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Purpose&

contents

<Research purpose>

- The purposes of this study were to establish the process to
physically solidify vegetable oils into oleogels with solid
properties through organic gelation method and to utilize them
as a solid fat replacer.

Consequently, this study intended to develop novel processed
foods with low saturated fat/high unsaturated fat by

eludicating their health functional characteristics.

<Research contents>

[1st year]

- Verification of food applications through processability
evaluation of oleogels, establishment of model systems for
elucidating  health functionalities of the oleogels structured
with diverse vegetable oils, and establishment of experimental
methods for the thermal oxidative stability of oleogel and

exploration of the cocktail composition with natural antioxidant

[2nd year]

- Evaluation of oleogel processability in processed meat through
the replacement of animal fat (beef tallow), evaluation of in
vitro toxicity and health functionalities, and establishment of
experimental methods fore the photo oxidative stability of
oleogels and exploration of the cocktail composition with

natural antioxidant

[3rd year]

- Processability evaluation of oleogel in baked goods by
shortening replacement, n wvivo verification of health
functionality of oleogel foods, and oxidative stability evaluation
of foods with oleogels and development of storage stability by

natural antioxidant cocktail

Result

[1st Principal Investigator]
- Based on the melting properties of oleogels in terms of
rheology and solid fat content beeswax oleogel showed the
similar melting characteristics to beef tallow.Also, beewax
oleogel exhibited better flow behavior, followed bycandelilla
and carnauba wax oleogels.

- The formulation of oleogel-based sauce was determinedand




the meat prototype for steak with oleogel was produced and
its economic feasibility was estimated. The crude fat and fatty
acid compositions of the meat products were were evaluated by
Soxhlet and  Gas chromatographic methods, respectively..

- Oleogel-incorporated cookies exhibited desirable qualities such
ash improved spreadability. In the case of cakes, the thicker the
viscosity of oelogel was, the higher volume was observed. In
addition, the analysis of fatty acid composition showed reduced

saturated fat contents of the oleogel cookies.

[Consignment]

- Gelling properties of various natural gelators were
investigated. Candelilla wax oleogel showed the highest
firmness and beeswax oleogel had less sensitive viscosity to the
temperature change from theArrhenius model. In addition, the
processability of oleogels was evaluated in terms of
viscoelasticity and thermal property(DSC).

- As a way to evaluate the procesability of oleogel in meat
products, their freezing patterns, drip loss, and color change
were measured depending on 3 different thawing methods. In
addition, the texture properties of the meat produts were also
investigated depending on cooking time and temperature by
texture profile analysis and cutting test.

- Baked goods (muffin) with oleogel showed the reduced
saturated fat up to 85%, compared to that with shortening, and
the shortening replacement with oleogels at up to 25% did not

negatively affect their quality attributes.

[1st Collaborator]

- To apply ’‘oleogel’ in food, in wvitro system was first
established and various plant oils were analyzed for their
toxicity and health functionalities. Selected plant oils then tested
both in vitro and in vivo and results from these studies
demostrated that oleogel can be used as fat substitutes with
health fuctionality showing that administration of oleogel
decreased fat accumulation and was effective in preventing
cardiovascular diseases as well as reducing fat contents both in

cells and rats without toxicity.

[2nd Collaborator]




- Physical properties and oxidative stability were determined in
oleogels based on the types of waxes. Sesamol, which is one of
natural antioxidants used in food industry, showed strong
antioxidant capacities in oleogels as small as 40 ppm
concentration. Metal chelator showed low antioxidant capacities
in oleogel. Sesamol provided high antioxidant power in beef
tallow matrix at high or low temperature treatment and UV
irradiation stresses. Overall, sesamol helped to enhance
oxidative stability in oleogel irrespective of matrix and oxidative
stress. In addition, green tee extracts had better antioxidant
activity than other natural extracts to oxidative stressors in

ologels.

- Industrial commercialization of oleogel as animal fat replacer

- Development of baked and meat products with low saturated
and high unsaturated fat

- Application of oleogels to a variety of meat processed
products (sausages, patties, etc.) to pioneer a niche market

- Enhancement of storage ability of oleogel-products through
development of customized antioxidants

- Diversification of food processing technology and scientific

contribution to related academia

Expected - Academic positioning of oleogel science by their applications
contribution into conventional snack and bakery technology
- Enhancement of global competitiveness of food industry
through new oleogel technology
- Transfer and commercialization of new food processing
technology
- Contribution to national public health and reduction of
medical expenses through production of health functional
products with reduced saturated fat content
- Increases of industrial values of oleogels with sesamol to
increase their oxidation stability
Saturated ) o
Processing |Health-funct | Antioxidant
Keywords Oleogel fat

_ performance | ionality cocktail
reduction
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SPME (Solid phars microgvtraction)
GC/ME [(Gas chromatography msss spectromater detector)

vl Fﬁ’_’ L

~= F

% W
GC-MS

/ . 4
fiber

water ﬁ Syl
bath B

[ Analysis of headspace volatiles ]

{ BT 1
TIE rhrmmssmgre=
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T4+ =4 SPME-GC/MSE &&3te 3T Z2ad 24, T4 39
of Fof 23k it o] ofF Fel

- SPME-GC/MS, A% 23} f-8 JEAdREe] 22, 52 3 49 SPME fiber
= AA, GC 9z A4 2 peake &4 (retention index, retention time, MS

library matching &-&)
- ZbE gakEkA B4 AE 3 Al 759 I dAE3kA = liquid-liquid extractionS %
A

- FARA AIAE &
CAHe) gy R &

e g 54 3
GashAl AUAZES Shi 529 WEe TSl BAL PAHCR (%

IAD=(A0 - A1)/A0x100S AlLHE. AO9tAlE &AkstAl S 5ol ok 3atst

Y] AUAIS B7eE %EIAL2=(IA1+IA2) - (IA1xIA2/100) 2]l 23|

BN

Fi
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[1:d=H

[ALAF] Sd24d 71E A A 2 177 7h AF A

o TEA A 2 &£HAdY §3 54 A4S T I3 FY =E g4

-TEH A 2 £goAY g3 54 A

CBEA A FEA SAE YR 10, 20, 30%(w/w) A Algo] dete] §a EA
S A% AA T 2ol A E ARSI, YU Ae] A§- gelator 3% %] Candelilla
wax, Carnauba wax, Bees waxZE Canola oill 10% (w/w) Y3 Az &3 545 £43517]
$35le] Rheometer(AR1500ex, TA Instruments, USA)S ARg&3dle] &%= 50°C - 90°CollA =
S Sk o]Z ¢34 shear ratet 100 s-1 oA 2°C/min & <=5 WHIAA HEE =45}

A
ax

of

oo
2

1

ox o
o
S
et

e R
o SR e [ |
o o B v s

Viscosity (Pa « s

=
o
!

0

20 G0 70 80 a0
Temperature (°C)

O Control A 10% Candelilla ¢ 20% Candelillad 30% Candelilla

0.1

Viscosity (Pa « s)

&0 60 70 80 90

Temperature (°C)
O Control a 10% Caranuba < 20% Camauba O 30% Carnauba
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Viscosity (Pa « s

=

20 G0 70 &0 90

Temperature (°C)
o Control < 10% Bees < 20% Bees 0O 30% Bees

a9 5 S Gl mE S0 HE WMeE BE g 54 24

S443 257t S7HE wEt Al daste A4S 2. SHAIRE, 37FA] gelator o ek
Fd EA 2 A2 T2 HE pattern < 2. A9 Eo|H o2 Bees waxQ A &k

2 Ax W3yl #F2EA EUgn FolrRotE AEe #Wist $x¢ 2 AolE Holx &S
Candelilla wax Al &2 79 Bees wax A&l H|sle] 1 gFo] F7tabpsE A7t AA38 7t
st AE¥S Boloy, A3k Wste dEEA @s. olek vhE=A Carnauba wax A& ¢
o] S7MEFE HAert A Weke AS B9 ol& E314 Bees waxg ©]&ste] WrE &Y
Aol 7h A&} Hl=gk ARE e RS 1T

- g3t &5 A9 A solid fat content ¥4
- mg20 NMR Analyzer 7]715& £3}o] 25°CollA S0°C7FA1 9] solid fat contentS =A3F 94
100068 0272 SR A 39 $AZ 10, 20, 30% LHA AL

Solid fat content (%)
ka2 I )] (8]

D iz E = =
20 40 60 80
Temperature (°C)
~— Control —=—10% Candellila
—-=—20% Candellila —=—30% Candellila

a8 6. LA g wE $-#9] Solid fat content 3}



o

o2}

Solid fat content (%)
I

2
D K . = = s} i e
20 40 60 80
Temperature (°C)
Control —=—10% Carnauba
—=—20% Carnauba —=—30% Carnauba
8

8y

Solid fat content (%)
o~

2

0 GG —— D

20 40 60 80
Temperature (°C)

Control —=—10% Bees =—20% Bees —=—30% Bees

- Solid fat content =% A= HWH Sy oA o] FHolA4%E solid fat content 7} S7}s}h
1

T AES Ho Hdx Ayl fARsH
ko]l W& solid fat content W 3}7}

7} 3A Holx| & E3t Carnauba

wax$} Bees wax = 2tz 50°C, 40°C o] Ao 2

“ 3
S Hol= AL eIt Carnauba waxs ©]&3 4%
HA3] dojutor} Bees waxel A-$- 1 gako] wE o]

=
wax®] 73
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29 8 25°CollA 2] 20% Candelilla, 20% Carnauba,

19 7. Bostwick consistomer

10% Bees®] AFHj

<25°C> <B5°C>
Bostwick reading Bostwick reading
(cm) (cm)

Control 12.10+0.14 Control >24.00+0.00
10% Candelilla 8.30+0.28 10% Candelilla >24.00+0.00
20% Candelilla - 20% Candelilla >24.00+0.00
30% Candelilla - 30% Candelilla >24.00+0.00
10% Carnauba 4.00+0.00 10% Carnauba >24.00+0.00
20% Carnauba - 20% Carnauba 23.50+0.00
30% Carnauba - 30% Carnauba 21.00+0.70
10% Bees - 10% Bees >24.00+0.00
20% Bees - 20% Bees >24.00+0.00
30% Bees 30% Bees >24.00+0.00

Ay

[e]

=4 Az 3

W6 Sdods @

i
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3} %o uE Bostwick reading®] ¥ 3}

B 25°Coll A= Controlel A, 10% Candelilla, 10% CarnaubaZ A €] s}t



1= BF uA AEE fA3Fe Bostwick consistometer® %3 5854 ZAHo| Bre3dh 25
Col A+ 10% Carnauba wax A&7 7F ¥& HAes Boa, $A71 71 @8 A=5s 2.
FPEQl 55°ColME 20, 30% Carnauba wax AlBE A28l =5 Bostwick consistomer
reading W%l 24 cmE Hlojd. webd A7k 27 w2 AE A 47 ARaL Carnauba
wax SHQAE A Al 7MY =2 HEE YEd Zlog wag,

= i
Injector %) A A% FEE Fe7] Sgte] WS ASH me AxYE Faste] Lue
1 o X]

H
Agol mE 7 AF S
=

<25°C> <B5'C>
Mass velocity Mass velocity
(g/cm2-s) (g/cm2-s)
Control 670.30£5.23 Control 2476.70+4.95
10% Candelilla 314.8+32.24 109 Candelilla 2322.30+4.38
20% Candelilla - 20% Candelilla 2270.50£62.93
30% Candelilla - 30% Candelilla 1763.30£42.00
10% Carnauba 175.40+1.41 10% Carnauba 1767.00+31.68
20% Carnauba - 20% Carnauba 1399.40+67.60
30% Carnauba - 30% Carnauba 731.90+£66.04
10% Bees - 10% Bees 2352.80+27.44
20% Bees - 20% Bees 2236.90£21.35
30% Bees - 30% Bees 2200.60£80.61
E 7. 29 gy exo wE Mass velocityd] W3}

-+ 25°Col A= Bostwick consistomeroll A SAdE A Zo] ControlQ!l A, 10% Candelilla,
10% Carnaubadll A= &5 5Ao] #AAHAAT, T2 A59 49 1A JH& B 545 3

A 5gl A& S (mass velocity) 574 A 919 HEe} fFARSE AEgS Heed 53], A#SE
= Z

=9} Bostwick consistomer reading Atolel]l Hld[ A2l #AS BHY. 55

2 e B Ao® Hol 7P vrE AR 7|1 ME 55 545 &5k, Beeswax
A7 A Ul 3ol SUbeto e Fhol Apolrf A4 ¥ b o ® Candelilla wax Al
527F 2 ¥stE Beon, Candelilla wax Al59] -9 55°CollA] 72 AFEjol FolAl =W w27
o= AS gRl3t wpA|H o2 Carnauba wax Al=°] A9 SHleAde] o] ST E
F2438 A% £57 745 A4S B, o]5 HolA Carnauba, Candelilla, Bees wax 0.2 7
T7F =8 Aoz Y, 53], Beeswax QA A9 FEA A9} v AFEEE W
o T4 A OA A2 A AoR g,
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[AIAF-AE] AEAR Sdd 713 A4 MAdE &8 $848 &4
o YA Asls HI}

- g AEFA g SHeAd Ax

- A 6% Soybean oil, Corn oil, Canola oil, Sunflower oil, Grape seed oil, Olive o0il®] 2]&4]
A9 A8 753 HA gelator 3% Candelilla wax, Carnauba wax, Bees waxs AAsA &
deAds Azxg

obefjo] 1} ol WA A=A A%} gelatord] <2~E M| A ¥ 160°
2% Aol A AR w9F AAE] A AL, 4°C olek] Wadarel 2

r B ' ™ ' i ™ r R
Vegetable oil + w Mixing w Cocling I Storage
Wex (160°C , 10 min ) (roomtemp, 1h) | (4°C,2h)
\ y, \ J \ J \, J

a9 9. SHed Az

- Gelatord] 7 % ¥xo @& Ast 59 H7}

- Hel 2% H7HE9Q Candelilla wax, Carnauba wax. Bees wax 3 £9¢] gelator$} 2]&A4 X4
T =wXslE o]l 7P 2 Canola oils A3t sk wE At S PJrish WA 3
6%(w/w) T2 Ly oAL vtE T A FHS Jﬂ7}-6]—

l I .
| ll I

" lI " ': *“1.

«<Candelila war= <Camauba wa> <Beas war>
a9 10. A % 3, 6, 10%2] Ast A7}

4 3% oleogel

||lil Il

<Candelils wax>  <Camauba wars
# 6% oleoge!

l"

'|l-—.—..—..—.———

- 1Y 29} 7ol 3%¢] Carnauba waxZ= ©]-83F Q. A
S HY X3 3 6%Ae] e Yy oAl Afol: Ao FLrt ;A ol o]F AFofA



U] FRE 10%E A ste] 3

- g edel A FHS 3 7}8}71 #A3Fe] Texture analyzer (TMS-Pro, Food technology Co.)

£ 0] 83}9] Puncture test S EWZ FirmnessE =43 Load cell& 25N cell& AF&3F%
3L, A& 5 mm bard probe% 0 mm/min® £x2 Wg =43
5
4 3,652
3.11b
Py 3.13b -
€ 5 | 2 ' 2.88b
@ 2.50¢
g a
E
i 2
1.52a 1.52a 1.60a 1.56a 1.61a 1.50
: : ] !
1 0.60 0,60 : .67 0 0.58
0

Sunfloweroill  Olive oil Grape seed oil Canola ol  Soybean oil Com oil

m 10% Candelilla w10% Carnauba ®m 10% Bees

9 11, Gelatordl & 29 2 A(10%, w/w)2] Firmness =74 23}

- Firmness =% Z3= 24, Gelator $olA4 & Candelilla waxZ ©]-83F &g o] 713 73k
Firmness#< HE o™, 1 Fo| A% Grape seed oilZ A|ZH 2 do] 74 2 Firmness #t
S A 7P ddsk 22778 HojE 3 Bees waxE ARESle] THE 2o Ao] v
Ko e T A AREOl WE FolH <l Apole HolA &F 7HE W& A= Carnauba
waxsS o] &3 Sy o oA YEer, Carnaubas ©o]&3te] wE Sgo Ao A% 4 7+
& AbolE HolA] s
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o 25° WE YA EATYH 5 4
- 259 & LY edy dx 5 4

- 10% =2 eAe] HEE Controlled-stress rheometer(AR1500ex, TA Instruments, USA)E 9]
=A%k =4 21L& Probe? 7% 40 mm parallel plateE AH&3F L
shear ratei= 100 s-1, 50°ColA] 90°CZ 2°C/min® +%=& &9+,

0.4

o
w
‘"H

Viscosity (Pa's)
o
&

o
-

HaEH

Ll l'-F-uI.HI.:I\IH HEgsimagss LICLTT
7

O e ey e Y T T T e

LR s

0

50 60 70

Temperature (°C)

» 10% Candelilla wax + 10% Carnauba wax 10% Bees wax
a9 12, 259 02 29 24(10%, ww)e A% =4 Ay}

250 2 Hx A A3E BW 10% Carnauba waxs ©]83F Aol Hert 714 &
AL <l & 4 Al Candelilla wax, Bees wax =22 & 2SS <138t Carnauba wax2)
B9 w438 AE7F 7HASH o, Bess wax®] 45 £xo WE HE xol7t AA &S &9l
s},
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- Arrehnius 24242 3 &

cemel ot AR WaE F oo X402 vehiy] dste] £xol e dx A

Arrhenius E@ 2o %83}

5
S
o

<Arrhenius model>

n=A-EXP(E5/RT)

n: Viscosity

A : Arrhenius constant

Eg5 : Activation energy

R :Universal gas constant
T : Absolute temperature

B 10% Candellla wax

& 10% Camauba wanx

10% Bees wax

1 Temperature [K)
0.0027 00028 0.0029 0003 00031 00032
n I T T
¥ = 0616 5x . 30 733
1 R*= 09811
o = 5073.2x - 20 768
£ R oarer
.l_?_;' =
La ]
a y=25154x - 112
;_r" = R* = D 9683
=
1
4
5

19 13, 49242 Arrehnius 22

Ea (J/Kg-mol) A (Pas) R2

) 4 97E+07+ 1.02E-09+

1096 Candelilla wax 0.9831
1.20E+06b 4.19E-10b
8.00E+07+ 447E-14+

10% Carnauba wax 0.9787
3.51E+0ba 6.25E-15b
2.10E+07+ 1.42E-05+

1096 Bees wax 0.9683
5.87E+05h 2.83E-06ba

¥ 8 10% =# 24 Arrehnius 23}

g
=
jon
1471
e} l_‘u
o mf‘_‘_,l
&
ol
i
~

HHH Carnauba waxs A&

[}
e Hi

N
N
o
i
rlo

@ 2dede Eadl go
T

AL & F AL Ead Fol =545 2% A7l Ak AS & & s
Arrhenius R &S E3)4 3HelaE A} Eaghe] 10% Carnauba waxolAl 7F4 & Z o & Ho}
L= Wzl wE Ax W3yl 7 Aska, 10% Bees wax’t Ea ko] 7Fd ©He Ao ® Ho}
=% Wl 2 dx Wl b w2 Flow geld.
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- 259 nE HAEA B4

- 10% = ede] HAerAS Rheometer(AR1500ex, TA Instruments, USA)E o] -&3}o] & =9
ety AT FAH 2 vy (slippage)S WAISH] 918k probe™= 40 mm parallel
cross hatched plateZ A3} 3L, straine 0.01%, Frequency: 1.0HzZ oA &A3t 2%+ 25
CollA 80°C= 3 2°CHHE 294 =43

8
- 6 T
Ly
o
s <
a
@ 5
m
L
0
P
20 30 40 50 650 70 80
Temperature (°C)
+ 10% candelilla wax G' m 10% candelilla wax G"
8
(51
&
= 4
)]
9. |
A
0
e,
20 30 40 50 60 70 80
Temperature (°C)
+ 10% bees wax G m 10% bees wax G"
a8
E, 1
g
e
O
s
3
0
. L.
20 30 40 50 60 70 80

Temperature (°C)
+ 10% carnauba wax G’ m 10% carnauba wax G"

a9 14 250 wE 2o o] HekAd HA
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2o mE oA Hed 45 fste GREY 848 54), G'e(R =R ¥4 5
e SAT 2xd OE Sdedld AuA SABANRE BY AR vE AP dds w1el
A4 Candelilla wax®] 74-%- 45°C7hA1= Wskglo]l dAsHA AR S FASAH7E 45°C o] &7
B 792 A #4stsE A4S ®Hel the Carnauba wax® 93 25°CHE 254 AA3] 74
Ste AES Holw 70°C H-tolA 343 1A% npxgo 2 Bees wax9 A9 35°Coll A H-E
w43 faste HEHES How olF Soly, A AR 2k wE HAY e W)
& o F A=

o YA g3 EA v
- DSCE &&3 €924 thermodynamic 4 £4 2 7|& {99 EA v
- DSC(Differnetial Scanning Calorimetry) 71712 £ <
2 EAS B =4 248 A5(10-15mg)E &FuE o &3

