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Tablel. 8 298 %% 5& 2 42 24

79
i=]
T EXREsT) SA%A PR
8% 19.25 20.50 34.90
C12 0.374 0.05 S
Cl4 1 0.652 0.709
Cl6 21511 21.953 20.43
C18 4.664 4.861 4.685
Z A A 27549 27516 25.824
A 4k Cl18:1 50.343 48578 49.142
Y C18:2 12.416 14.619 15.818
C18:3 1.281 0.706 0.739
B3 A A 64.04 63.903 65.699
tC18:1 0.368 0.314 0.375
tC18:2 0.192 EAZ RS
E el A A A 0.56 0.314 0.375
7Ie FF T2 cga7>egwA>eYE co®2 YEiygoen, By uike] vl &
2> g A> N FA o vehgth FEHT Qo] AR AAY FAWS 13
A3 Fgo] ¥A Ve B RE 09s0e F AR AgsE Aoz Agsdth o
2719l AFoE E9F FAHA FPrte] = fAE Zolo ulgl o] E ol X Hlo] Hrol
zgslo] g of RS &3 EFol T JUS WAL 242 4§ Ao BUF
oo wd TN 9 AxE 3PS AU ARG e@aAW FRY 5 A= A
TS AATAT
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Tl el ealf ARR FEe EA Fe v e s el &8l & Helth I
T, H, 4 SelMe L2l AN A AlEEAL e AEES v S1E ¢ ddtlen, &
grE 283 a7 gAY $= FAS F UM 2 AT 542 A4, =4, AFe] 2
T AolHe Fdstar, VA FEAAA euwe AELE FFE Fdstua o 3
S =9 Al EAsk= FAbE(skin)g &3 eEF A Al 7IE AvE I A= AlE
& A sk, BHAlE AAsta, Aol i3 7x ARE FHskes © v

2. s 2 Wy
7H AdAR
Ao AbgHE FA(ZFx) AFS Tl FEAFS Fuiste] AFESHTE Rendered
Duck fat, Fatwork, Dcuk fat(Z®2) #A|Fe] S L2 Alo]EE Fdle] Fulstd o,
FA (D), Duck fat(Z7tol®) AFS A5 BAFAF A74 7EiiEd sAt=7F 1F
ol A W mtE] dAw T AFH TE AGolA AR FA AES A7 Fals . A
>

=
M 24 HRE 9% 97, B4, AX 5 @A

o

AgEelaad Astel ve BuHAdoR FAHA
Hgste] Fepaa e FEAHE Bk thel S 10~50 meol AYse AAZ AW
A gol W ARFelae] 4 Ba Al BE0 HowWA BuMAoR FRANA A
Ak AA Aol ) Fe AR Arbsh ©
e 1000%6)& Fae] Asact.
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lo
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l
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juhi)
i
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2) A7t

AA 5~10 g& A™E3] o} mpGd iAEesAd i A4 oEE - oHEZE Y
(1:2) 100 mLE Yo %2t} o5 dEXadygAds A Fo g slo] gl A0 30x7t
A& w72 01 N oghSAdsitst g g o A4t HAld digk 0.IN oeesd F4F
StZFE A v oA FA (e, A EZEH(1:2) 100mDell gk 0.IN o &&4d FAks)
ZaEg o Angs wE oS 0N ol&-&4 FASAFE& A Artet 5611 @S waked &
ok sl we dAY] AHAFR U vhE 100(%)= wake] AlLbsiot

3) HA3E 7}

HA o 1~5 g& o} 24 FEEZEE(3:2) 25 mLoll s oFt 7p23dte] Hola
£ W v 238 AFEN 1 mLE 7HEA £E50 A& ts o T 3ol 1083 W
28kal = 30 mLE 7hste] AlAl E50] 42 the AEAIY 1 mLE AAIFS=R dto] 0.01 N
B3 ERA R HYgsitt m2 FAFS to] HASL 001 N HLFMUEFN ] A
AemL)oll A FA oA 2 001 N EoiUERN] A HFH(mL)S A2 & N E gt
UYEFA] A7tE et ofF gAY AMFHAFORE e the 100(%)S wate] ALtgit.
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3. 2% 9 1%

se) wol AFS Foistel BAsa H eeslg 4ES 74 44 @ g
1 = AR T on, e A% 4% A,

Fokdot. FAol A AFe] B U FEEHE
v s s S AEH e s e e

=) = . AFE HAZ BELIFAAS
Zol shfsta dAon, Al Goose's grease Hl=r AFS ALstais T+ AFE EF 47t
30% & TFadth Tl 7Y FHHE AEd FANMEZH ) B9 Ve S fA F
PO = A7F 30 olst rAS F=Fdte e At AAL A eEF AR FHAE
A FEE FAs A o w2 FE FEE 28ste], 8 1.0% olsh, At 3.0% olsk
o AS AAdEAT 8w A <y A s 2R UE FE A A4 ARl
(A, 24, AA) & L 545 #ddstu ogfo HE/7eF 5 Fasd). B
7153 Hlaskd EFstA Aol Wol FHy o] glo] Apdstd AlF 54 7HE F ds A
Sow ddd. Y 2ARE EQE ] AFT T A4 Il FEEHL o A&/ FE/H
s AR7F AV S Ao TR AFES oW Ao Bl AlFoR HdAgsiith

CRAE | Duck fat Goose's grease Duck fat
(=) (=) (=3) (&7}ol5)
p— q y "H'
& | . A
i Duc
T | |
op— e L ¢ [
CR=r TN ]
]
| - "'Il-—"
Figured. /W& A& L8 A=
Eerdersd FO0% 3
27 E ik Fatworks Duck:- far Duck fat
= kA e Ducl: fat (1= (B Ereaze Pe——
P gl i — —_ i
’ = [a]=) ! B
LEYH AL 0.TE 1.3Z =.BE g8z o9 +.04 087
= 3.28 & 523 BET =8 4.4l 382
S §21.55ppem 18951 1ppm 4857 4lppm S .Sppm T A4E Sappm 1018 Nprn 2508 3ppm
WZos £3F 2355 aE 2EF 23F £3F 23
C.periringsns 10o)9 100] 2 Looj=t 100]gF Rl L loo)ge 10a] 5
NUELT 3T lotjgt 1ot loa]gt 1onjgk 190|gk 1gojgk 150] 8k
mUs lgalsk 1o g loojgd 10o|gk 1 0o}t loo|gk 100 g
FLLE R loujer =0 500000 1go) st io i0o|=k ] by

Figureb. =/U¢ A% Q8 F dHAE/TAE £4



Rendesrad = Goos 2

E Bl ' Eal | fack Fatwork Duck: fat A= Ducl: fat
o S E Bt al2) [8]=) 28 B:E-:au =T =)

12 o029 D44 0028 037 002 0043 oos2

cis 0525 O3dE 0505 0521 0. 58 2338 872

cCle 24 53 20755 20673 22741 23979 21,104 23563

C1B 7123 5347 5.167 b6.522 T 6.0 BaBa
ERtiys N 32307 26492 26.373 2980 32.342 27.525 30809
CiEn 51.14 54361 SGES 481056 47809 45822 45244
Cig2 11108 12269 14223 14785 12918 19893 12836
Ci63 0575 0a72 0.roT oTe 0614 1165 oais
EESTGY N 82921 &BT.502 &55.819 63602 61.339 6T.68 51.994
18 - 3233 3.325_ G.'-!SE I:IEEE -:I.'-_‘{ri 8265

—__ w2 ’ ELE S E ECE EcE EoE E=g

EaAXYM B [} 0235 0325 0.237 0.233 0202 0265
Figure6. /W< A& 237 XA 24 &4
Table3. 958 F 7/ W& AW =4 vu

|=1Ke)

i aad
o8 ~7l A =A] A A
TE(%) 34.90 63.20 21.60 14.95
C12 EAE 0.162 0.118 245
Cl4 0.709 4.705 0.42 0.824
Cl6 20.43 26.631 25.124 22.782
C18 4.685 7.23 11.102 5.602
. SR A 25.824 38.728 36.764 29.208
A gl C18:1 49.142 43.019 42.042 44.047
=4 C18:2 15.818 1.914 13.125 13.984
C18:3 0.739 0.118 0.611 0.784
EXSHA A A 65.699 45.051 55.778 58.815
tC18:1 0.375 EAE 0.412 0.315
tC18:2 1= 0.04 1= 24&
E WA A 0.375 0.04 0.412 0.315

4, 2&

2 A= /U AlE L8[ 2AE BE AFY F234 249 vt HA5S A3 AL
e G8E7 =2 o, dE fYH 52 AlFAEHE AFY TRE Yt en, A% v
G =X FE o Flo] HAY. A, =X, AA Teol vl B FrF EXxsA A g
ZFo] ol Qo= AR AMoR Q¥ So guo] thekdt AE3) g85a Jd=
A gelgd 4= Q) obg o] &8 ngd FFoR ASFE T e AFE A
o2 4 2y =Eshe Fo] a&8Xo=E o dEr.
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Zu A4 ves 25 mLE U AAZeaTd FHsle] vg] 2o Aldog FUH7bA
qAsEe] Zetaa obS FFAEH R 3k thgol] =& 10~50 mgol sFsts AAE AEs
Al ol whey] AP EFoAe] 74 ¥ AA E50] HoWA 7‘4*% *H* 2 TLHNA
HNA3 A AR AnjwE Zu| A Ao kS /\]g,] A7le} F3k 3 AA gdow UE

o 100(%)& 3t ALk

3) A7t

HAA 5~10 g= AE3] "ol mpigd AHAEdta=dd Y FA9 oEE - o HEEY
(1:2) 100 mLE ol Itk o]& sz A ds AA|ekom sto] & FAo] 307t
A& H7bx 01 N ogSdseatstdgg oz A, FAo ek 0N de&4d F4t
shZ-FEE A v ol FAF (TS, dE =41 2) 00mboll 3k 0.IN o 24 $=4k3}
ZFE& Aol AnFE W oy 0N &4 FAstAFEE A 979 5611 #s woto +
oA whs AAY AAFSE Ui o 100(%)S wske] AlAkgkth

4) FAEHE 7}

AR oF 1~5 g& Wol 24- FREYE(3:2) 25 mLol B oz shstol lcom
& wo v o= AFEY 1 mLE 7PEA £5° A& ds o T 3ol 1087 W
At & 30 mLE 7Fste] AlA &5 42 vt AEAY 1 mLE AAFe= 3t 001 N
oA EFH o R AAFgrt BE FAPS st BAGT 001 N HFAEFH ] 4
Armb)ol A FAEAAe 001 N HFAHEFHY] L mL)S AYe & N Bt
UYEFAS A7tE wath olF HAY AALFLE i tha 100(%) s wate] AlLbgtt

5) Wxy A

TALYAEFA T HxIdS YRETELR 3-HEEFHENS AESte] NN-tHE
Egolutol -9 )Y Ao r FE3 & A 7}Eﬁlxl(soh phase cartridge)= 7 Al &}
of A AmntEIRZ/FFAE7|E AT

6) YRbA

A g5 108) s GAle wet ddrE o]&ste] At 72 A A H 1 mLE Ayt
Mg AZ2FBE8 A (3M PetrifilmTM Aerobic Count Plate(3M Co., Saint Paul, MN, USA))
of HEsto], 31 Toll A 4812413t viFet & AAdHE #& HeaEs Adtsta o1 Fadydegs
of s|Au+E st dWHAlTEFE o

7 HIE

AREA 1 mlek 2 WA HAA | mlE 20 g YT AxAG 2

DEMAITNA 7Dl A&t $ 3521 TCAA] 24~48A1 3+ vl &Fsto). o %+t Zﬂ

WAL FE U F 99 AEE 348 9A4E ANHn, G 42
o

ES
I HETE

g g webae H5E At 1 Fgeel A5
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8) FATEFTT

, 225 mLe] 3|

fok-

ol

AA 25 g =& 25 mLE

AR ol o m

1 8l %]

&

S Baird-Parker

Al ol
|

Fol 108 A 3]

S

&

(wj#] 63) 3% 0.3 mL, 0.4 mL, 0.3 mL*

ko3
T

9) Clostridium perfringens

i~

}o] 225 mLe] 3

)

g 3
=

HAA 25 g =& 25 mL

o) 1 mLA g 20 o

A1 ol
-

A 3]

3}al, 43~45T = A
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d|

wK

1l =] (il

Eisil

= TSC
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=
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T

=

.3 le)

A NON
7}
=
=

Tt

#]41) 10~15 mL
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e
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& EE P A4S0 O Ek AR (03]AF 2Kg + S PKg)

- pHP 1EESFEL): 80°C, 90°C, 115%
HET 2(FEATH 1 Hi, 2Hr, 2Hr

2 HoT 907 1157
A 1Hr 2AHr AHr LM 2Hr 3Hr LHr AHr 3Hr
SEIM) 29.5 1L | 20.% 0.8 31.2 32.2 32.6 | 2.7 13.9

e e HiHs S CGE S8 & (FE S5 1157 c3ATL AFH)
L EET 1 22lAT 2Kg + FE 1.5Kg

19 2 R A7 2kg + HHF 2.0Kg

RE 3 2E| AT 2kg + B 30Ky

R

[ A 2Kg + A 1.5Kg | AF DG+ HE S 2Kg ] AP ZHEY ¢ NS 3K
| 228 4.6 | 16,2

2) AEAA A7 =2

SEQ 715 AF @A g g U {8 Bo] FfEo] do] Abshrt wjg- whE
o] k. 2@y FES AL olYg FE FAE A FAdstsel a9E = 7 de F
ARstAl Zd7bel wEl 23 e AES AP As f%= 713 545 RANCIMAT A
£ &85t A3t RANCIMAT Method®t 4Fsletd 4 (AOM) 74 FX =2 A 27+
T g A otk Oilely FATS 377 EAsk: AHolA 1007140Ce] o4 e
222 7t4gste] Fref vreS Al7I|E AEsrE Aoy ojuf Carboxylic acid7b A & &=
olF THT X FHTY AEEE FASHY o] FAHH HEEE IAR A3 AL
£ Z7A gt Induction time/period & F4#s FdstA v 4 A E] £33 YRS
7t} ol Ag3 A FRHE EANE SxE0Y Zguss fRgi=E
ANEFA 5 458 HE38le] H7kskdnh ofd Tableds o AoA & 4 %ol EFHES
g5t Aol A AR E V)3ke] M anHo® Frtske AES JERUTH

Table5. APt A A H7be] we g dFF= 717 23

Contrel EadE | wRFlY | Bedms | oo
(&3 A] X) Rl
100ppm 6.78 hr 0.88 hr 1.12 hr 2.53 hr
200ppm 0.35 hr 10.87 hr 1.92 hr 1.61 hr 5.45 hr
400ppm 14.38 hr 2.43hr 2.12 hr 6.35 hr
3) d3/g5 =24 AHY

L)
off
o

1=]

y RN
L yRon APHAEES Fi 34 AU AR
Z 4

3 rEZ B8 5 gl 3
0 N 228 2E H4 34 A4 A&ed 14 A4S AW 14 s
574 % (rpm) 350074500rpm, 271 349 A% 2] 71 544 = (rpm) 600078000rpm, 33 AFZ e
2+ 3] HLEE(rpm) 14000716000rpme] AS EAH o7 3t}
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2. A5 2 =Yy
7. A¥A 5

Aol AHgE 222 ATl TR H, FRES AbEske] o W AHARAgS A
& 2 0

U AdUE
AR L2272 pH 194 14704 e A GHoll A sto] Agstdvt. oF 5ufe] A
A gefo] aF Fet IAF F, s2E FrREo] BARES AHRAS AH T AT

o BAFEE 9 Y
1) pH &3
BEE 2827 5 g FHF 20 mLE £33 ultraturrax(T25, Janken & Kunkel,
Staufen, Germany)E& AFg&3te] 127F 8000 rpmolA &3 F pH meter(Accumet Model
ABI15+, Fisher scientific, New Hampshire, USA)E AH&3te =434

2) BE5E 53
e A a0 FHE FAT W, e F o@ss vustel Fhd vES 59
Paree Fo

Swelling vyield (%) = weight of swelled sample/weight of raw sample x100

2. 2% 2 1%
eelx=ze] BE F pH 2 B&FE&L Fig. 1-10] Yehldeh. B8 F pHe FA &9

AolE mAo F2 FAEN pHrt 3 olstd o F AolE HIlH o= HA L]

A o Zebale] Zajrk golste] HAGee] FEUF o A& ® Aoz Amdn w3, A
ol A 2 AolE molA gkom 102-104%9] v AH F

TEE U FHle] S4s Hlon] 4& 2o ds K

A

[e]
wgou, de pHolA BE F&ol %S &S HATh HEA 4 U

K

2]
=4 Aode] AA = AxAAds A (Park 5 2013). A2t
&

=
=
ool EalE Sl FE&S =ole Ao WA AAHAH, AES
nd

3 o]# 3 F&S Folal Yt (Campbell and Kenny, 1994; Park 5 2013). wigha] <ko 7 9
27 o g4 288 3 dFolME pH 194 BH F80o] 7 Eof o5 &3
g7 fFH FHA &8 aF A A EE AFeke Aol &2 Fojgta AT



250 12

e pf of swelled duclcsldn
200 L % ailling weild P
2 5 &
s e
= 130 é
£ 5
3
so | I l
,D j 1 1 ,D
1 2 3 4 3 6 7 3 2 10 11 12
pH of solution
Fig. 1-1. A &4 pH =] mp& &2z A# 48 3 pH
A2 A FEUHEEH ) Y4 HE8AH)d BE 2 A 5§
QAT
1.4&

AAZA g A{Age A% 7
S Bl B Aol AR gE: gom AAMeR guel Frsw
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wt

stk 4 dva ¢E A Ao (Montero 5 2002). 7FE WH

stE o] Fo] dude] WA JFES 7|XH ol FepAldA Aziyl
g FEFs 71F F s AR AREY. dAA dHF-Ee] 22
Ao #gk A= e FHFsHo dou, AESA HI|EY &olghs SHolA

FTog FiRolgt & 5 3

wEb B Ao EAe udkslt 7FEww(water bath, sonicator, super—heated steam,
microwave oven)s e S FEEHT AR =g, 334 EAS Fotst= Aotk ol E
Adgtele] Zg, 3184 EALS SAFE b ¥Ente] ol vl Aetwl &8 Ao AL H

ofd 4 Qov ¥BA AR ATY 5 UL AP AT

4

2. 48 R ¥

7l AFA =

Adol AHEE LY AE Aol A% F, FxRES ARSSke] ol WMo AHAAHE A
A H AdAER ARSEAY HA &9 01N HCIE 283kl

g, 28U 4
ARNA 2820e pH 12 #98 AgAo] FAske] stk oF 5uel A gl
S B AAT F, BEE FERA BN FF AR AR FHAAG. AP e

’

water bath(60°C), sonicator(60°C, 40kHz), superheated steam(oven: 150°, steam: 150°C),
microwave oven(200W, 2,450 MHz)oll A Z+zt 1087 7FEA S Fo 59 Age s AE
F& olgstel A& H, of 18°Co WAl 2xE v o] AS PAEE sttt A E
Ao A Az AWES AAT F, FA4AZX(-40°C, 80x10° Torr)dtich Agtel 7t2E= 7
Foll 667%= sr® 3 o] ARRH

o BN ¥
1) pH &3
AE 5 g¥ SHST 20 mLE EFst ultraturrax(T25, Janken & Kunkel, Staufen,
Germany)ES AF&3te] 187F 8000 rpmolA &3 % pH meter(Accumet Model ABI15+,
Fisher scientific, New Hampshire, USA)E A}-&3lo] =431t}

053

9

2) 3% 5% 37
Aetele % 54 Add D A5 FAS mwste] e



Gelatin extraction yield (%) = weight of extracted sample/weight of sample before
extraction x100
3) A" £ & A
Aetele] £33} &2 Agtdd 74 X dF9 FAE vwsty Fkh
Gelatin powder yield (%6) = weight of dried sample/weight of sample before drying %100

4) Ax 3
AMZ EHE chroma meter(CR-410, Minolta, Osaka, Japan)S A& 5}04 %= (lightness),
A A% (redness), &4 E(yellowness)E YEM = CIE L3k, agk, bats 2 3§ =439

(illuminant C). o]u] Lzko] 97.83, agte] -0.43, bake] +1.9821 calibration plateE ¥+ = A}

=
Agtel MZT o] Far= B3 w7 (Libra S22, Biochrom Ltd., England)E A}-&3}o]
A ESAsA T AEe FREE ol#e A& o] &5t Tekslth

Transmittance (%) = 10 APsorbancex 100

6) A A=
AZo A FE = texture analyzer(TA-XT2i, Stable Micro Systems, Surrey, UK)el
10mm diameter probeE &3 T 20x2.0x20 cm9 MEL 10°ColA 05mm/se HE=

10mm depressiond}e] =743}

) ARV Ax
Mzl Zrv] HAEE HE=A(DV3THB, Brookfield Engineering Laboratories,
Middleborough, MA, USA)E AF&3le] 50 rpme] =2 1023 A 78 =& 3

g3

8) $4 =73
WEe) §AE §4 %47 (ATM-01, AS ONE, Japan)& Algalel Z4a it ¢4
o %) A L 448 He exel RS AsHAT

9) @¢¥d F% % sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-page)

AZ o] oA F% = Bradford(1976)9] ®H o wre} Bradford A] ¢F(Sigma-Aldrich, ST
Louis, MO, USA)< A&3to] A5ttt Aetdl A1EF2 Laemmli(1970)¢] =l oha} 12%



9] SDS-pageE AH&3sle] H7skdt 1:2 (0.22%), 1:1(0.33%), 3:1(0.5%)°] Hl-&= AZel A
Z(0.67%)9F Laemmli A& $F A (Bio-Rad Lab) &S 100°Col A 53t 7FE3star, 7 Al
& 15uLE 12% Mini-PROTEIN® TGXTM 7Z(Bio-Rad Lab, Inc., USA)9] Be] F<iataitt.

7195 AHgd W3 £dL 0.025M Tris-HCl, 0.25M glycine®} 0.19% SDS= 4 & 3t}
g% AL Coomassie Brilliant Blue R250(B7920, Sigma, USA)E Al-g&3sto] A&}t &
o ogwa w=s ¥F @ E wpA(Precision Plus Protein Standards, Catalog number

1610374, Bio-Rad Lab., USA)¢] A3} v w &} t}.

T D

10) AEA

EA 228 SPSS Ver. 20.0(SPSS Inc., Chicago, USA)S o] &3l 23S H gy 3%
TcHA R Yedidlern, ATy SA4dd dial dze thFH A (Duncan’s multiple range
test)= Eotod T AA(p<0.05)= AR o= Al (Pearson’s correlation

coefficients) & ©o]-&ato] A3 &5 o] JaaAE EA8AH

3. 4% % 1%

o271 Augd 35 & 9 Ay 23 &2 Table 1-1 YerAH. Agtdl F=
T8 super-heated steam @] TollA 71 =& kS 7HH oW, water batholl A F%319S
A 7FE 2o kS PR TH(p<0.05). Park 5(2013)& water bath, Z47]%LE—.3E, AR AA] =
o7 Agdl FEFo] Bt Busin A7gEEY A 52 229 1Y AR <

ol ito] 7|stE AL o] 2 QIS FEE = o] Aol Ao AlmEvial Halskith

g
Auiron Aetdl FEUEe Fepdl A FAATS ARAFoRA Fuksel Zehalel

steam * 2] 77} water bath * 27Xt} E&

g ATARE LSt ed, FEHEE Y x5S Bion A gEES AMST
A7 Mg w2 FES BAv Basda. & A2l ole super-heated steam
= Abgste] ZHdstle A = FE FEIN X &S B Ay ARy FE=d

g0l & Ao® AmHh

g

Table 1-1. W e 28~ Agele] FE558 3 HxTd

Parameters Water bath" Sonicator Superheated steam Microwave oven
Gelatin  extraction b b
) 11.71£1.02¢ 26.15£2.51 44.02+0.76 28.51+£3.95
yield (%)
Gelatin ~ powder yield b a . b
2.27+0.26 3.52+0.12 3.67+0.89 2.05+0.04

(%)

All values are mean + standard deviation of three replicates.

ad Means within a row with different letters are significantly different (p<0.05).

D Water bath: heating for 10 min at 60°C in water bath, sonicator: heating for 10 min at 60°C and 40 kHz in sonicator,
steam: heating for 10 min at 120°C in steamer, superheated steam: heating for 10 min at oven 150°C and steam 150°C,



microwave: heating for 10 min at 200 W.

e aloA FEE AetEle] pH, §4, A A=, 2 HE=e] d3k= Table 1-29 HERAS

T} Water bathelx FZF€ Agslol 4% pH/F o & Age BT}

(p<0.05). Park 5(2013)° =W water bathol Al F& 3+ _‘?_Q‘?jf fref Agtgo] b =2 pH

e Ho B Aot fAe A4S YeEdidlth Atele] §42 31.25-3388°CE Y ERE o,

super-heated steam A& 77F 7} @ §4& RATHp<0.05). Park 5(2013)o] =W 714

e FE2E Adegde] g8 9T 7A0n BRuskyow, Haun 5(2004)& Aetde] &
4

Aol proline?} hydroxylproline®] el & A= tfefst Fx&S 7HA = 719 & 5

2‘4_11
i
—H
L
i
(3

AT Hasth Qg ~FlelA FEE Aetele] A s e A Ftol B8] water bath,
microwave oven® & 17F 7} =3 tH(p<0.05). Park 5(2013) Azgtele] 2 Hrx= 3 o
7td FAe ok dulAe] WA o JFE e F vt Bustlew Choit
Regenstein(2000)°]] w2 2 el g8 UH3 Ao o A= HEsts S 71d

vt &tk Ahmad 5(2010)8 A 7%= %3 proline®} hydroxylprolinecl] ©]8] <3S W=

=
g1 Rustdth Q7oA FEH Agwle] HX=+& super-heated steam, microwave oven

2] 7-7F water bath ¥ sonicator * 8] 7Ht =2 kS 7FHH(p<0.05). Aggle] d=7F =
S4E AYAA o)& Lt Assitty ®auE i 9 om(Badii and Howell 2006), Karim}

Bhat(2009)> Aztgle] 54 T $8% FHo=2 AYE §H, 4% & ¥ Ao

& oA E2lH EAo] FAE=d (Montero 5 2002), ¥ AFZAz}o]| w=W super-heated
steam A7} 1L agow AEEHol A 5Ao] 2 Agtde FEo M F5 AoE
s

Table 1-2. & W w2 o8 ~71 AgEe pH, 4, 24%, 3%

Parameters Water bath” Sonicator Superheated steam Microwave oven
pH 3.07+0.02° 3.05+0.02° 3.04+0.02™ 3.02+0.02°
Melting point (°C) 33.88+0.25° 33.25+0.65° 31.25+0.29° 32.75+0.29°
Gel strength (kg) 0.25+0.02° 0.22+0.01° 0.21+0.01° 0.26+0.02°
Viscosity (mPa*s) 56.92+6.01° 65.33+1.52° 74.89+3.91° 77.86+3.64°

All values are mean * standard deviation of three replicates.

ad Means within a row with different letters are significantly different (p<0.05).

D Water bath: heating for 10 min at 60°C in water bath, sonicator: heating for 10 min at 60°C and 40 kHz in sonicator,
steam: heating for 10 min at 120°C in steamer, superheated steam: heating for 10 min at oven 150°C and steam 150°C,
microwave: heating for 10 min at 200 W.

2z e Agde] Mo} F3-&2 Table 1-39 YEFNATH Sonicator #2729 4%
HE(CIE L#)7} 7} =k2 ™ super-heated steam©] 7} S AtH(p<0.05). A M= (CIE a*)<9}
FAE(CIE bx)9] 4% A4 Aol& HAon, 0o 7HAl YEb Fto g ® 7o) xpo] 7}t

AT dubx oz AgEld 2 FAS 7k 3 9=H(Cole and Roberts 1997), ¥52] A

BA
W FEye wel depsle] o] ko] whg 4= Qltbal Ninan 5(2011)2 Harsivh &

<



AToA ZFE ANEE ARGl RRE FEUHI
water bath, super—heated steam @77} 7} =0

RAH(p<0.05). AqgPA+o] W= Al Yool e id Fr7ie, didy &4, A
ol B4 & JFS W7 }(astoe and Leach 1977) Maillard %% (Ahmad and Benjakul
2011)7 #=o] dopar HauEgloy 7l 5AQl S0 = A JEFE vAA FeErhil Bl
A tHOckerman and Hansen 1983).

wE Aol olgta Atmeth FIE
)

™ sonicator A @77} 7FF e s
=

H
o

Table 1-3. 5% o] mE 9821 Ag€e] A5 2 F3}&

Parameters Water bath" Sonicator Superheated steam Microwave oven
CIE L* 20.50+0.76¢ 42.56+0.35" 16.60+0.04* 28.42+5.64°
CIE a* -0.254+0.13* -0.94+0.01° -0.16+0.08" -0.51+0.17°
CIE b* -1.51£0.18° -1.48+0.03" -2.20+0.01° -2.02+0.31°

Transmittance (%) 36.90+4.54° 2.35+0.34° 35.7443.52° 15.71+1.10°

All values are mean * standard deviation of three replicates.

¢ Means within a row with different letters are significantly different (p<0.05).

U Water bath: heating for 10 min at 60°C in water bath, sonicator: heating for 10 min at 60°C and 40 kHz in sonicator,
steam: heating for 10 min at 120°C in steamer, superheated steam: heating for 10 min at oven 150°C and steam 150°C,
microwave: heating for 10 min at 200 W.

FZ W] wE gz Fr 9} SDS-pages Fig. 1-29] YER QAT Super-heated steam,
microwave oven A#7e] @A FE7} water bath, sonicator A 2] THT =2 HIdS HY
H(p<0.05)(Fig. 1-2a). Fig. 1-2bole= F=% AgEe SDS-page HHS eI
Super-heated steam ¥ microwave oven # 277} water bath " sonicator *] 2] F-ol 1|3} A]
F ¢ 2 MEE 1At AL Aol w2 microwave oven# 2] water bath® 2o B
) T84 gFumel FZo foldttn B ¥ o™ (Choi 5 2006), super-heated steam 5=
g ARkl FEWH I Hluste] F oo BEAQ Wolgt dE A Utk (Basile & 1998;
Wang & 2018). super-heated steam % microwave oven* &= & AL & g

Hle] £ 385 Hol a3 FEUHoleta Abrd.
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Fig. 2. =Wl & 2gAa7 Ao @i 5% 2 SDS-page. MW=molecular weight;
PM=protein marker, (a) protein concentration, and (b) SDS-PAGE of protein fraction.
Values with different letters are significant (p<0.05).Water bath: heating for 10 min at 60°C
in water bath, sonicator: heating for 10 min at 60°C and 40 kHz in sonicator, steam:
heating for 10 min at 120°C in steamer, superheated steam: heating for 10 min at oven

150°C and steam 150°C, microwave: heating for 10 min at 200 W.
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7t AdA=

SHAF G ES FE5H7] st AT AFHONA ARS 24x7te] AaE W =5 F
(M. longissimus thoracis et lumborum)s T38te] A3 ol AL&stth 2823712 Al5ddlA
Tt Agpd FEo] AMEe, ey~ Addd FHAEA ¥uE S8 =3 Agd
(Lot No. QLS16275, gel strength: 280 bloom, particular size: 5-15 mesh, Hangzhou Qunli
Gelatin Chemical Co. Ltd), %3 Z&8l(Lot No. QLS16269, gel strength: 280 bloom,
particular size: 5-15 mesh, Hangzhou Qunli Gelatin Chemical Co. Ltd) % o3 Az¥l (Lot
No. QLS16265, gel strength: 250 bloom, particular size: 5-15 mesh, Hangzhou Qunli Gelatin
Chemical Co. Ltd)= AlFolA F§ste] AH&-std

. 2947 @94 =
=5 A9 ¢4 F @9 (myofibrillar protein) Wu 5(2009)2] el we} %319
a, AR 9d FE FAEE Figo 1o 4edily =5 4 29 A= dAx4

2 AS AAG & 2R 2 A 24T @ E FEol AREsT AR A9 4nfl
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o EA s tHLan, 1994). FHlE 94+ did-Adad SdES

X 3 repetitions

Fig. 1. A schematic diagram to illustrate myofibrillar protein isolation.
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S i A-Aetel Ao AL = AAAE A (colorimeter) & ARESEe] AwhE ThH 9
%= (lightness), 22 =(redness) ¥ 34 %= (yellowness)S YEFH = CIE LG, a3k 2 b ke
i g 33 ZA4sonh B Abgd ®FEHe] CIE L' 9783, a'gh& - 043 281
b %2 +1.98°0]% 1, FYL illuminant CE AFE3IA T A=E YEU = chroma#he o9
G242 o] gato] 283l Chroma = Va + b7 (AMSA, 2012).

3) 7t &

7}4 & (cooking yield)> 7FE H Alweo A iy 7t $ A5 FAE WE&E A
=33t

4) A 2gE(fAEEH)

TS gd-Aed Ao BEH2 Xia 520149 AAEHWHS $83)
th. A5 3 g5 50 ml conical tubed] i 3,000xg(4°C)oll A 1587 YA RS A A &%)
HyE AR ofd A5 FA dib] A& ol A5 FAd At &48 FA

g MR HEstel el

AR diE-AdgEl AL 25 cme] =ol2 A2 F texture analyzer(CT3, Brookfield

Engineering Laboratories, INC. Middleboro, Massachusetts, USA)Z E4S& =A33t. A&
= plate T4 =1 A4 4 cm9 probeR F WH 7 YERY curveE Al AX

(hardness, kg), ¥4 (springiness), &34 (cohesiveness), 74 (gumminess, kg) % A4
(chewiness, kg)= sldth. ojwje] 4 ZAL maximum load 50 kg, head speed 2

mm/min, compression 70% 2 7 3} t}.

6) @l d H7|FF

S+ dd-Aage £3hE] did HH-e Laemmli (197009 Wil wep 719
¥ (sodium dodecyl sulfate polyacrylamide gel electrophoresis, SDS-PAGE)S ©] &3}
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Fig. 2. Appearance of myofibrillar protein heat-induced gels formulated with various
types of gelatin. The protein concentration of all samples were equally fixed as
60 mg/ml, where BG, PG, FG and DG samples were prepared with each gelatin at
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T

MP, myofibrillar protein, BG, bovine-hide
5.71-6.01

-
1

=9 pH

%1-

=

-Agtel Aol pHel R 43 (water-holding capacity)

]

gelatin; PG, porcine-skin gelatin, FG, fish-skin gelatin, DG, duck-skin gelatin.

9:1 ratio (myofibrillar protein:gelatin).
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,  Significance
SEM?
FG DG of p value

PG

Mpyofibrillar protein/gelatin mixtures

BG

Control"
(without

gels

Table 1. pH and water-holding capacity of myofibrillar protein-gelatin heat-induced
Traits




gelatin)
6.02 6.01 6.03 6.05 5.71 0.058 NS¥

pH value
(cooked sample)

Water-holding capacity
Cooking yield (%)  87.27* 82.03" 82.02° 79.09* 68.97° 1.961 0.014

Centrifugal a c be ab ab
weight loss (%) 11.08 7.10 7.79 10.14 10.02 0.489 0.014

YControl sample was prepared with only myofibrillar protein at 60 mg/ml protein concentration,
whereas myofibrillar protein/gelatin mixtures were formulated with myofibrillar protein and each
gelatin (9:1 ratio) at the same protein concentration. BG, bovine-hide gelatin; PG, porcine-skin
gelatin; FG, fish—skin gelatin; DG, duck-skin gelatin.

YSEM: standard error of the means.

INS: non-significance (p>0.05).

“Means sharing different letters within a row are significantly different (p<0.05).

A g A-Aetel Aol ML= Table 20] YEFUATE AgtEl Hrte Zd4H o
2 A¢] WX (lightness)ol F94Q WstE opr|atdct. At A FE2 dlxT9F vty
=2 WEE UeUda, 53] oy Agtely o7 271 Agtele] HIube WEY FoAd F

N
X
il

op7lstdnh. A dd-Aded o] A (redness)9t A &=(chroma)= AztE
=]

H7bel FEFE A FH(p>0.05). SHAF dd-Adgte Ao ML (yellowness)s Tha
s7tete Ads dEhdded, eua7 Agds Huke A9 folHoR e FHEE UE
Wittt Lee®t Chin (2016)0l ¢t =3 AepdS 3518 HAIA ] MEe wx]= ko] gl
Uhal spdnt 2 Aol AMEE SUAl - 9id A2 ko] @ = =Ml (myoglobin) 3 22 54
A o] AAR FEolA Agtd 5f9] ghe o] AR wild Ao A EAdo A
HAAQ) &S vA W AR FI7HE op7lsivta ddEn. ojef FEH 0w dA e
= ATZEAREA Yeo 5(2014)2 22 ARl S HUbgE B4 Aty il A 540w <
Sto] #3518 aAIA S ST FUFgT A Bask AT

Table 2. Color characteristics of myofibrillar protein—-gelatin heat-induced gels

Control” Myofibrillar protein/gelatin mixtures

. . , Significance
Traits (without SEM?
gelatin) BG PG FG DG of p value
IE L*
C. 82.94¢ 83.25% 83.14% 84.40° 86.08° 0.354 0.002
(lightness)
%
CIE a -3.18 -2.64 2.71 -2.60 -2.65 0.095 NS¥
(redness)
%k
CIE b -2.99° -2.06° -2.13° -1.64° 1.31° 0.473 0.012
(yellowness)
h
Chroma 4.47 3.56 3.61 3.16 2.96 0.186 NS

(color intensity)

YControl sample was prepared with only myofibrillar protein at 60 mg/ml protein concentration,



whereas myofibrillar protein/gelatin mixtures were formulated with myofibrillar protein and each
gelatin (9:1 ratio) at the same protein concentration. BG, bovine-hide gelatin, PG, porcine—skin
gelatin, FG, fish—skin gelatin, DG, duck-skin gelatin.

YSEM: standard error of the means.

INS: non-significance (p>0.05).

““Means sharing different letters within a row are significantly different (p<0.05).
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Table 3. Textural properties of myofibrillar protein—-gelatin heat-induced gels

Control” Mpyofibrillar protein/gelatin mixtures Sionificance
Traits (without SEM? g

gelatin) BG PG FG DG of p value
Hardness (kg) 10.01° 3.53% 2.94" 2.30° 3.92° 0.766 0.000
Springiness 0.80 0.75 0.73 0.62 0.68 0.032 NS
Cohesiveness 0.47° 0.25° 0.25° 0.24° 0.26° 0.025 0.000
Gumminess (kg) 6.32° 0.90° 0.72° 0.56" 1.06° 0.693 0.007
Chewiness (kg) 0.65° 0.12° 0.09 0.06 0.13°>  0.061 0.000

YControl sample was prepared with only myofibrillar protein at 60 mg/ml protein concentration,
whereas myofibrillar protein/gelatin mixtures were formulated with myofibrillar protein and each
gelatin (9:1 ratio) at the same protein concentration. BG, bovine-hide gelatin; PG, porcine-skin
gelatin; FG, fish-skin gelatin; DG, duck-skin gelatin.

YSEM: standard error of the means.

INS: non-significance (p>0.05).

