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SUMMARY
(FEL )

I. Title

Development of jelly food and low-fat meat products using duck by-product

II. Objective and importance of this research

1.

Objective of this research

This research was conducted to develop jelly food and low-fat meat product
by using duck feet, and the obtained results contribute to the commercialization

of duck meat product and vitalization of related industry.

. Necessity of this research

. Recently, consumption of duck meat has been increased with consumers attention due to

healthy life, as a result, occurrence of duck by-products including duck feet, skin and
etc. have been also increased. Thus, it is needed to study effective use of duck

by-products.

Bird feet is rich in collagen, and the numerous studies about optimization of extracting
condition of chicken feet. However, there is no information of related study about duck
feet.

In around world, almost gelatin in total production (330,000 tons) is produced from pork
and bovine (approximately 97%). Thus, alternative source of gelatin is necessary to

response risk of bovine spongiform encephalopathy (BSE) and foot-and-mouth disease.

. Consuming pattern of duck meat in domestic field greatly depend on smoked and grilled

products, and it is needed to develop various duck meat products, considering the

propensity to consume, to ensure sustained growth of duck industry.

II. Content and scoping research

1. Development of jelly food using duck by-product

A.

Development and commercialization of jelly food prepared with hydrated duck feet and

Korean traditional sauces

. Evaluation of quality characteristics and development of jelly food (siilze type) prepared

with duck feet gelatin and various food ingredients



2. Development of jelly food and low—-fat meat product using duck by-products

A. Evaluation of quality properties and estimation of extracting methods of duck feet

gelatin

B. Development of jelly food and low-fat meat product using duck feet gelatin powder

IV. Results of this research

1. The jelly food made with Korean traditional sauces (soy sauce and red pepper
paste) showed the higher consumer preference, compared to those prepared with
sodium chloride, under identical salt concentration. Especially, Korean traditional

sauces can improve off-flavor of duck feet.

2. The jelly food prepared with duck feet provide soft texture, compared to jelly food
made with pork skin.

3. Among 5-20% duck feet gelatin concentrations, the highest satisfaction score is
obtained for 5% duck feet gelatin concentration. The hot-water extraction duck feet

gelatin gel has similar acceptability to 5% duck feet gelatin gel.

4. Jelly food as a type of siilze is prepared with hot-water extraction duck feet gelatin
solution, duck tenderloin, and various vegetables. The optimal ratio between gelatin
solution and other ingredients is 3.5 to 6.5.

5. The changes in quality characteristics of duck feet due to extracting methods were
evaluated, and manufacturing method of duck feet gelatin powder are estimated.

6. The replacement of pork back fat with duck feet gelatin gel (20% gelatin
concentration) could improve the cooking yield, textural and sensory properties of
low-fat frankfurters.

7. The restructured duck meat product, as a type of corned beef, is prepared with
3-6% duck feet gelatin powder. The restructured duck meat product containing 5%
duck feet gelatin powder showed the superior quality characteristics. Addition of
0.5% sodium caseinate resulted in the increased gel strength of restructured duck

meat product.



V. Achievement and applicable planning of results

1. These results were applied for patents (5 patent application), and applied for
publication of peer review journals (internal SCI(E) journal, 2 papers and

international SCI journal, 1 papers).

2. Based on results of this study, the manufacturing method of collagen food
containing duck feet was patented (No. 10-2012-0078090). This is manufacturing
method of jelly food prepared with hydrated duck feet and Korean traditional
sauces. This jelly food provide soft texture, and Korean traditional sauce affect the

improvement of sensory properties.

3. The manufacturing method of duck feet gelatin extract and low-fat sausage
comprising duck feet gelatin was patentedNo. 10-2013-0090022). This is
manufacturing method of duck feet gelatin gel as a fat replacer and low—fat
sausages containing duck feet gelatin gel. As replacement of pork back fat with
duck feet gelatin gel, the problems which result from decreased amount of pork
back fat are resolved with improvement of textural and sensory properties due to
addition of duck feet gelatin gel.

4. In current criterion (Sep. 2013), above 2 technologies were transferred to research
managing department (farming association corporation, C.K.FOOD) and another one
is under investigation. After technology transfer, commercialization is being

prepared.
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<Table 1-1> Formulation of duck feet jelly food prepared with Korean traditional

sauces
(Unit: %)
Treatments"

Ingredients Control

NaCl SS1 SS2 RP1 RP2
Deboned duck feet 50 50 50 50 50 50
Water 50 48 43.75 375 35.7 21.43
NaCl - 2 - - - -
Soy sauce” - 6.25 125 - -
Red pepper paste” = - - 14.3 2857

The salt concentration of treatments were 0% (control), 1% (SS1 and RP1 treatments), and 2%
(NaCl, SS2, and RP2 treatments), respectively.

UTreatments: control, without salt; NaCl, added 2% NaCl; SS1, added 6.25% soy sauce; SS2, added
12.5% soy sauce; RP1, added 14.3% red pepper paste; RP2, added 28.57% red pepper paste.

YSoy sauce: 16% salt concentration.

YRed pepper paste: 7% salt concentration.

_19_



Removal of blood and foreign
substance in duck feet

Deboning duck feet with
% knife

Grinding (8 mm plate)

Cooking with additives
(100°C, 30 min)

|

Molding and cooling
(4°C, 24 hr)

|

Packaging and analysis

<Fig. 1-1> Manufacturing procedure of duck feet jelly food prepared with Korean
traditional sauces
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L (yellowness)E YWEIW = CIE b'#ts SAsATH MER Ao AH&H F+4E CIE L'gk2
+97.83, a"ate]l -0.43, b gte] +1.98%0 WA xFHAS AFE-FS T
(th) pH =% (pH measurement)

pHE AlE 5 g8 FHolyl =H4 20 mLY £33 Ultra-turrax(Model NO. T25, Janken
& Kunkel, Germany)E AF&3Fe] 8000 rpmellA 187 723 & pH meter(Model 340,
Mettler-Toledo, Switzerland)S A}-&3te] =743} c}.

(2}) &4 =A(texture profile analysis)

A4S ogdt AgF=E 2x2x2 cm®e Z7|®E #HebA texture analyzer(TA-XT2/, Stable
Micro Systems, England)E ©| &3t At A8 FAE dA4sA A glsle] plate <
ol HasA w1 F A Ay YeERY curveEs o] &3t 4 A4FSEe] hardness(7 =, kg),
springiness(¥F2 4]), cohesiveness(3-H4), gumminess(#H 4, kg), chewiness(y &4, kg) 5=

T3k olwe] HA AL maximum load 2 kg, head speed 2.0 mm/sec, probe(0.25¢

—

spherical probe), distance 10.0 mm, force 5 g2 A A3}

(v} #53 7}H(sensory evaluation)

s e Aol A= 25-35419] 128 9] panel 89S TS 7 A FEE LA
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(v}) =7 A 2] (statistical analysis)
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>
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FE (7, 1F)S e e AgFrre HFFE&S <Fig. 1-2> YERYSITH
HFFEL SS2A 8 17 Fdew 7 =k (p<0.05), HZET(control) 7} ol H o &2 713
Go S YERRA TG (p<0.05). eElwt AuFse] FHF s (HHy uFgow 7H7 |

A2 TH(SS13 SS2H 2] 1) 7F FA A2 H(RP1 2 RP2A 2] )

[}
]’]'E]'LH}\}\——D% T4 AdeFd A Beol= A=t

8680

Control  NacCl 551 852
Treatments?!

[{e}
o
5]

Total yield (%)
s} 0
o (]
h =

ca
[}
=

<Fig. 1-2> Total yield of duck feet jelly food prepared with Korean traditional
sauces The salt concentration of treatments were 0% (control), 196 (SS1 and
RP1 treatments), and 2% (NaCl, SS2, and RP2 treatments), respectively.
DTreatments: control, without salt; NaCl, added 2% NaCl; SS1. added 6.25%
soy sauce, SS2, added 12.5% soy sauce; RP1, added 14.3% red pepper paste;
RP2, added 2857% red pepper paste. “ “The different letters among each
treatment are significantly different (p<0.05).

<Table 1-2>°&= AeddS H7ist oo AelF=o AMxe pHE YET H%
(CIE LHE dz77F 8oz 78 =33 (p<0.05), SS29F RP2H 8] +7F o8 oz 713
S s YEMATHp<0.05). 28t} SS2¢F RP2A 275 o= 94 ztol& HolA| &
UATHP>0.05). T3 et AeFee] s 134 AZF[RP1F RP2 A H)¢ 1+ =
2 T(SS1¥ SS2 Aol A 747t A vt Eoldas fooem vre g vEhdtt
(p<0.05). M E+= RP2H ] 77F Fo A o2 7P %9k (p<0.05), &7 NaClA e +7F &
ofHom 7hg v gs EATHp<0.05). 12y o5 F AYTE e FoA Aol uE

)
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A A tH(p>0.05). 157 x%fﬂ?—‘é—sﬂ AT g Ze H2M9 s ol T2
Aol Hlaste] FoAow w2 gs YUt M= iz NaClA g +7F 9
Aom 7Hg vhe g AW (p<0.05) o5 F AT o] FoH zel= AU THp>0.05).
pHE tiz77F Fo8 o= 7bd #9ka(p<0.05), RP2AE 77 fredes g vre s B
ATHp<0.05). 57 A7 g Agae 2424 HArrgol S7HEEE
e YERHATHp<0.05). 13 53] pHis ZH7; 4863 42124, Y3 dsToA
F YT b ARt e pHE UEyE Ae 134 o

lo
ax
lo
fr
HE
rlo
o)

an

2

<Table 1-2> Color and pH value of duck feet jelly food prepared with Korean
traditional sauces

Treatments"

Traits Control
NaCl SS1 SS2 RP1 RP2

CIE L* 5827+1.44" 53.13+2.68% 46.14+2.10° 40.08+1.81% 44.18+1.96°  39.69+2.08"
CIE a* 1.45+0.60%  158+0.36°  3.83+052°  587+0.46° 1957+0.65° 21.33+1.73%
CIE b* 13.40+1.89% 13.84+1.25% 17.86+1.68° 2268+1.21¢ 3563+2.03* 32.12+1.20°

pH 7.15+0.00*  6.91+0.00" 6.43+0.00“ 6.08+0.02" 6.22+0.00°  5.88+0.00"

All values are meanz*standard deviation.

