A WMSG—R4, DMSG—R49] ME& SA ¢ A7= Table 1-1-349F &9k, 4
o] M= A% 2T WMSSF DMSS] AS wtee= AR FHd wek 47§94
1 2ol 7} EA) ST

Bk L 452> DMSG7F WMSGel Hlste] A2 Wo] #A}le] Fold o= o H&
s Bt WMSG—S4¢ DMSG—-S49] %= k& Z42F 47.59, 60.772 WMSGS}
DMSGY WMSG—R4¢} DMSG-R4 Xt} 32 kS vfeblar, WMSG—R4¢F DMSG—R4
 36.18, 45.022 WMSGSF DMSGSF frAke B 3hs et AN E/sAae s
Uebf = a gk 94 WMSG—S49F DMSG—S47} —2.07, —3.88% TFE AW T} F9 %
o7 ¢ HAS Yyeds & 5 At WMSG—R49F DMSG—R4+= —0.93, —2.47%
WMSGSF DMSGHT}F frojd o=@ =2 a s eSS o 5 ST FA /A%
£ Y= b #h2 4TCoA 443t AGEe & ol= g, Arrgds
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WMSG—R49} DMSG—R4+= b #ko] 11.099} —4.430.2 {242l 2ol E H It} o)A
Hape] AMzFel AE S WMSG—S49 DMSG—S47F 50.45, 36.58 % thE& | g]of| H
sto] 7Hg A2 A zpolE YERIT AlxE HEES 4CAA AgsdS o L g
I b g2 FolHoR FUFEFAL, a # AE 32 feoldoR AAES & 9l
N1, olE TAl A7tEstE AS Az AF9F FARIAY 2 s BYS &9l
621 2= 01041:}'

TR

Table 1-1—34. Hunter L, a, and b values of different mung bean starch gels at
different treatment condition

Color values
AR
L a b
WMSG 36.13£0.47°" —1.84£0.06°  10.47%0.29" 61.6440.49
WMSG—S4 47.59+0.26°  —2.07+0.05° 10.69+0.25" 50.45%0.29"
WMSG—R4 36.18+£0.33"  —0.93%£0.14*  11.0940.49 61.68+0.33"
DMSG 44.5840.31"%  —2.65+£0.01"° —5.16+0.36" 52.55%0.33"
DMSG—S4 60.77£0.31"  —3.88+0.02 —5.05%0.13" 36.58+0.32"
DMSG—D4 45.02£0.59"  —2.47£0.06" —4.43+0.21* 52.03£0.59*

Data represents meanSD.

D a7Values  with different superscripts in the same column are

significantly different at p<0.05 by Duncan's multiple range test.
2)Significantly different between the WMSG and DMSG by t—test (*:p<0.05)

WMSG: Whole mungbean starch gel

WMSG—S4: Whole mungbean starch gel stored at 4C for 4 days

WMSG—R4: Whole mungbean starch gel reheated after 4 days stored at 4C

DMSG: Dehulled mungbean starch gel

DMSG—S4: Dehulled mungbean starch gel stored at 4C for 4 days

DMSG—R4: Dehulled mungbean starch gel reheated after 4 days stored at

4C

=
S5 A St o A X5 FuHE A 2 wEt FAAE R A &
5 &

kel #ES Ave Fig. 1-1-380l AAISHAT

Al =03 BAglel Ex&H] T vud BT 33 MEYAE A
shoith. WMSGe] DMSGell Hlstel ¥ =3f23h A 725 g4t glen A vE
a9 A7 Al es A depsal, A ES A Atold thEyd F2E YER
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At} Bae KS 5(1984)2] Aol o&hd =5 AL njusd uwfislal vAsty <
3 Ao 22 Uiy, A YEYI Alolo nAdE FXES B B Y E
YH Abole)] AT Eol7bA Zo 7 BWektk, WMSGZF DMSGe H]8te] ©] &

o] &
TEE 25 HEl= A2 i 23d 557 de] A MEYAE JAAT e
oA FEs F7] WElo® H5% gAEE Q] € dasgt 727t AHASE Hoe=
Aztel s 4 AT
Biliaderis CG & Zawistowski J (1990)¢] Ao w2 AP A2 FeHAgstar 3
oA &2 AHlE, AdEt SIS ddelv AZ2As T 724 WIS A
S = 9ltha &gk 4Tl A 4Q97F A4 WMSG—S49F DMSG—S4 Ao =33} A}

&9 Aol ofsA mAFxRe] WEYAZ Msehs &8 = ATk WMSG—-S4
o} DMSG-S49] A HES A= AAMe] failaL, Az 2% vk tad 7271
Arebzl B e S BHol As Ak w9 o] wxurke T4 73] Wt
7F e g A7k 4Tl 447 Agst $of] thA] A7FE g WMSG—R4 ¢}
DMSG—R4E WMSGS DMSGY WMSG—S49F DMSG—S4¢9F A3 th& Y ET +=%
= Yetdglth. Ao JEQ T HAAM-E WMSG—-S48F DMSG—S49l Hs) A= F2 4
oL, U ES A Alolaloof] Az} e NEP FxEo] F7t2 HANSS & F
AALh o5 FaA ATFEsE HAgolA] A Yol UES A FAFo] FtE o
wom A 7 Al Bl A w7k e do] Fbdl 9GS vz o A7tE A
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WMSG—54

WMSG—R4 DMSG—-R4

Fig. 1-1-38. Scanning electron microscopy of mung bean starch gels prepared
WMS and DMS and stored for 0 day, 4 days at 4C, and reheated after 4 days at
4C (scale bar = 100 pm)

WMSG: Whole mungbean starch gel

WMSG—S4: Whole mungbean starch gel stored at 4C for 4 days

WMSG—R4: Whole mungbean starch gel reheated after 4 days stored at 4C

DMSG: Dehulled mungbean starch gel

DMSG—S4: Dehulled mungbean starch gel stored at 4C for 4 days

DMSG—R4: Dehulled mungbean starch gel reheated after 4 days stored at

4C
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803.22 g¢ 892.45 g& TFE A H|glo] FojFow =& 7S W, ArtLE
WMSG—R4, DMSG—R4% 331.20 g, 307.36g%, WMSG$F DMSG 275.47 g%} 263.95
gHTh =2 ghS YERfo] 4Tl A 4d7F Agst Aol AF ol AAA o FwstA
ARE 4 5 AdT WMSG—S4, DMSG—S49F WMSG—R4, DMSG—R4& 2 A%
Aol AbEE o] FFel mel gax] 1o "ﬂm 2ol & WEb I, Park

_1

0J & Kim KO (1988)¢) w=w & A% Ao AR = dgdst A2 935
g9olo g "okt Koh HY & Woo JW (1999)4 Ao W w5 7 Ao 54

2 7D A mE 240 FoAl Wske A= AAE A4
=, WMSG$F DMSG: 37 9 A} 714 Ao wpepa H89] &
Eisith 35S HYS e w ©E A olal AR WEo A dUAE Fete
249 8o Az FAZ7} 0.58, 0.622 7FF =931, DMSG7F WMSGHR.TE 9]
Ao ¥ =L 7S YAt WMSG—S4, DMSG—S4% 0.46, 0.54% 3]¥-2 o]
oA or 22 ghs UEl AL, WMSGeF DMSGE] &d 4 Oﬂﬂl 3|52 3} o] A

Z A3 7} 7b =9k, DMSGZF WMSGETE Feold oz o 7kS ey}, o
E FIA HEEF 553 549 Aasta, Fysla, g8 Qi & FAAA =
o] o] 3 EHI ST} AAH IS & 5 UMY HAXES HET] S8
A AES B w 452 Hel BS o]fdle] AES BuEsteE Aol HE A
I} 58 t=s=d o A3e o), ol HAE AR A guido] Ao yEYA
%8 %A57) yrog B 4 9t (Hongsprabhas P & Israkarn K 2008). WMS$}
DMS+= ©h o] 3.63%<F 2.79% % o5 @ o] whekgh AS A gl 3o 9
FS = F US HoR Bt 5% HES SR dAgsE A olERe A AME
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o] Z7FetA Hwe=l, o] w opdE e o Tk AR AF Ul AME 1Y o U2 A
28S a4 & AoF HOTHLI S 2011). AR A OAxE 7MY Fo £51
o] Yo & ofdZ e Fefa Fxpekol| oJ s whal, ofd R o 9 opdRAE o] ¢
&, AW, A Fol AR Ao E4S WAL F vt stk (Lee SK &
Shin MS 1996). &% Aol EA3t= WMSe DMS7F Aol wE xjfoli= &3}
AR A& bl fARgE A 548 e E B0 Hol HXE Ax Ald 57 AA
of H7pt A EAS AA AsetA @& o= AZtE AT

o

(g) (g.sec)
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Fig. 1-1—-39. Textural properties of mung bean starch gels from different storage
conditions by texture analyzer
Da~yalues are significantly different at p<0.05 by Duncan's multiple

range test.
2)Significantly different between the WMSG and DMSG by t—test (#:p<0.05)
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WMSG—S4¢} DMSG—S4+= Aol A% ZF7FE <l&l tensile rigdll AL F w9 7=
Ao A Zo) A 7] wj&o] WMSG2F DMSG, WMSG—R4, DMSG—R4 ¢} 593 =70
2 FAo] E7Fssith

Tensile rige ol-&3sto] A& FEo= FloldA I Ao AFHS A =1
o] et WMSGEF DMSG7F 2+2t 2] % ¢l :
DMSG—R47F 19.08 g, 15.44 g= 7}%} = YElstal, DMSG—R4el ]6}04
WMSG—-R47} fFo A 02 &2 2148S Ho] WMSG—R47}F 21742 o] 1:1 29 o}
AATH WMSGE DMSGE A7 3 Arthes whe 13.20 g, 13.80 g9 A4S
R QlaL, WMSGSF DMSG 7+e] ol # ¢l Aol Ittt AEo 7 F52 vhE
AL of R Q2 3 Adte] i, ¥ AW wEvh 2l AR el
sto] o w2 AlE S 7EA AL kAl kit (Chansri R 5 2005). WMSG2F DMSG
o] AAHEo] 8 AL A Fx7F a8 Fxoly wjdo] Bl F dA st oF A ol
TZ2E e WMo s, A7tdd Aol & AES UehllE olfre FARA
Aul Aol A & = 9&—01 A7t sk oA A" A e 7 MEYAZE A

Ee%-i-l

et WMSG—R4$ DMSG—R47} 27.83 mm, 22.66 mm® WMSG2 DMSG

14.64 mm, 15.89 mmel H|ale] & kS Bl o] E3) 100 CTolA A7tL sk

Ao Al o] Az 2 %o Aof| Hlate] 1 £, FolA wj7tA o] AgE sojv A

o] Aol FoldS & & UM, FF FHo] xFHE HiE WMS7F DMS9 A1

Aol Aozt AA yA &ar, A7FE Al WMSe] Aol o Fol HEE A xo
Qo] =& Aoz A7ZHE T}
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Fig. 1-1-40. Tensile strength (top) and distance to break (down) of mung bean
starch gels from different treatment conditions by texture analyzer
D a7¢ yalues are significantly different at p<0.05 by Duncan's multiple range
test.
2 Significantly different between the WMSG and DMSG by t—test (*:p<0.05)
WMSG: Whole mungbean starch gel
WMSG—S4: Whole mungbean starch gel stored at 4°C for 4 days
WMSG—R4: Whole mungbean starch gel reheated after 4 days stored at 4C
DMSG: Dehulled mungbean starch gel
DMSG—S4: Dehulled mungbean starch gel stored at 4C for 4 days
DMSG—R4: Dehulled mungbean starch gel reheated after 4 days stored at
4C
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AzxE HEES 99% &2 G5FAA 1=
#+= Fig. 1-1-413 2ok,

Aol e Eol e 1olA EstEH FAFORE iy = ol d 2 A0f A
2 BFA7E AW 20 = 200004 HAE Hole VEORE Hu, AT AHY
I #ARle]l T3t o] w3tEH BYPOoE A E 20 = 5.59, 17.2°¢] A7}
P A AH(Choi SY & Shin MS 2009). 55 H&o] A B Aeolr AS 135 1
Fed A2 HEYS e a9t ﬁ}% X—d IJA=E et WMSG—S4¢}
DMSG—S4& =3} 915 Y= BE e 77k A EE B 3a, WMSG2F DMSG,
WMSG—R4¢} DMSG—R4+= 20= 20°04 #4838 725 Hol= VAo A4YP & o F
v o= FlHArt. WMSGE A7FEstdA] 20 = 19°9) 22° Kol A 212 935
Uelhf =4 o] DMSGeE o2 gAo s 5% A X—A FdrdA Yelts
A5 SaA 57 Ado g G wEor Bt
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Fig. 1-1—-41. X—ray diffraction patterns of mung bean starch gels
A: WMSG: Whole mung bean starch gel
B: DMSG: Dehulled mung bean starch gel
C: WMSG—S4: Whole mung bean starch gel stored at 4C for 4 days
D: DMSG—S4: Dehulled mung bean starch gel stored for 4C in 4
days
E: WMSG—R4: Whole mung bean starch gel reheated after 4 days
stored at 4C
F: DMSG—R4: Dehulled mung bean starch gel reheated after 4 days
stored at 4C
G: Mung bean hull
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U 3EE] #5937}
WMS$ DMS®E WHE Hx o] #sx EAFS AEastas fetdle tos

. A& stg vk JEE] 9 el MZ(color), T E(clarity) & Bl EAC Al
A (hardness), A8 (brittleness),  3oJFAd(bend  property), oHA

(cohesiveness), ¥/ (springiness), &3 3 (moistness), F-=¢]5/ (smoothness) <
HrreR o, 71ae 2AFR 840 BH(acceptability)S H7Fsle] 21 A3E Table
1-1-35¢] AlAat3dTt.

b - 7ﬂJ/} Q)ol Mz Blax EAo Eue A, 3ojAA, SXA, e
g, FEHEAANM WMSGSF DMSG gt #2]#<l atel& 3tk DMSG7F WMSG
HT} o E‘I‘skt} 7o, texture analyzer®] ZA¥e} o] WMSGH.T} DMSGE
o Aaan et Feg FAsE SHAE ¥ =R BAG B4 AA o
Fohn =gtk bgoR Mg Leld HoldE ARE RE IAoWAAAE
WMSG7F o #ojfdo] sohal =7 ow, DMSG| Hletel WMSG7F o F-E=jtfal
LAtk PR EETE FH9 Aol ggon] BE G ke WMSGS
DMSG7F #AksH B8-S & 4 Uitk FRH HE 1 oM Aol
WA#L} 6.008 7 6.337 22 WMSG9 DMSG7} ¥l 52&h Al 7k qich. WMSE A

= WEe W dsHQd Rl 7ke DMSl sty Ay S5, B
‘jr/\ St g o Vs SHA AL ke e o R Hol WMSE A
o WMEE AR 5o SR UK s Adow AE

Table 1—1—35. Sensory evaluation data for mungbean starch gels prepared from

WMS and DMS
WMSG DMSG

Color 7.17+0.41 2.6740.52""
Clarity 5.17£0.41 6.33%+0.82"
Hardness 5.67%£0.52 6.67+0.52
Brittleness 5.83+0.75 5.83£0.98
Bend property 6.67%+0.52 5.67+0.52
Cohesiveness 5.33%+0.52 6.33+£0.52"
Springiness 6.17+0.41 6.83+0.41"
Moistness 6.50+0.55 6.33£0.52
Smoothness 6.67%+0.52 5.83+0.41"
Acceptability 6.00+0.63 6.33£0.82

Data represents meanSD.
v Significantly different between the WMSG and DMSG by t—test
(#:p<0.05)

WMSG: Whole mungbean starch gel

DMSG: Dehulled mungbean starch gel
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(3) A5 i3 &4
7y, 2229 I

80% ethanol®Z F&3 w7 ME Fuy 4 FHo F5E9 FE2=2
ol 7] 93] 400-700 nm F+ZFe] FFEE 0.5 nm TR =
1-1-413} 2t} DMS9 DMSGE 400—700 nm 3+ ol A
2 UERA el AdE Sl SRR o] Al FAY
A=A ge S & F A} WMSeF WMSGE =55 A4 2}
FrAber ZLef o] FAFS YERI o, WMS7F WMSGE Y xS 4% S
el WMSe| 223 3ol ¢ B Ao F54E + Al

F22Y a9t b S 543 A3+= Table 1-1-369F 3tk WMSe] 2224
a e 293 pg/mlolx FE2ZYE b S 1.68 pg/mLo= WMSG 1.24 u
g/mL 0.90 ug/mLHET} v«]z o2 =2 #S yeERIY. Lanfer—Marquez UM

s (2005)°] WMEH F=2 ast bell Blste] #H| e Euto]= a9 FH e Eufo]= b, ¥
2»4%_ b, %ﬂ—%iieﬁ ?4 F223 FEA7F Y 5 2k AT S 7HA A
B3l o] 2 Ea] WMSol| Hlste] WMSG7F o] £& dAaks 848 718 Ao=
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Fig. 1-1—41. Absorbance patterns of chlorophyll in 80% EtOH extract from different
mung bean starches and gels

WMS: Whole mung bean starch

DMS: Dehulled mung bean starch

WMSG: Whole mung bean starch gel

DMSG: Dehulled mungbean starch gel
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Table 1—1—-36. Chlorophyll a and b contents and ratio of chlorophylls of
mung bean starch and gel extracts

Chlorophyll content

Chlorophyll a (ug/mL)  Chlorophyll b (pg/mL) chl a/b ratio
WMS 2.93%0.12°" 1.68£0.06° 1.7440.01°
DMS ND* ND ND
WMSG 1.2440.00" 0.90%0.00" 1.3840.00"
DMSG ND ND ND

Data represents meantSD.
UValues with different superscripts in the same column are significantly
different at p<0.05.
“ND: Not detected
WMS: Whole mung bean starch
DMS: Dehulled mung bean starch
WMSG: Whole mung bean starch gel
DMSG: Dehulled mungbean starch gel

U Z d=Ad SFE IR T SR xolE

5 g %Y =7 A& w23 FExHY F A sgE Y T E9R
o] A= Table 1-1-370 Yetlideh & #l=4d sstE 33> x5S
WMSG7} 0.62 mg gallic acid/g mung bean starch® Aoz 7 & 3t
Bea, WMSZ7F 0.29 mg gallic acid/g mung bean starch, DMSG 0.18 mg
gallic acid/g mung bean starch, DMS+ 0.11 mg gallic acid/g mung bean
starch® DMS7} o4 o= 7 22 #hs Ueldt. & Sdiweol= ke
WMS”7F 0.54 mg quercetin/g mung bean starch, WMSG7} 0.53 mg
quercetin/g mung bean starch® 74 & #S HZ, DMS7F 0.28 mg
quercetin/g mung bean starch, DMSG”} 0.16 mg quercetin/g mung bean
starch® DMSG7} frold oz 71 o2 ZetH wol= 35S YElgY. 2 A3E
ool % Waol A AR w4 HFEA Tehuwols Fagol HEE o

0,

=2 =
T MMﬂr T3 F s e g & YR g B A dHd o
Y =2 #te EO% So® I Al @Al HolXA FE Aor AzhE
H 5(2012)° 29 555 A2 =3 &7 302 5 2

n @
Iu}
E

1. ©o
T 2EE HPLCE S8fikeolt =& FClg da 55 &
isovitexino] &g FEE FAAL S Yehd= %E%X‘ ojehaL shaltt. &
Fotol x&Ee &
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o T3k 22 219 557 Ad FEE T dEd sigEdEY SdE el 3
22 657 mg gallic acid/g mung bean starch, 6.76 mg quercetin/g mung
bean starch&.Z 5% Zito] H|ste] H=& 35S 7 WMSSF DMS 19| &
=4 SEETEY EoR o= §FF Apol7) = S AR Y A9 55 g
el e Ao, AXHS Ax Ad 55 HAHo| FE=ou £ FHE HIY

st ¥ =S kst A4S Ve ¢ e Ao Azd.

Table 1—1—37. Total phenolic and flavonoid contents of mung bean hull extracts

from different varieties

Total phenolic content Total flavonoid content
mg gallic acid/g mung bean mg quercetin/g mung bean
starch starch
WMS 0.2940.00" 0.5440.01°
DMS 0.11£0.00° 0.28+0.01°
WMSG 0.62+0.07% 0.53+£0.01°
DMSG 0.18+£0.01°¢ 0.16£0.00°¢

Data represents meanSD.
UValues with different superscripts in the same column are significantly
different at p<0.05.