““Means sharing different letters within a row are significantly different (p<0.05).
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Mg 4A (denaturation temperature, Td)= Table 4] YeEl AT x4+ <945 o
Wzl AgPAel d&EF AL YEhd o, 58.2-595°C (peak 2)¢} 66.6-68.9°C (peak 3)<
T HolA FElgt AE2EE YERUQIT oA AFEe] st T X AL 77

ulo] @ Al(myosin) @ ¥l (actin)e] WA =2 FAEG(Liu 5, 2000). 284 <d4HF &
NA-Aetel T3 ES A2 JA(peak )9 &8 % peak 29 39 HAHE WIE oF7|st
Attt Peak 19 AHLEE 28 271 AgkRI(38.6°C) > 3 AEl(38.0°C) > =3 AgH
(34.6°C) > oj¥ AgEl(31.1 °C)e] o2 YETHp<0.05; Table 4). <¢df a4z}
H =X peak 19 &3> Agpel ] el 70 Ao A5 H peak 1 HHE
L ol 7R Agde] d5Ado] 2] Mo Alsdn. w3, g~z Agde A
7} peak 2 A0 o)Al WstE o7ttt SdA R dMd-e gzl Aoy &3

= P79 peak 2 A== 565°CE dE=7(582°C) B & A 45(57.3-58.0°C)2 ]

L

seke] e £#S UEATHE<0.05). oIS §A1EHAl Yang $(2007)& vho] 2.4l ¥
AR AR A9 ARLEI 520°CHA 475°CR FhaATT niada, ok vhol o
A Az ave Afole] JEAGOR Astel AWy L gastgs] WG
OB ATelA BE ASY A TES fET waste] vholoal wMde] dwy A4
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PG

Endothermic heat flow (watt/g)

BG

Control

Temperature from 5 to 95 °C
Fig. 3. DSC thermogram of myofibrillar protein with various types of gelatin. The
protein concentration of all samples were equally fixed as 60 mg/ml, where BG, PG,
FG and DG samples were prepared with each gelatin at 9:1 ratio (myofibrillar
protein:gelatin). MP, myofibrillar protein; BG, bovine-hide gelatin, PG, porcine-skin
gelatin; FG, fish-skin gelatin; DG, duck-skin gelatin.

Table 4. Denaturation temperature of myofibrillar protein—-gelatin heat-induced gels

Control” Myofibrillar protein/gelatin mixtures .
) : 2 Significance
Traits (without SEM
gelatin) BG PG FG DG of p value
Peak 1 - 38.0° 34.6° 31.1¢ 38.6° 0.953 0.000
Peak 2 58.2° 57.3° 58.0° 57.8° 56.5° 0.226 0.014
Peak 3 68.0 68.2 66.5 68.5 67.1 0.304 NS¥

YControl sample was prepared with only myofibrillar protein at 60 mg/ml protein concentration,
whereas myofibrillar protein/gelatin mixtures were formulated with myofibrillar protein and each
gelatin (9:1 ratio) at the same protein concentration. BG, bovine-hide gelatin; PG, porcine-skin
gelatin; FG, fish—skin gelatin; DG, duck-skin gelatin.

YSEM: standard error of the means.

INS: non-significance (p>0.05).

d\[eans sharing different letters within a row are significantly different (p<0.05).
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various types of gelatin. The protein concentration of all samples were equally

fixed as 60 mg/ml, where BG, PG, FG and DG samples were prepared with each

Fifteen microliters (60 png) of

gelatin at 9:1 ratio (myofibrillar protein:gelatin).

extractable protein from each sample were loadded. MP, myofibrillar protein; BG,

bovine-hide gelatin, PG, porcine-skin gelatin; FG, fish—skin gelatin, DG, duck-skin

gelatin.
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A== colorimeter(CR-410, Minolta, Osaka, Japan)ES AFg3te] 249 FwWHel HE

]

(lightness), A2 & (redness), & = (yellowness)E WEIH = CIE L* 3k, a+ #, b 3= 247

= —|
33|¥ SAsIGTE AL Lr—velue?t +97.83, ax—value’} -0.43, b+-value’} +1.98%1 =2
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FEgE(%) = 712 A A / 7tE F FA(g) x 100

3) 2 74 7+ & (thickness yield)

7td A Fo g~ AW AAL digimatic caliper(CD-15CP, Mitutoyo Corporation,
Kawasaki, Japan)E °©]&3to] 574 $ ofgle} 22 32 o2 AHE3A

N

B HAaE(%) = [7FE A &M Zlﬁ( mm) - 7FE F 29 27 (mm)]

4) 74 = (Hardness)

Qg7 ~¥e] HEE Texture analyzer(TA-XT2i, Stable Micro Systems, Surrey, UK)
= o] g3l =A3I). olufe] B4 AL maximum load 2 kg, head speed 2.0 mm/sec, 5

mm spherical probe, distance 10.0 mm, force 5 g & A3

5) ARt
g A4S S8 AlES AOACH(AOAC 20000¢]  web 105°C A97HEd=H

(HSC-150/300, MS I&C, Seoul, Korea)o. 2 Fi3dS 4391, Kjeldahl® (2020, Foss,
Hilleroad, Denmark)ell whe} zokuld stk =24 550°C A4 3] 34 (550-126, Fisher Scientific,
Pittsburgh, PA, USA)el| we} 3& &= =74, Soxhlet® (E-816, BUCHI Labortechnik AG,



Flawil, Switzerland)ol we} =AW 25 =819},

6) pH

pHE 5 g9 AMEES HI $ 20 mLY SHTE 7Fetal ultra-turrax(T25, Janken &
Kunkel, Staufen, Germany)® 8000 rpmo|A 1%+ 7¥23te] pH meter(Accumet Model
AB15+, Fisher Scientific, Hampton, NH, USA)Z A}-&3] =433t}

7) Ak =
A A A9 == 2-Thiobarbituric acid reactive substance(TBARS) W& %3l =

Nr

=453
th. A5 10 g, 75 50 mL % BHT(dibutyl hydroxy toluene; Sigma Chemical Co., St.
Louis, MO, USA) 02 mLE& g8t wd3tsk & TBA 7] 475 mLe] T2 25 mL
9] 4 N HCI(Sigma Chemical Co.)& &7 2t TFEA A TFA 50 mLE EFste] ©
% 5 mLE # 39 TBA(Sigma Chemical Co.) Al¢F 5 mLe} &7 Alg o] Yo &&alsit).
239 AlFBS 100C F24%(JSSB-30T, JS Reaserch Inc., Gongju, Korea)ol| 4] 307 wt

_—

SAIZl & 3057F skt Wl Azl £35S 538 nmoll A #3333 = Al (Biochrom Ltd.) %

)
#Hsd FHAEALL 16WY ddeds Adste] Alge digh TiEs X2 8o, Jrhr|E
TS wSg & HAASAY. 7 AR dE2 JtdAE A5 9 F(appearance), F V|
(crispiness), A A4 7] & = (overall acceptability)S 1038 2 =Wl o& H7}3k

AF&}
Tk vkl ofw o W(10=5-7%, 1=&e), TMA0=5%F, 1=&3),
1 5}

Am10=5, I=ataed), 54 10=-5=53, 1=993), e AAH 71 2=10=-v4 3 1=
2 814 FS) =2 YER QAT

9) TAEA

EAEALS SPSS Ver. 20.0(SPSS Inc., Chicago, USA)S o] &3sle] AdES Hfzka 5

AxZE e on, Ha7e EA da e th=7A A (Duncan’s multiple range test)
E3te] feold HADMK0.05)E AASAY. Foj&e] A3 A (Pearson’s  correlation
|

coefficients) & o] &3sto] AF &7 ARAAZS BA 59T}



3. 2% % 1

1) 3=

FAFE A vt FujE
et al, 2017). Alxd Qg7 =~
Ls-valuex TA(&E-v7td-s20 %)%}
7 FAAZE #Ao] Lx-valueg: =2 A

AAZ)7F 7V =gkow pr—value: T6(H] T

234 = 7HE A HA F4 a4 T el th(Yong
o] A% =4 A= Table 1o YepSdeh 4 Az
Z)eF T8(H &7t -sAnx)0] 7Hd =A vebwteh B&
o th. 3 ge-value:s T4 H-H71E-5

1 &-71E-s2430x2)7F 714 =4 e

Table 1. Color values of fried duck-skin snacks made with different methods

Traits T1 T2 T3 T4 T5 T6 T7 T8

CE L* 36.29+1.07"  47.31+1.08° 34.10+0.91° 61.06+0.68" 27.13+0.93% 52.96+0.88" 31.01+1.22" 60.94+1.01°
CE & 6.48+0.92°  2.55+0.58"  8.25+0.54'  15.17+0.68° 10.47+£0.95° 9.49+0.85° 12.47+0.77° 8.44+1.31
CE o 9.35+0.867  12.70+.093° 9.32+0.95  12.30+0.86° 9.43+1.06° 19.20+0.80° 13.07+0.33° 16.31+0.83"

Meanztstandard deviation was presented with three replicates.

“#Different small letter in the same row means significant differences (p<0.05).

DT1, Non-swelled, non-heated, and hot-air dried; T2, Non-swelled, non-heated, and freeze dried; T3, Swelled, non-heated,
and hot-air dried; T4, Swelled, non-heated, and freeze dried; T5, Non-swelled, heated, and hot-air dried; T6, Non-swelled,
heated, and freeze dried; T7, Swelled, heated, and hot-air dried; T8, Swelled, heated, and freeze dried.
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Table 2. Physiochemical properties of fried duck-skin snacks made with different

m e t h o} d S
Traits T1 T2 T3 T4 T5 Té6 T7 T8
Cooking yield ‘

(%) 99.46+2.39¢ 114.94+2.06° 76.11£3.02" 142.06+1.46*  97.16%1.34¢ 110.89+1.73° 89.93+2.39° 115.68+2.24"
(2

Thickness yield | ) v ' _ . .

%) 73.09+1.63° 86.95+0.77 104.61+1.08 111.16+0.47*  85.61+2.81¢ 99.97+0.69° 101.11+£0.87°¢  111.88+3.08"
0

Hardness (kg) 2.2010.45 1.57+0.14 1.99+0.28 1.65+.10 4.074+0.48 2.2840.35 3.41£0.26 1.59+0.61

Meanztstandard deviation was presented with three replicates.

a“dDjifferent small letter in the same row means significant differences (p<0.05).

DT1, Non-swelled, non-heated, and hot-air dried; T2, Non-swelled, non-heated, and freeze dried; T3, Swelled, non-heated,
and hot-air dried; T4, Swelled, non-heated, and freeze dried; T5, Non-swelled, heated, and hot-air dried; T6, Non-swelled,
heated, and freeze dried; T7, Swelled, heated, and hot-air dried; T8, Swelled, heated, and freeze dried.

3) durA &
Table 391 Q8|27 Ay 9
(M3 571 -

dF0x
(B&E-nprte-sd31z

e
M

MR EAS YT £E g g
3 Te TIRE 7MY 9¥Ax) fow Boen T4
CHP<0.05). A e T2(08 &1/ -4 A %)

>
=okon THHE-7'E-IE4%x)7F 7FF @A verykt
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X
N
X
o3l
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>0
S

T4 &-V7ME-s271%) &2

(P<0.05).

Table 3. Chemical composition of fried duck-skin snacks made with different
methods

Traits (%) T1 T2 T3 T4 Tb T6 T7 T8

Moisture 1.73+£0.33° 1.16+0.14"  1.30+0.28°  1.05+0.05° 3.86+0.49 1.43+0.21  3.22+0.64° 1.65+0.12
Protein 16774068  1327+0.29°  21.04+0.95° 864+173F  32.9740.45" 2.03+1.63°  3147+080°  15.61+0.62
Lipid 77774170 86.30+111°  71.59+0.83°  82.62+1.20°  61.52+278  79.46+0.81°  5413+156°F  74.71+2.87
Ash 0.29+0.10 0.26+0.15 0.29+0.10 0.26+0.23 0.33+0.011 0.26+0.15 0.40+0.10 0.26+0.011

Meanz+standard deviation was presented with three replicates.

##Different small letter in the same row means significant differences (p<0.05).

UT1, Non-swelled, non-heated, and hot-air dried; T2, Non-swelled, non-heated, and freeze dried; T3, Swelled, non-heated,
and hot-air dried; T4, Swelled, non-heated, and freeze dried; T5, Non-swelled, heated, and hot-air dried; T6, Non-swelled,
heated, and freeze dried; T7, Swelled, heated, and hot-air dried; T8, Swelled, heated, and freeze dried.



4) pH, A% A=

Fig. 1& HW, TIMWRBE-H7tE- dFAx), T2 E&-07td -5 2471 x), TH(H &7}
d-dFTdx), T6(HAE-71E-5210%)9 pH7F o8 o=2 =58 ¢ & Ath(P<0.05). &
Axtz Bol wlAE Ao pH/F BH AP Bud 23S & 5 Ak ol #Ha& HAA
1% ascorbic acid= pHE Y Fo] Ha 7] wfoletar ket

A HkAbe o] 74 9-(Fig. 1), T a-71E4-d34%) > To(HA&-719-94FA4%) > T3(H
S-u7tE-g9EAF) > TIHE-H7IE-9E5A4%) > T BE—7tE-544%) = T(H&
TtES-5A4AZ) > T2 &M NE-5A10%) = T4HE-HNE-52410%) £o2 YEY
tH(P<0.05). & 8719 A+ < X]HJ*LJHE TR 7F =kdd vl 7HA] A AR EFAx
AT o 72A, A A7t AAE Fusk Ao s dAudEHY 7hE Al T v 7tE A
g RY =2 AWkl =E 3hs JERth
4 ®B) 1
10 @ 0 5
8 cn% B T
a 4 a a ;.II .
) ::' 6
g, " ¢ b b E . C |_§‘_‘
H H E d d
] s
0 ; : : : : . : 3 0 ’—_—‘Il_"ﬂl Il_:t:_|| ; : 3 :
T1 T2 T3 T4 TS T6 f TE& T1 T2 T3 T4 TS TG T7 T8

Fig. 1. (A) pH and (B) thiobarbituric acid reactive substance (TBARS) of fried

duck-skin snacks made with different methods

Mean+*standard deviation was presented with three replicates.

“Different small letter in the same row means significant differences (p<0.05).

DT1, Non-swelled, non-heated, and hot-air dried; T2, Non-swelled, non-heated, and freeze dried; T3, Swelled, non-heated,
and hot-air dried; T4, Swelled, non-heated, and freeze dried; T5, Non-swelled, heated, and hot-air dried; T6, Non-swelled,
heated, and freeze dried; T7, Swelled, heated, and hot-air dried; T8, Swelled, heated, and freeze dried.
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Table 4. Sensoty evaluation values of fried duck-skin snacks made with different

methods

Traits T1 T2 T3 T4 T5 T6 T7 T8

Appearance  7.00+£1.22°  520+045% 7.00+158°  4.60+1.14* 540+1.14™ 420+130° 6.20+1.79% 4.00+1.22°
Flavor 4.40+1.14"> 4.60+t152° 6.80+£164° 4.60+0.89" 580+130" 520+1.48" 560+1.95" 5.00+1.22%
Crispiness 4.40+1.22"  400+£1.00° 7.20+1.10° 440+134"> 8.00+1.00* 6.40+1.14" 6.80+£1.48®  4.60+0.55"

Overall C C a C ab bc ab C
acceptance 4.20+1.30 4.00+1.00 7.40+1.14 4.00+1.58 6.60+0.89 5.60+1.82 6.20+1.30 4.40+0.89

Meanz*standard deviation was presented with three replicates.

adDjfferent small letter in the same row means significant differences (p<0.05).

UT1, Non-swelled, non-heated, and hot-air dried; T2, Non-swelled, non-heated, and freeze dried; T3, Swelled, non-heated,
and hot-air dried; T4, Swelled, non-heated, and freeze dried; T5, Non—-swelled, heated, and hot-air dried; T6, Non-swelled,
heated, and freeze dried; T7, Swelled, heated, and hot-air dried; T8, Swelled, heated, and freeze dried.
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Azl 24 BE BRF §71F AFAFE AL a7en Atk T F GEAQ Ao
HEAFEY B dueg nedd A% AFItHGo et al, 2016). et A AAY
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Table 1. Formulation of emulsified sausage manufactured with pre-emulsified duck

skin

Control T1 T2 T3 T4 T5 T6

50
30

50
18

50 50 50 50
18 18 18

20

50
30

Pork ham

Ice 1

10 10 10 10

10

(pre-emulsion)

Ice 2

20

Pork back fat

20 20 20 20 20

20

Duck skin

(guar gum)

(alginate) (pectin)

(carrageenan)

Hydrocolloids

100
1.5

0.2

100
1.5

0.2

100
1.5

0.2

100
1.5

0.2

100
1.5

0.2

100
1.5

0.2

100
1.5

0.2

Subtotal
Salt

Phosphate
Total

101.7 101.7 101.7 101.7 101.7 101.7

101.7

AOACH (AOAC 2000)e] met 105°C

=
=

AA)A]



(HSC-150/300, MS I&C, Seoul, Korea)o. & E3IFS =439 3, KjeldahlH (2020, Foss,
Hillerod, Denmark)ell e} 2w a stk 24 550°C &4 33} (550-126, Fisher Scientific,
Pittsburgh, PA, USA)e] uwteg} 3] & &k =74 SoxhlettH(E-816, BUCHI Labortechnik AG,

T O |
Flawil, Switzerland)o| w2} ZX| % =S SHIA

o!
d

2) A%

A A o] A== colorimeter(CR-410, Minolta, Osaka, Japan)S AF-&3}9]
(lightness), Z M % (redness), 3 = (yellowness)ES WEI = CIE L* L, ax &k, b*x 3tS Z2+7)
3314 SASAT e Lx gho]l +97.83, ax gko]l -0.43, bx gkol +1.98%1 #A calibration
plateE Ab&3ato] wA st

o,
ki

—

3) pH
2AA 5 g FFHF 20 mLE E%5Fa ultraturrax(T25, Janken & Kunkel, Staufen,
Germany)E AF&3te] 187F 8000 rpmellA &3 % pH meter(Accumet Model ABI5+,
Fisher scientific, New Hampshire, USA)S A}-&3}o] =439},

BES Al A9 A FFS ST AF 49T oe PIE 4B FFL 54
stol 7t A FFl R S Fo| T gav & ANSA,
HAF (%) = HD A A (@) - D F BA@] /D A FA@ x 100

FafetAAd =AHE AR T AW(H7]: 4%4 cm, 15 mesh)S 2H & W 3 30
o] F3ES SHAS ¢FE sdS ARG H] dTE A AT AR HS 75T
S
=

$ F U 30R7 WWE e AR s $R9

H g

4

0%

TP (%) = [ E AR (mL)+ FEFmL)/H 2o ANETEHe x 100

vﬂ%-‘ﬂ awd gelAde AlE 1 gol 0.IM phosphate buffer(pH 7.2)°] 1.1M
es TF 20 mLE AFE3te] FEAT AIRE T ASAI 7] 4°ColA] S+



FO WA F 1500 xgol A 0¥ 94 BAA A So| ¥E: Buret o2 s
o g34e SAeA.

7) Z3& 7+ (Texture profile analysis, TPA)
AR 9] A7 Texture analyzer(TA-XT2i, Stable Micro Systems, Surrey, UK)E

o] g3to] =AU} olufo] FEA AL maximum load 2 kg, head speed 2.0 mm/sec, 5

mm spherical probe, distance 10.0 mm, force 5 go.& A3

8) A =(Viscocity) &4

359 HAxE 3d2  HE=ADV3THB, Brookfield Enginering Laboratories,

Stoughton, MA, USA)E AF&3te] SAIAY. A4 A=Al 15 mLY S5 A2 30%

7F 50 ripme®2 ZBR7] AEE SASA . oluf 3=7](VB-7, Lab house, Pocheon, Korea)&
3}

A Adste] FREE YR £BAA S50 FYLE@BOE FA%AN S99

EA 228 SPSS Ver. 20.0(SPSS Inc., Chicago, USA)S o] &3l 23S A3y %

=AZ Jetd e, Ay 7zre EA el dA Y ©=H A (Duncan’s multiple range
test)S E3lo] FYA AAHP<O.05)E AAEATE yoj=o] AaA (Pearson’s correlation

coefficients) & o] &3l A g571o] AAAAE BA5ATL
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Table 2. Effect of pre-emulsified duck skin and hydrocolloids on proximate composition of
reduced-fat meat emulsion

Traits (%) Control? T1 T2 T3 T4 TS5 T6
Moisture 65.77+0.79° 65.89+0.57 64.95+0.84 67.07+0.78°  69.85+0.47*  68.38+0.93" 68.89+0.22%
Protein 14.27+1.44° 19.49+0.54° 20.53+0.91° 25.87+0.66°  22.49+0.94°  20.11+0.97° 24.66+£1.09
Fat 14.04+0.91* 6.58+0.37° 6.69+0.76™ 7.26+0.78°  7.73+£0.32°  7.95+0.92 7.36+£0.31"
Ash 2.00+0.06 2.09+0.05 1.99+0.07 1.92+0.48 2.09£0.06 2.13+0.27 2.160.08

Mean+standard deviation was presented with three replicates.

“Different small letter in the same row means significant differences (p<0.05).

DControl: emulsified with pork back fat, T1: emulsified with duck skin, T2: pre-emulsified with duck skin, T3:
pre—emulsified with duck skin and carrageenan, T4: pre-emulsified with duck skin and alginate, T5:
pre-emulsified with duck skin and pectin, and T6: pre-emulsified with duck skin and guar gum.

2) pH, A%
ey Mg FROEE o &sto] ARG AAW AAAe] pHS M= A=
Table 3ol YEFHATE. SAIA] Z2] A, HR3 Qg2 0 7 o|F {F3kg AAW AAIA(TH)
9 DH7} 7B ster, T5E A9 e A pHel= o4l zhol7h I vH(2<0.05).
o= T59 pH7F 7 wskoy, A FRo=7E H7te 24149 pHE
o TA ol H7tE AAlA(control)®] pHETE SHA WEFHHP<0.05). Pintado et al. (2018)+=
TEA ANE UE HIMAE ol&ste] tiAlstat & uf H7bAl B kRl &l wel pHYF &

=

2

g x] Fe LAA Y Lr-valuet WA SAWOZE F3}3 controld} LE]~7Iwko g

f3ksk Tlo] 7F4 Fth(P<0.05). x8] A 2AA 9 ax-value®t br-value®] 7%, control®]
2 A Ho fFeodo=m e FE BHATHP<0.05). %= ¥, control® Lx-value<}
be—valuex= {38 th& Aol HlE @2 Fs WERATHP<0.05). FH" AAA 9
ar-valuet 222713 AEl gl Folg o7 o]F #3h3k TH¢ T67F 7Hd =& vk, g 27l
o2 F3}st Tlo] 7 vhAl e tH(P<0.05). Shim et al. (2018)2 olF F3l&=<] H7lFo]



Z7}84 2 duck ham@ Lx-value?t Z7Fst9 ot ax—value®t be—valuedl = S w)xx] &
by Hustgdth Kim et al. (2018a)o] waw H7tE = 44 F2ol=9 EHo| uwal A
Zd AT e AxrvE Ged = Q)

Table 3. Effect of pre-emulsified duck skin and hydrocolloids on pH and color of
emulsified reduced-fat meat emulsion

Traits Control? Tl T2 T3 T4 T5 T6
Raw

pH 6.18+0.022 6.20+0.01° 6.19+0.01° 6.19+0.012 6.20+0.02° 5.96+0.01° 6.18+0.02°
CIE L* 56.65+0.76° 57.10+0.63° 59.76+0.63¢ 65.53+0.32"  67.31+0.84°  63.80+0.33¢ 65.86+0.94°
CIE a* 8.81+0.54° 10.56+0.732 10.41+0.512 10.40+0.25*  10.57+0.46*  10.57+0.46° 10.38+0.222
CIE b* 8.88+0.76° 9.78+0.90¢ 10.09+0.90¢ 11.084+0.10°  11.99+0.51®  11.20+0.34™ 12.14+0.192
Cooked

pH 6.56+0.04% 6.35+0.07° 6.30+0.03> 6.26+0.03¢ 6.29+0.02¢ 5.98+0.01¢ 6.27+0.02¢
CIE L* 74.10+0.48° 72.89+0.27¢ 73.09+0.45° 72.97+0.75¢  76.38+0.26°  72.68+0.41¢ 74.08+0.95"
CIE a* 3.78+0.16° 3.53+0.23¢ 3.66+0.05% 3.65+0.19 3.89+0.15™ 419+0.12¢ 4.09+0.22%
CIE b* 9.46+0.16° 10.28+0.55¢ 10.23+0.40¢ 11.00+0.51°¢  12.09+0.21*  12.27+0.37* 11.57+0.25

Meanz+standard deviation was presented with three replicates.

““Different small letter in the same row means significant differences (p<0.05).

DControl: emulsified with pork back fat, T1: emulsified with duck skin, T2: pre-emulsified with duck skin, T3:
pre—emulsified with duck skin and carrageenan, T4: pre-emulsified with duck skin and alginate, T5:
pre—emulsified with duck skin and pectin, and T6: pre-emulsified with duck skin and guar gum.

3) 7tEzF, F3AHA
Table 40 w=w =713 HAxlow o
247y Qe le] &7 gl b s olF F3tek ]
(P<0.05). 39, T1, T2, T3¢ 7tEdz#e SA o] H7tE controle] 7447
o] 7} gl tHP>0.05). Chin & Chung (2002)= %Zﬂ% U sfol=z ZRol=E 7St
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FefrdsE AT F 2 Eb_ Ha } 3ot
A} (Table 4), total fluid separation #< €S o] &3] o]F
T57F 74 =%oern, 1 vgFox AW 9 82zl o2 #34% control#, Tlol E=Uth
A4 Bl ok S o] §3ke] olF Ekek T4 T6o 4%
separation k¥ fat seperation ato]l 7} A tH(P<0.05). Kang et al. (2003)2 127] <A} A
Z Ao A FRoEE HVFE A fFEbdAde] EokAa, ANEFES =Y F v
BHastaith o]y g A ZRol=9] Fapebd el ik A= sl xar] d
L YA BRudth(Park et al, 2000).

~
VAN
o
o
9
to
Ak
[>
~Y
=

o]

_YE
=
néﬂ
L
ofs
o
N
o



Table 4. Effect of pre-emulsified duck skin and hydrocolloids on cooking loss and emulsion
stability of emulsified reduced-fat meat emulsion

Traits (%) Control® T1 T2 T3 T4 T5 T6

Cooking loss 9.45+0.43"  9.84+0.36" 8.91+0.77°  8.66+0.18°  6.90+0.42° 17.85+0.80° 7.65+0.49°

Emulsion stability

Total fluid b be d d d
separation 9.57+0.58 8.11£1.42 7.33£1.52¢ 2.88+0.98 0.98+0.02 11.75+0.93*  0.96+0.83

Fat separation 0.93+0.42°  137+017*  1.04+0.07" 0.64+0.28°  0.00+£0.00°  1.00+0.05  0.00+0.00"

Meanz+standard deviation was presented with three replicates.

“dDifferent small letter in the same row means significant differences (p<0.05).

DControl: emulsified with pork back fat, T1: emulsified with duck skin, T2: pre-emulsified with duck skin, T3:
pre—emulsified with duck skin and carrageenan, T4: pre-emulsified with duck skin and alginate, T5:
pre-emulsified with duck skin and pectin, and T6: pre-emulsified with duck skin and guar gum.

4) @94 &4

g g de f3td ASAEe] dEs 2HRS 2Aste $a% s
StumA, AuEd 22 =2 oA = %z
A g3l Mg Be 9T T AR 2l
2 &4 S7Fe(Choi et al., 2015).
A AA A e dd el A=
Table 591 YEHATE Total protein solublity®] #h2 28] ~718 &34 olF f3}3 T47}
7P =9kem(P0.05), WE  AZEEs Abolel= #FoAd Aoz IAHP>0.05).
Sarcoplasmic protein solublity®} myofibril protein solubliry T8t T4l A 713 =
EFATHP<0.05).

Table 5. Effect of pre-emulsified duck skin and hydrocolloids on protein solubility of
emulsified reduced-fat meat emulsion

Traits (mg/ml) Control” T1 T2 T3 T4 T5 T6

Total protein

solubility 972+019° 1012+0.25° 10.14+0.21°  10.88+0.25" 1454+085"  10.35+0.19"  10.40+3.47°

Sarcoplasmic

X o 502+0.10¢ 51140199  4.92+0.14" 4.84+0.19° 5.92+0.34° 5.54+0.17° 5.29+0.57"
protein solubility

Myofibril protein

. 470+0.19° 5.01+0.25 5.22+0.22 6.05+0.25 8.62+0.96 4.81+0.23 5.10+3.50°
solubility

Mean+standard deviation was presented with three replicates.

“dDifferent small letter in the same row means significant differences (p<0.05).

UControl: emulsified with pork back fat, T1: emulsified with duck skin, T2: pre-emulsified with duck skin, T3:
pre—emulsified with duck skin and carrageenan, T4: pre-emulsified with duck skin and alginate, T5:
pre—emulsified with duck skin and pectin, and T6: pre-emulsified with duck skin and guar gum.



5) =A%

Table 6= Q#2313 IFA ZROJ=E of&sto] Az AAW LA x4
Yeb Itk Hardness® 4% T37F 7Hd =2 @&, T4 7P @& @S dEdy
(P<0.05). Springness+= 3stol=2 FZo]l=7} H7td T3, T4, Th, T67F o & A e EXH T
o™ cohesivenesst T1, T2, T37} v AHYTrEEHY =& S YERITHP<0.05).
Gumminess®t chewiness® 7H¢ =& 2 T3olA, 7 & k2 T4olA R Th
(P<0.05). Chin & Chung (2002)= AR AAA] Az A E old|sty] H3t, =% TH

27 4849 ds FE8o] e TRo=ge] Aedds A7 v v 2 A3

g

sfol= 2 gzols el F7hgel

Table 6. Effect of pre—emulsified duck skin and hydrocolloids on texture profile analysis of

emulsified reduced-fat meat emulsion

Traits (kg Control? T1 T2 T3 T4 T5 T6
Hardness 0.26+0.04° 0.25+0.05° 0.23+0.11°  0.37+0.06" 0.10+0.01¢ 0.17+0.03° 0.1710.04°
Springness 0.860.02° 0.95+0.02° 0.95+0.02° 0.98+0.02 0974002  0.96+0.02"  0.98-0.02"

Cohesiveness 0.46+0.02"  0.52+0.02* 0.51+0.03* 0.52+0.03 0.48+0.03 045+0.03"  0.4440.02°
Gumminess 0.12+0.02° 0.13+0.03 0.12+0.03 0.19+0.03 0.05+0.01 0.08£0.02° 0.07+0.01°

Chewiness 0.10+0.02° 0.12+0.02° 0.11+0.03" 0.19+0.02* 0.05+0.01¢ 0.07%0.01° 0.0710.02°

Meanz+standard deviation was presented with three replicates.

“dDifferent small letter in the same row means significant differences (p<0.05).

UControl: emulsified with pork back fat, T1: emulsified with duck skin, T2: pre-emulsified with duck skin, T3:
pre—emulsified with duck skin and carrageenan, T4: pre-emulsified with duck skin and alginate, T5:
pre-emulsified with duck skin and pectin, and T6: pre-emulsified with duck skin and guar gum.

6) A=
LA AeA FROEE ol &ste] AT AAY A FIEe HA
THA FAs e o)F Fig. 1o YeEdddth BE f3tEddA A
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Figure 1. Effect of pre-emulsified duck skin and hydrocolloids on apparent viscosity of emulsified
reduced—-fat meat emulsion.

DControl: emulsified with pork back fat, T1: emulsified with duck skin, T2: pre-emulsified with duck skin, T3:
pre—emulsified with duck skin and carrageenan, T4: pre-emulsified with duck skin and alginate, T5:

pre—emulsified with duck skin and pectin, and T6: pre-emulsified with duck skin and guar gum.

A3A ey 24 &8 KAFY A4 AF A7

1. A8
Aetel (gelatin)2 =2 W AF 9 IF Ao EAst= A dwdd F2H4l(collagen)
o] 7hrsl 2 FoA = F2 wl ol o)l B AFoA Atele] 43 A FA TH

a1
(gel-forming ability) ¥} &2 32 (water-binding capacity)©] X

= 4]
=40 o8] Ag/FES] ey 24 A4S R0 A8HT ATHGomez Guillén et
al, 2011). AE2JeA o] £HE AW AFB S R HA} 2o A

st AojAvH(Karim & Bhat, 2009), #<tols A4Feddge &y AdAd 2 7| FulF
ol 2 AHEl FEHAAo vdsrt &s HaPEar i (Tumerkan et al, 2019). 7F&34k
B A4 3)2 & A Zo] &8I 7 8k, 7ha Ak

B

E fd AR F= 9 A @8cto] grAnH JtayAtE e HbA S a2t
7t ¥ tH(Noh et al., 2019; Park et al., 2013).

Al dubr o7 AF e Ay HdA B&ES ol AR FEE, Ao e Al
TFEe =o7] s ¥4 T dHd Tt o &= A
(Abedinia et al., 2017, Ahmad et al., 2017). 43 d ol oty Tl 7peRajaie] Ay
Ael FE7E9 S7HET oYt ksl 3, d9d5 2 Fudst ¢ g AYEd s
Hetd= 714 HAetel=e  AAdo]l Jhssivta 4 dtH(Aleman et al, 2011
Gomez-Guillén et al., 2011; Mendis et al., 2005). Sarbon 5 (2018)2 alcalase, pronase E %

collagenase$} 2 @z 7teRdlas=z dojzl ¥ 2371 Agtel 7MaEEellEolA 47
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skin ation)
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of Freeze-dr
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fat in an yms
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upper
layer

Fig. 1. A schematic diagram to illustrate a gelatin extraction procedure from duck

skin.
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mLZ  ZH3l &9 F Agd F=7F 1%wv)7E HES Stk 12 JgRslE
collagenase(EC3.4.24.3)& 1:100(& 4714, w/w)e H|E&E=Z &35t 250 rpme] wHbEE=Z
37°Col A 12A17F &<t 735t th. o] F collagenased] &S 93 0°ColAl 1027 714
gk ol Wystdth 14 ZAavtFRAE v Agd Vs 99 pHE 6 N HCl= 9]
st 2002 A3k H epSin(EC3.4.23.l)—°‘ 150(&a71d, w/w)el Hl &= E3stdt. &
£ 250 rpme] WEFELE R 37°Col A 12A17F EoF 23 bR EE A, o] 3 pepsin B A
8 0°Col A 1077F 713ttt At Vi EE 899 DHL 1 M NaOHE o] &3
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Fig. 2. A schematic diagram to illustrate a stepwise enzymatic hydrolysis of gelatin
using collagenase and pepsin.
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Azstgeh A HEF Ayt AAEHS AAE H AL 542 8 mm plate’t
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ugee Industries Co., Ltd., Hwaseong, South Korea)& ©]
& ATt /\"1?‘] F3lEe 2 AE(Cutter C4W, Sirman, Marsango, Italy)ol A &3 =
F, AW, 45 2 FARE HUtetd Axsivh #3td AAA e FAE 2 FAE wiE]
T Table 191 YetiSith &AA wiEl= % S7]5 o] &ate] Zehal7 o] (#240, NIPPI
Inc., Tokyo, Japan; 27 25 mm)ol X3t = A A= 80°C S0l A AAA]
o] TAZE7F 75°C7F HEE 7HE3h & stk Alxd aAA = JAeEF sho] 421°Co

Wrikarel Agstd F 4F7F At AAE S Brkskah

Table 1. Formulation of emulsion sausages prepared with 1% pork and duck skin
gelatins and their hydrolysates (collagenase — pepsin)

Gelatin or gelatin hydrolysate treatments”

Traits (%, wW/w) Con"

PG PGH DG DGH
Ground pork ham 60.0 60.0 60.0 60.0 60.0
Back fat 20.0 20.0 20.0 20.0 20.0
Ice 20.0 20.0 20.0 20.0 20.0
Total 100.0 100.0 100.0 100.0 100.0
Sodium chloride (NaCl) 1.5 1.5 1.5 1.5 1.5
Sodium tripolyphosphate (STPP) 0.3 0.3 0.3 0.3 0.3
Gelatin or gelatin hydrolysate - 1.0 1.0 1.0 1.0

YCon, control emulsion sausage without gelatin and gelatin hydrolysate.

PG, emulsion sausage containing 1% of pork skin gelatine; PGH, emulsion sausage
containing 1% of pork skin gelatine hydrolysate; DG, emulsion sausage containing 1% of
duck skin gelatine; DGH, emulsion sausage containing 1% of duck skin gelatine
hydrolysate.

