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SUMMARY

CEXLES

I. Title

Development of healthy meat products using domestic barley

II. Goals and significance

(O Due to westernized diet and extended life span, Korean people become suffering from various
degenerative diseases such as high blood pressure, cardiovascular disease, obesity. Increasing medical
expenses have also been been a public concern. Accordingly, needs for healthier food are being

increasing.

(O Especially, people's awareness of the relationship between fat consumption and cardiovascular
disease have increased significantly for last 20 years, which in turn increased needs for low

fat./calorie foods. Therefore, food industry have put efforts to develop various types of fat replacers.

(O This trend also applies for meat products. Reduction of fat in meat products brings about
many positive health effects such as reduction of calorie and cholesterol. For these reasons, various
reduced-fat meat products are being on the market. Generally, they have not been so successful

because of problems in low-fat meat products on tastes, price, etc.

(O Reduction of fat in meat production requires addition of proper fat replacers. Without them

general quality of meat products especially on juiciness, color, flavor, and stability is deteriorated.

(O One of the candidates for fat replacers in meat products is [3-glucan, which is a water soluble
hydrocolloid having various advantages to be used as a fat replacer such as high viscosity, gel

forming capability, water holding capacity.

(O Moreover, B-glucan has been report to have various physiological functions such as reduction

of total blood cholesterol, LDL and total liver cholesterol, increase of HDL, and alleviation of



obesity, cancer, diabetes, cardiovascular diseases.

(O Weven though, barley contains high amount of [-glucan and other functional cmpounds
compared to other cereals, its production and consumption have been continuously decreasing in

Korea, because of the changes in diet pattern.

(O Therefore, in this study, high [B-glucan fraction of barley flour was used as a fat replacer to
produce healthier meat products. This research will not only contribute to produce healthier foods,

but also generate new demand for barley.

III. Contents and scopes of research

(O The ultimate goal of research team 1 is to develop specialized reduced-fat meat products
using high [-glucan barley fractions. During the Ist year, high [-glucan barley fractions were
collected using a convenient sieving method, and their physicochemical properties were analyzed
aiming to use them as fat replacers. During the 2nd year, these fractionated barley flour was used
to prepare reduced-fat sausage and its feasibility as a fat replacer was investigated. In the 3rd year,
supplements such as gums and transglutaminase were incorporated in sausage making to support

barley flour and to increase the amount of fat replacement.

O In research team 2, in vivo physiological functionality, focused on weight change and blood
lipids, of fractionated barley flour was investigated using mouse during the Ist year. This was
continued in the 2nd year, but focused on cholesterol metabolism. In vivo lipid metabolism study
was performed for reduced-fat sausage prepared using fractionated barley flour during the 3rd year

of research.

(O Research team 3 conducted research on the optimization and scale-up of the reduced-fat
sausage production throughout the research periods. In the 1st year reduced-fat sausage was
produced using unfractionated barley flour to test its general feasibility as a fat-replacer. During the
2nd year, the optimum formulation for reduced-fat sausage with fractionated barley flour was
determined using response surface method. In the 3rd year, the amount of fat replacement and

quality of sausage were improved by means of additional supplement, transglutaminase, and the



scale-up production was conducted.

IV. Results

(O Using a convenient sieving method, high [-glucan fractions of barley flour were successfully
collected. Those fractions contained almost twice of [3-glucan content as in the original barley flour,
and showed high water holding capacity and viscosity, which were desired properties as a fat

replacer for reduced-fat sausage making.

(O High B-glucan barley flour fractions were used to prepare reduced-fat sausage through
cooperative research of teams 1 and 3. Response surface methodology was adopted to optimize
formulations and resulting products showed similar textural and sensory properties as control high

fat sausage.

(O The amount of fat replacement increased to 50% with the help of transglutaminase. With the
supplement, fat content could be further decreased without serious effects on texture and sensory

properties of sausage.

(O The effects of healthy meat products using domestic barley on metabolic disecase were also
evaluated. First, we found that barley powder, which had 150-355 pm of particle size with high
levels of [-glucan, reduced plasma cholesterol levels by inducing bile acid excretion in C57BL/6J
mice. Thus, the barley powder was selected and used to produce meat products. In C57BL/6J mice,
the meat products also tended to reduce plasma cholesterol levels. These suggested that the healthy
meat products using domestic barley containing high levels of [3-glucan may contribute to

prevention of metabolic disease.

(O The sausage containing fractionated barley flour was also subject to in vivo tests. The mouse
group fed with barley sausage showed less weight increase and lower level of total cholesterol and

triglycerides compared to control sausage.

(O The best formulations that allowed maximum fat replacement with minimum deteriorative

effects such as cereal tastes and textural damage. were determined with the help of sensory tests.

_10_



The final formulations were applied for scale-up production of barley sausage and the produced
sausage was verified as acceptable products. The utilization of high [3-glucan barley fractions could

be applied to other meat products.

V. Research outcomes and utilization plans

(O High B-glucan barley fractions were produced using a sieving method.

(O Barley flour fractions of different particle sizes, components, and physical properties were
produced using a sieving method. These different fractions could be utilized to different purposes

depending on food products

(O The amount of fat replacement increaed to 50% of total fat added without seriously affecting
the quality of sausage using fractionated barley flour and transglutaminase. Techniques relating to

this are being tried for industrial application.

(O The feasibility of applying barley flour in sausage making will be advertised to other related

companies to encourage them to apply it to other meat products.

(O Utilization of fractionated barley flour in sausage making and the optimization of production

condition have been published in Food Science and Biotechnology.

(O The patent on the production of barley sausage using fractionated barley flour is being

prepared.

(O The manuscript on the effect of the transglutaminase addition on the physicochemical

properties of reduced fat sausage is being prepared.

(O The manuscript on the effect of the gum addition on the physicochemical properties of

reduced fat sausage is being prepared.

(O The effect of high -glucan barley fractions on the reduction of blood cholesterol through the

increase of bile acid discharge has been published in Journal of Agricultural and Food Chemistry.

_11_
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e e aNA ugE 23
3hd =
: B olg SAF Al |- A" ALY BBUVIE 33 F
F3E A% dFAMAA | B2 AAL 2AAE WEF A

- dgos ANE £AA B4 Y

= A

. TPAZ ol§stel 71414 4% 573
FEINT 24
NEE ZA
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Al 28 Al F-IAE Ataesy A

1Al 1 AEA - B ol§ 7IeAd SsAF E8ssty 54 £4

o

H
i
e
o

B Ao FIHU BAL AUelM ode 4BHL verd & JE B WE
OF FHee RAATE A SAF Az ol 8stel, B8 /54 SAFL AL
AFHSE AolnR, WA 1HdEdE MEZTD FFo] FWE BITE ARy
Azstm, A% WAANZAY H54e zASET A Baltwel B9, WeZge ¢
o] Wol, AT HHG B¢ A uIF Ao dguol WEZTR FFol AW
2heE Az =g =% 23, 3AEE
QbR 28 A% 54, B, 7159 pasting 54, 44 54 ZASA

27, 3AMEAE WEETN Fdo] FUE HIUMFE olgstd AN §AFL AT

93 4AFe] BUNGH 4L BAsGoM, § Yot A% $AFe] Bnots 54

o ok
E foE

O

e A IAFA AbeHAA 2008 d AAbE #HFEE 20 kgg FHste] ARE-sHATh A
E2F AMS 7R 4TAA ¥ BASATH

B= 05 mm #A7F F2F cyclone sample mill (Model 3010-030, UDY co. LTD., USA)
& olgsil RAAAT, BAD BARE WETEN FHL Bol7] A ArAWL
o] &3] 4E R o7 REIFHTE 45 mesh(355 pum), 100 mesh(150 pm), 200 mesh(75 pm) A
Z5F9 #| (Chung gye industiral MFG., Co., KOREA)E ¢]&3sle ®Fslgen, 1 2z &
g 18 75 i °lste] dA =7, BE 2= 75 um A 150 mm, & 32 150 moll Al 355 im,
B3 4% 355 gm ol Al 150 mm YA Z7)E A A H Aok
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=
24y

©
=38 H3l7bRe] A8, 8, @i, A 221 32 dge SHSH MEEF0e

IS Megazyme Mixed-linkage B-glucan assay kit (Megazye, USA)E ©|-&3}4 AOACH

e

3

A

995160 we} A5 H 1, AE] FFH-S Megazyme Total starch assay kit (Megazye, USA)
o83l AOACH 996.110] el EASGT. +8 L Hod FEA(FD-600, Kett
clectric laboratory, JAPAN)E o] &8l B4agich e, Awel §3e 247 g, 49
We olgadth el gL LIS ol gael B

i

® dF 24 &5 d=y
o]
=

A 8§ e = intracooler (Perkin Elmer, USA)9} =4 7} HA|7} Ad F

+
ruR i)

AF Al % ZA A (Pyris Diamond DSC, Perkin Elmer, USA)2 A3t z £84E H

7t A2 7 mg £+ 1 mg (wb., 9% FEIHF 715)E DSC # (large volume, Perkin Elmer

319-1605, USA)ell H#Fs &, HZF & FFol 59%7F HESF ES A7tk A5 #HS 2
Astr] Aol A2olA 5AZE o A AT AR WS 20°ColA] 40°CE 2 2°Co] 2
THEE Yzslk 3o, Bg 5°Co LxWzla 40°Co A 130°C7tA] 7FE3stgth. o] #3L &
sto] 338 Mo dg Z2AF &8 dE€HE SHSAUT A WA 2ol 2d F, S AF
NS thAl 0°C7EA] WAAIFTH 2 F oAl 3 WA 27037 Zo] Al W& 20°CoflA] -40°CE

—n
'z
=

>.
o
2
=
fr
fols
ok
"
e
o
i
oxl
o,
ofo
ao
=
iiu)
=
it
B[}Y
oxl
_O|L
B
Au)
B[}Y
[e)
flo
N
it
e
O
fru
N
o2
ol

58S M. Bhattacharya et al. (1999)2] W& $A3slo 3 ¥tE =AY 2 23
4 000.1 g (d.b)& ZE FH (50 ml, Beckton Dickinson, USA)ol st 3,
FrE st Y. 57571 J7lE 7FF S vortex (Scientific Industries Inc,,

gt
o 30 27+ AUk 2 F 5 £ oA HBAAIL, 30 B B AR
0 s

O
2
&
—
o
)
(e}
X
ot}
=2
2
—
a
M



o] H 2 sttt

o
Ho

(5 Pasting 543

A& Hz BA7A (RVA) (RVA-4, Newport Scientific Pvt. Ltd., Warriewood, Australia)E ©]-&3}
o, 7} 28 HE 7T pasting 5448 ZASIAT Z2h2he] 71F 28 (9 % FEFHS 750l 25
mlsl 3742 A7 T, AW AL Ao Auelq ARHe2 Fhed, dAS AT A8 10
Z3F960 rpme} £ X2 AT & 713 F, 2 o] F oA WerE 2160 rpm] £ 2 AF A F

ABt}, LE=50Co| 187X T 3842 2 E095C 8 257} S/l =2 243591, 9

5Coll A 28 30 2 59 FA3c} miAgte 2 3 828 2 550C7HA] W23t &2 27+ f-A511,
AYE iR o] ZI}E HIEOZ pasting time, peak temp., peak viscosity, trough, final

viscosity, breakdown, setback from troughZ -3} t}.

® 2454

zt By By7tFe 974 54 intracooler (Perkin Elmer, USA)9} 4 7} H A7}
F2E FAF AR 9% S3A (Pyris Diamond DSC, Perkin Elmer, USA)E #4131t} zHz}
o H7tE & 10mg + Img (wb, 9% +& FHF 7]15F)& DSC #: (large volume, Perkin
Elmer 319-1605, USA)oll A3 &, At &9 H|&o] 13¢] HEE FHTE F7istAth

AE He EA A ARA 5 AT o] SN T AR e 10°Ce]l 130°C7HA] B 5
2o exvigz ZtgHT FHe 2 wEom FUNEL kTR BA 2 BE

reference2 Al-&3t¥TH % =

ol
p)
fr
[-'O
eyl
=
a
[*2)
S
@
>
T
N
o
N
6]
—
~
e
filo
%
ol
A
f
ol
ol
A
8
o

@ A4 A=

A ZAytel FAAH Ayt F_3 HS, SPSS (V12, SPSS Inc., Chicago, 1L, USA)Z
Duncan’s testE &3 TAsten, x| dFeol gle & FAFF p=0.0504 Fo8ES A
Skt

O Ba7tRe £¢ 2 387 24
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BEW =88 HE, 75 i o]ty Ut 7|2 JRE BE 1L 3427%9] 4L Hgow,
75 mol Al 150 mel =719 B8 2= 2059%, 150 moll A 355 me Z7|Q BF 32 31.6%,
355 moll A 150 mme] Z7|E 7MAl= B8 4= 1353%9 &2 7474 el (sample
mill & o]&3te], £ F 53 Hale F2 100%= WS wl) (X 1). oI5 #H9 wEZ
F2F TS 1.63%, 8.35%, 9.13%, 739%=2 UEted, € BRele] HEI T T 6.26% T
v ztz} 70.24%, 3345%, 45.89%, 18.11% F7F& (-5 #AE Ju)L Btk ol AIN F
(2003) 9o HE) FF 2 Y= 29 wWEIT7 TP BT A FU1E 432%2 FFste
z o]t}

