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Abstract

The objective of this study is to increase the utilization of duck by-products. The nutritional characteristics of four kinds
of duck by-products (liver, heart, gizzard, and feet) were determined. The quality changes of four kinds of duck by-products
were evaluated during frozen storage at -20°C. The crude protein and cholesterol contents showed the highest level in liver
while the crude fat content was determined to be the highest content in feet at 13.90%, and lowest in gizzard at 0.57%. Duck
by-products contained USFA in the range of 48.69-77.66%, and the highest level in feet (»<0.05). During storage of duck
by-products at -20°C, the pH of duck by-products was in the range of 6.24-7.15, and there were no significant differences
during the 4 mon storage period at -20°C. Microbial counts of duck by-products except the gizzard were decreased signifi-
cantly as storage time elapsed. In the sensory evaluation, overall acceptability of by-products (liver, heart, gizzard and feet)
showed a tendency of decreasing value through storage, because off-flavor was increased with increased storage. Consider-
ing the combined results, one can conclude that duck by-products provide a good source of protein, and it was judged that
the use of raw meat would be most appropriate within 3 mon of frozen storage.
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Tl Qearr|e Zigde] 7t AsEa jlo F
5 FHE FeHA Fon g ke A5S TE
o7 &M fEE Tk e2l¥EHe §, 7ol B Ear]
/02 o]Fo|AW(Chae ef al., 2006; KMTA, 2009), H*
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(o), oREHIZHEZFZ), AAE(@S) B FHlol] o]
AL, He Adz(doplEzl, 22, g ZEX
oF AR (=], EUFF(F), FBA EH= 2AA
(F9Y), Bprol(xds), e JlrelEryol), we Al
el AZR|FAH, 04 BI(e]EEoh), WEL tF
THEEYRA), ZEXEIR]), F= el A (X9, st
71&ERZERE), Al dFFTHAhOE o&Ha
(Nollet and Toldra, 2011; Ockerman and Basu, 2004). =
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(Anderson, 1988; Bragagnolo, 2011; Garcia-Llatas er al.,
2011; Honikel, 2011; Kim, 2011).

LS A Qo) met ARSEY] wiel o
ghult}t o] 8717} th2t} (Ockerman and Basu, 2004;
Spoonger, 1988). 7ta7 FAHEC &gk A4 <= 27 A4
o] Algjel FhalEol ek A % Ak} JlEfe] =9
A = EA A (Lee et al., 2010; Lee et al., 2012), &
ke FEdo] S Bl |3l mX|= F(Park
et al., 2005) 5°] ot T3 TAFAHE] FIsHE T}
X|(Allen, 1989; Leeson and Summers, 1991; NRC 1994)
2 71 AEg SARLE ] sk AAESH Al
(Lee, 1997) 5ol gt 977} Raxa Qo

FFE A71AE Al AE AP X8 E 7] wio] A7
RHES 98l WA o]t 2&olA WEshs o] &
g o] 8= YAV T2 FAE A7) et pH ¥
3P dofyal S5E4, 4 ¥k e A, Ae
S7F 2 Z2A3 W3t T olgkety Sl WskE 7HA
or] TgES WELEd] W7l A0 E HuHITHBerg,
1961; Green, 1969; Kim et al., 1987; Mountney, 1976; Park
et al., 2012; Sebranek et al., 1978; Yang et al., 1989).
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HrdE
LIRS AOACH (1990)°] w} 52 105°C 4=
1=}

B, 232 550°C A3 S]sY, A Soxhletd] R =

opm) =4t 328 Korean Food Standards Codex(2009)2]
WO Z AlE 1g2 #H3l] ampuled] ¥ 6 N HCI 15
mLE 7} thy N2 X|$hsto] Al&ahA] d8siqnt. o
£ 105°C QE0lA 247131 715=ieiAZ] 5 Wgstal &
o]2Z 50 mL -85 T3 0.2 um membrane filterZ ]
3ot oA 2 mLE FH3) 25 mL BLI F olw|=ak
E27](pump PU-980, visible detector, wavelength; 570
nm, 440 nm(for proline), Jasco, Japan)E ©|-&3}o] 4435}
St olnf] ZH2 ion exchange column(4.6 x 60 mm), =
A 10 uL, 2 %= 30°C, column flow 0.999 mL/min,
0]%/2 buffer solution; PH-1, PH-2, PH-3, PH-4, PH-
RG(Mitsubishi chemical corporation), ninhydrin solution,

buffer(Wako, ninhydrin coloring solution kit for Hitachi)<-
ALE3}e] gradient HO 2 H-AJ)3 T}