Agtd 2 8 #3319 AAAY dwd e AadEdEZA7](Rapid N Cube,
Elementar, Langenselbold, Germany)& °]&3le] Sttt Aepele] AS AALASG 555
2 aAA A 8= 6258 AbEste] @eld sheRS AFESRltH(Mariotti et al, 2008). 1338 AA
Aol 8 e AtAAzel oa 105°CA 1247 5 SRS AAT 5 A-F ARe

A Aelg WMEER gHtste] A& s ATHAOAC, 2007).
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2) pH &4
Ayl 9w Ayl iR E EYe pHE 1% 9w/ TE9]  electronic
pH-meter(Orion Star™ A211 pH Benchtop Meter, Thermo Scientific, USA)ES o] &3to] A5
T F 33 SASAY 7FEA wiE e #7319 AAA9] pHe AR 3 g% SRT 27T mLs &%
2 A(8,000 rpm, 30 sec)dtil, electronic pH-meterE ©] &3l Alg 9 & 33 A sh

Agrel By 2 5353 AxAx wHe] g AMEE A %A (colorimeter) & AF-E-31o]
™ = (lightness), % 2% (redness) 2 34 %= (yellowness)S WEFHE CIE Lk, axgt 2 b*ghe
Alg g 631 =A3AT. HA ALgH X3 CIE Lxgke 97.83, ax#gre -043 18]

b*gkS +1.98°] %31, FYL illuminant CE AF&3IX

4) Sz g4
2AA wE Y] FamE 834> Warner 5(1997)2] WS $-83l9 SAHIIAL AR 2 g
o] 20 mL¢ 0.1 M potassium phosphate bufferel] 1.1 M potassium iodideE £3fA]Z] buffer
LA (pH 7.2)% 713 FH ¥ & 7](HG-15A, Daihan Sci., Seoul, Korea)ES A3}l 12,000 rpmol
A 283 AT 2AA by g EES 2°Ce] WA sF Fok Bid o %
1500xg HE2 4°CellA 207 gttt A5 Wattman no. 1 o #A]o] o 33k
oz =2 Biuret U9 (Gornall et al, 1949) 0.8 Aok wuola i S LA A

HIE g ot &34 9 mg(mg/g)o = e AT

o

ofl
=
mﬁ

5) 7147

7HA3 e (cooking loss) & 7HE A Alme] TA diul D F ARe] A Aol E MPaw
el o
AL = (hd A AR FAE) - T AR FAE) /D A AR T x
100
6) 24

338 AAAe B AIEE 25 cmd EolE AE F  texture analyzer(CTS3,
Brookfield Engineering Laboratories, INC. Middleboro, Massachusetts, USA)E o] -&3}o] &
At th AR E plate 9l ¥ F74 4 cm@ probeE F W =7 UERY curveE #1243}
o] 7 E(hardness, kg), © =4 (springiness), 5% 4 (cohesiveness), 77 (gumminess, kg) %
X &4 (chewiness, kg)S T3Fth olwle] 4 ZAL maximum load 50 kg, head speed 2

mm/min, compression 70%% A4 &1t}



YAE FARsta A Fste] 4:1°Ce] WAl A
A W A% 1, 2 3, AFA 7 2AA e FEe ASHEe] g e AL

- (£ A7 2AA FR@ - W AR olF £AA FR) / 4 A3

2R F = (g) x 100

A4

ks Zi 4 F 73 AR A H A = Buege9t Aust(1978)2] 2-thiobarbituric acid
reactive substance(TBARS)W® & o]-&3dte] SAst. Al 5 gell 16 mLe F72 100
puLe] BHT(6% in ethanol)& ¥ % 15x3F &3t #2E 2 mLol TBA/TCA € <4(20
mM TBA in 15% TCA) 4 mL& 92 (80°C), 10%&7F W¥z43h th
2,000xg, 104, 25°C x4 Al sttt A4 F %‘%—‘?‘4% Whatman No.4 %A &
ojgsto] o33k thE 531 nmollAd FHE=E SAGAT. BS54 Fholl AT 5545 w5k
A& kg  malondialdehyde mg(mg MDA/kg sample) & R ATt

.
—_
(@)
A
A
N
>
QL
kl

W A = Fed 2279 dirAE 2 g A8 AEE HagEEddd @
2o 7 10uA 3 A star, UHkAl 8 (3M petrifilm, aerobic count plates) % Ao+ =AH &

petrifilm(3M petrifilm, coliform count plates)ol] ©AIA o2 3|M ¥ nABE A|gE5 vjdsie] A
3 FE2YFTE A

v FAEA

EAEAL SPSS Ver. 180 (SPSS Inc., Chicago, USA)E o]&3to] AAlslga, Ae Az
= B Hie gFEeaE Uetiideh el AR (one-way ANOVA)S A A&
A% fFods vebd A& o], At 1he] H gk Aol= @ v53 4 (Duncan’s
multiple range test)S E3dlo] FoA AAP<O.05)S AN AFA A= (A F7t =,
AA = dutnAE D )] A§- o] AnpA| (two-way ANOVA)E A3}
of FEI(RAA A = ARG Z_M] %% 28 (interaction)©] WEHA] &b A 54
e FEI EE Agste] YEATh

H X
AR F-A
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3. 47 42 n&

7ho AZtd 4 Agd Vs EHES o83 54
Al =3 Agds a7l Age 9 O JhEREY o
2 A E)S Table 201 YERHSTE Al =3 Agiglo] ol sk 9354 g/100 g0l R iL, &
gl ~71 Aepele] A5 7871 g/100 go =2 Auid oz ko oA $hekS yER QL TH(P<0.05).
Collagenase®} pepsine A A o =2 i%ﬂ??} a7t EE A olF AlY =3 Agidy og
27 AR FARRE @il s YERHATHP>0.05). Sarbon 5 (2013)2 B £33 53]
A 7} 80.76% % 81.75%Fal Hi1dlo], B Afo|x FAaTbREE] oA
deo] e gheFat ARSI
Al =39 Agele] pHAL0)= 282~z Ag'l(6.17)e] vlsl] fFo]d oz vkgkor), 7h
3l EQ pHE 2438 34 5 pH A 98] 2 #ol7F gl A eHP>0.05). ol Ao A+
of Waw Akl HF pHe Add FH3AHAAM pH =24 3 F5F olF F3taAd 9

sheba E4(ad e pH
zk o

=1

3 dF= ‘%%Ef‘ﬂ(Kim et al,, 2012), Y¥H4<l F3} pHe 50-7.0 A=o|tHNoh et al, 2019). =,
A sAe] $AF A5 A5 A pH Aol Aepd 229 pHol vAl= o] Ax] Rrhal

ApsET
Seal ARRS Al =9 et v 22 HEE YERJ e (P<0.05), AR Tk
TAES FAME WEE UEATHP>0.05). ARl A== §4% TR 3 ol F
Ui S7bels &S YERHAIL(P<0.05), Aed FEaAcdl o Aboli= yEhA ettt
(P>0.05). A== e~z Agprlo] Ald =3 A Hg) o2 $£AE Uedon,
aaA Jhead olf azl Ande] A= FEleA Sbeke AdE YERRIT
(P<0.05). webA, Aetd 222 FAvkeEsl agel o3 Bis #asta &ert Frhet
Sith. Chuaychan &(2016)2 Aztd 7tz dxaAolr 2= do5 ST} opv=it
/HREkel = B g zho] wholopEnte FHxlo| os) HITEZHe FAEE UM AH
SHATE W= el AR R eea]l dtd vhedde 2Ee sAdx sAS T A
J& A% 7HEAABC) F

ZHEPoy, gavtRe 34 5 collagenase®t pepsin®] H] A&
24 Ao gk A Zrh7F mA o2 Al T IRt ow Ay Aetele

gEle] Aol 75x 54 5, A A D F

o] 9l Aow 4 A dH(Ockerman & Hansen, 1988). wabA, & A7t eo] 93 3
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Table 2. Physicochemical properties of pork and duck skin gelatins and their
hydrolysates (collagenase — pepsin)

Gelatin Gelatin hydrolysate"

Traits SEM? Significance
Pork skin Duck skin Pork skin Duck skin of P value

Protein content (g/100 g) 93.54° 78.71° 76.77° 72.17° 2374 <0.001

pH value 4.50° 6.17* 5.71° 5.71° 0.188  <0.001

Color characteristics

CIE L* (lightness) 89.91° 95.69° 84.60° 79.16° 1.866  <0.001

CIE a* (redness) -0.43° -0.99° 2.02° 2.02° 0.513  0.002

CIE b* (yellowness) 13.99° 5.99° 14.08° 16.52° 1.231  <0.001

UGelatin hydralysates were prepared through a stepwise enzymatic hydrolysis processing using
collagenase and pepsin.

YSEM: standard error of the means.

aP\Means sharing different letters within a row are significantly different (P<0.05).

19 Aehel 2 Aee JHgRaE Sole o 54 Fig 3o Uit ®wel Aw
%74 Astsl fASA AsE ASRaTe Sobd R 4 vehel,

Pork skin gelatin Duck skin gelatin
hydrolysate hydrolysate

Pork skin gelatin Duck skin gelatin

Fig. 3. Apparent color of 1% gelatin solution (w/v) prepared with pork and duck
skin gelatins and their hydrolysates (collagenase — pepsin).
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Fig. 4. Representative photos showing the cross-section of emulsion sausages
prepared with 1% pork and duck skin gelatins and their hydrolysates
(collagenase — pepsin). "Con, sausage without duck or pork skin gelatine and its
hydrolysate; PG, sausage containing 1% of pork skin gelatine; PGH, sausage
containing 1% of pork skin gelatine hydrolysate; DG, sausage containing 1% of duck
skin gelatine; DGH, sausage containing 1% of duck skin gelatine hydrolysate.

o~z Autd 3 o s REE
2 A Eol m 2= 9GS Table 3o UYERATE F318 A1) 7td -5
pHe= Agtd B 7 Zhpis] =] kel 9= wA FATH(2>0.05). %2 pHE e A]
A =9 Agte S "W7kg A9 538 2AA Y pHF tA #HAsE AEFS vEudey
o] Hl Apoli= YrERUA] FokTE o]e} A AH}E Lee®t Chin(2016)2 =3 A2l(0, 0.5,
1.0 2 15%)& Ades 20%2] #3338 AR W7k 4 Ay BRI A A 9 v s}
o] pHe| zte]7}b gloka W arskgith
Auid g Ay VheRdlEe] Hrbe 738 aAA e R E A o4
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< 16.36-19.89 g/100 go] FA & WEFHATE o] AFA® 1% Fro Aztd
S7FEEY] 4 FHS v SUHAZ v SRS Ee] Ao FAE oplEhe
A tHLee & Chin, 2016).
At B Agtgl RS ES] Hub wE f3E hAIA HEel ATl W
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dFES op7lstA o, iz Tek AT Abele] FA4 Aol wH|SISATE o
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Table 3. pH value, proximate composition and color characteristics of emulsion
sausages formulated with 1% pork and duck skin gelatins and their
hydrolysates (collagenase — pepsin)

Gelatin or gelatin hydrolysate treatments”

Traits Con" SEM? Significance
PG PGH DG DGH of P value
pH value (uncooked) 591 5.85 5.96 5.95 591  0.016 NS?
pH value (cooked) 6.36 6.24 6.27 6.31 6.28 0.017 NS
Moisture (g/100 g) 62.41 61.49 61.19 61.87 6222  0.222 NS
Protein (g/100 g) 16.36 18.12 19.89 18.76 1923 0.821 NS
Color characteristics (cooked)
CIE L* (lightness) 77.10 78.22 77.80 77.80 77.54  0.160 NS
CIE a* (redness) 3.55° 3.23 3.14° 3.14° 3.26®  0.058 0.029
CIE b* (yellowness)  11.16 11.25 11.50 11.50 1144  0.073 NS

YCon, control emulsion sausage without gelatin and gelatin hydrolysate.

PG, emulsion sausage containing 1% of pork skin gelatine; PGH, emulsion sausage containing 1%
of pork skin gelatine hydrolysate; DG, emulsion sausage containing 1% of duck skin gelatine; DGH,
emulsion sausage containing 1% of duck skin gelatine hydrolysate.

YSEM: standard error of the means.

YNS: non-significant (2>0.05).

abMeans sharing different letters within a row are significantly different (P<0.05).



th §338 AAX 9 gulF L34 9 /a3

A% B3] ATEst eelag A D AeRaRe] £AX W] wnd g3y 2
$318 2AA9) spaztae] mAE FFE Table o] Vepile Azhe 9 Aw A5Ra)E
2 1% A7k 244 WE A 2Tk vastel Bud gyl v Frhss 4TS 1
Bglon freldel ol b Qgth 4318 £AAe) AAPFe AeE e R
2 AhE B9 vha gashs A9S dElgod foHe Aol UEtA g ols
$AFeHA] Leest Chin(2016)8] ATolAE 1% =3 Azhel A7be §348 2AATge
200)¢] FEfFE AL Had el WA Gge] Hu

T 13 o= et H< Noh 5(2019)
o aQdfTNa e 7] WRo] Aekelo] %7y Eo
MAE dge Aete Ao )5 S4o] FH 9

Qlojeta stk ¥ QAT Al

Q
AraE Aol me wua g haa Aok Vet ge el mHR

R >1E

Az}l
Aok pRae] A%7tEE] Bud SIS nrde MAE gue 2K goia B
g,

Table 4. Total protein solubility and cooking loss of emulsion sausages formulated
with 1% pork and duck skin gelatins and their hydrolysates (collagenase —

pepsin)
. . 2)
Teaits o Gelatin or gelatin hydrolysate treatments SEMD Significance
PG PGH DG DGH of P value
Protein solubility (mg/g) 74.77 93.68 80.81 90.52 83.90 2.681 Ns?
Cooking loss (%) 2.01 1.56 1.92 1.93 1.84 0.065 NS

YCon, control emulsion sausage without gelatin and gelatin hydrolysate.

YPG, emulsion sausage containing 1% of pork skin gelatine; DG, emulsion sausage containing 1% of
duck skin gelatine; PGH, emulsion sausage containing 1% of pork skin gelatine hydrolysate; DGH,
emulsion sausage containing 1% of duck skin gelatine hydrolysate.

YSEM: standard error of the means.

YNS: non-significant (7>0.05).

aP\Means sharing different letters within a row are significantly different (2<0.05).
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Table 5. Textural properties of emulsion sausages formulated with 1% pork and
duck skin gelatins and their hydrolysates (collagenase — pepsin)

Gelatin or gelatin hydrolysate treatments”

Traits Con" SEM? Significance
PG PGH DG DGH of P value
Hardness (kg) 7.61 8.82 8.21 9.15 8.12 0.303 NS?
Springiness (ratio) 0.68 0.68 0.73 0.79 0.77 0.009 NS
Cohesiveness 0.16" 0.16° 0.21%¢ 0.21% 0.22° 0.019 0.045
Gumminess (kg) 1.20 1.37 1.68 1.90 1.90 0.090 NS
Chewiness (kg) 0.14¢ 0.17% 0.26* 0.21°%° 0.24% 0.015 0.021

YCon, control emulsion sausage without gelatin and gelatin hydrolysate.

PG, emulsion sausage containing 1% of pork skin gelatine; DG, emulsion sausage containing 1% of
duck skin gelatine; PGH, emulsion sausage containing 1% of pork skin gelatine hydrolysate; DGH,
emulsion sausage containing 1% of duck skin gelatine hydrolysate.

¥SEM: standard error of the means.

YNS: non-significant (2>0.05).

““Means sharing different letters within a row are significantly different (2<0.05).



1
TAGe] AGRE F34y mAIA e HobeE A 477

e A S AR THP<0.05). 1Hy AgE TtedsiEes

4 A7kek A5 1
o ARATAHEF A a3 YERYA EATHP>0.05). ol EAaVIFES A3 Agielo] A E =z}
slol w2 A P wslel AAVE A& Aoz Al EY Zhang (20062 A 54
Ly Agtel VMR ES FgA v wste] 7Y F A m U d o] (helix—coil transition) 3
o] WFAIEEA] okokar ol MA B3 A (circular dichroism, CD) =4 Z3} A &34
$-1 Agel VR ES 221 nmol A Fo Frol AlebA F A # Y (random-coil) TFEFE
Ehdittar sk W A 7|gke] Aibgle] wet {3k AAA 9] AR A HH 0" STt
st a, W A 2FAEH A 079 vluste] foHog =2 AYgheko] #AFH QI
ol W A T F3E &aAAe BHaggo] st {2 o]l Tk 7] wiikolghar
At E Tk
(a) Treatment effect (b) Storage period effect
1.20 1.20
A
1.00 | i 1 i 1.00 a i
So0s0 | o080 | 2 j 1
= al
2060 | 2060 . [
w B B o
&0 1
Bo4n 5040
=¥ =¥
020 020 r
D_[}[} I I I | .D,_ﬂ,.[} i i i I
Con PG PGH DG DGH 0 1 2 3 4
Treatments Storage period (weeks)

Fig. 5. Changes in purge loss of emulsion sausages formulated with 1% pork and
duck skin gelatins and their hydrolysates (collagenase — pepsin) during 4
weeks of refrigerated storage. Con, control emulsion sausage without gelatin and
gelatin hydrolysate; PG, emulsion sausage containing 1% of pork skin gelatine;
PGH, emulsion sausage containing 1% of pork skin gelatine hydrolysate; DG,
emulsion sausage containing 1% of duck skin gelatine;, DGH, emulsion sausage
containing 1% of duck skin gelatine hydrolysate. AB Means sharing different
letters within treatment effect are significantly different (P<0.05). a,b Means
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sharing different letters within storage period effect are significantly different

(P<0.05).
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Fig. 6. Changes in 2-thiobarbituric acid reactive substances (TBARS) value of
emulsion sausages formulated with 1% pork and duck skin gelatins and their
hydrolysates (collagenase — pepsin) during 4 weeks of refrigerated storage.
Con, control emulsion sausage without gelatin and gelatin hydrolysate; PG, emulsion
sausage containing 1% of pork skin gelatine; PGH, emulsion sausage containing 1%
of pork skin gelatine hydrolysate; DG, emulsion sausage containing 1% of duck
skin gelatine; DGH, emulsion sausage containing 1% of duck skin gelatine
hydrolysate. A-E Means sharing different letters are significantly different (2<0.05).
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2oAne AgRaEel Azt wE £33 2449 Fis wWs: vEdA 2
(P>005; Fig. 7). WA 44713k Augtel Wb £58 £AA9 S5t Felgon 2
Aetgla, WA A 3T F88 2449 FFFE F 35 log CFUgoR A4 279

AtH(Fig. 7(b)). el F5 Hz79k e AT
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(a) Treatment effect (b) Storage period effect
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Fig. 7. Changes in total plate count of emulsion sausages formulated with 1% pork
and duck skin gelatins and their hydrolysates (collagenase — pepsin) during
4 weeks of refrigerated storage. Con, control emulsion sausage without gelatin
and gelatin hydrolysate; PG, emulsion sausage containing 1% of pork skin gelatine;
PGH, emulsion sausage containing 1% of pork skin gelatine hydrolysate; DG,
emulsion sausage containing 1% of duck skin gelatine; DGH, emulsion sausage
containing 1% of duck skin gelatine hydrolysate. A-E Means sharing different
letters are significantly different (P<0.05).
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A 3 & 8|27 | Zc &2 semi-dried AU
2% iy ol

=
na

A1 Ad ZHFA J8& semi-dried &9 7}

o

44 2 4

3 A

H

7b. 234 H 4 semi-dried 29 71FFA AF

dedola g4l AxHAFez 2HHE F¥= wholemuscle jerky <t A4 F3
so® e F UthLi et al, 2014). 53], AT FE= AT Fol FFstE AF
F Aol ThestH, sjxarr]e] RlAdE Fou vty T HTIHE FES AREste] AL T
o2 AAHola 874840t (Choi et al, 2008). &k, ATA S¥= AZFAAHNA 2
71 A7FE HRltH(Han et al, 2007). ¢ wAlE 3ldsl7] 18] vbdx deidd dx AHE
vl FEAY B4ES FAS H7FE(ingredients) S A 7FgcH(An et al, 2010; Ku et al,
2013; Oh et al., 2008; Song et al., 2014).
F7Fs Aol A slol =2 F 2ol = (hydrocolloid) = GES FHANAFE 7|TA HINEE,
Aol Z}e}t7] Y(carrageenan)©] tH(Ayadi et al, 2009; Kim et al., 2019b).
GG TxFEEE dojxE= FaEZA}Ere] =(mucopolysaccharide) 2, D-ZEE A
(D-galactose) 2} 3,6-¢tslo]l = 2 -D-Z2E 2~ (3 6-anhydro-D-galactose) 7} B-1-42% T+ «
14235 o] F1 J= FHlolth(Necas and Bartosikova, 2013). §7F&% #Az344 5, 7+
B

7 7k o8] [ ZF#(cooling)A] AL FASIY, Aelel T3 EHow FHrlshd,

Olr

25 7hEE9 RE5A(water retention), A7, consistencyE /A 71 tH(DeFreitas et al.,
1997; Pietrasik, 2003). Pietrasik and Li-Chan(2002)ol A4 3}ol] wp=2W 17| F-31 &= 7}&H7]
e ket B AR e = e —ZFE}I’_ H skl o

AL a1fe] 753 54T A(geDFA o] 7t AFAAFE LS v R A
= Aol A g AFEETHKIm et al, 2014; Yeo et al, 2014). A8l e X7l5 HA| 7SS
2HE Fepdls FEvbEEA st Ao ARk, A, F9-we] HAoE Aute o] A

23 dHo] dastry. ~70(skin)d &3 22 VR BAMES 5 Agds 7HA A 9
ow, 7]1E&e] Adtd AH dAAEA o] &7Fs st th(Rafieian F et al,. 2013). Solt} 229
oA FE3 A2 dFEANeH, o5 Agds HUb A SFx9 =88 5
Aol MM AT (Yeo et al, 2014; Kim et al.,, 2015). 28y, A4 SxolA g2z At
do] e}t shepridae] BEgda el ek A= obA mH gk Aol

Wea, B AT 2L o@azloniE AN FEen, ATFAST Fehv) el

SgadE T8 w2 WIE #Hriete] wyA = Lyl FUMAIE Eol= Al
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2. A8 2 W9
7 @A R

0@~ @Rl A AlF ol Azhe FEo] AFEE Y.

U, o827 Adgd" F&
B oA ALgH 9] ~7 Aebel(duck-skin gelatin)& “A|2d FEWH (384 2 B2 F]
Haxg)d e og Zgd EA A7 At ZAFe] 4 WS super-heated steam F

=05 B x v45 AA Azt FE23 o2 e F2 47%, S E91.28%,
o=

TAAE o, M= CIE Lx 8663, CIE ax -0.27, CIE bx

o Bdz AT $F Az
ee)27l AR QIS 60°C FRFl SAA 05%F 1% Aekdl Lol (w/w)g W
Rom], F4 LEIt 4£C BT w7A 4R

A

2
AR x5 AT AS5HAA Uit =5 st E F938te], 8mm plate7t FaE &
71 (MN-22S, Hankook Fugee Industries Co., Ltd., Hwaseong, South Korea)E ©]-&3&}¢]
Astdek AFAASEY FARE 2 FAE wiH= Table 1o Ydeblider &3 =53 A=
£S5 Nr- 963009 AtYHE #AE (Hermann Scharfen GmbH & Co., Witten, Germany)oll A 1%
A, ThEId 2 RAEE HUekY FbH o 283 EFEAh A SXE viEHe F
5 FAVE o] g3l AER Qo ~ Ao]A(Viskase Sales Co., Chicago, IL, USA; 2174 20 mm)ell

| 20 cm2 9ol FRSEY 9" AT F3x= 55°C 71271 (MAXi3501 chamber,
Kerres, Postfach, Germany)oll Al 90&5¢t AZxA|Zl & Ao]AS B AWATE o] 3 55°Col A
304, 65°Coll A 1804, 80°Coll A 605t AZx=7] Al A=A H

A

£

Table 1. Semi-dried restructured jerky formulations with duck skin gelatin and carrageenan

Ingredients (%) (Coi?rol) GOC G0.5 G0.5C Gl GIC
Ground lean meat 100 100 100 100 100 100
Ice water 10 10 10 10 10 10
Salt 1.2 1.2 1.2 1.2 1.2 1.2
Phosphate 0.20 0.20 0.20 0.20 0.20 0.20
Ascorbic acid 0.03 0.03 0.03 0.03 0.03 0.03
Sugar 2.0 2.0 2.0 2.0 2.0 2.0
Gelatin - - 0.5 0.5 1.0 1.0
Carrageenan - 0.3 - 0.3 - 0.3
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A E A4S 98l AEES AOACH(AOAC 2000)e] wel 105°C 7tgd =z
(HSC-150/300, MS I&C, Seoul, Korea)oz F®3 &S =431, Kjeldahl® (2020, Foss,
Hilleroad, Denmark)ell whe} Zzguld stk =24 550°C A3 3] 34 (550-126, Fisher Scientific,
Pittsburgh, PA, USA)°l we} 32 & =4, Soxhlet™ (E-816, BUCHI Labortechnik AG,

Flawil, Switzerland)ol we} =AW &S Z4 3.

A FRINEES ASS Zokd, FEZAHE Z47I(Novasing,

3) A% 4& (processing yield)

Ax F&2 A% A AR FA diF Ax 5 AR FAE NEE=E A&

4) pH & A
ME 5 g SFF 20 mLE 35t ultraturrax(T25, Janken & Kunkel, Staufen,
Germany)E AF-&3Fo] 18%F 8,000 rpmollAl &3 ¥ pH meter(Accumet Model ABI5+,
Fisher scientific, New Hampshire, USA)E A}-&3}o] =48} sitt.

>
4
e

M-S chroma meter(CR-410, Minolta, Osaka, Japan)S AF-&3Fo] " = (lightness),
A A% (redness), &4 = (yellowness)S WER = CIE L3k, a#h, bats 242 388 =439

(illuminant C). o] Lzko] 97.83, agte] -0.43, b#te] +1.98¢1 calibration plate® ¥+ o= A}

AMZS 7ol 3 ecmE YAF A AE F, Texture analyzer(TA-XT2i, Stable Micro
Systems, Surrey, UK)E ©]-&3}o 54
2 AAsA o

ol

ek 2242348 head speed 2 mm/s, force 5 g2

7) A 43}& (Rehydration capacity)
AR ATASEY] AFdES Zo] 3 mmE AE AE FAZ ZAHI FH, FFHF
100 mLo] X v]A 154, 304, 45, 602 AZHEE A5
sk St

Ll
N
=
2
-
X
o
E
o
il
AN
o,
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Arsta(%) = [FA F A8 FA (o) / Ax A=7e] 77 (g) 1x 100

8) FA+A A& 1| A (Scanning Electron Microscope)

A &S Karnovsky's fixative 2 mLE E3ste] FA oA 4°C, 24A17F WA g 5 0.06M
sodium cacodylate buffer® 33] A3}t o] % 0.1M sodium cacodylate bufferol] 2%
osmium tetroxideE &£&3 4 mLE AF&3to] oA 4°C, 2417 WA e & S/ 4 mL=
33] AlFsEA T 30%, 50%, 70%, 80%, 90%, 99.8% ethyl alcohol 10mL-S 102 WX|3to] &
TAAY. g5 A5 E platinum under vaccum(E-1010, HITACHI, Tokyo, Japan)E A}-83}
o] aluminum stubs Z® A1 ¥ SEM(S-2380N, HITACHI, Tokyo, Japan) 2 2 %3}

ol
N
-

Abeto] Alsol gk Fagk A3 8o,
H2 7FdAeld A5e ¢ FH(appearance),
(flavor), %2 7 (texture), A A4 7] % E(overall acceptability)S 9% 2 L=l s H7lsk &
BAE st Hwstdoh oju] (9=, 1=d3h), TR O=FF3, 1=d3hH), =4

FHO=%¢, 1=d43h), AAH 7| 2=0=-va4 g, 1=nta4shA] &)= HERHAT

ol
A

rol

EARA L SPSS Ver. 20.0(SPSS Inc., Chicago, USA)S o] &3l AyES Hirzka

Az yeididleon, HelF7ke] 54 didl d79 vF 3 A (Duncan’s multiple range
test)= Fotd FoAd HADML.0D)E AHASHIT. AR EH E ¥ (general linear model

procedure) & °©]&3sto] @27l Agd ) sebr|de H7FE Ak JFE FA AT

3. 4% R 1F
1) 49t &, 284
2zl Aeted 7T GE ol &ste] A AT v AT S vk Fi
4% A= Table 20 e 2827 Agdy} 787G 25 bz A48 §X
o] FEIFo| AFI FJIFS v HG(p<0.001). FEIHFLE T FE 2 E(intermediate
moisture food)S AAstE 29 T dhvpolr, 20-50%2] TR HOE T3 8 2F9

=
w A Ay kdx AT Sxe i 2 40-44% 00 Aetd ket aeEls o,
Glo] 7Md =& i %3S B (p<0.05), Al =2 8 57 SAduolgta A=
HHGoémez guillén et al, 2011). 7}e7|de & F=E BHAFHS Hol:= AL HuFdY
(Kim et al, 2018). 7}eb7|FS A7 S A9 7heh7|dS H7bskA g2 A

FEITFES BATHp<0.05). Gl @uld ke g2 (G0)R T S o ™ (p<0.05), Tl
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g Fo MAHH(P<0.001)(Tabled). 2] 7-o] wa ohake] i o7 231 A
ghel o] A gk wjZoldt At G056 Gl w2 AWFIEFS Eow, Gl HET
(GO)ell B3] =& 3% e Bl fgv dubdgom 27l F7F AW s 7HA
agloem olyg QRS FEE AT A Adde EFHUS Aow AtRE

TE G EE 2o 4924 Hd Aeier ¥de] e (Choi et al, 2008), F¥=
By & F4d WstE gAY 98 et A FEEAHAEE 7HoF doh(Kim et al, 2012). ®F
Az Fx9 A, FE245E 083-091 HHE wsoF a4 (Ismail et al, 2017), GOC,
G0.5, CO5C7}F o] 7l+& ®=Estaith. G1# GIC7F 7Hd g =7t =%koew, GO57F 71

STHP<0.05). W x A Fie e 23 ARtEe Hrtskdle W gl 49
& JFE vl A THp<0.05)(Table 5). Kim (20200 ko] #7hge ZFrhetn Zehael 37}

=
ol ool wepd o fxe FEBAE AadTL wnav)

5

Table2. Proximate composition of semi-dried restructured jerky prepared with duck

skin gelatin and carrageenan

Go"
Traits GOC G0.5 G0.5C Gl G1C
(Control)

Moisture content
(%)

40.99 + 0.12° 4132 + 0.16¢ 4246 + 0.13° 4354 + 0.15° 43.09 + 0.02° 43.63 + 0.08 *

Protein content (%)  40.60 + 0.02° 39.96 + 0.35® 39.90 + 0.23® 39.20 + 0.27° 38.16 + 1.09° 38.28 + 0.10°

Fat content (%) 9.11 £ 0.07° 8.95 £ 0.14° 10.41 £ 0.08° 9.75 = 0.11¢ 10.95 + 0.15° 10.66 + 0.13°
Ash content (%) 3.03 = 0.07° 3.13 + 0.12¢ 3.11 £ 0.12% 3.19 £ 0.01™ 3.00 + 0.22° 3.03 = 0.20°
Water activity 0.911 £ 0.001™ 0910 + 0.003* 0908 + 0.003°  0.910+ 0.001* 0914 + 0.002*  0.913 + 0.001°

All values are mean=SD of three replicates.

¢ Means within a row with different letters are significantly different.

D" GO, no added both duck skin gelatin and carrageenan; GOC, added 0.3% carrageenan; G0.5, added 05% duck skin gelatin;
GO0.5C, added 0.5% duck skin gelatin and 0.3% carrageenan; GIl, added 1% duck skin gelatin; G1C, added 1% duck skin

gelatin and 0.3% carrageenan.

2) pH, A=
o2 Agey g7 GE o] &3t A wkAZX ATA FEo v o E

Aol MAE A Fig 5 dehth eeagl AR Ao de Ba deld Fad
MEE BYou, 05%, 1% 2@x7 AR} 03% ehrld ArARFelA Akl Ao]
A% AT KL GAEA] MAE JFe vud Ao ey
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G0.5C
Fig 5. Representative photos showing the semi-dried restructured jerky prepared
with duck skin gelatin and carrageenan. "GOC, added 0.3% carrageenan; GO.5,
added 0.5% duck skin gelatin; GO05C, added 0.5% duck skin gelatin and 0.3%%
carrageenan; G1, added 1% duck skin gelatin; G1C, added 1% duck skin gelatin and

0.3% carrageenan.

QEl27l Ayt Fher|dE ol gkl A vz A F3E pHS Mk 73
A3+ Table 39 YefAT vhdx S329 pHy 28271 ]
o] H7IZ &l F7FeF A tH(p<0.05). Kim 5(2015)2 s Agd
| pH7E Al Ha7] §29 pHell 9FE m AT Hasg
A7 el Agtde] Hrb7F vz A8 S29 pHel 43S WHS Ao® AlgdTh
0.3% 7} pH A4 A3} 698019 o, wrAx A4 3o pHel J&FS vz S A=
At

o 2371 Agdd Jtgr|dE o]gate] AAE vz A8 FEO Le-valuest
be-value7t 5 7Fek Wb gx-valueZ7} #FA4sttH(Table 3, Table 5). o]#lst A& 2] ~37
Agtel z2pA o] Mo o)g Ao AgETh Huda 5(2013) 22 @ FHaS &8st &
guE A %A u Le—value, b+value, a*value’} E5F =7t w3kl
Demirci 5 (2014)+= ] B A zA Zherde] Hzbeko]l F7hghol wel Lx-value®t b+-value
7b S7rekl e, & et fARRE AaE Bl

Table 3. pH and color of semi—dried restructured jerky prepared with duck skin

gelatin and carrageenan

GoV
Traits GoC G0.5 G0.5C Gl GIC
(Control)
pH 6.20 + 0.01¢ 6.22 + 0.01% 6.21 + 0.01% 6.23 + 0.01° 623 + 0.01° 6.26 + 0.01°
CIE L* 56.92 + 0.23° 57.96 + 0.14° 57.06 + 0.45° 57.95 + 0.20° 58.15 + 0.43° 59.10 + 0.15°
CIE a* 8.77 £ 0.07 * 8.74 + 0.06 ° 8.58 + 0.03° 8.48 + 0.03¢ 8.30 + 0.06 ¢ 8.24 + 0.04 ¢
CIE b* 10.25 + 0.03¢ 10.33 + 0.03¢ 10.60 + 0.06° 10.66 + 0.07° 10.98 + 0.10° 11.10 + 0.13*
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All values are mean+SD of three replicates.

ad Means within a row with different letters are significantly different.

D" GO, no added both duck skin gelatin and carrageenan; GOC, added 0.3% carrageenan; G0.5, added 05% duck skin gelatin;
GO0.5C, added 0.5% duck skin gelatin and 0.3% carrageenan, G1, added 1% duck skin gelatin, G1C, added 1% duck skin
gelatin and 0.3% carrageenan.

Table 5. Significance of main effects (duck skin gelatin and carrageenan) and their
interactions on quality characteristics of semi-dried restructured jerky

Interaction between duck skin gelatin and

Traits Duck skin gelatin Carrageenan
carrageenan

Moisture content HHE Hokk Hokk
Protein content HAk NS NS
Fat content HAk o *
Ash content Hk * NS
Water acivity * NS *
Processing yield NS HokE NS
pH ksksk sksksk *
CIE a* HHE * NS
CIE b* *k * NS
Shear force HAk ok NS
Apprearance NS ok NS
Flavor HoHk * NS
Texture Hkk * NS
Overall acceptability HHE NS NS

* p<0.05, *x p<0.01, =xx p<0.001, NS, no significance

= Figure 1o] YEUIATh @@ 271 Aee] A7t we 7

A THp>0.05). Schilling 5(2003)> = =] &

Zerel A @ss BEHA Fdviy w g
A 7

ZFAFEE DA A A T}

R
Lo
e
ot
o
5
i
)
>
r"O
%C_r‘
vl
k]
2
k]
_0|L
38
vl
i
re
- il
b
=)

GIC, GO5C, GOCE= #A7 s o827 Agtel H7bgelA] Az F&o] tf =ATH(p<0.05).
Zhebzlde] H7b bz AT Fxe Ax FEed 4TE dF
5(1996)2 7hetrlde] & o
S7HAE o dval Bagk vp ok 2 A A ek FAESHA, Candogan 5 (2003)2 7hehr]
o e
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Ireatmentsl )

Fig 1. Processing yield of semi-dried restructured jerky prepared with duck skin

a P Different letters on the top of the column meant

gelatin and carrageenan.
significantly different. "GO, no added both duck skin gelatin and carrageenan; GOC, added
0.3% carrageenan; G0.5, added 0.5% duck skin gelatin, G0.5C, added 0.5% duck skin gelatin
and 0.3% carrageenan; G1, added 1% duck skin gelatin; G1C, added 1% duck skin gelatin

and 0.3% carrageenan.

g2l Ay serdE o] &t AAE v A s3x A
Figure 20 YeERATh A7 Sk 3774
% 8FS w2 tH(Konieczny et al,. 2007). A&
(Kim et al., 2010), <4+, 7l & %2
Yang et al,, 2009). ¢.2 271 Ag€y} g7 717
3t JEFS v HH(p<0.001)(Table 5). 28 271 Agelz gigbr)de] Hr7hd wbdz 254
Sxo A" gx2F(GO) R vk oem (p<0.05) %]
H(p<0.05). Kim 5(2012)& ¥ AgeS &83te] iz #iv] SXE A

=
deo] Zastdvta Btk Kim (202002 23 2oks H7be o SX2oA Z

)
r O
3N
@
)
o
—
@
o

At Hobekle wWrRo dgE o] Aastdval Ba sglen, Tehald wefe] Hrb=el
g FxO AdHs AR /ARG Bausiiy webs, o8 231 Aot shetr)d
of H7bF wdx AFAESESL Ax FE3 FE2=(tenderness)E FAAII T A
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Shear force (M1

Gilh (e LI GOAC Gl GlC
Ireatmentl )

Fig 2. Shear force of semi-dried restructured jerky prepared with duck skin gelatin
and carrageenan. ¢ Different letters on the top of the column meant significantly
different. VGO, no added both duck skin gelatin and carrageenan; GOC, added 0.3%
carrageenan; G0.5, added 0.5% duck skin gelatin, GO.5C, added 0.5% duck skin gelatin
and 0.3% carrageenan; GIl, added 1% duck skin gelatin;, G1C, added 1% duck skin

gelatin and 0.3% carrageenan

4) A3t
ezl Aepgd FharGE ol gsto] AL v AT FE9 AFss Aie
Fig. 3ol Yetddrh. AFstss Az 5 Ax 2 7324 Foj=z ds AFs F
(hysteresis)E YWEFATHKImM et al., 2020). wetA, A2 55 Fod 3 22 #dF
FEFE HA = M 8% 89 T dyoltH(Ayadi et al, 2009). GIC, GO.5C, GO.5
(GO)R.T} © & BAH(p<0.05). & AFAdet AR, Kim 5 (2020)
U e ] G gl sxT7F oFoly FepAlvk HUbgk AR v =& A¢s)
vt Hu 5 dgdqel w2, X AFsEed 1% Add Hrbs 9
al Hal

HATHKIm et al, 2012; Song et al., 2014).

=
r
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Fig 3. Rehydration capacity of semi-dried restructured jerky prepared with duck
skin gelatin and carrageenan. GO, no added both duck skin gelatin and
carrageenan, GOC, added 0.3% carrageenan; GO0.5, added 0.5% duck skin gelatin;
GO0.5C, added 0.5% duck skin gelatin and 0.3% carrageenan; G1, added 1% duck skin
gelatin, G1C, added 1% duck skin gelatin and 0.3% carrageenan.

5) FAAA v 3

eElaql ATEst A RE o gstel AT WAE ATY KL FAAAA Y
A3be Fig 4o eIt G5, Gl 2o] Agde Fhstae o, 7Yl A By T}
oY RGO E BAA Pk EF, Aetan deblde B Wt
Tl A B Fxe] A7 AAE Aol BAHAL. GICe A B FxE g 2 A7)
S} b Ae 55 ReFAUTh AndrésE (0000 §H @A Folhe #8F Hv)

A
AAG FARAANE A3t A ey Tx2E BaEsgon, ode A By PR} ¢4
A
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Fig. 4. Scanning electron microscopy of semi-dried restructured jerky prepared with
duck skin gelatin and carrageenan. "GO, no added both duck skin gelatin and
carrageenan; GOC, added 0.3% carrageenan; G0.5, added 05% duck skin gelatin;
G0.5C, added 0.5% duck skin gelatin and 0.3% carrageenan; Gl, added 1% duck
skin gelatin; G1C, added 1% duck skin gelatin and 0.3% carrageenan

@
3
ofr
o,
N
)

w2 wbdz AT S o, I, 233 4R

o

|
24, AAA V15 es GIC7H /M =9oH(p<0.05), F¥9 2442 MY o9 A4A

0>~
o,
kD
kI
f
&
Q‘L
32
kY

(Choi et al, 2008; Kim et al; 2015). Kim (2012)2 Wbz Sa17] &

zo b *é‘ﬁh_ A7tetd S W F=# % (tenderness)©] F7FeF vt X313} Th Demirci

5(2014)2 05% 7ZhebrldS H7be vEES A=rt dxzary wkva Husglen,

ATZA et fFAbst o mebA], 2 AFAad e~z Ayl gher)dS o] &3t Al #Fgk vk
=

A8 wxs FEE B4 SAS BTl
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Table 4. Sensory evaluation of semi-dried restructured jerky prepared with duck skin

gelatin and carrageenan

GOV
Traits GoC G0.5 G0.5C Gl GIC
(Control)
Appearance® 775 + 0.85 7.38 + 0.71 7.25 + 0.68 725 + 0.85 775 + 0.85 7.00 £ 0.51
Flavor 5.13 + 1.08° 5.63 + 135" 5.75 + 0.99* 6.00 + 1.77° 6.13 + 1.57° 7.00 + 1.14°
Texture 4.88 + 0.80° 550 = 1.62¢ 6.50 = 1.25° 6.50 + 1.62° 6.75 + 1.42%® 7.50 + 1.02°
Overall acceptability 4.88 + 0.95¢ 538 + 1.61“ 6.13 £ 1.19™ 6.13 £ 1.80™ 6.75 £ 1.11° 738 £ 1.13°

All values are mean=SD of three replicates.

ad Means within a row with different letters are significantly different.