FYE HEo &2 8 3, 4= 9 Bt F Aol Holx| g2 HidHd, 28 2= 9 B2

o) B3 27.4% A, BE 1L 259% Z71stgT) ol HaldEe] AAo] 10~20 mz = =
=

N

Bokel ALY 5 m olske e YAE TP B Fo| molste] Rrow ¥
AHQ7) MEPoe AzwEc B G T3 28 3, 45 welel 2 FolE HolX 9w

& Ay zwwzd zAw IR 52

7
BeEl7IE 6.26 60.41 11.64 313 1.74 9.0
231 34.27 1.63 73.80 9.95 3.03 1.34 9.0
23 2 20.59 8.35 44 .83 13.84 419 225 9.0
£33 31.60 913 57.02 12.29 322 191 9.0
23 4 13.53 7.39 58.11 11.06 1.60 147 9.0




Aoz

A

HolAl= esken, 9 2, 3, 47} &

e &9 30 Hluy &

Hel £9 1, 2, 30| HlwE &

BERER

&
T

33t

HolA ket

=
=

o] &, 4R 27 T ¢

H A

/6]'

4

&0

A

o
B°

7FA 7] o E AY

SEREET

Tor

gLA =

O L
T =

Hol=H|,

=
=

ZE. 3y Lo AaHe oot 23 ol

¥ (&9l 1 ]/g)

ol

AH(J/g)

AH(J/g)

58.69+6.00"

73.03+1.81"

58.69+9.38"

69.60+6.85™

63.23+4.47%

69.41+7.40%

58.89+2.65"

60.59+2.70

Different letters within a column indicate a significant diffenence p = 0.10
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FH

3. & HabRe B4 (32, 1007)

e 100C
31 1.57+0.23" 12.52+0.14
£3 9 2.81£0.71° 8.21+0.91"
£33 3.00+0.73" 10.34+1.48%
73 4 2.67+0.48° 11.47+0.34°

Different letters within a column indicate a significant diffenence (p<0.05)

% peak7}t UENA] ¢k3, HE7F AL F718Fed, pasting temp.9}  final
viscosity ©]9]¢] & EAA= T7& 7t gl ol ARA EH4E EIUMETL st =
A ANFHE A BdFe od dF Z2xV=2 49E £ e, BT HFEEZE A7t
U o}, 3}9] peak7} AhE
Alejsta Aol EHetA @2 Helsh B3 BTl & AolE WEpl A Fskal, 4E
o} Zel7b AE9 zMA =] P
viscosity, trough, final viscosity, setback ZrellA eSS
30] BHGA e wIlERT 2 e YEd
J fER ARk AAEE, WEEFNT AR 45 Hgol
RS B olUd 55 F gAoE WALL ojBzs Bed YA WEEE

e

zt
o] A5sle] EEF 2, 3949 peak viscosity, trough, final viscosity, setback

El
A el Ao w AztmEg 12,
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® 4. B89 B 759 RVA 543
Rgle e¥1 0 2®2 2¥3 B4
pasting oo 11057 6743:053°  66.93£0.04% 66.15° 78.95°
temp.
flfilg 305.98+849° 303.98+11.3° 265.98+19.8" 307.98+5.66°
Peak oy s 16265 933.5:4455°  986+297°  1688.5+12.0°
viscosity

trough  6445+919%  590+9.9°  798+14.14°  1601+12.73"

final gg3133.04° 90542263 15055+10.6° 2869.5:4.95" 3283+14.14°
viscosity

brf;‘ido 126707 3435:34.65° 18841556°  875:0.71°

setback

from 338.5+24.75°  315+12.73°  707.5+3.54° 1268.5+7.78"
trough

Different letters within a row indicate a significant diffenence (p<0.05)
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3500 100
P L IR
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K 90
3000 £
80
2500 70
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2000
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H2E 50
(RVU)
1500 =
-
e 40
>
P Sy,
1000 == 30
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500
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e wm— - %
. P e 0
0 100 200 300 400 500 600 700 800
AlZk(s)
e EBIME CCUHIDEE T -EI3ME T EIiME — HANZHEE —og

2c
(C)

a3 1. £9E Hl7bRe RVA 34
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© dHEA

Y B} DSCl e 24 Aues %
temp., = F2Z 0 zo]7} QISITE ApolE Heole
523+050 J/g, E3 47} 611+027 J/go & oA o]y} QUlal, £3F 10] 7404056 J/g
23 3, 49 §oH3 o7l YA oA

THER, AT §F

i)
Am

59} Zkt} Peak?] onset temp.9} peak temp., end
AL peake] g (AH)QIH|, o] e £ 3o

5 27} 3.99+0.38 ]/gii o=
3} dgyloly, HE7LF

Fo PlATT & 5 Uk F DSCE 43 H7lRe] 93 SAdt wWeZT0e Fol
2 FFL nAA Rahs Ao YT

# 5 ¥ HE3UMRe DSC 4 2

onset peak end

; ; H{/g) ;
temp.(C) temp.(C) temp.(C)
3 1 65.06+0.54"  69.89+0.30"  7.40+0.56° = 74.26+0.38"
£ 2 65.48+1.11°  70.59+0.98°  3.99+0.38"  75.72+2.71°
£33 65.51+0.45"  70.19+0.28"  523+050"  74.96+0.79"
23 4 64.89+0.27"  69.60+0.20°  6.11+0.87"  74.75+0.21°

Different letters within a column indicate a significant diffenence (p<0.05)
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(th 12hde d74% nd 9 28

FZro] FE BIUIEE AW dAA=R o] &3] flste] =) B3l
THEE ARYst] WERZE FFo] okl BIULE FE2 AxsAt 2 AT HEZFT T
o] 2 B thu] Zh7} 3345% 45.89% 18.11% SHAHE 2o oo 2 ootk wak Ao =7t
2L BYL W] B FFstE 482 316%E Hnd B FAYh EI o sHA W
Heg HE7R 548 AR S IFAAE 7HFE pasting S04 L83t &L
FEHAAA e 28 45 AQdstiE HERE T Tkl =W BE 2, 3949 3o
B3R 2L H3VtREY A& FFo] duFez =W £3 1AMET =gt B3 29 3

2
X
ol
Ho
2
el
o
=
(I
e,
=2
=
L‘l

O

2 HEEF0S fEYET Bo| dfst e EFLE o £3& ol&ste] A SAF
< AzxstAS o HEREFU A Aadde S E ohlg Alxd SAFY & EAY

4>
30
tlo
pou)
lo
fru
>
1l
i)
33
0

7} cooking yield 59 AF HAL I Z
v wElSE7] FaFo] =11, ol Fow, AR F77F £2 28 30| AW

AAZA L] 7Tl e Aoz A4 HAY.

O Be7tgo 29

A=t nix7t 2 Bele Ay ZFA] AMEEd A 2008 d AME @B RIS AMESHA

I 05 mm A7} H2ZEH cycdone sample mill (Model 3010-030, UDY co. LTD., USA)S °]&
st 45T 248 B3VMFEE wEEFRe] e =07 fste 1Y RS} A
2 ARYHE ol &std 3R R THIUT 1AdRN = 4719 £EoZ UFUE Ao v
3 2xpd = o= 150 moll A 355 ym =719 BT} 355 mollAl 150 mm Z 7)o B Ho] wEZ
T2 g B ool S40E o HQ Aol YA e Aoz BuFe T B F
stol shitel £¥o R st ATt A= 23 d = AMEE E3UME 282 150 m ol
o AVE e BF 1, 5m AN 150 im Bl YRAVE ZE B 2, 75 m ©l5te] 2
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o
Tt
B
o
o
off
FB,
mlm

Toted 3F R HIZlES} BEbE st Hum|Ee dest
of AR 2AAE Axstdlen, ANE BVFEE A @ LAA S 240 FA
aAAE Az £ Jde HH wgHE 28T 2F 1o A &AA Az 38e
UER AT E3F Ao o] &3 wiFnle & 13 Zokom, o] wigHlE vEEHEAYE o
&3t Z2A s AT

(HEEHEAY S ol &t AP S vxdstn HF wjgnlE 245 © H2 3A57
A Fdoll Akt
3 19 AgolE 39% (w/w)e #Hol2ER AW 76%S tAstg, 8 29 Z-9u

= 69% (w/w)e] Ho|~ER 67%E tAlFATE o]Ed v S ]85t pilot scaleR2 4
A A Z A Z3FA T

fu

D A PNz AzE RAB olBH 2 BelHsH =4 7
EH AT AR A4 (CR300, Minolta Camer co., Osaka, Japan)E ©|-&35le =743}

ot AREAMAE WY 9260 x 3136 y 3196z RHASYUTE. MEE  L¥(lightness),
a*(redness, red-green), b*(yellowness, yellow-blue) FZ A o=z FHSIT. LAAE 2t

de AH &8 JdegE intracooler (Perkin Elmer, USA)9} 4 72 H A7 AFH F

% =47 (Pyris Diamond DSC, Perkin Elmer, USA)2 =733ttt DSC 3 (large
volyme, Perkin Elmer 319-1605, USA)ell 9.9 = Img A3t &, B A5}7] Aol ALox] 547t
o4 A AIFTE AR ML 20°Col A 40°CE F 2°CY 2xwWslz JJz4g $o, 583t
-40°Cell A b3t A7l Fofl £ 5°Ce] 2=W3tE 40°ColA 40C7HA] 7hdstdlnt. o] 2+
29 &§ dEuE ST FHL 3 BEor FY5Ga, ofFARE ¥4 &

o
p=]
L WS referenceZ AMESIETE EF SHA= AFE (156.6°C, AH=2845 J/g)S o|&35le] H

W] ¥ AR X BEALe "z BEXM7|(TA-XT2i, Stable Microsystems, Surrey,
UK)E o]&3ste] BEA3t3ith Pilot plantE §3 Ax® LAIAE 1AI7E o] A2olA e+ st
A7l &, Texture Profile Anaysis (TPA)Z H A3}

o
)
Ve
>

]7E 10 mm Eol2 ZFH| 5%
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3, AEe] 50 mmel ¥ &FuE

[kl

ZHE AlE3}o, pre-test speed 2mm/s, test speed$}
post-test speed 5mm/s, 70% strain®] A2 B A3}

- A A€

Ay Axlel FAZA AHTrF BR3E FS, SAS(ver. 9.1.3)Z Duncan’s testE F3dle] §9

FF p<0.059 4 F24e AEsA

Raw
materials 4 B 4 Stean_a for )
Batter stuffed 9min
[:::] casing and with ice
BowlriTeE linked R STRRETE water_for 9
Barley Tor Snan . J 2hr \_ min Y.
paste

a3 1 AAY 2AA Az

of
oxl

1B 19 22 o83 AN 2AA W (B9 1 %, w/w)

5 18 0|43 5 28 o] &3
B e Lj - ¢l1ozl j e ¢l1ozl

== i) A 54.88 54.88 54.88
= A 20.71 13.11 14.01
Byl Ho|~E 0 7.6 6.7
Hol2E F% - 3.9 6.9
A= 20.71 20.71 20.71
= 1.55 1.55 1.55
SEL: 0.26 0.26 0.26
Vit-C 0.07 0.07 0.07
RS 147 1.47 147
A 1.35 1.35 1.35

X1 : B2g #Ho|2E A [%]
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(h a+23

D BT 2Ho 4 B4

Agel A4E Hale 2B YMARS ¥ 29 2Tk o7k 02 AE o4t
MEFZ R0 A8 F3ol BE 2U5L 92 & A9tk 927 Ao A 23 1
3 23 29 WESTY FHES 27 8467 912% M BHAA @S W BT 413%8
o Ee ME2E $Fe Jrhigch e A2 g3 At 9ot AW 23 1
3 2% @ HIbRRG AR §Fel ¥gow gt AvHos A%d £F 39 AR
gaFol =9t W2
LR WHE S
A glek P mebd 9akel 2717t AL
2eEe FAT 4 ANk 1 Sel= YRl =7 2 27 13 204 wH, A,
2ol el 2T BHSA 2L Hykun Fobsa, gxel 2ot b Ae
3 3elAE o5 B Page R,

At
T
r
]IO

it
3
flo
512
i)
ofN
>
=
>
Hd
1%
2
X
fru
i
2L
o
k)
E
1o,
A
>
X0,
lo
£
=
do
I

<2
e
fr
fo
Sis
ol}ll
_E,
ML o
=
-z
Sis
K3
i
flo
off
1
fru
Sis
li:ll
£
e
fr
pou)
lo
fru
iies
&

i
2

A
ot

)

¥ 2 Re JhFel By 24 9 55y B4 (B9 %, w/w)

2~ 0 HEREF B 0 =) = 1 o~ 1
TE o HE LRl R | vy 3|7 T
Ba7& 4.31 54.92 11.64 3.13 1.72 94

| 17.39 8.46 40.24 12.29 3.22 191 94

2352 19.15 912 33.96 13.84 419 224 94

£F 3 62.85 146 71.39 9.95 3.03 137 94

@ BEIE BHE 0§ AxH AAY LA B4
A £AAE E 19 wigulel w23 13 23

) o]
g Azttt & 19 wigvle dA A datet Zo] wgRHEEAY S ol8ste Z2AH3 A

N
fru

4
I
X
oL
o
)
2l
—‘TL'
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o)W, IUE ZAnolA AW RIT EYSe olghsty E4¢ 28T A3 2 13 27}
MEFE el garel 3, AaFol £oH, AEY F7} Fob 2417 Az g5 o
.

aAAY AurgR

¥ 19 vjgule] wa} pilot scaleZ A FH AAIR9] dubAgdR L ¥ 33 ok} duk 4
Al A= S8 59.0%, A4 20.0%, =W E 14.3%, 3)F 6.1%E TsHst At 28 12 o

A AARE F5 603%, AT 18.0%, A 138%, 32 59%< ATNE Rgown
22 gAd 2ARAE S8 61.7%, A, 18.9%, A 14.6%, 32 62%2 Vel £5
2 WA A BT HAgE AAW &AATE B Fol FRI A2FAE Holed, ol £¥H
B Ho|2ES HI WFoz2 gAY, B zgdoz S At Ay kel o2
27wk AR Boh Z445e A AT (p < 0.05).