=

= T
L ] 25 E 25°Coll A HH
°C7HA & & 15 #3F %5 FA% Fo] 20C2 v F 20 23 gz 2§ 2%
& 100C2 =2WA empty pante] BluE Tt A% 545 £4¢
<Shortening=
.ﬂ”l:
E <Candelilla wax=
= i
i
=
Q
E
E’ <Camauba wax>
= . . ) B cm—
=]
-
L
<Bees wax=
0 20 40 60 20 100
Temperature (°C)
a7 15 10% <#H LAY £EYS E5A 4 v
- 9ol a¥Es B REY A5 10-20°C F-Fol A &gl peakE E‘ﬂ% 10% Candelilla wax
o] S Peak =%=7} 49°C7} =454, 10% Carnauba waxe] 45 76°C7F =4 H. ol %3}
o] Carnauba wax?] JeEj¥sl 27t 714 =& AL 39] 3 4 olJ_ oo wE Aekyd, Aw
Aol FARE AdS B
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- In vitro E“é ‘—r"‘—w"a— -r]??} X]HJ 92 ZSAE EE g4
- orA Al MxvYS fE Fq HuEAS FA8F2, Clean bench A& 7 20%%F UV
o} air flowE #HAEolok 3t A X7} proliferation & Y+ A A TS 98 A A (Growth
Media; GM) A2}t A x= DMEM A 89%, Fetal bovine serum(FBS) 10%, antibiotics
1% ¥ (200ml GMAZ A], DMEM 178ml+ FBS 20ml + AA 2ml). & 3&}o] A %3k FBS
T DB8TAl 30&%t heat inactivation 3= Ho]l wigzg. o] HAS F3 FH £
Complement protein®] 1} Mycoplasmaol AA Hed, o HAAA F&3F amino acid,
vitamins, growth factorE% 32 +% 7] UH—.—Oﬂ low endotoxin FBSY 74-¢ o] AL
A= H. AZE GM wjA = labeling ¥ sealing § 277 WA R® 7153

- A ALY Deep freezero] BT AEE 37CE2FZF] 60770%7F a5 3 & Z Ao
DMSO(sZd HEA) AAE &) GMIOmLY 42 $ A8 (3000rpm 3+3)3kaL, ‘45
et AzxddE e GMulAl 2 & FolF v cell plated] 5. 5% AX
37°C COz 5%l o] B ol A wlj s},

MAEZE dAH4F AEHH(confluency 80%) AIXE pre-warmed¥ PBSZ  washing &},
Trypsin-EDTAE A glate] 27581 Aol Hol A g Plate vl A AlEZ7 "ol A H

o rfr

GM¥} 44L& 3 AAEZ(2500rpm 3+)3ste] A5 S /ﬂlﬂ stal Al 54 T Ageed
= S AEEES fdiMe AxdEs GMTJr e 5 10% DMSOS H7teta HH3 4L
% criovialoll #F3}9] freezing container®] 23l deep freezeroll A 24A17F A3 Ahu] S
3}7] A, AlxZe] 7lE counting 3+ plateoﬂ FHod MEe F7F dAsoF . dAEE

H A¥ES GM 10mLES &33sfe] %+ “Io%—r T A E7F E23E 8iA 10p1<t Trypan blue-& <}
IOuLE & & hemocytometerol A AlEXES A& dAn| G Ao A MEL] FE AF7]E o]&

2k
3}e] Hematocytometer =+ 7}3A}g] 47H-4 T8 A count$H(L¥H 16. Cell counting). Cell9]
5 A o Tryphan Bluedl ¢JdlA] &Ao] & MiEe F2 A2 Jgdd 2361~
kel 47 total /N7 2009 A, 17+E NS F5ke] Iml, 10ml € wjeo] Ao +&
or
[e)
)

% o

& A

sk 20070/42v2 17+ & 507Ke]al, 1ml MEE (G071/10 pD+(10°ul/Iml) o] 22 1ml%
50«10 70¢). whebA 10ml F HFE 50+10°70Y. 2 wellS AHEE A Asta Ao e cell
seeding patternsel] we} A2bsE woF GwellS AMSdTia AES A9, 2x10°cells/well 2]
Abgate] Gwelld Wb Fad celld & (2¢10°cells/wel)*6well/50%10°)%10 = 2.4ml%).
12ml(6well®] H &) - 2+(6welld W7t 23 celle] &) = wiA S 7+ F L.

Conical tubedl] 9ollA gt F i e Foje} Azl el 23] welloll plating $ 8] %

_39_



) I &)
— COUNT
=== don't count
e —
i EaRI #
&"'ﬁ
o (2]
Hematocytometer Hematocytometer &

19 16. Cell counting

- AarHolE ol A oF 3T GMEfAIOl A ke & Al dEdds dvjdor wE
2 S

S 37
1=
shale Wl AATAREGTI- LD B5AF Bos B A 7hedle A2 27|50 1%
A AT o] me] gt AL F e EEEE L
g4 BET 5 Yg B, o )
£ REE wolu, WAL vy )
o] g Raha7A AE)

o
=
H

3T3-L1 cell
o9 17, ¥k 3¥ A 3T3-L13 C2C12 Al X 2] morphology

- AxEs 2 24 =71 g4
@ 3T3-L1 AlE: AT AETFe] 3T3-L1 Az Feleh Az Ul AW g4 des 2457
A3l Oil-reo-O FHHS 08319 cell morphology #4. Oil-red-O stocks 0.7g¢] Oil-red-O 3}
HE 200ml 100% isopropanolell gk A|ZF 7heF Zof A filteringdt & 3% S92t 4 1 6 H&o] HE
= 3 H 1 4Jo]Fa filteringste] Oil-red-Oil working solution #|#+ A3 proliferation 394 <F
90% AX confluence’t =W, GM< w3z wAlsiA 23 F% 2shlAl= GMd 0.5mM
dexamethasone (Dex), 3-isobutyl-1-methylxanthine (IBMX), 1uM dexamethazone, 1.7uM insuline
A7vete] 5U7F GMoll 1uM dexamethazone, 1.7uM insuling H7}ste] 297F, 1 tfS 297F GMel
174M insulin ¥+ #7}ste] £315 F=3 AWAE #3 & PBSE washing 3t 10% formaline

A7kate] 5E7F 1A . 60% isopropanol® washing 3dtal plateE A2olA AZXAIZ. AZRFT
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Oil-red-O working solutions %15l 147t o] &1k
A aeko] AlgbA w7hx] (¢F 43]) washing 3
34 @1 GMoZ 741 H“*G“" Ch

Aol AAF Fol FRFE ol glo]

s A
18). o2 A4 l%'-ﬂ% o-gste] v AAt B oekaFo) At A I Eatel vx

1% 18. Oil-red-O 9% 3T3-L1 AxE

@ C2C12 AE: FEAEFQ C2C12 AEE GM wiAolA oF 90% concluentdtAl Al =@
DMEMEAJel 2% horse serems H71gH E3pujA| & o] &ate] &35 frieste] oF 547 £317} o]
Fol AW A7) myofiber7t @A H =Y ol SHAEE] 4 B B3 wf oo AEr}
shue] SHAEE gFF8te] HAFE st A, wldE S5AEe rphology oS Qe A
DNA9] phosphateE GMAIA S weploz HolA 2y 19). & = PBS® washing %
T 100% MeOHE AHeate] AMEE nAAIA ds] Axstar 123% H‘«] ﬂfx}—wﬂ
Giemsa Stain solutionsS 30+3F A8 g. TH 2 washing=
ek ol Aok ol 2% horse serum S 2 ESHrREE Aol ol 7H94 51101 s}
vo] AEZz §33 A4 (myotube and myofiber)7} A E AL g £ 918

r_{

O
2
o

lr (1
o,
_1
l_.
o
=
ﬁ
0
Hﬂ
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C2C12 phase contrast Giemsa staining

19 19. Giemsa 9% C2C12 A=

- BABAAN AFE HBHA BA
O HBA AAGHETRE, SRS, BAIE, A4S B9 ADBHE BA

Olive oil , Canola oil , Grape seed oil , Sunflower oil, Corn oil , Soybean Oil 67}#|

A EA A= o]43te] DPPH Radical Scavenging assay 33t %+ MeOHel| =%
%o B jsooctaned &R o] AL 0.1mM DPPH in isooctane 950ulol samples Z}

50uls #H7Fske] 30mingt YA oAl HES-A]Zl 3 517nm spectrophotometerE ©] &3l O.D&
Z=A38 (28). sample?] F%= 0/ 10° / 25%10° / 5.0%10° / 10° ppm=z A& sH(2d 20).

DPPH Activity
100
n | i
-— B0 |
!- N Ll
("] '. & Clpwe ol
50 . ® Canoda oll
0 & ot ape seed Ol
E L] Saind lower il
n
E . Com all
M
I ® Soybean ol
11
(1]
o i ] ] . H & ] ' * ] 1
LR ]
PPM



g5

T & 343 DPPH gtoZ AAMES S8 67FA A=A A& S48 E3s 1
2o wo| AWE AL Sunflower oilo] 10°ppmel Al DPPH activity7} 97.1% = 7} =& 3413}
Kol Y] 2EAFA]:= Corn ol 96.85% , Grape seed oil 96.84%, Soybean oil 95.84%, Olive
oil 93.94%, Canola oil 92.02% o7 348t 58 UeEbA(E 9). =3 10°ppmoll A e 2244
A e st 52 7L des & A3, L FolA sjukebr A (sunflower oil) o] @4t &
W7t 7 2 Ao ® YeERd. &% coconut oil, flaxeed oil 5 TFFEE Ao tidt AkeeS H415He]
HAstE Sdl oA A8 AFINe] &8 A4

47
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DPPH Activity (%)
Grape seed Sunflower

Ppm Olive o1l  Canola oil ; ) Corn o1l  Soybean oil
oil oil
0 0 0 0 0 0 0
100000 15.43 13.31 26.72 32.21 22.28 18.28
250000 34.02 33.61 64.4'7 60.49 46.77 49.42
500000 57.02 59.14 86.12 76.02 77.84 70.60
1000000 93.94 92.02 96.84 97.10 96.85 95.84

® 9. A=A 299 DPPG activity

- YA S} EY HF AYU| £ 2 71
- ERZRAY M R sETH

A HFAIEQ] 3T3-L1 mouse embryo fibroblastE 89%DMEM, 10%FBS, 1%AAZ A% Growth
Media(GM)E A glste] AWAE7F 70%°]4 confluent HE)7F ¥ =5 37C CO2 incubatorol 4] 8 %F
5, A E Agete] Az #3E FEstal 1 AnE szl 918 Oil Red O staining< &3l
2t A s=Aeo] wE Lipid droplete] F44=S Blug EspuiA(MDI media)] %42 IBMX
0.5mM, dexametasone 1 pM, insulin 1.7 pM, 10% FBS , 1% antibiotic-antimycotic in
DMEM medium® . +3} 8% g2 A2 GMS A st Uil plated] AlXE7F 70%09]
4 2k GM th4l MDI media® L Aste] A2l sz, olw], AWAke] A= 37t A AE A

HE-E ko] Day27bA] 48417Hs < MDI media® WA Amich Fo] wpe} A2l gh Ao i3}
F=A], Day0 274 &= MDI media® 2], D375 insulin?tg #*7], D672 fresh DMEM<%
2] gk D8oldo] HW 4A3 Hatd AEXE B F A Agste AWt sxs A A
T8 B4 Ay eA e dintEb IR F7F 22 5000000ppm, 1000000ppmel A 7HE =& &
AEES HAS. dExTole E3A WA stearic acidES AFE3F 2.
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[A28%] AQ HIFAA cocktail & &AW FH AEe T AWy 54 A4
Qustel o LdeA Ay Fa

- 290 A Ae 2 1 AEHAZE FoFH AIJAHNE EA
A

- SPME-GC/MSE 283 2s}5¢) Fuiygs 2
=

<} & 3 AWk Watd s Y

- CDA, p-AV 54 &3 H 3 At E FA4S 3 A4 A4 S
D DA AW EH(SEFC) A A3 Fhupg-np Al 2wV 6022 e/ E SFC W3 §le
U vz ALe SFC7F A4S 180%=oA dA 8] Al 5-15% 7h}-$-uF &~ S oo Absfer
Aol HA2L AL oA HU} =8 60%dA F LHod 25 Asierg o] gxTrt) =
P
[c el Aol A3st &4, 784 AsAA 2 deagdygoly =4 &)

A g4 AP A Al EFAH E 2] homologs H] &3 FdAke] skako] thsl +& FAF 2

du| e Ay 3

D53 ZALE B9 EF9 =9 homologs Bl &3 A WA Ao Fa3HS wpofs)

Wz g ole A2l EDTAS A ¢ 4=Ephaseoll H7} A FAd HA7lstes 2$-7F A
Waherg Aol $4e ol
o YA E3TH AF vuw
- DSCE &8&3 8o g2 g§YH o] WE thermaldynamic 54 &4
2% 218 AP G2 = 92 Sd o] DSC AUS e 179

_“.m;alin i jlr-l- @ __?1},::&" J.-*r'- &)
Camods wam '|_ | R 5 5

£iy i ""b L N

0% N ‘ 10 \

o Il
1% : ft 198 4 ]“ . 1
{; !TD Irl:l ;EI ;:I ;:' u ] :II 3““ ‘;ﬂ l:l !-ﬂ Ellﬂ .*-ﬂ -k-ﬂ .*-U ﬂ:J ':ﬂ E‘ﬂ ﬂ:ﬂ
Time ('C) Time ("Ch

- Fhpgnp gkaol B2 gAs v WS uf Fhpgup & avb B ze o] Bl crystallization®} melting

b H ES AL AAF 2ULAL g2 FFo| HolALE g0 AHN WAL AL X 5
Ko
=

¥ rfo
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o
[
flo
I,
fo
2
1o
e
)
il
oX,
o
i
o
=
=51
s

T 10S A st =

Carnauba wax Beeswax

Wax 5% 10% 15% Wax 5% 10% 15%

Onset 77.13 54.31 60.34 62.93 37.30 15.08 19.78 21.73

T.(°C) +0.12 +2.96 +0.45 +2.50 +0.03 +1.85 +0.29 +0.18
74.44 51.53 56.74 59.92 35.61 12.43 18.22 20.45

+0.29 +5.12 +2.30 +1.76 +0.29 +1.84 +0.49 +0.35
-173.56 -7.72 -22.09 -33.05  -175.57 -3.48 -11.00 -15.52
+4.63 +4.10 +3.22 +5.91 +5.48 +2.52 +1.21 +4.17
Onset 69.75 61.84 63.88 64.21 38.15 20.58 22.46 24.11

Tm(°C) +0.09 +1.57 +1.13 +1.24 +0.07 +0.41 +0.24 +0.21
81.30 69.60 73.22 74.30 42.25 36.30 39.59 40.52

+0.18 +2.15 +0.70 +1.05 +0.22 +1.00 +0.05 +0.17
172.04 4.48 20.25 30.26 179.06 2.90 7.41 16.78

+3.76 +2.54 +2.81 +4.94 +4.24 +1.37 +1.49 +3.96

Crystallization T.(°C)

AH (J/g)

Melting Tm(°C)

AH (J/g)

=<

10, FhbSuh shasth = g S 44 54

Crystallization®} melting peak =%+ 7h-$-8} 229 A9 44°C9} 81. BOC}}\——J%’ H = gAaes
35.6°Ce} 42.3°C2E v =22~ 9] crystallization® melting =%=7F Y@k, g Ao A$ 7hupg-nl &
2 ZE QA ZEvt H2 g oA LERT Egton o %L%kol 7V 5 peak >E9

enthapy 7} S7Fsh= A& &Qlsh

a8 2= 2249 solid fat contentE =43k A9l

16 16
(E:1] )
Uy o —— 14
E 12 et § 12
= 10 = 10
g "'h-l—.-—‘—---t g
. | =
f— 6 A e &
= o “1
] 4 .-..._'_H_. ﬁ 4 \ .
. | =it . -I-!“-h ey n
= el e u \_\
LT
G MRS S -
1 i 2 0 0 o0 ia da M 40 6 6d
Tempearature ("C) Temperahare ()
a9 22, 7Pl s Sy A(a)d) B R A S92 (b)Y solid fat content

- 10°Cell M= Zhb-¢ub ek S e Alojy Hj= ok 599 solid fat content”} Bl S &<l

3l o]Z E3 10°Ce 2& A2 A9 solid fat contents &2 ko] o8] 2AHE= AL 4 5 IS
Fh-g-vh g2 S Aol g 10°CollA] 40°C7HA = W7t §lAITh 40°C o] el Al 2kt HAashes e
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S B A vz gk S oA g 10°ColA 60°CHA &%7F S7FE S solid fat content”}
Haske AS GR1E ol 3l H= g Yo Ade] Jhtenl g SHAET 25 ] vigte)

= e & 7 Jdon et g4 S Ade] 60°ColA e 1A FEHE FAskE A E #1014
gol3k melting peak =%=7F 60°C ©]%Fo]7]

Hn

o]
.

112 bk ghas) vz ekx Sele o] Mot ol binding capacityE UERH ARl AR
hunter’s Lx, a*, b* value®Z YeFH oW AEZL-S control oil# =% ”]94 Al } & Hlugk X
©]. Oil binding capacity(OBC):= 1 g &#2 &S 9167 golA 158 FaAEE & o
Wzl ooils AASI Fe Feo FAR TS

Carnauba wax Beeswax
0% 5% 10% 15% 0% 5% 10% 15%

L*  58.79+1.49 41.64+0.53 48.10+0.41 51.07+1.23 54.45+0.88 34.66+0.27 46.56+1.48 51.67+1.17
a*  -3.05£0.49 -2.99+0.28 -3.54+0.17 -3.10+0.49 -7.13+0.37 -2.87+0.29 -4.38+0.20 -4.68+0.32

b*  10.62+1.74 5.85+0.16 10.12+0.47 13.81+0.57 19.75+0.87 4.93+0.15  4.52+0.19  4.35+0.22

AE - 17.80+0.54 10.72+0.41  8.40+0.97 - 25.08+0.1 17.40+0.85 15.86+0.42

OBC

%) - 85.08+4.16  99.00+0.20 99.37+0.15 - 99.54+0.0  99.67+0.46 99.47+0.15
(V]

3 1L 7 =g uj= kxS e Aol M-8} oil binding capacity

FhFen & Ly oAy njxgdAs Ly oA mFE & e 5%dA 15%E S0y
g

-

LAluminosity)#kel S718le A4S & 4 AS. axdredness)tt bAyellowness)= <2~ EFYol whef

A3 Bon control oil#e] AfolE UERH AE# S g9 FeFo] FUFESE A Ol
binding capacity= 5, 10, 15% 7}v-9-8F &5 33k SdHlede] AS ZH7 851, 99.0,
99.4% = 7} }$-vF &4 SheFo] Z7FS~E ol binding capacity 7} S71etE AS Qs &1X
Thonz g gy oAl Ae gk wE Aol7l fldlem 5%9 sEAME =2 oil
binding capacitys Z2t+ & &l 7hu-guF g vl = AT v 849 Sy oAy ol

He seldh
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ditste) 9% Hed 4stgg &
- S A 1-&(180°C) ol A ¢ AFstetA A

29 238 180°COIA AEAIZ Abgut s LaleAe] A SelE Al
i — 1.2 — 1 i |
2 | . L ®l wed :: P
- 1 4 |
= 1 £ 10 : 160 o :f:: . !
o %, " ] ] o
2 308 - 3 10 : 4
@ " > .! - ; - 124 - ! 1
5 iﬁ ";‘\ E L ____.-- é g
o . 306 - i 5 100 ¢
Q Id ' =3 = o E 2 - F &
- ? 64 | . 5 A
g 124 oo L B con | T 00 /
5 u St g 02 & i 40 1 ; 3
% T R 5 & 10Ms 3 B =N
=] & pasg * 155, ™
£ 00 + ' P
0 an 60 of 0 30 60 of 4] 0 40 90
Oidation toe (mad Oxidation time (min} Omidatien time (min)

29 23. 180°Coll A AFskA1 7] Zhupg-mF &F 2~ S8 @ A o] headspace oxygen content (a), conjugated
dienoic acid (b), p-anisidine value (c)

- Fhg9nE g Sy oAde ueoA AEAZS W headspace oxygen content Ay &AE 3H3lA|
2> control oilell M]3 AbA AEFFO] Ao} e ko] WE {Fo Al AlolE HolA| FUE 1A
ASAAES EQI5k= conjugated dienoic acid value®] Z3} controla* ¥ 2#| LA L] AbslebAloll=
o)Al AolE HolA ke ol LYULAS W= A F 160°Ce oA dAE 7t 1A} A
s}7) ol e o] gof o Absiebg Aol Apol7k UEA! G ASR odE. 24 Asd =S
SHQlak= p-anisidine value® A7} controlwoll Hl3] el eAe] jtslebgde] =& RS Sl 7hbent
g S oL LA A3IAZS Wl control oilo] H]E] AMEeEIA S EolAthE AL & S

a1

ol

24 180°Cell A AbshAIR] Rz ek gof @ o) Ahskeby A

rulo

selek 230

Ak .
22 1.4
.E L g
= W1 <=, E 1.4 A
g 18 4 ¥ Y Rl
.i!-‘ 1# J \-\'- ; 1'0 b
2 N 5 08 -
£ 14 - L, g
3 : 3%
2 124 w =
g - E: \'f. 2 04 v
e =

;E: ok e ¥ 002 1
g . : 00 + : . - | : . |

0 30 60 o Ly i &0 e o 30 &0 o

COmidation time (min}y Oxidation tine {min) Oxidation tigne ()

2% 24, 180°Col A Ak3ka 7] vl= 2k~ S @ A 9] headspace oxygen content (a), conjugated dienoic
acid (b), p-anisidine value (c)

- B g Yo Ae a2 2SAZ S W] headspace oxygen content®} conjugated dienoic acid
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value® Z¥} control oil#} A3l Ao o)z el ztol7} flE Ao ®E UEES. p-Anisidine valueol A