The salt concentration of treatments were 0% (control), 1% (SS1 and RPI treatments), and 2%
(NaCl, SS2, and RP2 treatments), respectively.

UTreatments: control, without salt; NaCl, added 2% NaCl; SS1, added 6.25% soy sauce; SS2, added
12.5% soy sauce; RP1, added 14.3% red pepper paste; RP2, added 28.57% red pepper paste.
ATMeans in a row with different letters are significantly different (p<0.05).

Oy

<Table 1-3>°l= HEFIS H7He e Agy=eo B4 v L}EMS&E}. ArE
RP2A4 & 17 o4 o® 7H =2 38 e A2 (p<0.05), YA A5 =79 F
o] ZfolE HolAl UTH(p>0.05). ©=EHAdS NaClA & +7F el oz 7 =2 3hes 1S
A(p<0.05), IHE A TELS YERFRY ¥ FXE vehid, 133 AHETe Q2R
W e HYn, dFEUt Eold S E o v e B oy nFF Hbd uet uE
ol e H2ol Fheko] Frhste] @ Aol tha FAHATHL AR ET S-S RP2A
77t oo M = S BAL(p<0.05), SS2A Pt feHew b e g
& Fo A AolE HolA FUtH(p>0.05). /4 RP2AH 2+

b e er b =e e BHAoH(p<0.05), UHMA AGTFEL Fo4 zolE HolA
LA (p>0.05). HeA2> BE AT kol F94 AolE HolA ATHp>0.05).

l"Cr
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<Table 1-3> Textural properties of duck feet jelly food prepared with Korean
traditional sauces

Treatments"

Traits Control
NaCl SS1 SS2 RP1 RP2

Hardness (kg) 240+040°  273:062*®  2.29+064°  287+062°%  297+060"  3.43+1.02%
Springiness 07B+014™  0.89+0.05%  078+0.09*  0.78+0.11°"  067+020  0.61+0.17°
Cohesiveness ~ 020£004*  0202003"  0212002*"  0.19+0.03®  020£003*"  0.23+0.02*
Gumminess (kg)  048+0.15°  054+013%  049+0.18%  056+0.19°  061:x017*"  0.81+0.29*

Chewiness (kg)  0.37£0.18 0.48+0.13  0.39£0.17 0.45+0.21 0.42+0.19 0.52+0.32

All values are meanzstandard deviation.

The salt concentration of treatments were 0% (control), 1% (SS1 and RP1 treatments), and 2%
(NaCl, SS2, and RP2 treatments), respectively.

DUTreatments: control, without salt; NaCl, added 2% NaCl; SS1, added 6.25% soy sauce; SS2, added
12.5% soy sauce; RP1, added 14.3% red pepper paste; RP2, added 28.57% red pepper paste.
ACMeans in a row with different letters are significantly different (p<0.05).

<Table 1-4>°l & A5 o #F5HA AHE YERSY. A%
o} dEAAE ZE A A ATHp>0.05). M E= SS29F RP2
A7t Mg e AFE wgon, o] T AT e FolHA Aol 7t YERA ekt
(p>0.05). Fwlell glolxe g 2 uFFAYTFEe] FoHor 7MY 52 UEHEE UEY
NIL(p<0.05), NaClH ] 7" tix=H FoAow =& HATE F53AtH(p<0.05). °olH=
g R aFgAETE] dE2Tot NaClﬂEl:rL"ﬂ le‘sﬂ T

f

BN nRFE At AE dBE =)

A wol oWy AEFIL BEe] WP AAFEE Aol gdo] A S5

gl A E A S 15 Ao e veay A 5& SF Aauoler & A
1??1_—
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<Table 1-4> Sensory properties of duck feet jelly food prepared with Korean

traditional sauces

Treatments"
Traits? Control
NaCl SS1 SS2 RP1 RP2

Color 7500718 790+0.99"  810+0.74"  860+0.70  840+0.70*  8.60+0.70*
Flavor 6.40+0.52¢ 710+057°  7.90+0.74%  830+0.95  7.80+0.79*  830+0.82*
Tenderness 8.80£1.03 8.90£0.99 8.50£0.71 8.70£1.06 8.60+£0.52 8.60£0.97
Juiciness 8.00+£0.94 8.30+0.82 8.30+0.67 8.50+0.97 8.10+0.74 8.00+0.94
Off-flavor 470£1.83°  560+143% 660117 6.90+152%  7.10+0.99*  7.60+1.07%
Overall c BC AB A AB

. 5.80+1.23 6.50+1.35 7501085 7.60£1.35 7501097 8.05+0.69*
acceptability

All values are meanzstandard deviation.

The salt concentration of treatments were 0% (control), 1% (SS1 and RPI treatments), and 2%
(NaCl, SS2, and RP2 treatments), respectively.

DTreatments: control, without salt; NaCl, added 2% NaCl; SS1. added 6.25% soy sauce; SS2, added
12.5% soy sauce; RP1, added 14.3% red pepper paste; RP2, added 28.57% red pepper paste.

PTraits: color, flavor, tenderness, off-flavor and overall acceptability (0O=extremely undesirable,
10=extremely desirable).

ACMeans in a row with different letters are significantly different (p<0.05).
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<Fig. 1-3> Apparence of duck feet jelly food prepared with Korean traditional
sauces The salt concentration of treatments were 0% (control), 196 (SS1 and
RP1 treatments), and 2% (NaCl, SS2, and RP2 treatments), respectively.
UControl, without salt; NaCl, added 2% NaCl; SSI, added 6.25% soy sauce;
SS2, added 12.5% soy sauce; RP1, added 14.3% red pepper paste;, RP2, added

28.57% red pepper paste.
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(7}) #F&(final yield)

AE5ge 742 A Aol ga Ada PAe AR Fo AFre] LA NRE(%H
JeER) .

- 9 WG ol F A ()
455 8(%) = % 100
He o4 A ()

(1) M= =7 (instrumental color)

A= A FEo BHS colorimeter(Chroma meter, CR 210, Minolta, Japan)E A}-834
W =(lightness)E YWEW+= CIE L'3t# A M Z(redness)E YHEMW+= CIE a'gh, S =
(vellowness)E& YWEU+= CIE b"ae SAsAT olufe xF22 CIE L'gk2 +97.83, a’#kel

o

-043, b'gkol +1982) WA EFEW®E AL

>

(t}) pH =4 (pH measurement)

pHE A& 5 g& FHslel =74 20 mL¥ &3 1L Ultra—turrax(Model NO. T25, Janken
& Kunkel, Germany)E AF&3Fe] 8000 rpmellA 187 #2433 & pH meter(Model 340,
Mettler-Toledo, Switzerland)S A}-&3}e] =743} t}.

(2h) A% =7 (gel strength)

ARTE AF=S 2x2x2 em’Y ASHA Rgo R FH]Ee] 18°CY 2% A texture
analyzer(TA-XT2j, Stable Micro Systems, England.)& ©]&3le] A3t ojuje] =L
10 mm®] probeE ©l&3dte] 20 mm/s® FPEER SBH Hugds 7 AT AR

g3t
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<Table 1-5> Formulation of duck feet jelly food prepared with soy sauce and red

pepper paste

(Unit: %)
Treatments

Ingredients

Duck feet Pork skin
Deboned duck feet 100 -
Washed pork skin - 100
Total 100 100
Water 30.0 30.0
Soy sauce” 15.0 15.0
Red pepper paste?” 10.0 10.0
Sugar 3.0 3.0
Onion powder 1.0 1.0
Garlic powder 1.0 1.0
Ginger powder 05 0.5
Monosodium p—glutamate 05 05
Starch syrup 2.0 2.0
Sesame oil 0.5 0.5
Cooking wine 8.0 8.0
Cinnamon powder 0.05 0.05

The salt concentration of all treatments were equally fixed at 2%, based on total sample weight.