Y GO, no added both duck skin gelatin and carrageenan; GOC, added 0.3% carrageenan; G0.5, added 0.5% duck skin gelatin;
GO0.5C, added 0.5% duck skin gelatin and 0.3% carrageenan, GI1, added 1% duck skin gelatin, G1C, added 1% duck skin
gelatin and 0.3% carrageenan.

Y Appearance, flavor, overall acceptability (1= extremely undesirable, 9= extremely desirable), texture (1 = extremely tough, 9

= extremely tender) were expressed for evaluating sensory attributes.

oj’del dytE THITW 05% L2zl e 03% JHepride whdE AT &
of H7betd Ax FE&3} A& Mol e Aem HIMHATE 05% 28~

g3 03% Zhebrlds H7EsE A2 75 (G0SC)ek 1% 2ul=% Al a 0.3% Zhebrds A
7 A2 THGIO) e Aol 7 wgkom BeHbe] A A VEEdA 1% 8=z A
gty 03% 7Zheb7ld s A7FeE A2 H(GIO)7E 7B =kt B A A i x AT
S 3ol W 1% 28271 Agtdy} 03% 774 d7besls W FE54s A48 = 3

'J:ﬁ‘
U= AS HAFAL

mN'

Y. 274 H & semi-dried =9 FEF AF (HIAY FEE + ol2zm2BA HI AR
A H71)

1. Aﬂi

T

FEGerky)s 9 A9F ARKES A 2 A2S Foho] Lx, FRAYE, AE 52 2
Aste] 2o MABe 4Fe Adets 42 o8 AFoltHl GId Fee ¥ &
MBI gom, o] F ATY FIZE B NHE LAF olEste] AZFORM Ef »
ANAE wAF e KEEEIGH2. £, JFYRe] Fraw Sqe 247 2 Fuw

A AFgEo] gri[4]. tEAS HEAZE sorbic acid, ?‘%@i}xﬂit— BHT, BHA,
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propylgallate 5ol JATH5]. 28y, W2 aH|REo] olgfst A TFES kA oS Al
et Qow, 243

Al QATHBL ol d Ao A AAsHAle] HbES HAATIAY dHAlst] g
aakstAl o] i gl A7 F 8 skoH5).

H 3} (Eriobotrya japonica Lindl.)¥ Aw| 3ol AwE oz -gijebe] 2313 713 7oA
T2 AAsta ATH6]l WA v Tke] ol3 dvi= &, AR, TE Fol E3UF Jo
Ho s A AZ A 22 gl HuHJUHE] HlIel= tdeh ursolic acid,
oleanolic acid 53 72 terpenoidAld 3=} quercetin 53 £ ZTtH wol= AlE 3
= Y AdEY AEEC] uF FrHo do s FdF, T FA Sol ATHAG
[7]. E3], vl Yo+ ellagic acid, chlorogenic acid ﬂoﬂE ursolic acid, neochlorogenic acid,
kaempferol ¢ #4tst &4 Aol vk HrEol Aol AMEE 7T LAz s FHA
de Ay AT
welA, BoAte] EXe H|9e] FEHEI ofA~x=H ) (ascorbic acid) o $FEE <l A
7hstel Az whax AT Sxo FHASAE B 0] 20%= A T A mA

L S HrleluA AAEA
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2. A8 2 49

7} ARAR
e¥se @R AWl Aeke FE AHEHITh vt 2 (Eriobotrya japonica
Lindl)& AZ4 Tastel 49 A8sh4

HoAHo] AbgE 2@ ~71 Ae}E (duck-skin gelatin)& “A|22 FEWW (34 2 &g 7
"ol Azl A AF W& super-heated steam F

=3k ezl Agele i 47%, T E91.28%,
TAE doem, MEE= CIE Lx 86.63, CIE a* -0.27, CIE bx

=

% "9}l FZ 5 (Eriobotrya japonica Lindl.)< Park 5[8]¢] W¥lel wel

M5kl Ao Sufel sFale 80% FHL MR H 60°Cel A
=]

e - EICEL SR L O R
=
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2. v FEEH ol2F=28A P EHFH
1) DPPH(2,2-diphenyl-1-picrylhydrazyl) radical &2A% &3
vl 9}l FEE 3 ofA~z =8 ALY DPPH radical 271% 2 Jung 51919 WS o]&3}9]
-200ppme] T FE= f3A7 A5 2mlel] 0.2mM DPPH

O

#} methanols 1:1 (v/v) WAl &0 2mLE £33t 2087 oA wbgA|zIt), wkg-
A7 5 517nm°ﬂ/ﬂ EArE =Asg o, 50%¢ DPPH radicals A7 &t=d Q3 5%

2) ABTS(2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) radical &A%

=74
vl g}l FEE3 of~zm2HAke] ABTS radical 752 Park 5[10]9]

o] A3t 14mM ABTS®} 49mM potassium persulfateE 1:1 (v/v)e] W &= &E33}¢]
dof o3t gz 2RE HAss7] Hete] daelA 12A7F vbgAIA S zs A A ATH
Radical stock solution< 734nmell Al &3 % ko] 0.70+0.027} ¥ %= 5 ethanol= 3] A3} % T}, 7]
TEHEE A 20ulel A g ABTS radical €945 3mLS 7hete] $adlA 5&E3F RjES
734nmol A FFEE FA4sI o, 50%2 ABTS radicale AAs=dH 23 5=(1CH)E
Alxbst i o

2

3) % ZdHolE &I (metal chelating activity) &3
v el FE5E3 olazE B Ao F4 ZYolE &3 Chung 9 Jeon[11] ¥ S o] &

ste] Akt 4 w22 Als 05mLol 2mM Iron(I) chloride tetrahydrate &8-S
5m

M 3=FerrozineS 0.1mL, EthonolS 3.2mL<& 7Fsich, A& obalo) A 1587F Wz &

g7 At QA S 60°C 7ol &l A 05%2F 1% Aty &N (w/w)= v
o, T4 257} 4°Coll =g w71 %‘ Z} A ZA T

A4 wx= AT AsdA Wit =5 SudE F98ke], 8mm plate7t F2HE
71 (MN-22S, Hankook Fugee Industries Co., Ltd., Hwaseong, South Korea)E ©]-&3&}¢]
stk AFAFEL] FARE B FAE viEP= Table 1o YElAT &4 =53 dod
£AE Nr- 963009 At HE A E (Hermann Scharfen GmbH & Co., Witten, Germany)ol A 1i
A, FhEPId B RAEE HVEste] FUbH o R 283 Edekddth olu, Rigel FEES
0.15%, 0.3% 7}, ot~z 2B AR 0.05% H7bstioh A48 X wHe 5 X715 o8&
o AEZ QA Ao]A(Viskase Sales Co., Chicago, IL, USA; A7 20 mm)ol Zo] 20 cm= 93

iy

Al

[e)
B3

A

o

¢

ol
2
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ol FR&Ah FAE AFA FEE= 55°C AER7]I(MAXi3501 chamber, Kerres, Postfach,
Germany)ol Al 90+ &<t AX=AIZ $ Ao E& WAWAG. o] F, 55°Coll A 30, 65°CellA]
180+, 80°Coll A 60w & Ax7]dA A AT

Table 1. Semi-dried restructured jerky formulations with Loquat leaf extract (LE) and ascorbic acid

(Aa)

Ingredients (%) Control" Aa LE 0.15 LE 0.15-Aa LE 03 LE 0.3-Aa
Binding meat 20 20 20 20 20 20
Ground meat 80 80 80 80 80 80
Total 100 100 100 100 100 100
Ice water 10 10 10 10 10 10
Loquat leaf extract - - 0.15 0.15 0.3 0.3
Ascorbic acid - 0.05 - 0.05 - 0.05
Salt 1.2 1.2 1.2 1.2 1.2 1.2
Phosphate 0.20 0.20 0.20 0.20 0.20 0.20
Sugar 2 2 2 2 2 2
Sodium nitrite 0.005 0.005 0.005 0.005 0.005 0.005
Soy source 3 3 3 3 3 3
Black pepper powder 0.15 0.15 0.15 0.15 0.15 0.15
Galic powder 0.15 0.15 0.15 0.15 0.15 0.15
Onion powder 0.15 0.15 0.15 0.15 0.15 0.15

U Control, no antioxidant; Aa, added 0.15% ascorbic acid; LE 0.15, added 0.15 loquat leaf ex
tract;, LE 0.15-Aa, added 0.15% loquat leaf extract and 0.15% ascorbic acid;, LE 0.3, added
0.3% loquat leaf extract; LE0.3-Aa, added 0.3% loquat leaf extract and 0.15% ascorbic acid.

(AOAC 2000)el et 105°C “&47FE =4 (HSC-150/300, MS I&C,

2) TEEAE (Aw)

A7 = 3 0 FrIdEs AlES Zobd,  FEgAdk: F747](Novasina,

Labmaster-aw, Lachen, Swizerland)® =7 3} t}.

3) A% 4& (processing yield)
Az 782 1% A AR 7 g Adx & Age FAE fEss AEant
4) pH &3
AZE 5 g SFT 20 mLE 338t ultraturrax(T25, Janken & Kunkel, Staufen,

Germany)ES AFg£3Fo] 183 8000 rpmellA &3 F pH meter(Accumet Model ABI15+,
Fisher scientific, New Hampshire, USA)& A}-&38}lo] =438} tt.
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5 Ax= &4
AMZ FH2 chroma meter(CR-410, Minolta, Osaka, Japan)E Al-&3F] ™ = (lightness),

A M & (redness), S E(yellowness)E YWEW = CIE L3k, a#h, bits 7242 33]% S48+
(illuminant C). o]w] Lzto] 97.83, agke]l -0.43, bgke]l +1.98¢1 calibration plateE XFOo = A}
&3t At

6) A &3 (Shear force)
MZS ol 3emzEZE YA A AE F Texture analyzer(TA-XT2i, Stable Micro

&
k3
Systems, Surrey, UK)E o] &3l S5t EA%2H1LS head speed 2mm/s, force bg o =

A4 skl

7) A4 34 (Rehydration capacity)

CAE ATYSE ALAEE Dol dmm AL 4T FAF I A, T4
100 mLeo] 71 v Al 154, 304, 45, 602 AIE=Z Algs Ao FA9 WEsE 54

54

Arsha(%) = A F Az 54 (2) / HAx A= 54 (2) 1x 100

8) Sulfhydryl concentration

Sulthydryl”] $F#& Ellmean[12]¢] WHES o]&3sle] =HsAc. MZ 1gol 20mLe
5% Sodium dodecyl sulfate in Tris buffer (pH 8.0)= ¥ < F 8000rpmol A 30%3F A3t}
olF, 80°Ce #&FxA 30w 7HET FH 1200xge] HEE 20%3F 9AE
Whatman No.l o]#AE o] gsto] ofzpgivt duid AFe ImLe o #H3} 5mLe| 0.1M
Tris buffers E3ste] 280nmelA FHE=E 4o 7|+ F42 BSA(bovine serum
albumin)& ©]-&3kel Attt Sulthydryl”] 8 ImLe ofzdle] 4mLe] 0.1M Tris
buffer, 0.5mL2] 10mM DTNB[5,5'-Dithiobis (2-nitrobenzoic acid)]E #7}ste] 1053F Ao
B 5 412nmoll A FFEE SASAY. FAETE A5 A 1ImLe 5% Sodium dodecyl
sulfate in Tris buffer(pH 8.0)& 7}t 7433t} Sulthydryl”] &2 Lambert-Beer (e
412=14000 M 'em )9l F2]& AbE3sl] AxbE e, Gld 1mgd nmol thiol &2 FA] &% L)

9) TBARS(2-thiobabituric acid reactive substances)
A b9 == 2-Thiobarbituric acid reactive substance(TBARS) W& F3to =4
AT Al® 10g, =75 50mL % BHT(dibutyl hydroxy toluene; Sigma Chemical Co., St.
Louis, MO, USA) 02mLE &33te] #dstst = TBA G719 47.5mLe] SH/FT< 25mLe 4
N HCI(Sigma Chemical Co.)& €7 YAt SHFEX A FF/FA 50mLE EF3tA o] F
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5mLE # 3o TBA(Sigma Chemical Co.) Al9F 5mLe} &7 Alg o] Ho] &3tssict. &3
H AFHE 100C F4F(JSSB-30T, JS Reaserch Inc., Gongju, Korea)oll A 30&7F Hk-3-A
71 % 3083 WA A7l £39S 538 nmoll A 3333 = A (Biochrom Ltd)® &%

5]

F¥°{

ok

ki
il
A
o,
_O‘L
2
N
>
&
il
_IN

TBARS value (mg of malonaldehyde / 1 kg) = Absorbance (O.D) x 7.8 (factor)

10) M &
WAz A5 kA, o, &5 2 F%ols AlsE dugdsg&dd
AFo g 10004 3|A&har, AWk 8 (3M petrifilm, aerobic count plates), W& =4 &

petrifilm(3M petrifilm, coliform count plates), &% % 3o Z4E petrifilm(3M petrifilm,
veast and molds count plates)ol] GA A o2 3AHE mAE ABZE wjdste] S FE2USF
g ASskAth

Hsd FAEAE 2489 o ds Adste] Alse g i A2 H &of, HUt
7l T wHE F AASAT 24 AT HE b AE AR 9] FH(appearance), FH|
(flavor), %2 ZF(texture), A A% 7] & % (overall acceptability)E 9% Z=Ho| o3& H713s 3
B A& Fste] vtk olw 9 #(9=F-73, =4, T O0=5F3, 1=d3), =4

ﬁ%,lﬂ%ﬂ&ﬂ Te)m el ol
w7k 0oleta & w), olH 7}

-~
ZHO=95%, 1=dogh), A4 7 EEO-vg
H

= 7]
(off-flavor) S A &4 BAIEA o= Adutbd

FAEAS SPSS Ver. 20.0(SPSS Inc., Chicago, USA)S o] &3t A3E Az
A2 el oy, A F7re] EAo s "9 ths 7 A (Duncan’s multiple range

Fote] FoAd AAD0.05S AASH T dWEd P R (general linear model
procedure) & o|-&sto] Qg 231 Aetdy} Jhetride] Hrbm % IS A8
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ICs00] 2868.31, ol 2B ALl ICs 610.34ppme 2 of~F=2H 4] ABTS radical &~ &
o] of~z2H kY] A7t ¥ me A4S HIth DPPH #@dZd &A% 4 B Haed F
9] ICs°] 56.08ppm, oF=FZZE AL ICs 98.68ppm = radical AA A& H I om, H| TS
ZEol o =2 @45 Btk ol#d AdE Lee 9 Kim[13]9] W] #8l& EH’“*O:?:TFL =
°] DPPH @tz &~A% H7lol A 80% ethanol & 0] 944 FEEHT ¢ & g
AsdAds Bthe Aol dAs =3 55 H(Metal chelating activity)

e &
= ferrozine®] Fe™¢} wkg-3le] Fe?ferrozine &S FAstH HoMS 0A =0 olw

o,

N e
Y M{N' HE i

b

NaE FE2E Fo| Yol 4= 71 Aol &A3d ol &EgA FAS we)she
Hhalo] AsEE dgS ol &3 tH14]. 25 ZUolE 33 =4 A ofA2x=2H S g3}
Ho|x ggtom kel FEHE9] ICy 5707.85ppme] EHE Bt

Table 2. The ICsyvalue(ug/ml) of ethanol extracts of Loquat leaf (LE) and ascorbic acid (Aa)

LE Aa
DPPH radical scavenging activity 56.08 98.68
Metal chelating activity 5707.85 NE"
ABTS radical scavenging activity 2868.31 610.34

All values are mean=SD of three replicates.

D' NE, values were not estimated

g, Hg 2283 ohrmEnA vt BE WAE ATH SXY FREEFY £EB
CEE

AT Hgel FEEI ol BEHA HUbe mE v x AT X9 FedEy FEg
A% W3t Table 30 Wetlidth LE 0.3% LE 0.3-Aa A&7 F& FF> A 7)1t
O FoAE BolA SR (p>0.05), L 9 AeFelM= A% 7|3l webs s §FEol
Hadte S AT (p<0.05). 7 A Es sx9 A A3 AW qbste] & s F
T 84 T sURE §X FE qEY FE ZHEE I FEoR FAAATHIL]L 143+
of 2 AP e 14 AolE HolA E%oem(p>0.05), = AR VI FAME 2
LollA oA zpolE HolA FTH(p>0.05). ol g A MNyEgel o3 FEAA FE
o] olFol AfFEA RVl wWEom AdHAUHI6]l dwtHow AXAFY FEIHFS
20-50%, FEZE=E 0.7-09°1H, XE AT T 9 42-44%, T2 = 0.87-0.894
Lw A2 7ol T3 ATHL7-18].

Table 3. Moisture content and water activity(Aw) in semi-dried restructured jerky formulated with Loquat leaf
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extract (LE) and ascorbic acid (Aa) during storage at 20 C.

Days of  storage

Treatmentl)

1 20 45 90
Moisture content
Control 44,52 + 0.465° 4479 + 0.175 4421 + 0.3148° 43.24 + 0.23P¢
Aa 45.14 + 0.36™ 45.40 + 0.334° 44.45 + 0.25% 44.02 + 0.30%°
LE 0.15 46.46 + 0.84%* 45.59 + (.53A° 43.77 + 0.358¢ 43.94 + 0.265
LE 0.15-Aa 44.57 + 0.29" 4473 + 0.445 42.63 + 0.25™ 43.40 + 0.51°°
LE 0.3 45.01 + 0.56™ 43.76 + 0.24% 44.07 + 036" 44.73 + 0517
LE 0.3-Aa 4521 + 0.32% 44.10 + 0.61°* 43.63 + 039 4451 + 0.46"B°
Aw
Control 0.88 + 0.00* 0.89 + 0.00 0.88 + 0.024B 0.89 + 0.01
Aa 0.87 + 0.00° 0.88 = 0.00 0.88 + 0.00° 0.88 = 0.00
LE 0.15 0.87 + 0.00% 0.89 + 0.00° 0.88 + 0.00™ 0.88 + 0.00°
LE 0.15-Aa 0.87 + 0.00%° 0.88 + 0.00° 0.88 + 0.005® 0.88 + 0.00®
LE 0.3 0.87 + 0.0145° 0.89 + 0.00 0.88 + 0.005® 0.88 + 0.01%
LE 0.3-Aa 0.87 + 0.00% 0.88 + 0.00° 0.88 + 0.01%® 0.88 + 0.00°

All values are mean+SD of three replicates.

AC Means sharing different letters in the same column are significantly different.

¢ Means sharing different letters in the same row are significantly different.

U Control, no antioxidant; Aa, added 0.15% ascorbic acid; LE 0.15, added 0.15 loquat leaf extract; LE 0.15-Aa, a

dded 0.15% loquat leaf extract and 0.15% ascorbic acid; LE 0.3, added 0.3% loquat leaf extract; LE0.3-Aa, adde
d 0.3% loquat leaf extract and 0.15% ascorbic acid.

l2zZ28 470 WE Az ATA X9 pH W

k)
=
X
ke
A
o
e
5

o

AR, A4 ByE 227 Axe A3y Fo FHWs 9 A 54 S wHTH19]
AGe vge] FE2EH ofxm2H A HUbd e vhix A7 S329 pH ¥ Table 4
of ettt A 192ke] pHE Y 3el FE2E9 Hrtge] S71ed4S, of~232H8 S A
74etdE W, pH7E S7bekeE A4S BAH(p<0.05). °1F AF7|Eet A5 evet pHrE
HaAE Hole A dMde] a4 sk, dafjd gl e Ast H oopnxmAl EIE Qg
B7137] wEWES] Ao AR T16]. vige FEES HUME AR TEY AB5 pHYF
Ashe As Holwd, ol HHelo] st A= FUIAbEC] FEFS W AR AtRE
ok vl gdo= F714F T &A1 2k(succinic acid), Al EZ4H(citric acid), ¥} ##|4F(maleic acid)
= E3star dvH20]
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Table 4. pH in semi-dried restructured jerky formulated with Loquat leaf extract (LE) and ascorbic acid (Aa)
during storage at 20 C.

Days of  storage

Treatment1)
1 20 45 90

Control 5.89 + 0.01% 6.01 + 0.12° 6.15 + 0.014* 6.12 + 0.014*
Aa 5.86 + 0.03F¢ 6.06 + 0.00° 6.10 + 0.01¢ 6.06 + 0.01%°
LE 0.15 6.03 + 0.00™ 6.07 + 0.01° 6.10 + 0.00< 6.06 + 0.01%
LE 0.15-Aa 6.10 = 0.00% 6.04 + 0.00" 6.04 £ 0.00° 5.99 + 0.01°
LE 0.3 6.14 + 0.01% 6.06 + 0.00¢ 6.11 + 0.00% 6.12 + 0.00%°
LE 0.3-Aa 6.17 + 0.00% 6.02 + 0.00 6.05 + 0.01°¢ 6.06 = 0.01B°

All values are mean+SD of three replicates.

AF Means sharing different letters in the same column are significantly different.

ad Means sharing different letters in the same row are significantly different.

U Control, no antioxidant; Aa, added 0.15% ascorbic acid; LE 0.15, added 0.15 loquat leaf extract; LE 0.15-Aa, a
dded 0.15% loquat leaf extract and 0.15% ascorbic acid; LE 0.3, added 0.3% loquat leaf extract; LEO.3-Aa, adde

d 0.3% loquat leaf extract and 0.15% ascorbic acid.

Age AlFe FEEY of~zIEHA HUbd wE Rk AT Sxo A
Table 50 HEFHIAT. 2~

A9l Aol Mol gkok
s EATH(p<0.05). I xﬁ}ﬂ{} 194 ol
= BT (p<0.05). F7heEel A FHA7ME s H7EAC 98 dFe wew, olF nitritex
NO=Z 3ds o] S22 @Al myoglobind} ¥H§-3 2 2 nitrosylmyoglobin®] &/ ¥ o] &4
o] B vebitH21]. B3 FEHEo] nitriteE o] AL AAANZOR HA LI} crol
o2 Atz oyt AMEe] i o] AT fAE AdE BHAE o, ¥ g FEE
AR HAS Ha 9l AT E([22], SAEE[23]S HIFE AAA 9] AgollE axvb SrolA =
BEgE Bk | t
0173: EO]X] %9}4(p>0.05). i

T

001'

=5 Uehll= CIE bt 24 A2 golA A47]7ko]
fox]

_L
oo
é
=
i)
ol\
N
X
o
e
oM,
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Table 5. Color in semi—dried restructured jerky formulated with Loquat leaf extract (LE) and ascorbic acid (Aa)
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during storage at 20 TC.

Days of storage

Treatment1)
1 20 45 90

CIE L*

Control 48.58+ 1.928¢ 52.98 + 1.25° 5125 + 0.73%° 51.60 + 0.13%
Aa 47.68 + 0.60° 54.88 + 0.70° 51.08 + 0.504B° 51.01 + 0.75B°
LE 0.15 48.48 + 0.958¢¢ 55.81 + 2.28° 50.96 + 0.44B° 4930 + 0.76%%
LE 0.15-Aa 47.69 + 0.80° 54.01 + 1.41° 50.40 + 0.54°B° 50.20 + 0.82BCb
LE 0.3 49.77 + 0.66*B° 54.16 + 1.78* 48.02 + 0.98% 4942 + 0.51°%
LE 0.3-Aa 50.00 + 0.55"° 53.17 = 1.02° 50.14 + 0.80° 49.83 + 0.65
CIE a*

Control 11.87 + 0.82%¢ 13.90 + 0.18"° 13.52 + 0.47%° 15.82 + 1.64
Aa 12.37 + 0.72%° 13.44 + 0.414° 14.73 + 0.25% 15.39 + 0.68**
LE 0.15 8.76 £ 0.91¢ 10.53 + 0.675 11.14 + 0.42¢® 11.58 + 0.25%
LE 0.15-Aa 9.82 + 0.30% 10.93 + 0.348° 10.63 + 0.71°P° 12.51 + 0.37%
LE 0.3 6.96 + 0.61™° 10.90 + 0.158¢ 10.17 + 0.18"® 10.38 + 0.63°
LE 0.3-Aa 8.55 + 0.45%® 10.16 + 0.85% 8.54 + 1.00™ 10.15 + 0.59<
CIE b*

Control 13.29 + 0.27%° 16.59 + 1.13P¢ 15.96 + 0.48* 16.17 + 0.71P*
Aa 12.82 + 0.32%° 16.45 + 0.48% 15.96 + 1.55% 16.46 + 0.16"*
LE 0.15 15.23 + 0.62°° 18.38 + 0.124B2 17.52 + 0.85% 17.50 + 0.83¢
LE 0.15-Aa 14.47 + 0.19™° 17.16 + 0.28%° 17.87 + 1.11%° 20.12 + 0.73%¢
LE 0.3 19.33 + 0.76* 20.17 + 0.50%8 17.44 £ 0.79® 17.67 + 0.615€
LE 0.3-Aa 18.33 + 0.32B¢ 18.29 + 0.43%° 18.65 + 0.46*° 18.36 + 0.49°°

All values are mean+SD of three replicates.

AE Means sharing different letters in the same column are significantly different.

¢ Means sharing different letters in the same row are significantly different.

U Control, no antioxidant; Aa, added 0.15% ascorbic acid; LE 0.15, added 0.15 loquat leaf extract; LE 0.15-Aa, a

dded 0.15% loquat leaf extract and 0.15% ascorbic acid; LE 0.3, added 0.3% loquat leaf extract; LEO.3-Aa, adde
d 0.3% loquat leaf extract and 0.15% ascorbic acid.

ob, B9 FEEF ofAI2BAHTM wE BAE AT SE JDY H

A% v FEE

olrzmEHAL Hulo] wWE WbAx ATA SEo HuE Wste
Table 6o YJERRATE A 142kl LE 0.157F 7F @ Adage 1o (p<0.05), Hl 3
M7veFo]l S7hgel whep debeg o] F7hgEe BATHp<0.05). ©]& H|
ol dF= < AT ST A AR Dol AEEE A
Hrh oled A desHTEY A el ddS 1 2 A
Bolx| ¢ko} JFS A ke Aoz Atk LI AF7|7bo] A3pdte] wheh zZhzbe) x

2 TE Aagoe] Frhes A4S Hth(p<0.05).

- 124 -



Table 6. Shear force (N) in semi-dried restructured jerky formulated with Loquat leaf extract (LE) and ascorbic

acid (Aa) during storage at 20 C.

Days of  storage

Treatment1)
1 20 45 90

Control 143.16 + 1.965® 140.62 + 1.28™ 143.14 + 1.25%® 144.06 + 1.52
Aa 145.33 + 0.895%® 143.34 + 7.558¢ 14321 + 2.44P® 141.98 + 4.64™
LE 0.15 123.49 + 3.24P° 133.77 + 891 134.49 + 2.52¢* 151.01 + 0.50“
LE 0.15-Aa 137.90 + 2.79 140.00 + 4.19% 145.65 + 2.55% 157.19 + 1.68™
LE 0.3 143.75 + 1.23% 152.23 + 4.2448° 153.77 + 1.84%° 159.06 + 2.074B
LE 0.3-Aa 166.82 + 4.98° 16533 + 2.10"° 161.98 = 3.34%° 163.10 + 1.59%

All values are mean+SD of three replicates.

AD Means sharing different letters in the same column are significantly different.

@b Neans sharing different letters in the same row are significantly different.

Y Control, no antioxidant; Aa, added 0.15% ascorbic acid; LE 0.15, added 0.15 loquat leaf extract; LE
0.15-Aa, added 0.15% loquat leaf extract and 0.15% ascorbic acid; LE 0.3, added 0.3% loquat leaf ex
tract; LE0.3-Aa, added 0.3% loquat leaf extract and 0.15% ascorbic acid.

v, HgY FEEFH ol2FE2BAHIY wWE WAZX AT SEY TBARS,
Sulfhydryl &% W

i)

Alg 9 S E U9 st AbA #x7F @4 4FA F(reactice oxygen
species) &= WEH O M A|ZHEHTH24] AFS HFe] FEEH ofAIEBLL HIbY wE
WbAZ A4 S X9 Thiobarbituric acid reactive substances(TBARS)%} Sulfhydryl”] &%
W3l Table 76 YeERAT dubdow S7lEFe] A4 5 ARAss A5 ofn =4k

2 dFre E4a A, T, 24 2 ded FA AstE fadv24] ol
A Absts SA%= WS TBARSE MDAE 2-thiobarbituric acid®l ¥FEAIA dojA&
A =2 v FoR A tstE SAJIGD] A 1dAel A LE 03-Aa A2k 7}
& sbE TBARS #g R A2m(p<0.05), Ag717ke] a3l webA = LE 03-Aa A7}
7Hd $b& TBARS ke EATH(p<0.05). &7Fs32] 45 TBARS %l 0.5 MDA(mg/kg)e]”d
oA A HE =711, 1 MDA(mg/kg) ool A= As=r) o} 2 8o] E7bssirt26]. &
a3 A Ag7Izke]l A3tstel whel TBARS #2 S7hekes B3S HA o (p<0.05), HE

90% kel TBARS 3F#-2 0.37-0.39 MDA(mg/kg)®l W91 = a3 ¥ Wttt

g Abshe EApzRel ol&st A3 ¥4S TI 9MAzte] JtuARE fEshe]
Sulfhydryl &S 227 e 23tE oY AEAY. B 2
goper]. ¥ AR A AR 1dAlA dz=7UF P w2 Sulfhydryl e HloH
(p<0.05), Wlstel FEEF ofxz2BS HUge] whebA Frhak A th(p<0.05). o= M3
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Table 7. TBARS and sulfhydryl concentration in

extract (LE) and  ascorbic acid (Aa) during storage at 20 C

semi—dried restructured jerky formulated with Loquat leaf

Treatment])

Days of  storage

1

20

45

90

Sulthydryl concentration (nmol/mg protein)

18.23 + 0.08"

Control 36.74 + 0.15™ 36.00 + 0.07™ 23.86 + 0.04%

Aa 4933 + 0.36° 52.65 + 0.18™ 36.04 + 0.19™ 23.47 + 0.12%
LE 0.15 39.05 + 0.04%¢ 4724 + 0.56™ 39.82 + 0.22°° 30.71 + 0.05%
LE 0.15-Aa 53.86 + 0.09%° 62.40 + 0.28% 37.21 + 0.77°%¢ 32.35 + (.43
LE 0.3 48.12 + 0.49™° 53.55 + 0.42% 4448 + 0.10%¢ 30.24 + 0.17™
LE 0.3-Aa 66.79 + 0.334° 71.99 + 0.60™ 55.41 + 0.35%° 46.73 + 0.35"¢

TBARS (mg MDA/kg Meat)

Control 0.22 + 0.00A¢ 0.28 + 0.00"° 0.34 + 0.00*° 0.39 + 0.00"°
Aa 0.21 + 0.00%¢ 0.28 + 0.00% 0.34 + 0.00*° 0.38 + 0.01%
LE 0.15 0.21 + 0.00%¢ 0.28 + 0.00% 0.34 + 0.00A" 0.38 + 0.00°
LE 0.15-Aa 0.19 + 0.00% 0.27 + 0.00 0.34 + 0.00% 0.38 + 0.00°
LE 0.3 0.20 + 0.00% 0.27 + 0.00¢ 0.33 + 0.00° 0.37 + 0.00™
LE 0.3-Aa 0.19 + 0.00% 0.26 + 0.00°° 0.33 + 0.00° 0.37 + 0.00™

All values are mean*SD of three replicates.

AD Means sharing different letters in the same column are significantly different.

ad Means sharing different letters in the same row are significantly different.

' Control, no antioxidant; Aa, added 0.15% ascorbic acid; LE 0.15, added 0.15 loquat leaf extract; LE
0.15-Aa, added 0.15% loquat leaf extract and 0.15% ascorbic acid;, LE 0.3, added 0.3% loquat leaf ex

tract; LE0.3-Aa, added 0.3% loquat leaf extract and 0.15% ascorbic acid.

AL B3 Y FEETH ol2FE2 BV B E WAz AFY X AETH W
4% vl FEE7 of~m2 84 Hutd & Rt AT Ko mAESA W=
Table 8°I T Al MAE 9 NS Adel A5 AAz = 7
Fol E]U% Fo] Htel <] 35 F4T & duH28]l AF A HrbeA FH
AEe] 7 FtHAds R i dut A =2 5(log CFU/g) AEolth(l). 2
A9 Zéﬂr A 7 45%1#74%1 9= llog CFU/g) mRbeZ  uyepgon, 90Uk
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3.06-3.49(log CFU/g)o. = 1lelyith o|F LE03-Aa’} 7FE ve ¢4 &S B
(p<0.05). WFFFY a8 D FFol= A 7|3kE 28 A HolA 1(og CFU/g) vwte
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Table 8. Microbial analysis in semi-dried restructured jerky formulated with Loquat leaf extract (LE) and
ascorbic acid (Aa) during storage at 20 TC.

Days of  storage

Treatment"

1 20 45 90
Total  aerobic bacteria (Log CFU/g)
Control ND? ND ND 3.49 £ 0.10%
Aa ND ND ND 3.47 £ 0.00*
LE 0.15 ND ND ND 3.52 + 0.10*
LE 0.15-Aa ND ND ND 3.50 + 0.094
LE 0.3 ND ND ND 3.47 + 0.09*
LE 0.3-Aa ND ND ND 3.06 + 0.08%
Escherichia  coli form (Log CFU/g)
Control ND ND ND ND
Aa ND ND ND ND
LE 0.15 ND ND ND ND
LE 0.15-Aa ND ND ND ND
LE 0.3 ND ND ND ND
LE 0.3-Aa ND ND ND ND
Yeast  and Mold (Log CFU/g)
Control ND ND ND ND
Aa ND ND ND ND
LE 0.15 ND ND ND ND
LE 0.15-Aa ND ND ND ND
LE 0.3 ND ND ND ND
LE 0.3-Aa ND ND ND ND

All values are mean+SD of three replicates.

AB Means sharing different letters in the same column are significantly different.

D Control, no antioxidant; Aa, added 0.15% ascorbic acid; LE 0.15, added 0.15 loquat leaf extract; LE 0.15-Aa, a
dded 0.15% loquat leaf extract and 0.15% ascorbic acid; LE 0.3, added 0.3% loquat leaf extract; LE0.3-Aa, adde
d 0.3% loquat leaf extract and 0.15% ascorbic acid.

2 ND, not detected < 10'CFU/g

o, B Y FZ2E3 oj2F2HAAIY BE HAZR AT SXY ASHY

Hlgel FE=3 ofamE B YUl wE Wiz A X0 dew7
9ol FERHQITE Be FEE I} olamE B Hbe] o RE FEoA f
Holx A H(p>0.05). o= HlFel FE=| HIbEol V£ wixE AT Fx9 A
il oF

He fASE O AGF FEUL e, B

2, TR vge]l BEE Hubed S W, AAHQ v|EmelA diEad wmel B
0.3% Ha 74 §AQ AolE Holx Fgom 1 o4 TR AE 7557 FoF o
2 7rasitty ®austgh. S [30]S A AW AA Ao FAWATLF} AEEAFEES
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Table 9. Quantitative descriptive analysis and hedonic scale in semi-dried restructured jerky formulated with

Loquat leaf extract (LE) and ascorbic acid (Aa).

Treatment" Control Aa LE 0.15 LE 0.15-Aa LE 0.3 LE 0.3-Aa

Off- flavor 138 £ 1.06° 025 + 0.71° 1.00 + 0.93* 038 + 0.74 1.63 + 1.06° 1.63 + 1.60°
Color 6.50 £ 227"  8.13 + 0.83° 550 £ 1.51  7.25 £ 1.16® 513 = 2.10° 625 £ 1.91™
Flavor 6.63 £ 245" 763 £ 0.74° 613 = 1.36®  7.00 = 1.07° 563 + 1.60° 625 = 1.83%
Texture 6.50 + 2.20 738 + 1.19 6.38 + 1.06 6.88 + 0.99 6.13 + 1.55 6.25 + 1.67

Juiciness 6.00 = 2.07 7.13 £ 1.25 6.13 + 0.83 6.25 + 1.49 6.38 + 1.51 6.25 + 1.67

Overall

acceptability
All values are mean+SD of three replicates.