+ control oil Rtk AtstAd Eo] AA AAdES KBS,
E 125 bl 9s 2do A ool AFAAS W AYEE IUAE WEE e A3l
%107 30 min 60 min 90 min

counts 0% 5% 10%  15% 0% 5% 10% 15% 0% 5% 10%  15%
2 -Butenal 228+ 1.66x 126+ 138+ 12.11 9.03+ 8.68+ 6.62+ 12.18 1020 855+ 6.13+
0.15 0.10 036 020 =+043 034 049 044 037 +£037 126 0.38
|-Penten-3-ol 1.03+ 0.82+ 0.70+ 0.79+ 10.02 7.77+ 794+ 7.17+ 9.68+ 8.85+ 823+ 6.80%
0.19 009 019 0.13 £0.79 040 043 048 1.51 0.35 075 0.09
> -Pentenal 0.60= 042+ 0.39+ 0.52+ 5.87+ 427+ 447+ 340+ 693+ 5.69+ 5.13+ 3.04+
026 003 0.10 0.01 124 037 032 022 029 034 078 0.12
Hexanal 0.78+ 0.73+ 0.77= 1.15£ 1423 10.62 12.64 10.27 21.62 18.48 1426 12.24
0.15 0.12 027 022 +629 =+045 092 =+0.68 =+0.27 =+0.77 =+£1.54 +4.17
Heptanal 0.04= 0.03+ 0.03= 0.04+ 1.16+ 0.82+ 1.45+ 098t 1.84+ 1.55£+ 1.46+ 0.93+
0.01 0.01 0.01 0.01 0.59 003 073 005 010 0.15 024 0.06
0.11+ 0.14+ 0.16= 0.20+ 430+ 238+ 325+ 4.05+ 731+ 6.61+ 6.02= 426+

t-2-Heptenal
0.09 0.01 0.08 0.08 221 0.07 1.66 0.14 043 021 0.70  0.15
2,4-Heptadie  0.23= 0.20+ 0.21+ 025+ 2.74+ 331+ 3.7l 4.12+ 7.0l 6.19£ 6.04+ 4.68+
nal 0.05 0.01 0.06 005 069 008 036 0.12 031 027 065 0.12

Total peak
(x10° 423+ 3.05+ 2.54+ 284+ 14.52 12,65 12.60 1131 17.25 14.76 13.62 10.20
counts) 039 023 056 039 +£0.53 +048 +0.57 =£0.53 +0.30 =+0.46 090 =+0.21

3t 12, 180°Cell A AFstr[Zl 7huk--up 2k Zeje o] Sk st

WAAER FRYEL ATl ZHLES SO Fbgrh 9o el HobdsE Fu
YR Faatge. ol TP A Fbrt g e ool AserY S Eks Avs 2
Aok AL & 5 8
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F 13= Hl=gs S oS u2dA ASAZE W QY s AR WskE ek dad
%107 30 min 60 min 90 min
counts 0% 5% 10%  15% 0% 5% 10%  15% 0% 5% 10% 15%
q i 7.18« 644+ 2.71= 3.15+ 1564 1257 13.71 1335 1339 12.58 14.84 15.65
exana
123 099 035 057 +£043 +£543 +£1.73 +0.37 +0.81 +036 +1.94 =*1.26
H i 0.50+ 051+ 0.17= 022+ 252+ 249+ 2.04+ 197+ 473+ 423+ 3.84+ 3.63+
-Hexena
0.12  0.13 0.04 005 018 038 020 008 028 0.17 0.14 029
2.54+ 2.62+ 1.65+ 171+ 7.96t 9.13+ 927+ 872+ 1490 1592 15.56 14.13
t-2-Heptenal
0.63 041 0.12 020 075 0.61 0.74 029 091 +0.63 =+0.37 =+0.26
031+ 028+ 0.20+ 024+ 0.98+ 140+ 2.15+ 244+ 347+ 538+ 827+ 890+
2-Pentylfuran
0.05 0.04 0.01 0.03 010 0.16 036 0.18 020 087 047 0.64
2,4-Heptadie ND 0.13= 0.03+ 0.02+= 044+ 045+ 048+ 046+ 074 0.81= 097+ 0.77+
nal ' 0.02 0.02 0.01 0.05 003 0.04 001 0.04 003 0.16 0.02
Total peak
(x10° 328+ 294+ 1.86+ 2.09+ 6.67+ 681+ 6.68+ 639+ 992+ 1040 1046 9.96+
) 048 042 007 018 022 032 043 0.19 035 +£040 +0.27 0.29
counts
3 13 180°Cell A 2kstr|zl = ghs Ze e gy st

C AR g 2ele AR FASA szl FHEEE ASAYES HugE

o ) s

AL g1k kAR vl = ek S QA g ¢ Fhfo] LTS E hexanal?} 2,4-heptadienal <
AP Frkele AES, 2-hexenale % oEH o7 7HAE9 01 2-heptenal#} total volatile] 73
T 7O AAste AEE RS olE §3l ¥ 22004 HolRl Bz g S oAl a1oA
ASIA A wf AbsibA A JEs A g AS gl
140 - .
14 @ 10% oy
g 150 4
b 4
BD <
a0 4
w
§ -
E a8 4
™ i
Canmiba £ ot Hewrs Canalta I Her
Heaal t-2-Heptenal Toeall valarles

a7 25 A Aks A AR T2 AT control oil H] Al

LRt o gelode] Ae T HUAR BF contol oild WAL o HLAR 5ol
AA RS B oolyg o gk meEl TR oEXoR aste AL golsh AN Hj= gk
oA Ae Fo A iuitt tE S HolH controlv ¥ H WS wjr AT JHES Hol



A &= AL ERIgh o= 9 19 233 244 ERls Ayl wUs AE e 204 AFSHA]
S W Fhgnp g LY Ae dAE AR 22 controlitell H|E A4Sl STFAIZIM H
= g S oA AS- abslorg Ao dakS 4 R AS U S AUS
- 2 A A2(60°C)ol A9 Ats}etAA
a9 #2262 60°ColA] AtstAIZl 798 ek S| e Ao AsREAAdS glsh A el
3 = 1.6 : 60
=2 . 0% | - )
i;: 20 Shiian . g1 e m‘ 50 — 5
1] - 1< 13 . i.;f‘ s 104 i
2 18 - ) E * 1% | 2 - ey .
3 i 10 - | 2409
5 16 : g i @
% S 08 - 3 ! 5 30+
g 14 4 B s g I s 2 . f
> | [ i e | 5 20 ¥ s
g 12 = .EL ﬂ.’i C— = 4"" ° a L -_"'__‘;' - 1 3
- Hly = 1 10 - o
B 109 wion 5 02
SN i . 0.0 A v . | 0 , :
(1 2 4 4 i 2 4 4 o z 4 L
Oxidation tume (day) Oxidation tine (dav) Oxidation time (day)
2% 26. 60°CollA Ak3tAIZ] Fh)-9-mp & 22 @ A 9] headspace oxygen content (a), conjugated

dienoic acid (b), p-anisidine value (c)

o
°Ag

Fpgut g 2

dienoic acid, p-anisidine value®l* =5

AL(60°C)ol A AFEA 7S v headspace oxygen content, conjugated

27 2 Ao] control oilE.Tt} 2kl o] =2 ZS Foleldl 2.

o] A% 180°Cell A AFstAZl Axol: FUsh
9 272 60°Col A AFsia| 7] vz o e Aol JbslebydAdS dlst Aatel.
23 2 T

- LY
% 20 !h‘hc‘ﬁ-.._; 2 s E ot < ! ] {:}
e . 3 oo . iz r T
5 — 5 -»-:m | . ; :
= 18- | 2 = - t
= S # = 20 1 |
3 | I g 15 1 , g - : " '
-] 16 5 ] N " E 15 e -*.____‘__‘_‘_-_'
514. T ?-.,»"#HH1 2 |
s 2 ¥ £ 10
3 124 vom = E e -0
£ = se s 0 " 5%
% 10 ] «10% o 1 e
. - 15% | i | g
8 ’ o —eed a

o 3 4 ¢ o : 4 6 0 2 4 6

Orodation me (day) Oxidation tEne (dav) Omidation tme (dav)
2% 27. 60°Coll A Ab3AIZ] v = 2k~ 29 QA 9] headspace oxygen content (a), conjugated dienoic
acid (b), p-anisidine value (c)
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- Headspace oxygen contentZ¥} control oil¥} =g el AbstetAAol= 9 4?_ Zpol 7k Sl

Conjugated dienoic acid®} p-anisidine Valueoﬂ A v E g Sk we Rk oEX o ksl oA
g H| = g S oAl aRdA A W Absiebg Aol Afol7b fldl o i ol A Akg} A=
Al S mol= AS g

AbstAZl E oA FEAES YERE A
4 25 7 13
(&} (b}
1% Pentenal 1 1
-~ o4 rH i j
£ Hewanal » £ 21
m,?,l-:l-!'qlﬂ.lml % ‘-._EF '.: Foib iranal - 12 g
—o- Towl welagic X, E 14 |5 e el X
§ i -4 ' - Total velatie | ¢ i
z2 5 5
- 6
L E S :
3 [ L e |
L o o+ I_h FL—- [H]

M
Cembent o hesmaase

ol
o~

1% 28 60°CollA 6 ARSI Fh-gu ok S e d(a)d) v = g SY e A(h)e] A

- Fhgnt e g oAl A9 control ol 5% Fh-RE AT SHAE 28 @A hexanal ¥ total
Volatﬂesoﬂ = folZel zpo]lE HolA kot 10%9 15%7F &7 2 Ao BE 3jukAHol
=)

< g1k SHAIRE 10%9) 15% FEe mE fo)A4l Aol gidls. Hl= g
S A RE 3|dA o] control oWt S QAo HA A E Lo Mo] Aot AlS
Eole AL g% sA|vt o] w2 {F94Q1 Aol= FlH A S

bt 29 A9 D(BCCIS ALE0C) BF Fhbgrh dam 9E Sdego] Aoy
Stk A% FAAAAT S FPol BE FAE wolH Bks. = gx SYode m
20113 control oilsh AeHeEE Yol Aol & molA hgkort AL AakE oA,
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o S QA AP ALY, FE&A ASIIAA 2L Agddoly 24 #HHY
- A9 ZA o] WE o, y-tocopherol mixture®}] A#AAo| g EAAAN

Hazelnut ---.. .---- Peanut ----. .- Walnut -~
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i wdsme ol v M S plms  Pases  plede  Bisare A sdsce [lace pluss  boiecs
% LN

- BEAE § G EESA N bR LA AES] HlEo] a-, y-tocopehrol®] H] & UG EE 4
7 218}t (Rabrenovic et al. 2011, Maguire et al. 2004). o] =&} ¢ oS
== oile] A WAF A Wl a-, y-tocopehrol?] H|&S Al Abslobd Al S lsh o A Q)

- A &4, &84 AEAA vl =4
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P ETaw b
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- A8 ARSI AIQD tocopherol? 84 AFSPUAAIQ ascorbic acidE 4] AFEGlS Wl synergistic
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effect7} = Aoz IH A, Yi et al.(1991)el 9] ascorbic acid 3%
w) 148%7}4] synergistic effect”} Ve, X W4k
A Ao e 24

o= 10

3}l synergistic effectZ 21e o 4.

- HEdd oy 24 94

- Mozuraityte et al.(2016)°] 2]
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3 m j" -*—n-l‘q-—--“
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a2 ‘.J‘- & s EDTR
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a § L %
[eholatee] T

Figoms 7. nhibilory efech of chelmom aslic acid. cinc acids
canes ond EDTA & (4-160 u M) on B st anypen wiske rale
(O ddcond by Fe' (10 M) n ©8% Bpasames (pM 53-8 5)
Ead Sata panl & s svernpe + Sandaed divialion of Twee

panaleis

S 094 0.04%= 27]‘}‘1?\9\
zAo] wel tocopherold] W& FATH & £8A4

r?d ftlo

liposome %7 3&lolA] caseine] EDTA w9 @37} gl

ofski
U= Aol wald. ofdl whel AAgAelA ol ARE L li= EDTAS} citric acid # ofyz}
glo]

casein®] WEZ oy 55

g & 9o ATANRE B3 Aol A4, 5849 s

Ao 23 vgde oy dfE dste] Ao AspUAA 29E e A9

- Mgz #ole]dd EDTA &4 v

Hemispaco sowgnn oscborl (%55
—
=]

™
OO Bi0m BT mid B0 e M | 3 Cemh 0l 01T B 8m e

LI

W bmdipaigy v connkend 18
L
=

| B

e} Tween 20 CTAR Lhs L] T 217 CTAR

19 29. Oil-in-water?] continuous phase°] EDTAZ} X & uw(a)9} dispersed phase®l

& =1e w(b)2] riboflavin photosensitization &7 3d}oll A 404 7+

EDTA?®] FXd

oxygen content

o3 HG3FE  negative chargeE: wWE  f-3A ¢

&<t A3 3 headspace

sodium dodecyl

sulfate(SDS)9} positive chargeE W+ F3FA]2 cetyltrimethylammonium bromide(CTAB) &
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oil-in-water(O/W) emulsionol| A s%X ¢&ZH o7 23S JA|sts AL HAS A
Fr3kA > Tween 2022 REE emulsion®l] A+ EDTA”} continuous phase®] &A]e =
T ofEH o qksetg ol wopAl= e skl oy dispersed phasedl] EAE wi= At
3t7F 0>17>10>30 mM w22 YERE. SDS emulsionl A= EDTAS #1x]o] &l F2] A<l
ol & Holx kg, AT Tween 207 CTABZ $HE emulsion®l Al EDTA7Z}F continuous
phaseo] =A1g w Bt} dispersed phaseo] £x1g W] 235 AAgt= AS A o224 W
T B ootYet #3kA 9 chargeb‘r EDTA7Z} =4 }% ;1

off 2
oX, rn

©2eoEQl EDTAL 5= # 4 5 e
2ol oA 9T wE AL AN ARe] FASS dehiE FUS FHAL AxT
Swsh A8, F84 AHAAL G % ohel EDTAZM EAlshe 24 eldlo)

e
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[23 =}]
[AIAF] Sdde TEAH A HAE 3 HF7HETFY EAT A3}
o SHYLA FYE BT LHo AL EYPVITHF AAF Ax
- YA 2 xujdo ujgn A

12PA% Ao A Hl Z(beeswax) =d Aol o€ ek(candelilla wax), 7F-$-HHcanauba
wax) SH A vl Al A9 7P FARE AEE AW AL A old wt 10% ¥= &
dod=z A& A 483t 71 Astst gAFs 272 3 449 e 4S 10, 20, 30,
50, 100%(w/w) F-& tfA|ste] A|5E A Z35te] Rheometer(AR2000ex, TA Instruments, USA)E
AbEste] 229 25°C -60°Coll Al e S =43 o] & 9l8}e] strain 0.1%°) frequency= 1.0
Hz2 1433, 2°C/min 2 255 HSAA JAedS SAst] g3 54 243

Eﬂtﬂlitllll‘ﬁtm%

LogG'(Pa)

Temperature (C)
> 0% 10% 20% ©30% +50% . 100%

a2 30 gAY SA oA g e FERGHe W

Temperature (C)
> 0% 10% 20% ©30% +50% #100%

2% 31 Suede] A4 Al Fael mE FEAG)el W
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' 3} G”o] 57}0}: A& Bel. o]
| vhA ek okA Rl 50%E dow T Ao
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e
jaleA

3759 cooking lossE &°17] $13l4 hydrocolloid FR/FE sty E37taS5S Az

3 5 cooking lossE =743 Hydrocolloid 6% (guar gum, carbyxymethyl cellulose(CMC),
carrageenan, xanthan, gellan gum, alginate)< 01%3}"4 FUN HEE FAsta o]F FEE A

3t Alxd SHE 140TColA 623F & & 30+ WaAIA cooking lossE S4 &
0.300
0.250
T 0200
£
H 0.150
&0
0.100
0.050
0.000
Guar gurm Carrageenan Xanthan Gellan gum Alginate
1% 32. Hydrocolloid &l W& FYd HA=
2 8.j0|C2ER0|C BeH
L=]
A gyen Carrageena

Guar CMC Xanthan Gellan Alginate

n

E}gg':',,’;‘% 4297+075a 4213+093a 3430+003d 37.20+290c 3551+074cd 2850:064e 3862:053b 38.76+1.74b
0

3 14. Hydrocolloid &l w2 ZE]9] Cooking loss

e FPde] M DE, Foprd> ks, A@> OMC,
7

ol Fiell wel thdstA e, slolERFRolE AlmiE A
Aato] s st Az F olF HEo] A& F 2YLEEE T4

ZYEELE < Fola< ] d< CMC< A#A< DAY E A2 Mo 7w
AR AAE BAF 53], 28 §E5dA4 7P 297 2 e =e Fobd &8 A fs)
He] A& T7HAA =2 8 9 AW HiES 33 dHe ZYPEEEE T4z A
A FHAE PN AHE I
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- Pilot plant Al A SHAS FYstd Ed71+S AXx 2 A7 AAS £33 FAA

24
=dod FAH EFrTFY A5 TAE 10% H= SdA® T din] 25%, 50% -
A 51, Sk o) A5 ol sk U] B 202 A, b Sk 10% v gl

(kg) Control 25% oleogel 50% oleogel
A7) 100 100 100
A 18 135 9
10% bees oleogel 0 45 9
= 30 30 30

&3+ mixture 4 4

4
15. Sel oA FU9 Eq7be s Az vy

=<}

- 929 A$ 18 kgol 450009 FEHI o, A A$ Jhmaks 18L FHi7bob
28,3700 0] 31, KOSTER KEUNEN A|Z3] Aol A %5 5= Beeswax Ul 7F= 25kgoll 49,000 .
ARG vl = e Ae] wied Bt ALe A of#f et B

Control 25% oleogel 50% oleogel
18 kg ¥7} 45,0001 40,490¢ 35,970¢

& 16, FA 9 SH Ao vt

© A= 1 kg 250090)aL, dl e ThA A At 1 kgD 7HAe] 1500901 SA4H. wet

A FhdEE 18 kg wWe] 7HA S vlas R A9 A9 450009, 25% Al Al 40,490€, 50%
A A BI0NLE A, F FA ] S0 FALAE AT A AE A D%l 2}
el AR AL 5 A% WA U0 EINES A3 ERD GAHORE AHy
oleba whery.

o
7S AxE HE (FKTS IR, A&) a@olA AAF dite
$AE FA Nl 25%, 50%ulAEte] F9) S
of TSRS AT oby ™} o] A

Y
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SP-2560 column (100m x 0.25mm ID x 0.2 m thickness, SUPELCO, PA, USA)& o]&3&to] =
3%
(g/100 g) Control 25% oleogel 50% oleogel
C12:0 0.07£0.06 0.14+0.01 -
C14:0 3.63+0.03 4.32+0.05 2.69+0.02
C14:1 0.75%0.02 1.89+0.01 0.65+0.01
C15:0 0.65+0.00 0.53+0.01 0.28+0.00
Cl15:1 0.17+0.15 0.23+0.00 -
C16:0 27.54+0.12 27.80+0.37 19.76%0.01
C161 4.86x0.06 8.31+0.05 4.23+0.04
C17:0 1.80+0.04 0.93+0.80 0.59+0.51
C17:1 0.7920.04 1.09+0.01 0.82+0.26
C18:0 19.71+£0.14 13.57+0.23 12.96+0.04
C181 34.18+0.22 37.38+0.22 41.92+0.44
C18:2 2.77+0.08 2.00+0.01 7.30+£0.25
C18:3 - 0.15+0.00 0.73+£0.02
C20:0 0.250.00 0.11£0.00 0.63£0.21
C20:2 0.45+0.03 0.92+0.00 -
C20:3 0.06x0.06 0.13+0.00 1.06+£0.19
C21:0 1.71+0.02 0.45+0.02 4.68+0.04
C22:3 0.13£0.12 0.08+0.07 1.12+0.19
Saturated 55.34+0.20 47.84+0.37 41.59+0.25
Unsaturated 44.66+0.17 52.16+0.29 58.41+0.49
Saturated /
1.24 0.92 0.71
Unsaturated
# 17 =dAE st 97t A A4 A3
=4 A¥, oA dAg o] St E E AN HAesta, EXSAHS FrlskeE A
F& 1 53], ¥x3 2 B¥E Ak v)&o] 1.24004 0712 |43 sk ol Tl £
o] tiAIE=H 50%7HA FHol & Hojxl Aoz gld. 7|E Control2th 25% A€ E37h3
9] AF 135% EZspx|rto] 7HAsER AL, 50% dAlE EF7tE5e A5 oF 25% 7t A A
S Fgolgh ¥ A =3 AHA LDL FUAHES F7HAA A8d 23k 93 Aol
Eohar dE A 7] witel] &HeAS AMEE A tAlFe] TS E YA oR et
7S Ax7F 7hselthal dehE.
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ox Mg

[1IAF-5] 754 4
o WE AZ HE dfF BE 5
- ETRHESY YE Y 24
- A v wAE AAs e AavlE wA Za, 55T =3 A g WrbRE 4
o]Fo] Ed7tESS A o7l $AE 10% H= SHledlE $X A oy 0, 50, 100%
2 $AE dAste] Azxstda migel= obd 29 2

2 o
vy
to
(=
Lo
)
o
oo
olo
X,
ol
)

FlE 0_>|'.',

(%) Control 50% oleogel 10096 oleogel
Meat 100 100 100
Beef tallow 18 9 0
1096 bees oleogel 0 9 18
Water 30 30 30
Wheat flour 1 1

1
# 18 dled Edvkes Az wig|

TR7FEse] AxIHFL 7|30 o] &3l wigHle] YFEE 31t speed 12 A 4]0
= % AE 3 cm9 =] 35 cme] B9 4FES 3 AYE EFIESES ATE #HHA =5
Aol Fa HolHEAE o]&ste] £d7HaHEY TAHFTY 2% WHIE REUHFoEAN Js
e wag 23

40
E 20
D
=
s O
O
o
5 <20 -
|_
-40 T T —
0 1000 2000 3000 4000
Time (sec)
= Control x 50% oleogel 100% oleogel
29 B ERFERY UE Y 24
EWHESS WE AYE BAT WS nW, 94 TWHEEI L6 BWHEEI
5 oslde s
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Microwave(500W)oll A 1

10096 oleogel
6.63+1.06a
2.90+0.54A
9.43+2.52a

5096 oleogel
417£1.02b
2.09+0.19B
7.72+1.55a

Control
2.84+0.46b
1.61+0.51B
8.15t1.94a

H-&

(1 min, 500 W)

o

Microwave
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19. Y& A1

=
It

7 =4S

hyA
-

o] Aol wet vehta, dubgez A

RYA

-

Al

-
s

].