VSoy sauce: 16% salt concentration.
YRed pepper paste: 7% salt concentration.
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Removal of blood and foreign

substance in duck feet

Deboning duck feet with
% knife

Washing deboned duck feet
with wheat flour and salt

Grinding (8 mm plate)

Cooking with additives
(100°C, 30 min)

Molding and cooling
(4°C, 24 hr)

Packaging and analysis

<Fig. 1-4> Manufacturing procedure of duck feet jelly food prepared with soy sauce
and red pepper paste
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(v}) 5% 7}Hsensory evaluation)

HsdAbE Aol A 25-35419] 127 9] panel &Y FASIY ZF AR 7D A

29| A(color), %U](ﬂavor), A % (tenderness), U4 (juiciness), ©]F (off-flavor), % A%

S A (overall acceptability)el]l thale] 108 v o] e o8] HFXES Fsle] v sf

o AFw, Ak, oA, olF 2 JAAR Vs A 108 7HE Seka, 1
5

g dotgr F49 JEE e

o o
iz

20
id
o

o
rlo
N
-

(v}) & A # g (statistical analysis)
EAREAL SAS program(SAS, 2008)2] GLM(General Linear Model) procedureS &3}o] #4138}

Gar, Ao Herk vl Duncan®l tUEAAS £l oA HAA(p<0.05)S A ESI T
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32 Al=E<TFig. 1-5>.

Py

<Table 1-6> Comparison of final yield, color, pH value, and gel strength of jelly

food prepared with deboned duck feet or pork skin

Pork skin jelly food

Duck feet jelly food

Traits

92.97+0.00*

90.18+0.018

Final yield (%)

31.53+1.678

38.49+2.024

CIE L~

8.16+0.67"

12.34+0.954

CIE a"

Color

16.05+1.055

23.71+1.50"

CIE b

6.44+0.01*

5.94+0.01"

pH value

491+0.874

1.40+0.24°

Gel strength (kg)

All values are meanzstandard deviation.

The salt concentration of all treatments was equally fixed at 2%, based on total sample weight.

ABMeans in a row with different letters are significantly different (p<0.05).
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<Table 1-7> Comparison of sensory properties of jelly food prepared with deboned
duck feet or pork skin

Traits” Duck feet jelly food Pork skin jelly food
Color 8.00+0.82" 8.30+0.48"
Flavor 8.60+0.52* 8.10+0.74"
Tenderness 8.50+0.714 7.20+0.63"
Juiciness 8.50+1.08* 7.40+0.84"
Off-flavor 8.60+1.26 7.80+1.40"
Overall acceptability 8.50+0.714 8.00£0.478

All values are meantstandard deviation.

The salt concentration of all treatments was equally fixed at 2%, based on total sample weight.
DTraits: color, flavor, tenderness, off-flavor and overall acceptability (O=extremely undesirable,
10=extremely desirable).

ABMeans in a row with different letters are significantly different (p<0.05).

Duck feet jelly food Pork skin jelly food

<Fig. 1-5> Apparence of duck feet and pork skin jelly foods prepared with Korean
traditional sauces. The salt concentration of all treatments was equally fixed

at 296, based on total sample weight.
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A7l M(color), &4 (texture), ©]F (off-flavor) E #AFA =(dispersion)o] thale] 103 wHA
o] A H ol FHAE Tkl HlwstTh oju A} AL A 18-S 7+ deokdt F3e
AEH, 1082 7HY TS 2g e AEHE UERAYL olFH e AS 182 olFHT A9 &S 9v
stal 1082 o] H7F 7H Agk A=E UehdH, SRR A 18-S dtelA #

J 2kol A9l H
Al A A ZAtE = FHE v dd.

By
&2
o
o
—_
(e}
>
o
Y
X
o,
b

(W) B A% (statistical analysis)

Ao 3l EAEAS SAS(Statistical Analytical System, 2008) T2 19S5 AL8314

G FETAe HasE 9k 5% FEel oUW AdE A¥ A4FF PPon FE A
gEl Ao #HsA 5 st t-testw S T
5% duck feet gelatin 10% duck feet gelatin 15% duck feet gelatin

concentration concentration concentration

20% duck feet gelatin Duck feet gelatin gel prepared

concentration with hot extraction method

<Fig. 2-1> Apparence of duck feet gelatin gels prepared with duck feet gelatin
powder and hot extraction method.
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<Fig. 2-2> Regression analysis for sensory properties versus duck feet gelatin
powder concentration in duck feet gelatin gel.

<Table 2-1> Coefficients of correlation between duck feet gelatin powder

concentration and sensory properties

Measurements Color Texture Off-flavor Dispersion
Duck feet
gelatin -0.75" -0.91™ 0.76™ -0.64™
concentration
* p<0.01.
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<Table 2-2> Comparison of sensory properties of jelly foods prepared with 5%
duck feet gelatin powder and hot-water extraction method

5% duck feet gelatin Hot-water extraction Significant of
Traits” )
powder method? t-test
Color 8.90+0.57 6.30+1.06 *
Off-flavor 6.90+1.29 7.50£1.84 NS
Texture 8.00+£0.67 7.70£1.42 NS
Dispersion 3.70£1.25 4.80+2.49 NS

All values are mean+standard deviation.

The salt concentration of all treatments was equally fixed at 2%, based on total sample weight.
YTraits:  color, texture, dispersion (O=extremely undesirable, 10=extremely desirable) and
off-flavor(0=weak off-flavor, 10=strong off-flavor)

YHot-water extraction was performed with ratio of 2:1 (deboned duck feet:water).

NS, non-significance (p>0.05); *, p<0.05.
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Washing various

vegetables

Removal of blood and
foreign substance in
duck feet

Cutting with knife
(1x1x1 cm?®)

Gelatin extraction
with hot water (85°C)
for 6 hr
(2:1, deboned duck

feet:water)

Washing
(especially, pickled

Filtration with cheese

cloth
product)
| |
Blanching Cooling and gelation
(100°C, 5 min) (4°C, 24 hr)
|
Melting
(60°C)

Adding additives

vegetables.

Mixing

Stuffing
(90 mm PVDC casing)

Cooking
(85°C, 40 min)

Cooling
(4°C, 16 hr)

Packaging

<Fig. 2-3> Manufacturing procedure of duck feet jelly food prepared with various
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<Fig. 2-5> Apparence of siilze prepared with duck feet gelatin and duck tenderloin.
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Removal of blood and foreign
substance in duck feet

Washing duck feet with tap water

Soaking duck feet in various pH
solution
(pH 1-14, 24 hr)

pH and weight measurement at 0, 4,
8, 12, and 24 hr

Washing for neutralization
(48 hr)

pH and weight measurement

<Fig. 3-1> Swelling procedure of duck feet for manufacturing duck feet gelatin.
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<Fig. 3-2>+ v%3 pHEAMH 1-14)38kll A ZJAAA ko] wE Qo gjate] 3-8-8(degree of
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<Fig. 3-2> Effect of soaking time on degree of swelling of duck feet soaked with
various pH solutions (pH 1-14).
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<Fig. 3-3> Regression analysis between soaking pH and degree of swelling of duck
feet for 24 h.
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<Fig. 3-4> Final pH value of duck feet soaked with various pH solutions (pH 1-14).

Each treatment was soaked for 24 h, and then neutralized for 24 h.
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<Table 3-1> Extraction yield, protein content, and color parameters of duck feet

gelatin extracted with various thermal methods

D Extraction Protein CIE L~ CIE a CIE b*

Treatments ) .

yield (26) content (%) (lightness) (redness) (yellowness)
HW65 39.84+1.09¢ 7.15+0.42P 50.01+0.55" -0.14+0.01¢ 2.83+0.20"
HW75 4753+1.208 7.83+0.50¢ 43.50+0.58¢ -0.04+0.08° 3.12+0.25°
HWS85 51.58+1.374 8.11+0.34¢ 40.14+0.96" 0.19+0.038 3.37+0.27¢
HW95 51.83+1.274 8.67+0.48° 40.08+0.66" 0.27+0.0148 4.40+0.13%
PC 22.06+1.04° 18.11+0.24* 61.89+0.53% -1.27+0.09° 11.71+0.32%
MW 17.58+1.42F 2.28+0.11° 33.50+0.53" 0.45+0.56* -2.40+0.19%

All values are mean#standard deviation.

Duck feet was swelled with pH 1 solution for 24 h and washed for 48 h, and treated with various
thermal methods for extraction of gelatin.

UTreatments: HW65, hot water extraction at 65°C for 120 min; HW75, hot water extraction at 75°C
for 120 min; HW85, hot water extraction at 85°C for 120 min; HWO95, hot-water extraction at 95°C
for 120 min; PC, press cooked extraction for 70 min, MW, microwave extraction for 5 min.
ATMeans in a column with different letters are significantly different (p<0.05).

<Table 3-2> Extraction yield, protein content, and color parameters of duck feet

gelatin extracted with various thermal methods

Gel strength Melting point

Treatments” (ke) Viscosity (pa-s) C) pH value
g
HW65 0.81+0.03* 0.021 44.19+0.374 5.96+0.02¢
HW75 0.75+0.02" 0.018 43.63+0.41° 5.96+0.01°¢
HWS&5 0.71+0.03¢ 0.015 42.33+0.50¢ 6.02+0.015
HW95 0.62+0.03P 0.010 40.54+0.68P 6.02+0.028
PC 0.62+0.04P 0.007 43.46+0.19° 5.75+0.01°
MW 0.14+0.01" 0.014 37.42+0.13% 6.05+0.014

All values are meanzstandard deviation.