=
Aol Folg HolAE @lth £4A BHe wWrle 24 2w, AvicAAG £ 12 W
B £AAE fAS WU1E Jegou, 23 28 age £24AE 08 T 2479 494
2Fol7F g} (p<0.05).
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E 3. Pilot scaleg] A

B
of
ol
o
hJ
o
%
>
)
o
117
r]I
oX,
Flr
[ty
it
)
g
~
2

T8 Z A Zoa 3 &2
QA ¥l A A A] A] 59.0M° 20.0£0.19° 1432006  25+0.03"
231 2 ugst
R s 60.3 18.0+0.60°  13.8+0.03 2.3+0.14
A" A A
3 28 ujgst
61.7 18.9+0.79° 14.6+0.62 2.4+0.01

Different letters within a column indicate a significant diffenence (p<0.05)

% 4. pilot scale9] Ax FAHE AF LAY AT

a b L
A Hk A A A 411 = 1.00™ 12.71+ 0.32° 73.04 + 027°
vE 12 e 354 + 033 1302 + 019° 7335 + 027°
A\ A A A
v 22 e 343 + 027 1242 £ 012° 7230 + 064°

A7 2R

Different letters within a column indicate a significant diffenence (p<0.05)
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Ag A4l o188 & U= B AR EZ2: Yo 2uel g B2A FoHd
Ag AAel o8 & U Bol 383 WAHIL W, I g A 2F §8 AgV A
al

o
i)
o
=
38
lo
&
SR
ot
—
fru
=
]ﬂ
ok
[P
>
)
=
_{
ot
N
fru
=
n:?L
rol
)
l

5. Pilot scaled] A2 FHE AZ A9 5 24 && A€
AH (1/g) Area (m])
AukA A A 134.37 + 5.67 1280.99 + 48.25
o8 12 wdE A 141.80 + 546 146042 + 53.65
A A A
oH 22 NEE A 141.23 + 6.32 1454.61 + 63.01

2AA

- E B

zF uige] 8 AR SA4S dotiy] AT daA A Z3E Vi FEeE YEhiid (B
6, 1% 1).

Hardness (A%)e dutAAA BT H371E H7P 2AA7 ta 2738 7hson, 23
12 g3t A oA 29k 8 28 wfjds A £AA] 7Fo] feol Al Aol= A E
gk springiness (BHd)= Al T/ 4AIA7E BF FARE 3& YERASIH. Cohesiveness (83
A)e B8 12 wigE AAY 2AA7F 7R & e vEHed, 28 28 wgdst 247}
7Hd & cohesivenessE WERRITE o5 Alm et L¥kaA|A ko] {2l ol glHh
Chewiness (H3A)el Z-toll= £ 12 wd3r £Ar[A9] gho] 7MY Egtom, dutiAlA]e]
ol 7% vt Awte s vugs uf v SAATE 474 FEOA ThA W 3E R

gorv}, BE7IE7 AR AR AA R 9] 2ol wlu|slYgth.

rl
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o2 Ae AT 2AAE Azsdch HEEERAEE o183t ALs dAEA e
aAA S} E40]l FelFoz o7t UA] ks WA Aol AR dAFI 259 s=E
AASY, o] EUYZE Pilot scale® AA| XS A Z3FYT}.

dut AR B4 2, 2AA AR R AR g Aolg Hi HIUbE
Y 1 28 A7 2AAY A FELS bt Ade] gastgiod, AE, 4 § &Y
35t 542 BIUMEE FUbekA @42 AR} fARRE AlEe AT
2= 29 12 A3 2AANEY 28 22 Az
d& WER, 25 29 HESF 4

25 o] &7 A Al 2AA9 7hedol ¥ Ava & o AT

ﬁ_lk&i

2AAE A2 & e HFY ugeE

eaMoz Aste] WPHE AT AolofA, £9 2
69%% HIVLE Fstdoz A7) W Eol Aol FHol A £ARARE AYstetn &
g5l7)d= AFHo] ATt ol BEstA 3RET = 3R TE AT AW oA
& w8 AR 24X Az Sy, AYHATE SRR 24T s BA

452 dY AHAE BhgoA Aas= HAch

g o8& 2R Be A

E 6. pilot scale®] Az BHL AR 2AA B B4 AT

23 uj) s}3l 23 uj) o} 3}

B f o &HAFL]L Lj i &HAFL]L

Hardness(g) 11840.86+645.08" 14505.58+1427.92° 14405.14+248 38"
Springiness 0.9465+0.00™° 0.9494+0.00 0.9496=0.01
Cohesiveness 0.4762+0.06" 0.5091+0.00" 0.4649+0.03

Chewiness 5342.48+832.66° 6992.82+541.61° 6334.18+500.42°

Different letters within a row indicate a significant difference (p<0.05)
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hardness springiness
18000 097
16000 B :
14000
035
12000
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01 W hardness 083 B zpringingss
5000 i
4000 | '
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0 03
el g3 g3 2t Ba !
cohesiveness chewiness
05 8000
7000
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6000 T
o 5000 -
03 4000
B ohesiveness 3000 - B chewiness
02
2000 -
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0 0
@ s s 2 IR )
2% 1. TPA 24 ZA3)
@) 339 =
Oh AE B

O B7IFe 29

1, 2xtE 29 mlzvA 2 HEle
A 0.5 mm A7}
&3t Tt T4 BT
72 ARHE ol
ol =44

sha ole] B4

F2% cyclone

BN

=

SéiIllI)l

H B2 5
sto] Azt ot 23 d 2o
2|7k lat, 3R A &
S AAsted FAFsuA 231 d s 23 137}

A AFA AR

_40_

Mol A 20083 A

A FFRAS AHS

mill (Model 3010-030, UDY Co. LTD., USA)& o]
ZHe] TS Eol7] flste] 1, 23
| A8t
= Fd 2 A LA H

deel ol
29 13 29 WE2EL F
FL F7HIA AR 2AAE A

25 @5t 3 e EEo®



Aol AHgEglth A 2H9 YA 271 75 m <2 H< 05 mm FAch

@ AAY 2417419 Az

At A A (HB7be BEez AS tAlsHA g2 &AA)S Bel7bE 235 A
AARZ o] &3 AAR 2R Az widHe ® 13 Zodoh BUke 238 s3td9S AW
HAAZ A8t 10%, 20%, 50% (A% FA ) A, E7b: £9 e B

27129 BL E%o] gt Zdste] 95T A 3087 33447 & Wztste] ALgsit.

EZE AR 2428 24ES RS skl AR g de Ttuste] RIS Ea

Q) EdzZ RS Fhsta, 2T 2445 4L vasdth FR2E AU
3 72l 01%E Agaen, ENAFFEEOLA 059 10%E Artele] s

3
oA Ao AxE HAste] HALT| L a7, 5 T4 FAEE wigulel 2A H7t
stttk o W AW A LA e, BIUFE 28 S E A Bk olFA wig"
Aags Z717F A= A7) Y84 E8FEE A (Kitchenaid, Korea)E AM&3l9 T AES
dsHAl st7] flsiAl, 29 AR 1R w 42 F, 49 FEE 28 § Ao AW 5, b
= e A5E 2AA A4 ¥ 7](mokumoku, Japan)E o|-8-ste] ZEhAl Aol @ st
!

BT £AAE 35440 g FRO T LPeglon], B4 A7 4CAM ¥ BB

@ aAA 8 28 F £4 (cooking loss)

zF M ge|e 2AIAE 66T 2% (Biofree, Korea)oll A 4087 23k &, AgEA 2

w2 Wzksan.

Z78 % &4 (cooking loss, %) = z7 A ABEA

D ne 7A)
B8 (Water holding capacity, WHC)> 2] &9 < (Expressible moisture)& S38%
WL AlgslaT oF 15 g9 AEE A A
@747 (Whatman No. 3)2 #1 9422712 1000 golH 2087 YR & fes2
o kg ZRAUT Bk 2 FRe) ol B 2AAE AuHos n

u) g},
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® BaA BA
] AAIR|] "HlAx BEAMLE "X EA7)(TA-XT2i, Stable Microsystems, Surrey,
UK)E o] &3t At 283 2AAE 58 ol Al Bx& &, Texture Profile

Analysis (TPA)Z &43
Ad=Z0]lF probeE AFE-3}], pre-test speed 2mm/s, test speed$} post-test speed 5mm/s, 50%

strain®] Z27A2 2 EAM3c}.

® A A

A Aueo EAZA Ayt 283 HL, SPSS(VlZ, SPSS Inc., Chicago, IL, USA)=Z
Duncan’s testES £3}o] - Z p=0.0541A 94 HAZs4r).
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kel

1. 2AA 9] W

HF W10 W20 W50 B10 B20 B50 TGO.5 TG0.5 TG0.5 TG1.0 TG1.0/  TGLO
B10 B20 B50 B10 B20 B50
P
4% 54.88 54.88 54.88 54.88 54.88 54.88 54.88 54.88 54.88 54.88 54.88 54.88 54.88
=A==
2] vf 20.71 18.64 16.57 10.36 18.64 16.57 10.36 18.64 16.57 10.36 18.64 16.57 10.36
£ 0 2.07 414 1035
L o
3}-ot 0 2.07 414 1035 2.07 414 1035 2.07 414 1035
A 2071 2071 2071 2071 2071 2071 2071 2071 2071 2071 2071 2071 2071
1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55 1.55
Eatss 1.55
Phosphate 026 026 026 026 026 026 026 026 0.26 026 026 026 026
Vit-C 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Spice 147 147 147 147 147 147 147 147 147 147 147 147 147
FAE 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5
TG 0 0 0 0 0 0 0 0.5 0.5 0.5 1 1 1

HF : gyt

W10, W20, W50: Z|1Fe] 10%, 20%, 50% S 242 B2 thA sk A A A

B10, B20, B50: A|"}e] 10%, 20%, 50% 5 Z+zt HEl7ls 3oz thadh AA A
TG0.5: AA R LAl Ao ERNAFZFERVUOLAIS 05% F7HEE AAA]
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O BZ3UHF £ sgdd HE olgste] Axd AT £A1A9 54

- 2R 28 Z A4S (cooking loss)T B8 =4
e MdHE ol &ste] Az AL £AAES] EAE vty St ¥ &
= 28 13 2o UdERT z8 F E4SS 2

2
WA olF B3 AW % AeA gRel Azdd)

z8F £4E8 Soledl At AES € F AVH AFE FE BRHo| =of EHL
2 2AA WF] ol A RIEF Histe dTE st LSS HaAFAES AL
2 Az

fo FE FF2 2UAd A M wE 2AARRE fEH veEs FEYS &
A% Zleg 2AAe Bege FHse WY T shtolnh. a7 244 & = Hpsh 2
o dutaAA} BEZME EHoq ARE AT 2AART BEgo] Eokoit thAA o

G A 50%E thAlstH e Hege] ARt A ET A ekgk

s3tde] @ hAETE HFSS 5 AVt AR 2479 EEEs

At o FeES RAFAL, o83 e dwtaA A 543 {AEE 50% Al A
=

= Az 243 Wgee] 280w} bsEte 2Ae A FA.