WMS: Whole mung bean starch

DMS: Dehulled mung bean starch

WMSG: Whole mung bean starch gel

DMSG: Dehulled mungbean starch gel

t}. DPPH$} ABTs oz 2A4%

= AR Bdy Y Eo ksl &8 ol ] fldlA DPPHSF ABTs o]zt
2% S Goli A= Fig. 1-1-429)F Fig. 1-1—-439)] 22+ JeEhidch. 80% ol g
2 FE3% FE5E9 DPPH &z 2752 0.001% VitCeF vlaske] A A s3]t
0.001% VitCe DPPH #t]Z 2A%LS 17.64% = o] ¢} st WMSGE 54.81%
2 fFoHow 744 =9ka, WMSE 27.01%, DMSGE 6.79%, DMS:= 2.97% %
ooz A vehygth DMS9F DMSGE zHzhe]l &34 % gho] blank wel A<
frAtstel DPPH #telZ &27so] 719 glvkal AZE Qv ABTs &z &A75 e
DPPH &9 Z 25 FAFSHAl WMSG7F  34.85% = o)Az 7M1 =& #e
B3, WMS7F 25.07%, DMS 11.26%, DMSG 9.77% % DMS$} DMSG7} 714 we
ABTs &% 27%S YRR Li H 5(2012)9] Ao mEW =55 71dsty
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Fig.

VitC: 0.001% Vitamin C

1-1-42.

DPPH radical scavengin activity (%)

o

wl, DPPH®} ABTs tt]Z &7]50] =79

T

-

}\e
o] A5 wFo|R S W, 7}@‘?%31011 olgh 4
Fakst 24 24 AR A gaL
60 - a
50 +
40
30 4 b
20 ~
10 A
d
o 4 : .
VitC WMS DMS WMSG

DMSG

DPPH radical scavenging activity of mung bean starch and gel
extracts compared using control as Vitamin C

WMS: Whole mung bean starch/ DMS: Dehulled mung bean starch
WMSG: Whole mung bean starch gel/ DMSG: Dehulled mungbean starch

gel

ABTSs radical scavengin activity (%)

70

30 -

10

T

N

I c
WmMs DMS

WMSG DMSG

Fig. 1-1-43. ABTs radical scavenging activity of mung bean starched and gels
extracts compared using control as 0.01% BHT
WMS: Whole mung bean starch/ DMS: Dehulled mung bean starch
WMSG: Whole mung bean starch gel/ DMSG: Dehulled mungbean starch

gel
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2. 249
= AR S s Sl sl S dok Ads Figo 1-1-449 23t

WMSGe] ¢ 2o] 2.01 mg BHT/g mungbean starch® Ao =2 714 =&

< YERAa, WMS”7F 1.81 mg BHT/g mungbean starch, DMS¢} DMSG7}

1.42, 1.38 mg BHT/g mungbean starch® §eojxdo=z 7k e 7218 Uegya

th o] A3E FaA WMSel =55 o] x3tH o] glorm s DMSe Hlsto o %

< kst A4S YEdle e EES X

Ho AT w 5% Aoy 57 A FEEY HUbe 78 i 59

a

A7} g Ag Az,

2.5

1.5 H
[

0.5 -
0

WMSG DMSG

mg BHT/g mung bean starch

Fig. 1-1—44. Reducing power of mung bean starch and gel extracts using BHT as
control
““dValues are significantly different at p<0.05 by Duncan's multiple range
test.
WMS: Whole mung bean starch
DMS: Dehulled mung bean starch
WMSG: Whole mung bean starch gel
DMSG: Dehulled mungbean starch gel
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2. 19 AAREAMY o5y EF 4L 7|5A
1) 9y

(1) A59 &1
=42 20119 A 2lokgrolA F8 Hdxs =4, HvE4, S %
vkS (Seoul, Korea)ollAl 43t A3ttt 71E &= A4
3 AeE 7P gy Ay e ERS gide® s Hdel vt

A

£3F9] 120°Coll A 4, 300% T 250°ClA 2, 52 ¢t At 54& H7eS

(e

T3 A B7HE AT Aol WA €2 e 24 § EeE o=

mE__.VL

Aol 2ol 400 g% ¥ il EEg 5 LiCl, MgCly, Mg(NO3),, NaCl, KNO; E3}-§
S Abgsle 27 Aw=of 0.11, 0.30, 0.51, 0.75, 0.892 X% dA]AlH
(Seongchang Science Co. Ltd., Incheon, Korea)o] Yol 40Ce 327]
(Dongyang Science Co. Ltd., Shihung, Korea)ollx 1547+ A &332 (Fig.
1-2-1), ¢% AsT 1,700 lux®] Fo] F=d 40Ce 27] (Dongyang
Science Co. Ltd., Shihung, Korea)ollAd AH&st3tt. EE A8+ duplicate® &+

w5t

Fig. 1—2—1. Apparatus for storage of dried laver

(2) ol8HeHa 54

BN
v
=
i)
BN
)
ol
i)

N
tote
M
o
=4
i
=)
3
(o
2
&
&
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AOACH 934.01, 979.09A, 920.39, 942.05° <93 A=s}t). 719 e4=3}
2 100%9A o5 AEo S W Fgo= JFth. Aol Hdf= A
1.1.4.39] <& &A13549 o).

v A 2 A 24

Ao ZHE Bligh and Dyer Wl 9439 Chloroform—methanol—water
(1:2:0.8) &3 fAor JFARASE FZEstal (Fig. 1-2-2) thin layer
chromatography®l 93] subclass& #43}3L (Table 1-2-1), 14% BF3 in
methanol& AF8-3te] methyl 242 WE % gas chromatography®ell <] 3|
At 245 S48 (Table 1-2-2).

Dried laver

l

Grinding

Chloroform -
methanol : water
=1:2:08(v/v/v)

Standing (5°C, 12 h)

|

Filtration
1

v v

Filtrate Residue

F——Chloroform, water

J 3

Aqueous phase Organic phase

Activated carbon %

Decolorization (1 h)

Filtration

& ! 3

Filtrate Residue

!

Evaporation (40 °C)

|

Total lipids (TL) of the dried laver

Fig. 1-2—2. Flow chart for total lipid extraction from dried laver
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Table 1—2—1. Experimental conditions for thin layer chromatography for

analysis of lipid subclasses of the laver

Stationary .
Precoated silica gel 60 Fzss TLC plate (Merck, Darmstadt, Germany)
phase 8 P y
sDoel‘\,/ilr(l)tping Hexane : diethyl ether : acetic acid (50 : 50 : 1, v/v/v)
Detection Saturated I, vapor and concentrated H,SO. solution followed by
heating at 100°C during 10 min
Quantification with Imaging densitometer (GS-700m; Hercules, CA, USA)

Table 1-2—2. GC conditions for fatty acid composition of the laver

Instrument YL 6100 GC (Younglin, Korea)

HP-Innowax capillary column {30 mx0.53 mm, 1.0 pm thick;

Column Agilent, Boblingen, Germany)

Temperature  Oven 200°C; Injector 270°C; Flame ionization detector 280°C

Carrier gas He, 20 mL/min (Split ratio 10 : 1)

S|
.

kv

. A9 A Agl

e

A Aol Absh A= Bligh and Dyer®Hel o8] Helld AWde F53 5 it

3}=-3k (IDF 749, 2006)3 3-No]F 45k (AOCS Ti la—64, 1998) 2 &2 7131

Aol g%l A 5 chlorophyll, carotenoidss= chloroform—methanol—water (1;2;0.8,
v/v/v), TFA] chloroforms AFE3Fe] MAE F595 HPLColl 2ol&l A=al 1 (Table

sk &
1-2-3), carotenoidsi= AOACHe] o3l H]3}st &= HPLCol| ¢ A=FsSIth (Table

1-2—4). Phycobilin® Beer & Eshel WHdl| Fatof Fig. 1-2-33} 3o] 3=, AFstrh
Phycoerythrin = [(Asss — Ases) — (Auss — Asee) x 0.20] x 0.12 (mg / mL)

Phycocyanin = [(Agis — Aess) — (Ases — Agss) x 0.15] x 0.15 (mg / mL)
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Table 1-2—3. HPLC conditions for chlorophyll in the laver

Instrument YL SP 930D HPLC (Younglin, Korea)
Column Symmetry C18 (4.6 x 150 mm, 5.0 pm D, Waters, Milford, MA, USA)
Detector  UV-Vis detector (438 nm)

Solvent Ethyl acetate : methanol : water (50:37.5:12.5,v/v/v), 1.5 mL/min

Table 1-2—4. HPLC conditions for carotenoids in the laver

Instrument YL 9100 HPLC (Younglin, Korea)
Column p-Porasil™ (3.9 x 300 mm, 10 pm ID, Waters, Milford, MA, USA)

Detector UV-Vis detector (436 nm)

Solvent Hexane : isopropanol = 97 : 3 (v/v), 1 mL/min

Dried laver

y

Grinding

0.1 M phosphate buffer
(pH6.8)

Standing (in the dark, 4°C, 12 h)

v

Centrifugation (36,000 xg 20 min)

I
v v

Residue Supernatant

Spectrophotometry
(A=455, 564, 592, 618, 645 nm)

v

Calculation of phycobilins

Fig. 1-2—-3. Determination of phycobilin in dried laver
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VS|
i

X

g]

Ao SHE polyphenols® EFHAEZLS Z+ZF SpectrophotometryS o] 83+
Folin—Ciocalteu's method (Fig. 1-2—4)2} Bligh and Dyer methodE ©| &

WS 5% & HPLCo 93] H&3l3lth (Table 1-2-5). 19| 27 3aF2 Kim
(2003) % Park¥} Koo (2008)¢] W< Wy ste] a3t &3

Hao] 0.1 N @Ak g8 231 60CY 32 x4 3A7F HoF A
Zruf) 71 9F o] 7} #] (Whatman No. 42, Kent, UK)E AF&3s}o] 744
S ﬂﬁﬂﬁzmﬂ (N N series, Eyela, Tokyo, Japan)& A}-&3
gk = FRs s &S Thete] pHE TASE degion, 559 53] 3|
o ¥ 01]%%% 797}'5}04 st e WA & AAEE7] (Avanti U,
Beckman, Fullerton, CA, USA)Z 4,000 X gollA 2083 9452 3. JAAE
o FEH AR o olebE 2 Aol H At oA Fstar, o H{HE 100C 2ol A
30+ F Hdxsto] Eulek S okt

M
M

o}, A3}

%

Dried laver

l

Grinding

17 80% acetone

Shaking (25°C, 6 h, 120 rpm)

y

Filtration

I
v v

Residue Filtrate

Water —

Folin-Ciocalteu’s
phenol reagent

Saturated Na,CO,
solution

Standing (1 h)

Measurement of absorbance at 725 nm

Fig. 1-2—4. Determination of polyphenols in dried laver
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Table 1—-2-5. HPLC conditions for tocopherol determination

Instrument | YL 9100 HPLC (Younglin, Korea)

Column p-Porasil™ (3.9 x 300 mm, 10 pm ID, Waters, Milford, MA, USA)

Detector Fluorescence detector ; excitation 290 nm, emission 330 nm

Solvent Hexane : Isopropanol = 99.8 : 0.2 (v/v), 2 mL/min

vl A9 in vitro 3ks &4 Hot

7 FEELS Aroa Lopez (2011) ¢ WS WE3ste] Azt 248 7 2 ¢ &
77 =, olEE, 20% ol 30 mLeF Aol A=l F AZF ARG FH kel
aholch oA e AR 7IE 2,000 xg oA 2083 Al Flon FFAE
2 ste] 4°C sl A WA 0| HHelH AFo| A3t gRToORE —EAH2
7} L—o}~xm B2 BHT (butyl hydroxyl toluene) 2 g ZtZb oS Eof £33}
ol 71 FEE in vitro A4S S-S vl AT

A == DPPH )z 2715 542 Blois (1958) el ©fs) AAI5k3
=21 0.1 mM DPPH 1 mL$} 7} 5% 0.1 mL< 4131 307F oA wt
A7l %o UV-—Visible spectrophotometers ©]-§3}% 517 nmelA FFEE =
tzts} wlaske] DPPH etz £75S 8elatgith

A FEEY d9% 5L Oyaizu (1986) o WHlol we} AAEAY. 7t 55
1 mLe] 0.2 M phosphate buffer €< 2.5 mL®? 1% potassium ferricyanide &
N 25 mLE F7Ea 50C & FxolM 308 B wHEAHTY. 2 F 10%
trichloroacetic acid €< 2.5 mLE H7}st YAEYE o] &35t 3,000 rpm ol
A 10 o dAEY skelth EEE A 25 mLE FH3 & 2.5 mLe 0.1%
Astd &9 0.5mLE FH7Fsle] 4o]5=31, UV—Visible spectrophotometerE ©]-&3}
o] 700 nmol A FFEE 54353t DPPH &z AAS SN vx7HA = dix
T Hlastke] 7 FEEY dYTE gl

- 130 —



2) 23
(1) A FFol B& o|gst 54

Aol 58 g, 2w, =AU, G5EE 2 8E FFE Table 1-2-67 2o] F
o] ° Fddy 3 6

Zo| uwat kzro] zpolE mglow zzt 7.3~11.6, 35.0~38.4, 0.31~0.79,
41.7~47.6 1|3 7.6~9.1%°]N 0™, Aol Ae] FrFS 33.4~40.4%°| ATt Wt
A S duld ) AoldfE FEEA AFete dAAELS At A2 o

Z 3|5 ot UH‘?‘ oo}

%
e ke, ZE}W‘ ae wEAdA o

reh 2A A e sl 25 vl el AdA 0.79% 2 ol sHA =%
. B3t E e wtE ) g ol vlE] =7 (47.57%) A Fo A Eoko
™, o] F 80% oS THEe T E 3 FHAHE g4 8539 5o Hud 4

ol A7) AFA & oF. Z 3] H ke MHE7](7.95%), =71 (7.63%)9 Bl&l 1) 7ol
A (9.10%) FrelstAl =Skt

Table 1—2-6. Proximate composition of dried laver

Composition (%)

Components ; : .
Ondolgim Bandolgim Paraegim

Moisture 7.34+0.12° 11.60+0.05%V 11.36£0.05"
Crude protein 37.25+0.47" 38.43+0.02° 35.03+0.02°
Crude lipid 0.3240.01° 0.3140.04° 0.79+0.10°
Carbohydrate 47.5740.52° 41.69+0.07° 43.68+0.10"

Dietary fiber 40.4240.42° 33.40+0.17° 36.63+0.00°

Others 7.14+0.10° 8.29+0.11% 7.05+0.09"
Ash 7.63+0.07° 7.9540.04° 9.10£0.08°

"7 Different superscripts mean significant differences among samples in

each component by Duncan’s multiple range test at 5%.

Aol FZ=3F AL triacylglycerol, diacylglycerol, monoacylglycerol, 2] A%}

36.1, 17.9, 20.3, 25.8%= TAE Ad2om (Fig. 1-2-5), AWt &
EPA 3F2Fo] 53.8~55.0%= 7F% =9tth (Table 1-2-7). 7¢] EPA 3dke
Sanches—Machado 5(20)¢] ® 113 thAlu}, Ex}uk o] EPA 3heko] H|3)] v]$ =
o} EPAC] A7 S5AS uEd ) E70o] AZo]| % goldt AZEAYols
At FH EARS WA At 3 F 18-22%F AAEAA, HEH O]
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)]

= T

HH= 7)ol folEtA =o fﬂ%‘tgi txH'a}S’iD}. %% H&%@, vtef o] &A1
Ab3} E SR AR SFEF vl 891 U/S #2277}t 3.17, 3.90, 3.300. 2, HF=Eo A =
Sk}, sk 7o B sk Ak O EE(87.0-88.2%)¢] 4tslel # Oﬁf& BTASE- k=i
Wakel A& 2 J= S7F o

SEs

PEs
MGDS
FFA~

1 3-DAG
i
1,2-DAG
CB+
Pl
MAGH
|I B DoDce
A B«

Fig. 1-2-5. Thin—layer chromatogram of subclass composition of dried
laver lipids (A; Non—polar lipids, B; Polar lipids, FS; Free sterol, TAG;
Triacylglycerol, FFA; Free fatty acid, 1,3—DAG; 1,3—Diacylglycerol, 1,2—DAG;
1,2—Diacylglycerol, MAG; Monoacylglycerol, SE; Sterylglycoside ester, PE;
Phosphatidylethanolamine, MGDG; Monogalactosyl diacylglycerol, PGC;
Phosphatidylcholine, CB;  Cerebroside, PI; Phosphatidylinositol, DGDG;
Digalactosyl diacylglycerol)
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Table 1-2—7. Fatty acid composition (mg/kg) of dried laver

) Content  (relative %)
Fatty acids - - -
Ondolgim Bandolgim Paraegim

14:0 0.1640.01° 0.55%0.00%" 0.2140.04°
14:1 0.0840.00" 0.3240.02° 0.1540.03"
16:0 21.95+£0.17*°  18.08+0.34"  18.54+0.35"
16:1 1.114+0.05° 1.39+0.01° 0.98+0.12°
18:0 0.97+0.08° 1.00£0.04* 1.04+0.01°
18:1 4.61£0.59° 4.4740.04° 4.5040.07°
18:2 4.3840.44" 3.2040.05" 3.64+0.08%
18:3 0.89+0.01° 0.66+0.04° 3.44+0.04°
18:4 1.62+0.01° 1.18+0.03" 2.3840.01°
20:0 1.2240.02° 0.77£0.03¢ 3.83+0.08°
20:1 0.7940.01° 0.7240.04° 0.90%+0.00°
20:2 0.75%0.03" 0.9440.00° 0.76£0.05"
20:4 (n—6) 2.63+0.04° 6.82+0.08° 2.1040.01°
20:4 (n—3) 1.4440.02% 1.4840.12° 1.2140.02°
20:5 (EPA) 55.024+1.38"  54.954+0.04"  53.8440.60°
22:1 2.39£0.06" 3.45+0.03° 2.4740.04°
Saturated fatty acids 23.971+0.24% 20.40+0.28" 23.24+0.44°
Unsaturated fatty acids 76.03+£0.24"  79.5940.28"°  76.76%0.44"

Monounsaturated fatty 8.97+0.69"  10.36£0.07°  9.00%0.18"

Polyunsaturated fatty 67.0540.93"  69.2340.20°  67.76+0.62"
U/s” 3.17£0.04 3.9040.07* 3.30£0.08"

"7 Different superscripts mean significant differences among samples in
each fatty acid by Duncan’s multiple range test at 5%.
' Content ratio of unsaturated fatty acids to saturated fatty acids

(2) A9 F7 me 7159 54
7). ABASH R
a. ©F17k-3 At

A1 kg 3.1~7.9 g9 AFAS st o AA AHAke] oF 60% HE7l v
7}=3 A|Ake] Tt (Table 1-2-8).
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Table 1-2—8. Omega—3 fatty acids in dried laver

Content  (relative %)

Fatty acids

Ondolgim Bandolgim Paraegim

18:3 0.89+0.01° 0.66%0.04° 3.44£0.04°
18:4 1.6240.01° 1.18£0.03" 2.3840.01°
20:4 (n—3) 1.4440.02% 1.4840.12° 1.21£0.02"
20:5 (EPA) 55.02£1.38°  54.95+0.04°  53.84%0.60°
Omega—3 fatty acids 59.30£1.38"  58.27£0.07°  61.26%0.65°

b. A3} WX A&

ol
ot
rlo
rlo
gt
oY,

oY,
A
Aoy
oY,
=2
>
N
N
N
N

ut

Aol st A& F ZYdE =
9.06, 8.58, 5.35 mg/go.2, o] H
Zo] Fo38HA =9kt (Table 1-2-9). 9]
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Table 1—-2—9. Antioxidants in dried laver

Ondolgim Bandolgim Paraegim
Polyphenols  (mg/g) 9.06%£0.01° 8.58+0.06" 5.35£0.04°
a—Tocopherol ~ (mg/kg) 6.4+0.05° 10.240.09"  12.0£0.01°
Porphyran  (g/kg) 113.3+£7.39*  110.6x2.77" 119.2+12.62°

"7 Different superscripts mean significant differences among samples in
each component by Duncan’s multiple range test at 5%.

e

.