Duck feet was swelled with pH 1 solution for 24 h and washed for 48 h, and treated with various
thermal methods for extraction of gelatin.

UTreatments: HW65, hot water extraction at 65°C for 120 min; HW75, hot water extraction at 75°C
for 120 min; HW85, hot water extraction at 85°C for 120 min; HWO95, hot water extraction at 95°C
for 120 min; PC, press cooked extraction for 70 min, MW, microwave extraction for 5 min.
AEMeans in a column with different letters are significantly different (p<0.05).
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HW9

PC MW
<Fig. 3-5> Cross section of duck feet gelatin extracted with various thermal

methods. HW95, hot water extraction at 95°C; PC, press cooked extraction
for 70 min, MW, microwave extraction for 5 min.
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How gt A5 FE T5°Ce A 1208 Fo AAste] #22 AN 47

%W A 2us 34e o At Eus 349 Sde AW 99 2ol

o gAow FEH o A B 6% w9 2 £3 Aeel 7 12959 AeE(E
_]

= |

A}, Lot No. 120232(KSG))S F+Y938te] % 9% At diste] F2AEA vlu HI7FE AA

39 th<Fig. 3-6>. 77z Agtgle]l EFHEAS vl 6

60°C2] d-2FZoll A 3087 THow Adad Fgds 159
E}

Aus] FES pHE ZAF ol F Wastel 7]

b
i)
)
mu}
-
ofo
e
7
o,
ox
=
2,
>,

A= Aetel Aol vhH-S Colorimeter (Chroma meter, CR 210, Minolta, Japan)E A}-&3}
o] ¥ E(lightness)E WEH+= CIE L'3t% 34 E(yellowness)E WERW & CIE b'at& 5743t
Gt ojwe] EEAMS CIE L'gk2 +97.83, a"#ko]l -0.43, b'gte] +1.98%1 WA g =35 AL8-3)

(W) 27w =4A(gel strength)

AZwe AgE AL 2x2x2 cm’e] ASAA] Rgoz Fu|she] 18°Ce &IoA texture
analyzer(TA-XT2j, Stable Micro Systems, England.)ZE o]&3lo] A&t} ojujo] AL
< 7t AT AUAERE A

ot

(th &% =74 (melting point)
Adgtel Aol gL Astyd Agdle FHE SAsH7] fste] 38547 (Melting point
apparatus analyzer, ATM-01, AS ONE, Japan)& ©°]&3le] 2%=5 AFAA Al 124%

7} gAHE RS gHow 248

(2}) 2x¥ 7] A= (apparent viscosity)
Ar7] AxE 314124 AEAMHAKKE Viscotester® 550, Thermo Electron Corporation,
Karlsruhe, Germany)Z AF&3t91, 2+ AlgE 44+1°CY &% oA standard cylinder

sensor(SV-DIN)& o] &-3}o] =43}t
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Cow hide
gelatin powder

Duck feet Chicken feet Pork skin

Washing and swelling
(acidic condition)

Gelatin Hot water Hot water
extraction with extraction at extraction at
various thermal 75°C for 120 75°C for 120

methods min min

Manufacturing freeze dried gelatin powder

Preparation of gelatin gel
(6.67% gelatin concentration)

Cooling and analysis

<Fig. 3-6> Experimental design of comparative studies about quality characteristics
of various gelatins.

(m}) pH =4 (pH measurement)

pH: A& 5 g2 FHste] 74 20 mL¥ =33k Ultra-turrax(Model NO. T25, Janken &
Kunkel, Germany)& A}&3te] 8000 rpmolA 183+ 723 & pH meter(Model 340,
Mettler-Toledo, Switzerland)E A}-&3to] =43}t

(v}) #7199 52 (sodium dodecyl sulfate-polyacrylamide gel electrophoresis, SDS-PAGE)
SDS-PAGE 242 Laemmli(1970)¢] WS o]&3dto] dAlstsitt. 72 Ladefo] Aeels &
=0 1%(w/w)el Agjd  FEHo vhe  oF, wlola® FHO 1% Agd 48 Laemmli
sample buffer(Bio-Rad Lab, Inc., USA) = 1 : 12 H7}sto] 100°Coll A 557 7Fdsict. 719 A g
3k 7} AJ8E 75%9 Mini - PROTEAN® TGXTM Precast Gel (Bio—Rad Lab, Inc., USA)°] 10 mL
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A wellell U3 & A7]d% 45890025 M Tris-HCL, 0250 M glycine, 0.1% SDS, pH 8.3)2
2 A795S AASATE d719E Al F gel AAH(0.25% Coomassie brilliant blue) 0.2 < 235}
a1, Aol (methanol © distilled water : acetic acid = 5 : 4 : 1) & E-A3lo] Azlel chuld o] R
ElS Hlaekint o] i e wd weE gelsty] 98l 250, 150, 100, 75, 50, 37, 25, 20, 15
18] 10kDa®] #5 whEnt7] (Precision Plus Protein Standards, Bio-Rad., USA)S AM&3}3ith

£

(A B A A 2] (statistical analysis)
EAEALS SAS program(SAS, 2008)2] GLM(General Linear Model) procedureE E3&ho] #24

AaL, Agt7ke] @tk Blals Duncand] A Edke] oA AA(p<0.05)& A8t

]_

ol
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<Table 3-3> Comparison of color parameters among gelatins obtained from various
species and thermal methods

Treatments” CIE L" (lightness) CIE a" (redness) CIE b" (yellowness)
D/HW65 28.14+0.21¢ -0.44+0.03¢ -3.06+0.31¢
D/HW75 28.03+0.07¢ -0.53+0.03" ~2.56+0.08"
D/HWS85 26.31+0.48 -0.66+0.02" -1.90+0.07%
D/HW95 24.790.14% -0.65+0.02% -1.36+0.12°
D/PC 27.82+0.24¢ -0.87+0.02" ~0.24+0.15°
D/MW 34.71+0.14* -0.99+0.08% ~1.19+0.05"
C/HWT75 24.3520.26" -0.25+0.07" 1.06+0.228
P/HW75 33.47+1.13° -0.72+0.08" ~1.29+0.257
CH 28.61+1.69¢ 0.15+0.14* 6.05+0.80*

All values are mean+standard deviation.

DUTreatments: D/HW65, duck feet gelatin extracted with 65°C hot water for 120 min; D/HW75, duck
feet gelatin extracted with 75°C hot water for 120 min; D/HWS85, duck feet gelatin extracted with
85°C hot water for 120 min; D/HW95, duck feet gelatin extracted with 95°C hot water 120 min;
D/PC, duck feet gelatin extracted with press cooker 70 min; D/MW, duck feet gelatin extracted
with microwave for 5 min; C/HW75, chicken feet gelatin extracted with 75°C hot water for 120
min;, P/ZHW75, pork skin gelatin extracted with 75°C hot water for 120 min; CH, cow hide gelatin.
AGMeans in a column with different letters are significantly different (p<0.05).
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3 71E Agee pH, AZ%E, A% 283 HEHS <Table 3-4>¢] EFH O
[e)

2o dIds vHE Adorw dEHA At (Gomez-Guillén et
al, 2011). pHE= 65°C @ F& o8 dggo] fFojdo g 7H =kom(p<0.05), 3 F
= Aglglo] fold oz 7 e FES HA(p<0.05). #FL 75°C 94 FEAA+= g
=

- =
v, ge] £o2 FoHor vopgs Bt (p<0.05). AdEE
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4
gelo] fojHow spg =gkom (p<o.

of wdsta, AZ=7}H
Regenstein, 2000). B3k

A AAAN e AFES et wasg,

<Table 3-4> Comparison of physicochemical and textural properties among gelatins

obtained from various species and thermal methods

Treatments” pH value Gel strength (kg) Melting point (°C)
D/HW65 6.01+0.01% 1.01+0.06* 42.00+0.54%
D/HW75 5.99+0.00" 0.93+0.07% 40.50+0.418
D/HW&5 5.99+0.01% 0.71+0.04P 39.38+0.78
D/HW95 5.97+0.01¢ 0.62+0.04% 38.69+0.31"
D/PC 4.83+0.01% 0.19+0.05% 33.06+0.31¢
D/MW 4.80+0.01" 0.70+0.03" 39.38+0.25
C/HW75 4.25+0.01¢ 0.75+0.03¢ 39.25+(.29¢P
P/HW75 4.89+0.01° 0.52+0.04" 36.38+0.14"
CH 4.42+0.011 0.72+0.04P 34.56+0.43"

All values are mean+standard deviation.

DUTreatments: D/HW65, duck feet gelatin extracted with 65°C hot water for 120 min; D/HW75, duck
feet gelatin extracted with 75°C hot water for 120 min; D/HWS85, duck feet gelatin extracted with
85°C hot water for 120 min; D/HW95, duck feet gelatin extracted with 95°C hot water 120 min;
D/PC, duck feet gelatin extracted with press cooker 70 min; D/MW, duck feet gelatin extracted
with microwave for 5 min; C/HW75, chicken feet gelatin extracted with 75°C hot water for 120
min;, P/ZHW75, pork skin gelatin extracted with 75°C hot water for 120 min; CH, cow hide gelatin.
AGMeans in a column with different letters are significantly different (p<0.05).
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Apparent viscosity (pa-s)

[]-[H]ﬁ i R

= e B R R B B [ EE]
D/HWES D/HWT5 DIHWSBS D/HWOS D/PC  DIMW C/HWTS PIHWTS
Treatments?!