S

It

alr

A 3ol A

5

gol 27HRs

3}
=

H 54 243 2ded diA

il

—_
o

7
No

ol

AHQ FolH Aol

=

Control¥} %

1
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ol

ol
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.
ol
N
ol
4

™
il
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=

ol A =217

o welr ZHE 3L, colorimeter 7]7]

mon
<ZT|
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o

10096 oleogel
+68.35+1.81b
+0.07+0.82A
+8.86+1.48ab

+70.73+2.54ab
+0.42+0.33A
+8.62+0.33b

5096 oleogel
— 61 —

Control
+72.42+1.60a
+0.76£0.87A
+10.80+1.64a

L*
ax
b




Control 50% oleogel 1002 oleogel

L+ +60.3612.59a +60.0312.40a +66.42+1.42a
ax +1.91+0.75A +0.34£0.53B +0.44+0.56B
b* +13.17+0.71a +11.70£0.97b +11.33+0.42b

T2l AL dEel mE 9% AP E eatEse A%

Control 50% oleogel 100% oleogel
L+ +58.39+£1.08b +61.11+£1.19b +63.15+0.70a
a* +5.12+0.75A +2.81+1.10B +1.66+0.43B
b* +14.19+0.98a +12.10+£0.84b +10.89£0.52b

E 22 3E A5 mE 3% AZ(1HE gt sd A%

Control 50% oleogel 100% oleogel
L+ +64.00+£1.69b +66.44+0.66a +60.73+0.44ab
a* +2.06£0.40A +1.13+0.03B +(0.18+0.16C
b +12.04+1.42a +11.56+0.17a +11.53+0.38a

¥ 23. Microwave 3l&d W2 Y5 Ad1F)E E3d7HSe A=

M 24 A, 157 YEY RSN Ldeas] FFl IAHge wet Ly ax bt
F 7 %4 Ave ash pgel NG 2

fol S0 A9E wel S
oA % A A s

>~
e
ol
o
i&
o>~
o I
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Control

50% oleogel

100% oleogel

A2 3l
(L2 h) 6.57+0.98a 6.07+1.44a 6.20+0.99a
WY s
(f8 h) 1.9310.17A 3.70+1.52A 2.75+0.49A
%icéﬁjlvaggo 3{% 6.58+0.42a 6.82+0.66a 753+1.33a
£ 24 9% AZGHE eu/re%e dE wHd hE =4 a4y
37 A= B A2 7 e =918 Blon, Microwaved A =& =gEAS W
Q. 134 eded FFol Frgel uek Sy Frhshs AFe nao, 3FFAE F
23k FAS HolA Fg BE MEZEoA F2o7 Ao]E HolA] .
Control 50% oleogel 100% oleogel
L* 71.78+£1.02a 71.64£0.90a 69.78+1.76a
ax 1.22+1.09A 0.15+0.11AB -0.83£0.55B
b* 12.21+1.58a 9.21+0.09b 9.29+0.55b
i 25 ¥E AEGTHE ETtE S A%
Control 50% oleogel 100% oleogel
L* 68.11+1.21a 67.25+4.02a 64.03+3.99a
ax 1.22£1.21A 1.39£1.26A 0.50+0.34A
b* 12.13+0.86a 12.49+1.60a 12.35+0.44a
I 26, A2 dlsel mE ¥Es AGETHE EdvtEEY AMe
Control 5096 oleogel 10096 oleogel
L* 61.27+0.90b 64.43+1.66a 62.2611.29ab
ax 1.73£0.57A 0.31+0.85A 1.02£1.29A
b* 12.61+0.39a 11.70+0.75a 12.58+2.00a
E 27 3e deel BE UE A4GHH EdtEsel A=
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Control 5096 oleogel 10096 oleogel

L* 62.20+£0.94b 64.97+1.89a 62.37+0.25b
ax 2.70+1.39A 1.32+0.34A 1.14+0.15A
b* 12.55+1.12a 11.82+0.44a al2.54+0.78a

¥ 28. Microwave &&° W& Y& AHGEF)E Ed7FE89 Ax

373 A 24 A% 1749 2 AL wel WEIN AE we Lie wela, ALl
A BES AR ARE A SAsh LHed FRTGe Amel Aolrh FARS s

o 2T ¥ £ EA Y
- %28 274 (N7, 2% %)o @wE Texture profile analysis® £3F E£371589 A% H
23 24

Axd EGAERE AF bem wol lemdl 2712 4% F Ym0l U HAY L% A

b Fbsd I FAE ABElel zel A £EE LYol AR Az o)

analyzer (TA.XT.Plus, stable micro systems)E ©]-&38}¢] Texture profile analysis ¥ < EU)

2 2R3 load cell®& 5Skge ARSI, AE 2 ecm =°] 1lem® Cylinder probeZ 100
mm/min®] £E=2 & S43
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THEHE A 4 )
3 min 6 min 9 min
(6] fo) o) o o o
Control 50% 100% Control 50% 100% Control 50% 100%
oleogel  oleogel oleogel oleogel oleogel oleogel

Hardness 1271+ 1154 1128+  17.32+ 1662+ 1570+ 1993+ 1972+ 1897+
(N) 1282  185a 163 152A 086A 129A 037a 270a 1.56a

Adhesiveness 024+ 035+ 026+ 002+ 004+ 007+ 001+ 001 001+
8)) 005a 020a 0152  002A 005A 009A 00la 000a 0.02a

0.50+ 0.48+ 0.50+ 058+ 052+ 050+ 060+ 055+ 0.50+

Cohesiveness
0.06a 0.05a 0.06a 0.00A 0.02A 0.07A 0.0ca 0.07ab 0.07b

Gumminess 642+ 555+ 565+ 1003+ 865+ 792+ 1186+ 1073+ 946+
(N) 135a 133 114a 101A 067B 122B  100a 177ab 1.20b

0.81+ 0.80+ 0.80+ 074+  0.68+  0.71+ 0.7+ 070  0.70+

Springiness
0.03a 0.07a 0.07a 007A 0.04A 0.07A 0.07a 0.08a 0.07a

Chewiness  5.24+ 4.46+ 446+ 749+ 590+ 571+ 893t 757+  6.67%
(J) 1.34a 1.20a 0.76a 140A 0.58AB 1.43B 154a  183a 1.38a

329, 22 ARt mE £37bese] TPA 574 A3

- "HAax =3 A9E B

2

, 28] Algke] F7hstel wmeEl E37HES9 Hardness, Gumminess,
Chewiness”7} Z=7FslE €18 1.9l a1, Adhesiveness®t Springnesss 7438t €S Wl g}
Az AlZre]l SUhge whel o gadt 2RSS HolE i 2 oA AREEE 922 A
Hl & M2 A3E B dAFo] F7184= Hardnessel 745 743t <

Ao AmEL | ARl Apol7b HolA] ¢Fs. 3 min & Al E3FEFo] kA =
7 H A o} Adhesivenessit¥ Springiness#t©] 6 min¥ 9 minkEt} =A SAHE Ao

=

.

£
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o] 1™ LEE 100, 140, 180CE w % A7 (6
b e & Texture profile analysis®] WS o] 83}

£ A
)
[

100C 140C 180C

5096 100% 5096 100% 50%% 100%
Control Control Control
oleogel oleogel oleogel oleogel oleogel oleogel

Hardness 1660+ 1585+ 1653+  17.23+ 1645+ 17.10+ 2142+ 2258+ 2294+
(N) 1732 1.13a 2152 192A 143A 146A 08la 13% 1.80a

Adhesiveness 0.04% 0.09+ 0.14x 0.02+  0.02+  0.10+ 0.01+ 001+ 0.02+
(J) 0.03b  0.07ab  0.06a 0.0IA 0.03A 014A  0.0la 0.0la 0.04a

0.58+ 0.50+ 0.54+ 060+ 053t  0.54+% 061+ 056+ 0.54%
0.01a 0.02¢ 0.0Z2b 0.02A  002B 003B  0.0Z2a 0.0lb 0.02c

Cohesiveness

Gumminess 956+ 790+ 890+ 1038+ 872+ 922+ 1298+ 1268+ 1226+
(N) 1.02a 038 13%b 127A 1.00B 0558 0352 0.86a 0.90a

0.70+ 0.71+ 0.72+ 0.72+ 066t 071+ 073t 069+ 0.69+

Springiness
0.04a 0.02a 0.06a 003A 004B 0.06AB 0.03a 0.03b 0.04b

Chewiness  6.75= 5.58+ 6.38+ 748+ 5774+ 6.1+ 953+ 878+ 847+

] 0.93a 0.19b 0.81ab 098A 1.02B 0.68B 0.372a 0.86ab 0.90b
¥ 30, %8 X 2 TdrtEso TPA =4 Ax
- AYE BH ZP AZk mE 54 A3y §AE sjeE Bl X7 eSS St
T =& Hardnesse} Gummmessa e S gﬂﬂ‘”‘“ A o] w2 A3E B
Hardness®] ZA$ AA|Hoz AFE 7Hd Fo& ol zol7t §&& g wefr] g 279
ul 2 Eﬁﬁ}:’—o o] A HAEAE Sy oS Yo %%Lﬂ%%ﬂr FAE 9 7S
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- Cutting-shear test& T3 g 2% 4

-9l Y e g "Hxx A4 S ARE £H] $ 100, 140, 180 Co2 xE &%
S gEste] AEE AERS A2dA 1A WEAIZl $ o] & Texture analyzer (TA.XT.Plus,
stable micro systems)Z ©|-&3}o] Cutting-shear test WHS EE =A% Load cell& Skgs
AFE3EA AL, AE 5 ecm %°] 6cm F7 1mme blade probeE 100 mm/ming £E2 Uy =4

3}
.

40

Force (N)

Control 50% oleogel 100% oleogd
% 100°C W 140°C B 180°C

a9 36, 28] 2% 2 E37FE59] cutting-shear test 27}

- 9o agjEoA Ho]FE= npel o] Cutting—shear test?]
#7185 Force ol S7hate A0R Mol xx3e] ¢ =

s oA Hlgo] F7Ee| wet Forcewtd 745 #ashs 43S HolxRk A4
Zholl o] A<l ApolE HolA] ks

Nlﬂ B ol
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[A1EF] d2 &F AFY dZ71s48 73
cEANE &£ oA 33E Eﬂff} in vitro AX 54 B7}
- AR gE F2E 7M1 Q= 57FA] A AH(Stearic acid, Palmitic acid, Oleic acid, Linolenic acid,
Linoleic acid)E°] AWAxze] ol mA= JFs BAAS. o5 &Y FAE F45 e
‘zr‘—g- AAEE AFE0E0pM)eF 5 E(200uM) AlF-= vEo] 3T3-L1 AT Alaze] 39zt A8
3l % Tryphan blue A 2FS ©]-83}9] cell counting= A |3t

2 A3 stearic acidE 200uMA 23S Aol control#t HIw S wl HAIIA(ZH 37
P<0.05) YA counting®] % %13, Linolenic 50uM-2 control®} 214 0.2 YHA(P<0.05) YERE.. Linoleic
acid, Oleic acid, Palmitic acid *2]7& A% %E 1 E 5 279 F94e Zol7F gdde. o] 2
© 5% linolenic acid®t A§% stearic acid7} A|A| 2] 44S Adl s AS YER.

Cell viability
iR —_|—;b: abe = 200uM

abe L
Linolenic B b
® control
Oleie | = ab
abc
Palmitic s abc
-
Stearic | B abc
Control
I
o 50 100 150 100 50

Cell Density (x10° cells/cm?)
19 37 AAHGEIEAD) A2 A AlE AETH Bt

- Bees wax(BW)$} Carnauba wax(CW)dl| that AE E4 H7}

-2l Ae FAE A S s gelator2H, HISA AAIQL 1Rl SAE olEste] A oil&
gelst AlA S AS THE F e SUAS FsE T FRY &9l B2~ (Bees wax; BW)
£ 1,2 3 6ppm4 T2 Mo Ak = MTT assays 55t #H7Fgh MTT assaye P|EZE=g o}
o] &AS FFsly] e WH o R yellow tetrazolium salt MTTS Aol Ao Ashd nEZE=

Z]o} W reductase®] 2ol3 3 E o formazanol#t A 2ES FAEle] o]& DMSOZ ol §3EE
S48t WY, AAL~9Ql beeswaxs FE=2(0, 1.0, 20, 3.0, 6.0 ppm)= A A EZ] A s A} A
oA &> txT9f vHlaste] o)A l xtolE HolA eF%a(T1H 38). Beeswaxi 2] F 9] oFEFH A
o] AFEH(CAS no. 8012-89-3)°ll &=, Atdo]l AHE F e AFH/MERE AR 5 Td9E A
AV AFA, SFHAA, Akl ool fJolA HA] kil FelA FLE sk 2ole APAR
Wo| 2ol Fow wel FEly gk sutg o] pste] AR, A dx), 5 G A FEd AR A
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2 o] zolu FAZ Hlo|29] JtAAEAN F9A UE textureE AT3H7|E 3 HEI beeswaxol =
g ut AGAA o2 AMEE T E AVIHIL 9

%l <. %l
g]3}o] antibacterial, antifungal €4S SAs= A7 283 ol A,

25

15

absorbance, 540nm

0.5

control Bw 1.0 Bw 2.0 BW 3.0 BW 6.0

beeswax treatment, ppm

a9 38 MTT 48 53k 3T3-L1 A¥9 beeswaxol] 23+ A E=5A H7} (beeswax F=: 0,
1.0, 2.0, 3.0, and 6.0 ppm).

o ZHU LA I E F-AW HAIFAHE FHAA THA A= FF 24
- Real time PCRJ—} Western blotttings %3 3-A% dAEA #3220 PPAR
gamma, C/EBP alpha, SREBP-1c, FAS, CPT-1 &¥&dA Hx
- HAAgAE A e M EA RNAE #2]319] reverse transcription PCRS ©]8€3] cDNAS &
A AR "9RE 93 242 primerE AF&@l quantitative real time PCR =743 Beeswax
Aol o3 CPT1 ¥delvw Fogh Wyt gl A2 Yewa(1d 39A). ABAkS v E
Frgotz $Hkst=d o= CPT1 F+d A= transferase €42 dF o2 X uko] o] 89
2% 9S8 3 lipolysis7t =&55 Hdo] Frlsle Aoz ddHA S (Wakil 5,
2009). kA, Beeswax A= AEAIZY AR olE 3 Abstele 2 FdS F
Ao g FhE. Fatty acid synthase (FASN)+= & H|9F i 5o tALES 7o o &t
At ol digh #Alo] mEHe wel s AFEHI v E4hFe stuE, AWA 3
- Fagk A4S o= AowE dEA S (Li 7, 2016). AWFdH vfEo] FASNY
< #AES T A (Kridel &, 2004). 55 o]F1 A= 98 =
o+ T2 I3y = FASNS 1 2ol F7hste] we AHAake] A4S
A-Fol A Beeswax A& 2 <Qla] XWAEZo] FASN #&o] tfzo nls] AL
20% Fao & Yol (¥ 39B; P<0.05). Beeswax®] A7} AMAE W A=2 A&
HE B wEt FERAS T3 n oww HolAe g3E BAE "deAol I AY. Ki
5(2014)e] W= FASN©O] in witrodl A ets @] AAF in vivo A= A kel A

Jﬁ o ox ol &

off mfi 52 2 fo r

=)

2
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S FAA e 925 "Bl glo] &F FASNel g tpzbael 47 23 Qo
Atgd. AR EE 42 promotorell AgHste] AW THAbel Tad TS ok A
SREBP?| 2&dL2 Beeswax® Aol ola F&Fe A &= Aoz vekd (27 390).

SREBPell = SREBP 13 27} 9J&=H, SREBP 1a®} SREBP Ic isoform®. 2 4% += SREBPI1-
de novo lipogenesis N4 T3 AdS stal, SREBP2= ZFd 2HE tiAle] #ojst= A
o2 d#A dS(Madsen &, 2005 Li &, 2016). SREBPE AWAE 3} z7|o] @do]
k=3, 1 A%+ PPARy HES fiste] Awel EstE FXAZ. 1§ adipocyte
determination and differentiation-dependent factor (ADD), lipoprotein lipase (LPL), FASN %
A ALE FXsteE A= HEE SRV Aoe®E A S (Zuo 5, 2006). FEgH
stearoyl-CoA desaturase, HMG-CoA synthase 53 374 A& Ao AHE FHA2
promotor regionol] ZAgrale] A ESF AWM EY AF A ZY g E AWAE g4
T #og BeeswaxZHEH #2]¥® very long chain aliphatic alcohols®! &3] FAL=E2]
hypolipidemic & 37} 938 % +=d], o]+ AMP-activated protein kinase (AMPK)&Ado] <]3k
fatty acid synthesis A& & §3 dojdo] &S (Lorente-Cebrian &, 2009). wehA], 2
Aol A AWA EW beeswax? &7} SREBPY LS & Aoz AAHAA T 2+
] 7oA zol7t gl AR YEhu S &% Beeswax® A #]7F AMPK 243 A4E A
A 2 Abste A= g A 28T Ao=E ARE. AMAEY E3xd A=
(CCAAT/enhancer binding protein; C/EBP, SREBP, peroxisome proliferator-activated
receptor; PPAR) & #3531 s 28 93] %7]o| C/EBP B7} &Asty i, 7|2 Hoj=H
C/EBP a % PPAR yo & 3 45 #-8o] 5713 PPARS W (PPAR a, PPAR y, PPAR
§) & PPAR ax 7+ 48FZ o wWo] ExF o] glo] AHHALe] B-oxidation® ketogenesis2]
g43tE FI ANS dyAstel=d #o3d (Rabkin and Lodha, 2009). PPAR &+ Uth%Fst
zZ2o ¥ ZyadHEe S U tiabe] #oldk 3H PPAR yv AWAX F2 ¥
st Ao FHd #ost= QAR dEH A A (Tishinsky &, 2011). £ AFoA+=
Beeswax®] Azl= <ldl PPAR yo &ddo] tfxvtol vla] 8oz A YeEs s (1™
39D; P<0.05). o]+ Beeswax”’} A|WgAdo] 98-S sl= F4A20 PPARy 2&d S At in
vivo “FelA MRk A Ths Aol des AAbeke Al @ ds ARAE Eskx7]o
C/EBP Be &A1 &7 Azdor] Moz o]%o] =W PPARye C/EBPa’t €43}
FASN, stearoyl-CoA desaturase (SCD), lipoprotein lipase 52| adipogenic gene®] W&o
7Feke}, A WA A E(preadipoctye)+= mitotic clona expansion®©] 2 &2+ mitosisS
g o AA3 #3E & (Figarola and Rahba. 2013). PPARyS} 5 28-S 3slal Ao
A @S 2A3= C/EBPa2l w3 o] Beeswaxe gl &) A== Aoz o
39E; P<0.05). oldll e} A 5ol xd1ate} ntAEe] ddAE vrolx|an AWM E Y A
Aegs FAFAES 7FeAE AT  ls Aol A sg. AWAEY &3t} o v A giAk
= oe IAEe] EFHoR F5AL&S stal o] FF AWAE, 53] HRky AL S|

—1 O
# ¥ Beeswaxe dto] td o B A3yt Fesk How AryE,

N

==

)

_—

i)
olN =2

B9

jy
-

lo o ot
<

o
$H(

o

rofv o

M7
-1 o
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1.6 12
14

12
0.8
0.6
0.4
0.2

0

control

[ary

(normalized to GAPDH)

relative expression of CPTL
relative expression of FASN
(normalized to GAPDH)

control BW

L4
12

1
0.8
0.6
0.4
0.2

0

control

1

0.8

0.6

0.4

N
0

control

relative expression of SREBP
(normalized to GAPDH)
relative expression of PPARy
(normalized to GAPDH)

control BW

relative expression of CEBPfa
{normalized to GAPDH)

1%l 39. Beeswax Aol ogk AT A L 44
{carnitine palmitoyltransferase 1; CPT1(A); fatty acid synthase; FASN (B); sterol regulatory
element-binding protein 1; SREBP1 (C); peroxisome proliferator-activated receptor y; PPARy
(D); CCAAT/enhancer binding proteins; C/EBP (E)}.

o T AEA FAY AXY AUAdA 2 A& vl 74
- QOil Red O staining€ &3] 57FX A #%4H9] lipid droplet 84 38 Hlx
AWM ES] 3T3-L1s &3 FAA7IBE Ao Pgo] mar dojures
e AEW YA diAbek A g Aol dS AEAE O RES A
=djote] oAl Ak e walste] A el A2 Ag F US. 57HA
%, staining(Z1¥ 40)& &3t 2 @S TFE=E Ho] YERH. 50uM stearic acid
P 535 A7 =4 Usteng AMTE MY A4S Bel d55 v (ad 4. 1
© 2  linoleic 200uM, oleic 200uM, stearic 200uM, palmitic 50uM, palmitic 200uM,