- A 9] H 2

HE7LE 258 o843t AEd A aAA dad 54L& 27 39 epl ATk
AAPANZ YukaA 9] AE (hardness)7}
7F AasE R, Ae AUbsiHEls Ax7F dwAA R g SUhskA e Euth ARV e O
Hze] JHE FAS T ¥ 5 AR YA Z288E Udehdle 349 Beolle A8 T &
zbol= e A kot [etHS FUHe A ot Frtste AEES Bk 2R #94
o] Ag &AA] bl oA Apol7t QISIeH, ARE A & e HHE wEe AE, F A348E
Uehlle 2718 A5 Ale FE] A4 A Al 2AIX] gho] dutiiAe] g e e
HReH, Bel7Re] Al gl wel giste e By

7

~—

N
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W Wz =Z Ate] FIF (interstitial spaces)ell Al TS EFHOE Histe TS 53

3}7] wEolatn AZHETH 16:17)

35 X : xanthan
C : carrageenan

%lll\||l||l

10 20 50 X10 X20 X50 C10 C20 Cs0

Cooking loss (%)

u

a9y 1 &AAY 2T £

10, 20, 50 : E37HF Egoz thAg A tAF (10, 20, 50%)S 2=l

X10, 20, 50 : 2B 7}% £ Hate] e 01% S H7H3 2417
C10, 20, 50 : R 71F &) Hale] 7et7d 01%S 3713 4241 A
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40.00
X :xanthan C: carrageenan

251 [#¥]
= LA
=] L=
(=] L=

25.00

20.00

15.00

10.00

Expressible moisture (%)

5.00

0.00
0 10 20 50 X10 X20 X50 Cl10 cCc20 Cs50

d

" 2. &2AAY fY 2 FF
10, 20, 50 : E37HF £z thAg A oA (10, 20, 50%)S 27l

X10, 20, 50 : HE7bF £ Hal e 01%E H7ME 241X
C10, 20, 50 : HE7IF E8o Hsto 7hebrid 01%E H7HE 24A
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hardness Springiness

5000.00 1.00
0.8

4000.00 A
0.96 i

300000 T 004 - T
0.92 -~

200000 ~
0.90

1000.00 A o.ae

000 - Ut =
0 10 20 S0 ¥i0 20 XS0 Cio €20 Cso 0 10 20 50 X100 X20 X50 Cl0 C20 50

Cohesiveness Chewiness
070 3000.00
a6q 2500.00
0.50 T
2000.00
040 ~
150000 -~
0.30
100000 -~
0.20
010 4 500.00 -
0.00 A 000 ~
Q 10 20 50 X110 X20 X50 Cl0 C20 C50 0 10 20 50 X10 X20 X50 C10 C20 C50

a9 3. B3UME £E 381 He o] &3 HA AAR 9 " 54
10, 20, 50 : E37FE £¥o 2 thAgh A A= (10, 20, 50%)E o] 7],
X10, 20, 50 : B3 7F2 EHol tste ez 01% S A7HE 2AA

C10, 20, 50 : R 71F &) Hale] 7et7d 01%S 3713 4241 A
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@ B7HF B8 s3tda ERLIFER oA (TG)E o8t Axd AR 2A]A]9

oq) Z=B3take] AC ] Hud AR Al ABY =L 2H HOEoT ol A4
Ao w2 BHfEe dURAXRRE SEAZoY TG Ftole &8 FEHFS @247

5%
Ate Aol HIHT Atk F TG A7 2449 HaAdE due FRoD o
A

g 2= 9lon), B 2 AnaAr) g9 Acw AztEg B
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HO M10 E20 E50
30
£
e 20
(75 ]
°
2 10
£
(=]
(=]
v
HE W B TGOS TGLO

a8 4. AR /8 T T
10, 20, 50 : R37ke BHo g thAg A9 thATF (10, 20, 50%)S ) wl.
W10, 20, 50 : EEl7}F 9 thdl E2 AZFS Ay A= LA1F]
TG10, 20, 50 : HB7HF £ o] Hale ERLFFERVUAIE H7beto A3 £AA

50
g
s 0
-
B a3
o
E
e 20
=
@ 10
S
&0
05 G0

™ 5 ARG 22 E4
10, 20, 50 : BE7LR 2gog thAld A oA (10, 20, 50%)2 2w
W10, 20, 50 : EE7FF £33 Al E2 HAFES A Az 24974
TG05, 1.0 : H7Fe £ Hetq ERLSFEEUIAE H7bste] A3 241X

P
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m0 m1l0 m20 m>0

Hardness Springiness
8000 12
1
6000 :
0.8
“HIH
Il
0.2
; L0 il A
R ki B A e HF W B TG0.5 TGE10
Cohesiveness Chewiness
07 4500
4000
. 3500
| 3000
ANl et
2000
- Ll 1500 "
ANl 1000
. Af A é
0
HF W B TGOS TG10 HF W B TGOS TG1O
aY 6. RS B3 sgd1 EWNAZFZEINOIAS o] 83 A AARA ] Hax EA

B10, 20, 50 : REl7}& 2go = thA3k 9 thA = (10, 20, 50%)L <] ).
W10, 20, 50 : RE7l%F 238 4 E2 tfA#S Y A3 LA A
TG10, 20, 50 : B2715 B3 gsle EWAZZEn|UolAS Arlste] A=z23 A4X
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l

P Role AMUAFS AW FA S 50%71A =8, AYHAZFS WF F7HAFH ST W
BHE7tR R 2ujo]d Sk BBVt 28 F3tds AWtAIAR ALE
stk AMA RS 22N 2 EE 2A1A S AT Aste HFU TGE 3
7Yoo 2 At} st
Zigtolu} ZhEbr|g s 22 ARe Axd AAY 27 & 4oy
A71=H B37F v, A s %S I3
3

1G9 A$E 2 5El

]_
oAg 712 €52 HUEA "Bk 3xpdEoe BElVLE Sstdom 2 u)A)
A71H, 50%7kA] A kel iAE &R BEAS FAAITI7] A%t o R HARe ERLZ
FEUOLAIE Hrbste 2AIAE AzSAT AFE AH AR Azl H7EsEr] ol d e
B 7bRo] oty 4o e AF F7F AFE ZAMSHAT

O BE37HFY 287 #A7s A R/
A=) AME AT BF 17 2 F, 150 m <BF 19} 5w <BF 2< 150 me] B}
T 28& AEEH. Adel AMEE He e (Xanthan gum), 2A2~E ¥l 7 (Locust
bean gum), F-o}7 (Guar gum), 7}2t7]d 3 (Carrageenan gum)o] it

@ g 2

HEo] HlZbea 2833 HilVkR (28 1, £38 2)9 dubdES AOACH ] me}

A
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, Fe BEAslled, HElZF7te F#FLS Megazyme Mixed-linkage
-glucan assay kit (Megazye, USA)E o] &3}o] AOACH 995.169] wie}l EAst9, A& 3
#ZFS Megazyme Total starch assay kit (Megazye, USA)E ©]&3le AOACHY 99611 uwie}

T, A 3

7

)

i

A8 (0.05%, 01%)& AT BEsHA ¥& BE HetFe 5744 T/ 2
€ H3ZFE 05 g& ZA7 WA EHEE 20 ml FEH Fristed M wwir|z wyke
T 95TE 30% Bt 7tEstith 7tdE EFAS 2 ES o835ty WMEA ooz WA
Zl % 3000 rpmell A 208 &t AAEET BaHe dxARe FAL FAES FAA
2

A& He BAA (RVA) (RVA-4, Newport Scientific Pvt. Ltd., Warriewood, Australia)E ©]-&
3lo] pasting E4-2 ZANSIITE 2422 7HE 3¢ (12 % FETFES 7|F)0 25 mle] H{F5E 7}
st &, 43S AE S Tk dEolA AsdH ez 714E, WStk AR/ AU AfelE 0.1%
AE&A 7HFE F7bste] APk A 10 27960 rpm] =2 A& 7He 5, 1 o] F
ol A AeE 2160 rpme] £ =2 A A FAZT 2E==50TA M 1ED FAGF F3R 422
UL BTE 257 e/t AL, 5T A 2 2 30 2 Bt FAS npx| o =2 3 7 28
Z FHE0C7HA W3 52 B3 fA8kaL, APE vk o] 23E Bl"rC & pasting time, peak

temp., peak viscosity, trough, final viscosity, breakdown, setback from troughZ -3} t}.

AT AL 25CE AAHE rheolmeter (AR 2000, TA Instruments, New Castle, DE,
US)9] plate-plate system (F7: 4cm)& ©]-83ld FHsH T A|EE rheometer?] plated] =
T 0.1-300 579 WBEE Mool FHAT. FAFE S4E power law HHAL o] &

St

o =K(y)
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B33t HalvleEs 27 104 9 10.7% 2 283181
Bl 257 3§

ol TS S & 7 UAMH (& 2).

@ Hel7bFok HEl7ks 8 (1, )9 Aaddd 3 AR/ H7F 27

95T Z4E RbRe HaskE 25 Aedd o® PR A7 ANE
e 2k

2 ReUlRe Hasl® 23] duky

B-glucan Starch Protein Fat

Unsieved 5.02+0.06 49.61+2.56

12.18+1.12 3.10+0.04
barley flour

Fraction 1 10.40+0.53 31.73+0.83 12.81+1.10 3.49+0.02

Fraction 2 10.68+0.73 28.29+1.94 14.34+0.08 4.33+0.02
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¥ 3 RaslFe 285 Bedd g3 <) AR @7 w9

Concentratio Type of gum UF F1 F2
(%)
Swelling No gum 12.08+0.50 12.46+0.48 10.34+1.20
power at 95C
Xanthan gum 14.63+1.61 14.75+0.87 11.47+2.05
0.05
Locust bean gum  13.70+£3.83  12.87+0.54 10.33%1.18
Guar gum 13.2942.06  12.52+0.56 10.60+1.03
Carrageenan 13.96+1.48 12.07+0.73 10.30+0.98
No gum 12.08+0.50  12.46+0.48 10.34+1.20
Xanthan gum 15.91+0.12  14.1240.14 14.20+0.56
Locust bean gum  13.51+£0.67 12.71+0.19 11.70+0.77
Guar gum 13.84+0.24  12.73+0.37 11.5242.58
Carrageenan 12.93+1.16  12.3740.42  13.44+2.58

UF : unsieved barley flour, F1 : fractionated barley flour 1, F2 : fractionated barley flour 2

ety BElZbe 2853 AF £ AEHd U HF F7h Ade 2eULbe
£ f5ol o8 zelg BAeH, AAZ EFstetA] g2 E3Vtee] BEE2 AUtE HF
FRel dEglel Aol Frted, AHEE AR FAAE Ferel o a#nst 7bg
At 28y E¥3t® HElVRE (FL, F2)2 005%2 AF HA7 3gde A9 g2 A
Fol s HaFo] WakA FUth AF 01%S F7H B3¢ 12 A5gke] HArld HAF %39

o

S
lo
v
i
ok
b
_O|L
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5
flo
f
M,
)
el
o,
=
iy
o,
o
o
fr
off
1
oM
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o
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filo
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r o
sk
\
e
33
Au)

o T
E3|4 F1 Rel7lF 289 FeE BCoAA FHE FE8Ho AF7 9% F4 EJoH,
FTEE S/MAIHEIE AR/ AV E3e S5 EI

Ae
ot
Lot
i)
oxl
oy
e
2
T
fr
o
Y
A
Hd
k1
o
B
Lot
o
o
fu
r o
o,
P
)
i)
fr
-
ox
i
i)
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T
o
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o
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Wee ddste] BHHSA we BT T FRe RaskR Aold] BeFo] Aol7t U
Hn AzEE, © et ARoke FEAGelE A2 the &nE Ui 2oz 47

zeide] 542 F1 Bel7ts 289 HJadz=rt 7bg £33, F2 Be7tE 23, 23514
%o WM Folglth RVA o8] S4E HESS wmaAe o, Bay A3t niziv}
A2 BYetA g2 BelZbRE A vl o8 A= dold HE7E Frletila, 2 £
g BVIRE ta FUksteu F12 A F7bel o8] ZA g3FEA gtk F13 F29] W)
B2 el 25 g2 H3UbRED o & AL nHdE u wWEEFEnd =&
FFol o B xS FEF Ao AZHED JY Fl 297 2 239 F9de L
Fo WELFFNE FRAAT HEAA Aolg UEhlE, RN DA} 2ut gk

D BEHESA
e FEA e Bastes BEW B3UbE, 283 4 B4R BIbEH EP
01% AEA-6% BT ssol)e] FARESHES E 5o Uehich Power law Rd&

A&l o8 7Hx dL2A As+E Z2Hs9H.
EE $54 AFMm) FHe 18T e

oz
S ATk olsh Te duws AEL Avse B
= 7]

=7

oz
do
2
s
2
nﬁ
o% L
»
5
[}
[s5)
N
=
5
=
5
s
M
offt
o
v
o
oY

]_

N
X0,
fr
o
of
™
i
_>|~1_4
[
4
i
Y

&

FA5H7] gEel vehts Aoz d¥HL gk F, 93 2F 72 A=A
27t S7Hgel wel 22 7k G979 93] £xE olf BAY A¥A xR =27
Uehts Agolztn dEA Atk A& H7beHA ooke W, Al T/ HUME AR
= Ael7h flAAw, A F7EEY n gl AolE uEhded, WEE

g Fl, P-4 3] ngrol £36hA] e H3UME-d gAET o 2E ghe JEhl
o A7E AR 5 Al BelZbR FR/A ZEYel ngtE /M AsIIE EIHIL 9
o ol2ldt Avbe Fede] ©eetal, rodlikedt T2 wimolgkal AzhE
F1ZF2 Abelol= Apol7h giiew™, E3stelA] @2 HSl7be7t 78 =& #8 uehdoh 4
= A7MEe i BE HASS HAEA Agel 9% FA @kon Je vhe] AZkx] Bt

]
F A8 F2A AFdd dFE UEHJAT naw 3 F13 F29 3¢ HES 37 o

)
5 2

N S )
2 2 i W

el
e
ol
of
o
i
flo
ML

(32 32

ny
)
i
oX,
By
N
~
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g 1 #A7 Fastdrh ASE ARF ARl BatT AsEe B4 Mg 2 9

Faict.