CH

<Fig. 3-7> Comparison of apparent viscosity among gelatins obtained from various
species and thermal method. YTreatments: D/HW65, duck feet gelatin
extracted with 65°C hot water for 120 min;, D/HW75, duck feet gelatin
extracted with 75°C hot water for 120 min; D/HWRS&5, duck feet gelatin
extracted with 85°C hot water for 120 min; D/HWO95, duck feet gelatin
extracted with 95°C hot water 120 min; D/PC, duck feet gelatin extracted with
press cooker 70 min; D/MW, duck feet gelatin extracted with microwave for 5
min; C/HW75, chicken feet gelatin extracted with 75°C hot water for 120 min;
P/HW75, pork skin gelatin extracted with 75°C hot water for 120 min; CH,
cow hide gelatin. *“Means within different letters are significantly different
(p<0.05).
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Duck feet gelatin

]
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<Fig. 3-8> Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
photographs of gelatins obtained from various species and thermal
methods. D/HW65, duck feet gelatin extracted with 65°C hot water for 120
min;, D/HW75, duck feet gelatin extracted with 75°C hot water for 120 min;
D/HWS85, duck feet gelatin extracted with 85°C hot water for 120 min;
D/HW95, duck feet gelatin extracted with 95°C hot water 120 min; D/PC,
duck feet gelatin extracted with press cooker 70 min;, D/MW, duck feet
gelatin extracted with microwave for 5 min; C/HW75, chicken feet gelatin
extracted with 75°C hot water for 120 min; P/HW75, pork skin gelatin
extracted with 75°C hot water for 120 min; CH, cow hide gelatin.
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oF M &S HAASYH AL, o]F oW FAL Hu] Fo ddEts FRER 48AIT 3 A
= gttt FAS vk 2.8Y¢S polyethylene (Ao Y1 AFEAs 3 75°CE AA
H g

hAE st H7teE oo Age AL A3AqA Mg 53 Aot 4
F2ZE A0 AxH o7
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(3) A frankfurtere] A=

A frankfurters] W= <Table 4-1>0] Ueholth, =% & 48A7ke] 77}
FAE TYet] ZHY e AN AAxAS A F AT olF =53 AW
& 7}7} 8 mm plate’} ##¥ meat grinder(Mainca, PM-100, Spain)& ©]-&3}o] 3§33t}
Az <Fig. 4-1>0] Yetdl nie} o] 853 et Aetd 72
7Bl (Nr-963009, Scharfen, Witten, Germany)® A &3t o]% 3}E 2o A (whear fiber)
2 A7Vt RE AA Ao = EAEEA 1.2% NPS(nitrite pickled salt, 99.4:0.6), 0.02% o}
~FZUMAYER, 03% AFAMNIER, 05% A", 1% T, 1% dAo]df 2
04% EFFANTE H7lste] HF227t 12°C7F 2354 = HAloA F3348 45353
o AxE F3ES F=27])(1S-8, Sirman, Marsango, Italy)ES o]-&3lo] et 7 o] Al (#240,
NIPPI Inc., Tokyo, Japan; approximate 25 mm diameter)ol] 23t} £33 35 A
7I(MAXI 3501, Kerres, Backnang, Germany)E ©]83}o] 80°Ce] 2%olA A&7} 75°C7}

L5 7MEd 3 W dAedn Az aA A= 4°C WAael] AAsty 2 A F A

CEERRE
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<Table 4-1> Formulation of low—fat frankfurters prepared with duck feet gelatin gel

(Unit: %)
Treatments”
Ingredients Control Control-L
T1 T2 T3
Pork 60 60 60 60 60
Ice 20 30 20 20 20
Back fat 20 10 10 75 5
Duck feet gelatin gel” - - 10 125 15
Total 100 100 100 100 100
Nitrite pickled salt (99.4:0.6) 1.20 1.20 1.20 1.20 1.20
Sodium tri—polyphosphate 0.3 0.3 0.3 0.3 0.3
Sugar 0.5 0.5 05 0.5 0.5
Ascorbic acid 0.02 0.02 0.02 0.02 0.02
Wheat fiber 1.0 1.0 1.0 1.0 1.0
Isolated soy protein (ISP) 1.0 1.0 1.0 1.0 1.0
Seasoning 0.4 04 04 04 04
UTreatments: control, 20% back fat; control-L, replacement of 10% back fat with ice; TI,

replacement of 10% back fat with duck feet gelatin gel; T2, replacement of 12.5% back fat with
duck feet gelatin gel; T3, replacement of 15% back fat with duck feet gelatin gel.
YDuck feet gelatin gel: duck feet gelatin gel were prepared with ratio of 1:4 (duck feet gelatin

powder:water).
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Preparation of pork Preparation of duck
meat and back fat feet gelatin gel

Grinding
(8 mm plate)

Emulsifying

Stuffing
(collagen casing)

Cooking
(80°C smokehouse)

Cooling and
packaging

<Fig. 4-1> Processing procedure of low-fat frankfurters prepared with duck feet
gelatin gel.

(4) 234y
(7h) pH =4 (pH measurement)

AAE 2AA 9] pHE AR 5 g8 HAste /5 20 mLy &33ta Ultra-turrax(Model
NO. T25, Janken & Kunkel, Germany)E& A}&3lo] 8000 rpmolAl 13+ &3 & pH
meter(Model 340, Mettler-Toledo, Switzerland)S Al-&3to] =A%t}

(4h) M= =4 (instrumental color)
AR A A 9] A== colorimeter(Chromameter, CR210, Minolta, Japan)S AF-&3}e] CIE
(8 =), CIE a" -#t(AM%=)3 CIE b -#(FA %) A8t olwe] xF4e L -t
& +97.83, a’—gko] -043, b’ -gko] +1.98%1 WA} xFES ALESFSATH

=

(t}h) ¥ WkAl E(proximate composition)
Al A o] AN R AwEe AOACH (1995)9] wel FEshake 105°C 3z, =
© o

£ 2
o b2 Kjeldahl ¥, =A% &2 Soxhlet W, 3% 3%
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(2} 7FE 4% (cooking yield)
T 279 7t &2 7FE ol FAlel gt 71E o] % SRSt uigk 9

=38t YER AT

N
M
o
t
[

A A H

7HEaE (%) = x 100

(m}) B4 =4 (texture profile analysis)

EAL 79 F wdE AlEE  Texture analyzer(TA-XT27 Stable Micro Systems,
England)E ©]-&3sto]l SA4st. Wdd & A 5E plate T4 FdeA v SAHFE F
HoAy YERd curveEs ©]&3tal A AAESe] hardness( %, kg), cohesiveness(-8-H4),
springiness(&F8A)), gumminess(FAA, kg), chewiness( &4, kg) 55 AFE&tt}. ojweo] &
A ZA L maximum load 2 kg, head speed 2.0 mm/sec, probe(0.25 ¢ spherical probe),

distance 10.0 mm, force 5 go & A A3

(¥}) 57 AH(sensory evaluation)

g FHE 10%We panel 89& FASIe] el AJRE M(color), F W (flavor) %=
(tenderness), U5 A (juiciness), ©]# (off-flavor), # A% %=(overall acceptability)el] i3}
of 747k 103 wilor st 1 FAAE Fete] Hlwskd vk HAFAA 1082 TP ¢
Fotal, 13 71 dotst 54 dHE e

(A}) A A3l E(2-thiobarbituric acid value)

WA 5 el Age As shfste AAY 73t A A HAI =(TBA value)
+ Tarladgis 5(1960)¢] SFHES S8&3te] HASIT AW Absle] sty fE+=
malonaldehyde®} 2-thiobarbituric acid(TBA)E WHS-A]Zl % spectrophotometerE ©]-83}9]
538 nmollX FFE=E FASt] ofelo] T2l o3 TBAZFIE A=stlon, TBATA = mg
malonaldehyde/kg sample® e AT

TBA value (mg malonaldehyde/kg sample) = 7.8 x O.D.