ON

ﬂiﬁl"\-ﬂoﬂ,

dlo
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13 40. A AEG7EAND)A E Al Oil red O staining AFZ

linoleic 50uM, oleic 50uM, linolenic 200uM, linolenic 50pM <o 2 AW+ IAS HQ.
A3

stearic 200uMe] 50pMX.t} @A T3 %= FX7F U2 Z2 oA 3k cell viabilitye} 43~

Ay

7 A9 "é’““’ﬂ FES v H7] ﬂ—r"ﬂ v PJAJo] vre Fwo] FAHT UHA ygita
2 5 9s A8AHoR owr-3 Aoz 242 linolenic 5011MT_‘ control7} 7H& 8] Z=3%h
TAZ Y Zigi RHo} o]l Aol FAS At FE 4 9;10. FAE UFE 2
A Ao 2 o] F ol A Fol7] wto] ol AFE HtYgsle] e w7l-37F =& EXIAW
S e A AFES 19T A, SHAR gAY SAES VE ﬂ*l‘i‘;} FARAL IR
7148k 4= Qlukar &
- = 200uM
a S0uM
abcd aibe a0
EE" 1200 | bode
a : b L I;Ijll'
'E & o0s00 ' I -
-] i
z4
0400 |
0.000 - — —
Control Steanc Palmutic Olacin-9) Lmolac(n$) Lmolenicn-3)

a9 41, ARG 7EAND) A Al Oil red O staining 3% 4]

o

- Qil Red O stainingg %3] Beeswax® lipid droplet 84 %8 ¥u
AuE A EY Aol =HAEE dolry] 8 Oil-red-O= A W34S

=
_0|L
s
off
k
i
)
re

[e)
=
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ko] Ao ok WA % Ay FEEZ beeswaxES AWAH X AR S H 1.0,
20, 6.0ppm FTollAE AWA FH g WI gldoy 30ppm FollA iR gl

785% oz yrolx e (29 42; p<0.05). Beeswaxi long chain alkanes, alkenes,
monoesters, diesters, hydroxymonoesters, fatty acids &°] %35 o] =], o] T 12736719
a2 o] Fo]Z ester fraction= palmitic, oleic, tetracosanoic acid esters& X33l 9=
(Aichholz %, 2000). ©] ester&< 7 3}8lH long—chain alcoholse] A& =4 EE & o A
o5& FFZ 2" A ¥ low density lipoprotein (LPL)Y FXZ &3 H A0, 24

J3 LPL tiAlES 9= 98-S 3k high density lipoproteing =7FA 7= A7}
Hagnk 15 (Moon

5 2001). X] JALE MEU FAAEE AFstes 93-S oka, ol 4
2 A As ek A2 ¢dEA e (Fujimoto & 2006). Long chain fatty acids
E3] unsaturated fatty aCIdS"E ]‘%”51% A 3}01 =2lo] 9l palmitic acid 59 saturated

237F Ad&(Plotz & 2016).

unsaturated fatty acids?7} AW4 dAS S7HA 7=

LolN= Fo A Aol7b gldddnl, A WA e Z4& ALEAl AW
shal, A WAy H4H A FRE 24T

3 gelatorZ4] beeswax’} A|E, 3] AWAE
BaoA7= 98s 3t 2945 oA

\ 10

{ o oH‘ fr ri

control

12

1
Lo 0.8 =
]
=
]
2
[125)
k]
=
3
L 0.4
&
F]
E
2 oz
o
L]
T
[
= ]
control BW 10 BW 2.0 BW 3.0 BWE.D

beeswax treatment, ppm

19 42, Beeswax A 2]7F 3T3-KL1A X2 A HH4 dAld| wz]+= o

ofk

o AX3Z-TEXE3 YA JNFAEY in vivo A7} 71 S5A HAF (Pilot experiment)
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- 71& AF AEHIL JE FAY 2EQYH QAE A LA A EE HEA
FA, 28 AR AR AWM FFL WA EA 79
CIn vivod R AGeIlO] G, T, & ge] AF ARE ALY YRS ofFAE
A7FE A e 7|8 AFRE Ho], HElFe 7|EALR] bees wax 4% , Beef tallow 15%,
Shortening 15%, Flaxseed 15%+ bees wax 4%, Beef tallow 7.5% + flaxseed 7.5% + bees
wax 4% 2 F 57FHA] AHEF=2 FAAE. AIRXRAAS AR, bees wax 4%7F HI7FE AR
Ae dzaro 2] 4% - E = Ui, 19 4714 AP el s A YRR
T

MM s BHRE & Qg Ed AR Rl AL TR ARAE AP TEL
FoHETEY = 99 7HAA de(E 3.
%

oigtur T Cosce, | G [ Sruce | Coste [ aainio
Control 6.5 15.85 1.38 1.36 2.85 4047
Bees wax 4% 4.33 16 5.18 2.2 2.61 4447
Beef tallow 15% 1.65 14.35 15.07 1.33 2.92 5000
Shortening 15% 3.82 14.12 14.82 1.19 2.25 4845
Flaxseed 15%t bees wax 4% 2.26 13.69 16.08 1.29 2.46 5119
Beef tallow 7.5% + flaxseed 7.5% + bees wax 4% 3.95 14.13 16.56 2.5 2.52 5149

Ael 7 5vtg] o] rats AREs] 2997 AES P E
el Aol ool NRE AGTAAAE Wol e @] AUTARE
OFHTAI A = Wo] Qe A ASER 3 AT uld AAT AFte] ZAHsa ALEF o
&S 1< WA, Flaxseed
I YS9 2 beef tallow

o
©
N
Q _l_4
riet

oy

(e JIN-

= 30g¥ FHog 2 23 g AgSEe gxdy 8%
15%+ bees wax 4% &= 155 ToA 71 HE& FAHEHS 1Y

=

g 437 Aol o @ vl FAY AEg
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g BARY, o FAF A} whRAR beef tallow 15%% THE 1
£S5 ®W9 E3| Flaxseed 15%+ bees wax 4%= 718 e 43
[e)

gh ALR BEo] FA4 @97 Wi SAEE Sdss & 7 de(3H

Mg g8d

Control wax 4% BT 15% Short 15% Flax 15%+wax BT 7.5%+Flax
4% 7.5%+wax 4%

a9 44 7k Aol oiR Als 58

o,

R
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[A2@F] A AW AA cocktail & S ed
o FkE R FFA g% A AL &
- YA FAs 2EH22 FIE A

Mg 2 o

L4

=
headspace oxygen content (a), conjugated dieonic acid (b) AF3FHAA A8 A3Ql. Dark 7 3foll At
stA[Zl Bz gk Zl Aol Light &1 shellA 4Absirzl vl= g2~ Zeed B

content (a)9] $FZ EA FAHAE =l W FoAA Aol= A5

- O% 458 BT 2%ollA Lighto} Dark 27 3foll AHalA|7l Bl= ok &
] ]

22

20 4

18

16 1

14 -

—a—Dark 0%

12 1 ——Dak 5% = —¢—Light 5%

10 4 —*Dak 10% —&—Light 10%

Headspace oxygen content (%6)

——Dark 15%  —e—Light 15%
B T T
0 1 2 3 4

Time (day)
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(b)

12

—&—Dark 0% —B—Light 0%

+-Dark 5%  —e—Light 5%

1.0 4
—&—Dark 10%  —2—Light 10%

——Dark 15%  —=—Light 15%

0.8

Conjugated dienoic acid value (%6)

0.6
o @
i — —ab
04 = ] E
U_E T T T
0 1 2 3 4

o)
A
me 949 Fo7h grke AL AFFiba W)
vlzeter)l A Ets AA TEE AUA &g v

- I9 46 TBHQ, AAbE, EXSE, HEgl2d 2H2he] sitsiAls seda Hrieh vz ga

S A A3} 49 & headspace oxygen content =74 A},

22 vaetd s o, Aoz el 10, 20 ppmolA] EHE¥ HEZIEES dxawo) A
3}7} @o] ¥ o] headspace oxygen content &r#o] wrolx® A pro-oxidant® g3 LS. o]59] FE7}
100 ppm ¥+ 45 itsiAlZ 2838195 Whde TBHQ, A= EE 5% 10-200 ppm B
headspace oxygen content $r#o] iz Xt} =2 o]= 10 ppme A LA Axe FF5 oA

g ofmsty B84l ASPEAA A AEedlEs T

12 K
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= 20
i
9_: . OTBHQ BSesamol B a-Tocopherol 0O B-Carotene
E a bl a
g 16+ a5 bl boe LB U
7
= 12 b C =
w
2 1 c
7
= &8
=] T B T o
v % i o i
= 6 T T == — E—
0 10 20 40 100 200

Antioxidant concentration (ppm)

T1F 46, ZH7te] AtstAlE F7lskel gakst 2ellA 49-Et AR v g S e A9

headspace oxygen content.

« ¥ 478 TBHQ, AAHE, EX9E, HE7IEE Z12He] ibsiAlE H7heh v = g4 S e de]
conjugated dienoic acid =4 439,

2.0

OTBHQ @ESesamol B a-Tocopherol B B-Carotene
a

bp oF

- I TER Seml < .Rm
: . :éfé (NEL]
o E & e
: B : A I
r;:;r ;;:; :;;; :
0.4 , i 4 =i .

0 10 20 40 100 200
Antioxidant concentration (ppm)

—_ = s e
[=1] b 4 L= e
1 1 1 1 1

Conjugated dienoic acid (%0)
(= S =]

[
A

Y 47, o] @adskAlE ATbete] gatal 230l A 4dE et AbsARl vz o 2 e

conjugated dienoic acid.

- Conjugated dienoic acid value®] 23}, tjztol Hld] MAHETH] RE sXoA 2 ditsleS
B3, 200 ppme] FEolA TBHQSE AlAbEC] =2 dilsles Hole EXHEY HEPIEES Ee
oA izt vl§) AtskebA A o] WolF. Headspace oxygen content 23} olsh A3yt vehd
o= AMEE = R el wel FA Hx7F EEbA 7] w9, Headspace oxygen contenti=

EX A} Ak A o8 kA ARFS S48 conjugated dienoic acidi 8]E Aol A
o7t Bx3} Ael gEast 2= Aake] non-conjugated FEl7) conjugated FE| 2 AFE = 14}
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et =<,

- 19 48%= TBHQ, AAHE, EZHE, WETIZE 712te] StstAlE H7heh vl = g S99 A 9]
Abstebd A& vlawsl 7] $8Fe headspace oxygent CDAC] relative percent® YERH 18 <.

Headspace oxygen content
140
130 4 Ol0ppm @20ppm w40 ppm O100ppm OC200 ppm

120~ (] 2 £

110 {1 B2 i [ ] i e
a0
a0
70 4

LI

TBHQ Sesamol o-Tocopherol p-Carotene

Relative percent (%o)
|

CDA value

170

010 ppm 220 ppm ®40 ppm 0O 100 ppm 0200 ppm
150 - 7

130 -

:r_ %

U [

TBHQ Sesamol a-Tocopherol p-Carotene

Relative percent (%)
=
]

- % 48, TBHQ, AAbE, EZdE, HEFIE2Y v 714 d4Fs A2l headspace oxygen¥t CDAS]
relative percent.

- Headspace oxygen content 23} A=, control] 10% beeswax oleogelS 100%% dlo] HI 1SS
u, TBHQS} MAFES 20ppme] & FRoA® 100%S Y 7S 2P0 beta-caroteneS A9 3H

WA= B 40 ppm o3l M @rtsls s BolE

- Conjugated dienoic acid Z¥}oll A=, control¢! 10% beeswax oleogelS 100% % dte] H w3l uf,
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- 1% 49+ TBHQ, AAHE, EZHE, WE72E Zh7he] gaksiAls d7hsk vz ok S e A
p-anisidine value =4 239l

18

. OTBEHQ B&Sesamol B a-Tocopherol B p-Carotene
W
% 14 bahah;, ba.b a ;-b a
g ﬁ n i
B W0 ,, ﬁ :
'E 7 ﬁ &
< 84 “’? ﬁ i
& ﬁ i

6 ﬁ o

ﬁ/"‘/ =
, 0 &

=]

10 20 100
PPTU

TR 49, Z47te] tstAlE F7ksto] Aaksh A 49 St ARl v g S oA

panisidine value.

+ 1040 ppme] W& oA EE ibstA= gixTol H|ete] % pranisidine values WEH
ok
/\

al,
100 ppm ©JA49 FEAAE EE 3AEA|9 p-anisidine value’t thET B fo)Fom kS
p-Anisidine ValueL 2SN S S5t o R 1atsl AN ET= T EA 100ppm ©]/de] F
To|A FoHo R vre ASRIAAS RS

_|_4

- ZU A HbeE FaAstAe] ddstes AWAA AES 7] fste] el HrbeE FAtshA
o] & = AFoR FAEdS. A7 dbshAlel = A7 TBHQ 166221 g/mol, AlAE 13812
g/mol, EFHE 43071 g/mol, HIEFIZE 53689 g/mol¢lHl, o5 &l oA Hrgt wuz Falstd
HlaA & Aol A2 AlAbEe] 7 BE F UM ey Awee] AMAREd agioe] WETh
2ES & AR v AAbkrel ¥ w2 tshss Hel ZoR YER.

[

]
}

G e ANE o] Aol A8E TR TN AR Fushse] HY Erhe AL
ol
2N

o
.

ol
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- 2% 502 AARE I mE A olE ARl EDTA, 714k, AlAb=3} F-d4ke] 285 F7tete] Azt

s ode] Aserdy A3 Al

16

b
14 -
C
13 -
12 -
11 -
10 ! .

CON EDTA Sesam ol Citric acid Mixtore

(a)

Headspace oxygen content (%)

1.4

(b)

1.3 -

1.1 +

c
1.0~
[}-9 _ '
0.8

CON EDTA Sesam ol Citric acid Mixtore

CDA value (%)

a9 50, Wgdyole ALt MAME E3ES HUtete] FAkst 2o A 495t ASAIZ v = gk
22 A9 headspace oxygen content (a) and conjugated dienoic acid (b)

- d2T ) HlaEkl s uf, skshA| e g deolHAE MUk SYle o] w2 ARSI S B
HeZdgolgAlel EDTAS HuellS w, headspace oxygen content, conjugated dienoic acid value,
p-anisidine EE Adol|A AR AALEo]l O =& ABSREAAS UERSS. S dAEEEA
cocktall 21 AAFEY FAAY] EFERT AAbEe W H7PF o =2 RSAIE UERL S
ol Tl H|= &2 oA wjE X o A3e MtstAlE AAbEeldteE As Q1% EDTAE 79

_81_



3 g golE o] YHALR ALEE = B B AGE T3 A bgle| A= F4] AtaEzl
Agto] HA| wjEZ 29| Hgof H&|] HA ZE3hs I ol LA wEH XX E Tl o3t
Akt 7 @ 3F2] hydroperoxide”} 3RO 2 H&] %= beta-scission &Ato] AtA o2 vHA @At}
= A 9mEh

L 39 51 AAFES g o e ARl EDTA, T4, AAES Telake
cocktail & FEo] W/HE LML 40BN P A7 F AWHES 343

(a)

MHexanal B2-Heptenal ®|1-Octen-3-ol

Lad

(x107, ion counts)

Headspace volatile compound

E. .
Control EDTA Sesamol Citricaad Mixture
(b)
240
a
— 200 -
-] — b
 E
< S 160 -
2 &
% ?E.’T 120 1
=%
-
80 C c cC
Nl BN B N B
Control EDTA Sesamol Citricacd Mixture

a9 51 WgdyolgAet Arba E3ES H7kste] kst 2ol A 495 2SRl vl = gk
28 2 A9] (a) headspace volatile compounds (1 x 10°, ion counts) and (b) total peak area (1

x 10", ion counts).
- AR WeZddolg e 29l antioxidant cocktaile] #AME} T4 FollA oWl A& Fpe=A &
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ol® 7] 9J3le] gas chromatography mass spectrometryS ©]-&3te] 3|HA RS =A3AS. 19 51 (a)
E2 E3] l-octen-3-

©] hexanal, 2-heptenal, ~22] 3 1-octen-3-ol A|¥A+3}A4
st g F 2.

Headspace volatile compounds =74 Z¥, %X &3t headspace oxygen content, conjugated
dienoic acid, 123l p-anisidine value 23 2z} np7A 2 Aol A hexanal®] AJ/do] 940
2 7 AA A EH NS (p<0.05). E3F 2-heptenal 2 1-octen-3-0l2] 7§, MAME, citric acid, 18] 3L
mixture’} 7 A2 RS UERo] ARSI ES AA Aake AS & AR/ A 7ER] A S
A ARl Abele A YA 2 Ao ® YERE(p>0.05)(LH 5la). o9k & AE Fal AAL
Lol AFAtslE 7 & A 1-octen-3-0l9] AR Hol dFdir 2ATE = HE e A
o= ek ont a9 5leA HWEpIERE S @4do] 4] Fedl ol dFIAA AT LS
2 o] ol 13l wEY 7] HEFIR R o] dFaitae) Adst d AV JlE Ao %

- 2o AMEZE9 total peak areas S A MAbEo] EshE &Y oA A I A tE
T = 7 H o
= =

WES vla FuARe] wol AFH AL HANTY 51, ol AAE A FuA
wol ¥ gl AAEel EE 290 ABoA e HEgrel ey Aow AR
3. A4t m

1xture% Zﬂﬂé}ﬂ control® EDTA, 18]l citric acide & 3|LAIE2] oA
1

AR A AR AR AT 549 HRAdES HA D Q7] wimddl AlxbE B ol el MlAbE
S 2§t v mixturedl A= total peak area’t = FS YUERNS S, AAMEC] bR &%
mixtureo| A & FYAAE FHFo] =2 AS Hol ﬁéla %f Ue. olst 2 Ae AAE
A7F Al AR Al F7lol dig @A Wskob Res onstrlel] HotrH AR
Al Fa @ wkek Apgolgtal AR, 28U "‘lﬂ@/‘é%o A %21 hexanal, 2-heptenal, ~1¥]iL
1-octen—-3-olo] AJAME, citric acid®} mixtured| A 7H4 94 YElhd Aoz wol 4 A Ante} npzl
THA &2 AFEREE o] mrhe ASs & A

- wEbA, oFA A9 A3l gas chromatography mass spectrometryS 23+ AR =4 AuE 11y
st AEH o2 MAbEo] beeswax £ A WEZ2oA TP 2 AbseMEAdS el e F

AbshAERaL AL .
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[3xd =]
A1AR] gdleds 259 dAS T3 oA AT LAY A2
. 2doAe BEY WA A% AAE (7], Aol 5) Az

- HWolAT AF wigH ¥

- Hlo)AY AFe] AL EFA|H] =& vlH
A8 Al A A8E AT, F A

%F_QFJP 7V =
o] ZEldog IAIAA SYLAS AxI ¢ 2EYS giAE
- Coolin
Canola oil + Mixing S Storage
i (Room-
Candelilla wax (160°C, 10 min) (4°C, 2 h)

temperature, 1h)

a9 52, EoA Az A

Byt b 2o JlEatie) Gelator A ZEF 7S =S Candelilla waxs o] 8314
160°Col A 105-7F 2+d3d] =9 & Ao 1A 7F B2t a, 4°CAE 2/ 7F A4 ste] o Ae
Azg 3, 6% Candelilla waxE A8 Al Zhsdbi7 243t o] A¥Adow S dS A %3t
o] = &galo] HWlolAY AE F F7)d 3, 6% ol U AE KEY UAARE ALl

1 S 'csg i

Canola oil Oleogel Oleogel
(3% candellila wax) (6% candellila wax)

% 53 dEeE sdled Ax

AHE EdlZ Kitchen-Aid mixer(St Joseph, MI, USA)E A}&5}o]
g8t 23 WP F speed 20014 183 Esta A~afF 3 F vpxgow
O 185t A¥S A=

speed 1¢]] /\1
speed 4914 183+ &<



(%) Control 3% oleogel 6% oleogel

White sugar 252
Baking powder 4.2
Non—fat dry milk 12.6
Shortening 126
3% Candelilla wax oleogel 126
6% Candelilla wax oleogel 126

# 32, 71 29 Alx e

- obg] oA HolF= nie) o] A E AY-S ol &3t FIE AlxE. WA AHI 259
solutions &387]ol il speed 394 33t 4ol &, soft wheat flourE %3l speed 2014

287 HolFol 7] WES FHAL, o F B WES T 1 et HEF A F 777
HE Agald A8 6 cm A8E A7, 1

(%) Control

Soft wheat flour 120g

Cream 112.8¢
0.95 M sodium bicarbonate solution 12g
1.52 M sodium chloride solution bg
Water 11g

3 33, F7] Az g

- FI] o] Yol IAAY AREFE] w=& Alo]A AFel= J’i‘é‘é—% Aste] S e As
283 Aol Hi@H|= o FolA HoAF o Aola ®

mixer(St Joseph, MI, USA)ZS o]&3t WA &AEYY Ae

250g T 60g= WA HolF F speed 2004 283 &3te)

A, Wol R kgt G rbEel & 190gS Ljoi% % spee

w1 £33 & 1 Eﬂ] HA71 fla 4%
2

<o wf mAAE FEFo] = *—E—” AAZ Exstert 22 JhEeiE wWel2E g 10%
candelilla wax oleogel, 10% carnauba wax oleogel, 10% beeswax oleogelS AF-83}o] A 23 o]
S Hiso] vl Ao]Ae| FIE FAHs Sy oA H8rMeAdE HrHsh
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(%) Control