ol

7Nde &<

otk
filo

X 4 H37MEe HE/tE 239 33 EXo did AR A7t &9

Samples Pasting Viscosity  (RVU)
temperature

(C) Peak Trough Final  Breakdown  Setback
UF 64.5 912.0 523.0 826.5 389.0 -
- no gum
UF-XG 64.0 997.5 637.0 1012.5 360.5 15.0
UF-LBG 64.1 979.0 594.5 965.5 384.5 -
UF-GG 65.3 1064.5 635.5 997.0 429.0 -
UF-CG 64.5 833.0 450.5 769.5 382.5 -
UF-F1 63.2 2042.0 1617.5 2565.0 424.5 523.0
- no gum
UF-F1 62.7 1908.5 1550.0 2442.0 358.5 533.5
- XG
UF-F1 63.2 2083.0 1670.0 2689.0 413.0 606.0
- LBG
UF-F1 62.7 2203.0 1754.0 2690.5 449.0 487.5
- GG
UF-F1 63.2 1926.0 1537.0 2511.0 389.0 585.0
- CG
UF-F2 64.1 1269.5 999.0 1942.0 270.5 672.5
- no gum
UF-F2 63.6 1385.0 1075.0 1938.0 310.0 553.0
- XG
UF-F2 63.6 1425.5 1090.5 2113.5 335.0 688.0
- LBG
UF-F2 62.8 1562.5 1180.5 2154.0 382.0 591.5
- GG
F-F2 64.5 1319.5 1021.0 1988.5 298.5 669.0
- CG

UF : unsieved barley flour, F1 : fractionated barley flour 1, F2 : fractionated barley flour 2

XG : xanthan gum, LBG : locust bean gum, GG : guar gum, CG : carageenan gum
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E 5 RelZbRe RevlE 2o ANRE S4d U AR A7 2

Samples Flow behavior Consistency Apparent

index n (-) index viscosity

K (Pa-sec") Na.100(Pa-sec)”

UF-no gum 0.38+0.01 4.66+0.60 0.27+0.03
UF-XG 0.24+0.02 11.30+0.42 0.35+0.01
UF-LBG 0.424+0.00 4.7340.56 0.33+0.03
UF-GG 0.45+0.01 5.27+1.99 0.30+0.00
UF-CG 0.36+0.03 5.74£1.11 0.30+0.02
Fl-no gum 0.47+0.01 2.50+0.19 0.22+0.04
F1- XG 0.06+0.00 13.62+3.19 0.18+0.03
F1- LBG 0.1140.01 3.67+£2.19 0.06+0.02
F1- GG 0.1140.01 2.29+1.13 0.04+0.01
F1- CG 0.09+0.01 2.4340.40 0.04+.001
UF-F2-no gum 0.50+0.01 1.81£0.01 0.18+0.01
F2-XG 0.06:£0.00 7.66+1.02 0.10+0.01
F2-LBG 0.124+0.01 0.92+0.13 0.02+0.00
F2-GG 0.124+0.01 1.45+0.16 0.02+0.00
F2-CG 0.10+0.01 2.04+1.17 0.03+0.01

UF : unsieved barley flour, F1 : fractionated barley flour 1, F2 : fractionated barley flour 2

XG : xanthan gum, LBG : locust bean gum, GG : guar gum, CG : carageenan gum
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2. A 2 AFEIA - By o]g sAF] AES V54 HF

7h AME

O A% FBE : 7FH(FA) UWHCSTBL/6)) PH-AE ASEGES. IES ‘TAW 4ol'S
she tlzT3 ‘Bl tiA Hel's she diTem v (B 1)

- A"k A o]: high-fat diet 45% cal.
- B Al 4 ol: high-fat diet 45% cal. =4 F corn starch 185.1g/kg total¥} cellulose
59.69g/kg total & Rz AT (E 3).

O BE A% SPT Ao A Jystgx 557 high-fat diet & AP 4 o]

il
olr

=598

e 53] Ho| Fof 7| F 0F B 5FAC] dFEEH AEH. AFT dd

-1 -
AAEYE FS Edst, ol 9 B4 %

)
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O @39 total cholesterol, HDL-cholesterol, LDL-cholesterol, triglyceride 2 glucose &%=
2 cobas 111 4] 2 Aobe ol g5lo] HlAgEEo T 24,

©® A &£4

O 7 BAL student ttest® AFEEHS] 95% #o SEolM AHF 074 WA B £

A9 W make} p<0.05Y @ EAHCE §o3 AR B

g
£ 1 4% "yadl
Groups Diet =T
Control HFD(high-fat diet) 45% cal. 10
X b Ao 1,
Barley 1 =l HA el 10
HFD + X1
i} A Aol 2,
Barley 2 =l HA el 10
HFD + X2
= A o] 3,
Barley 3 = HA 2] 10
HFD + ®g|3
X b Ao 4/
Barley 4 = HA el 10

HFD + H#]4

¥ 2 Hy] thA] mA|8 Aold TIE HE AR

H] e}l =53

Diet QA A} =1 7] ]E}_ T
S
2z oA o] 1 75 uym ©]|s} 1.63%
B2 A Ao] 2 75 pm ~ 150um 8.35%
B2 A 4e] 3 150 ym ~ 355um 9.13%
B2 A Aol 4 355 pm o| A 7.39%
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% 3. High-fat diet 45% cal. 243

high-fat diet 45% cal.

Formulation
gm% kcal%
Protein 24 20
Carbohydrate 41 35
Fat 24 45
kcal/kg 4,766
Ingredient g kcal
Casein(from milk) 200 800
Corn Starch 155.036 620
Sucrose 50 200
Dextose 132 528
Cellulose 50 0
Soybean Oil 25 225
Lard 175 1,575
Mineral Mixture 35 0
Vitamin Mixture 10 40
TBHQ 0.014 0
L-Cystine 3 12
Choline Bitartrate 25 0
Total 837.6 4,000
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Groups

Control Barely 1 Barely 2 Barely 3 Barely 4

Food Intake

3.15+0.23% 3.950.01™ 3.57+0.23% 4.02+0.08° 3.40+0.09*
(g/day)

**Values in a line not sharing a common superscript differ significantly at P<0.05.

T
o b AFe F7be 2o el AR AW AN B AHE UEE

RHneoz #Hay,

¥ 5. A= W3

Groups
Control Barely 1 Barely 2 Barely 3 Barely 4
Initial . b
21.29+1.10 21.76+0.70 22.34+1.12 21.16+1.26 20.62+1.03
body weight
Final . b d 4
) 26.96+1.70 37.90+2.85 31.5241.68° 33.84+3.08 34.25+1.87
body weight
Gain . - - - -
5.67+1.24 16.14+2.87 9.18+1.01 12.68+2.80 13.62£1.42
(g/22day)

**Values in a line not sharing a common superscript differ significantly at P<0.05.

Values in a line not sharing a common superscript differ significantly at P<0.01.
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3 "= total cholesterol T% W3}

O ¥F total cholesterol %= WH3l= 27 13 2L tx223 ¥ w3dte] barley 3 &l A

160

140
)
D 120
g
= 100 - Control
=]
'E 20 | " barley 1
L m barley 2
=) !
T % B barley 3
g 40 - m barley 4
|_

20 -

|:| )

Owk Swk

19 1. Effects of barely-substitute diet on plasma total cholesterol
concentration. C57BL/C6 mice were fed high-fat diet or high-fat diet
containing barley granules(244.79g/kg total) for 5 weeks and blood
samples collected 0 and 5 week. Data are expressed as mean ¢

standard deviation(n=9~10). *p<0.05 versus control.
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i 6. Effects of barely-substitute diet on plasma total cholesterol concentration.

Groups

Control Barley 1 Barley 2 Barley 3 Barley 4

Oweek 73.49+4.97 74.67+6.39 76.22+21.79 78.25+6.64 86.81+11.23

S5week 127.74+9.02 125.67+15.62  12627+1591  113.43+6.38  130.25+12.86

*p<0.05 versus control.

@ ¥% HDL-cholesterol 5% W3

o

O ¥ HDL-cholesterol &%

82

3= a9 29 2L tZ2TH v sty barley 3 ZE
4] @3 HDL-cholesterol %7} EAAo g2 {93 o2 743
O Barely 3 Z&oA ¥ total cholesterolo] FolHo g 7HAThe] ulgl HDL-cholesterol

levelo] Htolx|= Ho: @& 7 A2 HY.

140.00

120.00 A T
3 T
% 100.00 A
.E_. Control
) 80.00 -
= barley 1
.E T
2 60.00 - | | barley 2
% W barley 3
e 40.00 -
sl m barley 4
I

20.00 -
000 +——

Owk Swk

a9 2. Effects of barely-substitute diet on plasma HDL
cholesterol concentration. C57BL/C6 mice were fed high-fat diet
or high-fat diet containing barley granules(244.79¢/kg total) for
5 weeks and blood samples collected 0 and 5 week. Data are
expressed as meanzstandard deviation(n=9~10). *p<0.05 versus

control.
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i 7. Effects of barely-substitute diet on plasma HDL cholesterol concentration.

Groups
Control Barley 1 Barley 2 Barley 3 Barley 4

0=} 67.99+4.42 73.70+£8.24 76.13£9.64 71.25+4.93 76.91£9.96

552} 110.00+1059  101.28+14.76  106.53+13.64  93.04+1045  107.01+14.11

*p<0.05 versus control.

& 8= LDL-cholesterol 3% 3}

O ¥= LDL-cholesterol 5% WH3le I8 3

_g,
e
mjo

O Barely 3 & oA 552 Tt E A3
FAE GEIG EAHCE feSAE g HolR 9E F A%E E o 4vmolo

g Aoz AEH.

M
2
=
:(I)LL
o,
=2
)

o2 vo "3 LDL-cholesterol

30.00

25.00 -
ry
=
o i
= 200 Control
© barley 1
S 15.00 -
= ® barley 2
L
E 10.00 - H barley 3
]
9 W barley 4
Q 500 T

0.00 -

Owk Swk

a9 3. Effects of barely-substitute diet on plasma LDL
cholesterol concentration. C57BL/C6 mice were fed high-fat diet
or high-fat diet containing barley granules(244.79g/kg total) for 5
weeks and blood samples collected 0 and 5 week. Data are

expressed as meanz*standard deviation(n=9~10).
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i 8. Effects of barely-substitute diet on plasma LDL cholesterol concentration.

Groups
Control Barley 1 Barley 2 Barley 3 Barley 4
0=} 3.67+1.70 5.74+2.77 6.59+3.93 5.21+3.46 6.71+4.41
53} 14.94+4.23 13.61+6.26 15.23+8.74 9.66+6.65 11.46+7.16

O d% FAA A(triglyceride) &
o

250.00

200.00 -

Control

T barley 1
= barley 2
W barley 3
W barley 4

150.00 -

100.00 -

Triglyceride (mg/dL)

50.00 -

0.00 -

Owk Swk

% 4. Effects of barely-substitute diet on plasma triglyceride
concentration. C57BL/C6 mice were fed high-fat diet or high-fat
diet containing barley granules(244.79g/kg total) for 5 weeks and
blood samples collected 0 and 5 week. Data are expressed as

meanztstandard deviation(n=9-10). ***,p<0.0001 versus control.
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Aok

Barley 4
51.10+10.67

126.53+9.64

Barley 3
429341191
135.46+98.82

A

Groups
Barley 2
45.46+13.85

124.11+18.69

ok

Barley 1
48.85+10.36

127.21+8.68
o F&=ol = Barely 3% (=3 tiH] 6ul, 9.13%)4 7 Z &

Control
45.61+10.51

9. Effects of barely-substitute diet on plasma triglyceride concentration.
80.27+15.00

hy
ik

55}

0=}
#** p<0.0001 versus control.
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O F% Aol DAY Aolsh w7 thA AolE A&,
7} Z29td ‘Barley 3 (¥ 2Y& A 2olo] thAIE
- AW A o]: high-fat diet 45% cal.
- B Al 4 ol: high-fat diet 45% cal. =4 F corn starch 185.1g/kg total¥} cellulose
59.69g/kg totale R 2 tAIF (& 3).
O 53 ‘A Aol g ‘Ha] Al Hol's Fo5E.

O BE A% SPT Ao A Jystgx 557 high-fat diet & AP 4 o]

F =

olr

o

i

£ 1 A% bael.
Groups Diet TET
Control HFD(High-fat diet) 45% cal. 10
HFD-B HFD + X3 10

Diet HAA7] e 253 33
Barley 1 75um ©| s} 1.63%
Barley 2 75um ~ 150pm 8.35%
Barley 3 150pm ~ 355um 9.13%
Barley 4 355um ©] A 7.39%

_67_



% 3. High-fat diet 45% cal. Z43.

high-fat diet 45% cal.

Formulation
gm% kcal%
Protein 24 20
Carbohydrate 41 35
Fat 24 45
kcal/kg 4,766
Ingredient g kcal
Casein(from milk) 200 800
Corn Starch 155.036 620
Sucrose 50 200
Dextose 132 528
Cellulose 50 0
Soybean Oil 25 225
Lard 175 1,575
Mineral Mixture 35 0
Vitamin Mixture 10 40
TBHQ 0.014 0
L-Cystine 3 12
Choline Bitartrate 2.5 0
Total 837.6 4,000
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@ =" | A4 v= 53
O o] B 7|7t T8 F HES FV|ZHE Folch 5o 938 Ru® =& (1957)2 I
3} hepatic lipid& 42

O ZF Z= 9] total cholesterol, HDL-cholesterol, LDL-cholesterol, triglyceride % glucose

off

E=ZE cobas c111 #H] (Roche, Basal, Swiss) 2 A] kS o]-&3}o] njAg@gFHo 7 %}

_l])lf

® BEN WY =7
O ol Fol whAut 397k BHg £YsA A=A H FAS An P 2W 02 g&

100% methanold]l 747t JAAA ZFEFES 42

ﬂllﬂl
¥
ol
9
Hr
B
lo
fru
=
]
i)

O Total bile assay kit (Bio-quant Inc., San Diego, CA, USA)

S YR BRE Y GO0
@ qRT-PCR

O ZZF A RNA £Z: TRIzol reagent (Invitrogen)E ©|83l] Z ZZ o 2HE RNAE
FE3te] 4Rz 7Y el 2E® RNAZ d9lom, 260 nmst 280 nmojlA F3F =
E ZFHsle FEF RNAS H#FsI purityE ST

O cDNA FA: ZFozHH EIg RNAJ PowerScript Reverse Transciptase
(Clonetech)& ©]-&3le (DNAZE TAT.