6.00 = 2.20 7.25 £ 1.16 5.88 £ 0.83 6.63 = 1.19 5.63 £ 1.19 5.75 £ 1.98

¢ Means sharing different letters in the same row are significantly different.
D Control, no antioxidant; Aa, added 0.15% ascorbic acid; LE 0.15, added 0.15 loquat leaf extract; LE 0.15-Aa,
added 0.15% loquat leaf extract and 0.15% ascorbic acid; LE 0.3, added 0.3% loquat leaf extract; LE0.3-Aa,

added 0.3% loquat leaf extract and 0.15% ascorbic acid.
A2 A 24 &8 de FE AT A7

1 A
A MAIAHeZ @ g&o v oF 453%F Eo &M (FAO, 2018), $-uvetel %
o] #Es Fhshm Ytk eEg e AuAd HEEsL ¥

o
=
it %%‘Oﬂ Hl 3] EXx oA, HE 8 tolopil(niacin) ol w1 Zdl2ElEd E3) A
&

A Sheko] ©re HoltH(Kim et al, 2017; Kim et al,, 2020a). Song 5(2013)& 2.8 %o < H|
7F-6-A A4, &8 i oleic acid) ¥ =2 o 5 o xRS 5] wiamed o EA
7FA17F S8tk ar Fach 28y 2859 5% Y AT B g

d3tA % AFHeE F=Z(cold—cut) SAECEZ(Kim et al,

3 N BAE 48S 2838to] A3 cHFeiner, 2006). o9} FAFSE 2

S7tEEo 2 Wy ar] HS(brawn), &% (silze) % 3= X Z(head cheese) 5°| ¢ TtHChoi
et al, 2017). dWrd o= AF= A5 FAEe & JHAE F7HA717] 98 AgAHew
teE e B e BHoR dte AlwoR, As FAES @85k fod AnA

Eo £8 5ol sl Az Wk FEsA Kol AR ek £ 9l

1
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AglFre 42 Fa% 4 Ao, vkl =A% FFE HAHOE FfolmE2EFR
o] =(hydrocolloid) ¢ AF-&o] AQtE o] gt} slo|mmZRolms AS7eFe E4% B4y
S-S Q& de AFEE a2 ATHChoi et al, 2009; Choi et al., 2019; Lee et al, 2017). Kim
5(2020p)8] Aol WEWH, F3tE sl FRo|=d o3 A HAXUt Frtst A FAdE T
FEh dE 5o <314 alginic acid), 7FeF7]d(carageenan) 2+ ¢F(konjac) ¥ 22 dhol=
2F2olurt AS7teEe] w4 VIS fs A7 BF vk S ASTEES] R &
s 584 58S FIHE ¢ 5
ability) = 7FA™, ol2 QI8 A&7aF9 By 2 24S F4E F Aok (Kumar and
Sharma, 2004). <t¢F2 A &7bgEe &7 23S
2017). webA, sfolEREROIEE ARTbEEe] S 4 2 24 AT ¢ dvha Ba
A ¢t= A tH(Cho and Jeong, 2018). 17
A EA mA = G #E A= mEg Ao

ek, 2 A FEA s Ayl FHE5A S s AyF=ed o
Uk stoler2Emol=o] & HUPF A= vAl= 9IS FAFSH <

AMZE 222 o8 SAF] /e B3 AR Avs F42

°
i)
k)
r
B
ot
oo
ot
_O‘L
o,
Iy
fr
i
fr
o,
[t
N
2
AC)
S
[r
Lo
|

Hﬂ
5
021:“,
il
32
oM

2. A8 2 WY
7 A FE Az

ZFe7 oS AF=s Kim 5(2014)9 WS §8&3to] Axsiih AAdd 28 754
W 271 @EFYNA AT wgon, Kim 5(2020a)9] WHel o Szl AtElS
FEaith 28§ AYFs slo|l=2FRolue 7 4 sREEE F 7
b3

=
ZF A elg-e] vl@H]= Table 1o WYetddth. &8 752 15% 2w NaChs H7hst
Z

A
o] 4°2Coll Al 24A13F &<t ARt Ath dXH 28 M5 2712 47 75°Col A 30% F <t
ZFdEdet. 7tdd 28] 7hEARS Nr-963009 silent cutter(Scharfen, Postfach, Germany)Z Ab

&3te] 33 3 dste] dd F o 23 F& Agd, = 3 FARG EFeA. S A
e dxzye stelm2aRonE HUbshA fal Axsidit. LS AYFE AdTe
stel=gFRol=g Zb7t 05% alginic acid(T1), 05% carrageenan(T2), 0.5% konjac(T3),
0.25% alginic acid®} 25% carrageenan(T4), 0.25% carrageenan® 0.25% konjac(T5), 22l
0.25% alginic acid®} 0.25% konjac(T6)& H7Feted A XAt 72 Alge F3X171E5 AH&sto
@ 25 PVCD Aol 4ol 739tk #4% 0o% AT 85Col A 405 Sob 7hdsha,
Aol FAHE olF 10°ColA 24413 &t WYt HT:Hdore 227 eds AYFes
4°Col Astar, 29 ool F4d 545 Z4sAH o] FAS wiAT 3 kg¥ 33 wHE 3

st

[e=2
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Table 1. The formula (%) of duck meat jellies manufactured with hydrocolloids

Ingredient Control" T1 T2 T3 T4 TS T6
Duck breast 50 50 50 50 50 50 50
Duck skin 20 20 20 20 20 20 20
Water 25 25 25 25 25 25 25
Duck gelatin 5 5 5 5 5 5 5
Subtotal 100 100 100 100 100 100 100
Alginic acid - 0.5 - - 0.25 - 0.25
Carrageenan - - 0.5 - 0.25 0.25 -
Konjac - - - 0.5 - 0.25 0.25
Salt 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Phosphate 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Sugar 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Garlic 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Black pepper 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Lemon juice 1.0 1.0 1.0 1.0 1.0 1.0 1.0

V" Control: without hydrocolloid, T1: 0.5% alginic acid, T2: 0.5% carrageenan, T3: 0.5% konjac, T4:
0.25% alginic acid + 0.25% carrageenan, TH: 0.25% carrageenan + 0.25% konjac, T6: 0.25% alginic

acid + 0.25% konjac.

U BN TE

1) pH &34
22§ AeFee] pHE ARG g 77020 mDE 7hste] #dsta pH 4715 o83}
o Z43AHKim et al, 2019).

vl

e

g AgFre M= MAAEA(CR-410, Minolta, Osaka, Japan)E AF-&3te] 43
o}, M= AAA = illuminate Co BP0 2 A FANA Add WAFTEI(L+ = +97.83, ax =
-0.43, bx = +1.98)= A&t HASIA

3) B4 33 (TPA)

o8-S AgFro EAL EA4Z547|(TA-XTplus, Stable Micro Systems, Surrey,
England)E AMg&3le] H71etdth Al &5 20x20x20 cm®Y] 2712 Fhla . 2434 =4
S &y o] AAEATH pre-test speed(2.0 mm/s), force(5 g), maximum load(2 kg),

distance(10.0 mm), head speed(2.0 mm/s) % post-test speed(5.0 mm/s)(Bourne, 1978).

4) AR E
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Qs AeFre] dRtdE2 AOACH S ol&3te] FA3HATHAOAC, 2000). & &2
105°C k=" (AOAC 950.46B), oA 3heES Kjeldahl™ (AOAC 981.10), A% Soxhlet
H(AOAC 960.69) R 3|3 T2 550°C 2151 3] 3t (AOAC 920.153) .2 742} ZA st

5) AlzxtFAF E FEA(DSC)

Qg A Frol AlAFAL d#@tA2 DSC 4000 furnace(PerkinElmer, Waltham, MA,
USA)E ol&ste] FAeAt A820 ug)E &Frg Mol IFetar vl e FdFoz A}
£ Alme =4S 10°ColA 120°C7HA] 5°C/mine] 4% 2 7FE8F1 ). Pyris tlo]g &4
Zeas Apgate] JHAl 2% (To), 92 2%(Tp), T8 2%(Tc) % A9 HIHIHDE Al
A3kl o (Hwang et al., 2019).

6) %47}

cBlg A Frel #54 S48 1390 AR Adel os) BrAT 4 AR 60 x
30 em(#7 x Zol) A/l% Awsty, F49)¢] 348 £A48 Folstel HdelA AT
29 PY52 ARG 4 ARE AEY 98 JEZ 9w, WL, A%, o L A
A9l JEE tietel 18 WS mgAstA @g, 9de Wi

(Bergara—Almeida et al., 2002).

o

e
I
o

430 HrHad

RE A3 dolgE SPSS Ver. 20.0 (SPSS Inc., Chicago, USA)S %3
v‘i’**—*.(onefway ANOVA)S 2Aste] Qdojst AAdE A 1

AA9] th5 7 A (Duncan’s multiple range test)S £3to] Q& A Fro 2

3. 2% % 1%

7h 28§ A F=9 pHY A=

A7, FhEbrld 9 Eofo]l EftE oS AP F=o pHeF MEE Table 20 WERHSAT

olERFHFo|= HITE(TI-T6)S thZ7(Control) Et} pH7F E=o ™ (p<0.05), 0.5% <7
A2 (T pH7F Aoz 7 =4 (p<0.05). o]yt A= o=z ZZol=r}

S7HEEFS pHE 72 5= 9low, ojde] Ao vt o=z =2ol=rt Hrbe A
g 28 el 1% &x12ke] H7PF A4 S o pHE E=Avhe 2ot A3

Kim et al, 2018). Park %(2008)2 &lo]=zF2ol=29] 77} E87l5%2] pHE WA=

gelatnt. 1B R, selERFRo|=e] b & A F=o] pHel ol o
= & Atk

rﬂé ol

1>

—~

P
o o

(
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Table 2. Effect of hydrocolloids on pH and color of duck meat jelly

Treatments  Control" T1 T2 T3 T4 T5 T6

pH 6.24+0.02°  6.30+0.01* 6.26+0.01° 6.26+0.02° 629+0.01° 625+0.01°  6.27+0.02%
CIE L* 67.00+0.61° 68.37+0.53° 67.13+0.52° 67.28+0.27° 69.24+0.23" 68.33+£0.44> 69.01+0.42°
CIE a* 4.08+0.30°  4.89+0.58" 2.79+0.18% 2.78+0.18%  4.13£0.19"  3.1120.12%  3.15+0.13°
CIE b* 13.5940.52°  13.82+0.37° 11.98+0.31° 12.440.23% 13.93£0.75" 12.69+049% 13.08+0.32"

Mean + standard deviation was presented with three replicates.

a¢ Different small letter in the same row means significant differences (p<0.05).

V" Control: without hydrocolloid, T1: 0.5% alginic acid, T2: 0.5% carrageenan, T3: 0.5% konjac, T4:
0.25% alginic acid + 0.25% carrageenan, TH: 0.25% carrageenan + 0.25% konjac, T6: 0.25% alginic
acid + 0.25% konjac.

Sol=RFRol=E Y ogS AYFso] AME= dfx2ret foAQl AolE YERAT
(p<0.05). B+ 0.25% L2142 + 0.25% Zheb7ldk A2 (T4 9 0.25% L47AF + 0.25% <2 oF
AP H(Te)EC] M =L e Uellom(p<0.05), AMEet FAM== 05% LA A8+
(TH7F 7F8 =& 3 YA TH(p<0.05). Kim 5(2018)2] Aol A 05% L314F + 0.5% ok
A A e MErh b Ee ke HAne FATE o= Ro|=E It
AT AE Atolel oA zbol7F YA e AtHKIm et al, 2018). o] &g Mo W}
sol=2F2olE Hrbe] whl AuFso deld Hrp o] WEgHY] YiEd FE gl
Awk, AR H7b o] Aol FAE o] Wsle] fojAl Jgg WA gErvhil By
vl ATHKim et al, 2014; Kim et al, 2018). o]¢l= WHIZ, £ oA A=z thE slo|l=ada

oj=rF NS W = oyF AYFre Ao JFS A= Aem e

o

o

O

sl

ofo] &g oulK AyFro B934 A= Table 3o HERARATH
0.25% 7Hek7ld A2+ (THE A 9

5 slol=gFRol= HIM P Eo] tETF(control) BT 2™ (p<0.05), 7t A TE
(T2 2 T5)¢ A=7F tlZF(controD}t A AL Fhetrdel oe AgFro AF
72 FS5Eo, Ay g#HAd2 05% &4 Ay H(TDHH 0.25% &04F + 0.25% 7}
g7l A (T4)7F 718 =4 JEbS T (p<0.05). $34% F&4d2 05% &4 A=+
(TDe] 7Fg ¥=kom(p<0.05), AL 05% =<F A2 +(T3)9 0.25% 7heb7d + 0.25% =oF
A2 T(T5)7F 74 =9th(p<0.05). Kim 5(2014)¢] w=w, AgF=o] Ao tiste] Aztel
A7bgel e Agr oz vepdtin 39tk Kim 5(2018) o= FRo|=g 713
AT 28 o] BAgo] TR B, o steluERFRol=et AFRT o A7
7

g @e £ BE D FA ol F7457] MEeletn wustark o5 AN 1% 41

aE)
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e WA AT 28 Bel Aok A
A

ut :
sfolmgZRolu AL FEY FE B 2§24 YL =4
E4e oplgttn Budd adns, AFce] 2o 54 A 250 whelA shel=z
FRol= FHE MYHoR A% F A4S Aol
Table 3. Effect of hydrocolloids on texture profile analysis of duck meat jelly
Treatments Control" Tl T2 T3 T4 TS5 T6

Hardness (kg)  0.22+0.03* 0.07+0.02° 0.20+0.03* 0.13+0.02° 0.05+0.03¢ 0.21+0.04* 0.16+0.01°
Springiness 0.49+0.10 0.96£0.01* 0.32+0.03° 0.73+0.18" 0.92+0.07° 0.63£0.07° 0.54+0.15%
Cohesiveness  0.19+0.02° 0.65+£0.04* 0.18+0.01° 0.34+0.05° 0.58+0.06" 0.24+0.01¢ 0.27+0.03¢
Gumminess (kg) 0.04+001 0.04£0.01* 0.04+0.01° 0.05£0.01* 0.03£0.00° 0.05+0.01* 0.04+0.00"
Chewiness (kg)  0.0240.01¢ 0.04+0.01* 0.01+0.00° 0.03+0.01* 0.02+0.007 0.03£0.01° 0.02+0.01%

Mean *+ standard deviation was presented with three replicates.

a¢ Different small letter in the same row means significant differences (p<0.05).

U Control: without hydrocolloid, T1: 0.5% alginic acid, T2: 0.5% carrageenan, T3: 0.5% konjac, T4:
0.25% alginic acid + 0.25% carrageenan, TH: 0.25% carrageenan + 0.25% konjac, T6: 0.25% alginic
acid + 0.25% konjac.

o 28s AYFEe AR
g F o] AWM Table 49 YEH AT
) =7 (Control) HE.t} =0 (p<0.05), o=
T gL 2 wjifolet #eE i (Chin and
Chung, 2002). &4 2 2 23|13 ek 249 BE Sfo|E2F2o|E HIt AHEF&
Abole oA Akol 7t YERUA] FSktH(p>0.05). o] AFtolA slolmRFRo|=E HIbgh
A4 28 Ao i/ FFS stelmrZrols T3V AE 28 fdRY E=dtHKIm et
al., 2018). Kim 5(2014)2 Azt 7} 54 Sk wet & o] fdasts ##Esd
o g ATeA sfelErERol=E HIMG ARSI ES SolEREFR=Y Fi/ F
Al gl el 2 gl S7FE = Adel yEbd il BaHvH(Choi et al, 2010; Kim
et al., 2018; Kang et al., 2003).

R
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Table 4. Effect of hydrocolloids on proximate composition (%) of duck meat jelly

Treatments Control" T1 T2 T3 T4 T5 T6

Moisture (%)  76.19£0.19° 78.06+0.38" 7847+025" 77.92+034° 77.93+046" 78.10+0.03* 77.89+0.15°

Protein (%)  11.31+0.45 11.29+1.13 11.06+0.32 11.04+0.08 11.1+0.27 11.25+0.86 10.14+0.45
Fat (%) 3.86+0.68 3.61+0.72  3.51£0.64 3.90+0.28 3.97+£0.64 3.96+0.57 3.51+0.14

Ash (%) 2.17£0.17  2.27+0.17  2.19+£0.27 2.13£0.23 2.27£0.27 2.1940.17 2.19+0.26

Mean + standard deviation was presented with three replicates.

a¢ Different small letter in the same row means significant differences (p<0.05).

Y Control: without hydrocolloid, T1: 0.5% alginic acid, T2: 0.5% carrageenan, T3: 0.5% konjac, T4:
0.25% alginic acid + 0.25%6 carrageenan, TH: 0.25% carrageenan + 0.25% konjac, T6: 0.25% alginic
acid + 0.25% konjac.

S, Fhebd Bl reko] EEH o Ao dWA 5SS HUEe] fdste] AR
TAF % 2SS 543 A= Table 591 WER AT Xé‘ﬂ*‘:j*E-OJ A
93(Tp) 2 ZE(Te) €t sfolezZ2ole Hryb e F5d nvls}
Hp<0.05). oldgt A= stol=gFZRol=e HUbrh eels Aey=e d MFAds S
ANAHSE AAree A 2% Wee Ay 5=45 Uy wdel Fastt
(Heussen et al., 2011). AgF=9 & FH4 5 2

T=xol "o 7FY =2 VA 225 05% H(T3), 0.25% &34 + 0

0.25% 7Zheb7Id + 0.025% <22H(TH)N A e, 7 2& JiA] 255 05% €114 A&
TH(TDNA GEFSETHp<0.05). dtol=2F 2ol AF] d S Zo|AN, 25 &
Ao 7 =4 #4831t (Saha and Bhattacharya, 2010). H] 7} Arejol A A & Alo] 7153 &
Ak A7FE EollA mom) ojgjg o] f =2 & <t de AsiA R LA ch(Saha and
Bhattacharya, 2010). ¥ ATFoAe &34 AT & Aol T & A= vl
dUiA e w gtk &Kol BE AT A 2= 36°C olskdon, o= Abgel 77
2E(37°C) B vromw  Abgho] {iqtel A =<l AeFr=g A A F ASS AAMEH
Ay o] Wsh= AF] AHE WEA7l=dH 28d dUAE YEYL 227 28S A
Fro dgy(dH)= 05% w¢F A F(T3)AA 7 @2 a4 Yetdlon, ol Lok
of 7F ARl B4 7IQlH Ao F5HM, duFro A3 Al Hrbd 2efow Qs

Stell A Aol t] 7t A& = 4 S FHo|th(Saha and Bhattacharya, 2010).
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Table 5. Effect of hydrocolloids on thermal denaturation properties of duck meat

jelly
Treatments  Control" T1 T2 T3 T4 TS T6
To 25.20+0.87% 2591+0.13% 26.00£0.19¢ 28.72+2.76" 27.504£0.08° 2734+0.18™ 26.93+043™
Tp 32.65£1.70° 3431+0.18" 34.99+0.06° 34.32+2.41° 36.82+0.54° 35.57+0.18" 35.98+041°
Tc 42.03+2.49° 46.77+0.64° 44.21+029° 41.99+2.41° 46.10+041° 4430+0.12° 4532+1.32%
dH 0.65£0.03*  0.80£0.08™ 073017  0.51x0.01° 0.96x0.07* 0.71£0.00°  0.82+0.00°

Mean = standard deviation was presented with three replicates.

ad Different small letter in the same row means significant differences (p<0.05).

V" Control: without hydrocolloid, T1: 0.5% alginic acid, T2: 0.5% carrageenan, T3: 0.5% konjac, T4:
0.25% alginic acid + 0.25% carrageenan, TH: 0.25% carrageenan + 0.25% konjac, T6: 0.25% alginic
acid + 0.25% konjac.

%{V&, Zhep7d 9 okl St Qs A F=d] $ew 7t 2= Table 69l HERHAS]
4 v B AdTelA #elAel Aozt YA e
(p<0.05), W4, A= t%’ o= EE A TolA FolAHd Aelrb yEhbA skt
(p>0.05). J#e] H7HE 0.25% L71AE + 0.25% 2oF A2 F(T6)7F 7H =& A4E WA
Tk 05% 7AW 0.25% EAE o+ 0.25% LoF AHE A (Tdv 7FY 92 HATE T
(p<0.05). AAAQ 7|Exo] H7b= 025% L4F + 0.25% <29 A2 F-(T6)7F =7 Xt}
< Ao® YUBHTHp<0.05). AgF=o A A Vs s o Hbel] 7+
#rh Kim 5(2014)2 Agd H7bgdo] 7185 dejF=e] ¢
7hakSlar, 5% Aetds Uik A=) dAAQ VEwrE 7bE w=vhal Bast
< slolErERolES Ego] Ay 72 B B4 bA ¥ o+
At Kim 5(2018)2 stol=aFZolus H7be A4 28 e dAAH 7]
ofgom, 24 1.0% &4 A7 2 05% &4 + 05% 2oF A
7F =tk Baekith whekA, sfolERFRoO|EE BE A S7b
A5 YeElA &S 4 e (Jeong and Han, 2019), 54 A&l W slo|l=zF 2o

Agel A% 248 Aert dvkn Andd
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Table 6. Sensory properties of duck meat jellies with different contents of

hydrocolloids
Treatments ControlV T1 T2 T3 T4 T5 T6
Appearance 6.13£0.76"° 2.13£0.99° 6.02+0.87° 5.75+0.84° 2.13£0.99° 5.13+0.75° 7.03+0.91°
Chewiness 7.86+0.69 8.86+0.38 7.83+0.31 7.57+0.77 8.14+0.82 7.83+£0.71 8.14+0.69
Tenderness 7.98+0.97 8.52+0.76 8.13+1.13 825+0.71 8.63+0.74 8.25+0.68 8.75+0.54
Off-flavor 3.63+0.81 3.87£0.95 3.63£0.71 3.75£0.89 4.02+0.69 4.01£0.77 3.75+0.98
Overall acceptability — 5.7120.85" 3.88+0.76° 592+0.76® 601093 425+097° 538+0.89™ 6.59+0.83

Mean * standard deviation was presented with three replicates.
a¢ Different small letter in the same row means significant differences (p<0.05).

' Control: without hydrocolloid, T1: 0.5% alginic acid, T2: 0.5% carrageenan, T3: 0.5% konjac, T4
0.25% alginic acid + 0.25% carrageenan, T5: 0.25% carrageenan + 0.25% konjac, T6: 0.25% alginic
acid + 0.25% konjac.

4 AE

B AT solEEERolEe] FR(GIL, Aeblg L 2ePst Wt B BEA 0w
A FE FASHC VAL 9% Btk FeA eHg AL Foo 025% A
3 025% okl B Arb AeFrel G HA, olstetd W wed 1 542 7
A 4 e Aoz et weha, 025% S04 025% ok § e@an @ A
de £3 Age 71E Au¥Se FA SHL ANAT BE olue Azg Fde] 2
cBl% A FE Ade] FEEI e HEv1%e] @ Aow AnH
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2. 48 # O

7 @A R

Aol AHEE F=(d, ', #A, &) 27 FH A SETIHS A EAdA FET
S ol AHAYE R AFEEITE. Potassium iodide, p-anisidine, potassium hydroxide,
heptadecanoic acid methyl ester, starch, thiobarbituric acid, and phenolphthalein< Sigma
Aldrich Chemical Co. (St. Louis, MO, USA)o| A v} t}. Chloroform, isoocta.One, glacial
acetic acid, methanol, sodium thiosulfate (0.1 N and 0.01 N), ethanol, and ethert Daejung
Co. (Siheung, Korea)oll Al +ui3}th. Benzene and iodine monochloride™ Samchun (Seoul,

Korea)oll Al Fujalith, e Al 2FE-S analytical gradeo]al, F7F2 ¢l A A ¢lo] A3

v EAEE 2 9y

1) A Ats <t3d 43

60°Coll A F-#1¢] 28t PP S H2=ESE7] 98] Schaal oven test (A4 7HE: A&
Wy sto] Al th(Warner et al, 1989). =% A lkg& H| A ©2 & E=gfo] 28
(SW-90D, Sangwoo Scientific Co., Korea)oll 60+2°CollA 9047t A3t 29 AL A
Z 717F 104 ket Al s ekgl

=
FEe FF 34 A% AR ¥ waste] e,

Extract yield (%) = (Weight of sample after extraction/Weight of raw material) x 100

LS|

A 24 B4

M

]

AAE 242 Muguerza et al.(2001)9] WS o] &sto] FASIY T (HE3], capillary
column SP-2560 (100 mx0.25 mmx02 mum)e® 7} A=ZuvpE 235890, Agilent
Technologies, Santa Clara, USA)E o]-&3lo] AWat 2AS B4 Az2nEadgy 248
s 2ok FYFe JEFE BT 225°Colal, 989 2%+ 100°Col Al 240°C7HA] w3
1°CH Asstes AAGY. 4 7IA= 1 mL/mind &= AAAdY. 72 ik

heptadecanoic acid methyl ester® W4 ZTFEd 2 A3

FAe] aoE=7te olHdel WHE o]&slo] =AY th(Kyriakidis and Katsiloulis 2000).
2-0. 5 mL2] iodine monochloride &<}l &3a A]Zt}.
gale oo 30 min 7F WFEAIZ F 1 N KI €9 20 mL¥ 100 mLe /S 9l

o]F EoES 1% AE AA kS AFE3e 0.1 N sodium thiosulphate & o2 A AT Q

o
R\
S
WS

o Q
lo
Jo
N
et
S
S
=
Lo
il
frt
frt
e
il
B=)
)
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SEAbE T Aol ola) At
e =7Hg/100 g) = 1.269 x (b - a )/W

a: A Ao 28l 0.1 N sodium thiosulfate & <4 ¢] 3] (mL)
b: 0.1 N sodium thiosulfate & 2] <7}
W: AE9 FA(g)

Fre] A AR S ol AT el wep 578 ¥ AvH(Ghadge and Raheman 2005). 5 g
o] fFAE 100 mLe ethanol/ether solution (1:2, v/v)ol 4 %, &3 L& 1%
phenolphthaleind &S A Aj¢ko & 3}o] 0.1 N potassium hydroxide & o & # A3} t}.
A7bE o 2l 9] AlLEE AT

27Hmg KOH/g) = 5611 x (a - b )/W

a: A7l ZAn]¥ potassium hydroxide & <H¢] 3] (mL)
b: potassium hydroxide &2 <7}

W: A& o] FA(g)

6) #2kstE 7}
F7 9] #HakstE7E AOAC (2007) HH oz 24Ut FAE 10 mLe F22XE7 15
mlL 24 £ &0 &aHAT o]F 1 mLe KI £3844E t3 5 giolr 1087 1t
Ak EF Sdo] 30 mLe] FHFE WP H, 1% AR SAS AAFez st 001

sodium thiosulphate &9} o.2 At} Aatstz7b= tha Aol o] ArtE A

Z

A e}E7Hmeg/kg) = (a - b)) x f /W x 10

a: A Ao Av)%E sodium thiosulfate &< ¥-3(ml)
b: sodium thiosulfate &2 <7}

W: A& FAl(g)
7) ot Al A7}

SFUAI A 7F= ol A Ao wh e mel 574 5 9l th(Hashempour-Baltork et al., 2017). 1 g<]
MZS 25 mLe Hy Zgt2AAoA isooctaned] ¢ F, 1 mL¢ p-anisidine &% (0.25%
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1?‘:]]-

r}qr

w/v in 99.5% glacial acetic acid)® TFIth. EF &AL oA 10E3F HHS-T)
Sl F@E+= UV/VIS spectrophotometer (Optizen 2120 UV Plus, Mecasys Co., Ltd.,
Daejeon, Korea)E AF&3Fe] 350 nmolA] A3t 1L, ol A @7t o8 Ao o9& AxkE
=

ol A7} = 25 x (1.2As - Ay)/W

Ag B0l E hUNY E£F o9 FYE
Ay BNE 899 FE
W AE A

8) ES=(TOTOX) #
A8 F AFst A E(TOTOX value) o el o ALbeE ATt

TOTOX = oFYAE7} + 2 x 3Akste7}

9) Thiobarbituric acid reactive substances (TBARS) value

Thiobarbituric acid reactive substances (TBARS) #-2 o] % Oﬂ:rL-J Wil wep &
CH(Papastergiadis et al., 2012). 1 g¢ A=< 50 mL connical tubed] ¥ i 5 mLe FHF+¢
i A &3 848 5000 goll A 5 AT e dw e FH 9 S 29
HEE It o] & Fujd AZ(25 mL)Y 25 mLe TBA €946 mM in 99.5% glacial acetic
acid)& &3 5 FxoA 95°C, 307+ 7tEstt. W2t F, UV/VIS spectrophotometerE A}

$3ho] 532 nml M ERES S4Ah 4GS mg MDA/Kg o= A Hrk

10) Conjugated dienes (CD) value

Conjugated dienes (CDs)= UV/VIS spectrophotometerS AF-&3Fe] 233 nmelA =453
o 24 2, 100 mgel AES isooctaned] 34135t th CDE conjugated dienoic acid®] &
2 ZAHAL, ta Aol o8 ALbE AT

CD (%) = 0.84 x Abgss /(bc - Ko)
Aboss: 233 nmell A FF &
b cell Zol(cm)
c AMEFY Fx(g/L)
Ko: 2kel 533 A14(0.03)
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11) A=

A7 T 49 "dE+= DV-E viscometer (Brookfield, Toronto, Canada)& A}-&3lo] =
Atttk 30 mLe] A=< conical tubed]l Hil, No. 62 spindle2 AF&3le] 50 rpmol A =4
stk 30%7F 5W whE S5, A gk AlEFol=(cP)E A S T

12) M AESA tHAY H7t

n| A E8k% oA S HI7VE7] flske] dHbA| T =(total viable count), AT (E. coli), 73
- (Coliform), FZ2EQYs HEZHAX(Clostridium perfringens) 2 A= d5F
(Staphylococcus aureus)S 23t A& 25 goll B g2 A 225 mLE 7Fste] 23

T 1 oJag 3AEte] ZFZ; Petrifilm (3M, Korea)oll 1 mL 2 HE 3 37TColA] 4347+ v %
stttk #E i FE log CFU/go =2 AF&E3alch

13) A= &A

719 A - % A" WS Color meter(Chromameter, CR210, Minolta, Japan)E& A}-&3}
o] WX (lightness)E UEHE L -3 AWM %Z(redness)E  YHEHE a' -3y SAx
(vellowness)S YEME b -7kS =A s

O

>

A 2 ol A AHEA W (one—, two way analysis of variance, ANOVA)S. &2 Xl
gttt ANOVAE EE B4t A ARk mdl(GLM)s o83t A=A, SPSS Ver.
24.0 (SPSS INC., USA)E At&stdnh. A& ko] Atolo] thste] @ e v 4 (Duncan’s
multiple range test)= &3t F94 AA(p<0.05)s A3
3. 2% & 1%

7ho 28w R Ve FEA FAL, #HA, §)Y F2 54 37 2 WABETEH GAHA
37}

1 238+ 2 78 FEA AAY F2 54 Hu

edw B 7E TEAd 2N FE3 FA4Y FF &2 Table 13 2ok 5 50|
M Ee AgTe $AE60.73%)0l A oH, 2 ER(34.05%), =A(23.20%) 1 Al
(1452%) o2 YEYTHp<0.05). 8257 EXSAN] HAEE Uede A= 323}
A Ak ghekal #ydo]l 9tk (Naz et al, 2005). 2 A Q9 =7l 55.71-7757 g/100go.=
Aol @ sk= 77.57 g/lOOgELi SA A

o2

e oW (p<0.05), 282 2Tk BH
(D). B8l S84, =4 2 A4 Fo] gt o3 2 o=rF Aite %29 &
FEAA S fAEE 23S e 3 253 A9 ngEstE okgA Hors
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st dwtAot, MY mAEd sidste coli, coliform, Clostridium perfringens

E
Staphylococcus aureussS ©] &3t Wkl BE A ToA log 10 cfu/ml ©l3t= #
ZHAoH, A oA A dEEA Futh Ak SAH49, HE=(CIE-L)s A%
S AR UHA HYgTeE F94A Aols: Holx ot H5ME(CIE-a’) % A=
(CIE-b")e] A%, gt AfF A7 =248 2 2% AT vste] b =2 =54
L 9 FAEE YEHITH(p<0.05).

o

Table 1. Quality characteristics of animal fats

Parameters : Animal skin fat.s -

Duck fat Chicken fat Swine fat Bovine fat
Extraction yield(%) 34.05+1.22° 14.52+0.88¢ 23.20+1.44° 60.73+2.25%
lodine value 77.57+1.262 77.32+1.692 71.59+0.36° 55.71+2.04°

Total viable count log 10 cfu/ml ©J&} | log 10 cfu/ml ©J8} | log 10 cfu/ml ©J&} | log 10 cfu/ml oJs}
E. coli, coliform,Clostridium

perfringens, Staphylococcus ND ND ND ND

aureus

CIE-L 71.76+2.12° 70.07£0.58" 70.15+0.78% 66.44+0.68"
Color CIE-a" -1.27+0.02° -3.26+0.17¢ -0.31+0.02° -0.52+0.06"
CIE-b" 2.03+0.11° 6.84+1.06° 0.2840.10° 0.87+0.33°

KA AP 24 NG FA9 FUIA AANES e, A5 g 2e AR ol

58, §4 W OFRZHARL FFol ¥S4F AW A E3 Bol A
(Symoniuk et al, 2019). 22§ 2 7|8 524 4o AL 24 Table 20] veR It
B2 2719 FR Wk froHo e AP 24 AolE wom (p<0.05), RE FA

o]

om BHHe A3E HAGLG LALe A4 A% &

i
U
(o
AL
N
S
N
Ir
X
Ix
N
e}

il

al, 2015), & ATANE B 0@ f7t Te A
2ol wlahe] LENS Wol TR ASL FAW 5 AATHP<0.05). TEol, Bowen et
al019)= AF A/HEEA LANS 4§49 v FH 2 APYL AT 5 Aty &
Ak 2@ 2 e BEA §49 F AP 2 BEHAWN FF A9 £F F93 0
ASIE RANGRO0. 3, 2a%9l AT BEIALEN ERALE A} 22002 7
] w gx
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Table 2. Comparison on fatty acid composition of animal fats

FA (%) Animal skin fats

Duck fat Chicken fat Swine fat Bovine fat
Lauric 12:0 0.04£0.01¢ ND 0.11+0.01° 0.17+0.012
Myristic 14:0 0.68+0.03° 0.83+0.02° 0.42+0.01¢ 4.69+0.022
Palmitic 16:0 22.57%0.74° 23.20+0.52° 24.06+0.92° 26.65+0.01°
Stearic 18:0 5.24+0.33° 5.67+0.06° 11.81+0.61% 7.24+0.01°
Oleic 18:1 48.70+£0.142 44.64+0.54° 41.87+0.25° 43.49+0.41°
Linoleic 18:2 15.08+0.91° 14.31+£0.43? 12.99+0.46° 1.93+0.05¢
o -Linolenic 18:3 0.73+0.03° 0.79+0.01 0.62+0.01° 0.11+0.019
2 SFA 28.53+1.06¢ 29.70+0.57¢ 36.40+0.31° 38.75+0.03?
2 USFA 64.51+0.612 59.74+0.82° 55.48 £0.36° 45.53+0.421
2 USFA/SFA 2.26£0.08? 2.01%+0.02° 1.52+0.01¢ 1.17+0.01¢
Total FA 93.04+1.44% 89.44+1.34° 91.89+0.672 84.28+0.44¢

coE R e BB HA(2, AR, B A3 84 B

1) i 2 78 FEA AL, HA, $)9 As kAN B
715 B AR Fd 542 A 24, FEU, @A, dolask B kst =4
S the el oz AAHrHChoe and Min, 2006). 5
EA= wE 27 A E oF7| gt} (Resende et al., 2019). whehA, thst &5 2371
1 [e]

N 2
>
&

S
o
ot o Lo

3 AWk A3l kA S HIer] 9e kS 27l sldEke 60TolA 90297 A A

S SASAHIYE 1A-F). 7] 42H71e] HEl= 064 to 1.81 mg/gelA o, A37]3to] A
of we} FoAoRE wWEA FrFste] 90Y Aol A+ 343 to 6.21 mg/gS JHHTHE 1A). =
71 L2 B A A7k =AW Al Hlsko] wigkout A% 60Dl M FE 224t
of A7y FAEA SrkekE A BT ol L W SAAE steEe R Akstel 9
g Ao AdHy, dutHow Arbes SAAAE sbeEe 3 Absfol e wAgivha e
] A tH(Ghobadi et al, 2018). H3F 0L Aol = 27| 47 @3 t =24 28/ 2 AF7F =4
Wb g-A el Hlske] 22 A7FE R = ol edw R Al FdrE e =2 'R
S AL Shakol]l 7|QlskE o AFE ¥ T Zhou et al.(2019)+= EZSFA| kel nlste] x5}

frA1 o] Abst 9 Tppatafel] Wol Wiker AES yehdtin Busidoh et 2
718t &Y §A9 AF )zte] mE HAkstErE 4 A= 19 1B-Doll YERdTh #at
stE7be] A ¢ARS ALl U Ao Bg 40-50L 2ol #AakstEE gheol wE A
S7he & HA Ak v Ao dtbstETEE AR TIRE S AHA R Ttk
BAae Bt kst ETte] Hahe kst Eo] R HEA dHs| =9k AE 22 23 Abs)

I Fdsk 4= 9 vh(Afonso et al, 2016). otUA Lol A 28+,
A 2 =X ofUAI 77 A4713F 30-409 &Foll wEA Frhetdom, whHoe] -2k
A7 717ke]l Aol whel A% Frhske AEdS BAtHE 10). Zuo et al(2017)

]
o
VAR WEe] Fa 8ole BESAWN G g% eldm numstarh B 434
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ANME, e, AlfF R =AY FrdE =

dol otyAd7t STkl FEFe v Aom dAddEn. odfw B UE
T 2x Akt e WstE: yEhdl= TBAZE 3 ofuAdrE A e
(" 1D). BE AgFddA AF7IzF 10-409 &<t S7FgE & 504+ =
R, ol A 7IF Adel wEt 23 4bsEe] Eafjol oF Ao AlgdT g H
718t =4 7 A9 A7 wE CD7F W3k 29 1E] YERRL 7 =5
U A Aol A AFTIZEe]l Al wek HxAor Frkste A¥E HEhll e, 90
Azl 7HE =2 CD7FE Bdvh vk, ke A v& Aol Hlste] vl
CD7Fe AA717F 5 etk & ddZ23 & CD7le B X3pAAE kel 7]
o2 s, Igbal and Bhanger (2007)2 23X 312|942 CD7F A2 v &8k

o,
ol
o
rlo

ofk
Lo, 2 o o
£

%

Bpilthar Woaskivh mebd, @2 “% Afe =2 CD7/He =& EXSAUA o] &
= "X AR AlREY. ESATbE §A8] IAkstE TR ol AHTLE Vwtew frA o] A
A A3t AEHE Tds=d o] SHH(Wai et al, 2009). 1¥ 1Fx= 2% 2 7|E 584
SR AN F EE27E el Aoz $Adlo] Th2 A o HFte] fojHoz Lk
< EE27ME BAT(p<0.05). 8, AR R =AM 4F 40750LAA AHHoR BN
27V7F S7bsk e, ol % HAEE A¥ES HIATh olv B Ade] yibstEr 54 Avs}
FAHE AESE wHYow, EEAvIY Zay 23 AEE SR A% Aoz Alzdr
(Kasimoglu et al., 2018). o]el&t Ait= EX AL/ Zsp A4l ghegn]o] 7]l Ao = 3
@5, Abdulkarim et al.(2007)2 o]} FARE ATAIAE EHEEA=H, FS BIESAYA
S Hetn e TR ZuEAY 2 IEAWste] TR Ffol HlEe] ¥ EE
7Fe Evhal B aske)
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Figure 1. Changes in the oxidadtion stability of animal fat during storage at 60T
for 90 days. (A) The acid value (AV), (B) peroxide value (PV), (C) p-anisidine value
(p~AV), (D) thiobarbituric acid reactive substances (TBARS), (E) conjugated dienes (CD),
and (F) total oxidation (totox) value in animal skin fats were determined. The error bars

indicate standard deviations.
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, ool H=7F F7bste Ao R AR ETH(Ahn et al, 2008). o]+, 1HI1-E¢ CD#t

ay
B
E
ofy
o
TO
T
_o \HAvr
el Pﬂ
x °
N

=
=
]
d

= — T —
@ o T
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Figure 2. Changes in the oxidadtion stability of animal fat during storage at 60C

for 90 days. The measurements were repeated five times for 30 s and the results are

expressed as centipoise (cP) units. The error bars indicate SD.
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oA 247 g AA BCLE ALg3tel W9 24 wude Badn