Soft wheat flour 200g
Sugar 220g
Shortening 100g
Water 250g
Non—fat dry milk 24¢g
Salt 6g
Baking powder 12g
Egg white powder 18g

3t 34. Aol Az wigh]

- £ AL F83 HolAT AAF AX
A Z¥ Control, 3% oleogel, 6% oleogel F-7]+= o}dl] L¥HoA HoF= vle) o] Sy oAdS
&3 £EY oA ko] ISR F7)o] HAdo] Eal Eolvb Yol AE ERIE o

]
[}
g 542 BAst A AACC(10-52) WS Ab&ete] =olst A4S 5439

Control 3% oleogel 6% oleogel

a9 54 2ded F7) sy 9

T 4733 wolE 4% Ay, iz vle] A4S Tt Eole fAasteE S
stAs] Holw webA oleogel> EW I Hlaste] F7)o] HPA FAGA Q0 FFS vA = A
o2 ey, E3H candelilla wax®] o] moldG4E AlxH F719 HAHLS FUFstal Eol=



N

N,
b~
o
rlr
o,
%

o] #Z 5] candelilla wax ¢ F%=o] W& gk #zkg,

1 - 1.4
0 = Diameter

® Height

Diameter (cm)
Ca o

|

Shortening 3% oleogel 6% oleogel
% 55 =dl e F719] A A Eol

- 2 eAS F83le] A|ZE control, candelilla wax oleogel, carnauba wax oleogel, beeswax

oleogel 7ol=+= ot Lo HoJF ¢JS. Control® crust H#2 o] & &yode &
&3 Alolart ofFom =zl Fio] glo] wiitelR f|go] #E, wgk R dHARIES
B control 2 F=o] Holx Ax|wt S A 83k Ao|Fo A= 5

=
3L, 53] carnauba wax oleogels &-&3F Alol=olA 7 Ho] ¥AHE. 18]l beeswax oleogel
S 383 FAo]AoAE F7F BiFo] A HEX Haa © = a1

Control Candelilla cleogel Carnauba oleogel Bees olecgel

% 56, SH oA Aol 9F

_87_



Candelilla wax Carnauba wax

oleogel oleogel

Control Beeswax oleogel

Specific volume
2.08 1.61 1.57 1.45
(ml/g)

¥ 35 YA Aolael Ko

- Volscan Profiler(VSP600, Stable Micro System Ltd, Godalm-ing, UK)S A}&3le] #o]=9]
H] A4S =43} Controlo] A9 208 ml/ge & 71 =4 =AU SH, Beeswax oleogelS &
&35k Ao)Fo A 7 e S B, 2 AS o] &35to] A xS Alo]Ao A= Candelilla wax

oleogel s 483t Ao|Ao| A 71 =2 FI& 713 A& g2lgh

- AFE olele Alola W= BAS SAst] o] vlug. WA Specific gravity(H]e)d -5
QA wg AW WFHL olgate] 2 RHelA WE FAG Be) TAS viro] A
tgow W WEE =47 915k Bostwick WEAE olgatgon], =4 wyomi
100g H=5<5 30% &< SHUE T 1 ols AL E AT
Candelilla wax Carnauba wax
Control Beeswax oleogel
oleogel oleogel

Specific gravity 0.75 1.16 1.17 1.15
Bostwick di

oStWICE Teading 29 104 11.0 108

(cm)

F 36 =l AY w=e] T A=

=1

7 v}z 72 2 Controle] 29= 713
1S 8013t o] £y AdS o] g3 u

7

oA AlA|Fo] AA FEA et F
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o SHYLA I HolAY AFY AW = 4
- Soxhlet FEHE T SHAS /3 oA AF 2A £4
15.00
12.00 £
£ 900
)
@ G600
=
=
< 300
D_DG T T
Control 3% Oleogel 6% Oleogel
a9 57, LA 719 A
- Soxhlet WS Fdto] oA F7)9 =AuS 43 A% Control A5 A
7] kel oA Aol7k BANA F&. WA, £EYS AHEE wolAY AEF} oS &y
oA AT Wl 7] AFEL BE A FPANE Aol7} Qe Ao FA%
15.00
12.00 T
£ 9.00
=
s 6.00
=]
2
G 300
0.00 T T T
Control Bees Candelilla Carnauba

% 58 =l AY e =AY

N A, ol Aziel zol

A g

Soxhlet FEHE & Sdod Aol=zel ZAHS
Control?} Z# e Aol A& 7F] Fol& <l o]z} &

m& Hm

.

~- Gas chromatography & %3 X WAl 4 2 H£EY AFH9 vm

- 2EWYS 3, 6% candelilla wax d A2 A|ste] e F7)9] AHkak B4 93 Soxhlet
FEHS B3l fAE FE3 o]l= Gas chromatograph (Hewlett-Packard 6890, Agilent
Technologles, Palo Alto, CA, USA)Z &43le] At 48 xayg
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Cookies

(%) Canola oil
Shortening 3% oleogel 6% oleogel

C12:0 - 3.3 - -
C14:0 0.1 2.2 0.1 0.1
C16:0 45 41.9 44 45
C181 64.0 32.7 61.9 62.6
C18:2 20.0 13.3 20.0 19.3
C18:3 6.9 0.8 7.7 6.0
C20:0 0.6 0.4 0.6 0.6
C20:1 1.7 0.2 1.8 16
C22:0 0.3 0.1 0.3 0.4
C23:0 - 1.0 2.3
C24:0 0.2 0.1 0.2 0.2
Saturated fat 7.2 52.8 85 10.2
Unsaturated fat 92.8 47.2 91.5 89.8
Saturated/Unsaturated fat 0.08 112 0.09 0.11

#F 37 ZdUed F71e Ak =24
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o TULAS LY AF R AEF
- ¥ FdrtES A

- S oA solERFRo|ETE S o] AxH AEAL AW 2AAES HIRoE o TE4
FAE HeAR QAN M2 7 7 A3

==

- 53], 71 Al UM s=A A 60%E Rl SEedR giAlste]l EIANS S &=
FEEAS =Y¥at ol gl xanthan gumE B gste] %8 F 2L A5 Axst
AF s AEs gt F5A2 Bas SR

<2y = Ek> <2 dEISSMEAHO IS <ZE| = 8=t HDs

a9 59. ¥ 2 A¥ xanthan gume S35 83 dd7td59 =%
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[1AF-9 5] HolAY AFANA HEad U4 7tE &84 H7}

o £EY UIAE Y3 WolAY Bd 5
- HEIHFEY FA PHEE T dojAY 2d T

M= 7 g3 39 WHAACO)E EYi® HolAg Rd A8E Axd AXHES AEYS
Ay} WA Kitchen-Aid mixer(St Joseph, MI, USA)ollA] speed 602 13#3F 1@o2 E8F.
Tt AlTES speed 6914 A48 FolFoiA 3t EHE o] F UmA| UM dEE BT
Yold 3 speed 2914 30% 7F £Fst, S Yol F speed 2014 30% 7F &% & vpA
10 2 speed 69141 187 &3k o] & 70g W52 HA Eo Yol & ¥ 185T ovenoll 2887+
7tEste] 2 E e WAL AR S Ad2ollA] wEAA HE AlEs EAd3h

(%) Control
Wheat flour 200
Shortening 100

Sugar 130
Non—fat dry milk 16
Baking powder 4
Salt 1
Water 100
Whole egg 100

3£ 38 #A Az v

- 0% YA FES T HolAY AAF Ax

ol AFE v EFEE T S EUE REYS SYoAdR YAt HAS A x5
deAe Axs7] Y&l Gelatore] 74-$- Candelilla wax, Carrnauba wax, Beeswax 371 A4

A Lol S SRl XA FE Agsh Sy ede] A9 1xhd oA

H3k ke 10% BEE Aol WA IhdmdA 5y

>R F
e
N
i o

o T oo
N
= -

b

12 o go
2
e kN2

o o
K3

g

r=)
1o
2

o] & Gelator® 21 1087F &33 & AL2oA 1A 7HsQ wasta 4°C
AASE olgE A A|FH 2P LAEL 8] £EWS 100% tA|ste] of
vle} o] vjeldl & wH S A FFPL oo WE AEEFH EA]S A ZE H]

—
(o))
S
off

-

(T

N ofr

o
ol
o
=
S
[\
M

%

I
Mo R
2 =2
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(%) Control Candel.illa CarnaL-lba Bee.s
muffin muffin muffin
Wheat flour 200
Shortening 100
Graple seed oil 90 90 90
Candelilla 10
Carnauba wax 10
Beeswax 10
Sugar 130
Non-fat dry milk 16
Baking powder 4
Salt 1
Water 100
‘Whole egg 100

=
z23} ol A RoF= ukel 2], Control®] 49 ®d
Agk v S oA wyle] A Ao] uhA kg,

F 39 & mAe] Alx wighH|

Control

Candelilla muffin

Bees muffin

Carnauba muffin

a9 60. =ded WA
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Candelilla wax Carnauba was Beeswax
Control ) . .
muffin muffin muffin

Specific volume

1.87£0.04a 1.55+0.03b 1.53+0.02b 1.53+0.03b
(ml/g)

F 40 E9 A Mg o

- Volsacn Profiler(VSP600, Stable Micro System Ltd, Godalm-ing, UK) 7]7]& o]-&3}le] =

o] HlA AL =43 AF} Controle] 1.87 ml/geZ 714 =2 71S Hygom ¢ oAd v 2
L 153-155 ml/g9] #<S Hol=. Candelilla wax oleogelS &-83F Wuo] ¢ 0A W FojA]
b Be uAAS RAFAA, 350 LU BEH Mo A9 BAHoR feolF
QA Zpol 7}k giAl HEHE.
Candelilla wax Carnauba wax Beeswax
Control ) . .
muffin muffin muffin
Specific gravity 0.77£0.01b 1.05+0.00a 1.04+0.01a 1.00+£0.01a
¥ 41, YA w3 gk vF
AzE vY BFe] wEe AR A wFe wEe] FA} TRF FAS A F
o2 Uirold 243 Z4A o] Assl WMol Controle] /Mg e HF #e RUL L
AeAS o83 WHES S S UEhd F WEY HFo] EobdsF vme] Rulsh s
= A4S Ad AL Fed dAZ R Control WH] Oleogel s €83t me] g &3to) o
@ @7 x4l Qajel Hu AolE zeY Aow WeE AAR AT Ande 94
candelilla wax oleogel s AAste], £EY XS] A vl & & F42 54 H7IE A

EYS 10% candelilla wax oleogel & 0, 25, 50, 75, 100% (w/w) thA|sle] whE w3 b9
= Rheometer(AR1500ex, TA Instruments, USA)E o] &3lo] =43}t 53|, shear rate H3}
| W2 steady shear viscosity® =43 =4 2792 prober 40 mm parallel plateE A}F-&-3}F
1aL, shear rates= 0.17100(1/s) W92 AA st 25°ColA S49

2
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1000

w
© o AY,
o
> 100 -,
W
o
(]
w
s
= 10 1
L
M
o
(=N
<L

1 T T

0.1 1 10 100

Shear rate (1/s)
CControl < 25% oleogel 2. 50% Oleogel

75% Oleogel  * 100% Oloegel

719 61. Shear rate H3}o] W& 2 Hy w5 M

K n R2
Control 148.81+10.83a 0.30+0.02d 0.9817
25% Oleogel 114.81+1v2.67h 0.31+0.01d 0.9868
50% Oleogel 67.10+4.73c 0.36+0.01c 0.9935
75% Oleogel 30.39+1.06d 0.48+0.02b 0.9812
100% Oleogel 23.90+1.73d 0.53+0.01a 0.9945

¥ 42. Shear rate ¥3g}o] W& S oA Wy ¥=o] H

(e

. 1% 603} o] Shear rate(AHEE)7F F7Hge] whet BE WA wE ABNA AR st
Age 0. EF oA Fgo| BoldsE HE ol 2

Power law model?]ol] #&3to] HEE=A]4(flow consistency index)E YERHE K, F5 %%
T(flow behavior index)E YHEIW& ngE A= Kitol 49 SHlo Ao o] S7tdss 1
23R AL, n#te] A= R Stk A4S B K ndte] 4% Control® 25% oleogel<
A7bek w3l RESo A= o4 Aolrt oA gka. T AN AA Sz dHATE
SIS E™A B 098002 AaAA 7 vff =2 AL A

N
B>
o
=
=2
2
o
)

N
rr
=
©

o

AN

—



- HEse] VA 502N HAEAES AT olF i £LEYS 10% candelilla wax
oleogel= 0, 25 50, 75, 100% (w/w) WAl A|x3s F Rheometer(AR1500ex, TA
Instruments, USA)Z o] &3} frequency W3lol] wlebxs =AE =4 =102 prober 40 mm
cross hatched parallel plateE AF&-3F 31, frequency 0.1710(Hz) W olA &%= 25°CollA =4

3}
=

10000
AREEEEEESLY
o o EEEEEEEE?A&;%%%%%%%
S 1w Hoo00QQQRRRR
10
1 > T
> 10

1
Frequency (Hz)

OControl G’ ©25% Oleogel G' AS50% Oleogel G’
0O75% Oleogel G' #*100% Oleogel G'

19 62. Frequency W3to] w2 Z#od o w9 ¢

10000

1000 @@@@@gaaggggggggggg

AAAAA
0 P RRRRIRRR

G' (Pa)
o

10

1 L] L]
0.1 1 10
Frequency (Hz)

O Control G" ©25% Oleogel G" A S50% Oleogel G"
O75% Oleogel G" %100% Oleocgel G

19 63. Frequency W3le] wE 2 od oy dk=o] 7
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1.2

11 X
w X
. . w ¥ XX X X o T
08 KX K XX XK XXXX - = ~AHDY
En.sv,.‘f,{z““--;“lx'-"'
c A A ARAADAL
204 ""-‘3“‘5““‘535‘3&3&. BhasaaaaaERE0E
0.2 4
0 :
0.1 1 10
Frequency (Hz)
CControl ©25% Oleogel +50% Oleogel
75% Oleogel *100% Oleogel

19 64. Frequency W 3to] & ¢ oA WA w9 Tan(s)

- oA HolFE upel o] HEAdelA 'BA4ES o G, A4<& Yed+= G, 18
G"/G& Yel= Tan(®)E SA% X o=, wAe w59 4§ Frequency’t S71E+% G
TJr G'o] F7lste AFS e, G G0 7 Ao ko] s E fhaste A
S Hol Tan(§)9 A A4 o2 Frequency’} 0.5W7FA] = =
—rEib Z7tete AEFS Hom Control# 25% 2dloAS diA|eh val wh=o] Z§- xfo

HolA] ¢k
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A BNE T HERH EA Y 2 VSR AX FE 5% #AF Bt
- 2EYS 10% candelilla wax oleogeli 0, 25, 50, 75, 100% (w/w) thA|sle] HAS THE &

A5 4 cm® =o] 23 cm®E AE $ texture analyzerE 83} texture profile analysis

(TPA)2} Stress relaxation HHH o2 dAxE =A% WA TPAS ZA-$ A& bemet =] lem

9] ProbeE ©]&€3F] 300 mm/min £% 2 50% straing o] =43

Control 25% Oleogel 50% Oleogel  75% Oleogel 100% Oleogel

Hardness (N) 5.30£0.54c 5.460.76c 5.97+0.17c 10.41+0.24b 14.49+0.36a

Adhesiveness
(N ) 0.05x£0.01a 0.04+0.02a 0.07£0.01a 0.07£0.01a 0.05+£0.01a
-sec

Cohesiveness  0.60+0.01ab 0.60+0.02ab 0.61+0.01ab 0.58+0.02b 0.58+0.02ab
Gumminess (N)  3.46+0.20c 3.24%0.35¢c 3.39+0.08c 5.94+0.21b 8.38+0.14a

Springiness 0.72+0.00d 0.73+£0.01d 0.77£0.01c 0.80£0.00b 0.82+0.00a

E 43 TPA Z4wo] e £uod w7 83

- TPA WHo= FA 23 g4 o] =2 MIAYUTE Hardness(B=)7F =41 A
= Axrp #A2ZEAA 9 Controld 25%, 50% OleogelS tA|EH WA= Fo# <l 2jo]E B
o|A . olet & A¥+= Gumminess(H73)# Springiness(B8 )l = 2 A3FS HI.

o o

ek, Control#t 25% Zeleds ARt a2 gix] Be diold o2 Zol7} gl

2=

Q1.

A B(AE 4em, =°] 2.3cm)= 5cm Cylinder Probe(300
ol fAIsHEA 3 ge 43 I-AI7F Y=
&

)
rE

- Stress relaxation ¥l A
mm/min) 2 10% strain’} ¥ =% T2 % 90x
25 ¥ Force max, Force time, Stress relaxation, Relaxation time #< =43
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Force max (N)

Force—time (N)

Stress relaxation

Relaxation time

(%) (sec)
Control 6.56+0.26d 2.67+x0.12d 40.72+0.26¢ 72.49%2.45d
25% Oleogel 6.13x0.31e 2.52%0.12d 41.15+041c 78.26£4.01d
50% Oleogel 9.47+0.16¢ 4.03+0.06¢ 42.49+0.31b 95.98+4.00c
75% Oleogel 14.26+0.20b 6.27+0.06b 43.97+0.19a 117.47+2.45b
100% Oleogel 14.97+0.17a 6.66+0.07a 44.48+0.31a 127.43+6.82a
¥ 44. Stress relaxation W Ho| W2 e WPl HaH

- Stress relaxation Y 54 Ay}, &P Ao Ffo] @ IS
< 7F8FA AL, Stress relaxation?} Relaxation time # %3 S7lsl= 74
AwE TPA A=z A3et FAREE B3-S Holsw, sHARH ot 5748 kel tisiA Control#
25% oleogel= thAIZE wHAZLe {Fo]2Q] Afo]7} UWEIUA] oS B, SHAES AREst
25% SEY A Al glaAqe] A= FEFs ufg mu|siobal dE.

= Force max®} timezko]
S HoF o= HoA

rﬁ

- £2EWYS 10% candelilla wax oleogel® 0, 25, 50, 75, 100% (w/w) thA|ste] HAL A Fx £
ColorimeterE ©]-&ste] Mk gra SAT LS BEE Hoto] +2 gho] Zobda4= Y -7}
EoldaE of TS e axgke] A AN SA ghs oulsty +2 gho] moldaE A
Ao 74pzka, -&2 ghol Eoldas sAd Jtkw. mpAIH o R pxghS =@k stk S ofn|st
H o +2 o] moldaE =M -2 Fro]l y A s Tk ow|gh WA A%

)
Crust®} Crumb F-#-o] Aolste] 2 R8-S UA 742t Aegs SAT
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Control

25% Oleogel

50% Oleogel

10096 Oleogel

L* 54.27£1.29b 53.01+1.55b 5R.23+2.27a 57.94+1.66a
ax 12.77£0.52A 12.36+0.79A 8.27+1.82B -1.06+0.75C
b 36.50%1.75a 33.41+1.55b 34.65+1.92ab 29.70+1.93c
¥ 45. WA Crust F29] AMx=gk
A Crust o] A% 24 A3 3% Lagke] A5 ededs] FFo] B UASE F7)
S 4% mY. F Aol @ o] Mo] Yol A& nshe] Control?h 25% el oAz
A g WA A= FAQ ZfolE YERNA Z5. RHE a3 pxghe S| o Ao shEfo] &
Fe MAASE gasts AES B olE A Aol o ks A o,
Control 25% Oleogel 50% Oleogel 10096 Oleogel
L* 80.46+0.63a 81.33+0.31a 79.80+0.80b 73.15x0.71c
ax -7.88+0.16a -8.14+0.05b -8.10+0.05b -7.83+0.06a
b 25.31£0.54c¢ 26.51+0.35h 27.56+0.44a 27.29+0.56a
3 46, el A W3 Crumb 39 A=gk
A 9l Crumb P29 M= 443 B% Legke] A5 Crustsh Wil 2 gho] stolA: 7
Fg we. AP W ahe] A9 Sulede] Y W] M B wal Folt BAHA F
UA R prgre S QA Fteko] FUIEFE F71e A0 ®E Kol crumbiito] ©] =2 HE
AL g3 Me SAHAN AAA 22 Control?} 25% &AL gk My A Fo4Ql 2}
o]% molX Be AL T
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- 2EYS 10% candelilla wax oleogel® 0, 25, 50, 75, 100% (w/w) A3t WAL A=
sid 30 (MEeta s 2 sl @6, oJ14)S e s 98 FHEWHS o] &3}

7He A |rF FEoRs Ak WA, B gaA, dAER] AeEE Ak st

13o] 7HE |4 &¥d, 932 VM s E nEh

p

32 i

o o
B o oh

Control 25% oleogel 5096 oleogel 10096 oleogel
Crust color 6.89+0.32a 6.78+0.55a 6.22+0.81b 5.72+0.96¢c
Odor 5.83+1.04b 6.67+0.69a 5.39+1.14hc 5.06+0.64c
Taste 6.28+0.96a 6.28+0.89a 4.83+0.79b 4.11+1.13c
Texture 6.39+0.78a 6.06+0.94a 6.00+0.91a 4.33+1.08b
Overall appearance 6.17+0.92a 6.11+0.83a 5.33+0.97b 4.22+0.81c
%47, SEeA Mee] Bt