Holl= 222, 7hEE o, vald T M4 5 4E7|sA Aol nEdes

i
ofr

G

E71
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lglom], 7 ghare o] Fhol whel Aol =

= F223 3 vlo] A=H9%

Bt} (Table 1-2-10). &
o =7
7} 0.50, 0.72, 1.14 mg/go. 2 E3] izl
1011/], 15714 DL,:L]
S 5272 Y E EFsto] Axd] "oz Aladn. 719 JEE o=

E4AA el Wkt 3 JRE| o=

(o]
N,
rlj

o8 Az vhE

7}7} 551, 10.62, 10.05 mg/g, FHQ g2 747
H| &) aefo] =9t}
7}7} 2,51, 3.30, 3.27 mg/go® &

il Ed ] ke

7tz dlo] FE ¢l

rlo

Fx29

H

SEREE

oY,
Lo
o\
i
=2
=)
it
do
1o
rot

£ folshA Rokth Ak il ta ¥ AT Avks LEgo] wEHO 3
gel vla o5 MaE AA Fhetel e AL U 5 9leg ena. 2w
29, HzExolE, Uy 5 Ak FFe del FE A4S AE 2 £ A,

Table 1—2—10. Pigments in dried laver

Ondolgim Bandolgim Paraegim

Chlorophyll a (mg/g) 0.50+0.003°  0.7240.004""  1.14+0.01°

Phycoerythrin 1.98+0.12° 1.96+0.04° 2.10+0.09*
f;ygigg’i“ns Phycocyanin 0.5340.05°  1.3440.00°  1.1740.09°

Total 2.5140.17°  3.3040.05°  3.2740.00°

B—carotene 5.51+0.24° 10.62+0.37? 10.05£0.55%
Carotenolds  ytein 0.4340.00°  1.1240.07*  0.7440.05"

g/8

Total 5.9440.25°  11.73+£0.44°  10.79+0.60°

o A FE2EY in vitro IS

A 5%

%9] DPPH &9z 27 &AL Fig. 1-2—-63} o]
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among extracts by the same solvent by Duncan’s multiple range test at 5%,

and numbers
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Table 1—2—11. Effect of water activity on the fatty acid composition (relative %) change of dried laver lipids during
storage at 40C

Water Fatty acid composition (relative %)
activity Storage
(Ay) time (d) C14:0 C14:1 C16:0 C16:1 C18:0 C18:1 C18:2 C20:0 C18:3
0 0.55+0.00*V 0.3240.022 18.08+0.34 1.3940.01*° 1.00£0.04% 4.47%0.04" 3.20%0.05%1" 0.77%0.03% 0.6640.04200
3 0.53%0.01° 0.32%0.00% 18.2040.02%" 1.3940.12%° 1.0240.04%d 4.48%0.09" 3.14%0.05%" 0.77%0.04% 0.61+0.01"
o1l 6 0.5640.03** 0.33%0.02% 18.2010.39“_ 1.33£0.01" 1.05£0.00%% 4.65£0.02% 3.2140.12¢0fh 0.77£0.00® 0.64%0.07¢
' 9 0.5540.00* 0.3240.01% 18.3140.08" 1.4240.07%¢ 1.0240.05%% 4.5240.25" 3.1340.07" 0.78+0.02% 0.7040.01%"
12 0.5740.01% 0.33%0.01% 18.40%0.35 1.4340.04%¢ 1.04£0.01%% 4.60£0.24% 3.20£0.09°" 0.80£0.01* 0.66+0.03°%f
15 0.5740.00*¢ 0.34%0.01% 18.2740.13 1.41£0.05™¢ 1.08%0.02%" 4.59£0.01* 3.2340.034fh 0.79£0.02* 0.6740.04%"
0 0.55%+0.00" 0.32%0.02% 18.08+0.34 1.3940.01*° 1.00£0.04% 4.47%0.04" 3.20%0.05%1" 0.77%0.03% 0.6640.04200
3 0.57+0.01%° 0.34%0.01* 18.40+0.08%" 1.4140.01*° 0.9940.01° 4.60%0.06 3.20%0.1 34" 0.77£0.01* 0.66+0.02bdc
0.30 6 0.5640.01** 0.33%0.03* 18.57+0.015™ 1.3940.03™¢ 0.98+0.03° 4.60£0.08* 3.2240.16%" 0.79£0.03* 0.6940.02¢"
' 9 0.5740.01** 0.34£0.01* 18.86+0.31%" 1.3940.08%° 1.0240.01%% 4.6240.09% 3.2940.01°En 0.78+0.03* 0.7040.072%
12 0.5540.01** 0.34%0.02% 18.68%0.09" 1.40£0.17%¢ 1.04£0.04% 4.63£0.22% 3.2840.10 " 0.79£0.04 0.6840.01¢"
15 0.55%0.01% 0.33%0.00 18.46%0.07" 1.45%0.05™¢ 0.99£0.01° 4.5840.15% 3.3440.01 00t 0.79£0.02* 0.6540.02%"
0 0.55+0.00" 0.32%0.02% 18.08+0.34 1.3940.01*° 1.00£0.04% 4.47%0.04" 3.20%0.05%1" 0.77%0.03% 0.6640.042c0
3 0.5140.02%° 0.32%0.01° 18.18+0.265" 1.40%0.00™° 1.0140.00"® 4.50%0.06™° 3.2540.00°"h 0.77£0.01% 0.66%0.01°f
051 6 0.5740.01** 0.33%0.01%¢ 18.52J_ro.o5g*‘f 1.4740.01° 1.03£0.01%% 4.65£0.06™ 3.2140.09°%" 0.7840.01* 0.7240.00%%
' 9 0.5740.01** 0.33%0.01%¢ 18.5440.03" 1.46%£0.00° 1.06£0.01%% 4.65%0.15% 3.3240.1 400t 0.81£0.01* 0.75%0.00™*
12 0.5740.00% 0.34£0.01* 18.60%0.25 1.49%0.00° 1.08+0.02* 4.63£0.01* 3.3840.14%%! 0.79£0.04 0.74%0.05"
15 0.5740.01** 0.3540.00" 18.89+0.12% 1.45%0.04%¢ 1.03£0.03%% 4.69£0.20% 3.3620.02cdeEn 0.80£0.06™ 0.7040.04¢"
0 0.55%+0.00" 0.3240.02% 18.08+0.34 1.3940.01*° 1.00£0.04% 4.47%0.04" 3.20%0.05%"" 0.77%0.03% 0.6640.042c0!
3 0.55+0.02%° 0.34%0.01%¢ 18.65+0.38%" 1.43%0.10™° 1.0440.01%¢ 4.53%0.15% 3.2640.1 20t 0.80%0.02% 0.75+0.07%°
0.75 6 0.5640.02%* 0.34%0.01% 18.89+0.71% 1.48+0.02° 1.03£0.01%% 4.57£0.25% 3.2640.19En 0.77£0.06® 0.7640.12°
' 9 0.5440.01*¢ 0.3240.00* 19.71%0.22" 1.40%£0.02%¢ 1.05£0.01%% 4.53%0.15% 3.4440.16™ 0.80£0.08* 0.7540.01**
12 0.5640.01** 0.34%0.00 21.14£0.29% 1.41£0.03%¢ 1.09£0.01* 4.7740.11° 3.3520.00 00 0.79£0.01* 0.7240.03%%
15 0.5740.04™* 0.33%0.01%¢ 21.31£0.31% 1.46+0.04° 1.09%£0.00® 4.67£0.04® 3.4840.19% 0.80£0.03* 0.7140.08%%
0 0.55+0.00" 0.3240.02% 18.08+0.34 1.3940.01*° 1.00£0.04% 4.47%0.04% 3.20%0.05%1" 0.77%0.03% 0.6640.04200
3 0.56+0.00™° 0.31%0.00 18.15+0.25" 1.3740.03*° 1.00%0.00% 4.50%0.01%° 3.18+0.01%" 0.77%0.00% 0.70%0.0220cd!
0.89 6 0.5540.01** 0.33%0.01%¢ 19.72%0.28" 1.3240.01° 1.0240.02%% 4.25%0.11° 3.2140.01°%f" 0.7840.01* 0.6940.01¢"
' 9 0.5640.02%* 0.33%0.01% 21.71£0.38¢ 1.3940.02%¢ 1.03£0.01%% 4.5040.04™ 3.4240.01% 0.78+0.03* 0.6840.02¢"
12 0.5540.01*¢ 0.3240.01*¢ 23.85£0.28" 1.4340.07%¢ 1.0240.04%% 4.55£0.02% 3.3440.09 et 0.79£0.03* 0.7040.01¢"
15 0.57+0.02%° 0.35%+0.00® 24.8740.01% 1.46%0.08" 1.08£0.09%™ 4.62%0.06™ 3.40%0.03%° 0.79%0.06 0.73%0.02%%
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Water Fatty acid composition (relative %)
.. Storage 2)
activity ” @ u/s
Ay ime C18:4 €20:1 €20:2 C22:1 €20:4 (n—6) €20:4 (n—3) €20:5 (EPA)
0 1.18%0.03* 0.7240.04"% 0.94%0.00° 3.45%0.03" 6.8240.08" 1.48+0.12° 54.9540.04%¢ 3.90£0.07"
3 1.2340.04%® 0.73%0.02"% 0.98%0.02°f 3.3740.05" 6.63+0.21%% 1.45%0.02° 55.1440.41% 3.8740.01%
o1l 6 1.2240.03* 0.7440.02%% 0.94%0.00° 3.37£0.06° 6.60%0.10%% 1.5140.04° 54.8840.10% 3.86%0.09%
' 9 1.1740.06% 0.71£0.03"% 0.94%0.02¢ 3.40£0.06° 6.68%0.04*% 1.44%0.04° 54.9240.69™ 3.8440.04™*
12 1.20%0.05™° 0.73%0.03%% 0.95%0.03%f 3.3940.08" 6.76+0.13"° 1.5240.07% 54.4140.40%% 3.8140.07%°
15 1.2440.02° 0.75%0.02%¢ 0.9940.02"% 3.36£0.02° 6.72%0.00%¢ 1.4140.11° 54.5840.14%% 3.8340.04™"
0 1.1840.03% 0.7240.04%% 0.94%0.00° 3.45%+0.03" 6.8240.08" 1.4840.12° 54.9540.04*° 3.90%0.07%
3 1.1740.02% 0.7840.05"* 0.9940.07"% 3.45%0.30° 6.76%0.04™ 1.44%0.04° 54.4640.18%% 3.8240.02%°
0.50 6 1.1740.05% 0.7440.11%% 0.95+0.04%" 3.43%0.01° 6.7640.16™ 1.45+0.09° 54.3640.49%% 3.7840.02%°
' 9 1.1540.04% 0.83%0.05" 1.03+0.01* 3.3840.19% 6.72%0.14%¢ 1.47%0.09% 53.84%0.09° 3.7140.06
12 1.14£0.03* 0.7840.07%* 0.9740.01° 3.38+40.21° 6.71%0.13¢ 1.48+0.01° 54.1240.62%% 3.7540.04**
15 1.1640.01% 0.77%0.022¢ 1.07£0.02° 3.3940.03" 6.65+0.05°% 1.43%0.00% 54.3840.31%d° 3.81£0.01%°
0 1.18%0.03* 0.7240.04"% 0.94%0.00° 3.45%0.03" 6.8240.08" 1.48%0.12° 54.9540.04%¢ 3.90£0.07"
3 1.2040.02% 0.74%0.01%% 0.93%0.00° 3.30%0.05" 6.55+0.12%% 1.43%0.00% 55.24%0.38" 3.8840.05"
051 6 1.16£0.09% 0.7240.07"% 0.9540.01°%f 3.39+40.04° 6.65%0.05% 1.4140.02° 54.45+0.22%% 3.7840.01**
' 9 1.20£0.06% 0.77%0.03¢ 0.96%0.01°%" 3.41£0.13° 6.7040.19%% 1.40%£0.01° 54.09+40.76%% 3.7740.01**
12 1.1640.02% 0.76%0.05¢ 1.0240.02%¢¢ 3.36%0.09" 6.700.17%% 1.4340.02° 53.93%0.37"% 3.7540.04™°
15 1.13£0.08% 0.7240.02"% 1.03£0.01* 3.38+40.27° 6.7440.01%% 1.46£0.09° 53.71%0.02% 3.70%0.04
0 1.1840.03% 0.7240.04%% 0.94%0.00° 3.45%0.03" 6.8240.08" 1.4840.12° 54.9540.04™° 3.90%0.07%
3 1.16£0.06% 0.73£0.05"% 0.9240.02¢ 3.38+0.10° 6.7640.10" 1.4340.07° 54.2840.61%% 3.7540.09""
075 6 1.15£0.12% 0.69£0.03°* 0.94%0.03¢ 3.36£0.01° 6.7540.21" 1.4340.01° 54.02+1.78"% 3.7140.18*¢
' 9 1.0940.04% 0.65+0.03° 0.96%0.01°%f 3.3940.01% 6.53%0.03"% 1.4240.10% 53.4240.75° 3.53+0.07°
12 1.2340.01* 0.7940.03% 0.9740.01°% 3.30£0.11° 6.4940.01°% 1.40%40.02° 51.64%0.22%" 3.2440.06™
15 1.1840.06% 0.77%0.05%¢ 0.96%0.12°%f 3.33+0.01% 6.700.09%% 1.3940.03" 51.25+0.08" 3.2140.05
0 1.18%0.03* 0.7240.04"% 0.94%0.00° 3.45+0.03" 6.8240.08" 1.48+0.12° 54.9540.04%¢ 3.90£0.07"
3 1.1740.04% 0.7240.02"% 0.95%0.07% 3.37%0.05" 6.65+0.02%% 1.4740.08" 55.1340.17% 3.8840.06"
0.6 6 1.15£0.01* 0.7440.01%% 0.9340.02¢ 3.43£0.08° 6.51£0.16% 1.3740.01° 53.98+0.33"% 3.53£0.06°
' 9 1.1740.02% 0.72£0.06"% 0.9840.00" 3.30£0.02° 6.6140.08*% 1.49%0.05° 51.31£0.17" 3.15£0.07%
12 1.1240.03"¢ 0.69%0.07"% 1.00%0.02%d 3.2940.03" 6.48%+0.01% 1.4240.05% 49.46+0.27"* 2.82%0.05'
15 1.20%0.13*° 0.73%0.02"% 0.99%0.03bf 3.3140.15% 6.44%0.01° 1.4240.05% 48.03%0.33' 2.66%0.02]
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c. A7 E8E
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Fig. 1-2—-10. Effect of water activity on the antioxidant contents of dried

laver during storage at 40°C in the dark(@; A,0.11,H; A,0.30,4; A,0.51,0;
Ay0.75,9; A0.89).
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d. AE7S8E

7214 40C, Aw=0.11, 0.30, 0.51, 0.75, 0.89 oA A& & ZE2F, J}2E o=,
golzH Y F Mao] FFS FhAste] (Fig. 1-2-11), 9] A% F ol Mart &
AEE Btk FRIFLY FUhe ol Mi BIE ST &I AT =

T =
Ak F FREAY B S5} g Fhom, stol =] RalL sl et

olrt

i |
14000
m
g - 12000
im0 | T
-
] %D[ﬂ]
%531 -
: gsﬂm
Eaﬂ] 1 Fd
H gamu
50 E
‘§ g
4 = 000
0 |
: E
v =
| 2000 +

=
(=]

L [a] ] 12 15
Srage dinee ) Storage time (day)

=9
ek
o
=
=g
=
=
Ll

3500 -

Ly
=
=
=

= 2500 -

Total phycohilin contents (mg/lg of Laver)

2000

1] 3 f a 12 15
Storage time (d)

Fig.1-2—11. Effect of water activity on the pigment contents of dried laver
during storage at 40°C in the dark(@; A,0.11,H; A,0.30,A; A,0.51,0;
A,0.75,9; A,0.89).
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e. in vitro 3A3EA
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Fig. 1—-2—12. DPPH radical scavenging activity of dried laver extract (100%
water extract[@], 100% ethanol extract [[1], 20% ethanol extract [A] )
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Fig. 1—-2-15. Effect of light for storage at 40C and Aw 0.75 on the
phospholipid, neutral lipid, and glycolipid subclass composition of dried
laver after 15 d (PE; phosphatidylethanolamine, PC; phosphatidylcholine,
PI;, phosphatidylinositol, FS; free sterol, TAG; triacylglycerol, FFA; free fatty
acid, 1,3 DAG;, 1,3—diacylglycerol, 1,2 DAG; 1,2—diacylglycerol, MAG;
monoacylglycerol, SE; sterylglycoside ester, MGDG; monogalactosyl
diglyceride, DGDG; digalactosyl diglyceride)

-

TS Ay 0.759014 1,700 luxe] ¥ =4 shell 1S AGAES uf o7& %oﬂﬁ A%
S 7ol vlal 7 XA e] FujEsbe] g g2 FolshA Sl e EPAS A
o 2 ol skl A z‘ﬂ‘ﬂﬂr (Table 1-2—-12). Zv]ELF} EPAS A28k X WbE
o] A ke FERIGAE 2 "ol Exjo]ile] Aaglo] AHH 77to] wE Fol3
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Table 1-2—-12. Effect of light (1,700 lux) on the fatty acid composition (relative %) change of dried laver lipids during
storage at 40C and Aw=0.75