2713

7138 SRS Zeiner ef al (2005)2] WPl wle} A]
S5 I & F2Eo R GIAIA AFg v
TAG gz AAE £33 H(ICP-AES: Inductively
Coupled Plasma-Atomic Emisson Spectrophoto meter, Jobin
Yvon JY138 Ultrace, France)2.2 £33}t 17MQ ©]
AFo] o] 243(NATO pure ultra system, Barnstead)S A}
£3lo] 7 940 EFEW FEE 0, 1, 10, 50 pg/gl &
ZAste] RS Zgstlom o] o ICP-AESS] 2
FZ7L power 1 Kw for aqueous, nebulizer pressure 3,5
bars for meinhard type C, aerosol flow rate 0.3 L/min,

shealth gas flow 0.3 L/min, cooling gas 12 L/min®.Z A

“gstsint.

Z|HPAE B20- Folch ef al(1957)2) HPHd whet Al g9
AE FE3k A 20 mgoll 0.5 N NaOH/methanol 2
mLE 7}k 105°C dry ovenoll 108 &<t ASMAZ T
BFy/methanol 2 mLS- 7}5l] methylation A]7]3 Wy sk
% 73} NaClg-9} 2mL % hexane(HPLC grade)S- 2-3 mL
7bate] £50] & thay ASAES FHsk GC(Hewlett
Packard 6890 series, USA)ol|A E23}59 ). o|w] column
2 HP-FFAP capillary column(25 mx0.32 mm LD., 0.5 um
film thickness), oven temperature(initial temp 130°C(1 min),
increase rate 2.5°C/min, final temp 230°C (10 min)), injector
temperature 230°C, detector temperature 250°C, carrier gas
Helium, spilt-ratio 20:1°]™ flow rate 1 mL/min® 2 4%
skt

Y 2HE B2 Piironen ef al(2002)2] WPHE RE
Aoz WMysle] o] &3t AlsoA AWAS FE3
3-8 AT L8(60% KOH 8mL 2 40 mL)S 7}3le]

]
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100°Co A 1A7F &<F ¥REAZ] Thsy Wh3-8 L3E 60
mLS 7}ste] WZEAIZTE Wl 50mL 2 1N KOH 100
mLE 75k Eeld 5ol 0.5N KOH 20 mL 2
FPIIEFS “01 AT Ak ohe ARESS)
o PJREFENQ] 5a-FH2E|Q] £9-8 78] GC(Hewlett
Packard 6890 series, USA)E FA5}9E. Columne HP-
1 capillary column(30 mx0.32 mm LD., 0.25 ym film thick-
ness)©|™ detector(initial temp 200°C(1 min), oven tem-
perature(increase rate 20 °C/min, final temp 300°C(6 min)),
injector temperature 250°C, detector temperature 300°C,

carrier gase helium, flow rate 1 mL/min® 2 A3}

HEXZ| o2 ERWHS}

FakEe] TE WA Al FAwsE
sle] -20°ColA WE F AEE 7
A JHE fellest & B8 o] W 2
o= pH, YHAH7
sk

pH

/\]ﬂ 5goll 7 45 mLS Yo homogenizerZ 23}
3 & pH meter(Model 13-620-530A, Accumet, Malaysia)
2 7t N % YS9

3|2 47|= £ (Volatile Basic Nitrogen, VBN)

Atﬂ-/ﬂdﬂ)ﬂvl_ *‘?*/5'1]8 __;Hs/\}g 7]_J_7]z gl /“]Hﬁl,ﬂ
(SPISLP, 2011l we} Z88153th. Al 5 goll 57T 45 mL
= 7Fste] #A23kgk § Whatman No.l & o 3}3}3iT)
Conway 87|12 o]&-&}o] W4dl 0.01 N H,BO, I mL¥} A
A]2F(0.066% methyl red in ethanol: 0.066% bromocresol
green in ethanol= 1:1) 50 uL ¥31 2o Al o 1 mL
S ¥e 3 9o 50% K,CO; 1 mLS ¥& thg 4y
AlAE. ©]% 37°C incubatorol| A 90E-7F BFE-A]7] T}
0.02N H,S0,2 AAsIdtt. 34¥T< 4 A8 =
H Al FFTFE ARSI