WA A A3 AAH R S g afo] =7}3k
A7t Golxl= Ads gl 3 g~ 549
2ZhE] %] kS Control#t 25% << A& WMo 7
T Zol7t S #eH7ME A FEAF wea
e A& F4 BHoNA Zol7t §l&S &g
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o A= 4 2 gdA2X EAS T FEAT T F2 ¥ Ut
A8 AbEAbste HAbsE o] AR Y AREER AAdE HikstEe] s vEhE
AstET e AFsAkste] ARE UElE A REA FA AFY A EE S48k diEAd B
% SHUE AFEHI 9l £EYS YAz 0, 25 50, 100%= At Az M-S Az
s T 60°Cel 7S Z2oA AASEAA 0, 3, 7Y st kI EIE SAHEY A T A=
Az aaE F3rreh JAkstETHE S46t7] 9El Soxhlet AW FEHOE AlxE wAA
g FEANL AFTALe] istEV SAHPoE ol 4T
2
o
@
£
@
=
g
[
D
b
o
o ﬂ T T 1
o 0 7 14
Storage time (days)
=o=Control =~25% oleogel =o=50% oleogel =o=100% oleogel
a9 65, AF7IZE] e oA e Avw
Storage time
Control 25% oleogel 50% oleogel 100% oleogel
(days)
0 13.50+1.41ab 15.57+2.93a 9.631£1.94b 9.11+0.98b
3 15.33+0.25ab 16.67+0.47a 11.94+0.62¢ 14.34+1.00b
7 14.18+0.25¢ 17.00£0.47b 17.17+1.17b 26.72+0.35a

348 A7 e Sded wae] Absfk Wst

b e SA AR AT oY TE ATt B
A4 2EYORZ AZFH Controld SdloAz Az
j

. AN 7L 2o A= controle] &ls] vk AR E B

a; ofFAaL, AA FAE AT =
A WA Az A Amrt 24 F7HE 2aEY A Fel St E Avn St A
UEbEA "R 25%¢F 50% A% A A7ZMAE AEY AR v Aeert 25 FvbsteE A9E
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o] texture profile analysis WHS EU®E =43t Load cell 5 kg2 AFE3F% L, cylinder
probe(A & 5 cm, %°] lem)E 60 mm/min®] %% 50% strain® = W& =43}

Control 25% oleogel 50% oleogel 100% oleocgel

29 66 WA Aol mhE 2eod v A s

Cohesiveness

Control 25% oleogel 50% oleogel 100% oleogel

a9 67 WA ARl mE gued me) S04 s
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Springiness

Control 25% oleogel  50% oleogel 100% oleogel

% 68 WA ATl w

il

2 mae] wey st

¢

m ]
1

%]
1

Chewiness (J)

Control 25% oleogel 50% oleogel 100% oleogel

M o day m 3 day w7 day

a9 69 W A7l mE ZEed mue] A3 Wt

- Hardness(7 &), Cohesiveness(-3-34d), Springness(¥34), Chewiness(F§4)S =A% 23}
e s UEhe ARAdAE A7 wep Frtshs jﬂ‘%o HOE]E‘ SHAITE &Y oA
o] 50% BE 7MA= LEY AR
HIA A o8 Qlste] =& Ax o] #FH. &

At HHlE HAFAAT AS7F dA5 Zol= dREH %?%. A3 ’“4 A5 A7)
o BE AEolA FIFskA A RE, = k) Hlal w2 ghs How,
Th100% =Ele A Alme] Ag- @A w e HolFo of g~ wj=%k o
= EO#%.

lo

sk
=

=2
=~

>

]

R
)
it} _111
[
T
Mo
)
>,
2
:(
N N,
gl_,
ol
oL
A
f!i
[a—
o
%
=
2

=

o]

Fol
A

T2 d o&i

T %
n
w2
_\-'g
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- FA85E 8% A= AR

c=El e ARE Al A FA el A 7IRIgE A 5
A EE A AR 9l AAHES &8st
o] o] LEA ot e} gAE o]
40ppm FE=Z AAHES o] AFEE HI AR Al &E
A 98 fEYoR tHE dEzTe fAZ vE A8
AFE 60°CollA 1497 Agste] 2ol & 7Aoo, 0d, 74, 14¢
HikstE7E SA4E A3 Soxhlet AW FEHOE HAgA FAE FE3HA
ArstE7F SAHAME ARE S

120.00
100.00
=]
=
S 8000
E
5 6000
o
>
S 4000 P
> -
o
o 2000 _____________———/L
oy _'_'___,_,_,—-—'—'_'_'__'__'__
0.00 _—
0 T 14
Storage time (days)
—a— Control 50% Oleogel (40ppm Sesamol) —=—100% Ol

7 70, AR mE AAbE H7F Sdl e vl e

Storage time

(days) Control 50% Oloegel (40ppm Sesamol) 100% Oil
0 2.65+1.44c¢ 4.91+0.96b 8.39+0.41a
7 4.56+0.47c 10.07+0.31b 24.09+0.14a
14 25.00+0.95d 36.25+1.52b 94.25+3.13a
3 49. A7 2 AAbE HUE SHed Wy Abge st
AAE EY A, fAReE ARE MW AR} Y e ARRBRS wol At I
Agd A Qe aEYom Axd vxz77F 7 @ et s Boli AAeS
Wb gded M| ARe 9 fAW e vy AR e 4P B AREE nelF
of, MRS FHF LULAL BE A A% F AUEE AANA IS 1D 5 At
IR
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[(A1FF] b8 37 2FY 3758 7%

o AE3-1EXS 2o A NZAZY in vivo ARIEAR A=
- &9 FA AT, 23 FA L AR AFHAF vA= 9T
- 7 Sprague-Dawley-Rats (4 5% / 100-110g #AZ4)= DBL Co., Ltd. Company (&% &
T TS o] &t Ad dAae H4d & dE9 H7F 2 AdA F3 (Association of
Assessment and Accreditation)el]l 9]3] 3 F AL, 23 Ao TES 12 A7 Bk AL (25
+ 1 C)ellA Ao AgA & ths, FANE Yol 3 7 (n = o= FA4. 2dxt Az )
& 544 A A oA <kdgt wax FEE 11#E. RaonBio (A7) &<1A 71&T)ol A i
Z, ZAWA (High fat diet; HFD, 12.25% £EY ), 424 oA (oleogel; OG, 6.15%
£EY + 612% JhEE + 1.16% beeswax $H) AR E AlZste] 271€93F 5438 SO
oF 30ge] A& dAsta Ad A7 5o ES AFEA AFsH, ATy AlRdAES Y
S48 Ao AP A AT 27 Aot Yoy, w59 4FHE dixatel vl A2
rat®] A Fo]l FoAH SR FolA 8F Fol= F94AP<0.01) ztelE HERH (29 70).

600.00
i =
o DX[AL HFD N
i e o] 2E EHX‘", 0G
g
1, ~CEerdes e
g
2
& 300.00
-
-
o
@ 200.00
=
S
0
@ 100.00
0.00
0 1 2 3 i 5 6 | |
WEEKS
a9 71 Ly o AT} Ao FFo nx=

ax Aol 2ok OG Lol HlEl Fodom BFaa(P<0.05 3E3). AlE F
= gl A WA o] 2245g0 2 thZ+(12.05g)2F OG(20.7g)ol w3 #2lshAl =
UERE-S(P<0.05). HFD A2 OG (2071 + 2.33) 2 tlZw (1205 + 1.02)7 ¥ gS wf
A (2245 + 340)°] 71 =3 (P<0.05 3% 50). 7+ THS A7 2o]lE HolA
Fe. AAF AFERW AP wog e A7 AdelA e 1 A H A 24 FEFo] o
stAl 7kt th(Alihaud &, 2008). ole1gh A¥= aA|¥2lo] AF 2 WAL 545 57t
slo] vk WAS =WAI A vk S79. Rosenquist et al. (2013)& W& =¥ %227 (VAT)
I mal AW 24 (SAT) A7 23, A 242 o tial Felor e As S7F 2 vt
o7 ojojxrtar el 3 hunger hormone¢! ghrelin & o A= mx|Hk2lo] FH oA =W
Sdlell 71els AN S537kebE F3es 3. 2012 W Imafidon®t Okunrobo= HFD ¢ #
7F oAl Aesrte EAvka wast olegr g Wste viRk U &¥e] Ayt

25 9. 4 AFANAE Aol A hETuT FolH0

o o
)

o

i

BN

m\m
S.:
1{
lo
fru
b
=
)
o,
i)
il

- 106 -



2 52 A5S YEPH(Woods et al; 2003). T3 HFD 189 FHEL v|9ty) fEo] <l&ad A
P T Fex= Yehdds. webd 2 dAFeA EIANS AEA XSS ?:Lvor??}
oleogel® T A3le] Hwto &S Ao] L oleogeld] A7) TA e TS FAIHOR

AFE Bart 94 Ao ARE.

Treatments Dietary intake Visceral fat Liver tissue
(g/day) (g) (g)

o= 23.91£0.90a 12.05+1.02¢ 12.36+2.16a

I A WA HED 22.13+1.69b 22.45+3.40a 14.02+2.31a

g e A, OG 23.18+1.63a 20.71+£2.33b 13.69+1.34a

¥ 50. A}&24F % (Dietary intake), &7 A" (visceral fat) 2 7+ =% T4

o SHA JFAE FH9 HAEFTEY AHAEA, @I dAER 2 AxFA W 4
- SHA Fo7F €Y dAF EF 2 AHRF U AF FAH e T

Rate] @9, @4(F a8 @ TC E 24 = @ TG, 1= w9z @ DL, AH
T Aw ZezHE : LDL, w19 AUE v VLDL)S BAs, 7 248 10 % T2
4 §HoA 1A F dWHS H & E Ao m A5t Sdfole A atdls. dAE AdH
4 (Motic® Model : BA210 &v|7d, vl=hHez e R AW FHGEES dFsta oA =
ImageJ(NIH, US) Z213-& o] §3to] #4395 FZddHE2
ggelA freldez A YERG(E 51). OG 1w HDL Z#~H & FolA HDLS tlz+
of Hlal =A YENES(P<0.05). LDL¥ Triglyceride(TG)> txTolA 7} yeka
(64.8mg/dL), OG Lw°lAl 766, A2 A 7Fd =& 112.6mg/dLE  YESES(P<0.05).
Triglycerides™ 79 b R A Mol 7 =, TG #lo] oW Xt o] &4
g5 a1, o= ulAl el & tiA oz o]ojAS4 gl&(Madsen et al, 2005). AF A7)zt
g %]+ 11400 + 539 T 183.00 = 20.14 mg / AL ®¥¢ A3, FHoA AlEE 59 3 A 4
T Fo 2wzt 9 72 FoF AolE UEUAS(p <0.05). OG & AlF mpAEE Hof
fxzardt B3 59 $£5S B9oy HFD o2 fo2os =4 ved(p <0.05). o=
ax Aol Qled g ARV ofYgt XL tiAlE WE] @ lthe AES UERL
Munkong et al. (2016) % Cui et al (2015)9] A7 HFD do Ado 1 H oo Lo} f-AF3H
s e, & 5 AAE 3 FHENA TC, TG 2 LDL7} #HAsdaL, o= &A
of 3 Ay A ﬂ%‘%J #er?i% (Munkong et al., 2016). Issara and Rawdkuen (2016)
of waw, Lﬁoﬂ/q 25 09o BygAuae] THFo uIyPAHES UE= 8O
ot Ao ® 4 f(Friedman, 2013). OG1w°l *3E 7hsdhrel= W7 39 6 (B &
zsl Aih¥Egt ofyel g2 AESH &4 33tE (Roiaini et al., 2015)° SH3tA =A1E.
wheba i AT A OGA ol A olF A& 33 Edo] Fo o EAS sRHo=
SIAI = S AAME OG Aol tigt AAIE stgE A S oW g b djgh
7F A7 dodR o= Alm 4.

==

o% OFEV

AN R

an)
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Control IAWA HFD Sd2d A, OG

TC (mg/dL) 46.00+8.69b 75.40+13.18a 73.80+5.85a
HDL (mg/dL) 36.60+6.27c 57.60+5.61b 63.40+8.76a
LDL (mg/dL) 7.00+£1.58b 11.80+3.27a 13.20+4.55a
TG (mg/dL) 64.80+5.43¢ 112.60+10.42a 76.60+12.46b
VLDL (mg/dL) 18.40+8.62a 12.80+2.17b 15.20+2.68ab
Hepatic enzymes

AST 23.00+9.49¢ 118.00+8.39a &7.00+£13.93b
ALT 33.00+2.32b 178.20+0.89a 144.80+2.93ab
ALP 23.40+16.87b 137.40+14.86a 100.80+22.01ab
Glucose level

Initial day 114.20+11.03aC 116.80+6.53aB 114.00+5.39aB
Week 1 159.00£24.30aB 163.40£13.89aAB  161.00£22.89aA
Week 4 171.00£10.02bA  188.00+20.14aA 183.00£13.08aA
Week 8 159.40+8.44hB 178.80£13.20aA 159.00+£7.58bAB

F 51 AR E44A

-+ 719 regular index (AST, ALT % ALP+= ZHZb 0-35, 0-48 % 30-120 U / Le] H<elo 3l
ojof g7} wow Z7Fold i o dF T HAsle] AZtE AS 2 v E(Nyblom
et al, 2006). & AFelA a9 1t FX & regular index 7]l 9A YERE. HFD 1&
o] AST, ALT ¥ ALP(Z}Z} 118.00 + 839, 17820 + 0.89 % 13740 + 14.86)°] ®]3f OG L&
2 fFoldow vre 7hexE yed (7 87.00 £ 1393, 144.80 + 293 % 100.80 £ 22.01) (p
<0.05). Edem and Akpanabiatu, (2006) 7oA #HF w4 H5-X(ALP, ALT) = &9 43
AAE B 3IH mIY oA YF9 AFHE ALT FA9 718 & (Imafidon® Okunrobo,
2012). dubd oz ASTSF ALT A= 3HEAdolgls AHdM = AdsteAnt b &4 £+
EA A F235] F7HE B AFoME OG Fol® s o]y e FXEo] 1A Ao H]

= gds 34 T F
Ao o= AR PR ofyel A giAb A oA 2% 985 gH(Palmquist
A AwAe A7e B¥Es} AR =A JeEbd (g 71;
b A A o] kA A7) e} BEAF L dA
F2 g9 =3 Al2" (Sanders and Griffin, 2016)S %3l
& 2o AW 4 L AL Fo 9H < 1 E A 2F 4
A A 22 Ao 3 A d o] o] b o] FojR | o
2l of walitt |, B A= OG g9l X #yk ojye 3t
2 A o : &3 S-S yERE. Kim and Jang (2014)3 Camp et al. (2002)
A TG 23S A A FAAH(PPARy, Aab 4 &4 @ FASN, AW oz
stolA] : LPL , Carnitine palmitoyltransferase I : CPT-1)¢] @&} A#Ao] 9l &S ursl,
Oleogel(Z}=et )< ol &3 b2 Hdd ATl AAAAE 2 A4S dAT 5 A&
B3t &5 Sdedzn Augiabet A vofst EAAESHY WAYSY A 3d
R oA Yg Aol Do AR AgH.
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Average size (um)
8
8

=+ . =22 4, 06

cHIRHFE m9A RAgA SH A JHFAEFY | -tA A S AW 239 79

- ARz, AdgA 28 59 ARV A B4 dig ERAAETH 71d 79
TZY2HETgdHF ¥4 =  real-time PCRE ©o]&3lyd AgEAAIAA FHAAQ
paraoxonases®} receptor activator of nuclear factor (NF)-{kappa}B ligand (RANKL)

TE E4

71 Sprague-Dawley-Rats (SD rats, 4 5% / 100-110g 5 ¥ <)} Obese Zucker rat (6 5
2/ 150-160g BW)S o]&3dte] e F&5 #Age #HrE 2 dA 3 (Association of
Assessment and Accreditation)] A& wel H3S AAE Rate 25 12 AlzF 5 747 12
A7E Zo AL (25 + 1 C)ll A AFS3sta, T4 E 4 -2 2 o] (Sprague Dawley rats n =
8, zucker rats n =3 )Oo. 2 o] s AX ZA Ayfe] wEt Algd oA HIF S
1H3AS. HEte B (HWET), Beeswax 12.2%(Beeswax), LAW2] (12.2% beef tallow;
BT), 24 2 A (beef tallow 6.12 %, =2t F 6.12 %, beeswax 1.16 %; OG)E Y. AlE+= &)
T 30g¥ FFHUL BS AFFol. AFH AIRAAES WY A3 Zucker ratsS 2 1EF O
2 o] 747 aXHABT Y Sd2LA0OAEE w93 T34 AFTs S45ta Q)
P ]

o 1, y H 1l gl
d A b BA 9 A 2AZ]e 10 % xEdY gAow mAse] %2 WHyd 4 2
S AAE AlFS7he BT 2504 7 =9 (2™ 72; P<0.05). BT (435.63 + 28.92)<}
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600.00

sl Control -l Bopgwan &
- GT — (3 "
500.00
s BT (Mutant rat) ««-8=+«0G (Mutant rat)
"E 400.00
5
£
B 300.00
-
o
S 200.00
100.00
0.00
1 7 14 21 28 35 42 48 G0
Days

a9 78 YUl eAFort Al ATl mA= 9

- 2R 3 A FAE Aol YERUA] 25(3E 52). BT OG (2144 + 1189} 22.38 +
085> BW<eF Wz (77 2463 + 2279F 2391 + 090)3} vHluwadS u A5 HFH o] /9
SHAl k2 (P<0.05). Zucker 7159 A%, BT+ OG HtY} F93A4 w2 AT EHIovHp
<0.01), At= AH Foll= Zol7)F A

A FA= SD orat I AS tixz2(7.29g)A 7HE SEAl dE A,
Beeswax(9.86g), OG(11.35g), BT12.02g) o= FAHSYW, Zucker rat IFolA+=
BT(24.81g)ell Hlai OG Z1#(2141g)elA o4 o m vak3(P<0.050). YrbA o= AlF 7
o] F 291e AWME W) AW S+ 2 49 F7te] 239 Rosenquist 5 (2013)> W%
Ay 224 (VAT)H 98t A 224 (SAT)el| dis] AW F4 o] thAl Zejet d-dEol AT
Z7F 2 dRk AJEjel #AAJSES A A v l=dl, VAT7F SATRS 17k o 933 Ao
2 da4 ds. Ad=F A BMDE AW 249 Al 2279 (metabolic reprogramming)
Abole] A oA ATl A= VATS SATO F7k= BMI #3 49 23 #AE BAdS
(Alves et al, 2017). Heoll A2 A8 FoA] ¢ B AxAS gakgla, s A 34
W 2AEF T AP E e, 2 ATFAAE SD ratel oleogelE BT tiAet S
g AALGS aRFoR A E ARE A, FF oy giaAbE R g JEAE
A77F 28T Aow AlEH.
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SD rat’ Zucker rat’

category Control Beeswax BT oG BT oG

Dietary intake,g 23.91+090a 24.63+2.27a 21.44+1.18b  22.38+0.85b | 19.42+0.69a 20.37+0.90a
Liver,g 12.36+2.16a 12.69+2.33a 12.82+1.78a 12.24+1.03a | 12.35+2.16a 12.32+2.33a
Heart,g 1.50+0.15a  1.47+0.06a  1.48+0.11a 1.48+0.27a 1.29+0.15a  1.32+0.06a

Visceral fat,g 7.29£1.02b  8.96+297ab 12.02+3.82a 11.35+4.48ab | 24.81+3.31a 21.41+2.37b

%52 gElod ARAAT 2 24T

- SD rat 1FA FIFHZHZ(TO)H FT=gAgte]=(TG), VLDL F%+= thx7ol Hl&f BT
g Mg =A YERES(E 53; P<0.05). Beeswax w72 TC, HDL, LDL sX& thE
oF 94 Aozt UAAINE TGS VLDLS =4 YESS(P<0.05). OG A5 §9A] BT w9l
vl HDLe] F7Fetslal, TGS VLDL sX% folA o= vroldth(P<0.05). Zucker rat L&l
A% BT g9 &) =718 TC, TG, VLDL ¥%7} OG oA 7438 tHP<0.05). Hepatic
enzyme(ALP, ALT, AST) &4 dlxwolA @A YElsS. =2 AST, ALT, ALP 5%+ 3+
7159 HeE Htgsts FoR o T2 A5RESAlAl 71Q1E(Nyblom et al., 2006; Edem and
Akpanabiatu, 2006). BTL&A 714 =4 Ued AST 55 0G 2FddA+= Fodo=
‘471] Uetd 5. @9 FA = Zucker rat®] BT Az FelA 7 =4 Ueygon, o] FX+=
G g TNAME FoH oz A Ve (P<0.05).
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SD rat Zucker rat
Item Control Beeswax BT oG BT oG
Serum lipid profiles
TC 46.00£8.69c  52.00£4.85b  66.60+5.03a  63.40+9.50a | 122.83+8.69a 113.00+4.85b
HDL 36.60+6.27c  38.40+2.61c 47.60+6.99b  49.00£6.28a | 101.33+8.48b 104.00+0.41a
LDL 7.00£1.58b 8.60£1.52b 10.00£2.83a  12.20+3.07a 9.33+0.33b 10.50+0.29a
TG 64.80£10.43c 91.60+13.86b 113.60+22.28 62.80+13.22¢c | 214.33£40.41 165.33+22.75
a a b
VLDL 18.40£8.62b  22.60+4.83a  22.80£4.09a 12.60£2.70c | 43.00£7.97a  33.00+4.58b
Hepatic enzymes activity
ALP 118.00£33.23 185.00£39.92 122.20+26.72 117.20+18.34 | 104.67+10.09 90.00+2.78b
b a b b a
ALT 23.00£2.00b 60.80+31.22a 29.20£4.15b  25.40+4.39b | 238.67£10.60 86.50+5.62b
a
AST 87.00£18.76b 95.25+19.35a 122.20£30.79 99.40+22.63a | 176.75£9.19a 145.83+1.67b
b a b
Serum glucose level
Week 0 114.20+11.03 104.80+8.41a 107.00£8.43a 110.60£5.32a | 128.00£3.00b 138.33+8.96a
aC C B B
Week 1 159.00+£24.30 163.20£15.61 176.20£20.08 165.80+22.15 | 191.33+21.18 159.67+5.81b
bB abAB aA abA a
Week 4 190.00+£10.02 181.40+16.38 172.40+10.16 175.80+11.34 | 178.67+24.45 142.33+3.52b
aA abA bA bA a
Week 8 | 159.40+844a 152.00+6.80b 151.60+11.15 151.20+7.46b | 177.00420.05 147.00+4.35h
B B bAB AB a
¥ 53 2o ol gme] "ol 9 N R4S
22 Eefol=o] tixatel| Hls] BT wolAl 5438 S71& 9121% olgfst FT7t= OG w4

+ 6.76 um)e} vl L

45 %=

Ge(18 73A). Zucker mutant ratol A% EU 3
A

= o

J

2710 %), BW(20%),
(2017)3} Batista & (2018)9] AF-AA %=

kel

R4

lr_O
e 2 W

A A7) (13013 +
OG(25%) Hu =7
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3514 ymE HH a1,
UEFES-(p <0.05). Wongchitrat
F71A Q1 IAY Fo] FHAA AW S

P dlid o g BTIZFNA 713
daFAE Bels. BT 2w 0G (107.31 + 1.44 pym), BW (95.70
A 9w

A o)



RS 0G 1 AFEAMB M BTG e A

BT (Mutant rat)

a9 74. 7HA)F AFB) 22 2] H&E image.