Licht Storage Fatty acid composition (relative %)
& time (d) C14:0 Cl14:1 C16:0 C16:1 C18:0 C18:1 C18:2 €20:0 C18:3
0 0.55%0.00"7 0.3220.02%7 18.08+0.34 1.39%0.01™ 1.00£0.04% 4.47£0.04" 3.20£0.05%"" 0.77£0.03% 0.66+0.04™°%"
3 0.5540.02% 0.34%0.01%¢ 18.65%0.38" 1.4340.10™ 1.0440.01°%% 4.53%0.15% 3.2640.12°%h 0.80£0.02* 0.7540.07**
Dark 6 0.5640.02% 0.34%0.01%¢ 18.8940.71% 1.48%0.02° 1.0340.01°%% 4.57£0.25% 3.2640.19h 0.77£0.06® 0.7640.12°
9 0.54+0.01" 0.3240.00" 19.71%0.22" 1.40£0.02" 1.0540.01°%% 4.53%0.15% 3.4440.16™ 0.80£0.08* 0.7540.01**
12 0.56+0.01*° 0.34%0.002¢ 21.1440.29% 1.41£0.03% 1.09£0.01%° 4.77£0.11% 3.3540.00 ¢t 0.79%0.01% 0.72%0.03%%
15 0.57+0.04™° 0.33%0.012¢ 21.3140.31% 1.46%0.04% 1.09£0.00%" 4.67%0.04® 3.4840.19% 0.80%0.03* 0.7140.08°%
0 0.55%0.00" 0.3240.02%¢ 18.08+0.34' 1.39£0.01%" 1.00%0.04% 4.47%0.04% 3.20%0.05%" 0.77%0.03% 0.6640.04°0!
3 0.54%0.01° 0.3140.01¢ 19.60%0.08" 1.41£0.04% 0.9940.03° 4.46%0.01% 3.20%0.074En 0.73%0.00° 0.66%0.01°%f
Liht 6 0.54%0.01° 0.33%0.002¢ 20.89+0.21° 1.44£0.06 1.03£0.04%d 4.59%0.04® 3.34%0.012dcfep 0.76+0.06™ 0.6640.02200
€ 9 0.5620.00™ 0.34%0.00*¢ 22.56£0.18° 1.46£0.03* 1.09%0.02° 4.66£0.03% 3.3740.09%°% 0.77£0.02* 0.70£0.00%%"
12 0.56£0.00™ 0.3240.00" 22.7340.78° 1.4240.03" 1.0340.02%% 4.58+0.12% 3.4140.00%% 0.77£0.02* 0.75%0.03%
15 0.59+0.06" 0.33%0.00"¢ 23.0240.19° 1.4740.02° 1.0540.04%% 4.6440.11% 3.53%0.16" 0.82%40.10° 0.76%0.01%
Licht Storage Fatty acid composition (relative %) u/s?
g time (d) C18:4 €20:1 €20:2 C22:1 €20:4 (n—6) €20:4 (n—3) €20:5 (EPA) i
0 1.18%0.03*¢ 0.72£0.04"% 0.94%0.00° 3.45£0.03" 6.8240.08" 1.48+0.12° 54.9540.04™° 3.90£0.07"
3 1.16£0.06%¢ 0.73£0.05"% 0.9240.02¢ 3.38+0.10° 6.7640.10" 1.4340.07° 54.28+0.61%% 3.7540.09""
Dark 6 1.1540.12%¢ 0.69£0.03°* 0.94%0.03¢ 3.36£0.01° 6.7540.21" 1.4340.01° 54.02+1.78"% 3.7140.18*¢
a 9 1.09£0.04°¢ 0.65+0.03° 0.96%0.01°%f 3.3940.01% 6.53%0.03"% 1.4240.10% 53.4240.75° 3.53+0.07°
12 1.23£0.01%° 0.79%0.03% 0.9740.01°f 3.30%+0.11% 6.49%0.01°% 1.40%0.02° 51.6440.228" 3.24%0.06
15 1.1840.06%¢ 0.77%0.05¢ 0.9640.12°%f 3.33+0.01% 6.70+0.09%% 1.3940.03" 51.25+0.08" 3.2140.05
0 1.1840.03%¢4 0.7240.04"% 0.94%0.00° 3.45+0.03" 6.8240.08" 1.4840.12° 54.954+0.04™° 3.9040.07%
3 1.0840.01¢ 0.7240.01%% 0.9140.03" 3.3440.12° 6.5240.17"% 1.40%0.05% 54.1340.34%cd 3.57%0.03%
Light 6 1.1240.01"¢ 0.68+0.02% 0.96%0.01°%" 3.23%0.15° 6.51£0.05°% 1.4740.00° 52.45+0.25% 3.3040.03"
€ 9 1.1340.02%¢ 0.69£0.00°* 0.9740.00* 3.28+0.05° 6.51£0.06°% 1.4540.03* 50.4740.22" 3.00£0.03"
12 1.1340.04*¢ 0.7240.03"% 1.0240.01%¢ 3.35+0.07° 6.64%0.15% 1.4140.04° 50.15%1.04™ 2.99+40.13"
15 1.1440.01%¢ 0.7840.04™* 1.04%0.00® 3.36£0.03" 6.7840.11% 1.4240.00° 49.2740.67" 2.9240.06"
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c. A7 E
Ay0.75914 1,700 luxe] B &4 stoll A e o] v 33dE dEFS A
A T 5827.4 mg/kg (67.9%) °olAen, A 159 Fol& 4845.0 mg/kg
(56.0%) 0.2 7HA5klth (Fig. 1-2-16). o] Z3= A0.75014 H& 2pdeto] 9 &=
+ 159 A% F 19 s SFE FEFR] 6579.1 (76.7%), 6009.6 mg/kg
3 st groldvh. wekA Hlo] Ao A T EYvle =Y waAllE
8 S7HZ S dugia. e stdee B A kel SRz o& 44
He dsAsE B84 e gy or A &E3l¥t (Young and others
1971; Mukai and others 2005). Rahmani®} Csallany (1998)%= =@ H 2] F4k3)
S 9o ZA e 9o A77E HYHE FFE wilE SRS Bk vt
Atk Ao EFdE FEFS AL0.75914 1,700 luxe] B &4 slolA A% 99 &
4.72 mg/kg (46.5%) o] o™, A 15¢ o= 4.50 mg/kg (44.4%)02 7443
Atk ol A= A0.75004 Hle Apdste] 99 = 156 AR § A EAdAE
HERFQ 512 (50.5%), 4.58 mg/kg (45.1%) 7} Hlalste] & xpo]& Ho|x] gkgith.
uepa] do] o] A4 F EHE] Hald 22 s BSS ordt. o
o EFdES Y EA oo SR=dd o] 4dE AT
2 Whgste] ERHE stolERH F Aol EAHE T =, Fmd Aol s T
st BajEo] stetd o AFdarE LAGAY, dTIANAS} ARE FH
slo] charge transfer H&AE st AP o] (intersystem crossing) & &3l
A

FHo] e DFPRLT BHo| e AFPHLE v Fowm BeHoR o

0

r>~
B
)
=
)
12
a2
o

=
=3 AE AAT 4= 9t} (Choe and Min 2006). ¥ &) sto 1< AAst= =
EFHE gafo] I/ WElA ke B Ay EFE Ao A T AAE dF

=
FAaE By 2ARGE 2dd R 23S ThsAde vt
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Fig. 1-2—16. Effect of light (1,700 lux) on the polyphenol and tocopherol

contents in dried laver during storage at 40C and Aw=0.75

shA, 2k ke AG0.759014 1,700 luxe] W EA el A 7 A%
247y 5.40g, 4.48g/100 go=, ¥v|eke] Fafo] theh ule] &2 ]
(Table 1-2-13).

Table 1—-2—13. Effect of light (1,700 lux) on the porphyran content (g/100g)

change of dried laver during storage at 40C and Aw=0.75

Storage time (d)
Light

0 3 6 9 12 15

No 11.0640.28% 8.2440.47" 8.01£0.25" 5.94+0.06" 5.14+0.54"% 5,0340.40""

Yes 11.06+0.28" 6.904+0.41% 6.85+0.37% 5.40+0.11" 5.2940.18™ 4.48+0.31%

d. AZT7NSA-AR
Ay 0.759141 1,700 luxe] W & stol] A3k 7

44.67 mg/kg (6.2%) olom, A 12Y o] =
(Fig. 1-2-17). o] A%+ A,0.75904 W& xpcts}t

1o
|
il
ftl
10
2
Y
o4
rlo
)
o
©
ne
ol

‘
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229 E%2 66.80 (9.3%), 40.99 mg/kg (5.7%)°l Hl&] w9 & ghol o).
weba "ol 7o) A F S22 BIE g /M-S ujsit 224
Sl ZA ) o B = s, FAksl T dlef o] AAHE AT AT ER

and Schwartz 1996; Kim 2012). B3 79| vad =72 oA A% 9d 5
2717.5 mg/kg (82.3%) ol om, A4 159 Fo|= 2437.3 mg/kg (73.8%) 0= 7}
2Bkt o] A= A0.75004 WS Apdste] 99 HE 15U Age o] v s
2 k&) 2826.6 (85.3%), 2717.1 mg/kg (82.3%)°] Hlal 2FgF wre gho = vlo]
174 = s ZaE g% S7HRAES ovlght) Jespersen & (2005)

& 3.28 X 10°luxe] 73 W =4 spol A 2447 A F mFmAolde] oF 80% ©]
eSS Basgl 9, AG0.75904 1,700 luxe] W & shol] A7dst 7]9]
FIRE| o= s A 9U T 4714.5 mg/kg (40.2%) oo, A 154 %
Aot o] Ay AL0.75904 WS Apekale]

9o = 15Y AF F 719 JFRE o= FEQ 7044.0 (60.0%), 4820.9 mg/kg
(41.1%)°ll Hlal] w5 st gholdvt. weba] Hlo] 7o A% & 7h=E ol =2 3
= 4 7SS 9ridit JFRE ol EE B2 g9 o] ATS ZEal 3lof 4t
3% 7] #4191 (Henry and others 1998), Hoji} X o] FAlo] oa] Ew Aol
Az=g oz ol ddsty o] e 4 vk (5% 2007). Lin ¥ Chen (2005)2 4
= AdsiAY e U EA Stel A EntEFAE 12570 AFES W, WS xpdet
of AGPE ) Hrp W EA st A AGPE W B-7F=", FEH I, o] Ho] A
20w ol ddst Ho RallH= Aol Avtal Hastilth. 3 JhRE o=
2] stel] HFAR] SEEE] o AE EAo] w2 dFdaa ¢ 5T A
gl Ao duAE wotso B4 VAo R AAGAY, gzt F4AE &
of gt & zplo] AbstE = &8t )l os] dFAAAE &AM (Choe and
Min 2006), 8t 22} 7}2E o)== oF 250—-100071] AdFAAE 2AT = 9l

o= 3704.7 mg/kg (31.6%)°. %

g 4 A drt (Foote and Denny 1968).
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Fig. 1-2—17. Effect of light (1,700 lux) on the pigment contents in dried
laver during storage at 40C and Aw=0.75

e. in vitro A&

S Ay 0.75904 1,700 luxe] W Zx d}o] AAs= = DPPH &tz A7 Ao

HQom "ol &4 st A FAaZo] Atk (Fig. 1-2-18). 4 F
Z

[e)
= R
xdy 75‘ = =
=9 3y IA] FA HEgS P_OﬂOﬁ (Flg 1-2-19), o] A3}= "o o3 7o
I =) }\@r =] 7‘:]

0 A A el e g Aan Ao Auc
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Fig. 1-2—18. Effects of light for storage of dried laver at Aw 0.75 on DPPH
radical scavenging activity of dried laver extract (100% water extract[@],

100% ethanol extract [[1], 20% ethanol extract [A] )

Reducing power by Soon
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storage timeidh ot Aw .75 under light

storage time{d) at Aw 0.75

Fig. 1-2-19. Effects of light for storage of dried laver at Aw 0.75 on
reducing power (represented by absorbance at 700 nm) of dried laver
extracts  (100% water extract[@], 100% ethanol extract [[J], 20% ethanol

extract [A] )
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(4) 7tEel & 79 olgdt 54 W € A%/ AF Vs ARy IAHA
7F AA Abs)
AL 120TCo A 40 == 300%, 250CoA 2 == 5% &<k 719 9ls] #itstE
ghat ool Fatgke] F7kshes S mol (Fig. 1-2-20) S 4L e 2
4 5 AR A8t 2ARe ngoy 7}@‘ AEd e AF AP Wl
i ie=
1 ] a
| ab €
£ 05 ab ab kg I
E’ [ ab 4
3 06 1 1 [ I E 3
: : b
Eu-& [ E 2 1
= o C
g i C
'B 02 g 1 I
E 8
£ °; E 04 -
Noo  120°C/ 120°C/ 250°C/ 250°C/ Mo 1200 L20C) 2500} 250°C/
heating 40sec 300sec Zsec  5sec heating 40 sec  300sec  Jsac Ssec
Heat condition Heat condition

Fig. 1-2-20. Effect of heating on the

acid value of dried laver lipids

peroxide value and conjugated dienoic
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. Ak 24

120°Coll A 40 = 300%, 250CAA] 2 = 5% o 718 798 u 744 o)
A Ak 240 = ol sk Wshrt YEhA] ghof (Table 1-2—-14) X|WAkEo] H] =3

FER A E S-S A ST

Table 1—2—14. Effect of heating on the fatty acid composition of dried laver

lipids
No heating 120°C/40 sec 120°C/300 sec 250°C12 sec 250°C/ Ssec
0.55+0.00¢  0.53+0.012  0.56+0.037 05540000  0.5420.062
18.08+0.34° 18.20:0.02 18.20:039° 1B.31:0.088 18.41:036
DT 100:0.04¢ 10260048 10550000  102:0058  1.0420.01
446:0.030  448:0.090  465:0022 4521025  4.60:0.24°
3.20£0.04% 314005 32120128  313:007F  3.2020.09
066:0.048  061£0012 0840072  070:001*° 06620032
117002  123:004*  122:003*  117:006*  1.20:0.05°
077:0.028  0.J7¢0.048  0J7:0.00°  078:002°  0.80:0.012
072:0.03F  073:0.022  074:002°  071:003°  073:0.033
0.93£0.015  0.98:0.022  0.94:0.00° 0942002  0.95:0.033
342:007¢  337:0058  337:0068  3.40:0068  3.39:0.07:
67620.018  6.63:0.218 66010100 66810047  6.7620.132
1472010°  145:0.020 15120048 14420048 15320073
54.36:0.877 551420417  54.88:0.10° 54.92:0.69° 54.43:0.432

UDifferent superscripts mean significant differences among samples in each fatty
acid by Duncan's multiple range test at 5% level.

o. AR5 E

120TColA 40 & 300%, 250CoA 2 =& 5% ¢ 7+ 12 w4 &

Hal ExdE 2 Y9 8= &2l st

gk 2pol 7} WA A Ut (Fig. 1-2-21). oJ A= gol 4

o= st E e s o o= Fo3 JFS Holx gk
o xg

o] &l &
ojm st Eughe] e A S AAISHAT

do it o oY
o & 1o 2

-
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Fig. 1-2—21. Effect of heating on the antioxidant contents in dried laver

2 AEVSAHAE

120°Coll A 40 = 300%, 250CAA] 2 = 5% BoF & 718 A4 &8 719
HE) S229 ko] fo8HA wekoy /1Y 24 w2 S22 g 2ol

A ekokt} (Fig. 1—-2—-22).

120°7C/ 120°C/ 250°C/ 250C/
hEE!“"Q 40 sec 300 sec 2 sec B sec

Heating condition

0.G

o o ©
[ - L

=
P

Chlorophyll contents
{g/kg of dried laver)

=
s

=

Fig. 1-2—22. Effect of heating on the chlorophyll content in dried laver
7 W -7t2d 2@ FH< £ JtRE o= TS 120Co A 40 =& 300%, 25

g
0ColA 2 = 5% &S 7+ 5 FolshA HZasidloy 7t9d =3l wa & &

ol AAA FAY (Fig. 1-2-23).
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Fig. 1-2—23. Effect of heating on the carotenoid content in dried laver

184} phycoerythrin®} phycocyanins phycobilin 52 719 Z7o| whe}
3 zpo]7t YERY, 120Cel A 40 = B¢t 8 HS #A4 2 A
3 zpol 7} gl o}, 120Col A 300%, 250Col|A] 2 &= 5% &b

I ko] §98 A At (Fig. 1-2-24).
b
c
‘ I d

Ko ME 1ML HALS HOES Me  1mIES 1R0T) 36OES 250 ""I’ T20T TEDTS EH0L EE0LS
heelisg 4 pac SN B EEC SmC healing Asec J00E6C Zeec G EBC heating  df o 3005ec feac  Seac

Heating condition Heating condiion Heating condition
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Fig. 1—-2—24. Effect of heating on the phycobilin content in dried laver

o, s

Aol in vitro &4+3t8A % DPPH &0 Z 2AAEA L wA &2 Ao Hl&] +& 2
ol A G9slA AP om Fe LxoA] L& 7 HE = Ln 5
Aol f-9stA ZUdh aEu SHPAEE FH e Ho s & HolA Folst
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Fig. 1-2—25. Effect of heating on the in vitro antioxidant activity of dried

laver extract
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antihypertensive, antitumor, antiallergy A& Hol:= Zo® HIEOH
(Kawadu =, Noda &, Ren %), 2Fst&4 2 mycosporin—like amino acid

activity (Blouin %)% AAFH AL

Ishihara & (5)< Balb/c miceo] AAA #HAxH Fol|A F2 3k porphyrand]
HEzA gk (contact hypersensitivity reaction) WA &EHE FA}sFS T}
porphyrane %79 F8 AE O ZA in vitro E BT e FH )2
M 35 (murine macrophage) & Z43lsle= A2 H¥QITh a2 HE53)
Higkg-2 dubal o7 AE 9l AE AR dLE 2] @S Hrlsket AREE
t}. 5% TNCB(2,4,6—trinitrochlorobenzene) Fo=2 HHA FUdH&S L3t
Balb/c miceoll Al 2% porphyrane &3t Al4E 741 Awd A3 A 2o
AAlste] HEA ARINkES /MAA7I= AS®E YES T porphyran o] €%
IgE % FA Lo A interferon—y AL 2o H|&] Fold oz A5, u
2tA porphyran®] AFH= FEFA AWREES ANHAA FLE 27 a9
g Ao ® e

o ot

%

Zhang S(6)& x=® mup$2~o] Qo)X  Porphyra haitanensisol~ E-2]3F
sulfated galactan fraction F1¢] gAtslaaE ZAFskQIth 20¥%  Kunming
miceol| A fraction F1& 50, 100, 200 mg/kg BW F+o=2 209 F<t A3k
A F1Y Fo= F dAksks, SOD €4 2 GSH-px EA4& S7HA AT wet
X Porphyra haitanensis®| A 3%t sulfated galactan fraction F12 in vivo
oAl kst a7F g A o= UERT

ul

Guo (7)) At TR &S F2d vkl SlolA Porphyra
yvezoensis polysaccharide(PYP)2] ZF&A AAAadts AT 453 9
Kumming mouse°l 4l PYPE 6.25, 25, 50 mg/kg BW FFo=2 743t 5745
AbgE & AMESIEAE Fofste] S FEAIZY. PYPE Fo g A9
AST B ALT 242 dizwol v foldoz asiilth. PYPE 50 mg/kg
BW o= A3 49 11229 MDA =& #Fodo=z FaArFa, SOD
242 25, 50 mg/kg Folg A9 3

g A3 PYPIol SlojA xF IArE fstARY. webA Poryphyra
yvezoensis polysaccharider= Al93}etA= 7HEAS 5243 mouseo] AJA &

= i

Asles NAANA 7FEAS oHrst

A

>

Bocanegra 5(8)2 aZdlAHE Aol& AT A oA o A7 &
cbsbsel WA= GFS AL Bt AT 127g9] Wistar SFHANA 2% F

AE 2L FHT AIN-03M 4ol & AFHYIL, 4 Holo) 7% FFOE 37
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PZ:ZJO total glutathlone

9
2 ST mEbA e dAksks ol

4o & mm

reduced glutathione E%& F9%4
&3 Aow ArH.

Hwang 5(9)& ofA|Eolu| =zl o2 71&aAS G538k g F o] 9olX Poryphyra
yezoensisol A Z=Z&d  wulA(PYP)9] A ads  FAEIYTE 4539
Sprague—Dawley Al 3 FHo| A PYPE 100 mg/kg BW == 2537+ A 4535k
Z ol Eoln EAS BFFAH70me/kg BW)3dto] HEAS Fdlqit) oA Eof
HEZN FoA2 EYS 53 45 11249 capase—3 €4 3 DNA
fragmentationS thZtol] H)&] Godow =718t a, FREEL Srs 59
How gasiglon, @3 AST, ALT $k=& frol 4 o= S7hskqith. PYPE 25
b AFFAe A9 7FEZA 9] capase—3 &4, DNA fragmentation % 83
AST, ALT %% FoHd o= Zasda, (tx24 =782 skt 4=
Z7Ver k. Wb A Poryphyra yezoensis TH A& ol M| Eolu|-H o2 213%+ 7
=4S diels AR e

Ismail 5(10)2 Al#EL s sxzFo Artst SAS SAsAH. Laver
(Porphyra sp.), Kumbu (Laminaria sp.), Wakame (Undaria sp.) % Hijiki
(Hijikia sp.)9 olgs 2 EFZES AXsSI %ﬂ‘FZF%EOﬂH'E Laver,
Kumbu®| & 3tsts 2 feldtzd 2750 ¢5a3aL, desFEEddAs
Wakame % Hijiki®] @4tslso] 943k A o= e
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A 2d %%t 4 L o o8 HF B4 ABSA

AT (Al 2 AF-TA)

LTl 2EE)E o] 838l 1.0~1.1 kg/em®, 121°CoA] 15837 71938 &
TAAZS] AUk E-S AOACH O ®E BA3Y. 5 21%3 55 wfo 2
6.3%, S AL 24.6%, AWS 1.9%, 3]EE 3.6% 18il F Ao)AFE 12.2% L

Table 2—1—1. Proximate composition of freeze—dried mung bean endosperm

MBE®
Moisture 6.3
Crude protein 24.6
Crude lipid 1.9
Crude ash 3.6
Total dietary fiber 12.2

"Mung bean endosperm
(2) A4¥85E € A489x<4

C57BL/Ks—db/db miceE T3t 1791 43713 5, &3
o8 R x2S AIN-93G A o](basal diet)Z,
Coat, MBO)T ol A= =+ €3 FE2E5 29 1% 2
bean endosprem, MBE)w ol Al+= autoclave ¥ SZ2AZF3 =% wlf ¢S

o] 40.8% FTFOE TFZY ad libitumeE FstAtt. 5% wifte] 2ol x4

gulge) Ak %% gl A FHVES aglon] A4 2ol v, A A

Hell w2} 5= Al
T+ £33 (Mung bean
=

¢

ol :(0
ol
zjl
0,
o
Jo
>
_O‘h
=8
Jhu
BN
o
_O‘h
3%
=
>,
el
~N
o)
offl
2
20
of\
&
1>
o,
X
AN
it
o
N
N
toky

SHSlTh Aol HH AL ZEE 7F7F A
fdH oz A AT sk Waxu 1 7
2L 0.9% A2 A4 dFo] 5715 AA
oF PN 3,000xgol A 1553 LA+ sk

N

N
Lo
-
X
il
|\
o
ol
ol
K
o o
¥@ 32 BN o N mx ofN

o
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Table 2—1—2. Composition of basal and experimental diets