O Real-time PCR: 7+ Z% 2] HMG-CoA reductase, CYP7A1, LDL receptor, FXR &% x}2}
A% ZZ o] NPCIL1, FXR, SHP, ASBP, IBABP, FGF-15 A} @3S LdolH 7] &
real-time PCRE2 4 A]3. iQ SYBR Green Supermix kit (Bio-Rad)E %443t cDNAS} %3}
o] iCycler iQ 7|4l (Bio-Rad)E ©]-&3}lo] 43319 S.

© Western blot
O ZZA A @z By Lysis buffer (10 mM Tris-HCl pH 7.4, 0.1 M EDTA, 10 mM
NaCl, 0.5 % Triton X-100, protease inhibitor Cocktail)& ©]&3ke] 4 CollA 22 & {347

kel
AN

5 AR wHEe g BHAY FEE oln 4n Yt abuming EF Sz
5} Bradford ®H (1976)o.2 =3t

O Bio-Rad mini-gel system-& ©|-83}o w25 SDS-PAGE #A 7|9 &3+ & nitrocellulose
membrane (045 um, Schleicher&Schuell BioScience PROTRAN Nitrocellulose Transfer

Membrane) 2 o] A 7. Nitorocellulose membraneo] Ho]® whlde E3 3hA o} vk

A# Western blot-2 A A]8l%3, enhanced chemiluminiscent (ECL) methodZE o]-&3}e] wb
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A A7, ChemiDoc XRS (Bio-Rad, Hercules, CA, USA)ES o]€3le] UL bandE Quantity
One software (Bio-Rad, Hercules, CA, USA)2 Az B3},

il
o
flo
w
'z
o
o
(T
s
>
o
ol
o,
s
fJ
of
Y

| 242 student t-test® AM&-3}e] 95% &

o] o A 7&75]?:]'. Control¥} 8] 13} p<005(?_:']_ o EAAOZ 993 Ao = Iﬂ-?éﬁc]-‘

O Fod2RH A4y FEAA & 5533 nkgx 3 onigrl &R AFHE ol

(5/day)e E 4st B¢ AF 7% B 2% T AR HATS #9T B ol 3

Am

o]

A

% 4 o] 4AF

Groups

Control HFD-B

Food intake (g/day) 315 + 0.23 395 + 0.01
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35 r
30 F

HmolL/g liver

25 F

=
o (4] =] Loy}
T

TC TG

2% 1. C57BL/6 nh9-220] B2 WEZE7 437} hepatic lipid levelo] m]3): @,

RE FXe FHT + FFAE JERNSS. TC, total cholesterol; TG, triglyceride.

2500

2000

1500

pmolL/L

1000

500

g2sge] $48 HIDE Foidt 2504 @Eate] wlEFe] HIDW 4%
o

c B

a3 2. G57BL/6 mhe-29] HE HIEIES0 A3V dF5AE MEed mAe 9%

BE A5 Ho + EFex32 YJERPYS. *P<0.05 vs. control. C, control; B,

barley group.
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® dsHE B TR A B 4
O ZY2HE A #H F1A 4@H H3)
Z+o] real-time PCRE &3] HMG-CoA reductase, CYP7A1, LDL

ke
@3]
2
kv
o
n
=
_E,

4

receptor, NPCIL1 4 =}+e] #8L =243 £31= ControlL 10022 st oo wa A
d HAE=Z VeRY.

» HMG-CoA reductase®] 282 16% (P<0.05), NPCIL1& 30% (P<0.05) 743921}, LDL
receptor?] L control¥} Hlwste] Fol Hl W3rE AAE.

O HEA UA BE F9A 2d W

o

» HFD-B ZLFolA CYP7A19] wdo] Hastn FFA wiEZe] Srletdls. webs 3 &
2] farnesoid X receptor (FXR)e] @&} AFoA 9] short heterodimer partner (SHP),
fibroblast growth factor 15 (FGF-15), apical sodium-dependent BA transporter (ASBT), ileal
BA binding protein (IBABP)¢] @d-& 43, 3= Control2 10022 3}g L o]o w2
FA HAER vERY.

» &% ZHoA FXR mRNA9 @do] FA Az {23t 13% A= F7HstlaL, SHP

= 70% A= 74T Controle] H]3}le] ASBT9} FGF-15¢] w&d o] HFD-B ZEo A Z+2z; 50%,
15% ZAag.
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By wElEE0 430 39 &% 27 FYagE 2 g

5.
& FHAA EH v = FF

f
ol

(2

=

S

2

r |

(i

N

Groups
mRNA level (%)
Control Barley

Hepatic gene expression

HMG-CoA reductase 100 + 6 84 + 17

CYP7A1 100 + 22 43 + 14"

LDL receptor 100 + 13 91 £ 3

FXR 100 + 7 104 + 4
Intestinal gene expression

NPC1L.1 100+ 17 70 + 3

M 113 =

FXR 100 + 5 5

SHP 100 + 13 30 + 15

ASBT 100 + 31 49 + 15

ABABP 100 + 13 99 + 8

FGF-15 100 + 9 108 = 7

Values are expressed as mean # standard error (S.E.). *P<0.05 vs. control.
HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; LDL, low-density
lipoprotein; CYP7A1, cholesterol-7a-hydroxylase; NPC1L1, niemann-pick C1 like
1, FXR, farnesoid X receptor; SHP, sholrt heterodimer partner; ASBT.

ileal-specific bile acid transporter; FGF 15, fibroblast growth factor 15.
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® ZH 2" E 2 FFA UAL
O HMG-CoA reductase Tz

r ]
(i
i

ul Z
=

N,

sl

_4

ddo] HFD-B I&EoA 565%%2 Ad3s] #A4sgx

~

CYP7A1E 44% A= A3 S, real-time qPCR A¥}¢} FA}SHAl LDL receptor whufz b
e aF T AolE HolA ok, w3 FXR Tl d @y ®ke HFD-B 5o A
oF7t Zraste Z2TE YERIS (2™ 3).

% ad

1L L 1

HMG-CoA CYPTA1 LDL receptor
reductase

HFD HFD-B
HMG-CoAreductase |=== s @ e

CYPTA! |==— ——|

LDR receptor | == s= — |

3 e

Relative protein expression
[~}

a-tubulin |[——|——|

a9 3. CG57BL/6 mhe-29] Ky WEEFZE AFH7F HMG-CoA reductase, CYP7A1, LDL
receptor, FXR @2 W&o m|x]= FF.

H2E $XE o + EFexE JERPY-S. *P<0.05 vs. control; **P<0.01 vs. control.
HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; LDL, low-density lipoprotein;
CYP7A1, cholesterol-7a-hydroxylase; FXR, farnesoid X receptor.
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=

NPCIL1 @l d Fxl= B TF 4olE 3t aFollA 4% A4S}
gL FXR¥} FGF159 w+d-& z+z} 260%, 90% Z7}3F vt ASBTS] wd-L 30% 7= 2+A
e (2g 4).

c
S 4
w
w
HFD HFD-B 2
NPCIL1 | | — — s 3
p=
2N S e B
- T —— a?2r
FGFA6 [~ =——| —— —] £
3 1
a-tubulin s s | —— s | x I'L‘ I"".
0 -
NPC1L1 ASBT FGF-15

a3 4. C57BL/6 whe-29] HE HWEEFT 437 HMG-CoA reductase, CYP7A1, LDL
k

re 300

receptor, FXR & & @& o] n] 3

fr

0516
H2E $XE o + EFexE JERPY-S. *P<0.05 vs. control; **P<0.01 vs. control.
NPC1L1, niemann-pick C1 like 1; FXR, farnesoid X receptor; SHP, sholrt heterodimer

partner; ASBT. ileal-specific bile acid transporter; FGF 15, fibroblast growth factor 15.
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O A48 55 % 4l

O 43 & B Aol 77% (57 4w (C57BL/6]) w25 AME-SHE(n=10
Rl mek T1, T2, T3 222 uAH, o8 B3 E 19 &5 Ao
AR TE AR ARE TS Ao & gz vlege T 29

O 0F24 BT ZU2HE, FHAZE FEE VIELR aFS AA silen, 1F
BEE Foste] 23 AZALE B AF Wse A5

O % HYPL SPF AlAelA DY E

21l 2548 B FHo|2E FF

T1 T2 T3
9% Hz| Ho|~ER 11% Rzl #Ho|2ER
=Z] vk % 7 Z|8F 50% 7
A A ) % 50% o) % 50% B

+ 0.5%
Edsz el

+ 0.5%
Edsz el
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T1 T2 T3
Formulation

g% kcal % g% kcal % g% kcal %
Protein 18.8 209 18.8 21.6 18.8 215
Carbohydrate 53.0 59.1 4.8 62.9 55.2 63.1
Fat 8 20 6 155 6 154
Total (Kcal/kg) 3593.6 3485.6 3501.6
Ingredient g kcal g kcal g kcal
Casein 160 640 160 640 160 640
Corn starch 120 480 120 480 120 480
Sucrose 400 1600 400 1600 400 1600
Cellulose 40 0 40 0 40 0
Sausage 200 A72 200 364 200 380
Corn oil 40 360 40 360 40 360
Mineral mix 28 0 28 0 28 0
Vitamin mix, 8 32 8 32 8 32
DL-Methionine 2.4 9.6 2.4 9.6 2.4 9.6
Choline bitartate 1.6 0 1.6 0 1.6 0
Total 1000 3593.6 1000 3485.6 1000 3501.6
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O WAL 1778 o] Fol 7|7 FTRHE AL AP LS QAR ¥

O ¥A9] total cholesterol, HDL-cholesterol, LDL-cholesterol, triglyceride &%=Z& cobas

111 AH] 8 AJFE o] gsto] HMHFHo 7 49

® B4 24
O EA BAHL student ttestS ALl 95% fo] FEolA AR 052 ol BA %
[e]

2k Hlaste] p<0.05Y W FAHLR Fofd Aoz AT

Initial Final

- . Gain Food intake Gain/
Groups body(;v)elght body(;v)mght (g/ 1weeks) (g/week) food intake
T1 24.3+0.71 27.61+1.07 3.07+0.58 19.33+0.98 0.154+0.02
T2 24.27+0.77 27.54+1.00 3.00+0.48 19.19+0.95 0.154+0.15
T3 24.61+1.81 26.89+1.07 2.87+0.15 19.82+1.69 0.148+0.01

Values are expressed as mean * standard error (S.E.). *P<0.05 vs. control.
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3 "= total cholesterol T% W3}
O ¥Z total cholesterol % ®W3lE 18 17 28 U2 vlwsy T3 224 =

total cholesterol F=7} EAF o R {23l 02 AT T2TANA= Fo&=kst xfolit

O T3E Wl FFol 1Y e HYTOR Held TgE WHITU T FHsHES

@ ¥ DL-cholesterol ik
O ¥% HDL-cholesterol % ®¥3te ¥ 29 ZF. 053k} ¥lwste] HDLY] F57} F
e A%e Byow, DB £214Q olt B U7 e

& 8= LDL-cholesterol 3% 3}
O ¥3 LDL-cholesterol =% ®W3l= 28 33 722 0Fxts} vlwste] Z7lste
gouf, 25l #oA Aol B2 HA B,

ol
ot
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f

ol v SHAZAEY Tt #Aaste BEFS EY. 59, 1339 A% thxod v ashd

#elHes 1 gl B2¥.
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Total cholesterol

200 p
é 150 B T
E) 100 | T mT1
= BT2
ol § mT3
0 1 ]
0 week 1 week

a1 BT £AA 4FA0 042 AF Fa2UE FE A5
Data are expressed as mean #* standard deviation(n=10).

*p<0.05 versus control.

HDL-cholesterol

150 ¢
120 | .

J -

LS, 0 F T

T

EJ 80 | " T2
30 r T3
0 1 ]

0 week 1 week

a2, B &AIA AFd e 5 HDL % W3}
Data are expressed as mean #* standard deviation(n=10).

*p<0.05 versus control.



LDL-cholesterol

40 ¢
‘i 230 5
2 | ET1
©
E HT2
10 | o T3
o LN .
0 week 1 week
3. HEZf £AA AFC & €F LDL F%= ds
Data are expressed as mean #* standard deviation(n=10).
*p<0.05 versus control.
TG
120
100 | |
sl L
= L1 BT
-, 60 k-
E] 40 BT2
20 | mT3
0 | ]

0 week 1 week

a4 RAFR 24K A B2 dF FHAD T W3
Data are expressed as mean #* standard deviation(n=10).