(oh) 3 d7)e) A A3}gE(volatile basic nitrogen)

WEAY T o Agd A5 o ’5‘}% AR ety Ao A d7IH A
(VBN)E= Kohsaka(1975)°] ¢ 3%+ conway W] #F&2A- (micro diffusion method)& ©] &3] =4
it A= 10 g= At 75 30 mLs 7He & #&71E o]&3to] 2% wwRkekal 100
mL= mass up?d F whatman No.l IR 2 o735t HATE o 1 mLE conway F7] <49
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155}
K<

a2 WAl 0.01 N HsBO; 1 mL¥} conway A1¢F 100 uLs ¥, 50% K.CO; & 1 mL=
WA QA FAE AHF S 2AAHA EE50 AY e 4SS Egd F 37°Col A
2A17F EoF WS AT HEgo] Euk S=7o] 0.02 N kg o g A AE o] AAEd )

A (ul) x 1 x 0.02 x 14.007 x 100 x 100
VBN value (mg%) =

A =5 ZF(mg)

(#}) " AE X (microbiological analysis)
A& 10 goll 0.1% Et FESF 90 mLE %718t stomacherE ©]-&35Fo] 1% &9 wA3A

i, 01% Ha WEFE ol &ste] WAl A st Th. T (total plate count)™ plate count

agar(PCA, Difco Lab., Detroit, MI, USA)ol =23&}o] z+z} 36°Coll 4] 484 7F vl k&l 9l

(Z}) B A A 2] (statistical analysis)
EAF2L SAS program(SAS, 2008)2] GLM(General Linear Model) procedureZS %3] 43}

o

AaL, A2 kel etk ¥als Duncan®] Be A Skl w4 AR (p<0.06)& AAlskITh
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o} A A7)

o Aty Aol TAW A vl mE AW {F31y 2AA ] pHS MEE <Table
4-2>) JERRATE pHO A% 61494 6199 Begom, SAY dAu & wE AT
7] pH #ol= YERURA GFJTH(p>0.05). H == thZF(control)t A AW o] & (control-L)
Abololl A fro] Al ol 7k vrERUA] ekokont. el Ayl Ao FAW A H|&o] T
of wel i fHads 4FE JEdn AAEE BE A Alolo] oA Aols
UER A ekokom, o= A§7tEEe] AAEe] @S A= vho] & F 2 W (myoglobin)
2 7)EE Ao JeS wXE MRS HubE] FUsy] wWEelgia Al SN

& A &0l 125% o] &Rl A5 (T29F T3 2 7)ol i

= NS YA 2 (p<0.05), ol Ui S He o
g odey Aol g we Axz dudd, weld o Aty AL SAW A A EA
7z

=
oY 2440 AR A HEE ta 4aAYN FARE AL AARdE o
o,

<Table 4-2> Effect of replacing pork back fat with duck feet gelatin gel on pH value

and color parameter of low—fat frankfurters

Treatments"
Traits Control Control-L
T1 T2 T3
pH 6.15+0.01 6.19+0.02 6.14+0.01 6.14+0.01 6.15+0.02
CIE L' 69.63+0.33* 70.61+1.14% 67.71+1.53" 66.36+1.32¢ 65.87+1.13¢
CIE a* 9.36+0.43 9.00+0.40 9.05+0.91 8.96+0.87 8.97+0.45
CIE b* 10.75+0.44" 11.18+0.718 11.21+0.45° 11.99+0.674 12.00+0.85*

All values are meanzstandard deviation.

DUTreatments: control, 20% back fat; control-L, replacement of 10% back fat with ice; TI,
replacement of 109 back fat with duck feet gelatin gel, T2, replacement of 12.5% back fat with
duck feet gelatin gel; T3, replacement of 152 back fat with duck feet gelatin gel.

ACMeans in a row with different letters are significantly different (p<0.05).
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<Table 4-3>2 o2& Agtel Ao SA tha|u] o] W AWARE Ao]E nlag A
oltt, #38 AAIAY FEIFL 6309 WA 7288 g/100 g2 WA= E‘roké}ﬂ] eyt o
T3A Tl A o2 Ao Huste] f8oz2 =& 7S YAt (p>0.05). 222 dg
gl Aol H7beFo]l T b wel FESE TS folHoR Frtete ATS ME‘r<p<0.05).
e o gy Aetwl o]l FUbge] mE foAQl Aol sl (p>0.05), dlET
27 HEiA FoAoR w& gs YERHATH(p<0.05). AR RS A1t
Zol whel Zpol7p vpebtom T3A g Froll A TR v ks, tixTol A T =
Uittt sl EEgES 1.76 WA 1.86 g/100 g9 HHE Yo A gz
S s JERITE e Aetyl Ae] Fhefo] Frhghel wrel s|EghEFo] FUt
].

<

oA Q1 Apol= fIATH(P>0.05). whebA <ot Adepd AL -85}

o o)
= T =
SANE gAF Ae FE L awd g 2o AW f3Y 2449 Axst Hsad

<Table 4-3> Proximate composition of low-fat frankfurters prepared with duck feet

gelatin gel

Treatments"
Traits (g/100 g) Control Control-L
Tl T2 T3
Moisture 63.09+0.68°  71.42+0.31° 69.82+0.66¢ 71.35+0.71% 72.88+0.68%
Protein 13.60+0.47¢ 14.91+0.47" 17.06+0.64% 17.20+0.55* 17.96+0.88%
Fat 19.24+0.92% 11.28+0.89" 10.49+0.74" 8.46+0.79¢ 6.34+0.94"
Ash 1.83+0.08"B 1.76+0.05° 1.80+0.04"8 1.81+0.0248 1.86+0.07*

All values are meanzstandard deviation.

DTreatments: control, 20% back fat; control-L, replacement of 10% back fat with ice; TI,
replacement of 109 back fat with duck feet gelatin gel, T2, replacement of 12.5% back fat with
duck feet gelatin gel, T3, replacement of 15% back fat with duck feet gelatin gel.

ACMeans in a row with different letters are significantly different (p<0.05).

AAH F318 A M FES <Fig. 4-2>0 UrE}lH ATh AAIX 9] 7 g2 959 U
Al 98.4%<] WH=E yeytow, gxz2F7F 7MY =2 i3S UER T A iz Teh
T3AEFES o4z 3 3t L}E}‘H?ir%(p@.%. 53], sAN=
AAH gzgEe el Agdl AS o]&ste] FANS HAE ATEe] fFoHoR =
2 7MEFES YEIATH(p<0.05). 2 Aetele] 3tiko] FlESE TtE &0 A4S
S Fo A ZFol 7k YAl = &k TH(p>0.05).

of

10 ml
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<Fig. 4-2> Effect of replacing pork back fat with duck feet gelatin gel on cooking

yield of low-fat frankfurters. "Treatments: control, 20% back fat; control-L,

replacement of 1096 back fat with ice; T1, replacement of 109 back fat with
duck feet gelatin gel; T2, replacement of 125% back fat with duck feet
gelatin gel; T3, replacement of 15% back fat with duck feet gelatin gel.

AC\eans within different letters are significantly different (p<0.05).

AR 9] E4& <Table 4-4>

(¢}

& AAY 53
SES

Ay A v ol u
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oo A Ao

of e

SN
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o
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oF

e
ﬁo

A A B o] F7Egel uhet

SR EH(p<0.05).
AR A 2T R el

St Adtel A A2

He

CE S

UERHA A TH(p>0.05). A

ol &

A T Ee AAY gz
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sl
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<Table 4-4> Effect of replacing pork back fat with duck feet gelatin gel on textural

properties of low-fat frankfurters

Treatments"
Traits Control Control-L
T1 T2 T3

Hardness (kg) 5.48+0.43¢ 4.08+0.25° 7.43+0.35" 7.57+0.59" 8.67+0.68"
Cohesiveness 0.42+0.028 0.32+0.05¢ 0.48+0.074 0.47+0.05% 0.51+0.074
Gumminess (kg) 2.44+0.30¢ 1.29+0.16" 3.77+0.40° 3.52+0.28" 4.35+0.66"
Springiness 0.78+0.01° 0.85+0.02¢ 0.86+0.035¢ 0.88+0.03" 0.90+0.024
Chewiness (kg) 1.89+0.22¢ 1.04+0.14" 3.19+0.33" 3.28+0.28" 4.24+0.74%

All values are mean+standard deviation.

DUTreatments: control, 20% back fat; control-L, replacement of 10% back fat with ice; TI,
replacement of 109 back fat with duck feet gelatin gel;, T2, replacement of 12.5% back fat with
duck feet gelatin gel;, T3, replacement of 15% back fat with duck feet gelatin gel.

ADMeans in a row with different letters are significantly different (p<0.05).

S Al Ao A thA] Wlgel wE AAY 73Y 2AA e B 542 <Fig
4=3>°l YeEpAT. AAY dxz= ANHAME JFaE Qe Ak Fv], d= 3 vgsA
A 7P deotdt whERE yehdgloy, e detwl Ao FAW Al Hl&o] Frhdel w
gt Zdad B 5450 v MAEE A4S YERAY. 28y oA e detd
o] F7bgol Sl weEt va AaA = ddFS vERlol, &% edd A" ol AL
AA ZL A £k S AT FheAds Ao #94 SAS Us FEANNE F

YEAY =

S At A o] &3k i T R S R SR
(2-thiobarbituric acid, TBA) ¥ 3= <Fig. 4-4>° YWeRWSITE A7) 7ke] 7 2o

AR A e S Ay BE dE2teh AP edA AR 1A A A =

Az AT

@ o] F thA]l gadtel 2 Wzt dehiA @ AFS dehidd 29y AxdF 2 4%
R A Arbslel Azx® AAY F33 25 dETe AR
3 o z7e} Wl aske] AP =S Vet A A5 =0] glo] A Turner %(1954)
¥} Tarladgis 5(1960)2 Zt7}F 0.46 mg/kg¥} 05 mg/kgs ol A Ald 9 1.0 mgkgs
A delta s, B ATdAE A% 45 Bk o] £AE 27aA %ol sHe] A

W= g7

2

L)

N r
Y,

o

KeR
L

SO
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Overall

acceptance |

Offflavor -

9.0 |
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A 4
_ - Flavor
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9.5 ATV R Control-L
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~AE | | - T2
g
L J _ SRERIE
7 Tendemess

Juiciness

<Fig. 4-3> Effect of replacing pork back fat with duck feet gelatin gel on sensory

properties of low-fat frankfurters.