Ingredient Basal diet (%) MBC diet (%) MBE diet (%)
Corn starch 39.75 38.75 14.71
Dextrinized cornstarch 13.20 13.20 13.20
Casein 20.00 20.00 10.00
Soybean oil 7.00 7.00 6.22
Alpha—-cellulose 5.00 5.00 -
Sucrose 10.00 10.00 10.00
AIN—93G mineral mixture 3.50 3.50 3.50
AIN—93G vitamin mixture 1.00 1.00 1.00
L—cystine 0.30 0.30 0.30
Choline bitartrate 0.25 0.25 0.25
Tert—butyl hydroquinone 0.0014 0.0014 0.0014
MBC' - 1.00 -
MBE? - - 40.80

"Mung bean coat extract
*Mung bean endosperm

(3) 849, €4 A2 profile € 4 I9F ¥ =H
g2 gaoe=r 934 dEd 5% 9 adiponectin X+ ELISAH o2 S35}
t}. Homeostasis model assessment index (HOMA—IR)+ [& & ¥ 9 (mmol/L)X&
Bol# (uU/mL)/22.5]1 258 Atadct, 9% 24, = Fu~HE, HDL-=
H2HE v a4 R SASY. sl AdsiAee [(F Z8~HE - HDL-&F
t|2~®| & )/HDL—Zd| 2~ H & ] & A4kt O]%Lx]gé(dyslipldemla) N a3E ZAFst
Atk dEvE MdEHeE 9% IL-6 X TNF—a =5 ELISAY o2 S4313lth

(4) %9 32 235l AHEE 54

279l a—glucosidase(maltase) A4S Dahiqviste] WHow =AHsPon Fi
g4 17 &< 1u moled 71&S &3k &S 1 unit= 3o

(5) 22A 9 AQAJIHE FE B PN 52A 84 29

7F %Al A AF}AEE =HL Ohkawa =

1o
ol
)
fllo
o,
ofo
ol

}ol, thiobarbituric

acid(TBA) &} wH&3}+= malondialdehyde(MDA) Q] st&FS Sl TF-FNo 2=
1,1,3,3,—tetramethoxypropane (TMP)S A}&3}3t. Fx2<¢ SOD A2
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Marklund®} Marklund®] HHS o] &3] SAH35S 2, 15 &< pyrogallole] A&
AEHE 50%7HA AAEHEH S EE & 1 unit2 3}3lt}. Catalase &4
S AebiHOo® =AsIRon, FA FA °F 1p mole?] 71d& Ea|A7]+=
a4 &S 1 unit=Z AL

°1€
=
off
o

(6) BAAZ

I $AUAE BELEEWAmeantSDI2 TAHIL, % 29 924 f918
J

=2 g b | T
AL BEAEA (ANOVA)E AME-SLo] AA8E a1, Tukey's testE follow up test®

(1) AT B HoH3%

) %o+, MBCw, MBEw#9] A|%& 7}7} 43.5+3.5, 41.943.0, 38.6+2.8 go & }E}

Wl MBE9] A5& tizatol Hlal] o2z 7H438k3 2 (p<0.05), MBC9
AT hxa 2 MBEW % #o] 4l Zpo] 7} gldth. thx+, MBC+:, MBE< 9] 2] 0]
AF e 247y 4.340.3, 4.6+0.4, 4.440.4 g/d= e, Al o+ 7rel o A<l Z}o
7F sidHt

Table 2—1—3. Body weight and food intake of db/db mice

Group Body weight (g) Food intake (g/d)
Control 43.543.5" 4.340.3
MBC 41.9+3.0® 4.6+0.4
MBE 38.6+2.8% 4.440.4

(2) Fagx FA

&, MBCwh, MBEw9] Athzl Fag wiaxer A= Z47) 48.143.2,
46.4%5.2, 40.7+4.2 mg/100 g BW= et MBEw S 4 }
ol HlEl] fre] A o8 FFAEH 0™ (p<0.05), MBC-9] H-a13H4] e
MBEw#} 221l ZFol7} A, whebA] =57 wifro] A= vwk /i d &35 e
AT

rr
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Table 2—1—4. Epidydimal fat pad weight of db/db mice

Group Epidydimal fat pad weight (mg/100 g BW)
Control 48.1+3.2°
MBC 46.4+5.2%
MBE 40.7+4.2°

(3) @9 =da%

N}

£0.6
o]

|z, MBCi*, MBE#9] g @88 x 5= 7h7; 8.1+0.7, 6.8+0.5, 7.
%= UER}, MBCT(p<0.01) ¥ MBET(p<0.05)9] ol B23d A =7} o
Hl3l fre]d o= FHaskqitth

BN

10

=y b
=
| = T a a
a3 87 |
© I :
o
5] 1
E 6 1
7]
=
=
S al
[}
L)
=
o
- z |
<]
L
oo

0

Control MEBC MBE

Fig. 2—1—1. Blood glycated hemoglobin levels of db/db mice.

%+, MBC+*, MBEw¢ d93& 7Z7b 481.6+£53.8, 344.8+£39.7, 406.5+38.8
mg/dL&E YERY}, MBEw9 d3& EH&EOH Hla] o8 o=z 74893 (p<0.05),
MBC¢] €32 MBE-ol| B3l o4 o2 HAstth(p<0.05). WebA =57 3] ¢
S5 R AHe 89 2d 29 5% Ao 2 YER
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Fig. 2—1—2. Serum glucose levels of db/db mice.

2, MBCw+, MBEv-¢] &3 o+ 5+ Z+7F 90.149.3, 84.34+9.5, 75.6+8.2
wU/mLZ et MBEWe] €3 ¢4y 3= dlxato vl f-98 o2 7+43
Rom(p<0.05), MBC o] % Ql&d w5+ " 9 MBET % 2431 Aol 7}t
AATE
120
T b ab
E a
Wl T
= 1
=
= 60 |
w
£
£
2 30 |
=]
w
0
Control MEBC MEE

Fig. 2—1-3. Serum insulin levels of db/db mice.
(4) 3 A4 profile &4
iz, MBCw, MBET Y €73 TAAYW %% ZH7; 149.0+14.4, 121.0£11.2,

130.7+14.1 mg/dLZ vER}, MBC(p<0.01) % MBEw-(p<0.05)9] & FA x4t
FE7h izl vlel frolH o Zhasigi.
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Fig. 2—1—4. Serum triglyceride levels of db/db mice.

x=+, MBCa, MBET9 8% F FHU=HE s 722 159.1%£23.0,
126.3+£18.5, 112.5+17.9 mg/dLE e}, MBCT(p<0.05) 2 MBE(p<0.01)¢] &

4 2e2HE sE0t Tl na fgo padtar

.

)

200 b
=
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Control MBC MBE

Fig. 2—1-5. Serum cholesterol levels of db/db mice.

2, MBC, MBET9 &% HDL-Zd2HE 2% z+7; 54.946.7, 56.8+6.7,
50.0£6.3 mg/dLE e}, Al o+ ghel] ol Al o7} glglT).
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Fig. 2—1-6. Serum HDL—cholesterol levels of db/db mice.
%+, MBC+*, MBE+ 9] HW 3 x] 4= 1.90+0.34, 1.24+0.34, 1.27+0.38% 1}
Elrd, MBCw % MBEw-9| sWASAF7F tjzatel Hls)] fFo4o s Frastiltt
(p<0.01). WA w5 Fy 55 w9 dF= 4 F84AY 4 F U =HE
FTEE Aol s ASATE At aXdS MAaRE JERE Aew

Atz

st

Atherogenic index

Control MBC MBE

Fig. 2—1—7. Atherogenic index of db/db mice.

(5) 2% A9t q—glucosidase F4 =A

%, MBCwt, MBEw9 2% Hut maltase AL 386.5+40.3, 335.3+33.0,
372.0+42.8 U/g protein® 2 e}, MBCwol A% A9 maltase ZAdo] thxt
of Hla] Frejd oz 7HA4s3] 2™ (p<0.05), MBET 2] 4% A5 maltase A
T 2 MBCw ¥ Fo A<l 2ol 7h glat), webA] S5 F319 79, a—glucosidase
g4 Aejrt ddzde) FEHoR Josl= Ao AARFHh
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Fig. 2—1-8. Maltase activities of small intestinal mucosa of db/db mice.
(6) @A adiponectin, IL—6 ¥ TNF—-a %
HZ+, MBCi, MBE+¢ &% adiponectin %+ ZFZ} 10.6+1.4, 13.3%1.9,
12.9+1.6 ng/mL & e}, MBCit % MBEw9 €% adiponectin %7} &+

of s frolMow FHEATHp<0.05). Mk HF FdS =T wlfel HAE
adiponectin 352 Z7MA)A & AFAALS MAANZIE Aoz ALZHT}

16 b

—

—t—i

Serum adiponectin (ng/mL)
o

Control MBC MEBE
Fig. 2—1—9. Serum adiponectin levels of db/db mice.
] =+, MBC+t, MBEw9] &% 1L-6 3%+ Z+Z} 31.945.3, 22.0+3.4, 18.2+2.9

pg/mL= YER}, MBC 9 MBEw®] #7% IL-69 s%=7F txtol vl o 4o
= 23kl th(p<0.01).
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Fig. 2—1—10. Serum IL—6 levels of db/db mice.

iz, MBC#, MBEw 9] 4 TNF-a FEi 7 7—. 15.4£2.0, 12.5%1.5, 13.0+1.4
pg/mL= R}, MBC 3t MBEw: 9] ¥4 —a FE7F HEae] Bls) e Ao
= 23kl vH(p<0.05). Interleukin(IL)—6 5—; TNF—a= 95 B Hgies 24
pro—inflammatory cytokine .2 H %t} wela HF 239 =5 wjfo A3
= 95 ZnE Yedle AeR Alsdnh

20 -

b
- a
g I I
E 10
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=
£
5 s
-]
w
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Control MBC MBE

Fig. 2—1-11. Serum TNF—a levels of db/db mice.
(7) t2F 9 ANAFAANZE s @ A3 asr S FA}
%7+, MBCi, MBEw¢] 7+%Z TBARS &#& 7+zb 2.0540.33, 1.64+0.24,
1.84%0.31 nmol MDA/mg protein® = UE}STE MBC 9] 7F%2 TBARS St

tfztol] gl Frejd oz 7HA4sgl oM (p<0.05), MBET ] 7Fx%2] TBARS &2
2 @ MBCi ¥ /9421 #Fo]7F gl th.
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Fig. 2—1—12. Hepatic TBARS levels of db/db mice.

(o3

) 2, MBC#, MBE-¢] 7722 SOD &4 & 7+7t 21.442.7, 25.9£3.0, 23.0£3.6
U/mg protein® 2 YEFSTE MBCi e +%2 SODEAL U

2 Z7Fskd 2™ (p<0.05), MBET-9] 7+%2] SODE#A S t o 2 MBCE?Jr el A<l
zo]7F AATH

40 r
g
T
b= b
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Fig. 2—1—13. Hepatic SOD activities of db/db mice.
&3, MBC:, MBEw9 3+%Z catalase A2 7H7b 15.7£2.1, 19.3%2.6,
16.84+2.4 U/mg protein® & YEFTE MBC 9 7FZZ catalase B4 tZF 2o
Hl & feld oz F71sFsl o™ (p<0.05), MBET 2] 724 catalase 442 2 2
MBC-# 9] 21Q1 zpol 7} it weba =7 T3 o AHF = db/db k520l 2
A Arksts s ST Ao R UERRTH
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Fig. 2—1—14. Hepatic catalase activities of db/db mice.

2. 1Y ddxaH
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(1) dd5= 2 AdHAd

C57BL/Ks—db/db miced THY3ste] 157¢7F A571F &, Gy e} 558 F
o g UFAY g EzTo A= AIN-93G 2] o] (basal diet)Z, 7 (dried laver) <ol Al
= Az 7 BaS AolY 3% FFEoR 7FIF ad libitumlE I3 tH Table
2-2-1). 1o & 2 11.6%, @M EL 38.4%, AW 0.3%, 3|2 8.0%, %
Ao] A= 33.4%01 . txatd Ao ai A X, Aol f FE S AR
=2 Qs vh A7 s AT Aol dHAFS T 23] SASEAT. Alo] A
ANZL2ZEE 7571 At &, 525 12413 A7), Ao 2 S| A AT
A3t 4L -70Col A A}

X

ek
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Table 2—2—1. Composition of basal and dried laver diets

Dried laver diet

Ingredient Basal diet (%) (%)
Corn starch 39.75 38.91
Dextrinized cornstarch 13.20 13.20
Casein 20.00 18.85
Soybean oil 7.00 6.99
Alpha—cellulose 5.00 4.00
Sucrose 10.00 10.00
AIN—-93G mineral mixture 3.50 3.50
AIN—-93G vitamin mixture 1.00 1.00
L—cystine 0.30 0.30
Choline bitartrate 0.25 0.25
Tert—butyl hydroquinone 0.0014 0.0014
Dried laver - 3.00

(2) 89, €3 A2 profile @ 3 d9ZF AE =74

4 ol#d % 9 adiponectin %X+ ELISAB O Z ZA3A
: A 5 drvtEag Yo R S48 o, HOMA-IRE [+
F(mmol/L) X358 1&EH (uU/mL)/22.5] ZF-E] A4ttt @4 =44, & =@
HE, HDL-ZH2HE $5¢ aaHeR S48900, sHAs A& ALtsto]
=

Abekith. dts Nl ads= 93 IL-6 % TNF-a &=

7+ z2A AAHREE 54L& Ohkawa 59 WH
acid(TBA) %} wFS$-3}+= malondialdehyde(MDA) 9] &S =439 11 total SOD &
e Marklund$} Marklund®] ¥HH<& o] g3le] A3

Wow Z4agh
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(5) BAAE

A% FA A= jéﬁi%_—fr?iﬂ(mean"'SD)i FAISFA T ZF o] x| o] 94
] O Al
=

2) 9743

(1) AT B HoHd3%

—

Z, 3

, Aol AlFe 247 41.242.8, 40.0£2.0 g0 & YEY, F o 7Hol 93
¢l ztol7k ATt R ko] Aol A" w3k Ko< ko7l ;LA

Table 2—2—2. Body weight and food intake of control and dried laver group

Group Body weight (g) Food intake (g/day)
Control 41.2+2.8 4.3+0.4
Dried laver 40.0%£2.2 4.1£0.4
(2) Fa3AY A

gk WAz BAES
mg/100 g BW= E}
db/db v}$-2~2] H|wt o

Ask Ay dixzd, fdao]l Z+H2F 51.545.7, 50.6+4.8
Al 2ol 7F gASitt wpEkA Ao AHE

A GG FA e Ao ARHL

:i
L}

Table 2—2—3. Epidydimal fat pad weight of control and dried laver group

Group Epidydimal fat pad weight (mg/100 g BW)
Control 51.5%5.7
Dried laver 50.6%+4.8

iz 9 779 g G Ms =5= 7217t 7.640.8, 6.7120.6% = YEN, 7T
o] gl I =N FEF Rl vs] fogo® AR THp<0.05).

O
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Fig. 2—2—1. Blood glycated hemoglobin levels of control and dried laver

group.

Ao d3(375.4148.1 mg/dL)S hZ-(463.7£62.3 mg/dL)ol B8 Fejd o=
23G9 TH(p<0.05).
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Fig. 2—2—2. Serum glucose levels of control and dried laver group.

= 747} 82.5+8.8, 73.948.1 uU/mL=Z eI} T
. wEbA db/db s=o oA o] AHe ¥€9 ¥

$EE FoMoR ganA dgnde B34S T Jow And

d
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Fig. 2—2—3. Serum insulin levels of control and dried laver group.

(4) 8% A2 profile ¥4

7.}&'8}914(1%0.05).

Serum triglyceride (mg/dL)
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Fig. 2—2—4. Serum triglyceride levels of control and dried laver group.
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Fig. 2—2—5. Serum cholesterol levels of control and dried laver group.

hzw, Aol 94 HDL-Ed&HE s 247 57.245.5, 59.145.5 mg/dL2
e, o el e A9l Akl 7§l
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Fig. 2—2—6. Serum HDL—cholesterol levels of control and dried laver

Wz FUARAFE 1.
) .

H(p<0.05). waba

= o~ =
= 2 FUARASE 3

group.

20%0.34% )2 (1.87£0.53)°l vl&) Foj4 oz 7445}
=l oA Ao A= 9 T4AY, T TUsHE

2AA, AAEST RS YER AL AEaA S

ol B3 & Aoz Almdr),
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Atherogenic index
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Fig. 2—2—7. Atherogenic index of control and dried laver group.
(5) 2% A9t q—glucosidase F4 =A

23] maltase €& th22(375.6441.5 U/mg protein) 3k A (347.8+47.6
U/g protein) A}oldl <ol xpo]7} 91glth
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Fig. 2—2—8. Maltase activities of small intestinal mucosa of control and

dried laver group.
(6) ¥3 adiponectin, IL—6 ¥ TNF-a &

iz, Awe] @4 adiponectin §%= ZH7b 11.0£1.6, 9.9£1.2 ng/mL= e}
b, 2 2kl el AR Zel 7k gl
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Fig. 2—2—9. Serum adiponectin levels of control and dried laver

group.

g3 IL-6 55 S A3 gz, Ao Zh2F 34.44+4.9, 29.1+3.3 pg/mL=
e 71:]%4 g3 IL-6 X7 dixatof vl fFoHo= %iaﬁi‘ﬂr(p<0.05) H]
uk A}Ef = adipose tissue?] WHA A Q1 okt A FAbE) EH‘S}O% —6, TNF—a =

3= IS4 cytokined EH|IE F7HAIZ] ) q#+= db/db P}
2of QoA IL-6 4 E AAAA FEsadE L}F/‘rlﬂt o2 Az,

o
£
{=2]
N=
L
=
E
=
[+
w
Fig. 2—2-10
g3 TNF—-a
= Geh % 2

40
T N
2 L | T
I
20 -
10 e
0

Control Dried laver

. Serum IL—6 levels of control and dried laver group.
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Fig. 2—2—11. Serum TNF—a levels of control and dried laver group.
(7) 2239 AAHANEE s 2 e as B A}

) h -
protein® UEHTE 749l 7Fx% A TBARS e ojzxtd vl 4oz 1A
319 (p<0.05).

iz, o] 722 TBARS %2 2H7} 2.27+0.42, 1.64£0.34 nmol MDA/mg
[e)

e

TBARS (nmol MDA/mg protein)

Control Dried laver

Fig. 2—2—12. Hepatic TBARS levels of control and dried laver group.

SOD #&A& 7+7F 24.7+2.8, 28.6%£3.1 U/mg protein® &
< 2ol HlE o)A o m FUhsktH(p<0.05).
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Fig. 2—2—13. Hepatic SOD activities of control and dried laver group.

2ok, Ao 7F%EZ] catalase 844 727 13.7+£2.5, 16.5+2.0 U/mg protein o
2 Yehy, 719 catalase @A o] dxvtol HlE FoF o g SR tH(p<0.05).
meba e AH e xR Atsta s S48 77 A AR EE v EE
A 7= AR e

bl

15 -

o
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[
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Control Dried laver

Fig. 2—2—14. Hepatic catalase activities of control and dried laver group.
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T

15.1%, A%

o

T

Crude protein
Crude lipid
Total dietary fiber

Moisture
Crude ash

3.0%, =

e,

Table 2—3—2. Proximate composition of freeze—dried tangpyeongchae
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(3) dd&= 2 AdHAY

55 71 C57BL/6J miceE 7ot 157U 237|175, 3ol whe}
S A o2 YUFAy. dERFAAE 5.0% corn oil# 65.0% corn starch”}
F 2lo](basal diet)E, 1A 4 - a1k (High—fat high—sugar, HFHS) -0l Al+=
3.0% corn oil. 33.0% lard ¥ 27.1% sucroseE ¥3%F3F HFHS 2lo|ES, &3 |+
(HFHS+TPC) el Al= HFHS Aol sAaxAxe FHA F2S 2ol9 5% o=
A7Feke] 1253 2183k tH(Table 2—3—3). C57BL/6J mousedl 21014 125 o] A<
HFHS 2lo] A3+ vink Ql&ad AP, 189, drA TS HEllle o=
HuEQdeh A7 5 As Aol dHdFS 27 5 13] 2 33] S48} 4
o] A AFURRY 1257 A F, TES 12413 AAA 714, 5E8 AF3Ad
Moz WA AT, dAe 3000xgol A 1587F A4l £33 & IdHHS By,
P4 +2AS -70Co| A BTk

B ooft o2
o ot

Table 2—3—3. Composition of control and experimental diets

Ingredient Control HFHS HFHS+TPC
Casein 20.0 20 19.2
Corn starch 65.0 11 6.8
Sucrose - 27.1 27.1
Alpha—cellulose 5.0 - -
Corn oil 5.0 3.0 3.0
Lard - 33.0 33.0
Vitamin mixture 1.0 1.2 1.2
Mineral mixture 3.5 4.2 4.2
DL —Methionine 0.3 0.3 0.3
Cholinebitratrate 0.2 0.2 0.2
Tert—butyl hydroquinone 0.001 0.007 0.007
Freeze—dried tangpyeongchae - - 5.0

(4) N AAQA MAEH 2 3 d9AE 54

7 A, T Ful2dHE, HDL-ZFH2HE % LDL-Zd&HE 5+ a4
o2 F5A33 ot 597 84 (atherogenic index)+ [(F F#|2HE - HDL—-Z4|

2~E|2)/HDL— 249 2~

=12 AL, @3 W9xxQl IL-2, IL-6, TNF—a&
ELISA¥ 0.2 =319t}
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8 F 2

o508 0ALR mwel AAAA HAS ARG, AL 3o, Y 23

; SPE ¥, d9e aagow, 99 949 ¥
i g

S S
=+ ELISAY o= ZFAsiglt. Qded A
A& 5 A}

(mmol/L) X35 A (uU/mL)/22.5]1= ARt}

(6) M9k M ET ZA}

Higk 74 g5 2APe7] 918l oA 9 AR FaAlE S5t w, g3
leptin &%=+ ELISAYH o =2 SA35 ).