*p<0.05 versus control.
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3. Al 3 AFIAA : HeE o] &3 1A 7T SAF Ax 38 A

7h M E
3AF-= ATF7I7E At AA 1AR9 1% P2 53 FFAFE FASAS 13Hd
Tolde HBlZFEE H7IRE AR 24 A E Axstr] A% AlF @A 2, 2554 @2 HEl

ARe AW oA wE Aol 2AAE AZHT 1 54 dolrgnh ERAE, RAE

4, gol 8 AE WHE B £4A £F F 2449 22 A% T4 WS Topugre
H, TPA $£42 o] 2479 gr 54 Folusgkm, B HE Bold RRE

B7HE9e W e & g FE g BIEE oAl 249 g2d Vs 2 AA A
QA FEEES delrgiet.

A FE AAIA G Bl FoJHoz Aot x| e LA A AW A FT
33 Tr2 AAHSY, o2 EYZ Pilot scale® 2AAE Axst 1 EAL BAsY
o}

PR E AARAY AYHAFS F7HAA B 71548 Bok A7 EA A giA
Fe SV o 2T £ e FEALY BAAES EUME 259 TE Wi ohgst A
THAE AHESEY lAdEtE e =8e ST

HA L= LAIAE HESH F2 AR EHE FAE 257 Ao BHstd, 24 oA
A ZEE AT BEHAA FYsAnh BEle A AFA] AbeHolA 2008E AhtE ZFE
2] 20 kgg TY3H, 0.5mm A7} H2ZEH cycdone sample mill (Model 3010-030, UDY co.
LTD., USA)& o|&3sty A&ttt FLAs2 e AlFd A= 257 FFE AMESIGES
o, ZEH Aol Al 17mm FA O Al#EH<E AEFS AME-SHATH
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@ aAA 2 Az

oA Ao Axe HE7HFE o9 S HAgletr] sk, HAghe] FAEHES AMESH
Aok Az wdHs & 13 ZUrh BBUFEE AW dAAZRA 2 5%, 10%, 15% (A
A thu]) At e, e 4o FEE FA4 2ot Hrtskh

oAl Ao AxE HAste] HALT|A Lo a7, FF T4 FAEE wFH
stttk o] wf AW A LAY Ag, BITME FAok olg@A =g A
7F A71=E 7] slA EvLE Y A (Kitchenaid, Korea)E AM&3tH. AEE
7] flelA, 29 AEE 18 Bt A2 5, 49 AEE 28 ¢ 430t AW F, ji=

A A7t

=

H

)

ah
(/I >15L
_°|L

o,
hul
o
2

BE A&A)A A¥7|(mokumoku, Japan)E o] &35t Fetal Aoldol HFSIATE AP AA
A= 35~40 g9 FEO 2 YFrgon, B4 AR 4TCoA Y 2HsT)

1 2A79 wE

S 5:;\1]‘41;1] 102)/\]1’4;]%1] 152/\]1’4;]?1]
H =] T =5 61.52 61.52 61.52 61.52
=] T 2 HF 26.36 21.36 16.36 11.36
o= 0.92 0.92 0.92 0.92
o= 0.12 0.12 0.12 0.12
g8 25.2 25.2 25.2 25.2
Hgl71= 0 5 10 15

(2l 2 %, w/w)

@ =28 AF A X9 54 W3
Z+ Wi Eee] AAAE 65C FLFF

B dAsdth 2/ 28 A5 54 W3E dotiRy] s, 2R z8 F 4,

’@
O
ag
D
o
~
o}
=
[0}
&L
i
B
o
_{
=
N
o
o
o
e
mjo
o
2
X
N
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(e d o]z Fdo)+ (2 AAF - 22 FAF)]
(e Aol - =2l A AF)

Z8 AT 2Ax9 Z¥W ME=T AREAA(CR300, Minolta Camer co., Osaka, Japan)Z
o]gsle ZAsgdrt MAEMAE WY 9260 x 3136 y 3196)2 BAS}YTE M=
L*(lightness), a*(redness, red-green), b*(yellowness, yellow-blue) 1A oz FH3H T

D g A
W 8 aAAe] gad Bae

UKE olgste] wasslt. zag 2

Profile Anaysis (TPA)Z EA35tHth 2 AAIA= 10 mm Eo]2 FH|5IH A, A E0°] 50 mm

u
[
R
Mo
X
N,
3
2>
P
H
N
0p]
—
[s))
=
D
<
o)
=
@]
w
~
o
D
3
w
[6p]
c
=
=
D
=

X
A AE 5E oA} Areda] QFYHFAIZ] Z, Texture

Ql 98 <FulF probeE AlE3}e], pre-test speed 2mm/s, test speedS} post-test speed

5mm/s, 50% strain®] 7o 2 EA3YT (F 2)

=3 27
Al =7 10mm =o]

Z2H 50mm A &¢] dFulg AEef 9
AR A &= 2mm/sec
g £= 5mm/sec
Al & & 5mm/sec

MEE 50%

3] Kilograms

@
¢ ]
ofr
ol
N

Aetista A 10 3 ez stglen, FE2 ot Ax, 924 718

A ANEE 53 AN RS 5 A AR (IBE 1 - 0§ Foh 5 - 09 @, 2

i
olr
o
)
fr

f
2
2
)

.

= 1w wr, 5 - A glthE Frkstdth B B7HE s, 22 E 2404

o
o
)
ol

_86_



10 mmz Hst A8 5 F8[5FAh

® A A
A8 Aytel EAZF Ak Q3 A9, SPSS(VlZ, SPSS Inc., Chicago, IL, USA)=Z
Duncan’s test® E3}o] Fo+F p=0.0514 FAHS HAZF3I )

D =2 AF 2AAe 54 W3}

HUVMRE bkl of, 22 A F &AA9] 21 AEe Wsle 8 33 2ok 27 de A
B, Hel7}RS HrlelA e £AAd HIg] REFRE HU4e AAA O 2 Lk R EE 1Y
o HoldE & & ATk 5% WAl 2R A dut AR FoF] A7t giglont, 10%9t

rE

15% WAl 217 3 il 2A A EY T B2 A " w3 BHEl7LRe] Frbe SAAE H &
I, ¥ =37 mEder, o] 3 5% WAl aAlxe] Fewt dut 2AAS foH Y AfolE HolA] oF
skth. 3 HE7FRE 10%, 15% F7b6tAe A of F S/ &A1 9] fo4 4 zole gtk =

2 o) 2AAE EW UEe] AP uEgth 5% tha 24 A e Ak A Ash FolHQ Fol
glol Ao] Wid Mg w3 gglont, 10% Al 2AAE B 4e @ =3, 15% A 2AAE B

4 wok ohel, wRME 9 B Rz Uit o) A%, QHaAAG 5% Al 2448 A= 3
[e]
AA

o) 9129 AHol7t glol, 5% Al £AAS] B M= BAME Al FF5He] RS &+ vk
JEv BE A 24049 22 F A% golt MmA 27 ol Bhe oAl &4 941 T b5 e
FRL & 5 9tk

A% W3 oo 27 AF 2449 g Suse B 4 ST 23 F Ao A% B
AL BTk ol Y wuide] EW BHol {AE Az



2 AT 2479 HEG £, $Ee) S4L HE o, YaAsh 5% B £AAE feF
A AZpol7k A glled, 10%9}F 15% Al AAAE M2 7k Fo18Ql Afole glAT dub LA X9}
£ ThE 54 HYe I I
3. %7 A% AAA] ZW A%
ze A zg8 ¥
L a b L b
]

53]]:&] 61.28+310°  954+4.03° 11.39+1.25° 56.77+5.04°  4.86+0.64"  10.42+0.23%

q%] 62.40+2.69° 824+0.72"  13.70+1.34" 59.90+0.89"°  4.39+0.35"  10.15+0.82"
A A

W aase160" 7154106 15.20+045° 59856118% 336046  11.22+042°

A A

643741710 606+0.98" 15672079 6129+155° 385014 12.92+1.03°

A A
Different letters within a column indicate a significant difference (p<0.05)

4. v E AAjRe] 2 & E4 W3
SO 5% A 10% thA) 15% thA)
A A A A A A A
z8 T &4(g)  10.75:0.75 7.694235°  343+1.74°  2.15+1.10°
Z3 T F2(%) 023 017 0.13 011

Different letters within a row indicate a significant difference (p<0.05)
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@ B2H 2A
AR e BL Folry] 98 Bl B4 Ane 7 HEo YT (F 5.
3 AAZ} e AN W B g
& GERRITE 10%, 15% thAl ANAE A8 AN 30% FEe] AE e /M, AEs} g %L
o 9 5 YTk 5% WAl AAKS A 2 @el Bast vlmd gk AAAE AL BAL ), e

5 WA 2L 92 orlss AE 1,2 Ao Awr}
AR THE Aol FhET A= ARBAT Q7] HEos AW 5 vk 2} 5% Al 4
Aol A% 2 a Ao} wwA o

]_
Sl atizel FElE fAlskEe @ 5 249 WRA] 29Ee vele S84 A 94 ¢

o [
o
o
e
ol
clr
ool
o
)\
o
ol
rlr
o
k1
o
o
o
HJQ
H

b K

F 5 Hjgn] B 2R TPA 543

5% Al 10% i A 15% i A
A SAA A

A% 1 (Kg) 657+019°  447+015°  254+035°  243+0.32°

AT 2 (Kg) 5.51+0.1° 3.65+0.2" 1.89+0.36°¢ 1.84+0.25°¢

2314 0.61£0.01*  053+0.02°  043+0.06°  0.39+0.01°
BAA (KgS) 0.008" 0.014+0.003°  0.031+0.011%  0.070+0.018°

2=k 0.087+0.02°  0.79+0.01° 0.77+0.12° 0.59+0.03"

A71e AE(kg)  3.98+013°  238+017°  1.10+028°  0.95+0.15°

Qe AT (kg)  353:0.02°  1.88:0.15"  0.84:027°  056:0.11°

Different letters within a row indicate a significant difference(p<0.05)
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aK1 aK2
7.000 6.000
6.000 5.000
>000 4.000
4.000
3.000
3.000
2.000 2000
0.000 0.000
0% 5%  10%  15% 0% 5%  10%  15%
B XM S EPN
TS0 Tl
0080 1000
0070 0900
0800 p—
0.060
0.700
0.040 0500
0030 0400
0300
0020
I 0200
0010 . 0.100
0000 I 0000
0% 5% 10% 15% 0% 5% 10% 15%
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st4 Epigts
0.700 4500
0.600 4.000
3.500
0500 3000
0400 2500
0.300 2.000
0200 1.500
1.000 T
0100 0500 I:
0.000 0.000
0% 5% 10% 15% 0% 5% 10% 15%
Hol=HE
4.000
3.500
3.000
2500
2,000
1.500
1.000
0500 I .:
0.000
0% 5% 15%
a9 1. wigH] 8 2AA 9] TPA 544
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Ae WAsk] flstd H=S Aristale o, #edoR 7MY TAVE He
< Fels 343 333¥er FE
sb Fo A 2ol A gAAT, AA=Z )
A ke Fol= AAFT. bRk 15% hA] A1 x]9] B4 Bl digsts 233700z AR
AR ote Fds) FEEE, 949 AFol2 BYT (R 6).

w3 dAaxe] 7352 B u, 5%, 10% A AAAS HEJ dfdsts 34Fom

pou)
flo
8]
do  md
o

o
3
©
e
2

r
b

452 2

-

£

:

HGA] REJ siorsls 2784 Ao dulaA x| st 2AEH THE H4E drgron}, §oFol
AFole Al glith 15% Al LA A Geol APSHE 3678 wo YkaAAshe o
2 A Hol2 BITh ol& &AA
TPA 24 Zzbs} Rgech

nlxEte 2 aA1R)e] A H FEEAAE BE 2AXT} foFHow o]yl glo] HE
o s 35 ArHE Lok

s BILE Fotd, g2 7z rt oA, F& vt A=V}

>
o g
-
i
fr
o,
1
o
au)
)
ox
o
e
r]I
b
>,
N
f
v
2
v

fr

uran s wfol 7t gl
15% oAl 2AAE AT 5%k 10% WAl 27 A Al 2AA2A Hsgel 3

= & F I

E 6 ulgy] @ aAxe) W5 Wt Ao

5% thA 10% T A 15% th Al

A A A A A A A

ZE o AHx 4.22+1.09* 3.00£1.32%°  333+1.32% 2.33+1.32°

Bz 75 2.7840.97°  3.44+0.73" = 3441088 3.67+0.5°

AAAQ] 72 = 3.44+1.13° 3.67+0.71° 3.33+1.00° 3.78+0.97*

Different letters within a row indicate a significant difference (p<0.05)
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Z3} =
Me, BAEY, Aol & XF HIE B3 24X 55 5 2AA9 2y AT 54 ¥IE
dolE o m, TPAE §3ld AR d2H AL, nfAgo g &5 H7tE §
FE AUEIAS W vEhd £ e FEY FH BLE A £aAXY dax 2 AR H
NZEE dotrE gt
Aol 5%, 10%, 15%5 B7HFE tAste T &A1Y B, 2T A RiaA R ¥
3 wrotAa, He 2 =@ WS ol o] He o E vEsth 5% oAl AAIRY Ae
HEAA R 9 fo]H Q) Aol gldont, 10%SF 15% A 241X A9 §oAHQ =ol7t YA
oh =3 22 Tz AL vk 5% tA hAAe] Aee AR AAR9 fol Al Aol 7t Gl
A, 10% thAl AAAE B MAA, 15% A AAAE Bedst Ao 1 o] #age &
T AA AR 2 F £4L RIVRE HEEE O gho] RoAE BIFE UERSITE 24
A9 FEFE YWaAIA| 9L 5% A AR Tl fol Al Aole glSiTh
A 24 Az, WA T giA] A Aol HlE] RAAE AQd BE 5
& AT 5% A 2AAE dutar A AR Apolrt AAY, folHez Ao|7t A ¢fte
o, ofe] HIaf 10%, 15% Al LA A= FH 2tol7k ATk

s Hrb A7 BE A 2AA A FE sho] =AF o, 5% A &£AIAe] - 2 Aot 2}
xom, Bl 715 EE 5%, 10% Al &AIAZE Ak &aAX| 9} Zpol7h Zhokar, AAAQ] 7|sxe &
1A Q1 Aoz} §Axtt.