3) MTT assay

RAW?264.7 AEE 24-well plated] 1x10%¢] o= wjkst & Z+z xAd Al kS Azl
A ZF Fot Mo A3kt o] % MTT solution (0.1 mg/ml)<S vt H7Fste] 4X 7+ &5
oF f 719% . ¥iAIE A A3 ¥ mitochondrial dehydrogenaseo] <J3] 4w formazan

crystal &< 2Hd 3t% isopropanol@ &3] o] 570nmeol A #3SFF7 2 SHEA

4) NO &34

RAW 2647 AEZ=27Y A== &4 HAFQA nitric oxide (NO)S] 2 Az wjgd 5
EA5k= NO, FHlE Griess Reagent®} WHS-AlA =43} ﬂr RAW 264.7 Al E DMEM Hj
A o] &3le] 1x10° cells/ml H%= 96 well platee] 53+ 5 A 8¢ LPS (100 ng/mDE 3
7Fale] 24X 7 viEAI T AlEZuF A5 100 ul®t Griess A 9F (1% sulfanilamide, 0.1%
naphthylethylendiamine in 25% phosphoric acid) 100 ulE& %3] 96 well plateol] A WA
Z1 %, ELISA readerg ©|83}%] 540 nmolA F3E=E SA3IT NO, ZT3H42 NaNO,
SRR At ARSI

il

5) HMGB1 &A 4

AloFo] He]E wjgNe] FUA3 4SS 27FE 80% acetoned] ¥l -20TolA] 1A]7F F<F b
SAIZIYE HES-olo] QleE wWA =S 16000g, 10% ¢t YAS Hdo] woal,
SDS-PAGE sample buffere] ¢ Western blotS &3 HMGBl1S #243%td. (Hwang J. S.
2012)

W Ay

L L R G R R

1) A=Zu g

3T3-L1 A3+ 10% bovine calf serum (BCS), 1% penicillin ¥} streptomycin®] $FH4¥
Dulbecco’s Modified EaDCRT Media (DMEM)& AF&3kol 37T 5% CO, x31o] Al nj 7]
o A wjdatA Tl 3T3-L1 AlE9 E3F= 100% confluent ¥kt 3 22 v 28 disholA] Hj
e st AxE7E g E A confluent GEl7F S XEE gtk o] % 10ug/ml insulin, 0.1 mM
dexamethasone % 0.5 mM 3-isobutyl-1-methylxanthin (IBMX) 7} ¥3%4¥ 10% fetal bovine
serum (FBS), 1% penicillin, streptomycin, DMEM #J#| 2 xI3}3}o] Adipogenesis& % 3}
Atk 2 % vl 29wtk 10pg/ml insulin®] ¥ 10%FBS DMEM wiA & w35kt
HepG2 Al3E+= 10% FBS, 1% penicillin¥} streptomycin®] &% DMEME A}&3lo] 37C 5%
CO, =18 Al 7]l A wl sttt

On-' :[0

— 148 —



2) MTT assay

3T3-L1AI329t HepG2 AIXE 24 well AXjFHAo] &5 & 37C AX ujg7]of A
overnight o3ttt ZHzbe] Yo HWd S s ®E 2447 A 83 e, MTT solution(final
0.1 mg/mL)S Aggit. 37°C AX wig7]ol A 4A1ZF &b v 5 wAE AL

isopropanolsS % 7}sle] 570 nm FH =l A A gk}

3) Oil Red O stanning

Mo Adt= % E A 7ro] o] A sk F 10% formalino. = 1A17F AlXE 1143k
5, 0.7g2] Oil Red OE 200 mL®e| isopropanol®] =] stock solutionS W&o A&t}
Stock solution> D.W.E 7}ete] 60%= 3|43k § HE#Ho|HE ofHate] nAE AL
IAIZE whgskdey. #Es v A2 AWe AEstr] flste] @AgE Al 100%
isopropanolZ 7}ste] AMAE SE5A1A 343 tF3 500 nmoll 4] microplate readerE ©] &3}
THEE S

4) Nile Red stanning

Mo fots T 2 AFF "9Eo] AHEldk & 10% formalinlZ 1AF Al E w3
%, Nile RedE acetone®] 250mg/ml®] 100x solution® = =<1 & PBSo| 1x solution® = 3]

Nato] WA AL 147 Witk GG AZE I Ao BF L FYsAT

5) Western blot

Ak A gk AEE ol PBSE Yol miAE AT te dAdwr|2 Az
o] 7]9] PRO-PREP protein extraction solutione ¥o] AEE 430] -20 °ColA &3]z}
o] A& 13,000 rpm o ® A4S ZHol @do] gl AT vbE Kol Bradford 2 e
S At o] wwAES  4xSDS-PAGE  sample buffer2 WHAAZ
SDS-polyacrylamide gel g4 =7z BEHZAE50 d7] 4 HIH o g ‘I{r‘iﬂél% PVDF
membrane®] ©]& A1t membrane= TBS buffer (0.1% Tween-209]
saline)oll 5% nonfat milk=S % 7}3F blocking buffer® AF=o 4 2A17F &<t block A|ZIth. A}
4 g Ao Eo]x el 1a} qAE Yo TBS buffer® 4 °CollA overnight ¥FH-SA]
7F 209l 22k FAE ¥ buffer®2 A2oA 243 WEEAIA ECLS AH&ste] W &4

# ok
—
(]
X

oA (Immunoreactive protein)< 2H¢lgkc}

6) A1 W ROSY Z7F

AE W ROS9 &AL &3 g3 2 7-dichlorofluorescein diacetate (H2DCF-DA)<S A}-&3}
of Z=A3stgtt. HepG2AlEo| Ztzbel yioHB A3} palmitateE 24417 A gd 3 10uM
H2DCF-DA®E 30 &<+ 37CelA vl 5 94 dAnAelx GFP 2HE Fsto] FFArh
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3. 4% % 1F

1) 2879 A3 &9 AF

S AERIA Fas5t7] & SEfE Axmd mAdd 5d 5 s vt
. 718 (DMSO)el o] HhH BSA©l conjugationdte] o] Hk

QEFE FoAA AEujguiAle] H7bs| Hoks wl, DMSO BSAE ¢ &3 W

™
=
H o] Aaufafxel wWrh= Ae 0 & 5 U
k.
H

i
i
I
2

DMSO 2% BSA Nano emulsion

a1, 2gl5e vz A W A=

2) L8 YxdEde A} AZAY HF

S gf UeolEA Y Hgstet AAdS AHAEsty] fla vmelld e bgstE vEhlie A%
dA=Z7], JAREAE (PDD, AEFAS] (Z-potentia)E ZA43tAth 2 A3 AL WHEAS wr)
1ol At g vwolE AN P79 EAET) ofF & A
W o= JAZF hAA o2 kg FEE FAshE Aom FRlaitt (D).
<EI> g Yxdgdd AR € AZAE <

Periods
Treatme .
of . Z-Average (nm) PDI Z-pontential (mV)
n
storage
C-NE 104.7 £ 3.197 0.196 £ 0.018 -30.5 £ 0.608
0 day D-NE 217.7 = 1.955 0.216 £ 0.018 -41.13 £ 0.513
L-NE 212.8 + 2.203 0.196 £ 0.019 -34.87 £ 0.874
0.299 +
C-NE 118.5 £ 1.966 -41.33 £ 0.794
31 day 0.013
D-NE 249.6 + 0.889 0.399 £ 0.062 -43.7 + 0.551
L-NE 282.2 + 0.987 0.295 £ 0.053 -45.13 £ 0.777

— 150 -



C-NE:Control Nanoemulsion, D-NE:Duck oil Nanoemulsion, L-NE:Lard oil
Nanoemulsion

3 Ydfe Fd B25HF
a. WAAEANA 2F YrdddYd AE=A H7}
AAIESQD RAW264.7 Aol A Yo BHdE9 A2 S A6t A8, dedEddss
st w22 A ste] MTT assaye T3stAt YxdddES 04 mg/mlolA 20 mg/ml
7EAl 24 AZE S5 RAW264.7 Aol Aelstds W, 25 s=olA cell viability7}F o A=
=]

o

FA B2 Yol EAd By s A =

rr

< 2 LHﬂﬂ”éXdCﬁW Aﬂi%*éﬂ os F21He 28 ddaiin oldd AESA
APE v O ® 04 mg/ml ©]8te] FER UwodAL thAdstA HEste] MTT assays
HHs 0001 mg/mlelA 04 mg/miZbA 24 A Agstds =, Ho 0.1

mg/ml7HA A E57do] o7 5 A = S FAskAdn (19 2D-F).

120 120 120
100 | =g == 22 22 xx  aa 100 | = . 100 —
£ g £ g0 = g
= £ £
5 60 5 60 5 60
© © =
= 40 = 40 T 40
(5] (&) (8]
20 20 L 20 s
5 [ e I el 5 B e .
0 04 2 4 10 20 0 04 2 4 10 20 0 04 2 4 10 20
C-NE (mg/ml) L-ME {mg/ml) D-ME (mg/ml)
120 120 120
00 F — = B o L 100 | — iy ooy o 00 Fr— = L ¢ L
R £ g £ g0
= z =
5 60 5 60 B 60
K = =
= 40 = 40 = 40
[&] [&] [&]
20 20 20
0 0 0
0 1 5 25 100 400 0 1 5 25 100 400 0 1 5 25 100 400
C-NE (ug/ml) L-NE {ug/ml) D-NE (ug/ml}

12, RAW264. 7T oA 28] HYinolEde Az 4

b. 28H Yxddde HMGB1 1 A3}
23S wgoz o2 H]EOJ RAW?264.7 H]EOHH ga%
[e=]

3| ek vieolE
Ao ddz a2 AZs7] Y3, 9= =49 LPS 93 &

< ¢12+¢1 HMGBI1 9
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ZAFSESI T (Andersson U, 2011) o] & ZAMS A3 LPSel 98] #x¥ HMGBI
o] Bzl vwoldde] FaAge o JAEA R AL FsAT (1¥3). 23
LPS @9 23 HMGB1e #HjETE o8f Yoddds A AHEsdS w, HMGB1Y

(medium)

Ponceau S —»

LPS (100 ng'ml) - + + + + - — -
D-ME (100 pg'ml}) - - + - - + -
L-ME (100 pg/ml) - - - + - - + -
C-ME (100 pg'ml) - - - - + — — +
193, LPSel| 93] =% HMGB1 EH]ojA

Qg Yoo wu B4

c. 28 F UxdddY iINOS 2@ nitrite B8 A Bt
Aol FEHde w, INOSe HYF=rt A&d A5 FFor AHHE NO= s dEw-&ol
FHE= Ao® 4 dvk (Xiong, H., 2014) w}‘:ﬂ"ﬂ RAW264.7 MA@+ Yol dH
°of Fds ZHE ASH] #8l, LPSol 98 =% iINOSe 2} nitrite 45 =AM
. LPSol o8 fr=® iINOSe| 23 F7H7F L8 dweold e FA Aol oa] A=A
B S AT (L™ 4A). 3 nitrite A E 2f UmolE A Aol o A
w7 e AL Elesirt (2" 4B). LPS @5l o gk iNOSe| @3} nitrite A Rl 2.2
Fr UolgdS A Agssls o, INOSe| & nitrite Aol HE S7HS &8k
o},
A B
50
= %
5
NOS ~— —» | se— | = ;D
B-actin —b| —'-"| = _12
LPS (100 ng/m) - + + + + - — -
DA DR = =y o = == LPS (100 ngfm?} |-_|+ + o+ o+ - —|_|—
E‘TJEEUUU pgimi) = = = g == % = D-ME (100 pg/ml) — - + - - + — -
MELRD ) - s = = = = LNE (100 pg/ml) - - - + - - + -
C-ME (100 pgfml) - - - - + - - =+
94, LPSol|l ¢J3) =¥ INOS & ¥ nitrite A 28f UxoldEHdY a3
B
d 22fF Yx=od@dd COX-2 2d qAl B}
T 9S A8 #E o glE COX-2¢ BEs S48tk Xiong, H., 2014) RAW264.7 Al
oA L Yol BHAI LPSE A Adste] &S s ASsHAT. LPSe olal
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=¥ COX-29] 2d F7h7F el vwolddd o oS S7kES geled (1#5).

COX-2 —» L

fracting —p |co————

oS gl = . o oo o= o= =
D-NE (100 pgiml) — - + - - + - -
LNEpaiml] = = = # = = # =
CHE (Wb poiml) ~ = = = # = = %
%5, LPSel 93 =% COX-2 &

oA 2elf UolEde] a3 &4

e. 28 F dxolHde HO-1 & A Hr}

RAW264.7 AlXZeA dAZdAAd HO-19 2d& ZFAHsr 98, af dedEds
LPS¢} A A ste] HO-19 ¥z @S 483 th(Kim, Y. M, 2015) == A3}, LPSe|
ofs] F7ke HO-1° ©ld iy Z717h Qi o d oA A= S gl
(19 6).

HO-1  —» | —— e |

f-actin —» |_l--l_——|

LPS (100 ng'ml) - + + + + - - -
O-ME (100 pg'ml) - - + - - + - -
L-ME (100 pg/ml} - - - + - - + -
C-ME (100 pg/ml) — - - - = = EE

136, LPSe 93] =
08§ theolm A w3 B4

r
1)
re
D)
o
o
o
o

olfe] AFEE RAW26LT AN &9 &3h2 AU 5 A& 45
z] o d

a wmts W, e2lf vmolwd

n2
o|\
oX,
>
e
Sl
i
9,
>,
o
jules
=
oo

(o3

Q
v
rlr
P
filo
i)

o
ol
3'.8,

o
R
o2
X
H
2
>
lo
&
4
i
F
-
2
3,
L
Y
it
At
o
o,
_\;

AGATAE 3T3LL AN theo]d u ALEQS 2457 o8 Juo@dse o
&3t F== At MTT assays Td3AT U= ]Dé 55 1 pug/mioll A 1000 pug/ml7}

A 24 AZE Bk 3T3-LL AlZel A2l Qe W, BE Frolq AEEAL A g AL

Fﬁ‘]

ol

==
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>
m
2]

120 120 120 L -
g 10 g 10} g 100
z 80 z 80} z 8
2 &0 2 60| g 60
= = =
T 40 = 40 5 40
(&) L) (&)
20 20 | 20
0 0 0
0 1 10 50 100 500 1000 0 1 10 50 100 500 1000 0 1 10 50 100 500 1000
C-NE (ug/ml) L-NE (pg/ml) D-NE (ug/m)

27 APAFALAN 2 F bl DAY AEFH ZH

b. AFAZAA 8f YxddAdY ALEs-AAWE2 oA F7t

AT @d‘Wﬁﬁi@Q%mQQEIWO%MﬂQEﬂQQﬂEB{Jﬂ%i AEZE APEA

E2 F3A17]= A2kl MDI (IBMX, Dexamethasone, Insulin)< 4] #]2]s

5, AAE 23l v A= s GelskAh (Lee, E. ], 2019) A 534

R & T3 23 MDIOl o AgAERe] F37F Qe v

HA &= AL FAaskrk (28 8A, B). 181, Nile Red® #2413+ FAA ko] =7 3 o
S

selstadtt (24 9).

MOl +

MDI — C-ME (1000 pg)  L-NE (mnn kg)  D-NE (1000 pg}
- y T o ST | : T = [ . = = 0

Scale bar: 100 pm

B

25
2-0 L *&
15

10 1

Lipid accumulation
(OD at 490nm)

05 |

]

DI
C-NE (1000 pg/ml)
L-NE {1000 pg/ml)
D-NE (1000 ug/ml)

T8 AMAE B3fol oI el theoldde] oA &
4%

[ R
L+
I+ o+
L+

+ 1+
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A

MOl -

Scale bar: 100 pm

MDI +

C-ME {1000 pg)  L-NE (1000 ug)  D-NE {1000 ug)

Tryglyceride contents
{fluerescence intensity)

]

MDI
C-NE (1000 pg/ml)
L-NE (1000 pg/ml)
D-NE (1000 pg/ml)

c. AHAENAN 3F Yo dAY AWES FHAX &d H7
oA e AW ERSIe} 2 2R 1000 ug/ml Yol E A MDIS SA] A skl 8Y
o B3A) 7l 3 2 G A A EE S 1212l PPARY, aP2, C/EBPa2] ¥&-S western blot2

2 22319k (Ntambi, J. M., 2000) MDIel ©]3] Z7}%¥l PPARy, aP2, C/EBPae] Htao] 9z
o dAS Aegh oA AAHA] &= As Flsiitt (29 10).
2 —[
PPARy2 —»
PParyt 5| T |
C/EBPa p30 —» e —
Fracting — i | S ——
DI e b e B
CNE (1000 pg/ml) - - + - -
L-NE (1000 ug/ml) - - - + -

D-NE (1000 pg/ml) - - -
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5 AW 4 AX 2doAM9 o7 AW =4 J4A 23
a. ZtAEo A 8F Yo BAHL AEXESA HIt

ZEAEQ] HepG2 MM Yo EdHAES MxX 548 #2537 96, qiq]ugx%g—% theF
g FEE AEste] MTT assays T8t vx odEAES
A 24 A7F B9 3x o)EH o7 Aste] MTT assay® 4]
Zdo] YEbbA eigkth (19 11). dE YieoHde] BRE Tk
o A A ggAut (27 11A), 250 pg/miol A 1000 ug/mlZbA HA G = 9ag tpo]d
Aol A HepG2el BE&o] S7F ¥ Ae &l (29 11B, O).

A B C
120 140 N 140 N
P = Tee Sl
], o e e e 120 e 120 T e T
§ 80 § 100 § 100
= = = B0 = 80
£ L =}
= = 60 =60
3 W S 40 S 40
20 20 20
0 0
0 50 100 250 500 1000 0 50 100 250 500 1000 0 50 100 250 500 1000
C-NE (ug/ml) L-NE (ug/ml) D-NE (ug/ml)
2811, HepG2 AlEAA 287 Yo EBHd AExSA 4

b. ZHAIEAA g YxdEHY AREZ oA 7}

TAIER] HepG2 Aol fe] A4kl palmitateE A 2lshd AW 4 2 FAAA Y] H20o]
ojif A 54E sk AoRE dEA vk (Yao Hong—Rui, 2011) whebA], AW 54 Al
¥ R egf yedEAY IHAE =4 oA adE HFS7] 9@, palmitatet
1000 pug/ml Yol BHES Heldte] MTT assayE 3tk 21 A3}, palmitateo] <] 3|
7t AE 58S AxY AEES Adfstes Ao® gRlstAAw, 1000 yg/ml 28 Yo
o A& A2]gk HepG2 Al XA & palmitated] &3t ME HHOZ2HEH ME RS 3945 U
Bt sFAI R 1000 pg/ml iz = s A Yo d e AE BS &35 YERY
A e (29 12).

|
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120

iy

=1

=]
F*

80

60 *.*
40
20

0

Palmitate (0.5 mM)
C-NE (1000 pg/ml)
L-ME {1000 pgimi)
D-ME (1000 pg/ml)

Cell viability (%)

o+
I+t
I+
o+

912, Palmitates * 2]t HepG2
Ao A e yiolEde] Al
X 54 d9A 53 B4

c. ZHAIXZANA 28 F Yol EH ROS A F7}

AESQ] HepG2 Aol palmitate 2 2]ell o8 Fr¥= HAE o] dojd of a3k A%
2 #8353 ROSE #eldt7] 9&te] (Alnahdi, A., 2019), HepG24 3ol palmitate$} 1000 ug/ml
UrodAE5S A ste] DCF-DA assaysS 33ttt 2 A3} palmitated] 93] 719
ROS<] A4 e] 1000 pug/ml L& UxodBdES At HepG2 Al XA JAlstE AS €<l
ok AR 1000 pg/ml thET £ H A4S drodddds 94 9A ROS BAS
AA Al71Z FEekdt (L9 13).

+ Palmitate

Caontrol

=

Phase
contrast

DCF fluorescence
{arbitrary units)

0
Palmitate (0.5 mM)
C-ME {1000 pg/ml)
L-NE {1000 pg/ml)
D-ME (1000 pg/ml)

Merge

I+ 1+

3
SRR

(T
I+ o+

ROS }\g/H O%z-]] _,‘q__],]. ,E_

o] 4 2] A 2 UroEgde ROS A
e o ot Agol Adne As Alx
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ol A €]

A=A %A HO-1

Fiek o2 A

S

7}sF =}

3
3l

o
= ¥

B

(eS]
Sa

¢l iNOS, Nitirite, COX-29]

A X]_;I;L_

d

==
4%

Eig:]

o] A €]

S

A A

]

B

fie)

0
o

S7HA71H ROS A4 Alst= A&

KeN
=

AlES] BEE

A

27 YR gE AS 8

e
ISR e

R

)

el
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H x| Wz22] 53] 7H 4 H X2 7F Fofo] Weldsy 5EHQ A 5402 EFe )
2L 9Fs Y, Ax &4 #H UlE ZAE fFEeti(van  Herpen  and

Schrauwen-Hinderling, 2008). A& A9 F7l= A3 s=odA HAEZEZ AW FYdS
Z7MA A A 2EY2E F23 g (Browning and Horton, 2004; Hensley et al., 2000). %24
FsE AR B EARL AE FEdlA AE S E FEste] SA4S el AE T3
AZ A A3 A~Ed2S 23 cH(van Herpen and Schrauwen-Hinderling, 2008). <17k}

A= st rEg 2o ot Aol i (Chalasani et al., 2004;
Etal sgopEAalel] wEFE M ENA 3 Eafo] W AEY, AE

-

Yesilova et al.,, 2005). 2
A4 A E A stste] A&z
al, 2009). 1B = Fw EZ}
A St

ol MXE APES Fukdtl(Barreyro et al., 2007; Cazanave et
A

_]
2)
S gutA o7 A E in vitro EEoA AW AL SuErha

oA PaFor HaHArh AN o

o
o
= A5t o & AgelA vt 29E Yo EHA(DO-NE)o] InEAIS R F1=

=<
A P EAS AN 4% 2NLFROS)S JAEEA AddTE AS s

X,
rlr
S
EO
rlo
&
i)
o
HU
_YE

r o} # A FFoA FE3F tHPlaza and Turner, 2015). A4
o=, IR (Zkg)E 4 FEVIE AEEY 14 kef/Cm® H o2 115ToA 3A17 <t 7k

At 30%7F &< % 40-mesh bucket filter® =S o33t 1A7F F<eF 7500 rpm o &
AAZE AT A B2 4T dAlddA doA 2 Ao A3
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eef7F £3E Yo EA(DO-NE)# =41l 23d Yo dH(LO-NE)S T #HAIR

T8 FAALA FA A 2T F 20%(w/w)E Ho 25 FIAER AxzIAT. SHF
of XA #3142 Tween-802 H7ls] 4715 & %
g oA ek & A0 Fe

5000 rpm), ultrasonication(15%), 1%t *=3
(10,000 psi)e] 3 AfolZol ol&) AL < 3
[e)

FoE A e Yo EHaS #0387

Ac)
Ho
N

ELSZ-1000 §#t=7] 2 Ae} AY EA 7= ywoEde tiA x4=(PDI), 4A=7], A
Jate u AEEY FALoR, B gAY PDIE 20T 94 633

H
=
=
nm, =4 Z%7F 90°9 Yol EHA(1mDS i3k
9] st il
o

7] A SE s A gkl F<lss
e st g A7 gl Hreddd dRE &9 60x F

A5 WA 7z A17]al Hitachi HT770 324 A A}

4) Al F

ol Aol A AbESt= HepG2 Alx= = AEF 2olA Fwedvt. A= 37T,
95% &719F 5% CO, oA A Mo A REAE Egst wgddd 100 U/mL
penicillin, 100 g/mL streptomycin % 10% 4 Ejo} &HS H7}3k DMEM v Aol A vl %3} 1
=3

5]

5) bovine serum albumin (BSA)-conjugated 29 E4F solution < H]

BSA-conjugated VW EAF solution (100 mM)2 o] e Ad WS o Wy sto] Az
% A tHOliveira et al, 2015). FAIH oz FuEAS 100% ethanoldl 7} 3}
BSAE 345 DMEMell =204 2413 &<t E3§ste] BSA-conjugated 27|
Al Z38F A

6) ME=A

DO-NE, LO-NE, Z12la NE¢| =A& #H7bet7] $18ke] Lactate dehydrogenase (LDH)
release assay ¥ MTT assayE Td3tAth. A4S 2 HepG2 AlXE 24-well plateo] well
T 5x10* ¢ ko2 overnightdte] 3 Fo 05 mM Zv|Este] E3w A E3HE A &

L sl Fx9 NE, LO-NE, =+ DO-NEo| =3tk 20417 wWek & MTT (045
mg/ml) solution®] ¥3%¥H DMEMolA 4A17F s<F vjdkst 5 ujxE A AR, Acidified

- 160 —



isopropanol< A}8-3F9] mitochondrial dehydrogenase®] ¢]%F MTT #H4A=2 A ¥ formazan
crystal &3]3l Soluble reactants® &3 %= Bio-Rad XMark Microplate
SpectrophotometerS AF&3Fe] 570 nmolA 2AFck oA AHEI 2 Y3 F
CytoTox 96 Assay KkitZ AFg&3to] AzxgAe Z2EZ wpe} wjxo W% LDHES 738}
ATt

7) Oil Red O staining
A EA (HF 5% 05 mM)E £ £336H4 &2 NE, LO-NE, =& DO-NEZ 24
A1 E<t A8 d HepG2 M ¥EE 4% paraformaldehydesS AF-&3Fo] A2oA 1143t &7

N

T2 A3 3 Lipid (Oil Red O) Staining kitE AF-&3to] A5 At} sk dAnAd S
Abg-3Fe] lipid dropletsS 29 3}al isopropanols &7}t dyeE &alstsict 1082 FoF vHs

>

171 % solution®] &F%=Z 490 nmeol A =433t}

8) Al¥ W ROS 57

CM-H,DCF-DA fluorescent probeE A}-83}9] intracellular ROSE 433t A4 o2
HepG2 A3EE 35 mm coverglass—bottomed dish®] overnightsle] B s Xz
NE, LO-NE T+ DO-NEE 243t &< A2d Fo 10 uM CM-H:DCF-DA® 30+ &<t
F712 st vpAEte 2 ROS level> FV-1000 laser fluorescence microscopes Ab-§

stol AT

1

9) AN FAR F

% RNA F&3 Al e Aol FAgd B ow et (Hwang et al,
2014). F+AH o2 AM<w=3shH, TRIzol¥} TOPscript RT DryMIX+= % RNA F=3 cDNA &4
of A}&3t%itt. mRNASl <2 3A%E cDNA, 10 pm. =Zgo|# I8]a1 1 x RT-PCR
smartmixE X33k 20 wo] R oz EA5Y PCR %2 v 72 wHow 73
stk WAS 9l 95TollA 156+, o]ojA] 95Tl A 25%, 57TColA 35%, 72TlA 50x9
TAE 45 AlolEs Rk AEsigit. Zekeolw dAVIAYEE v #Eh
5AGTGTGTCCTCCACCTCAGTCT-3, ~HE x4 84 A% @A (SREBP)-1< 93+
‘5-ACACAGCAACCAGAAACTCAAG-3, 5-ATCGCCCTCGCCTTTGCT-3 183 HZA|&H
A Hbg 2H87] (PPAR)-y2E 913t (B TGCCTTGCAGTGGGATGT-3. Z=A0A ®%71E&
¢3 SREBP-13¥ PPAR-y2= GAPDH(glyceraldehyde-3-phosphate dehydrogenase)?] 2%k
of Hl#ste] E71eATH

Ay
12
2

10) Immunoblot &4]
Yrodd, =X Yxodd, o8f yUxodd Hel¥ HepG2 AxyE wsllagd 3 25



pgol wE a9 ® A3 T Western blot Hoz EASGTE wwla S hydrophobic
polyvinylidene difluoride membrane ¢ SDS-PAGE A &]3}3a, WEHAS 3% SGAEF=2
37CoA 24 7Fs¢k B8+ A8 = 31 th membranes 54 121 A2 4Tl A 164 7H5 ¢t
WA A I o] F-of 1-2A13F &<t Aol A #lE A dol= 5§ 22 A= whEA AT AF &
3}sts B A1 52 AdvanstaWesternBright ECL Al eFo 2 AZE39)

ot
o

11) A 24

et =HATIFS AAE 24 A& dAFtel] wel Agilent 5890 7h AR RFE I Y
Agilent Technologies, Santa Clara, CA)°ll SP-2560 Z &g #ztsle] H41319) th(Muguerza et
al., 2001). 7t=azetEy el A3 dAHL o5 2ok oven %% 100CHE 240C 714
1T/ S22 S/ o A vey e 225TC= A4t oled 725 9l
T4 725 1 mL/AEY 9 BUFAd e wE o aE e bz Aake] AES
g Wi 7o 2 ARESSiTh

3 g‘,,]_ m _1__7“
1) Y= dde Bases 54

Jredatel gad @ AEshd B4 Gowde Be 584 Sy dFe v

=
M

o, uWolddel <SiA=a7], Ae A9l 3 PDIE #4]8JtH(Ghasemiyeh  and
Mohammadi-Samani, 2018). YxolBHdL2 &4 g 73 EYgS Yt (29 la). Yol
dAel Aet A9 2 FF A7) MUE 47 -41 7 42 mV 2 244 T 252 nm 92 &9
393, DO-NE ¢ LO-NE Atele] frojml & ol #@= A Qket (F 1),

Table 1. Physicochemical properties of NE, DO-NE, and LO-NE

Particle size (nm) Polydispersity index Ze potential (mV)
NEV 134.4+0.085 0.328+0.038 -38.17+0.764
DO-NE 244.6+3.058 0.303%0.010 -41.00%0.300
LO-NE 252.1+6.768 0.28840.025 -42.40+1.114

1)Values are means = SE (n = 6). NE, DO-NE, and LO-NE represent control

nanoemulsion, duck oil-loaded nanoemulsion, and lard oilloaded nanoemulsion, respectively.

2) A =4

Zkzkol A Ake]l A=A Ao e GEFS m A 7] "ol (Plstz et al, 2019), # A5l
M et =AY AUt =4S sttt s 20 Hole A o], F UHA JE
5 YA (Cl8Del F8 =X3t AUtew

—~
@
—_
o2
=
~

, gt (C18:2), &HeotE4k (C18:0) wo = s dFol AFEHAAT. =A% H
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Table 2. Fatty acid composition of duck fat lard oils

FA Lard oil Duck oil
Lauric acid(12:0) 0.10+0.022 0.04+0.02°
Myristic acid(14:0) 0.44+0.01° 0.70+0.012
Palmitic acid(16:0) 24.20+0.87 23.00+0.82
Stearic acid(18:0) 12.01+0.58° 5.31+0.28°
Oleic acid(18:1) 42.21+0.31° 48.01+0.11°
Linoleic acid(18:2) 13.02+0.43" 15.28 +0.90°
o -Linolenic acid(18:3) 0.60+0.01° 0.72+0.02
> SFAY 36.75+0.37° 29.05+0.28"
> USFA 55.29+0.25" 64.01+0.34°
> USFA/SFA 1.50+0.01° 2.2040.04?
Total FA 92.0440.59 93.06+1.22

Values are the means + S.E. (n = 3). Means within a row with different letters (a,b) are
significantly different (p < .05). Abbreviation: FA, fatty acid.

USISFA: saturated fatty acid = C12:0 + C14:0 + C16:0 + C18:0; SUSFA: unsaturated fatty
acid = C181 + C182 + C18:3; XUSFA/SFA: ratio of unsaturated fatty acid to saturated
fatty acid.

3) B EMNOZ ZIEAL 53 HepG2 AlEAA Yo EAe a3}
HepG2 Al 2d& ALg3le] 22]f(D0O)2 DO-NEZF ZnjEsto g fate 7HsAo nX]
S Aastg ek ZHEAS A2 e w Ax AEE wddel] FE% LDHE Yol
A QDS FAh W, 919 542 DO9 DO-NEE A s ul At FrhHe=z
DO-NE& DO° Hl&l LDH &3 MTT Agolr 43 58S noul wehd, 71491
A DO-NE¢ &35 H7bedvh. o= A &4 MTT A 235 F3& HepG2
Aol Aty $gh v E iﬂ@ TEZ AAAY AEd 474 o4& HX(0, 50,
100, 250, 500, 1000 pg/mL)e] i=of o] YEhA kkH( 1|

3
IB-D). 28922, 1 mg/mL ¥%°] YxoddE HepG2 AEE o] &g =% Aol 283

2}
T} HepG2 Al3EolA ZrEA f3 A SAdo didh Yodde a3s 71537 9, Al
¥ AEEY wgdel =9 LDH 45 AT 2714 49 2% DO-NE+= ZVELRS
2 f=E 1 548 JAEGT vhE, NE9 LO-NEE ZHEA §& 7F 540 9&S v
A A ekt 1E 2AB). 91 A= Aol off7t sucrose’t FHE ATS A md Fe
A 5 A SAS GHAA o T ded s AT ol Anet o



A (D’ Alessandro et al., 2008). gt 23} xdike] gk E3x3f 2ake] H&o] =2
baru almondel A F#ig FA= 7F 7@ To= DAHE o FAAA murine Rl TH
&4 g B3 g39E YERWH S (Reis et al, 2018). JbEEh RS Ade A F kg o
ROS #AES Ao ZN A4 75t A1y Fxwe ot A s o 235
YU el (Cano-Europa et al., 2016). Aol A 213 st FA= =2
ZHARZ, B AT Ae 2857t HepG2 AlXEoA #ujEstez fute A 545 /s
o
&

=

B g deT ol 2@gl A AR BeE Ad 54 AFCZA FEBS wol
=t}
(a) (b) 450,
NE DO-NE LONE £ 1201
£ w
i 5
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Figure 1. Effects of NE, LO-NE, and DO-NE on the viability of HepG2 cells. (a)
Images of transmission electron microscopy (TEM) for nanoemulsions. Bars, 500 nm. (b -
d) Cells were grown to 70% confluency in 24-well plates and treated with the indicated
concentrations of

NE, LO-NE, or DO-NE. After incubation for 24 hr, cell viability was assessed by the
MTT assay. Data are presented as means + SE (n = 4)

[ﬂ} 1.0 {h] 20 7
ﬁﬁ 0.75 = E
(=]
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Ea 3g
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Figure 2. Effects of DO-NE, LO-NE, and NE on lipotoxicity triggered by palmitate.
HepG2 cells were seeded in 24-well plates, grown to 70% confluency, and then stimulated
with BSA (-) or BSA-conjugated palmitate (+) for 24 hr in the presence of 1 mg/ml
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DO-NE, LO-NE,

or NE. Cell viability was assessed by the LDH release assay (a) and the MTT assay (b).
Data are presented as means + SE (n = 4) and the statistical significance was determined
by ANOVA. *xxp < .01 compared with the untreated group; ##p < .01 compared with the

sham group treated with palmitate

4) Zu|E4le]l A H HepG2 AIX 9 AW £33 ROS A vX& YxoBHY &
3}
el A yFoA Fe FAo B=A &sS Hausty] fs) NE, DO-NE, LO-NE
7b AgE Aol gujel FwELS Mttt Oil red O @A A, IWEAO=R
q] *

5 Ak Zxo] NE ¢ LO-NEZ #|9]3 DO-NEo| 93] o

=3 Aol 9t (Egnatchik et al, 2014). 182 &, %9
Zu|ELto]l A El®l HepG2 AlEoA ROS Aol WA= vroldde] Jaks AT Z
W EARS HepG2 Al2Eo A frejA oz Al yii ROS 4 %S S7HdAIN DO-NEE A g
S ujvt o] a3t BASPTHIIYE 4AB). ROSE 2Ed 2 W, =38, 94353 22 thgd
E54 A Aol glthBoldue, Collins and Loeser, 2019; Liu, Wise, Diehl and Simon,
2008; Rimessi et al., 2016). < Hilo 2w ZuEANSRZ {F53FH ROS =4S AXE I35
HHgs friesta AW 5A4S ofstAA IL-1B oEste ded AdES R 3u
(Yang et al., 2014). Zu|EA] 93] f2E ROS A2 T3 Az HE WM xEe Vs &
of & Z213cH(Chinen et al., 2007). =3} triacylglycerolo] =%+ U

olo o3 wirjE]= AFStAE#H A0 AXE XS A7 sl A 5A4S AFHoR £
gtk (Aronis et al., 2005). ol&]d A= Fn|ELLo] A ElE HepG2 AMENA ROS =4 7
A% wplE e kst makel dA G

gl
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Figure 3. Effects of DO-NE, LO-NE, and NE on intracellular lipid accumulation triggered
by palmitate. HepG2 cells were seeded in 60 mm culture dishes, grown to 70% confluency,
and then stimulated with BSA or BSA-conjugated palmitate in the presence of 1 mg/ml
DO-NE, LO-NE, or NE. After incubation for 24 hr, cells were fixed and stained with Oil
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Red O solution. (a) Representative confocal microscopy images are shown. Bar = 20 pm.
(b) Following solubilization of Oil Red O in isopropanol, optical density was measured to
quantify

accumulated lipids (expressed as means * SE, n = 4). The statistical significance was
determined by ANOVA. =xp < .01 compared with the untreated group; #p < .01 compared

with the sham group treated with palmitate

5) Zu|EAe] A @ HepG2 MENA Yo BHo| 7F &4 2 AZAdA #d FHA
@ vRE FF

PPAR-y¢} SREBP-1-& ZHA|EO A lipid =43 #dd F2 o ]O]E}(Eeckhoute et al,
2012; Ruiz et al, 2014). 282 =, HepG2 A|lEZoll A ZH|ELle] o] wdw ¢ Tt ot
Uieol®de aakE griekivh ZulEgte] o3 PPAR-y9F SREBP-19] w3 5 mRNA
LA Fe NE9H LO-NEE T DO-NEoIA zHastdvhi (e 5A-D). ol g A= | ELlo
a x| Ad Ao W3k ey Tt Aol FEHORE A FEA PPAR-yo
SREBP-1 & oAl wZolgk= AS ety ulE & Aol s 7 o] 2ol
oaf AAH= AFA HMAUSTS 5] ArgetAl= XSt AAIRE 9 A2
PPAR-y¢} SREBP-1 B9 Wdls 2430 2M XA LruEAS &
= JAg = s SHsATH
Fu|Eqbe] o) g ZF E4o] is] ywmold e Gk Hrlshr] flall, vdeo® AE AbE
#HH  caspase-39+ PPARY cleavages 2135t thHKondoh et al, 2007). Caspase-3<F
PPAR®| cleavae= ZVWEAL 24413k Aol osf scoll HA S7Fstsint. AR, o] S7ha
NE E+= LO-NE7Z} obdd DO-NE°l ¢jsf FoAoz AAHAHLH 6a, b). o] d72I=
ZuEALS A3 HepG2 AlEoA 2857 PPARS} caspase-3¢] cleavageE Ao 24
Be g35 vUeidvs e £935 BAFAY. = uE A olMe A b S X3}
A A vl go] H& olF 2 YU(Emu oil)e] antioxidant'} free radical scavenger® 7]%53Fo &
A oxidative damageE H 33l IF BHE F3E doyivtn H st JtH(Bennett, et al,
2008). d#IHA 2 7(2.26+0.08) = =AH(1.52+0.01) R} ESAAF oiv] Bx s Ak
Hl&o] ol T34 <l radical scavenging activity E£37} F=2] X tH(Shin et al., 2019). 3}#]
H lipotoxicity% ksl Al 7= DO-NE9] #& 22 wAY S oJ s By strt. o]d ujsh
&o] AL &F H&S AL B-oxidation 7
o b &4 AAE 2= Aot (Plotz et al, 2019). w
ZtA, DO-NE& 7+ A& &4 A4 #d¥ PPAR-y¢ SREBP-1% #e fdx dds =
A= AlE A4S AR ROSE Abdsto] Ay SA o gk wkg5 el th(Eeckhoute et
al., 2012; Ruiz et al, 2014). g3t olefgr B o2 f7F Awaty d-dd 1+ d3s <

=
SaAL dgstod A88 & A SUE 154 AFelekis A2 daw

Lo

o m[o
2
o

i}
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Figure 4. Effects of DO-NE, LO-NE, and NE on ROS accumulation induced by
palmitate. HepG2 cells were grown to 70% confluency in 60 mm culture dishes and
incubated with BSA (=) or BSA-conjugated palmitate (+) in the presence of 1 mg/ml
DO-NE, LO-NE, or NE for

24 hr. Cells were treated with the peroxide-sensitive dye CM-H2DCF-DA (10 uM) during
the final 30 min of the incubation. Intracellular ROS were detected by confocal laser
scanning microscopy (a) and quantified (b). Results are expressed as means + SE (n = 4)
and the statistical significance was determined by ANOVA. *xp < .01 compared with the
untreated group; ##p < .01 compared with the sham group treated with palmitate.