(7) ¥x2A 9 AAEgF 9 AP A

b 22 9] A& L2 Folch 2 FE23% & F AW FAHZFES SAHSAY. F 249
AN 2 ZYU2EHE d9E aaoer S x24S uAsta G
<, Fstdn|Fd oz AHH NAEE A Y

(8) 3 9 1x32 9 ANAFAIE F&, H23F 9 dikg a4 A A

g3 2 7t 249 AAFAASE S4LE Ohkawa 59 WHo R A3 7H2A
9] SOD &4 Marklund®} Marklund®] WO =2, catalase A2 AebiHOo =
=43t} Glutathione peroxidase(GSH—Px)2] &4 Lawrence & Burk® W
© & EDTA, NaN, NADPH, GSH, GSSG—reductaseE % 7}3F W3 &3l o] &3}
o Hy0, &4 H7bsto] WESAIAA NADPHY 3% FAEE SHS ST

(9) BAA=

Ay Aits A+ A (mean:SD) 2 FAISHI T 2F ote] Hr Ao FolAd A
Ao ANOVAR 2 A8k a1, Tukey's testZ follow—up test® A& 3?%‘:}(D<O.O5).

(1) AT B HolH3%
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) %+, HFHS, B3 3179 A5S zHzF 27.5+2.6, 39.7+3.6, 36.7+3.8 go & ur

B} tH(Table 2—3—4). HFHST 9] AT Wzl Hl8] Fodo=z F718Sd
(p<0.01), BH AT A5 HFHST I 72421 =}o]7F gl v}t HFHSY 9 A%
Ao gl wa FOHon ZANALG<0.01), FAATE) AFZE

HFHSw 3 o] A1 zto]7b gllvh. iz, HFHS:, B A ato] 2ol H Z& 44
3.6+£0.5, 3.14£0.3, 3.440.4 g/d2 e}, A = 7t FoAel Ao)7} 9Tt
HFHS: ] Aol & 582 7.9£1.6%= W, EHZ;L@ 940.1%) ol v o] Ao

2 F7etd 2 (p<0.01), HHAT(6.241.5%) T = §-21 4 ¢l 2Fol7b QITt. upehA] &
B el AF = HFHS Ao = Hvhe =3 ogoﬂ AAA AF AFT7rl fre

ARl &S FA Ehth

Table 2—3—4. Body weight and food intake of C57BL/6J mice

Initial Final ) ) Feed
Weight Food intake o
Group body body ) efficiency
. . gain(g/d) (g/d) .

weight (g) weight (g) ratio (%)

Control 19.2+1.2 27.5+£2.6*  0.10%+0.03° 3.6+0.5 2.9+0.1°
HFHS 19.2+1.1 39.74£3.6°  0.24+0.03" 3.1+0.3 7.9+1.6°
HFHS+TPC  19.4%0.8 36.7+£3.8"°  0.21+0.04° 3.440.4 6.2+1.5°

(2) AZYAF N &a=

%, HFHS+, g3 17t e] g3 =AAYW s+ ZH7F 105.84+18.0, 120.8+17.5,
111.6+17.7 mg/dLE Al 7+ o7 el x}ol7} glgic).

200
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=]
£ 150 |
g I
: ] 1 |
g 100 | | II
o
E
E
§ 50
@O
(2]

0

Control HFHS HFHS+TPC

Fig. 2—3—1. Serum triglyceride levels of C57BL/6J mice.

HFHSw 9] 8% FdzeHE s%% 12544237 mg/dL=Z thx+(91.8+16.2
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mg/dL)oll w8 FJHez F7Mea(p<0.05), BH AT (99.2£16.5 mg/dL)
HFHS 7o B3] -9l A o2 7+489 a1 (p<0.05) 2= G022l xfo] 7t it
meba FEA Y AHdFHeE 9 FE2HE sEE AAAA 1EFHAHEE S N
H7F -5 Ao2 UErwth g1 ddiatd oA dF FdaHEY 24
= AEBRAASEY AT HEAT= AR dHA o], §HAE 1T aHEE
o MAste] A8aAdse 98-S A7 7T Ao = AR HT

200
3 b
> 150 | T
< a | 2
° -
; | |
S 100 | i}
3 [ I
2
< 5
£ 0
c
7]
w

0

Control HFHS HFHS+TPC

Fig. 2—3—2. Serum cholesterol levels of C57BL/6J mice.

2+, HFHS, B3HA+e d% HDL-Fd2HE == 7 44.2497
59.6+£12.6, 49.2+14.9 mg/dLZ YeY Al 7 Feldel xpol 7} ¢lglt).

100 r

ol i

Serum HDL-cholesterol (mg/dL)

Control HFHS HFHS+TPC

Fig. 2—3—3. Serum HDL-cholesterol levels of C57BL/6J mice.

)%+, HFHSY, "g3A7e 3% LDL-Zd2HE 5= zH7h 22.8+5.4,
30.8+7.5, 24.3+5.7 mg/dLE e A 7 oA xol 7t ¢l
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Fig. 2—3—4. Serum LDL—cholesterol levels of C57BL/6J mice.

=, HFHSv:, B3 A9 W43+ 2+7F 1.106+0.266, 1.146%0.347,
ol -

1.110£0.4460.2 eI} A #7F 94
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Control HFHS HFHS+TPC

Fig. 2—3—5. Atherogenic index of C57BL/6J mice.

=, HFHS, 23A7e] tx24e F AA@FS 543 Ay HFHST
(147.0£21.0 mg/g liver)o] thZ*(86.0+17.0 mg/g liver)el H3] fo]d o=z Z7}
A3 (p<0.05), B A w-(120.0+17.0 mg/g liver) 2] 743 HFHSw o vl 724 2o
2 sl th(p<0.05). BB AT F AATHFS gzt vl Fo]Hdo= A
EFttH(p<0.05).

off
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Fig. 2—3—6. Hepatic total lipid levels of C57BL/6J mice.

HFHSw 9] b2z AW e 45.947.9 mg/g liver® 2w (17.943.4 mg/g
liver)oll W8] o202 Z7hat A3 (p<0.05), B3 AT(36.346.3 mg/g liver) o] 7
A tHp<0.05). B AT 722 FAA 3
Fe dizwel vl g ez 5 et (p<0.05).
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Fig. 2—3—7. Hepatic triglyceride levels of C57BL/6J mice.

=, HFHSv:, &3 Avte] hx% Iy e 5
4.940.9 mg/g liver® YESTE HFHST 9 %7 Z Y ~HZ 3=e gz
s frel Ao Skl (p<0.05), B Al HFHST 3 o3} 94

7F st

=

2 g 27 4.3+0.9
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Fig. 2—3—8. Hepatic cholesterol levels of C57BL/6J mice.

<o Eat> <HFHS> <us A >

Fig. 2—3—9. Effect of tangpyeongchae on histological changes of liver tissues
in C57BL/6J mice.

(4) 83 24 4 Ad&sdAIA MAHaad
%o, HFHST, g3+ g9 77zt 122.9422.7, 160.6+23.2, 129.9+19.8
mg/dLE e} HFHSwo] d9e txo Hl8l] f9Hoz Z7189 3 (p<0.05)

e A2 HFHST ol vlel fro 2 o' 7438k thH(p<0.05). B3 AT 2 thxa9]
G2 oAl ZFel 7k fASi.
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Fig. 2—3-10. Serum glucose levels of C57BL/6J mice.

c

2+, HFHSY, @379 g4 duad sx= 7247 16.1+2.8, 38.0%+4.6,
32.244.2 yU/mL=Z e} HFHST S 83 ol4d r= gz H3] §9240o
2 718 aL(p<0.05), B A& HFHSw ol H8] o8 o2 7H43akdtH(p<0.05).
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Fig. 2—3—11. Serum insulin levels of C57BL/6J mice.

HFHS©] HOMA-IRE 15.1+3.1% &1 (4.941.2)°] Hlal] frol o= F7takich
(p<0.01). B A2] HOMA-IRE 10.4£2.32 YeER} HFHSw ol v]&] frol 2oz
sk Rq v (p<0.01). C57BL/6J miceol] 11X HFHS Ao]¢] A= el A4
& FEste] e dS, HOMA-IRS S7F, 189S Yehllow, &84 o1&
AR Ao vey led A A 8 A2E T diel Ewe] Hae A
S2 eyt

(3
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Fig. 2—3—12. HOMA—IR of C57BL/6J mice.

(5) W= Hdast

&, HFHS, B3 A 4 B45-stHAF 23= Fig. 2—3-13] YeERfATH
HFHS 9] ¥&=9 Fo & 30, 60, 9079 2 iz v3] fo)yqo=z Frtst
ATHp<0.05). B A9] 30, 602 €I HFHSw Ol vl&f oA o s THastgitt
(p<0.05). HFHS*9] d3d57F F49 W-L 6,791£1,057 mg-min/dLE o) Z*
(3,381+475 mg'min/dL)°l| & Foldow F71ste], Wdso] 4% o= e}
W th(p<0.01). BFAwre] dFE7F 2449 WAL 4,491£782 mg-min/dL= HFHS
of nla] froldog 7HA4s oM (p<0.05), tzxwol Hlal A YEFSTH(p<0.01). w
g B A Aol® Frd daed A TE B4 oA WEs M g5
T Ao Yo, o= et Aol MAEAY] sl Aer Alsd

i

130

—+—Control
= —=—HFHS
—4—HFHS+TPC
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10 |/
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Fig. 2—3—13. Oral glucose tolerance test curves of C57BL/6J mice.

- 192 —



Table 2—3—5. Area under the oral glucose tolerance curves(AUC)

Group AUC (mg - min/dL)

Control 3,381£475

HFHS 6,791+1,057°
HFHS+TPC 4,491+782"

(6) %k Ad &%

)z, HFHS, ¥ Aot Fask waxne 57
26.4£4.5 mg/100 g BW=Z YElSth, HFHSw ] F-a13k u) A=) n)
vl ooz F71eka(p<0.01), B Ao F-ash ul A< uk
Hlgl] fejA oz F7ket ok (p<0.01), HFHS o H]3| |
(p<0.05). wepx] Ao A= AolZ Fegh HRk S&E lojA AFole Fre
A YIS FA Fkou, AALFS FaAA BINE A%

al
o, HFHST, g3aae] zZ2A A A= zhzt 4.240.7, 4.6+0.9, 4.7+0.7
mg/100 g BW= el Al 37kl F-21 420 Aol 7} glith.

ol
z N
i)
—
w
(@]
-+
Do
©
w
Do
\e}
+
S
Do

Table 2—3—6. Epidydimal fat pad and brown adipose tissue weight of
C57BL/6J mice

Group Epidydimal fat pad weight Brown adipose tissue
(mg/100 g) weight (mg/100 g)
Control 13.0£2.9* 4.2+0.7
HFHS 32.2+4.2° 4.6£0.9
HFHS+TPC 26.4+4.5 4.7£0.7

HFHS+9 8% 9¢ % 12.5+1.8 ng/mLE thx7+(5.340.8 ng/mL)el H]3)
oM or Zrbeteda, B A (10.1+£1.9 ng/mL)S HFHSw O Hl&] f4o=
Fastglon, izt vl A WEbEtH(p<0.05). S1H 2 A WA oA 1] =
2o HWQl A5 99 A3 ufdd Sy ddo] gk =3 RS e
A AAE AATFoEmAN TxF29 ¢dad o Az A U

B Ae A AAES dAaAA,
“d ATAHS NAATEY 7odstE Ao R AR ECH
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Fig. 2—3—14. Serum leptin levels of C57BL/6J mice.

(7) A5 AdEs

H

s, HFHS, s Afate] 934 IL-2 sk= 24 10.7
pg/mLE Al #3F oA Afol7k glodth IL-2% W
2, g8 d4HE 94 IL-2 v5o F949 9L

_]
—

2.6, 14.0+£3.0, 14.6+2.9
o] #oJ3}+= cytokine o
Iy =

-1N Olf
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Fig. 2—3—15. Serum IL—-2 levels of C57BL/6J mice.

HFHS 9] €% IL-6 &%=+ 18.1+£3.5 pg/mL® thZ7-(4.940.9 pg/mL)ol H|&|
FoH o g F7bakolal(p<0.05), YA (14.242.6 pg/mL)> HFHSw o] 1] &l <]
Hog st thHp<0.05). IL-6v W5 AF0HeS FX3 cytokineo 2 &
4 Qlth. HFHS Ao] AdF = Uzt vls 84 IL-6 55 F7M7 low
degree inflammations =38tH, BH A2 HH = o3t dFvhes &3tsi= A
o2 AlmnFh
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Fig. 2—3-16. Serum IL—6 levels of C57BL/6J mice.

%, HFHST, g3 a+¢] @3 TNF—a 5%+ 7tz 3.940.9, 4.3+£0.9, 4.240.7
pg/mL= Al +7F 2% ol 7 I Y. TNF—a+= WY 53 A50-2-8 #ost=
cytokine 0.2, B3¢ AFHE A TNF—a 5o F94¢ 943 F5 Lyt
8 -
o
S, | I
i 1 | I
=
E
0
Control HFHS HFHS+TPC

Fig. 2—3-17. Serum TNF—a levels of C57BL/6J mice.
(8) ditels A aw
)z, HFHST, g3x79 ¥4 TBARS %+ z+zb 1.3040.27, 1.71£0.31,
1.50£0.23 uM= e} HFHS 9 &4 A A ieE a7 izt vl f<94

o5 &7} tH(p<0.05). g3 19 HdFH= dA TBARS %S HFHSY ol B3]
oA o2 TFAAZI(p<0.05), &= oAl Aol 7t gl
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Fig. 2—3—18. Serum TBARS levels of C57BL/6J mice.

za, HFHS, g3 AQwe] x4 Adiptsts s=5 543 23, HFHST
(0.970£0.137 nmol MDA/mg protein)®] ©Z+(0.738+0.085 nmol MDA/mg
protein)ell Bla| oA om F7FeFel o (p<0.05), BB A (0.807+0.116 nmol
MDA/mg protein)< HFHS<o] W3] Fo]d o2 7HAsA tH(p<0.05).
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Fig. 2—3-19. Hepatic TBARS levels of C57BL/6J mice.

%+, HFHSw, g3 A+te 70%2 SOD A& 7ZHzF 2.71
2.43+0.29 U/mg protein®® e} HFHSw 9] SOD &/ o]
Aoz A THp<0.05). B A9 AH = 7+x4 SOD &4 HFHS T H&) &
o H o7 Z/AAIL(p<0.05), tZ2I= Fo)Ael 2ol 7} 1)
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Fig. 2—3-20. Hepatic SOD activities of C57BL/6J mice.

HFHSw¢] 7+%7 catalase @ALS 19.6+3.2 U/mg protein® TFE7+(25.1+4.4
U/mg protein)ell H]3] frol&om 7+4819 1 (p<0.05), B A+ (22.0+3.3 U/mg
protein)< HFHSw % txzv¥ Fo40 #kol7t gl
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Fig. 2—3—21. Hepatic catalase activities of C57BL/6J mice.

iz, HFHS+:, ®3H A9 %% GSH-px &4 19.6£2.6, 16.0+2.0,

18.1+2.6 U/mg protein® EN} HFHST 9 GSH-px &AJo] )zt 3] 9
Ao R 71433 (p<0.05), @H A2 79 HFHST 2 273 29221 o] 7}

[e)
5
AT mepd FEAL WA W Ao AL FEE A7)
| 5491 SOD B4 F7HAA 224 ik FeE AN Fow AR

)
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Fig. 2—3-22. Hepatic GSH—Px activities of C57BL/6J mice.
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4 5% 2 7 o8 AERAY FFn &
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1) 9y
(1) 4355 2 A9l

PERECE

57BL/6J—o0b/ob miceE TY3td 1L 45717 &,
o wg} =& F 2
=%

Ch
O 2 UFAo HEFS AIN-93G 2 9] (basal diet)Z,
?l.
4—

od &
)

N
-

ol AlE FA G FEES 2ol 5% Tl E 1057t ad libitumS. 2
wotth(Table 2—4-1). 7 w9 @A A} Aol A f TS FASIES =
sttt A7 st AsH Aol dHFS 27 F 13 H 33 SAskqdr). A
1 12417 AA A7) 3, Al E g o= 5] 4

A Z T, r22], Fagk WA X2 0.9% A A Gl o] E7]E Al
= n e a1 o

At g, FAE SASS T dH 3,000><g°ﬂ’\1 1587 94 #a3 3 g4 S
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Table 2—4—1. Composition of basal and tangpyeongchae diets (%)

Ingredient Basal Tangpyeongchae

Corn starch 39.75 36.42
Dextrinized cornstarch 13.20 13.20
Casein 20.00 19.25
Soybean oil 7.00 6.97
Alpha—-cellulose 5.00 4.12
Sucrose 10.00 10.00
AIN—93G mineral mixture 3.50 3.50
AIN—-93G vitamin mixture 1.00 1.00
L—cystine 0.30 0.30
Choline bitartrate 0.25 0.25
Tert—butyl hydroquinone 0.0014 0.0014
Tangpyeongchae - 5

(2) 83 ¥ A=dA¥Y MAaz A
o gaor FoH PP w = JEuEIYIHOR T Qud BE
9 adiponectin %= ELISAH o2 =439t HOMA—IRE [FEE Y (mmol/L) X

FTEAEW (uU/mL)/22.5] 25-¥ Axat ),

(3) Hl9h, o] ZAEF R A7 AdEH A

o
i
=)
[
i)
NHU
E
O
0y
i
%
M
<
o
O
T
i
=)

(4) L3N A ADET 2AL
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(5) =49 glutathione, A2 Fi3E 5 2 Hitst a44 84 S5A

b Z2A 9] glutathione(GSH) 2] & &2 Ellman's methodE ©]83+ glutathione
reductase—DTNB recirculation assay™-& AF&3ste] SAsATh 7F 229 = d 1}
AhebE 542 Ohkawa 59 WO =Z, total SOD &4 Marklund®} Marklund®]
HHo g =435 AL, catalase Ao Aebi o7 glutathione
peroxidase(GSH—Px)2] &A& Lawrence & Burke W o= ZA3}

2) 23

Table 2—4—2. Body weight, food intake and feed efficiency ratio of ob/ob

mice
.. . . . Feed

Initial body Final body Weight Food intake .