VBN (mg%) =(a—b) x £x 0.02 x 14.007/S x 100 x 100

a 229 HA 2HFH(mL), b FAF A 2BIRH(mL)

f: 0.02N H,80, %38t A4, S: A 53

Mzs(EM =, &2 ¥ cHE22)

BHHO R A7 25 g2 Fske] E peptone 225 mL
& 9m astel BARE A SNel A8aT. 2
A7 plate count agar(Difco, Laboratories, USA)HH
(=2 }*Q-S}Eioll] E. coli 2 coliform bacteriac &A'd
3%t T2 petrifilm(3M, U.S.A)S ©]-&3}a] 35°Co|| A
AR MR F B QL AT B coli 2
coliform bacteria= B & FEM|| 7|XE FA= A
o HESE A4 £ coli SAGOM, olE £ A

HAOT =
T 7|EE FAS= AL coliform bacteriaZ A5}
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B
ek S ks ke AR 3089 9
298 Aasie] Zzke] Agrlth PAR WEE Fol
ANSGeM SRS Uik, SY=RE, og=n) -
Foh, (=0 ver), SE=1F, 08-S Fth), of
A=, SH=RE, 03=9ie) B ANl 7 EE(
Aol $ il S=1E, 08-S Erhel tis) o
s=Hoz Brlect

SAHXE

A5 Ayl tist SAAE = SAIEA-S SAS(Statis-
tical Analysis System) 8.0 T2 1S o|&3}o] Yy} %
=AAE Jepidth. 2 A3 1] /98 AS5E 2
3la] ANOVAZ E4313 0 AlE 7HA=92 Duncan’s
AxS,

il

F¥

+

multiple range testE

22| FiEo| Htsty 54

Aot E (R, THHA X|E U S|E)

ga H ‘—%(1——9 /\U];g-) :‘;—L-?/‘l oL HL)'O/" oé]oo]:éjl‘x_‘} }6]'5]__ %—
IR A0 Table 13 2o Zeb, 22 9
FRIlERe. HALE 0] 27 wel xjolE Ryorm 1 &
o] i A 66.32% B 2T ohEF 2331%= ub
JE9 89% oS Ao, =AW P 232 7}
7} 391% 2 1.38%2] S R AR 7 g
74.98%, ZHl &k 14.51%F3L, A TS 6.57%E

Table 1. Chemical composition of duck by-products (Unit : %)
Duck by-products
Treatments
Liver Heart Gizzard Feet
Moisture 66.32+0.66 74.98+0.06 78.32+0.29 57.88+3.84
Crude protein 23.31+0.59 14.51+0.78 20.20+0.49 17.95+£3.40
Crude fat 3.91+0.58 6.57+0.65 0.57+0.02 13.90+1.32
Crude ash 1.38+0.00 0.87+0.04 0.90+0.02 0.28+0.02
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7 Boh F 9 22 o] =&
e i 78.32%E FANE FAHE = 7P =4 et
o A g A9 0.57%= 7P B
e £H 57.88%, ZEH 17.95% 2 ZX|H} [3.90%=
g2 FoHE) vlg) e o 2AEERe =
< 7S YEISITE e RikEe digh e BA4sh
A7 AF7E glo] Food Composition Table(2006)2] & -
AHEF) HlwEhd FESHERS g Y ke g5 &)
o]& Holx] gkgtom Tl dheke o] Tha) 9
7} 18.8%, 17.0%% 28] 7+3.31%) 2 791(20.20%)7} &
o] AR W)l H& S Bk AeEre 72 2
e "9 227t BRI AR A 28] 6.57%,
7 155%=2 28]9] AEEEo] v BozZ Yeiyth
Nam(1997)2 Q2|59 Zehilda} 2X|ke] gafo| zhz}
19.06%, 17.05%°.82 Ruslgsr 2 A7dutel nwst
o8 e T 1 29 eelsEYg 2ad g
g o ZAMES gheke uho AyE n o) e}
A Q8] HHE F 7 2 29 8sRY v ket
o] Fo} vhild FFo g 8ol 7leT AOZ AlRE
Ak
AT