Control, 20% back fat; control-L,

replacement of 10% back fat with ice; T1, replacement of 10% back fat with
duck feet gelatin gel, T2, replacement of 12.5% back fat with duck feet
gelatin gel; T3, replacement of 15% back fat with duck feet gelatin gel.

—+—Control --+--Control-L --#&--T1 --8--T2 --#--T3

©c © o o o
& 8 | 8 8
T T T T T

2+thiobarbituric acid value
{mg MDA/kg sample)
[}
e

- ~
~
&k s
“ - LY \\ b
” " . \\\“ .--"‘""-__
-
J" \‘ \‘ \‘ hhhhhhhh
- vy W -
* % LY
L) n
Y e mem——— Pem——————— ™
" VTR A== A

1 2 3 4
Storage period (weeks)

<Fig. 4-4> Effect of replacing pork back fat with duck feet gelatin gel on
2-thiobarbituric acid (TBA) value of low-fat frankfurters during 4
weeks. Control, 209 back fat; control-L, replacement of 10% back fat with

ice; T1,

replacement of 10%

back fat with duck feet gelatin gel;, T2,

replacement of 12.5% back fat with duck feet gelatin gel, T3, replacement of
15% back fat with duck feet gelatin gel.
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WEAd T el Agd AS o] &oto] Axd AAW F3tE AAA e AT A
(volatile basic nitrogen, VBN) W3+ <Fig. 4-5>°] YEeIHRAT A7 dAheE %
MAE o o3 @uwld EAEE Uelle FAolt AAY #F318 A9 3T F 7
Hdre A 27 oo Adgel Aol Hr7te AAW #3318 LA A NA Ha w5 X
et Ao u, A 453kl A = o8l Aetel A4S o] &ato] 15%9 FAS Al A A
3tg A AOA THE =2 FAE UERA L o2 HE 5 Aol & AolE UE
WA ekth A gigvls AEARECd s AAFY A AEAd V™ A dAFAE
20 mg% = TSt o (2]EF A, 2013), Kohsaka(1975)0 23 S-AE2] 3 2A]l < 7] )

TS ol &3t AFo 2M(5G-10 mg%) 2 27 FHTABO-40 mg%)E T 5 9
tal itk & A7Ad BE dixT 2 AgTsdA A% 450 % 20 mg%Es 2 dskA %
= FAE Yo dd e wE el Aoty Aol HIbE AR 33 AAA ¢

ﬂl

:g
o b

20 1

=
th
T

Volatile basic nitrogen value (mg%)
en =

Storage period (weeks)

<Fig. 4-5> Effect of replacing pork back fat with duck feet gelatin gel on volatile
basic nitrogen (VBN) value of low-fat frankfurters during 4 weeks.
Control, 209 back fat; control-L, replacement of 10% back fat with ice; T1I,
replacement of 10% back fat with duck feet gelatin gel; T2, replacement of
12.5% back fat with duck feet gelatin gel, T3, replacement of 15% back fat
with duck feet gelatin gel.
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WA T Sl Agwl AS o] &t AxH AAY F3td AAAS] F(total plate
count) W3l= <Fig. 4-6>°] YeERUA Y. Ax dAOFAHAA = x4 1.5 CFU/g= 7}
I S 95\2“1, A7 713ke] Bl W BE A TEdA FdTs St AEE

A= & W Zz77F 39 CFU/go. & 71 =& +F3xE5 YEeERRIT
2 A TEY vy = FAE YEYY] gl

3
ﬂ\——tow—'—\;

2 AR ET

——Control  ==#=-Control-L =-d=-T1 =-B=-T2 --8--T3

e
T

Ma
T

Total plate counts (Log CFU/g)

e

Storage period (weeks)

<Fig. 4-6> Effect of replacing pork back fat with duck feet gelatin gel on total
plate counts of low-fat frankfurters during 4 weeks. Control, 20% back
fat; control-L, replacement of 10% back fat with ice; T1, replacement of 10%
back fat with duck feet gelatin gel; T2, replacement of 12.5% back fat with
duck feet gelatin gel; T3, replacement of 15% back fat with duck feet gelatin

gel.
o]%Fe] ARE TRIUH gE Agwl AS AW dALAR AN Fe WAL
Hae e FE, 2AL W BA 549 AstE AT F e Aom HriHe, A HEA
o3 drid dA F s ASS 3o A3 eud Agd AL AXY {3489 &
A A AR Aol FAA] FFE WA A e AR HUFEAN. 2 <Fig. 4-7>°l
A E g dxe] e Augdl AS HIbg AAY 738 AAA A 729 AlFH Aoldt
A A&7 s e o de UEd L do] FF AEst Sl ol oA &R o] Jhest
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Apparence

Cross section

Control Control-L T1 T2 T3

<Fig. 4-7> Apparence and cross section of low-fat frankfurters prepared with duck

feet gelatin gel. Control, 20% back fat; control-L, replacement of 10% back
fat with ice; T1, replacement of 10% back fat with duck feet gelatin gel; T2,

replacement of 12.5% back fat with duck feet gelatin gel; T3, replacement of
15% back fat with duck feet gelatin gel.
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AA o]F ABEE -70+1°Ce A& WAi(deep-freezer)ol A HZAs At 2% AaiE
-40°C = 80x10° torrd F7&tell A 24 A %7 (freeze-dryer, PVTFD20R, Ilshinlab, Yangju,
=

Korea)& o] &3l 47

Ay AL AAZ LYrFEAS 5x5x5 em’el 4A4I Av|E2 F=H|F o|F
NPS(nitrite pickled salt, 99.4:0.6)& #

7F&54ES polyethylene ¥ Aol AFEZste] 75°CE AAE FFFoA 4087 7FL st}
7hE 5 HAE S5drip)@ 7FEE g 7bEAS AFYHE AE(Nr-963009, Scharfen, Witten,
Germany)= A &8t TE oju] AUHE 7AE o] IS witie FAAste] egrigao] Ad
HA il 250 ANTds AA AAA =S SFATE ol F 747} 3,4, 5 R 6% L2
Agtel 28 9 03% AFAMUES, 03% 1, 05% A", 0.02% of~FZ 2N 2% AF,

01% &% 0.2% v=3, 0.03% MSG(monosodium ;-glutamate), 1% #&5

S FH7bste] &
sHet ol B3k JHA| QU EF(sodium caseinate)©] £H|XZ Eje] Qg rtaEe] A% 4 AdPA
of nx= JgS Hrrelr] st 44 0 2 05%9] FHAJNUERES H7bsle] HwA e S

2 4

gttt Axd EFE=S F3171(0S-8, Sirman, Marsango, Italy)E ©]-&ste] PVDCH ¢4
As g, 2B 85°CE AAE FefzoA] 4087 G283 o)F Wiw Wztal
12
e}

QAFES £°C WA AgEm B A FAARL

32

N
=
e
r]I
o,
i

(proximate composition)
ZHZ FE AT erbE R dvAdE A S AOACH(199%) 0l wet 732 105°C
=

ol gFeES Kjeldahl B, =A% $HeF2 Soxhlet B, %3] k2 550°Cell A
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qgs)shg o BAsA}

(\}) pH =4 (pH measurement)

pHE A8 5 g8 #H&teo] S74 20 mL¥ £33t Ultra—turrax(Model NO. T25, Janken &
Kunkel, Germany)ZE AF&3te] 8000 rpmolA 187+ #2433 % pH meter(Model 340,
Mettler-Toledo, Switzerland)S A}-&3te] =43} t}.

<Table 4-5> Formulation of duck meat product as a type of corned beef

(Unit: %)
Duck feet gelatin concentration (%)

Ingredients

3 4 5 6
Cured cooked duck breast 70 70 70 70
Water 27 26 25 24
Duck feet gelatin powder" 3 4 5 6
Total 100 100 100 100
NPS (nitrite pickled salt, 99.4:0.6) 1.8 1.8 1.8 1.8
Soy sauce 0.3 0.3 0.3 0.3
Black pepper powder 0.1 0.1 0.1 0.1
Garlic powder 0.2 0.2 0.2 0.2
Monosodium p—glutamate 0.02 0.02 0.02 0.02
Korean traditional wine 2.0 2.0 2.0 2.0
Lemon juice 1.0 1.0 1.0 1.0
Sodium caseinate 0.5 0.5 0.5 0.5

YDuck feet gelatin powder: duck feet gelatin powder was obtained from hot extraction method (75°C)
for 120 min, and the was freeze dried.
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Curing duck breast

(5x5x5 c¢m?® cube size,
1.8% NPS, 4°C, 24 h)
Cooking
(75°C, 40 min)
Cutting with silent cutter

additives)

Mixing
(duck feet gelatin powder and

Stuffing
(cellulose casing)

Y

T =
O -

7

Cooking
(85°C, 40 min)
Cooling and packaging
<Fig. 4-8> Processing procedure of duck meat product as a type of corned beef.
(th) A% =A(instrumental color)
A== colorimeter(Chromameter, CR210, Minolta, Japan)E Al-&3te] CIE L™ -#(H %), CIE
a -gH (A E)7 CIE b -R(BAE)E SHSAT olue] EEMS L' -7ke +97.83, a - #e]
-0.43, b"-gke] +1.98%0 WA FFEES AESFS T
(2}) %= =7 (hardness measurement)
= ABE 25 cmy FAR F#Hde] 18°Ce oAl texture
sl ZAskglth. AR 2Ae
o] ZAstAa, olwe] =12 10 mme| probeE
Augke 7 el AER A8y

=S <Fig. 4-9>¢} %
Lo 2 SAE F

29

HE A F 2
)
=

o}

analyzer(TA-XT27, Stable Micro Systems, England.)& ©]&
5

7}z AR
o] g-3ho] 2.0 mm/se]



Side

Side =

Side =2 Height (2.5 cm)

4

<Fig. 4-9> Schematic diagram of measuring location in the restructured duck meat
product as a type of corned beef.