- AR #E FAX $E vw 74

SD ratell Al tiztoll Bla) BT #glitolA PPAR, FASNS o] fo2o g A veldtS
(19 74). 3 SREBP-1c= OG9} beeswaxell H]3] BTH Tl A folstA #4sd+s. LPL
FAAE BT %A 7 @A vebd. CPT-12 beeswax wollA 7H¢ =A el
(P<0.05). Zucker rat®] 749 BT 1w vluste] OG 194 PPAR, SREBP, FASN %1 %}9]
w3 o] v yebyta, CPT-1 A4 YEFEH(P<0.05).
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Relative mRNA expression
(fold change)
o B = K
| -
| -
= I
: I -
1.
: - —
Hrelative mRNA expression
(feld change)
s B ow B &
=
= I
: I
g =
¢ 1 .
SI—I

[

-

te
v

Relative mANA expression
(fold change)
: ; L
- &
= -
s I -
Relative mRNA expression
(fold change)
PO AR < - =
- -

0.2

Control  Beeswax BT 06 Control Beeswax BT 06 BT oG
[eontral) [control)
Normal rat Mutant rat MNormal rat Mutant rat

a5

-
-

b
| | I

L] . '
L1 o6

Control  Besswan

Relative mRNA expression
(fold change}
e e 4
W= A N W e on
£l B
e I

Normal rat Mutant rat

I 75 AN ANATARE fAx By 24 A

- AERARAA FAR TE Y

Munkong %(2016)2 1xW2o] FH e oAl otz Hls] eNOSe wao] 7FAidha
NF-kB¢} CD369] wrado] F7hstthal B a1sb9l e VEFGAE vascluar smooth muscle cell?] &
215 &3 sla, eNOS*‘E apoptosisE A aflsle] AFAHEE HIeE Jae gl HAow o4y
. SD rat 159 A% Beeswax Ag 7oA Ez BT o+ % OG Xt} vasogenic 4 A¢
e o] =9kS-(p 0. 05, ;191 75). Zucker rat TLEAE OG Foo 9 & eNOSe VEFGA #4
A o] fojH oz FUEFA S (P<0.05).
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BT oG
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i
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VEGFA

E
I |
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MNormal rat

b

~ - =]
{adurya proy)
uopssasdne L oaEeY

.FII m
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?.w

[aBumyz pray)
uossasdne gy YW sapeey
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[A2@F] A AEAA cocktail & S i HFY 554 ¢
o Aits}t Bl FAE ZEH I AALE T A AA Y s &

Headspace oxygen content (%)

Conjugated dienocic acid value (%)

22

18

14

10 —e—Canola oil

——CBWOS
—&— CBWE

ﬁ' T T

0 1 2 3
Oxidation time (day)

—&—Canola oil
——CBWOS
—— CBWS

0.0

(b)

0 1 2 3

Oxidation time (day)
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ke
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130

(c)
110 1
a a
a
o 90 7 a
o |
=
=
g 7
s
=
<
B, 50 4
30 —&—Canola o1l
——CBWOS
—&—CBWS
ID L] 1 ¥
0 1 2 3

Oxidation time (dav)

TR 77.100C e kst Aol A 395t AbsAZl FhE ek (Canola oil), AIAHES FH7FeEA] S
bk v= g2 284 2 A(CBWOS; canola based oleogel without sesamol), 40 ppm&] AAHES

A7Fe 29 A (CBWS; canola based oleogel with sesamol)2] headspace oxygen content (a),

[e)
=

conjugated dienoic acid (b), p-anisidine value (c).

- ksl AlZte] 3 A= FUHE wet MAMES HUehA] 22 & 229 headspace oxygen
content’7} AMAMES H7Me A9HT wold S ey diE2atd JhEeba et AAbES H7tet
A e YA Abol9] headspace oxygen contentoll &= A< zol7) §llow o= &
oA Az Fo 100 C EAg Fo A ezt @ el AdeA Aty o] ]
A gdeS gu wpvA R, 12k A4S EQl conjugated dienoic acid A #poll & A A}
2S5 H71E Sy Ade MAMES H7FSHA] %2 2@ LA H Y conjugated dienoic acid ko)

o

M7
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Canola oil' CBWOS CBWS
21.14+0.057

0 day . 21.05+0.05b 21.17+0.01a
Headspace 3 day  20.40+0.05a 19.31+1.10a 20.49+0.10a
oxygen content o qov  17.9240.23b 17.49:0.54b 20.26+0.06a
9 day  14.1840.48b 14.65:1.44b 19.99+0.23a

0 day  0.28+0.0la 0.24+0.0lb  N.D.*

CDA 3 day  0.3440.02a  0.17+0.03b N.D.

6 day  0.49+0.02a  0.46+0.03a N.D.

9 day  0.7320.02a  0.61£0.07b N.D.
0 day  8.80+0.46a 8.90+0.17a 10.40+1.48a
3 day  10.00+0.35a 8.10£0.52b  8.20+1.14b
p-AY 6 day  14.10:0.60a 13.20+1.04a  9.30+0.52b
9 day  23.30+1.14a 21.80+5.11a 11.30+1.21b

#* 54. 60TCe 4 Jﬂ =4
ek vz g2

= HE 5T

A 9d &t 2 A7l FhEEk-(Canola oil), MAFES #71ekA|
A(CBWOS; canola based oleogel without sesamol), 40 ppm&] AAHE

oF O
JE

7t %Eﬂ_?_@l(CBWS, canola based oleogel with sesamol)2] headspace oxygen content, con]ugated

dienoic acid, p-anisidine value.

e

A (CBWS)dlA =
% ebg e, AbEehRsh A
SOt AALE
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o2l g 7%

R84

728k

AlZko] 9 A= F7h3te] wel, Jbsebf AAl (Canola oil) @b AMAFES H7LEHA|
2 2A (CBWOS)2 headspace oxygen content’} 524 3]
frol A el W3y AEFHA XL
S HrbslA Fe &£¥ oA panisidine value:
S A7 UM AL FUEA &gke. o
A7b7F 60T A9 Sy oo e w& itst a3E e g

AN

[CL KR
=3

A7 ek &
2 p-anisidine value®l A]
= A F7F
&3l 40ppme] AlAbE



Headspace oxygen content (%a)

Conjugated dienoic acid walue (%4)

22

18 4

14 -

—&—Canola o1l
—< CBWOS % b
_4 CBWS b
10 ; .
0 6 12 18

[
L

Oxidation time (dav)

0.0

——Canola oil (b)
——CBWOS
—— CBWS

6 12 18
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70

—=—Canola o1l (c)
s | —<CBWOS 2
—— CBWS
o 50
=
=2
=
T..': 40
2
=
= 30
20 4
10 - .

0 6 12 18
Oxidation time (day)

a9 78 AR A oA 18U st AR Tk ek (Canola oil), AlAMHES H7FsHA] e
FhEeh v 2 g2 28 2 A (CBWOS; canola based oleogel without sesamol), 40 ppme] AAFES
2718k 29 2 A (CBWS; canola based oleogel with sesamol)©] headspace oxygen content (a),
conjugated dienoic acid (b), p-anisidine value (c).

- 18 o FoF xpe)A A A elE 3 A3}, headspace oxygen content’} A3 TAFtL BE MZA
conjugated dienoic acid®} p-anisidine valueZ7} 57}g AAMES H71e 2o de AAMES H76HA]
e Sy oAy nuste] 18 ¥ Fo FoH o2 2 headspace oxygen content®t conjugated dienoic
acid S 92, SHAT panisidine value?] A3 G4kste] Axtel= g2 18 & Fo] AAMES A
7VelA] e Yo Huh HUbs S oA Ayt FoHoRE =& S HAS
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o i3t B A FA 2EH 2 SH LA HT) beef tallowe] AFSIHAA <

—
o
i

e
L=

| —=—Beeftallow
—- BTWOS

—A— BTWS
ﬁ T T
0 1 2 3

Oxidation time (dav)

Headspace oxygen content (%)
=

—&—Beeftallow (b)
—==BTWO0OS
——BTWS

Conjugated dienoic acid walue (%)

0.0 ' .

Oxidation time (day)
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100

—e—Beeftallow (c)
——BTWOS
—&—BTWS .

p-Anisidine value

Oxidation time (day)

a9 79, 100Ce] Eatst 2604 3952t AStAIZl 9] (Beef tallow), AAHES H7FshA] &2
2P oA &3 A(BTWOS; beef tallow containing oleogel without sesamol), 40 ppm® AAMES
HA7pek S e &3t A (BTWS; beef tallow containing oleogel with sesamol)®] headspace oxygen

content (a), conjugated dienoic acid (b), p-anisidine value (c).

Vel

- Headspace oxygen contenti= 29 $HH AAMES #H7EsE o4 &3 X (BTWS), t

2790 A (Beef tallow), AAM=S H718HA] 2 sded &% 4 (BTWOS) ¢2=2 =

%2, olE 3 AL conjugated dienoic acid®} p-anisidine value®] ZAIolA = =,

Wzl A ZAA T AAMES HUbeA] @ Sdled &3 ARG 4bE)

o= A, ZHeAE AxT GA FAE Fol7] Ag EA-rt AA s S

7F&st o o= daE. AR, 40ppme] AAFES 3718 headspace oxygen content
2 2%}

s YR AYS BB FaAd + Yo AL FA,

B oot
oot &2
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Headspace oxygen content (%a)

Conjugated dienoic acid value (%)

1.0

=
Lh

0.0

—=—Beeftallow

—BTWOS b

——BTWS b
6 12 18

Oxidation time (day)

—e—Beeftallow
—=<BTW(OS
—&—BTWS

(b)

6 12
Oxidation time (day)
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100

—&—Beeftallow (c)
g5 { —<BTWOS
—4—BTWS

p-Anisidine value

10 . T

0 4] 12 18
Oxidation time (day)

a7 80. A FAF A 18U 5ot AFEAI 7l 9-A] (Beef tallow), AAMES H718HA] %& S o4
&3t 9% (BTWOS; beef tallow containing oleogel without sesamol), 40 ppm®] AAIES 3713l
Sy &3 A (BTWS; beef tallow containing oleogel with sesamol)2] headspace oxygen content

(a), conjugated dienoic acid (b), p-anisidine value (c).

- AARES TR S £ 91 (BTWS)+ A9 24 3 12 43 18 9 ¥l 71 headspace
oxygen contet, 7F S+ conjugated dienoic acid @@} 714 w2 p-anisidine valueE YERH. AAMES
A7bekA] e &doA % A (BTWOS)E Atsh ebgAd& dakst 2 ko) Af 7o what o
Zl A AAeF v gs o) Aolgt AyE UERL
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Headspace oxygen content (%)

Conjugated dienoic acid value (%)

4 &
(a)
14 ~ ! a
3 \'-:_":ébc
12+ _"x_léc
-8 Con ~#— Sesamol i\f\i\
10 { * 6T Wine =5 N\ b
450 —+PC gt
- 50
g T T
0 4 8 12
Oxidation time (day)
1.0
8- Con —4— Sesamol (b)
«— GT Wine
SC ——PC
a
ng {4 *S0O a |
ab b
-ﬂ} £ - "/?
o
ie
06 - d
i)
a ig/
tab -4
&
04 '_E‘
02 T T T
0 4 8 12

Oxidation time (day)
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p-Anisidine value

1% 8l 60Ce |its)

;1(:1[_7]]1]:]]_ 2~Q ==1

9k =8 F55(SC; aqueous extract of sesame cake),

perilla seed cake), #7]&

conjugated dienoic acid+
40 ppm®] AAFE 2

'C
o =
N

a0

80

70

60

Eral R

sesamol, 1000 ppme] =2} == (GT; green tea extract), <+<!

(c)
| a
b
l l . E_
ab s B
s ———cdl
1 A= d
s g-abi"
| f g b
/ ’
Ja a /”i'
b o )l
_%____._.——:____-_—ﬁ 2
=
iy
e =
4 -®—Con ~4— Sesamol
GT Wine
1 —=SC ——PC
-850
0 4 & 12
Oxidation time (day)
129-59F 2FsA 7] i Z279] obukA -(Con; flaxseed oil)9} 40 ppme]

54 A%xE(Wine; freeze-dried wine),

E7)uF 8 2ZE(PC; aqueous extract of

(SO; sesame seed oil)9] headspace oxygen content (a), conjugated dienoic

ol
h= ]/\1\: 2741. /\}ﬂ./@)ﬂ

9

acid (b), p-anisidine value (c).

VS
S
o}
o}
N B
1o
Jif
_>|*1_'4
e
rif
o
o
N
o

= Bl b,

o 1——§]—
A AZxEY stslso] 7 £9koH, p-anisidine value
[®)

[¢) &
TP %S AARES] S 40 ppme] RO EA AREEHI A T
e B APtk HelA 7t

- 126 -



G
¥
U=

wo=Z oA
t
o
B

S o o

IR

0

-85

80

(24) JueyI0d WRSAX0 2dedspeay

Oxidation time (h)

14

o o Mum/ﬂ_ﬁw_

. .

m\ -
= i “. L
Loz D RN
e oA o\

& w.
\ bﬁm -
g Lt 4 =
o K 4
[ ) E m /,
_ _... .p...
B = o2 M = =
—i — o] o) = o

(94) aupeA pioe JrouAp pajesnluo)

80

Oxidation time ()
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90

80
70 4
L 4
= 60
«
=
o 50 4
.=
= a
2 a2 a
= b ab
: b _eb—
=y g%t
30 T ¢
s —m*
e
20 -+
—8—Con —4— Sesamol
104 GT Wine
——8C ——PC
-850
0 T T T T
0 16 32 48 64 80

Ozxidation time (h)

a9 82, AR Z=AF 7oA QAIZHESE AtstAIZl dlFate] obukA f-(Con; flaxseed oil) <k 40 ppm<]
sesamol, 1000 ppm?] =2} FEE(GT; green tea extract), 2+l 524 1 ZE(Wine; freeze—dried wine),
ZAA8F 8 FZE(SC; aqueous extract of sesame cake), S8} & FZE(PC; aqueous extract of
perilla seed cake), %7]15(SO; sesame seed oil)e] headspace oxygen content (a), conjugated dienoic

acid (b), p-anisidine value (c).

+ Headspace oxygen content®] 74-%-, 1000 ppm<] 718 &
F 3. p-Anisidine= 1000 ppm®] A +8& FEE9] s = d

WYL W, ol [} 15% (w/w) H|ZYGARE THE g QAo A 2] FAF 2B A7 E4 w2
AbstElan, AbshEA A Zhzbe] skl AA ¥skshe e B )

A kske] Al A7 gropA an #itstEo] mEA AU W
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o Visualization® &3 417] W9 beeswax ¥¥ &9l

% 83 AN A S B8 e S Y v uE v
O R A3 $EA F9o FhEehiet 10% (w/w) HZGAR Al 23 2eds 93 &
FFan For gk AN WA Wy Ao BhEo] gAY lipidz, ¥ BudstA A G
d wFEo]l BEF Aol BSl a2oA gaE e Sy o] A ] WRE FYHUA §
A HAA Fal F& Ao R wiky

1% 84. Confocal laser scanning microscopy® 23t ¢4 F9 21719 Y o

- 2% 83 Aav]e] - Felel FhEebrel 10% (w/w) vz AE Axd

Confocal laser scanning microscopy @ &3k ALZIQ]. o} H& Haloz A
0

Aesh Be e ARz A A2 BT 5 9 17 29 ANAY Lo WA ¥
252 o wes ZowA oleld BE F4S wol o Bu,
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LEAF AL AEFOA TR ol AgH dofdleld welAY AFE L 1 A
=" (2016. 08. 53 E 10-2016-0100896)

Jim

= # £ T 20160808
= I A B AMEIE) BHUEE)
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£ 2 M E HMERAR SHAEES)
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(58155 - 17]
EEAF AL A5

0-1894067-0000)

Eol=

- o

CERTIFICATE OF PATENT

E H| 10-1894067 &
Patent Number

gz H| 10-2016-0100896 &
Application Number

s 20169 08% 08¢
Filing Date

58¢% 20184 08% 27¢
Registration Date

E%EE %%] Title of the Invention
EEMY WS ARSI E M ESHX|HAto| 80| KZHE Oflof[0] M Hlo|Ha| ME U 1 HEuhy
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1. ‘&Y oA slolezEZRolrrt E3tele] Az AEA AW AR gt BAAA )&

ol 13 (8 wiwkel)

B Al "TARY A AleA A9 ZAHE" 71e0] digh BAAA Al

FEAAHS  115003-3

Ak FEPAARE
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ALANE DEIIR A 7] 2 ek AT

AFIAY A TIFAE ABNLS A DAAYAAA A2H 242 MY R AEY

S b (F)A A AFE
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£ Y] 720,000,000 ¥ 76
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o
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- 132 -



<TPEE AE=>
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*]Hleol

7heE (2018)

2~H| o]

FUFAAFATML A AMASHEH AN
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L KTSFE=-4714 A4 178 (°]
2. KTSFE-474 A4 19 (]
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(2) A7 %
[SCI =]

=R g H] a1 3 HelA|

Exposed to Light Irradiation

2018. Effects of Hydrogen Donating or

Metal Chelating Antioxidants on the

Oxidative Stability of Organogels Made of =

Beeswax and Grapeseed Oil Exposed to SCI

Light Irradiation. Hong, S., Kim, M. ], IF = 2.018

Park, S., Lee, S., Lee, ]J., and Lee, J. J.

Food Sci., 83(4): 835-891.

2017. Assessing the effectiveness of

wax—based sunflower oil oleogels in cakes e

as a shortening replacer. Oh, 1., Amoah, SCI

C., Lim, J., Jeong, S., and Lee, S. IF = 2.329

LWT-Food Sci. Technol., 86:430-437.
i SRt e et s S e

2017.  Physicochemical properties and

oxidative stability of oleogels made of

carnauba wax with canola oil or beeswax ERa

with grapeseed oil. Yi, B., Kim, M. ]., SCIL

Lee, S. Y, and Lee, J. Food Sci. IF = 0.786

Biotechnol., 26(1):79-87. =¢]. SCL (IF =
0.786)
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2017. Effect of shortening replacement

with oleogels on the rheological and

Raszarch Article

Effect of shortening replacement with oleogels
on the rheological and graphi
characteristics of aerated baked goods

Juongtaek Lim,* Sungmin feang,” JacHwan Lew,"” Sungloven Park*
Jonggil Lee® and Suyong Lee™

......

tomographic characteristics of aerated jcgll
baked goods. Lim, J., Jeong, S., Lee, ], IF = 2460
Park, S, Lee, J., and Lee, S. J. Sci. Food

Agric., 97(11):3727-3732.

2017. Carcass and Meat Characteristics g ks
and Gene Expression in Intramuscular

Adipose Tissue of Korean Native Cattle )
Fed Finishing Diets Supplemented with jCI
5% Palm Oil. Park, S., Yan, Z., Choi, C.,, IF = 1033
Kim, K., Lee, H., Oh, Y., and Choi, S.

Korean J. Food Sci. Anim. Resour,
37(2):168-174.

2016. Effects of full-fat soybean diet on

performance, carcass characteristics, and e
fatty acid composition of Hanwoo steers. SCI
Kim, S., Lee, J., and Park, S. Turk. J. IF = 0.352

Vet. Anim. Sci., 40(4):451-458.
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2018. Addition of sesamol increases the
oxidative stability of beeswax organogels
and beef tallow matrix under UV light = 9]
irradiation and thermal oxidation. Hong, SCI
S, Jo, S., Kim, M. J., Park, S., Lee, S.,
Lee, J., and Lee, J. J. Food Sci.

[HSCL =]

2018, BlAx BA7= ggd = &

1 |34 Wye A3 Hvu RS

22(4):381-385

2018. Ml 2o Ag ool H| =7} A
g B

2 | WAL Bt B3 L B fAA B 47+ %)
I

1. Effect of wax-fatty acid complex on adipogenesis of 3T3-L1 cells. 2018. European
Federation of Animal Science. Dubrovnik. Croatia.
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