Group . . . efficiency
weight (g)  weight (g) gain(g/d) (g/d) .

ratio (%)
Control 22.1+2.7 47.7x£2.2 0.366%+0.052 4.5%+0.4 8.2t1.4
Tangpyeongchae 22.413.2 45.4+2.7 0.328%+0.032 4.7%£0.3 7.0£1.0

(2) F-ag {4 L 24X 7

g A te] H a3k WA w A= 58445.2 mg/g BWE o %7(66.1+£6.7 mg/g
BW)ol vl&) S8 o2 7+489tHp<0.05). tZ2at 2 g9 1]te] 2z =
7b7b 13.742.2, 15.342.9 mg/g BW= 7 3 21491 2ol 7} glgieh. webd &
HA Y AFE Faud Max) BAE AAAA v A EeS = o= AL

ERN=
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Table 2—4—3. Epidydimal fat pad and brown adipose tissue weight

Epidydimal fat pad weight Brown adipose tissue weight

Group (mg/100 g BW) (mg/100 g BW)
Control 64.8+5.8 13.6x2.1
Tangpyeongchae 58.5+5.1° 15.312.4

(3) 89 R JdedAFY MAash

ob/ob mouse°l Al BHANEZ 10577 &53 & IS
HAte] dFS 7H7; 249.9433.6, 212.4428.0 mg/dL
< izl HlEf FoA o ® A tH(p<0.05).

fu |\
i
b
&
ot
ol
el
1o
et

400
=
3
D 300 -
£ T .
"]
§ 200 l I
3
i
E
2 100
-]
[

0

Control Tangpyeongchae

Fig. 2—4—1. Serum glucose levels of ob/ob mice.

=, g3 Ao g3 Jd&ed s=% b7 187.6%+34.1, 143.6£20.6 pU/mL=Z
e}, @AY @ dEd wee tiRdel HlE) foF 0w 3HAsktH(p<0.01).
300

£

3_200 o T "

- 1 ]

2 il

£ 100

£

@

0

0
Control Tangpyeongchae

Fig. 2—4—2. Serum insulin levels of ob/ob mice.
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g9 A5 9] HOMA—IRS 116.2429.2% 24 (76.2419.4)) H]3)] G2oH o7 743}
AHp<0.01). H2T, BHATF F3dMAr F2s 2H7; 7.340.9, 6.410.7% =
Bl g A7t G d A sEE g2l HE] ol F o w7 A TH(p<0.05).

200 r
150 + -
-
<I ek
= 100 J
S |
- [
50
0
Control Tangpyeongchae

Fig. 2—4—3. HOMA—-IR of ob/ob mice.

10

HbA1c (%)

Control Tangpyeongchae

Fig. 2—4—4. Blood glycated hemoglobin levels of ob/ob mice.

Nz, g3ty 83 olyxve rr= 7b7t 11.04+14 ug/ml, 12.5+1.7

ug/mL= UE} o3t %9]310] }O]E 121tk ob/ob micex A& A TEE
91 #Elo] Ao ¥} Z, 1AEFS el A2d GasER

t}. ob/ob miceol lo1A %‘éx‘Hﬂ A7 e adEddTS gEksta

Al d AAES NAdsks AeE YEegon, &

s

-
offt —lrl

|

HOMA-IRS fFoldoz A , Sl
B A3} g1 dgEd AR FAAALE FoH oD FaAAT webA
AL Gry B0 b 2@ HH GPxde] £l HE Jow AnAt
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Fig. 2—4—5. Serum adiponectin levels of ob/ob mice.

(4) o)A EF Mdas}

Nz, gH3ATe] 93 AW 5= 747 134.5416.8, 116.8113.9 mg/dL=
deht, ggATe 83 AW wE dxael v fogom gasy
(p<0.05)

_ 200
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2 I :
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Control Tangpyeongchae

Fig. 2—4—6. Serum triglyceride levels of ob/ob mice.

iz, FHATY 93 & FulsdE sE=v 727 158.3+£21.7, 129.5423.3
mg/dL= e}, B Afae] E% 2HE w57} dxatdd vl& fFodo=z 3t
23 tH(p<0.05). &, BH AT 84 H E 5+ 717 57.3£8.2
67.8+6.7 mg/dLE YEIY, F
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Fig. 2—4—7. Serum cholesterol levels of ob/ob mice.
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Fig. 2—4-8. Serum HDL—cholesterol levels of ob/ob mice.

Aol T AR G = 1.3710. 142 ) E23H(1.77£0.19) vl&f Fodoz 7t
(p<0.01). webr g ae] A= 23 T4A, ZdsHE 2 s AE5HA
AA ADHAE AD BT S Aoz Yebgth Fmatel] glojA arx
stEE A o] A R AN EEe] He Aem A 9l

N ;’.LOU OEL
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)

oot S op
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Fig. 2—4-9. Atherogenic index of ob/ob mice.
(5) H|&EAH AWt MHE

%3 263.8434.8, 216.8+27.5 mg/g liver
2 Yeht g3 kx4 F A dxzatdd HlE o] Aoz Akl

o] 1txA FAAW kS 58 948.2 mg/g liver® UERY th*
T(74.4£11.6 mg/g liver)oll W3] o)A o= 7HAsATH(p<0.01).

-y
o
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[=]

Control Tangpyeongchae

Fig. 2—4—10. Hepatic total lipid levels of ob/ob mice.
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Fig. 2—4—11. Hepatic triglyceride levels of ob/ob mice.

4.440.5 mg/g liver® ™F+(5.1+0.7 mg/g

Kol
231 HH(p<0.05).

e

[

Y 2~H =

w = ™~ (=]

(19A1] B/6wi) joasysajoys ojjedeH

Tangpyeongchae

Control

Fig. 2—4—12. Hepatic cholesterol levels of ob/ob mice.

o] (fatty change)

giol7 ehshe Aow
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<B 2>

Fig. 2—4—13. Effect of tangpyeongchae on histological changes of liver tissue

in ob/ob mice.

gi3Afe] % ALT &4 163435 U/LZE YERY F2a-(224+42 U/L)o 4]l
T o R AR T (p<0.05).
300 -
250 | I
S:, 200 | |
B o150 |
<
S 100
*
50
0
Control Tangpyeongchae
Fig. 2—4—14. Serum ALT activity of ob/ob mice.
=, BH AT 83 AST &4 & 217} 305459, 238+42 U/Le.=2 YEeEhY &3
At djzatel wsl B4 AST &) oA o s st (p<0.05). 27}
4" A5 "3 ALT, AST &7 0] S7tshA €t wpeba &332 A= Azt
o] S JAEtA H7)E Mo Ewe v SR AlsdY
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Fig. 2—4—15. Serum AST activity of ob/ob mice.
(6) 3tz MHdad
gH 2]t FFEFR(GSH) %+ 36.0+8.2 pmol/mg protein® = Tt
(25.14£7.1 umol/mg protein)ol Blal] o] & o7 F7}18e] (p<0.05), (FF2 o] aiksh

Fol Z74e v gln,

50

T 40 (
2
: J
o ||
= 30
£
g 20
2
% 10 I
o
0

Control Tangpyeongchae

Fig. 2—4—16. Hepatic GSH levels of ob/ob mice.

x+ 2 g3y A9 TBARS 5%+ ZH2F 2.840.6, 1.8+0.4 nmol MDA/mg protein
o5 gLl rTol va 911902 askod (p<0.05), A AIABEo] 72
Aoz et

— 208 —



=

S

B

o

2 | -
g 2| |
3 [
[=]

E

e 1T

o

<

m

oo

Control Tangpyeongchae

Fig. 2—4—17. Hepatic TBARS levels of ob/ob mice.

g Aol SOD AL 6.1+1.7 U/mg protein® = wWHE(4.240.7 U/mg
protein)el H]3] FolH o= F7eAtH(p<0.05).

-
o
1

SOD activity (U/mg protein)
=21
-
—

Control Tangpyeongchae

Fig. 2—4—18. Hepatic SOD activities of ob/ob mice.

B3 9] catalase FAL 43.3+5.8 U/mg protein® & thE++(35.2+7.5 U/mg
protein)el B]3] FolH o= F7eAtH(p<0.05).
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Fig. 2—4—19. Hepatic catalase activities of ob/ob mice.

Nzt 2 gy aate] GSH—px A2 ZH2F 43.447.8, 51.416.6 U/mg protein®
2 gy Afato] xatel vldf oA o2 F7FeAtH(p<0.05, Fig. 2—4-20). @=4
ol A= &drtag el Aol Skt AbeA ~E# AT SUheka, ol W
HEol AdE S7HAY. gAY A e x4 e GSH 5% 2 SOD, catalase,
GSH-px 4S5 S7HA1A, Abstd ~Ed 25 ¢sleta, tebs g FH T A3
= daA7led 7198 Ao® Al H

[=:]
[=]
1

[=2]
o
T

GSH-Px activity (U/mg protein)
N -~
=} =)

o

Control Tangpyeongchae

Fig. 2—4—20. Hepatic GSH—Px activities of ob/ob mice.

(7)) AR71s Hdas

o 2 B Afae] 94 Adoteld sk 27 0.5240.10, 0.44£0.07 mg/mL
= e} T a7k 9olHel zpol7t i),
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Fig. 2—4-21. Serum creatinine levels of ob/ob mice.

A

=43 Ay xR D gGAH+e 42k 29.6+4.4, 26.3+£5.2 mg/dL
sl ‘]_

5 = [ |
E-)

E |
> 20

=

o

E

2 10 |

@

w

0

Control Tangpyeongchae

Fig. 2—4—22. BUN levels of ob/ob mice.

Halte] g4 albumin %+ 27} 3.7+0.6, 4.1+0.7
el zfol7} At whebA g Ao HH = A7 sdE 7
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Fig. 2—4-23. Serum albumin levels of ob/ob mice.
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it

Oh 5(2003)2 579 o]aZebd g5Fy gitsls 9 Az Rl
A4S S48 559 genistein IFHFS 27.8 mgkg DERFHOE UE
daidzein® AE% A &th. %9 DPPH radicalo]l ™3t AAEols 2 SOD
de =2 Aoz el 2 E 2ol mE i8] &4S A 94l
ANS A %3 T pH 3.0, 6.4 2 ZA3 A} specific activity’} &AL
S7vekdnh e ¥ 2EANS 100CA] 1087 dX 23 4§ 55Col
et Aol nls] AL &Ado] Srtst] A A E 3 Ag- OF
o2 YeiRTh mebA 5= dtksks 9 dH s 5 A=

ol
==

L op

A ah R

gHﬂr

(o5

I oox x 2 i
2w r
s =W

i
32

MU Ar 2 ko g
ol

o 2

(2) "y

muels ddeadt, 45 9 7 2 &
A ma, kst 24, Y JARARTE e Aes BaEdY

oot

Yang 5(2000)< alloxan(90mg/kg) &=
flavone®] 39k JTIHE ZASATH
400mg/kg FFo 2 1047F Fo & Ax I
Hlal folAow Azl lad #HE
2] flavone #1749 BAIZEZRH dad

e aas Yehls o E YEk

EE AT uRg-2e glojA iy

s=oAA vy flavones 200,
92 3 A FEE dxa
A7 Ao 2 YERsT oA 1

INA dFAst 2 T4

B
v

Kim 5(2009)< in vivool A wute] F&=9 5 oehe A7 a3s SAAH
E7NA 20% N3 10% Py deFEEs FoAsdth 5o 5 1A 1H4
O & SARMA] EF oehE s5F SAH A desd vue] I FEES B
o] Fogt & oEky Fojtol| HF T cdEE sEE FYHSE FFAAZ,
metadoxine(125mg/kg) Folw-3 924l Aol 7F YElA] &kt). ICR micedl Al
el d4F%5 52 (6mg/kg) ) n—butanol EFES ATFAG T 243 FH HF o
g s S8 A, dEES T o] HE) v & FEE a8
&5 Fog 9 dF deE 57 fFoHoE Tasieit B3 n-d9=
200mg/kgE A TF3 o] metadoxines FoJ3F 3 FAFSE A kS ERY
At "UE] n—butanol HEEO| E FEE Ho €F oeS AAsE a3t
ol Aoz Yepytt)

Jeong 5(2009)2 AA| BN FHAHE Aol2 H|YdEA A HTES FE3k S FH
ol nuyy E FEE U P =

= 1 =
At A FE AHE Aole AT, WA, d9, 9 AT B Zd 2
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Zhang 5(2009)& wyg]o|A] F=73F total phenoic acid®] H|LFA AWzt A5
235 AT dFNA AL TeE Aol E 3091 Algate] vYFE
S F=3 & uiy] total phenolic acidE 45F7F A5 At v
g 9 7he] SR X, 7 ALT &2do] gixatol vldl] fo)d o= hasta
A A Ak s} = o] 7Liﬂ/~}x-‘—, SOD &4 F7Fskaith. mlvhe]atel] lolA THA
E A 2 AN ARt fzated e JAaE AR yerwkth webA mjuke
= total phenolic acide] &4tsl #g o7 2g) A AyiteER A3 7+ &AFS
Walal 3o A FAE st Ao = UER

Lmﬂ
M oox
M
o,

£

Jo 5(2008)2 vlu}g]e] DPPH radical 2A&HE AT wvte] 2] MeOH &
==, CHyCly, EtOAc, n—butanol ¥8 &2 a35 FASE A3} EtOAc #8E&E9
ICso @kel 7F& A YElyt DPPH radical A2A 840 71 =& Ao = e

A2 EtOAc #3E3  n—butanol FEE|A  isorhamnetin, uracil,
adenosine, persicarin, uridineS @3t o™, Z-zke] DPPH radical 2A &=
=23k A3} isorhamnetin® DPPH radical 24 &A o] 714 $43F Aoz ey

o,

Whang 5(1999)2 &vjve] 2godol 37]s airgdids S46Uh 30% ol e
Fojsle] 34, ol §52 427 rat¥ mouseol Al &rLhE] whg Ayl Ewjne]
FEES 2097 S52 AFsQl Erjuy] Hady Evye] FE2ES AT
ol QoA F3 AST, ALT 2/do] 7Hastqlt 10% &3S 107HE1F Fofsto
ML EZFES FES ratol Al 5LE7F dujye] NS FFet 49, T
23 FAAAY s Fo)H R HAEgaL, AST, ALT &4¢] fFo]do= 7Hast
ATt wheka whuue] 2k oo %Ulb}vﬂy_t} A3 HEE gL adrt e
Aoz BETh

Kim 5(1999)& AtAsteba= 3hE3S ek ratoll QlolA Ewve]Fe 1hE4
B3 ads FAbskeit v Es 4 591(0.23 mL/kg BW) & 4
ALT &4, Fcholesterol &S AAaAZIT webs SvjvesS 48k oW
AL W a7 S5 Ao = e

o

o T
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9 A= Table 3—10 Yeb A} o] 1700t 2] #3el M =5+](1700d
o ), o TmARel Rl g, 1787d), ol alEler 1 o)) Edol =
G Aol ek 7|5E S 5 glSlTh o] F 1800~1960Wtioll = of e xEA 9} i
Aol GG A7 et S 1800 AN TALASARE 5K, 1827d),
FCE=AIA71(1849), |, REegh21(18554), ,  IZke] (18484, 1887d), |, ™XI&kel#
(1873), , M3E7I=F(1870:d7), ok (PHeae, 18961d), , A€ A1 (18001 )
), ol FEAE FEE ok o] T s I KA, & BEAE He &
Nek A= G349 Am, e Fo] HlaE A8 7l=Eo] vt 1900t
TR = TRAQYAROHERRHESE: 19210d), |, TRAFEA12] Q 2] A v (] i i
BrOREREL L 192403), , TR B 2 AN (1934d), |, T2 22181940
d), , TolxIALYFBA(FHEERHLEE, 1957d), , $Elver &2 vtes |
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Table 3—8. Tangpyeongchae Recipe

Ingredient Quantity Preparation and recipe
Main cheongpomuk 200g (1)Soaked in cold water for 1 hour to remove the
ingredients beef 40g blood.
mungbean sprout 42g (2)Place the leek, ginger, pepper in a pan and bring
(boi led) to boil. When it comes to boil, add beef and boil.
dropwort (boiled) | 42g
egg 1/271 (3)Cover with a clean cloth and make a shape
levar 1/27% (4)Cut the pressed beef into matchsticks about 4cm
Vinegar soy SOy sauce 12¢g long.
sauce vinesar be (5)Put  matchsticks (0.5x0.5x5cm) of cheongpomuk into
sugar 6g hot boiled water and allow to cool.
sesame salt 1.3g .
(6)Remove the heads and hair of the mungbean sprout
water 24.8g and scald in a salted water.
salt 2g
(7)Scald the dropwort in salted water and cut into
Pressed beef (round) 800g
4cm long.
beef water 167
leek 100g (8)Make white and yellow egg strips and cut into 4cm
long.
genger 40g
pepper (whole) 1671 (9) Add seasoning for pressed beef and bring to boil.
- When it begins to boil, add matchsticks of the
Seasoning SOy sauce 9.12g
pressed beef.
for pressed sugar 2.8¢g
(10)Toast laver in low heat, crush up and mixing with
beef water 20g cheongpomuk .
leek 5.24¢g
- - (11)Mix cheongpomuk with pressed beef, mungbean
garlic 3.928 sprout, dropwort and vinegar soy sauce together.
sesame oil 4g
sesame salt 1.4¢
pepper (ground) 0.2¢g
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A7k e (%)
AAML M7=

1 2 3 4

x| A} 2 1 0.5 0.1

A F=Z2Y | onz} 2 1 0.5 0.1
2 2 4 3 2 1

g 2 1 0.5 0.1

Al 7pEY =7 6 5 4 3
A7 6 5 4 3

DE st HAE 2)dEe st HAE

U A AAEZ Yig VsxEe A8I7M5A8 A
7|EEe A 24T, FEEAA ol Al Aol Kl o™ (p<0.001), A A, £
uzp, A F (A MAER), Mdx, S, 25 HI7ksE x5l =2 7%
T8 Yehdiglow, #53 gddS Tk A 247 el F24Ql Aol &
B9l o (p<0.001), 414 PHAZIA R A2k, ulah, AFu (A AagA), )
Wx, 7, 42715 3H7Ms JExSdA dudoz =4 Yelsd
Table 3—-11. A A2EF HArle] Bg AXE9) 7|5E} 394 7}
A =zl Hd PR
A = — T
T 7= F—valu
e
Su Z] ok o= Z] Ok PZIECT
27} Doy A% 5T aas oy Y e s
A} L v = 7h
71Z% | 10.4° 11.1* 65" 10.6° | 7.2° 10.3" 74> 5.4° 9.6 10.6° | 7.20™
Al
A4 | 9.8 11.2°  7.2° | 10.6° | 7.5 | 10.6° 7.2°  54°  10.2°  11.1* | 59277
Z| Nz% | 85° 10.8® 59 | 94 | g4t | 105 8.0 7.2 96™  11.3% | 450
=S
2| 24 | 8.6 11.2® 58 95 | 84 | 10.8%° 77" 78" 93" 11.4° | 468"
| NEE 77" 6.6 4.7 7.8%® | 677 7.6% 7.8 54™ 847 8.7 | 1.66™
g | 81 6.9%° 465 0 83% | 6.7 | 7.5% 8.0 52™ 8o 8.9% | 1.75™
7| Jex | 85° 8.7 4.9 8.7% 7.3® | 10.0° 8.2  4.6° 8.7° 9.8% | 4.347
(e}
o
| 494 | 86° 85" 46 | 87" | 7.2° 9.9° 8.4° 45" | 86  10.0* | 4.23

ns not significant, #**xP<0.001
DE ¥ 2% A7F 2)AF tiv] 2% AH7F 3)d3 o] 4% H7}

- 232 —



Jof o]l , e
RE o3k o] 7F Ao (p<0.001), HA H7HE9 Fo wet = 227 9
At ol gk ZFol 7t A a(p<0.01), HF7HEY T2 Fe] wEAEe §ldT)

A2BAY FE7 JEFY 7|35 A 9FE Lolry)

A =43 Ria Te=
A Aaed 3.27 3.39™ 7.157 7.59™
= 0.30™ 323" 0.76" 0.37"
A Mrsdes= 077" 1.17% 0.26" 0.51"

ns not significant, **P<0.01, =*+*P<0.001

b A MABAY FR WAEE) mE JTHe) 2Hgd 4 V15 A
A7 A AT Fo 4 ol B RYTHp<0.01). A
<

A

Wol] H7kgk 25 At 1 Ay A= A FEE 29 H
= 1¥, QuRE 2mRF F2E 292 AUt HeE 1H, Aok
= 4%E H7FeE M7 1, il xeE Mdx 7 2%5 Ut
7]

=M= 7 5% s A7 A7k oW, A= A7)

o

1

Table 3—13. A MALEZY FTF/H Hrledd & HX 5 2Z7 g 7]
3=
Z A~ ==
M~ A & | 5 B7ITE . 7 F—value

A 2| A} 6.2° 6.4° 6.5° 6.5° 0.15™
- w2} 6.4° 5.9° 6.7° 6.0° 1.29™
TEE Ao 6.3° 6.5° 5.9% 5.5" 2.70™
A Hd 2 5.9% 6.0" 5.9 6.5" 0.69™
o E7 5.5" 5.9% 6.5 6.6 2.84"™

HL27 5.1° 5.5" 6.1 6.8° 4.62"

ns not significant, **P<0.01

— 233 —



A AaEE 7l o

!