4 A

B oATE eagldA $2% oot WAs anE Wt stk eefe) &%
o BFAE Aol A AEHOT A frh AW, AGH APlA e Fe] PEIH
Fgo] e Ao DAL REG Aotk webd, B AT AProE FEE 7 A
EAel WA eelfe ARE 2AAL B AFE et AW A% BHALE AL
Asle Ba) wrEow FEE F £4S QAT FPAL S AT o v
@ A B4 98 1 24 AT ¢ Ao FAS ANAL 28Rk 1 AXe] )
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AZF7] AAA G2 elm HIZFG A QD ZEIQl A =3, 553 st Wstel f
A2 W3S H 2l (Hayflick, 1965; Pazolli and Stewart, 2008). Primary cell ®l Zw0]o] A&
o] 7MES EAOR e EAl =35 Ao Harley et al, 1990). B4 w=slole dE, ~E
d22 F2d 27| wdte AX 2B AE HAA 7] angiotensin II(Ang II), Ak A Ak
A o od fFE¥d T (Toussaint et al, 2000; Touyz and Schiffrin, 2000). <o Ang II
v A Fehae kA AP AR dAE 4hEd DNA &S o7 VSMCY
w32 frdvta 9w v 9t (Herbert et al, 2008; Matthews et al., 2006). ©] 213k A+
v d2HgESEI HgeA WHad Egdso]l Ang II &4 Adstar, i w=3to] o3
AE ANE AGS AdAsle] g7 d8 #Bd 23S AdA3vs Ao ZAxe dx 3o}

(Feresin et al., 2016; Kim et al., 2018; Najjar et al., 2005). wz}A, A¥E =3} =4S 3
w3t #dH R G E T ¢ Aduh st Fegt Ak Foll FAH SH=E NAD-9 &
A HolAlddlo]l= SIRT1S Ad# Al&=dloA Fa3g 935 dth(Potente et al, 2007).
3=

SIRTLE ~Ed~2 A% AX w38 oAstel A4 Wt P4, du AYH, 54 253

3t 35 YeElA T (Gao et al, 2014; Kim et al, 2012; Li et al, 2011b). =7 594 3s}t=
o] WrAe K9] FwHo] 9Xd VSMColA <tst® DNA =4 2 =317} @Astar, SIRT1 ¥
#o] ZFA 3 tHGorenne et al, 2013, Zhang et al, 2008). F7}& S =& peroxisome

proliferator-activated receptor 65 ®i7j& 3 SIRT1 &9 f =+ <7 VSMCeF W u A *x

o ] Ang IIZ #o5 = 27 =35 AT (Kim et al, 2011; Kim et al,, 2012). wghA], &
=3t @ d SIRT1S A@gFxdsts 2 3 A2 w3z o7l B4 33 JHE
W 3} A 71 tH(Gorenne et al., 2013; Ota et al., 2008).

e 289 FRolA FHd =7 VFoR, 28F 7ty HGolA T i
o|t}(Shin et al, 2019). #H2e] AFolA 8 JFoA Fefgh 7[5l &, HAA, &9 22 v
& 95 F8 ARG oleic acid(18:1)¢} linoleic acid(18:2) © ®o] Xgsla lviar
93l vl AtH(Shin et al, 2019). FAA L G, vivE Add AWy 22 g A4y
vtz g A a7t Aol 93 A th(Fuke and Nornberg, 2017; Massaro and De
Caterina, 2002). =3t 28] 7|52 #HAe} LA F= AW Hl&] 50% o] =& ExX
sh AR/ Al BlES Hol, A3E A 48 o] & 7heA S E I tH(Shin et al,
2019). atAIRE, QB fre] AETA AL ofx wrsl vk gtk Aoz SE= @ =3}
HAo gF7t MA = dFs AT 5 o AFEFEH FfF 227t SIRTI
o] A =4S F3 Ang 2 FEEE VSMCO 7] =315 As=% STHstaxt sto}

rr

il
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2. Alg 2 #H9
1) 238 HREZHY 28 F F&
og IHEE @FYIAA A} 7E FEAE E5 dFRFEWol AFEFHIY o] el A
oAl A3tz 71t = FF W £ ) tH(Plaza and Turner, 2015).
guigle]l QoA X3 I A= T2 gy AlF5 T A¢Fx2 g Foto g Foly
or
I=]
g

B A ANEY 9 A4S wet 15T, 14 kef/em® ©] k]

il

3 vF=EE VIES FESAT 3AZT ofF, HES 303t

=
[¢)
B Aegch HEHORE 14500 x gol A 147 ok daie F Agzel AFss 45
ofl
S

i
[
-+
oX,
Ho
o
2
[-40
ol
o,
>
rm
ftlo
=
it

S H#7F £3E oA (DO-NE)2 20%°] 22
Hlo| &

groto] Alzxstddn. #85 A=xstr] fAs A+ F3AISl Tween-803F

3) tedRd 54 24

NES| thitit A%(PDD, Bt GA4=7), ABEAEE Bohso) 98 94 2719 AREd
8 EN71E ol g5tk PDIS B@ YA 27 9L A, 1 mLe| NES £ Eelx
A e WS 90°el AWE ZEe 25T, 633 nmel SAAA EAAAY. AAwe
A F AzSth 1 F, B A% AMAS ] §3tel 100 kV, 70
]

phosphotungstic acid®
Ke] vj&olA oA & &<

4) Al F

Primary VSMCE #=¢o FH EH%”—HOHH %E]E]“E}(Hwang et al, 2016). A
Sprague-Dawley H«I dems Azz dAg §, HIAAEZE A7stae dewe] 33E
2 Aoz B4 F 3U7F wjgsidnh. wjg _%7} T, 24 Ais FUHA R A3 )
FetAth L F, o]Eg VSMCE FHste] dubal Alxvwids Sl FAA e 10% Aejof
dAS F3F3E Dulbecco’s modified Eagle's mediumol A v ¥stdch 2 A& ALgH

VSMC+= 20080l Z2d Alsolth. 4-8 Aol sidet= AlE7F 2 Aol AHEHTh
5 ME =4

A AEES F7Eetr] 98 MTT 28-S o] &3t (Yoo et al, 2016). 24-well plateol]
HitE VSMCol AlE 529 NE® DO-NEE AHEldlow, 24 A|F &k midstie. 2§,
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0.1 mg/mLe] MTTE :2#she= vl 2413 St mjeFatitt. mie A1~

k-
formazan< 24 3} isopropanolel] &3 % 570 nme] IHFoA STHEE =AY

6) SA B-gal 84

60 mm dishel wl%E VSMCel NE i DO-NEE 24417t 5oF dAzadh Axes &
1] (Dimethyl sulfoxide, DMSO) Y+ Ang II°| 72A13F =% % phophate-buffered saline® =
AA skt MEs @Meko R 37T, 244 7F &< AT dE Axe] #zhs A8 3

An e AU el SYH ou el A et Ga) A £E AFetrh

1=

7) Western blot analysis

i

24

| £ ©]83F immunoblottingS ©]-8 3}

A" AleFo =z AHylE VSMCe AA| Alx falES 439 Membrane< TBS buffer

(0.1% Tween-20 in Tris buffered saline)oll 3% BAFE F7}3F Blocking buffer® “g-2of A

2A17F &<t blocking A1ZIth. 71 % membrane< 574 A2} 4Tl A overnight HF-S-A1 71 &

HRP7} o3& 22 FAE ¥ buffer® A4 2A17F WEGAlA ECLS AF§3te] WY
)

24 duid S A

L=,

SDS-polyacrylamide gel electrophoresis®} 574 3k

8) Ri FAA 4%

upg-2 5ol 4 SIRTI Z&RE(pGLAY A - 2487914 -30)S AR&3sF3ith VSMC+ SIRTI
luciferase reporter plasmid(lpg) ¥ SV40 B-galactosidase & ®E (05 ng)® co-transfect®
T 24X wiFStRiTh ©HE 5529 DO-NE°OIA 72A1F wiF & AlxE &) =Ry &

d& A3 th B-galactosidase &3> ME9] transfection &S FA 57|98 A&

.

9) B4 4
EAA 94 (n=3 =+ 4)= Sigma Plot 12.0& ©o]&3lo] 94 vz EAEAS g on,

Bonferroni AFE7A A S A 33

3. 2% % 1F
1) Yo dde £33 54
Yregdzte] &y A=A 5AHS NEO =¥ 39 s
(Ghasemiyeh and Mohammadi-Samani, 2018). wgtA, 2= | d4, PDI, NE©] A=
1% =AUk NE B 94 71 1047192mmT ASEAEE -30-4lmVE ek

EE NE QA4S U 7P RES UEon, $9E U4 9k

=qe Qe wen

o2
&l

)

2
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Figure 1. Properties of NE and DO-NE. (A - C) Mean droplet size (A), PDI (B), and
zeta potential (C) of NE or DO-NE loaded on a polystyrene latex cell were measured at 2
5C with a detector angle of 90° at 633 nm using a zeta potential and particle size
analyzer. Fach sample was measured at least three times and the average values were
calculated. (D) Transmission electron microscopy images. Bars, 500 nm. DONE, duck

oil-loaded nanoemulsion; PDI, polydispersity index.

2) Ang 22 =37t =" VSMCO 9@ DO-NE< &3

VSMC Alxzel Agstr] 91k HA e v5& AAst7] a8, MTTE ¢]&ste] Alx AEE
S #@7redth. NE€F DO-NE A& sx=< Z7H0, 50, 100, 250, 500, 1000 pg/mL)ell A
2472 A AE W, AX AEE] AFE MAA @At 2). wEkA, o] o] Al A
NEE 1 mg/mLe FE2 A=Atk =3 Ang [I-F% %=3to] DO-NEZ} "lA &= 95 3
7}3F9 Tk, Sham groupoﬂ EA 5= w=31e] npolomA el SA B-gal AL 3¥Y7F Ang IIo] =
=5 AEoA oA o® A vERTh SHAE o] F7h= DO-NEE A As o A=A
o, NEE A& we FoA4A zFel7h molx gtth(1d 3A-B). ©] A2¥4E emust £
7 2e 2REHEH FUS 7lgel 23t AWal giv] =& Bx gl Auabs iAo 9lon, A
E38t4 "k A S M AEYAZRE RIIvE Aot §AFstoh(Bennett et al,
2008). F7HH o R, F7ES AARS Wit EHE HALS o A= A el
TGS %7} ¢ 74 = oh et al, 1995). H|& @A A <
rokort 98¢ A= 28Rt Ang 12 F%9 VSMCY
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Figure 2. Effects of NE and DO-NE on viability of VSMCs. (A -B) Cells were
exposed to different concentrations (0, 50, 100, 250, 500, or 1,000 pg/mL) of NE (A) or
DO-NE (B) for 24 h. Cell viability was measured using the MTT assay. Results are
expressed as meanstSE (n=4). DO-NE, duck oil-loaded nanoemulsion;, VSMCs, vascular

smooth muscle cells.
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Figure 3. Effects of NE and DO-NE on Ang II-induced senescence of VSMCs. (A -
B) Cells pretreated in the presence or absence of NE or DONE for 24 h were exposed to
vehicle (DMSO) or Ang II for 72 h. SA B-gal staining was performed to detect senescent
cells (A) and quantified. The percentage of SA B-gal-positive cells is plotted (B). Bars,
200 pum. Representative images are shown and data are expressed as meanstSE (n=4). #*
p<0.01 vs. untreated sham group; # p<0.01 vs. Ang II-treated sham group. DO-NE, duck
oil-loaded

nanoemulsion; VSMCs, vascular smooth muscle cells; DMSO, dimethyl sulfoxide.

3) SIRT1 2&d DO-NE7} v|X& g3

7} o] ¢ tH(Haigis and Sinclair, 2010). SIRT1-S forkhead box protein® pb33 7S A}
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Ate] HolAEstE F3 Ang II type 1 FE&A9 AAE AAFH AHF4 #H#o]
(Brunet et al., 2004; Langley et al., 2002; Miyazaki et al., 2008). 2.2]-+7} VSMCol A SIRTI1
Ho] WX GgS HEEth DO-NEE &, Al 9E4 o2 SIRT1 2d& 78k
ou, NE= a37b glgivh SIRT19l 2&2 1000 ug/mL, 72413 A 2lel A 7Hd =31 d
4A-C). VSMCell 1000 pg/mLe] DO-NE7} A& 5lS df, SIRT1 &2 48X 7FEE 72417 A
g7 FeH oz FrhstA . 28 7F SIRT1 2Hdd 93¢ vigs A4+ o o
A 2= E#7F SIRTI FA#e] AAE 2de=A B7bekddth. VSMCE SIRTI Z =2
BHE X3 luciferase reporter constructE ©]-&3F4 transfect At 13 4D A }ERL}
5], DO-NE& 50 pg/mLY¥-H 1000 png/mL7MA] 5% oJ&EX o2 SIRT1I Z=2RYH 45 7
stelgith. & ZA3= DO-NEE &3 SIRT1 @¥jd 23] fi=9 fAksiy, 2]#7F VSMC
o)A SIRT1 s FH3v= AS ongn. SIRTIS AU A| AL 2EdH 2~ jHE 95 2
w3ts At 4el A At (Brunet et al, 2004; Cohen et al, 2004; Feige and Auwerx,
2008; Yeung et al., 2004). SIRT1 4= <Igt Z=e A& <3 (Cohen et al, 2004) o] &l
%, pb3, the HIC:CtBP co-repressor complex, E2F1, cAMP response element-binding protein,
breast cancer 1, TLX®} 722 thdst AxX FxXE5% SIRT1 AA 243 #Ho] H(Chen et
al., 2005; Iwahara et al.,, 2009; Noriega et al., 2011; Wang et al.,, 2006; Wang et al., 2008; Yi
and Luo, 2010). $3g]+= ©]%d Iligand-dependent nuclear receptor$! peroxisome
proliferator—activated receptor 67} #@l= VSMC2} €17t endothelial A ¥4 SIRT1 HAAS
=3} atherogenic-molecule oxidized low-density lipoprotein ¢+ Ang IIZ %% AE §}
o} =2 A3t A4S =9 IPAtHHwang et al, 2016; Kim et al., 2012). F7}8 o2, K
A= 28 7F SIRT1 2 S FEdthes A4S syl
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Figure 4. Effects of NE and DO-NE on SIRT1 expression. (A-C) VSMCs were
incubated with the indicated concentrations of NE (A) or DO-NE (B) for 72 h (A) or with
1,000 pg/mL DO-NE for the indicated durations (C). Aliquots of whole—cell lysates were
analyzed by western blotting. Band intensities were quantified with an image analyzer. The
ratio of SIRT1 to B-actin is plotted (upper panels of B and C). (D) VSMCs co-transfected
with 0.5 ng pSV B-Gal and 1 png of the SIRTI1 luciferase reporter plasmid were stimulated

with the indicated

concentrations of DO-NE for 72 h. Luciferase activity is normalized by [B-galactosidase
activity. Data are expressed as means*SE (n=3 or 4). * p<0.05, ** p<0.01 vs. untreated
group. DO-NE, duck oil-loaded nanoemulsion;, VSMCs, vascular smooth muscle cells.

4) Ang2Z FEd VSMC =319 A SIRT1S &% DO-NE9 93

22 7I& vi7l SIRT1 F+%7F VSMC =3} Aol wx= 2AHAQ e A7) 98,
Ang 1ol =¥ VSMCelA W9l SIRT19 2od-2 DO-NE9 HzlEs Fa] st o
A4 SIRTI @A e wde Ang [19] 2441 7F A FE AIZE ojEH o2 oAt gth sh| R
DO-NE+ 100 pg/mL%H F% &4 o=z 9 a3E JAAH (29 4B). ©o] 32 SIRT1 ©

Wyl §FE= DO-NEE viZl2 g Ang II §% VSMC =88 oAste=d 25402 on
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sttt DO-NEZ Ang II % VSMC x3to] A& 98 SIRT1 FEeo +84%

f138l, AlEZ+= SIRT1 €4S xdsk= AlkS Attt SA B-gal ¥4 AMESY ++ Ang I
dEo 7 Hg® VSMCET} Ang II$} resveratrole] 1 #l¥ VSMColA o wEokth

2, DO-NE®9| A& &I} resveratrol?] F7F2 F7bstdth W& SIRT19] S04 A 34
¢l sirtinol®] #7}= DO-NE w7l Ang II A& A FEA SA B-gal ¥4 AEE FFAA AL
2 A3+ Ang II A2l VSMCAlA DO-NE<9] =3} Wz gAo] iAoz DO-NEE /=
3 ¥R 1 Frte #EE wgwAel SIRT1S = 7]¢18S et (Haigis and
Sinclair, 2010). DO-NE7} SIRT19] 2d& #F=3t= WAUSES & &shARt SIRT1 24 <
stet#l iy 24 DO-NEZF Ang 1ol &3 ¥ VSMCE =315 SIRT1 o|&%4 #2o
2 A= AS w93 YyeEWth DO-NE9 st gyel UdXsHA|, olde A=
VSMC E-°]%<l SIRT1 transgene®] Ang I &gt @3 AFAFS At @axl vp 3l
THGao et al, 2014). F7F o2, oftmvlo]e]~F o] &gk SIRT1S] o] WdL Ang [[=

1

e VSMCe vt & AL et al, 2011a). H3F, VSMCAl Al SIRT19 o2 Ang
M2 §9E VSMC w88 523w, A% G435 ol E ol np§2el4] B2 oF
WiFol 9dS 75t (Chen et al, 2016). olg]d @2 DO-NE ®j7] SIRTI1¢ 43 =4

o wgsl Bag FAH AEH AEo2A o8 V15 HeAe AN

A B
12 12 ” o
g% oe gé a3 ~
B_ 06 B_ 06 =
[%% 0.3 ﬂﬂ ‘ll &% 03 = H
0.0 | | 0.0 ]

SIRTT —» | emm——— — SIRT1 —» | w e - —— |
p-actin —l-l J f-actin —» [-—_—- |
Time(h) 0 6 12 24 48 72 96 Angll (1000M) - + + + + +

Ang Il (100 nM) DOUNE B, = ™ e

Figure 5. Effect of DO-NE on the endogenous SIRTI1 level. (A) VSMCs were exposed
to Ang II for the indicated durations. (B) VSMCs pretreated with increasing concentrations
(0, 100, 250, 500, or 1,000 ng/mL) of DO-NE for 24 h were exposed to Ang II for 72 h.
Aliquots of whole—cell lysates were analyzed by western blotting with specific antibodies.
Band intensities were quantified with an image analyzer. The ratio of SIRTI1 to B-actin is
plotted and expressed as means*SE (n=3). * p<0.05, ** p<0.01 vs. untreated group; ##
p<0.01 vs. Ang Iltreated group. DO-NE, duck oil-loaded nanoemulsion, VSMCs, vascular

smooth muscle cells.
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Figure 6. Effects of DO-NE, resveratrol, and sirtinol on senescence of VSMCs
triggered by Ang II. (A -B) VSMCs were pretreated with resveratrol or sirtinol for 60
min, exposed to DO-NE for 24 h, and then treated with DMSO or Ang II for 72 h. SA B
-gal staining was performed to detect senescent cells (A). Bar, 50 um. The percentage of
SA B-gal-positive cells is plotted (B) and expressed as means*SE (n=4). #x p<0.01 vs.
DMSO-treated group; ## p<0.01 vs. Ang II-treated group; ¥ ¥ p<0.0l vs. Ang II +
DO-NE-treated group. DO-NE, duck oilloaded nanoemulsion, VSMCs, vascular smooth
muscle cells; DMSO, dimethyl sulfoxide.

4. 4 €

e AEsHH Ao U Ay FAE =F3r] &, Sl L8R daFEA
SE2EQ Ang Io] 93] el 3 wslol vAE TS AT ¥ A5+ DO-NEZF
SIRT19] AALHFS F/MAZ 2R Ang 12 A9 VSMCO =315 JAgS St =
g, 2 A% DO-NEd 93¢t SIRT1 F%7F @3 =318 A= TAE AAdY.

AlA eele Fwst 42 ed#7F d VoS AMAs] HA7E 7lsA HEer o84
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1. A&

2ZY =(spread)= WOl ZE ARGake] W A H|AF Fof Wl e AEe] T
°oF W 5& A ggoz AATY u ~xysg wEA HdHAToEHN BRI JSES A
g, ub gk SAAL F oA, b TR 2ZdY vt AlFedA dmiE A itk mhrt
de ExsAite]l TR AR AR Axd FE5rdd (WO) dE8d 2A=2A F
& g3t g 2 $x7F AxHa I (Kim et al, 2010). LubA el AdE nprpd e 2w
24L& oF 80%E Ffreta o, Htole 80%9 mwre] AWS ik Awg vy
(Bakery margarine), 2=~ # ] 53 wl7}dl (Spreadable margarine) s°] o™, ©f yolr} &

T HE Foli AWNTHFSE UFe A AR A2ZHuEY wrk e el a4 Q)
(Laia et al., 2000). L&y, w7kl EiFol] Adglo] A2oA EShgsta 4kst=7] 418 A=
A A9 EAA 42334 (Hydrogenation process)S 53+ 72334 (Hardening)o] I
Zolth(Lee and Lee, 2009). vt 9] A3l A F 7FAZ, vt A Fol o] &5+ 4
B4 A Wl EEXsAAE YA S W8S o] &3te] FAE RO RN WA AHE
AN 7= WY dstE o de ARG AEA FAE L2dA 3 R FI3AA D s
712 ol AtHKim et al, 1990). o] & 1AA = 43 (Hardened fat)etii®= &2 ™, wirf
g A X o] gHE AIH= B4 3F-F(Hydrogenated RBD palm stearin) ¥ ™ &= %7 3}
(Hydrogenated soybean oil) 5©°] 9t (Naeli et al, 2017). 18]y 423 34 T BAHE=
trans A WA A AAAZ ] Ay 212 Aol lom, wirkd Ul A8k A& trans
A Hre] Fo Fgdoer 4y Adri(Mozaffarian, 2016; Ratnayake and Cruz-Hernandez,
2012). wiiell m7ke Az T FJI EE A3k AR e Eol71y B3k W trans A4 3
g AaATE A7 AEEA e o (Lakum and Sonwai, 2018).

QHF EE oEllBe A% ¥ERH FE@ /BOR 549 U FrE A4

Ao e sEAY ARHdeE g2A EXS A o]l sk, e §HoE Q1S
Ao A AAS FxEaL dtt(Jo et al, 2018; Wille and Lutton, 1966). ©]&3 Qg9 &
AL mb Azl A Bt oyl AvAEe] TEA4 AW ARl diE +HE HAaE
F STk R, AEA A Fxdol o -16T W, L] A4 oF 25TE vptdlew
7hEataRs W, A dskE 5 Jda FS E A F A S A = e, o=
A AFES FAE VA 5 vk =, Sl o8 Ak B s gRo] gl wet, o
g A4, @ 5o FAE Fe F7Mskal lth(Huda et al, 2013). FAHES v #H7] A B2

=
N
I
ofo
o g i

EFo9e op/1@ & qlol, olel W@ oA vhas Aastch mebA olH@ ¥
2 ok, $A% Avlel w2 444 Gy 2 AA87} s



T AtHLim et al, 2010). A, H AL, ARG AFol g Fo7t F7Hgel w2t
¢l wdw, A Al mprbdel] E3Y = AWS Folaak Al A sido] A &HAH o
o]A1 a1 (Do et al., 2016). &35 G2 e 4 keal/g tiAlol YA & 7HA
U Aekests, g Aolrp 7]E o] AR AAbel] Hld) Alg kel o ZAQl 4

a7 F7bvsla Qlar, ol gk AerstE aekd] Aolo] thak #wA W oAE
A (Eckel 2005, Nordmann et al., 2006). WebA, & A= A4 FA9 47
o &
=

oy
o
ol
o
£
2
E
}L
N
-~
N
¢
o
o

2. A5 4L I

7t AdA =

Ao Algd eEfE QE7B HA SN FE2E AL wol AT E AL TH
w3 BEyaAdaumAae @Ego]FH Y (Seoul, Korea)old #l&wrekt}. Sodium alginate,

ammonium alginate, calcuium alginate ¥ E#W~aZFElu|yolA= ES food(Seoul, Korea)oll A

Telehlth AW TR A9 Aol ot

U, e Ay
1) EBI&HIMA(whey protein isolate, WPI) L EWAAZFZER olA
(transglutaminase)®] #H7IH] & & E4 AY

sxdeg vhobRe] Aoy Rrele 2ARE FolsHAE f4h(fat phase)el o

A o] &o]3 44 (aqueous phase)S A Zal7] Yoto], Bl FH AW A (WP Hr7tg @
Eerddudy ERASFEUolA o] HIbHl o] WA= FEFe AdEr] 9% AP
A AlELA T Table 13 22 Ao 2, Zo 84 H/MAE &A1 & I oﬂ/q 40°C

=S FEH Yol A4S 95ty W8S Wit f

E = = ﬁ -1
A1 7171 918l 80Tl A &2z A 2412 &<t 7FE &k

Table 1. Formulation of WPI-transglutaminase gels

Ingredients (%) 2% WPI 5% WPI 10% WPI 15% WPI

Water 50.43 47 .43 42 .43 37.43
Maltodextrin 3 3 3 3
NaCl 1.5 1.5 1.5 1.5
Aqueous Gelatin 1 1 1 1
phase Carrageenan 1 1 1 1
Potassium sorbate 0.2 0.2 0.2 0.2
Whey protein isolate 2 5 10 15
Transglutaminase 0.2 0.2 0.2 0.2

A 59.33 59.33 59.33 59.33

D 28# HA713d 02 B4 B7E 58 B3F AHEF A4 7l Bt
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Table 2. Formulation of margarine added with different level of duck fat

Ingredients (g) T1 T1-1 T2 T2-1 T3 T3-1 T4 | T4-1 T5 T5-1
Duck fat 0 0 17.5 17.5 35 35 52.5 52.5 70 70
Hydrogeated fat 10 10 10 10 10 10 10 10 10 10
Soybean oil 70 70 52.5 | 52.5 35 35 17.5 | 17.5 0 0
Total 80 80 80 80 80 80 80 80 80 80
Fat Glycerol
0.35 0.35 0.35 0.35 0.35 | 0.35 | 0.35 | 0.35 | 0.35 0.35
phase monostearate
Lecithin 0.15 0.15 0.15 0.15 0.15 | 0.15 | 0.15 | 0.15 | 0.15 0.15
BHTD 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Flavor 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Total 80.72 | 80.72 | 80.72 | 80.72 | 80.72 | 80.72 | 80.72 | 80.72 | 80.72 | 80.72
Water 15.08 17.78 | 15.08 | 17.78 | 15.08 | 17.78 | 15.08 | 17.78 | 15.08 | 17.78
NaCl 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Water | Sodium alginate | 0.5 - 0.5 - 0.5 - 0.5 - 0.5 -
phase WPI 2 - 2 - 2 - 2 - 2 -
Transglutaminase | 0.2 - 0.2 - 0.2 - 0.2 - 0.2 -
Total 19.28 | 19.28 | 19.28 | 19.28 | 19.28 | 19.28 | 19.28 | 19.28 | 19.28 | 19.28
Total 100 100 100 100 100 100 100 100 100 100

UBHT = dibutyl hydroxy toluene.

g AW 2ZGdE vrtd £

G, FHGNE @ ERAFFE oA E 7_@[7}'5} AAY 2xYYE S Al xs)
7] 98 Table 33 Figure 12 Fastdtt. WA 4 (Fat phase)el 28, A3tF, HFF=
Hi TR 2% & T8 et 2 F A8 HAAIRD S AR ~H 2,
A R(F3EAD), WY SRk e EF) e]ar BHT(EASHADE H7tste] 38 Alzstdoh 4
(Water phase)® 4%, & X% |4 H7tAE &3
e ERNATF EPU]Lﬂ ol= &AE& 9ot WEEAAT. 1 F ] |
A7171 93l 80T oA FFZoll Al 2417 5ot 7FEste] 48 Az

FU

faA 7 T F2FFo A 40T, 1A
H
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& FH TS UAE ol &ste] 1083 wwRkste] F3A71 - A SE fleke] -18T el A
241 7 ot wste] AAY AzdyEed virbde Alxs i

Table 3. Formulation of reduced fat spreadable added with duck fat

Ingredients (%) LF NTG SA AA CA | WPITG | SATG | AATG | CATG
Duck fat 35 35 35 35 35 35 35 35 35
Hydrogeated fat 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Soybean oil 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Fat Total 40 40 40 40 40 40 40 40 40
Glycerol monostearate | 0.35 0.35 0.35 0.35 1 0.35 |1 0.35 |1 0.35 | 0.35 | 0.35
phase Lecithin 0.15 0.15 0.15 0.15 0.15 | 0.15 | 0.15 | 0.15 0.15
BHTY 0.02 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02
Flavor 0.15 0.15 0.15 0.15 0.15 | 0.15 | 0.15 | 0.15 0.15
Total 40.67 | 40.67 | 40.67 | 40.67 | 40.67 | 40.67 | 40.67 | 40.67 | 40.67
Water 52.63 | 50.63 | 52.13 | 52.13 | 52.13 | 50.43 | 52.13 | 49.93 | 49.93
Maltodextrin 3 3 3 3 3 3 3 3 3
NaCl 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Gelatin 1 1 1 1 1 1 1 1 1
Water Carrageenan 1 1 1 1 1 1 1 1 1
b Potassium sorbate 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
phase Sodium alginate 0.5 0.5
Ammonium alginate 0.5 0.5
Calcium alginate 0.5 0.5
Whey protein isolate 2 2 2 2 2
Transglutaminase 0.2 0.2 0.2 0.2
Total 59.33 | 59.33 [ 59.33 | 59.33 [ 59.33 [59.33 [59.33[59.33 | 59.33
Total 100 100 100 100 100 100 100 100 100

UBHT = dibutyl hydroxy toluene.

Mixing fat soluble Mixing water soluble
additives in fat phase at additives in water phase
80 °C at 80 °C

Heating in water
bath (40°C, for 1 h)

Sterilization
(80°C, for 2 h)

Homogenization
for 10 min

Cooling (-18°C, for
24 h and packing

Figure 1. Manufacturing of reduced fat spreadable added with duck fat.
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2. BAE 9 9

1) A (texture profile analysis, TPA)

AAle] 2 Hlud 9] A XE(hardness, g) texture analyzer (TA-XT27 Stable Micro
Systems, England)& °©]-&3to] &3ttt specimen cupdll HAUE AIRE WHale|A vt=2
Aol Aty o, olujo] BAFHE pre-test speed 2.0 mm/s, post-test speed 4.0 mm/s,
head speed 2.0 mm/s, stroke 5 g, distance 10.0 mmo. 2 %3} t}.

2) 8 &4

60°CAlA FA1¢ Abstd LS HIZESH7] 93] Schaal oven test (A4 715 Alg)E

Hgslo] Al gstG tH(Warner 5 1989). F=% F4 lkgS H|AM 2 F =go oE
Kel

& 71%F 1094 vk} A 383l

3) Oven ¥ ¢AA A¥
Azg mrblst AR Qs d9s mkle A7 15 g4 el HukE § 36Tl A
48 AIZF ot Aol A § A9 ul

AR .

4) A= &34

AzE AAY 2z E vrtde] dAee= ™A AEA(VT-550, Thermo Haake,
Karlsruhe, Germany)® =439 2™ adapters No. 13& AFg&3sle] Adstch 2g 7+ 2 A
AE3 = YL vt AEE 77} 33 BbE SAste] 7MY =2 g 3 @S AHE

& AT,

5) 2% %7}

Wb A Bsgbl Rl E APl Ui 20-3049 AFstu FANEYY T
3SRl 209 (4 10W, of 108)E ddoR ARd U FEE A4, g0, W7t 71F 5L
EF F BAAE AAsarh 49 2xAnE e gare A489en, 4 om
x 4 cm 2719 AW AAld 2 Hude] AxZYHE virld 5 g 2 15 cm x 14 cm 2719
U s ol gste] BrketT 4 AT NP4e 98 Awd oa @rstact. o
W, W7 7Ee @=HEAE, & o k2] %, 1=9 v27] ojelg)ow shel Hrhslo,

7 B8 ddu) ) EAEA W (one-way analysis of variance, ANOVA)CS. & 7 3]3&}¢]t}.
ANOVAE= =HE EAbd AP R (GLM)S o] §38te] Alad= i, SPSS Ver. 24.0
(SPSS INC., USA)E 483tk AE 9 Aolof disted Wz v+ 4 (Duncan’s

multiple range test)S &3t 94 HA(p<0.05)& A A ST

R
e,
T
T

3. 2% ¢ 1%
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7t duAd

1) #4533 A(whey protein isolate, WPI) 2 E#HAZFEH}o}A
(transglutaminaze)d] 78| &0 W& B4 AlY

AR ~ZYGE vpr7bde] &8 7Med R eud-EdagFe vyl A7k
HAE 98, LA GN A ER G FE|olA o] HubeE B AR & W on] A
S 838t th(Figure 2, Table 4). 2 A3} Figure 20| YEbd wpe} o], Helfidchuz
(WPD9] gtgo] Z7ist= 133t 9 A=) 57}?:}& 91541 aL(Table 3)(p<0.05), 2%

q

WPIel 7%, Adez E4sAw ngste 54 2ol 24& Bal F47 LA I
o] 7bsdt AL glstint. whdel, 5% o] WPIE H7bshAl SH, gt WPL iAoz <l
A @ 3rF Wolx|aL o] 2 <ls) FHS Fetar e #;MFok ZJ‘?B%}@E, gl odEd 34
o] ¥ AL Bt

Unheated

Heated

Treatments 2% WPL 5% WPI 0% WPI 6 WPI
Figure 2. Appearance of WPI-transglutaminase gels.
Table 4. Hardness of WPI-transglutaminase gels

2% WPI 5% WPI 10% WPI 15% WPI
Hardness (g) 11.9340.23° 33.37+2.15° 317.40+ 14.64° 1249.53+45. 22"
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2) 22 A= E}E EX 2 8H SHE T A3F AMETF FE UbsA HUt
Table 59} Table 6= fr A7t W& wprtde] 4 9 385 UEd Aol Table
59 o], Ffrts @7}6}04 Az wp7EA(TDol Hlste] e/ E 7 H7EgE nprhe o
Br7t F7betaL, el HIEel SHESE AR 2 ARE VA= As g
G(p<0.05). LT FFolle dFFrRY s AUt S W dE7F SUbehe 8902 @
Y7 dFiete 24 gl v gEAil gial Site] FHREy] Wil Aoew wo
Ak Ak 31 162T v gsdal 2 daesEdlibe A% 42 -72T,-13CE
At d o2 3] Y (Gunstone et al, 2007; Ueno et al, 2000). 53], 2 WS H7}s}o]
Az m7F(TE)S A#dE s F9E WY A A5E 7HAE 2s &% v (p>0.05),
o|ZHE ¥FE AE&F il AFESd vk Az A AR AME RS TaAE S
S & Ay TE, BEEHAun A EdaIFEluYolAlE HUbskA @ A
(T1-175)9] Axrl #aste 43S Hols AL dAgozy ols ~xZyyE vwride] A
g 7|Hke® A A

\= =
39S W Pree B8 b Ao Jdeta, olsh e A
e EE

SIEER RN,

Table 5. Hardness of margarine added with different level of duck fat

Treatments
T1 T1-1 T2 T2-1 T3 T3-1
Hardn | 133.14+8.6° |203.6+14.2" | 122.1+5.4% | 208.14+15.8" | 278.9+15.8? | 322.44+13.9%
ess (g) T4 T4-1 T5 T5-1 Control"
395,2422.5¢ 761.3+24.7° 1177.24+141.4% | 1162.8+£141.0" | 1190.24139.7"

DControl = commercial butter

Table 6= 224 d7hde]l e mrtdde B4 2 488 Uud Aow fFae @
Fol WP Delste] Ax BE AATAM FHS FHA o] F wolA g
2 oA gkt ok,

o (p>0.05), 4dE vhrtda vwP S
mt7F W] aqueous phase Tt H7MEE 9% A

Table 6. Melting point of margarine added with different level of duck fat

Treatments
T1 T1-1 T2 T2-1 T3 T3-1
Melting 37.7+£0.6"™ | 37.7+£0.6" | 38.0+0.1* | 38.0%0.1" | 37.3+0.6" | 37.3+0.6"
point(C) T4 T4-1 T5 T5-1 Control”
36.7+0.6 36.7+0.6" 36.7+0.6% 37.0+0.1% 37.7+£0.6"

YControl = commercial butter

. AR 2ZdHE wde
1) AXE 2z wae g2
oolg, Relgduud 9 Eax o} S Wrhetel Az AA

Aeel Bt Table 7ol YR EdsI Tl elds B8 AAE szdg s o)

rﬂli
_‘m oL
u)
H,
g
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Hae foder e AEE YelyAthp<0.05). EWNAFFEUolAS H7e A g
(WPITG, SATG, AATG % CATGR)Y A%+ 33770g= e ¥hH | control®] 49 202 g2
T AEE B £%, EdASFEHEUOIAE HUbe A 2 AgTES 1257205g9] &
5 Yedo & A2 39 FASHA, Danesh et al.(2017)2 % 3}
iyl S 7 AAW ofol=ad el HAEIE FA G ARtS A2 d AXW ofo] =g
] H =k

=

Ll

=

Table 7. Hardness of reduce fat spreadable with duck fat

Treatments
LF NTG SA CA AA
157.33412.50° | 125.43+6.89° | 183.20+23.57 | 205.234+4.80" | 196-03+21.28"
Hardness (g)
Control? WPITG SATG AATG CATG
202.23+9.68"% | 33.77+2.85" 52.03%4.39% | 70.03+£8.85" 38.03+1.27"

YControl = commercial spreadable

2) AAW 2=z oE q1rtde € AAA

L, Beadaid 9 Edas TE}U]L}OVﬂE A7yt A zgh X1X1” 22 Y= vkt
d(FEEFo] 50% o) 98 Al w7t (Z2T)S Aol mnt= a1 36Tl A 48 AJgt
St QlFHolE e BH#g tg vyt JEFS v astAth. 747 Z:ii’ﬂﬂ% w7k el o
0}01 d A AP d AE 2 d A A ABA AR T HE F9ste] Figure
Coll Yer 2t} Figure 3A-Coll et npe} o 21
FeFol 50% o]l AAW ~ZHEEY wirbd R wirtde] Fie] ETS

o},

o
M
ot
o
o
S
N
2
o
m
0
K=}
BN
=t
o o

off

=]
Run

o 4 82

-/

2«

o

3) AAY 2=2HHE virtd Y A=

Table 89 UEW wle} 7o), WPITG A t7F 7H4 v HAEE 1¥Ya(p<0.05), SATG,
AATG 2 CATG 2=ZHu & nrtdoe] 1 tgo® =& ¥us el ohp<0.05). o= <&
N5be w7 AFstd F49 dAFARZA 9GS & wnk ofyel FHAEA ] T x 7
ol Aoz of ARt (Marounek et al., 2019). T3 W& HEi= AlgES 2% npE o ¢
e oz vkE F U= Aol Ut
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Figure 3. Oven heat stability of reduce fat spreadable with duck fat during 36C for
48 h. (A) initial appearances of spreadable before spreading, (B) initial appearances of

spreadable after spreading (0 h), (C) appearances of spreadable after 48 h.