(v}) #5 7 AH(sensory evaluation)

el F-E 1089 panel 89S TAS A7 AEE M(color), FH(flavor) A=
(tenderness), U5 A (juiciness), ©]F (off-flavor) @ H A<l 7] & %= (overall acceptability)ell
tiste] 747 104 wPd o= FAHsta 1 FHAE Feke] vaskath FAzA A 108 7

ek, 14 b dobe B4 e dehi

(v}) E A A 2] (statistical analysis)

EAEAL SAS program(SAS, 2008)2] GLM(General Linear Model) procedureE %£3Fo] 24 3}
Ra, Agel Freo] wE A gke] Hir it HaE Duncand] Y-S Edte] FoAd HAH
AT AR gl JHIl YEFS HUMRFOl wE oA AL ttestE AASAT
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o} AT-A
o Agpeld FHARI GEFO HUbe| odk FH|EZ FE AT LESAEe] Ak wst
& <Fig. 4-10>] vepAeh e Aetd o] HrhgFo] Skl whel HEAFS] FEEEFS
ofA o it WA FS FUeE A EFS YERATHp<0.05). eyt ek 38
& e Ao F7tE At 7HAIQl GEFS H7Hs
S g S rstot, 3l AshEe 7hAQl YEFo] H7t
A} 2] ol 4] %ﬂ Aoz e shaks YER S TH(p<0.05).

S Agpdy) ghAQl YEFS Hrbel ot Fulx Je A S SAEe pHeF A
<Table 4-6>° YelfIcl 22 Aetele] HArtakn 05% M4 YEFS 7
AT e SAFS] pH Wste] 9%S vAA LATHp>0.05). B WL S A
o] F7tstell wet FHAIRl G EF H7H R I EFelA frejAHo® rashe AT
R, BE e Agtd FEoA FHARI YEF H7MUE oA oR v HEE dEhiddn
(p<0.05). AAwel FME= Qe Aetelo] M7l ost Welrt JepA] ergkon), A1 W
EF T -0 R 2L FAEE e

o AupRie] Fwrt FUHge] wel Zv|Z e AT SESAE] FARe SHR BE
AA HoAel AEe Z71E UYERUt<Fg. 4-11>. 3 05% M4 JEF =%
AT FiheolA Bop FH7MRef vlaste] foHoR e FE e ATHp<0.05). Tk 2
g AgEe A7 SAFY] ARE /MM A YEEHR =3 ke A9 1 29Ut
=3 = A3%s HeERATH
W7t A AR YER FRVFAE SEd Aetd st Skl wet o el s
H47h folH o F7letg o U<Table 4-7>, 7HAI9) YEF HA7poAE Qe Atel w5
ot A5 Abelo] froH Atel= YERFA kTt p>0.05). ol ZHAQl BYEF HIFE <15t
e AE FrdAE Azbo] 948k @S YERY] Wit o R AlsHTh Fh] tEd H o]
H SeAe e Agd sxet FHA HYEFS HUHFol mE HEyTE Abole] W] 9l
ofA Fo4Ql HolE YEehlA] LATHp>0.05). A=l doMdE FHAI UYEF FH/FTAAE
6% At F% 9 AU Ag 5% Agd sEA fro] Al wEEo] HAE UEhe] HE
g e Autde] Hrke HFAFY AEE AUAA FSAA 2AZ g #sA NEEE
AstAl 7= Ao 7 E AT HAA A w4 FHAIR] YEF] HTteh #Agle] 5% e
A A ToA 7P #2 SR E dehdle] Zvx JE Al SErbeEe] Az o]
5%9 .2 detel Hrbt 7 4 F24E vehlle o2 FrbEAt<EFig 4-12>
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<Fig. 4-10> Effects of added levels of duck feet gelatin and sodium caseinate on

proximate composition of duck meat product as a type of corned beef.
ADMeans sharing different letters within treatments (without sodium
caseinate) are significantly different (p<0.05). *‘Means sharing different
letters within treatments (0.5% sodium caseinate) are significantly different
(p<0.05). Asterisk refers to t-test result between treatments at identical level
of duck feet gelatin. NS, no significance; “p<0.05, **p<0.01, " p<0.001.
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<Table 4-6> Effects of added levels of duck feet gelatin and sodium caseinate on

pH value and instrumental color evaluations of duck meat product as a

type of corned beef

Added levels of duck feet gelatin (%)

Traits
3 4 5 6
Without SCV 5.82£0.01 5.81+0.01 5.80+0.01 5.81+0.01
pH
0.5% SC 5.80£0.28 5.82+0.27 5.81+0.28 5.80£0.28
Significance of t-test” NS NS NS NS
Without SC 58.38+0.66 57.72+0.84% 57.11+0.52" 56.32+0.38°
CIE L=
05% SC 55.15+0.83* 53.81+1.028 53.62+1.03" 52.84+1.26¢
Significance of t-test o o o o
Without SC 14.64£1.17 14.42+0.78 14.43+0.44 14.29£0.81
CIE ax*
0.5% SC 14.99£0.52 15.03+£0.50 15.03+£0.57 15.05%0.46
Significance of t-test NS NS * *
Without SC 12.05%0.32 12.02+0.25 12.04+0.21 12.01+0.32
CIE b=*
0.5% SC 10.51£0.44 10.53£0.30 10.52+0.35 10.53+0.45

Significance of t-test

stk

soekok

stk

stk

All values are mean * standard deviation.

USC: sodium caseinate.

Y Asterisk refers to t-test result between treatments at same added amount of duck feet gelatin. NS,
no significance; *p<0.05, *xp<0.01, #+*xp<0.001.
ACMeans in a row with different superscript letters are significantly different (p<0.05).
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<Fig. 4-11> Effects of added levels of duck feet gelatin and sodium caseinate on
hardness of center (a) and side (b) on duck meat product as a type of
corned beef. “PMeans sharing different letters within treatments (without
sodium caseinate) are significantly different (p<0.05). *“Means sharing
different letters within treatments (0.5% sodium caseinate) are significantly
different (p<0.05). Asterisk refers to t-test result between treatments at
identical level of duck feet gelatin. NS, no significance; “p<0.05, *p<0.01,
7 p<0.001.
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<Table 4-7> Effects of added levels of duck feet gelatin and sodium caseinate on

sensory properties of corned beef as a type of corned beef

Added amount of duck feet gelatin (%)

Traits
3 4 5 6
Without SCV 6.90+0.32¢ 7.60+0.528 8.40+0.524 8.40+0.524
Appearance
0.5% SC 7.75x0.58 8.00£0.52 8.00£0.52 7.94+0.57
Significance of t-test” NS NS NS
Without SC 8.10£0.88 8.40+0.70 8.50+0.53 8.30+0.48
Color
0.5% SC 7.94+0.25 8.00+0.00 8.25+0.45 8.31+0.60
Significance of t-test NS NS NS NS
Without SC 7.30£0.48 7.50%0.71 7.70+0.48 7.90+£0.99
Flavor
0.5% SC 7.56x0.73 7.50£0.52 7.50£0.52 7.50£0.82
Significance of t-test NS NS NS NS
Without SC 8.40+0.84% 8.30+0.824 8.10+0.74* 750+0.85"
Tenderness
0.5% SC 8.19+0.54* 7.75+0.688 7.38+0.628 6.88+0.96°
Significance of t-test NS NS NS NS
Without SC 7.70£0.95 7.70£0.95 7.90£0.88 7.30£0.95
Juiciness
0.5% SC 7.81+0.75 7.63+0.62 7.38+0.62 6.81+0.75
Significance of t-test NS NS NS NS
Without SC 6.70£1.77 7.10£1.52 7.50+1.58 7.10+1.45
Off-flavor
0.5% SC 7.44+0.89 7.44+0.73 7.44+0.63 7.44+0.81
Significance of t-test NS NS NS NS
Without SC 7.20+0.79 7.60+0.52 7.90+0.74 7.70£0.95
Overall
acceptability ) 500 oo 763:0,50 7.50+0.52 7724058 7414095
Significance of t-test NS NS NS NS

All values are mean + standard deviation.

USC: sodium caseinate.

Y Asterisk refers to t-test result between treatments at same added amount of duck feet gelatin. NS,

AC\Means in a row with different superscript letters are significantly different (p<0.05).
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e RN

<Fig. 4-12> Apparence and cross section of duck meat product as a type of corned
beef.
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1. Extraction process for gelatin
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