Table 3—149°] YEMA T A=}, @

o o7l e

&

o
N
ol

Mo
)

Al

UCE

N, A

=
y =

o 2

o

o)

A4r
]!

1

Ny
iy

o 7}

=
K3

ovAshE F2uo] 4l

—~

;OL

ey
;OO

oF
l

o)

i
o
ﬂo

o)
i
I

il

LERH AT

AAke]

Il s

szl o

£

o)

27t

Table 3—14. X &

T
o

—_—

°

"
fron
Mo

ay

e

o )

w Y

o Rl )

o | o =

M ol M ij =

f ,L.;o —

T > .2 T !
o5, EFe :
EElmer ®E T
of X 0#1_| —_ N
= Y Tren g o Ry

AL 1o —=3 .
| x| o ®RE - w g
g L B - oL = =
o - |V Miikary ol L iy o T
Mo| W o= 2|°  |= A oTlh v M|

— o Mo 27 ¥ mo

P L B IR A NG y

) ~ i UL . 3! = <° E.ﬁ —

N I O i o 2 S

2y | Ao R e do S N X %o

ol ,UFOt,DI Tlo ™ X" L

G = el ol R S I

w o T R gl B Ko

Ho|on T =i o0 B o ol

fo |® AW TR | EL Ar Ao <
i
_—

X y

el x Lo = | ®
®m| = ' | & g ol
S [ o o0 =r :_E yal
< O h
=

— 234 —



A7 R EN

FA FF A
9

% A7y, AL A HF

<L =T
) 2O q Mol = = 2 5 AB

94 U 91 2. AXEL 0.5X0.5%X5cmzE A Ao B Bof Hz F A3l
=43 1/4ea o
- 3. & Avdr F Ak
4] 1/4ea

)
3 6 4, Wge)s BA dem Aolw A ATk
EES 3
=) 3 5. WzEe Mo R B 4em ZolE A AT
=2 0.7
2 12.4 6. e BA R
P 1 7. (A HEE, &3 e, dd WES 28 A A A

A8 o &d ¥ 27gS ASo] W

— 235 —



M_w.leEﬂ_H] I y ]
m_%EJOMWAdr,.ﬂeuo_n e
n_/_uﬂaﬂﬂ}iﬂrﬂ&l - B
ﬂ_.LANL]ﬂM%o} S
%o B = ¢ o fee 2 e o % B o
S A v 2
ﬂﬂﬁﬂuﬂ&ﬂ@ﬂ%x w £
,_ﬁﬁ‘_nv_AHJA&Iﬂ_-7ﬁ.._;o _nﬁ_AHEE 1__/ld|
@%m%wbﬂﬂ%nﬂ%ﬁ R B
‘HA.I ﬂ_wo LOE OE HTu ‘LI_E ,mﬂ _ __rﬂu ﬂ_wo OE M.W
zﬂ&;e%uﬁomﬂﬂw 2 oy
o o N ﬂwﬂr = do No ;%L.
R R g ®
™ d|ﬂo ) z.#._oMMmT_ ™ NS
NJ% ny el X i IS ﬂée %o - J
= 8 o W T o % q T -
AR VISR N T
@umﬁnmrhdrﬂ@f/,, T o 7o
m_/of__o&._o%iﬁmurﬁd. =%
=X = zﬁﬂduﬁmﬂplﬁuﬂq {
n@ﬂnﬂmeaﬁr%, o~ éomqﬂamm o
e I TR ;o _1_ro k{
ﬁoﬂrmong70t‘d|7ﬂ_,ﬁlgm_.d|mue ﬂ.oi
ﬂ_wo —_ OE H_.m OE E_ OT @M T = ﬂu‘._
yAﬂﬂL. ﬂEL.JIﬂtI L J.E
w Nd ) < o) =< n@E i m X .iﬁl
o#ﬁ_%%ga_/&bugywmﬁﬂ T ol
o @%ﬂﬂ%%@%ﬂxww <
Wﬂ%%ﬂ&%%%uﬂﬂa N T
%ﬂ,mx% ﬂ.mo;ubl% T
A#@a‘%@fz%@iﬁWE RN
N @ﬂﬁ,:,&f@%ﬂﬂﬁmﬂ '
mxnov%ﬂiiﬂiuﬂ%ﬁwmi ey
> om T Ty TEy 4w
wm N 5 B = 5
\}Z*OZ‘Ol‘.ro‘._m_lL‘l‘LlJﬂ:.ﬂoﬁo,mﬂlE _— Ot—ﬁ
,n“d\ o ,.LZ WL Nolo EL =) R ‘m N ~ 9
o ‘Aoﬂﬂﬁoﬁbﬂoq%ﬂl - 7EM

— 236 —



Table 3—16. 7] &2 AT

ol eo| so| eo| 0| 0| &0
e S S - W Y
RN | &~ o | F| o~
ﬁ_
® | X
n ol i Ww g oy H_.MM
= ]_l ey
[ | o N X <

r

i o

}th(Table 3—17).

5|

M

Table 3—17.

Wl eo| oo |
RS ] & &G
L
i N | B
W~ ﬂ 0| 90 N MW__
= | N | R ok |
A ol | T )

FATH(Table

7}s

=]
-

3—18).

— 237 —



9]

J

8

2}

o

TF

shtet.

S

A Z

4g
12¢

8g
4g

A=

Table 3—18. FHHF &2 #H A

N
™

N
<

o

bl el

°©

FARE A

, Onks, 137122 2 4A AT Table 3-19).

=

)

A
2

o

131_

o

o
a

10g
3g
4g

Table 3—19. FAF &2 FA|Y

A=

e

sl
“d

ZA7F Ued ko] ¥ w3 1 9ot ThA]

— 238 —

shueh” st 71550 gk,

=

S

“7

AE gAY T2
A (1921d),

of 7t o H7|=

IS
2]

L
ENTKY

3) A=A}



Table 3—20%} 2t}

1
s

A e A9 1921d), o 7]
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R
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5.90

5.63

4.27

4.63

5.09

5.45

5.18

4.90

6.00

5.81

4.63

4.90

5.36

5.72

5.09

5.27

5.36

5.45

4.81

6.27
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A AAE = on| A S FAbeAtH(Fig. 3—11).
A A 3ol sl sAe Al 19 (37.3%), oJ8HA) 327 (62.7% )09 o AHS
194 °18F 18 (2.0%), 20~254] 47H(92.1%), 264 ©]*F 3W(5.9%)Z tFEo]
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A4 A 4.00 £ 0.77 412 + 0.81

Ala 2 4.24 + 0.85 4.39 + 0.72

Table 3—24. ¢ FEAY BHAY 54 EA U 7%

#s3 54 A4 5 B3 =4 5 333
A 4.33 £ 0.65 4.33 £ 0.73

A& 4.18 + 0.78 4.24 + 0.81

g 4.06 £ 0.87 4.24 £ 0.83

Rl 4.00 £ 0.84 4.12 £ 0.81
2 4.16 £+ 0.80 4.22 £ 0.82
Al A= 4.06 + 0.83 4.24 + 0.76

o " A o A

THe TS N He R BY olgtal ©ik SHEAF 54.9% = T wkoH,
AAE(19.5%), AN (7.8%) BV (7.8%), ‘B12=A(3.9%) 2} ‘A& % (3.9%) o
o] tH(Fig. 3—13). ‘@23l wjg uho] A’ ‘my] ApReke] 24’ ‘Boa Aga

’

a|
o AHg o] AAele] AFH ] FHAG] AEah FALE AGete] v
& S

Ot

S R RS A 2@sa w7l AHeF S, Hed AR S 5
) FFAE A5 % FHA Aol e A0E AN
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4 117 (57.9%) °]

SFA
S}

FSHA 2 = e A 878 (42.1%), o
20~254] 15%8(78.9%), 264 o1’¢ 478 (21.1%) % tjH-3-o]
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+
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Sxol A Er} ool AFE wol AT oA FIAE
[e]

RE
of g 7akee v 2 AS & 5 AT (Table 3-26).

A JEIES AL &9 A] X JEES AL g9 A
A2 A 3.95 + 0.62 3.63 + 0.68
Al & 4.05 + 0.85 3.68 + 0.58

Table 3—26. A3 v]=2A /3K BHA Uit 7|3=

#54 54 AN HXES A BEA S JEXES A 2R
A 3.89 + 0.88 3.37 £ 0.68
ol 3.95 + 0.71 3.32 + 0.48
bl 4.05 £ 0.85 3.74 + 0.65
Al 3.95 £ 0.78 3.68 + 0.67
) =% 3.84 + 0.69 3.37 + 0.68
AA Sl He e 3.89 £+ 0.99 3.47 + 0.61

et A e r YA A g3 7 A 26.3% % 7HE Bkt A
Ao rs 927 25 ¥ e A0 30tk (Fig. 3-15).. o] @]l =

Th Ao) AS, ATLE 2 Be) o] A WY AL F e
A

HF(EE ANFAD) B A 1/1E WA @3 vFAFe] HEFE AxE A
@Al Y, %ol fad weh AFeEe] 24 52 Fa 1% Axel ¢
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ado tarie

10 5%

L0.5% IV DAMpETATEE
10.5%

Fig. 3-15. 7129 349 B A4

2) BHA AP AAE= A}

WSS doR Al hE AAE B A4S MEAHOR 2T A
o o o -

, B Aol ek 14

2
=
r

-

D)

o

2012. 5. 250Ut F 20059 AZAE It 24 SHS ALY 17955
EA B ARgEith

(1) ZAMHEALS] dwkatgt

7t AP AR e 539 (29.6%), A8t 126 (70.4%) 01l o, SHA Y] Ha
AtA #e; dgo] 809 (44.7%) = 7MY Hakom &2 208 ~40%H W vko] 104
H(58.1%) 0= 7F Bakth oo stAo] 7k A A&etal Ao (957,
53.1%) 7+ FJe (1689, 93.9%) 3t (Table 3—27).
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Table 3—27. ZAIUZALS] L WkA}gH

Ankakg N(%)
i 5378 (29.6%)
e
o] 126%8(70.4%)
20~25A] 171%8(95.5%)
A3
264 ] 8% (4.5%)
Z 3} 1378 (7.3%)
2}l 38} 804 (44.7%)
A}3] 7} 5t 1778(9.5%)
PES o) & 7} 3} 407 (22.3%)
FeHAYg 227 (12.3%)
o] & y}&} 64 (3.4%)
71 €} 178(0.6%)
101:11_% 1:1]1:1!_ 10%‘(5.6%)
10~209+Hd w] gk 267 (14.5%)
20~30%+¢l m vt 517 (28.5%)
&=
30~40%kd w| 538 (29.6%)
40~501+¢] m vt 307 (16.8%)
50%kg] o)Ak 9% (5.0%)
7}Z=3} §H) 957 (53.1%)
AE 399 (21.8%)
sk 398 (1.7%)
T4 e
A9 243 1778(9.5%)
A A 247 (13.4%)
71 €} 178(0.6%)
3l 7} = 168%8(93.9%)
7S H _
7= 1178(6.1%)
A 1798 (100%)
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(2) BHAE Hold B34, HA @ &7 R 9L Fx

ZA 3R] 87.2%7F ©E A S wol 7

5 A=
Sl HE

=
[e)

Z71EF 7} 12478(69.3% )= 7}

=}

o

%]o] ol]

AN AN

tH(Fig. 3—15). WA © 57]+=
worom Tk A9 AT 24

ks

(13.4%)010 o, =2 Fas StalAd 8578 (47.5%), "H'3 74 A4 242}

1578 (8.4%) ol At (Tables 3—28 & 3—29).

Fig. 3—15. B A& HolE 33

Table 3—28. BHANE HA & 7]

._l

HA B 571
7TV, #A S| ae Qe 87 2
21=] €] sl A& 3 7] e}
_ E A %6]]}\1
e = 5 A 3f A1
2 22% 43 37 0 1179 | 1464
_ = 16.113+
B (15.1%) (2.7%) (2.1%) | (0.0%) | (80.1%) | (100.0%)
& | =l 273 03 0 1 73 107
[e]
o 7t (20.0%) (0.0%) (0.0%) | (10.0%) | (70.0%) | (100.0%)
2474 474 37 1 1244 1564
A
(15.4%) (2.67) (1.9%) | (0.6%) | (79.5%) | (100.0%)
" p<0.05
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Table 3—29. A E YL H4

AH 1. = .
pas ey | N am | ) ’
L7 A=l S &
gl | ag | L gy SR8 7R W
of| A1 of A
el A
1 39 17 13 35% 1% 4% 457 | 13533
o |
= (6.7%) | (22%) | (2.2%) | (77.8%) | (2.2%) | (8.9%) | (100.0%)
124 04 144 509 3 324 1119
SR
(10.8%) | (0.0%) | (12.6%) | (45.1%) | (2.7%) | (28.8%) | (100.0%)
1573 19 1573 851 474 36w 156
A
(9.6%) | (0.6%) | (9.6%) | (54.5%) | (2.6%) | (23.1%) | (100.0%)
o | 20~ | 139 073 157 847 37 357 1508 | 39 148
= .
© | 254 | (8.7%) | (0.0%) | (10.0%) | (56.0%) | (2.0%) | (23.3%) | (100.0%)
19 19
264 | 2w ° 0 13 ° 13 6%
(16.7 (16.7
ol | (33.2%) (0.0%) | (16.7%) (16.7%) | (100.0%)
%) %)
1573 19 1573 851 474 478 156
A
(9.6%) | (0.6%) | (9.6%) | (54.5%) | (2.6%) | (2.6%) | (100.0%)
" p<0.05
(3) BHAE HL F9 A4

QS HEe 39 QA ‘HEo|t} 80 (44.7%), ‘=l 519 (28.5%), ‘Wi$-
2.80%)% 1487 (94.8%) 0.5 ZAFNAIALY] 959% A X7} ‘HE WU} =

[e]
L2 91 AS zEar QRItH(Table 3—30).
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Table 3—30. B A& HS 9 AN
He T AA<N(%)>
I 7T e e I I S
Lokth =3 [RLLR=
173 14 257 34 2 4573
A4 | Ak
(2.2%) | (31.1%) | (55.6%) | (6.7%) | (4.4%) | (100.0%)
169 3774 557 34 0H 1114
o] 2} 11.056°
(14.4%) | (33.3%) | (49.59%) | (2.89) | (0.0%) | (100.0%)
174 514 80 67 27 1794
A
(10.9%) | (32.9%) | (51.3%) | (3.8%) | (1.3%) | (100.0%)
75 9 339 41 173 0 8474
T
SHAA| (10.7%) | (39.3%) | (48.8%) | (1.2%) | (0.0%) | (100.0%)
7 109 199 173 0 3774
Fe | 71SA
(18.9%) | (27.0%) | (51.4%) | (2.7%) | (0.0%) | (100.0%)
0 0 19 0 17 27
=5
(0.0%) | (0.0%) | (50.0%) | (0.0%) | (50.0%) | (100.0%)
19} 0 8 64 173 0 154
76.335°
2+ (0.0%) | (53.3%) | (40.0%) | (6.7%) | (0.0%) | (100.0%)
AR 01 073 1373 373 173 17%
2+ (0.0%) | (0.0%) | (76.5%) | (17.6%) | (5.9%) | (100.0%)
14 04 0 0w 0 14
7] €}
(100.0%) | (0.0%) | (0.0%) | (0.0%) | (0.0%) | (100.0%)
174 514 80 67 27 1564
A
(10.9%) | (32.7%) | (51.3%) | (3.8%) | (1.3%) | (100.0%)
" p<0.05
(4) BHANE Folst= ol dAstE ol
FHANE W T Aol Ty, WS E=UH L FHEHE AS FHA) £
olfroll talo] ALt £ o] fr& ‘Hro] FolX’ 429 (61.7%) o= 7HE Wk
ow Ao £okA'10% (14.7%), ‘e vl =7o] £obA’ 7H(10.2%) wolAth &
FAE 92 Fof Qo] Yy wlg vy y SEek 49 AW o]fE FAL



3 A3, AW o]fE ‘o] glolA’ 4 (50.0%), ‘AF WA FE &2olojA’3H
(37.5%), ‘F%Fo] F=A] &olA’ 17 (12.5%) oAt (Table 3—31).

Table 3—-31. B3 A& HL & F49 olf<9 4AUd ol

23} N(%)
ko] Zo}lA] 427 (61.7%)
BRI 178 (1.4%)
woko] FolA] 4% (5.8%)
o o A7bol| FolA 109 (14.7%)
Ggol FHaNA 178 (1.4%)
2] & 2E2] o] o] A] 378 (4.4%)
Mo wo] =7)0] FolA] 794 (10.2%)
37 689 (100%)
ko] glo] A 4%8(50.0%)
WA 7} 5] kol 03 (0%)
woko] Fx| QolA 198(12.5%)
o] Auz 5oy 078 (0%)
FA BARD °lF | = mx 2 Salo]o] A 378 (37.5%)
e wel Aol F4 ok 078 (0%)
7] B 5 A 09 (0%)
3 878 (100%)

(5) FHAN dF AA=E

rlr
N,
[o
et
il
=
o,
2
o
=)
off
o,
24
)
2
BN
1o

ArN RSl 77.7% = BE AT YEolge A
g Ao FEE SHolttEle AL du vt §HE ZAMAA
(30.7%) % AV GALS] 69.3%7F o] AHE S A

A Zo] W7tR, Al Ak RIS Al AR Aol k=

ZAFPAAE 89™ (49.7%) 0.7 ZAFHARALS] 50% AE7F 23 99 tH(Table 3—32).
gH 2 =)ol Zesk AHS o277 (43.0%), ‘B'698 (38.5%) 7 ZAM AR
80% ol’dol wrolth o Eoll B Ao % AAsATHFig. 3—17). "B A9 7]
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Anz AZEE Ae B AEHES § A3

’

81.0%, B% 76.5%, 17] 69.8%, "|}e] 56.4%% <=
O 7 AB5E A T ARE Qs AUt (Fig. 3-18).

Table 3—32. BH A dig A=

dE5E 96.1%,

%3 85.5%, A
o8 FAREALS] 50% ©]Zdel

N(%)
=3 SHA|

ot31 9t} a1,

gGA = Y= 3 FHolth 407 (22.3%) | 1399 (77.7%) | 1794 (100%)

Bl A= oz By

;" = gzel SRAAA FHH 557 (30.7%) | 124"8(69.3%) | 1799 (100%)

GHAAE F5220lAE ol urtE,
huz] huz] huz]

Al el Aol A Asd SAlo]e 897 (49.7%) 907 (50.%) 1799 (100%)

Fig. 3—17. @A E Hr|d Hg3 AH
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172'3(96.1%
—— =1t )
153H(85.5%)
14598 (81.0%)
80%
125%[59 B8%)
101°5(56.4%
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40%
20%
0% T T ]
% :-l' |:| '“ﬁ a7 O|LE=]|

Fig. 3—18. &H 9] 7|& A=

(6) A i A4

Fg e gk QA4S 5-Likert sacale(18:43] 224 &tk ~ 54 wj$ 1%
hE zAEgon, BE Fa da ‘mEoth Rt} ¥ ANE s gt
A Azl & SAolty, WAL ARl wige] T Lotk W)
Aol % A S2ere] oju A el & o] g

o
i=]
Aoltp= 47 o]iz}gi‘uﬁ% a9 AF ) sk B gd o
o]l =

e ofk do o

lo

1>

o
W
1> OXIE

&
3 24 My

(Table 3—33).
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Table 3—33. & o] oj

© [©e] [aN] Lo (@] <t [©e] o] [ee] ()] © ()]
1] s |]a|s 8/ 83 ,&8 2 |& |23 =2]|8
R < o o < o o ~ < ~ ™ < o
ny
o
<
. ﬂr ojp
wlr o BiK .
. 0 T . ™
X < k| o | o
0 . on - T T
<R g S - o
60 . ofpn 0 (Y oy X
lo ~ Z‘ro —_— O#D 1r1_
p oy ) < o i & o
R oh | T T | e x | &
< KE o - : ojp o X X
o B0 G = T E | R & T
H Mo = S | T ! o o ) T
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