olde] AEZHEH 15% WA &AIX] A, BE S duta At BE 2po]E Ko, A|H

H

3

ek 53] 5% A &A1A A A9 BEE Ao dut AAAeE foHQ Apolrt glo] O e
e tg 2 zloz 4z,

2y, 5% Al &AIA GA] Dekaa|Ro] HIsiA HaF o] B4 Fho] Alolrt JeE R, B AL
Arhstd AuaAAsh B fAME aAAe] wjRuE Zelr] 9% d™ol 23 dxd Q7HET
T duk Hel7lRE HAURAe A, AFE MR vsAe oy, 9EE 9e w5 Wt At =

297 gotone, v HeskE U4 74 BEY BelEE A2k 49 94 avE.

il
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b A= B

D BT YL AYRAAR ol &3 AR 2414 e FHE g AW
239 RaVF ZAzd ded, wgwe HAstE 9s) W EW 24 (Reponse

2 2
Y = Bo+ ZlﬂlllJr 2151112+ Eﬂulll/

i<

2dS& wE7] A% Y1, Y2, Y3, Y4ERE= Z+ZF hardness, springiness, cohesiveness,
chewiness& AME-3it 37 BAS T T, S HI7FEZ gASHA] &2 dub &A]2) 9]
TPA parameter (hardness, springiness, cohesiveness, chewiness) 7t2] @2} Wol AHAH &
AR BA =l AR gk (Y1 Y2, Y3, Y4)ol LEE sl X1, X22 A wigHe AR
Stk Thrg WEIR ghol U A%, X A7k e ghe AHem ark

# 1. Central Composite Designel] 93t H|7}15F F§ AR AF9] 55
(1 %, w/w)

No HolAE ¢(X1) HolAE FE(X2)
1 19.18 317
2 19.18 8.83
3 86.13 317
4 86.13 8.83
5 5.31 6.00
6 100.00 6.00
7 52.65 2.00
8 52.65 10.00
9 52.65 6.00

10 52.65 6.00
11 52.65 6.00
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@ gaA B4
Hx BA2 Texture Analyzer (TA-XT2i, Stable Microsystems, Surrey, UK)E ©]-83}%

ot AAIAE 10mmE A2 Fof Texture Profile Analysis (TPA)S sttt (£ 2). ¥-5 &
ES

2 AME-3}7] 93l Hardness, Cohesiveness, Springiness, Chewiness9] Zt2& LSt}

® 2. TPA testd] =7

547 =4
AE A7) 10mm o]
ZEH 50mm A 59 dFrE HEo A4F
A A &5 2mm/ sec
AE &% 5mm/sec
Al & & 5mm/ sec
MEE 50%
3] Kilograms

RSME A|9J3t BE EAEALS PASW (V17, SPSS Inc., Chicago, IL, USA)E o] &3}th.
Duncan’s multiple range testE® S33Fon, P<0.05¢ 9o FFoz2 Yt RSMES
SAS(ver. 9.1.3)Z o|-&3}¥t}.

Be WAeR stem, £AA Ae, gAdy, 23,
7HA &=L 784 HER Hrstgd. Colorst overall
aceptability= 7H¢19] MIEE ZAIZF Ao R, 65 ol¢ =&, 0L ¢ dgoz sgoen,
olE A3 BE FHA= BF FZE AASIAT Elasticityd] BF EFEE FERSolA
A" Balo] B (2x2cm, 68)S AMR-319.0 ™, densenesse CJ ZH A QoA AR A3 A
A (2x2cm, 67%), hardness, oilness= Z}z} CJoll A AAE 23 (2x2cm, 47, 673)2

]o
52
v

YoAs s 9E), AzE AAAE 1027 28 o835 R F, 10 mme Zo|z F
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D ge A= 4%

23 13 2} WEE TR FFol w1, Pagol Ton, Yxel F7t womz £3 1
322 AR 244 A% GAAZ AdSETh Y 12 150 m ol 44 272 e
BRbRolm, 28 2& Zm oM 150 m WA YAZAE e 2ol LA e
A BastRel WEZTR FFW 431%HL, £ 17 29 W
9.12% Hr}.

:g
rﬁi
ol
ot
flo
N
N
[0}
B
(@)Y
)

@ "2z 24
-2 182 wgdst A1 9 249 H gy

ANOVAR Rd& o] &3l 5 12 Azxg AW 2AX9 g2 BN ARE EAF
Z 3} hardness (p<0.01), springiness (p<0.05), cohesiveness (p<0.05), chewiness (p<0.01)¢] Z

I= vepfde. e, 2def ok ZAHAS R2)T= 22 0.9655, 0.879, 0.9029, 0.9589 Sith
(33). £ 122 Axd AAG AR d2x B g E37te 3549 47 7
Hol7h F+= Jg2 T 49 I3 19 YEATE 2389 F=7F F7Fgl hardness,
springiness, cohesiveness, chewiness7} Z7}3F b F3loleo]l <kof Frlgle] wElA =
hardness, cohesiveness, chewiness7} 743t th dHt AA]Ae] TPA ZA¥2H ¥ (F5) 249
X137} X258 Atslda, 2 23, 23 18 o83 A AAAE doAA A B {AF
SHAl 5 7] QA= 3tde] ok (X1), 7.6%, 33tAe] F= (X2), 39 %7t AT ALz
et (F 6)

_96_



R 3 EF 12 w@st AAY &A1 x]e] TPAZ I tdt Analysis of variance of regression
(ANOVAR) =9

9 & 3} R,
Hardness 0.0012 0.9655
Springiness 0.0239 0.8796
Cohesiveness 0.0143 0.9029
Chewiness 0.0018 0.9589

F 4 B 12 g AAY 24129 TPAZ I} g 37 2d.

Hardness Springiness Cohesiveness Chewiness
Constant
Linear 2670.557 0.803 0.359 749.201
PQ -17.940 0.002 -0.001 -6.438
PC 104.197 0.069 0.041 225944
PQ*PQ 0.043 0 0 -0.039
PC*PQ -0.179 0 0 0.034
PQ*PQ -4.202 -0.004 -0.003 -13.406
PQ : #Ho|£E ¢ (X1), PC: Hol2E F% (X2)
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Hardnees [g] r
Seringiness
N
112
17
iR -]
faic) —
0.0 0.919
7 10.00
7.3
1460 Paste conc. (%] /
100. 467 — y
100.00 I, ulii'!l Ty Peste oo [N]
Paste an, (1] B 2m 0.3 =
5.0 %67
Paste aun. X] 5.00 2-00
Cohesiveness Chewiness
0.4% 1669
045 1153
0.315 67 e ——
10.00 —_— 10.00
/40 P
& > 7 T Fum Psteces. (1] i T Pesteese, (8]
¥ — — 68,
Poste aan, (1] B8 o Poste qun, (1] BET 5.00 2.00

a8 1. 28 12 8ig3 AR 2A A9

=
g
r]I
oo

4 (a) Hardness, (b) Springiness, (c)

Cohesiveness (d) Chewiness.

% 5. gyt &A)X¢9 TPA A3}

Auk 2417

-

Hardness 3161.210+288.985
Springiness 0.970+0.060
Cohesiveness 0.451+0.029

Chewiness 1379.667+132.112
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F 6. 2F 12 wigd A AAL £41#9 od5€ TPA 23

AR 2412 (D530

Hardness 2873.85
Springiness 1.03
Cohesiveness 047

Chewiness 1376.30

a: HolAE o (X1) =7.6 [%], FO|2E %% (X2) = 39 [%]

- B8 28 w3k AA LA 9] e
ANOVAR 2H-g o]gsle] B3 28 A x3 HAR £A1A9 d2x B4 Aig 43
Z 3} hardness (p<0.01), cohesiveness (p<0.05), chewiness (p<0.01)9] Z3}= JUeh ity T3
mdd that ZAAFTR)E ZzF 0.8783, 0.9581, 0.87350]%lth. 121} springiness®] 790
37 mdo] folskA ot (p>0.05), HA S wigu|E L= Il A, springiness= ARE-5FX
Fth 28 28 ol&ste] AR AAY LAIA 9 dix B it st 4 TR
A2 springiness®] ZATgHS AlQlsta Z2 ATE VERAY. IA EF 19 &AIA ¢} mizt
ZEA R dRE &2A)R 8] TPA ZA2RE (F 5) A X174 XE Atsigla, 2 23, 29 2
o]-&%F AAG £AAE LRt Y 4T FASHA HET] A s TR F (X),

=
6.7%, 3ol BE (X2), 69 %7} Bad Ao JEPdT (X 9).

A

o

mlm
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7 B3 22 ogs AL £AA e TPAZ I} o] thdk Analysis of variance of
regression (ANOVAR) &4

o #E R’
Hardness 0.0245 0.8783
Springiness 0.0764 0.8009
Cohesiveness 0.0019 0.9581
Chewiness 0.0268 0.8735

F 8 &£F 22 Wi AAY 2A1AS TPAZ I} Bid 37 2d.

Hardness Springiness Cohesiveness Chewiness
Constant

. 2979.614 0.882 0.407 1196.056
Linear

PQ -28.133 0.002 -0.001 -13.680

PC 0.268 0.051 0.031 99.705
PQ*PQ 0.122 0 0 0.015
PC*PQ 0.095 0 0 0.510
PQ*PQ 1.490 -0.004 -0.004 -10.171
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Hardnees [g] Seringiness

1.086

288 ¥

1540 0.5

— £
8.3
Paste quan, [X]

g

1000 el r s Pastocone. (1) 1.0 e e Fam Pestecoe ()
8.3 L 0.3 L /
o RS —
Poste ann, (1] B S0 20 Paste amn, (1] B S0 2

a9 2. 28 22 ujgst AAW AR W 9S4 (a) Hardness, (b) Springiness,

(c) Cohesiveness, (d) Chewiness.

9 2% 22 WTH HF AAY 2479 435 TPA Zh(hardness,

springiness, cohesiveness, chewiness)

A A By A=A A
(A=7h)"
Hardness 2873.78
Springiness N/A
Cohesiveness 042
Chewiness 1332.37

a: Ho|2E o (XI) =67 [%], Ho]2E FE (X2) = 69 [%]
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£ 10. #5%7F A7 &4

B9 12 #jgs &9 28 g3

B 27 247 24 247

i 2875 + 1.24° 225 + 1.28 2375 + 150

B 3 +092° 3.75+ 1.03° 4625 + 0.74°
ZA3 3.75 + 1.28 375 + 0.70° 4875+ 0.35°
whekgt 475 + 1.03° 4625 + 1.06° 5.25 + 1.03°

ab== 3.25 + 1.03° 2.75 + 1.28° 2625 + 159°
ARAQ 72T 4625 + 051° 375 + 1.16° 5 + 1.06°

Different letters within a row indicate a significant difference (p<0.05)
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AHkAA]
e AHET FYH 7t =
A 5w
H A7) sloky 54.88 68.35 3,200 218,727
| v 20.71 25.79 1,000 25,794
A 75.59 94.15 4200.00 244,521
A 5w
A4 1.55 1.93 226 436
A< 0.26 0.32 2,900 939
Ag 1.35 1.68 795 1,337
VIT-C 0.07 0.09 19,500 1,700
FAE 147 1.83 18,000 32,956
A 4.70 5.85 37,368
Al 80.29 100.0 281,889
58(88%) =44 w7t 3,203
K%7}2 2,819

- 103 -




T3 A (Kg) = Ju] (%) =7H) F9(9)
A=A
217 Acke 54.88 68.35 3,200 18,727
x| u} 14.01 1745 1,000 17,449
REFo|A~E 6.70 8.34 782 6,526
27 75.59 94.15 4982.00 242.702
R 2]
A < 1.55 1.93 26 436
1Ak 0.26 0.32 2,900 939
At 1.35 1.68 795 1,337
VIT-C 0.07 0.09 19,500 1,700
PR 147 1.83 18,000 32,956
27 4.70 585 37,368
A 80.29 100.0 280,070
Kgd 712 2,301
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104TC 1.0 AEH G, TG 05% A7E 241X 9 st 334 W
A ol A=

11+TG 0.5 AEA A9 (s 7P dEsalS.
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12+TG 0.5 AEFH AS AEA e 72 9 Y de
AEFH U FE2E Az £ f8 @l A
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