O

2N

ofolizAt
98] BB FHY el 2HS BN Avks

Table 20 JEIQ oM & olu|w=at =R 71 20,566.8

%

Table 2. Amino acid of duck by-products

mg/100 g, 2% 13,304.5 mg/100 g, %] 19,512.5 mg/100 g
9 9k 17,528.1 mg/100 g 2 FARE9] FFo) we} x}o]
£ H3on ols FAHEY FRel uwel @iid Fheol
t27] gifoz FTE et Fakee] FiFo] i ofu
A S 7 A 2 29 AR AES 2o
o] B¢ e AdS Bk 1 A 2 291= glutamic
acid ko] 717} 2,885.28 mg/100 g, 3,514.58 mg/100 g
2 7P =4 vEisa 2ol A g8 FEelAe v
< S HQl glycined] dEFo] 3,931.78 mg/100 go. &
BN RE] HIE] =k proline, alanine & arginine 5=
g w2 IS Btk 1 9 oE oprit FRES
A B 29l Bl ulg v AdS Bt I
o}r| =4k histidine, arginine, methionone, phenyl alanine,
threonine, isoleucine, leucine, lysine, valine, tyrosine}> 7+
10,381.8 mg/100 g, A4 6,544.0 mg/100 g, < 9,015.1
mg/100g 2 9 5323.8 mg/100 g& & 7hS wlo] Haf oF
2 Ax =2 TS Bvk w3k 7] s ddd g
3} ol =2K(Glu, Cys, Met) g2 7t 3,580.8 mg/100 g,
A7 2,634.7mg/100 g 2 9] 4,233.4 mg/100 g 2 FA}
HSich. 8 PAHES] opuiedt 243 wasE 1 24
o FARRIARE Q% ohrlAlel A Aolg REW 1 F
leucine Q2] 74} A7olA 2+t 9.65% 2 9.46%C 2
o] 7H8.49%) R AF(8.28%)F AR S HYo
 glycine> 28] ZolA 6.69%E EHQl WA HS

Duck by-products

Treatments -
Liver Heart Gizzard Feet

Isoleucine 981.13+1.45 61.94+0.19 876.79+0.41 368.48+0.81
Leucine 1,986.13+1.32 1,253.54+6.3 1,664.69+0.86 839.50+7.78
Lysine 1,648.04+1.36 1,143.54+5.3 1,592.60+2.55 875.58+0.67
Methionine 561.94+0.19 389.52+0.88 612.26+0.65 264.06+1.49
Cystine 133.12+0.88 74.77£0.52 104.97+0.24 56.75+1.07
Phenyl alanine 963.39+2.38 517.50+1.99 595.41+0.86 291.51+1.82
Tyrosine 844.60+0.98 497.89+1.40 694.97+1.10 241.93+0.88
Threonine 989.04+1.75 640.89+1.68 920.92+0.45 464.49+0.83
Valine 1,310.54+1.32 739.21+1.48 916.21+1.55 525.32+1.44
Histidine 574.09+0.30 338.54+0.91 424.97+0.52 184.09+1.82
Arginine 1,371.65+0.64 895.58+2.02 1,410.32+1.3 1,515.89+4.97
Alanine 1,351.14+1.08 830.09+1.29 1,213.85+8.27 1,635.70+2.40
Aspartic acid 1,975.14+1.22 1,322.11£1.97 1,874.79+2.28 1,302.89+2.85
Glutamic acid 2,885.28+1.59 2,169.70+2.27 3,514.58+3.15 2,193.72+8.60
Glycine 1,086.45+1.92 719.52+0.69 1,303.16+2.74 3,931.78+9.31
Proline 946.91+1.29 565.34+0.65 926.43+1.80 2,225.79+1.15
Serine 953.68+7.95 575.74+2.35 849.40+3.26 611.13£0.25

Total 20,566.8 13,304.5 19,512.5 17,528.1
EAA? 10,381.8 6,544.0 9,015.1 5,323.8
Meaty flavor® 3,580.8 2,634.7 4,233.4 2,520.4

DContent: mg/100 g

YEAA: His, Arg, Met, Phe, Thr, Ile, Leu, Lys, Val, Try
Meaty flavor: Glu, Cys, Met
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10.96%= xfol& UeERAATH B4 opr|=qt e 29
£ ALZ b Al 93 FAFsEATHFood Com-
position Table, 2006). Lee et al(2012)2 Q| 4&-S 42
o) s 4 Ae) F oAl gE BAT A3k glycine
o] 71 =A YeRgt ATl Aspartic acid, glutamic
acid, threonine, proline & lycine 4+ 2]l =4
Th olvlicite] 24 3 B AR Wt HolE
Hd o 9t