Table 8. Viscosity of reduce fat spreadable with duck fat

LF

NTG

SA

CA

AA

WPITG

SATG

AATG

CATG

Viscosity
(Pas)

19.33°

19.29°

21.93"

19.10°

20.54"

8.73"

14.82¢

14.15°

10.91°
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o]tk SATG, AATG 2 CATG A&

X
=

e

= AAW 232

Table 9

7HE weko W (p<0.05), Al whrbd

2

3

R R IR

|

A (spradability) %

4

T

=K
X
=

!
%0

N

]

ol
)

o
ofp

7kl A H]

|

vy

o
T

ul7FA(LF, NTG, SA,CA, AA)

[SL KN
e«

ArketA

=
=

1A ekkel WPITG

7}E

7FA(LF, NTG, SA,CA, AA) Bt+

=]
=i

KeX
=

2 CATG Hrth=

SATG, AATG

e 1 tH(DeMartine and Cussler, 1975).

Table 9. Spreadability of reduce fat spreadable with duck fat

Treatments

AA

6.65%

CATG

7.55%

CA
6.45"

AATG

7.50"

SA
6.65

SATG

7.80"

NTG

5.65°

WPITG

6.40"

LF
5.85
Control?

7.90"

Spreadability

commercial spreadable

DControl
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Al 2 A AAE ML Y3 AF AE=F9 EA (texture profile
Jd =

analysis), 2 54 %2 XA 4tdlx H7}

1. A&

HE dg&ozA JdE vrbEe 80%7F Aoz olFold F%
AEAR FAZE Az o] &HY. tgd AEA FA F LA, Vs
o] gt 5 (Soybean oil, SBO)7} wl7tel Al zo] 2 o] &4
o AEA FAE A FHE 724, AR BAdASY §HS ol SIS
o]7] 9ste] AsAol 8T (Coenen, 1976). & E° =
hydrogenated soybean oil, FHSBO)Z 7Z3}xo] =W A
(Zeitoun, Neff, List, & Mounts, 1993). ol&| &t A=A AstF& A&l wel wprid e F2
A4S st x= Eetal, A wmAY A3t 3 T u"Y Edx AW AHtrans fatty
acid, TFA) A< oF7]s] w417} ¥t} (Farmani, Hamedi, Safari, & Madadlou, 2007). E 2~
A Akl e B EHAs AdaAds 2 N AS fde] & @AY ATHOteng
& Kersten, 2020). o]& o]F 2 2AF AP = FAAS gl Eds AAE S22 As)
g A AES Eskr] fe) wdelel =t lth(Pande & Akoh, 2013).

Iftqdog 92 @ =X & FEA ALE AEA FAd vste =& 7 xA
o7 Qs Al EAZE Atk T4 AW T syl 28R (duck fat, DF)= 744
A At g2, v A &8 (2853%) Y =2 ko] EXSAAH6451%) 02
ol 9om EIIFAWA F= 29 4H4870%)0] E3] EX3tH(Shin, Do Hyun Kim,

5
el

>

okt

ox Mo rx e

%
:|1
Kwon, Kim, Seo, & Han, 2019). & o+ 2879 AW A} =4S
Az 2ds &8st gAs egf9 54 A a37 FHEA
Han, & Seo, 2020; Wang, Zhang, Ge, He, & Cheng, 2019). &3] #Ate] ZFH3 Qg F+
ZelAtE T gimaldte] 2ol FH-& tiFfrol wlste] wirbdel] Agd & glvk(Akimoto,
1998). iz alikel Hlaf ek AW AFY ARG " ol3etA P E MdEdTE B
7F den, o= ZHlAte] =& Abs kA 9 gl 9%k Aoltk(Knothe & Dunn, 2009;
Riveros, Mestrallet, Gayol, Quiroga, Nepote, & Grosso, 2010). wj&ol, S#d4F ShF=S =2 A
2 =dAb A3t dFor dTEReH, Abs kHAd S /A sk tH(Biresaw, Adhvaryu,
Erhan, & Carriere, 2002).

g B3 Fulwnas 2 7

% 21 tH(Kang, Hur, Jo, Kim,
©

oleldt olfrE & AP T Al 3ol =& 8w vk ) HIUPF Edls A
o] FHe A7t HaFeE Fx4, osdty 5ol A A & Aolet 7HAgstAth
adER B A BAHe o7f 7t v (Duck fat margarine, DEM)2] T+%4, &4 4

f )
e BrhsE SA Lelf Hoh vhbel s A4S 289

2. A5 2 Hy
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7F AdA =
1) A8 F Al

Ao 2188 2glfE AE7IHA B A FE23 AL wol AR g R AT
Z =) 74 3} (Fully hydrogenated soybean oil, FHSBO)¢F ¥+ 22 A€ (Bucheon,
Korea)¢} AL AI9(Seoul, Korea)oll Xl 43Rt Lecithin, glycerol monostearate, BHT,
sodium chloride, thiobarbituric acid (TBA), phenolphthalein, heptadecanoic acid methyl ester,
chloroform, and ehther= Sigma Aldrich Chemical Co. (St. Louis, MO, USA)o| A w3}

o} 2 Al9F2 analytical =+ HPLC 5855 A3

2) 23+ #H7F v/ (DFM) F£H]

671 m7t Al & Table 19 we} #vlat . 84 Hr7te 2 A84 HA7hes 44
T fadel 80T Hom ds FaAAIY ¢ g
oA &3+3tal, hand blender & ©]&3] 10 3+ A3sA &3 |
Scientific Co., Ltd.,, Gangwon, Korea)E ©]&3] 20,000 rpm, 2 &3+ &3t} 7 2H A&
Wt specimen cup(120 mL)ol &7 -20TolA 12 A1+ 2AS}E Hs] W s )
4 AR AZE 4T Bstsl

Table 1. Formulation of DFM

. Treatments
Phase Ingredients M1 N2 M3 M4 M5 M6
Duck fat 0 20 40 60 75 80
Soybean oil 75 60 40 20 5 0
FHSBO?Y 10 5 5 5 5 5
Fat Lecithin 0.5 0.5 0.5 0.5 0.5 0.5
Glycerol monostearate 0.2 0.2 0.2 0.2 0.2 0.2
BHT 0.02 0.02 0.02 0.02 0.02 0.02
Total 85.72 85.72 85.72 85.72 85.72 85.72
Water 12.28 12.28 12.28 12.28 12.28 12.28
Water Butter flavor 0.5 0.5 0.5 05 0.5 0.5
NaCl 1.5 1.5 1.5 1.5 1.5 1.5
Total 14.28 14.28 14.28 14.28 14.28 14.28
Total 100 100 100 100 100 100

VFHSBO, Fully hydrogenated soybean oil.

YWater soluble additives for margarine production.
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1) A 24 B

ALt 24 Muguerza 5 (20008 WHES o] &8t EASATE 3], capillary
column SP-2560 (100 mx0.25 mmx02 wum)ez 7} A=ZuvpE 1835890, Agilent
Technologies, Santa Clara, USA)E o]-&3}o] AWat A& EA30 Az2nEddgy 248
e gk YR HAERE BT 225Tolx, 2B 2% 100TolA 240C7HA 23
1CH Asst== AAIAY. $£42 7]|AE 1 ml/mine F&5oz2 AAFZY. ZF Ak

heptadecanoic acid methyl esters W4 ZF=EH =2 A&t

2) 24 9434 4

=)

A B8 X-ray diffractometer (Rigaku Co., Tokyo, Japan)g ©]-& 3l
H AIEE 40kV, 30 mA =702 1004 30° HelolAl 2/min® A 343t 3
¥l t}¥ F %= short spacing FHOE FEEE=d, short spacing #kol 4.6 A olw TZ,
short spacing ko] 4294 38 Aolw B’ FxE <oustth(Miklos, Zhang, Lametsch, &
Xu, 2013).

o

i

3) DSC (differential scanning calorimetry) ¥4

AzE v7kde] 38 A4S 98] differential  scanning calorimeter (DSC) 4000
(PerkinElmer, MA, USA)S o] &3ttt 4 A8E oF 10 mg & FHstd o, dFnjF o
& Hafr A EE AL 12 h WA 3A T Thermogram < €7 98 -60C7HA Wzt
T 5R FA3% g, 10C/min 9 HEE 100C7HA &89 2243819tk 19.8 mL/min ¢
L2 AA4E purge gas & A4S 9138 A8t} Calibration & ¢l ¥l indium & ©] &8}

ATt

_

4) A= 2 #x ZA%H(oil binding capacity, OBC) &3

Az 2  ZHX(hardness, g)+= texture analyzer (TA-XT2i Stable Micro Systems,
England)E ©]&3to] ZA3F3th specimen cup ol 87U E AlEE WA vtZ Ao
ZAslg o, ool BXZAL pre-test speed 2.0 mm/s, post-test speed 4.0 mm/s, head
speed 2.0 mm/s, stroke 5 g, distance 10.0 mm & A A 3s}o] 3 3] wHE2A A3} o}

%] ZA¥2 (oil binidng capacity) Da Pieve 5 (2010)¢] W& Faudte] A5k} 15
mL Eppendorf 729 A4 ()& F74sta1 1 g9 €d3s &3l¥ w7k AEE Eppendorf
FE &7 4ToA 1A% dzgitt, ¥z & 543 Eppendorf FH O FAE (HE T
1% 10,000 x g 2o R 1537 dAEE et €2 F A& micro pipet & &-&3to] 2413
A At AA" 3 Eppendorf FH O FAE (02 drh 44 282 o ¢ 2oz
AlArslA T OBC (%) = 100 - [{(b -~ a) - (¢ — a)} / (b - a) x 100]
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DFM ¢] detAl 3 Hd %= MCR 92 rheometer (Anton Paar, Graz, Austria)< ©]-&3}e] &3}
Atk A A EG )T 4 FHEG )2 747 10°C 9 25°C oA A7 25 mm ¢ Ed o]
o] 10914 100Hz HNA A=A =432 g 2~ZH(pascal, Pa)2 %73
o A== ZH2F 10°C ¢F 25°C ol Al shear rate 0.1 914 100 272 SAHEJ ST, HolE+=
g7 - M 71 E(pascal-second, Pa's) ©9l=2 #7]=HATh Aed 2 A% Z3= Anto Paar

RheoCompass Ver. 1.25 & o]&3ste] #2319, B SA42 33 db5 Al dstS

6) A3t A A3

60CAA FA< Atst4 AP S HAESH7] 98] Schaal oven test (A4 715 Ald)E
WM slo] Al st tH(Warner 5 1989). F&% F4 lkgS H|Ad 2 F =go] X
o

sodium thiosulphate &0 2 A A3t ASIE 7F= tFS 2o &) AAkE St
2+ stE7Hmeg/kg) = (a - b)) x £ /W x 10

a: A Ao Av]¥ sodium thiosulfate &4 2] H-3](mL)
b: sodium thiosulfate &< <7}
W: AE9 FA(g)

Thiobarbituric acid reactive substances (TBARS) #k2 ol dF-9o] ¥ uwe} =
UH(Papastergiadis 5 2012). 1 g9 A=< 50 mL connical tubecl] 21 5 mLe FHF9 28
et £ &9 5000 gol A 5wt AR st G vt e H 9 #Ags 2 0
B2t olF FHlE AEZ25 mL)¥ 25 mLel TBA €946 mM in 99.5% glacial acetic
acid)& EFE H FFoIAM 95T, 3087+ 7kdstt. W7k 5, UV/VIS spectrophotometers A}
43t 532 nmoll A FHEE SAHAT. S-S mg MDA/kgo =2 F A,

AN

FARAL U9 2 olgRARAgon AAstrh BALMS BE PikdA Uuid

T
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o zolo] wiste] Wzl thEz A (Duncan’s multiple range test)S F3dlel #FoA AA
(p<0.05)= AAEHAT

WA 24

] I 2 vk e 548 AAst A=, 584 54 2 Ak kg 2 FFE 7
ZtH(Miskandar, Man, Yusoff, & Rahman, 2005; Sioen, Haak, Raes, Hermans, De Henauw,
De Smet, et al, 2006). 28]+ X7} w7} (duck fat margarine, DFM)2] A wWAk A2
Table 261 YeFH Tt DEMS] A Wik 242 7h7te] f57F 5+ 28 fr(duck fat, DF), o
(soybean oil, SBO) % =x=t)F7 3} (fully hydrogenated soybean oil, FHSBO)®¢] 7}k
o2} 371] BEFSs AT T HIbFol S7Hghel whel E3hA| Wik (saturated fatty acid,
SFA), & X3} m’\‘F(unsaturated fatty acid, USFA) 2 E@# =X "2k (trans fatty acid, TFA)
3} EEEP ooz gaks WA (p<0.05). ol& M3 A=std, Zn ESHpalmitic acid,
C16:0), g]=#2k(inoleic acid, C18:2n-6) % & # 4H(oleic acid, C18:1n-9)¢] DFM<] 8 X"t
oA dR-Ee AA ST M6 Mlol Hlate] fojxow ImEAN23.05%)7 & Hlt
(43.22%)& Wol st AR (p<0.05), tizAHoZ 2HIE4H11.32%), =it
(15.42%), B ofl o] SLAFH ol .= 4H(0.82%)-> M1ell Blste] A A gHf-aF A tH(p<0.05). o] <A+
w2 g7 719 Y-S vk 55% oY =2 Hudiks Fsttta sk th(Dollah,
Chai, Abdulkarim, & Ghazali, 2020). 53], DFM W] TFA %2 fo¥ oz o8 F& #H71g
of ma}l feolH oz FAaE Y THP<0.05). Aaolerte] AS M67F Mlol H3] Bor}, @
detolg kel Aol FolAom AA TR AtH(p<0.05). AHRH oz Q8+ TFA =
o] AL mrtel AAkel] o] &7bsd AT Aot

3@?%‘;-!1%
)
A

Table 2. Fatty acid composition

Treatments” Raw materials

W W w ws e SO Bk RO

Fatty acid (%)
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Butyric (C4:0) 0.04

Caproic (C6:0) 0.11
Caprylic (C8:0) 1.13
Capric (C10:0) 1.32
Lauric (C12:0) 0.30 0.16° 0.20* 0.23* 0.23° 0.19% 0.07 16.85
Myristic (C14:0) 0.20° 0.32¢ 0.53° 0.75° 0.85* 0.82° 0.07 081 7.64
Pentadecylic (C15:0) 0.07 0.08 0.08 0.01 0.08  0.13
Palmitic (C16:0) 10.85" 13.69° 17.16 20.48° 22.55° 23.05* 10.54 23.65 25.78
Margaric (C17:0) 0.11 0.14 015 0.17 0.18 009 018 0.14
Stearic (C18:0) 12.95* 9.22F 9.57° 10.17¢ 10.79° 11.32° 4.16 6.79  20.20
Arachidic (C20:0) 0.37° 0.30° 023° 0.17¢ 0.13° 0.12° 0.09  0.32
Heneicosylic (C21:0) 0.05 0.06 0.06 0.06  0.08
Behenic (C22:0) 0.36* 0.28° 0.19° 0.11Y 0.06° 0.04" 0.36 0.15 0.18
Tricosylic (C23:0) 0.07 0.13 0.18 024 025 0.26
Lignoceric (C24:0) 0.15 0.12 0.08 0.04 0.03

Saturated fatty acids 25.18° 24.27" 28.22% 32.40° 35.18" 36.10° 15.24 32.14 73.92
Myristoleic (C14:1) 0.10 0.13 0.12 0.12  0.06
Palmitoleic (C16:1) 0.77 1.53 227 276 281 0.08 3.01 0.19
Ginkgolic (C17:1) 0.09 0.11 0.13 0.13 0.05 0.14  0.03
Oleic (C18:1n-9, cis) 20.47° 26.82° 31.81¢ 36.98° 41.24° 43.22* 2273 4593  20.10
Linoleic (C18:2n-6, cis) 47.91% 42.27° 33.63° 24.73 18.03° 15.427 5421 1632  4.59
y -Linolenic (C18:3n-6) 0.48* 0.41° 0.31° 0.19 0.11° 0.08" 0.63 0.08 0.02
Eicosenoic (C20:1) 030 031 037 041 043 024 046  0.07
a-Linolenic (C18:3n-3) 5.19° 443> 326° 2.08% 1.18° 0.82f 5.94 0.87 0.14
Eicosadienoic (C20:2) 0.04" 0.06° 0.08° 0.10° 0.12® 0.13* 0.04 0.14
Dihomo-y-linolenic

(C20:3n-6) 0.06 009 0.12 0.12 0.13

Erucic (C22:1n-9) 0.03 0.04 0.04 0.05
Eicosatrienoic (C20:3n-3) 0.05 0.02 0.04
Arachidonic (C20:4n-6) 0.05 0.03

Unsaturated fatty acid 73.91° 75.06* 71.14° 67.01° 64.25° 63.33" 83.96 67.27 25.25
Elaidic (C18:1n-9, trans) 0.06° 0.13° 0239 0.30° 0.38° 042* 004 044  0.63
Linolelaidic (C18:2n-6, trans) 0.61° 0.54° 0.41° 0.28* 0.19° 0.14° 076  0.15 0.19
Trans-fatty acid 0.67° 0.67° 0.63° 0.59° 0.56° 0.57° 0.80 059  0.82
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

"MI1 (control; 0% DF/10% FHSBO), M2 (20% DF/5% FHSBO), M3 (40% DF/5% FHSBO),
M4 (60% DF/5% FHSBO), M5 (75% DF/5% FHSBO), and M6 (80% DF/5% FHSBO).

YFHSBO, Fully hydrogenated soybean oil.

?)a’fMea?s within a row with different letters are significantly different from M1 to M6
p<0.05).

YAll values are mean + standard deviation of three replicates (n=3).

2) @38 A (Polymorphism)

S Vs, =ed 542 o BB BT I 22 vd FHd wet 2 sy
(Reddy & Jeyarani, 2001). Al7H4 t& def T 53] L virtd e 45 Z2Asta, B ¥
2 wrtde] JpAaAe| 9SS Fti(Boerrigter, Hollander, Van de Streek, Bennema, &

-ﬂm oft
_\7\_1‘

ol

Meekes, 2002; Hu, Xu, & Yu, 2017). DFM9] 38 A-& short spacing #3 XRD #4 #&8&
23 B3 4 9Jth(Figure 1). XRD 38 24 A3 ZE DFEM A FolA B 2 B’ IS
%%‘5‘}919«“4 L2l H7bEol Skl et o #E £3 L [3,63 P BEL 5 UM
B B4 2 REU6 A AL, M5 M67F $AE dlES melont g @@L Al B
M67F H —Or/‘ﬂ@% Bt Ao g wirkd o dregh 563-4 A= By 22 =A%
S yeld 4 dv(Jin, Zhang, Shan, Liu, & Wang, 2008). 22ju}, o] d A4 5 2yt g
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S Askgt Ff 719 REY Y] AS Yol Ao, Ry 2 7 glo] ¥
£ EA4S yvehd i Ramli, Lin, Yoo, Idris, & Sahri, 2008). tl&o], Ml 1|3l
% H3ali, M62 =2 B B F A2 vt Ao A Aoz

r o
BN
N
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Figure 1. Effects in the crystal polymorphism of DFM. The diffraction peak at 4.6 A
exhibits B form, and the diffraction peaks at 4.2 and 3.8 A exhibit B~ form.

3) DSC(Differential scanning calorimetry) %4

nprtd e F x4, 284 542 AW o JHdE A dHELZ thermal behaviorel
AgS e 53 1S AW AFY Ve AdE AAsted Ao HF E F8 84 F o
ol th(Yilmaz & Ogiiteii, 2014). DFM 9] thermal behavior %S 93] - 60914 100°C ol A
DSC #4& %3 =433 th(Table 3 2 Figue 2A-B). 17 1A°] w=w, FHSBO7F 7%
E2 FHT2420)% e oH, o2 28 7/(621T), dF#H(-2259T) oz e &
AE B Ayt FAZ 747 180 J/g, 8376 J/g, 68.28 J/g delta H #t<S R Atk ZAyz o
2 o]y A= DFEME thermal behaviorell f-9dez Jg&S vlHH(ZH 1B). a4
=, Mlo] 7}4 <2 onset, peak 2 end temperatureE H.ow wtAo M6:= 7 &
onset, peak % end temperatureE WEIH A THp<0.05). delta HS] 749 T3 3] f 7ol
THEFE FUbske A TS UERIATHR<0.05). 1A, M67F 7HE 2 delta H S 7HAL
(p<0.05). o3 A A= e s31s 7k AAke] 227 DFM A g +toll whet Z47]
t27] wie] vehve Aow dudEnh AWake] RS AAE Ul olF A% 7 gAY
A HAE Aol 7t #E&4E HAstE F o] At (Deman, Deman, & Blackman, 1989). ¥ A+
olAd+= DFM Azl 7= Mlel ®la} ddidez =& §385 7 Sd4H16.27T), ZrELKG
3T), detolgik(45T) 2 &Er = H05TC)e] FHstaL, Ml = (-72T) 2 &g
EYAH-130)3 22 vud §o] e AHbEo]l  FH3 Y (Gunstone, Harwood, &

Dijkstra, 2007; Ueno, Miyazaki, Yano, Furukawa, Suzuki, & Sato, 2000). 274 t}&dA w7
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A w1 BeF B FE agel vE] do ok Aotk (Himawan, Starov, & Stapley, 2006). 2 3}

How QP Hrtwko]l St wel AdHow = §HS 7R X HRALe] skeko] FU)s)

A ¥a FAle] Mlol ®]s]| B nlF Bt B8 Aol F7tstel weEl DEM &
=

ol 71 Aoz A9 -

rO
Y

Table 3. Thermal behavior of DFM.

VFHSBO, Fully hydrogenated soybean oil.

(4)

Onset (°C) Peak (°C) End (°C) Delta H (J/g)
Duck fat -3.92+1.18"% 6.21+0.42° 23.37+2.062 88.76+3.428
Soybean oil  -32.71+0.12°  -22.59+0.26° -3.11£0.01¢ 68.28+2.11°¢
FHSBO" 67.88+0.09" 72.42+0.68" 77.46£0.47%  180.29+0.20*
M1? -25.98+0.24¢ -17.51+0.14° 0.68+0.38° 39.32+1.61¢
M2 -24.50+0.47  -17.88+0.47° 5.84+0.36¢ 53.18+5.40°
M3 -22.68+£0.23"  -13.05+0.38¢ 10.31+0.58° 60.53+2.50°
M4 -21.71£0.92° -5.13+0.89° 15.27+0.47° 66.49+1.92°
M5 -20.59+2.50° -2.28+1.43° 15.86+1.43° 65.12+0.52°
M6 -22.00+0.25° -0.50+1.23* 21.23+1.23° 74.52+7.65°

Heat FlowEndo Up (m'V)

-60  -40 -20 0 20 40 50
Temperature (“C)
—— Duck fat —— Soybean oil —FHSBO
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Figure 2. Effects in the thermal behavior of DFM. Each lines are as follow: DF
(purple), SBO (brown), FHSBO (red), M1 (black, control; 0% DF/10% FHSBO); M2
(orange, 20% DF/5% FHSBO); M3 (green, 40% DF/5% FHSBO); M4 (yellow, 60% DF/5%
FHSBO), M5 (blue, 75% DF/5% FHSBO); M6 (pink, 80% DF/5% FHSBO), respectively.

4) B4 9 #A A3 (oil binding capacity, OBC)
Alzel AEeE mprbd el H WA (spreadability) & YT £ A= F2 89 F shbolth
g e H7bgel e fFoHoz s AT (H

DFMe] HAx& 2 ID). A3tz 22
o] H7tsFo] F7hgel wet DM AEv S7hehe 43S BYon, 53 M67F 7 =&
AEE BRI (p<0.05). o]zt F=HE M6ol FHE =2 3o SFA 2 & HAHAdo] -3
Bt B FAo] Woldl wel Fksk o m AlsdTh dWrA o= USFA 3ol B2 2
Fo Ag Fefa Ao P4s FE2 g whdo vyl & SFAVE FH3 AEe 1
A EAS ®elth(Dollah, Chai, Abdulkarim, & Ghazali, 2020). =< §HS 717 w4 &

o
r
ol
)
O~
b
r
=
Z
jom)
Q
=y
<
o
0

A gF wwMA-Awor oozl Ao Tz, Bed 4
Tam, Bhandari, & Prakash, 2020).

A AddEe A Aol AW AAI AFstE TEHS AT F e ARE MRS
A AN AES AL AR
2717k OBCel vlA%E 92 Figure 3¢ Rtk M6sH M57F /b4 & OBCE hehd)

AHpP<0.05). A ¥ AA Q] 9Fo] =rtslH A} FAE T2 T F e ¢ B FHAS A
& 4 3lo] OBC 7ol &< v th(Blake & Marangoni, 2015). 18] 22 o]g| gt A=
M5} M69] =2 &3] BoF B3 ZAAd ot Aoz AP = o) wabA, 28/
7h= FHSBO H7bHs =¢ w7hde] Z=¢ OBCE 7/HAdd & Stk

L=,

Sk tH(Jahaniaval, Kakuda, & Abraham, 2002). DFM W <2.2]-# 2]

ﬂll

o

01
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Figure 3. Effects in the hardness and oil binding capacity (OBC) of DFM. (A) hardness (g) and
(B) OBC (%) were determined. The error bars indicate standard deviations. Each figures are as
follow: M1 (black, control; 0% DF/10% FHSBO); M2 (orange, 20% DF/5% FHSBO); M3 (green,
40% DF/5% FHSBO); M4 (yellow, 60% DF/5% FHSBO), M5 (blue, 75% DF/5% FHSBO); M6
(pink, 80% DF/5% FHSBO), respectively.

b) AeAd 2 A=

10T % 25T =743 DFMe detde] 23+ Figure 4A-Boll YER AT
2, 28 %9 H7l= 10T 2 25T BF G (AZSAE)Y G (=4dA4 )9 571
4 AATHP<0.05). M6 A+t =9 dEo daAglel /M =& G
THp<0.05). M4, M5 % M69] G’ 3 G+ Aeol 9IS WA gokon 3
G ol G"RHY =& A3 st 5
S RS outh, whdo] M1, M2 283 M3E 0C % 25T R% 9749 2 &5
EAS Bt G 3 G7Y F7h= DEMY A% F7t2 Aol 7bssitt. wprkd
Alm U 37 Eged 9FS Fo] BeE T/ wEk dede] F7Hs 4 Atk (Zhang,
Shim, Ma, Huang, & Wang, 2018).

DFMe] HEv+= Hetd A3t fArg 43S vebd Atk (Figure 4C-D). 10T 2 25T =4
5 M67F 7FE =E HEEZE 7P TD<0.05). AW 7w AlEe] e A USFAY
S7F 2 d kA Ao & 9ol dth(Samuel, Barine, & Joy, 2017). Z1#EE =&
3} USFAES AA 53 289 #7FH= DFMY #dA=E Z7ists A3%E oF7| 3t}
M2 Mol Hai = Fodom o detyda des 73t (p<0.05). ol2ldk A3t Ml
vl gl FHSBO 3ol %o} DFM x5 fFAat7] o9l &etgetr] weos dddn. wet
A, SEHrel 4%, 2974 542 DFMO #5384 SAdE AFA ¢S £+ 45 &

Q15 o,

N
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0 ;%
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Figure 4. Effects in the rheology properties of DFM at different temperature (10 °C
and 25 °C). (A) viscoelasticity at 10 °C (n=3), (B) viscoelasticity at 25 °C (n=3), (C)
viscosity at 10 °C (n=3), and (D) viscosity at 25 °C (n=3), were determined. The error
bars indicate standard deviations. Each lines are as follow: M1 (black, control; 0% DF/10%
FHSBO); M2 (orange, 20% DF/5% FHSBO); M3 (green, 40% DF/5% FHSBO); M4 (yellow,
60% DF/BI% FHSBO), M5 (blue, 75% DF/5% FHSBO); M6 (pink, 80% DF/5% FHSBO),
respectively.

6) 13} A
e b e Rd o Bed 54 AAset A% $A USFA R PHE vhrbw
)

= -1 % -1
OE g4 Hu w9 Fasth o oolfi virkele] Adli ey
o
[e]

ne)

o] 54 Abst oF A,
R = B Y] P S v x7] W&ol tH(Zhu, Hu, Xue, Lee, Shin,
Hong, et al, 2012). #3435 7H(peroxide value, PV)E= A Absfjo] 93} peroxide S &
01&l= 2 =olw, TBARS %< malondialdehyde, alkadienals % alkenals ¥ #-& o] x}4k3}
o] PAS =A3sl= W o] th(Shahidi, Desilva, & Amarowicz, 2003). Figure 5A-B & 714 %
60T, 28 d)oll Al H7kek DFM ¢ 4tsl tAA S B7hsk Aol DEM o #ibst&E7F ¥ st
= % 4A Ol YERAT HAkEET s AR 7)ol F7kshel wel dXIA o2 Frhskalt
(p<0.05). M6 ¢+ M5 = 7Hd v #itstErtEs Bla, M1 9o 4 A7z i 7 =2
Hiksl E7FS YERITE DEM 9] TBARS 3 Wsl= 1% 40 Yepgdeh. A% 270l

N
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TBARS #2 w27 S7H8A 2w (0-7d 1), o]Fdd& AXNAor F7tstdrt. AAtst&E7}
FAleE fFAFsHAl M5 9F M6 7F 7HE W& TBARS & E I tH(p<0.05). ©1# 3 432 DFM
o] ME e At A 93 Zow dAdEch M5 M6 4bsbel HlmA <o A<l
SFA % Zelake] Ml el s o] fxof girk ®3, g=ltth ek M5 < M6 7F A7
UTH ol AFA o] wEW, =2 TR SHlito] A& Aol HrHel oW

o #Eat S AE&FAol Bl oF 10H] A= Absto] kAo, o= A &
A S AW AEe 9o 71 AFAS 7R tH(Nawade, Mishra, Radhakrishnan, Dodia,
Ahmad, Kumar, et al., 2018). 234 o2 M5 9 M6 9 =2 4tst obgAd2 o8 /7F 7HA+=

FHE SFASH Let §9 L Be PEAy el o8 dow AgY & g

—
=

(4)
120 3.00
& T
%100 E 250 I
g5 2 200
g g
= 60 £ 150
A g
£ 40 < 100
2 20 7
2 0.50
& %
0 2 0.00
¢ ! 1 2 2 0 7 4 8
Storage periods (Days at 63 °C) Storage periods (Daysat 63 °C)
—M —M —M3 — M4 —M5 —M§ —M —M2 —M3 —Mé§ —M5 —M6

Figure 5. Effects in the oxidative stability of DFM during storage condition at 60
°C for 28 days. (A) peroxide value (PV) (n=3), (B) thiobarbituric acid reactive substances
(TBARS) (n=3) values were determined. The error bars indicate standard deviations. Each
lines are as follow: M1 (black, control; 0% DF/10% FHSBO); M2 (orange, 20% DF/5%
FHSBO); M3 (green, 40% DF/5% FHSBO); M4 (yellow, 60% DF/5% FHSBO), M5 (blue,
75% DF/5% FHSBO); M6 (pink, 80% DF/5% FHSBO), respectively.
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A3 A AAFE e A% AT AFFH] AF Ve v

7F

1 NE

AoALel ol M A TEE AGRoR Fao] ol ohd Wil ge WATE Waky ek o

w ool WEE AEc] wAY aee] FvE 99 WMES wol Agste] vEHe ¥HY £

Zrksta gk A MEE ol sbxe Fem Azl AwHm dAW HEe F
I !

Aol H, A Foll M EspA Ak FaFo
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o
kel
o

AAbs FetA AdFSA HE Aol FolA =W 22 ) dF, abE S, d¥e fdet
A Wk (Zagek P, 2019) 3 W EHE Aol & AFolrlo] 2% HHddr E
AFS Ao AFH Alole FYdlof gt Wb 2 E i EXSA| RS H]&o] Eon,
olgist By A WAL EeA AT T2 A A3 oF, dgdd T 22 wgdIESs

2. A8 2 9y

1) 29# HH Az

Al ME = M2 $1(Seoul, Korea)®] 719 MEE AMEstSith el HEE AXE
dal  gfs %, ZIEHFAI}H 5%, glycerin ester  0.35%, lecithin  0.15%,
TBHQ(tert-Butylhydroquinone) 0.02% 2 WH3IF 02%E H7bstedd 434S SHlsta, /T

1928%% TAE TS AxsR o aa2 HAubekA {84 HbE 2 A8 Ut
B2 47 F fel 80T 2o ® ehds] &sfARivh @ds] HIbEol &E FAdd
T4& 80ColA =%3tal, hand blenderg °]-&3l 10 &3t ZAstA &3ttt o1 & #27]
(DAIHAN Scientific Co., Ltd., Gangwon, Korea)Z °]&3] 20,000 rpm, 2%7F #&3c}h 4

H AlEE Wit specimen cup(120 mL)oll &7 -20ColA 1247 A2A3}E e Wzatsdct.

Wzt 3 B A7A AJ5E 4T Basig

71 Balb/c AF= 1241%F B/¢F F712 SAst= A 793 A&kt

A T2 7% Shamv', AT AF3 28+ HE= B39 8 gkg/daye = EtHE A

g3t AR E 29 A o®m 853 s AFH Y AT dFA 0w FA5A

i, wpA R 9F A} o] Fel= AF Y] dAow FAAAW, T 2=, HDL, LDLS A 3h3hE4
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Paraformaldehyde®. 2 14 3}e] 4 Col] HAsta w@ilz 28 Qair= Z2ZS -80 Tl
H st

3) Western blot analysis
SDS-polyacrylamide gel electrophoresis®t 574 345 o]&3 immunoblottingS ©]-&3lo] 7+
240 Az HA ME LAES FASIATE Membrane TBS  buffer (0.1%
Tween-20 in Tris buffered saline)ol 5 % EA|f& H7}s Blocking buffer® 4 TollA

overnight &<t blocking A1t} 71§, membrane< 574 A9t 4T A overnight WF-8-A 7]

2% WAZ Ye bufferz Aol A 147 WMgAA ECLS Agste]

4) Hematoxylin and Eosin (H&E) staining
4% Paraformaldehyde®. @ A7l 7F- AW ZZA S paraffin blocksS A ZH38kt}. paraffin block
=0l 245 microtomel 2 §FAl FEl AH § Sgol= Pk A 2o SEol=

= A2 & Hematoxylin¥} Eosin® 2 4MS 3F

o

3. 4% & nF
1) 28+ WY g3 AH AFTHE 53

AlSAE WE oL L8 HEE 85 AFo AAAA wiF AFA ATes S A
WHelES Akt Al AlE M E T (Consumer Butter)Z} @ 2% W E < (Duck Oil Butter)

t

lo
ol
(B
o,
i
o
=)
=

S92 W AFAE MET A% 13404 9549 47 AFANES
U 28 % F7V8t%lal, Shamw 3t Salf MEES 747 21 %, 22 % 4 S AL

2 Fruc AFUstEel o4 A =
o S B8, ShamTH ool f WET AFRREE K7 A

2) L84 HE @ AAY 7, ALxAY FA 53
8Fzte] ARl FRE AN A 3 ARz FA 43 A BH ATs F
geksdeh b A o= Sham, AlAE HETZ(CD), 22+ HETDB)Y 245/45
H & 747} 0.039, 0.038, 0.0370.2 FAHEAIL FoAb= VEbA] &okrh v A 2] 9
H] &L Shamw2 000812 Ad 7 SAHIL AlFAE HETH o7 WELS 24
0.0102, 0.0104 217} 54 o] Shamw Bt £ FAZ FolAE FAstAAT ATAF W
Had ed# WHITS Fo2k= slith (Z242)
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Consumer
Butter

Duck Oil
Butter

S Ny

Y3 e d WEHE Feld 4Al 3 27

ok 2@ WET A uES Zol A Ao Av]E 7247 500 pmPel sk 28 %, 9.6
%, 500 ~ 1000 um*= 475 % 42.9 %, 1000 ~ 1500 pm*= 19.8 %, 36.3 %S AL, AT
o WE TS 1000 T 1500 pm*E 302 %, 1500 T 2000 pm*E 21.2 %, 2000 T 2500 pm*E
124 %S AAsIEE o] 7 AFaAn) BlE oA AWFe =7]17F Shama, 2@F HWEHT
B A A& skt

Sham

Consumer
Butter

Duck Oil
Butter

294, 9% WEE Tqd A Az

5) 7+ A A NEAE #E v £
g Ak AL 7 Aol EAFEA, 2249 AEANE A

Ed wgt) ol 1 24
el AEAE HEE 4] s AEAEI @

e
)
)

F

A % Caspase 3, Poly
. ("5 (Kondoh Y.
2007) R WA E Caspase 3 45 AZdd BlHZo| Shamed $.24 BEITRT wulAol

ADP-ribose polymerase(PARP)S Western Blots 3 =743}

Heo] =rhE 2 WMES B #2389 om, Cleaved caspase 3/Caspase 3 W& 57319
& wE AT sETe] O F FRT 2 B vt AL At T AR
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Adipocyte peortien 2 (AP2), Sterol regulatory element-binding protein 1 (SREBP-1)°2.2 <%
Q3k ol t), (Ruiz, R., 2014, Eeckhoute, ]. 2012) A2 2o A Western Bloto & #4

319 th. PPARy+E PPARyl, PPARY2 isoformeo] &#]3tH, PPARyl 7% Shami, Al53v] H
Ha(CB), 2+ HEZDBAA 2 94 gle As &<, PPARy2 4% A5 3wl
HE 3 @ 8lF HElA Shamv Bt & @3S St AT Alsan HELI 22
HE o] {Fo)xke= gl AP/2 A 5-olA % Shamwt, AT ] HEW, gfF WMy b
o Foatrt flol AEH Ak SREBP-1 &% A &of vlurt E7ls stk (77 71+

;

BRANME nAMAEE AT F 9 4§ SREBP-1 w¥jde] 2/ dFdcy %eld 9
HLee Eun Ji, 2019). SHA% o @A Foldt W AWde] nAYARRTY G
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HDL, LDLS Astgr 4S5 Ak (1) A4ALS Shamw, Ale v WE T (Consumer
2l B ET(Duck Oil Butter) Z+zF 173455, 134426, 159422 mg/dL =4 %%
At FZY2u2e 247t 1332461, 138.3+7.6, 137.1452 mg/dLO. & =45 %]
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