271

L8 FAHEY FRol WE 7714 F/(Ca, P, Fe, Na,
K, Mg, Mn, Zn, Cu)¥ &S B3 2
2k AAHR] ke 2 A 4
HQl ¥hd we g2
=99 7he] o)A o]
ol 24.18 pg/go®E BE FAkEo] Hls|
A 19 g Fr1Ae B et A3e
(Na), 9= ZFHEK)P] 25 T 7P =& gFdo=z ¥
AR ZFolE BATE Q(PyS ZF 387.81 pglg, A
203.59 pg/g, =) 158.07 ug/g D 2+ 61.80 pg/gol Atk
(Fey2 ZH21.71 png/g)el 7F¢ =& AxE RYed o=
FRZFZRlo] 7ol Hol] F-iE7] HEeE A=
oh "My - 31045 pg/gre AeldE oAM=
AZFA] &34t} Food Composition Table(2006)01 2]&1A
o 1 vaws)] 2 28] 1A P K, Mg, Zn ¥ Cu
o] £ Aoz Yehyit

palmitic acid(C16:0y= %] 23.20%, 4173 22.23% 7oA
21.03% 2 9 18.01%E ol 713 9 Yehgon
stearic(C18:05= 7t 14.94%, 9] 12.02%, A1 5.40% 2
9 3.09%9] EXE Byt Ex3t XHRE = oleic acid
(C18:1)= oA 5238%F 7F =gkom A% 49.45%,

Table 3. Minerals content of duck by-products

=9 3531% 2 7t 32.60%329 linoleic(C18:2)0 A=
o] 15.67%=Z 7FF =4 YERdT}. Palmitoleic(C16:1)&
ol A 7.64%2 7P =kal A 4.33%, 9] 2.40%
2 7F 1.27%% 2o palmitic acid(C16:0)9} Hho)e] 73k
S H AT} Eicosadienoic(C20:2), eicosatrienoic(C20:3)3}
heneicosanoic(C21:0x 7l A 1.27%, 1.26% L 13.23%=

& 790l Hs) #=A4 veEeth 53 3e ke
9] FFHER stearic(C18:0) E palmitic acid(C16:0y= 7+
Z9lole A vetou A7 dol A= wlle w2 #
ZE BQl Aolok. o] FAHEY BXSAMAE s H
W R 7 T 52.73% 28] 48.6%Z FAISIAAIT 4]
e & 68.1% 28 70.1% E Y= H 61.2% 27
529%2 AFlA HEE Ex5} At o] #e A
S Bk AR 2 51.31%, 47 29.56%
=9 47.03%E E33 EXIA|URRS 1H(77.66%)2 A
ZH70.14%)°] FARBH =2 A3k Uehsto™ 291 52.97%
o} 7t 48.69% dHiF oz e B¥E Rt XA
WAHES A R] HIE2 W 349 F A 2352
UERATE Yang and Choi(2003)= Hal7]e] =2 AWkt
ZAJ o] plamitic acide(C16:0) 24.89%, oleic acid(C18:1)
42.93%, linoleic acid(C18:2) 14.81%, palmitoeic acid(C16:1)
7.12% 2 stearic acid(C18:0) 6.08%2-2 XE3FXHFAF 32.38%
2 B I 67.62%E HuSHed 2 Ao Bt
53 vlwe|Rd 7 290e edlsRg 23R &
Fe Fon EXsIAo] vrot Al ko] A A
W= s B o8 A FE SHsHE
Feke 7he] 79 3767 mg%l g 7 A Yehgon
21(175.6 mg%), A73(160.5 mg%) = 2H(137.8 mg%)2]
ME FrEe] TRl wet AolE Bk Helxde 3t
358 mg%, A4S 160 mg%, =9 200 mg%= 7t} 4]
Pl FARBIAIT 29 2ejolA v 73S Ryt

Y8 o

>

ko)

3 fo eyl

O:

HE (-20°C)MZof| 2 S}
pH H3}
28] BAMEo] WE(-20°C)4 el e A Hrh= 4

(Unit : pg/g, wet basis)

Duck by-products

Treatments
Liver Heart Gizzard Feet

Ca 1.50+0.01 1.50+0.02 0.90+0.03 24.18+0.02
P 387.81+0.10 203.59+0.04 158.07+0.04 61.80+0.07
Fe 21.71+0.02 4.25+0.01 4.35+0.02 0.84+0.02
Na 62.80+0.03 77.70+0.02 60.29+0.04 43.15+0.04
K 273.71+0.05 239.87+0.04 359.49+0.43 37.05+0.07
Mg 23.00+0.05 16.59+0.07 17.39+0.03 3.78+0.03
Mn 0.45+0.01 - - -

Zn 8.29+0.02 2.53+0.03 4.16x£0.01 0.75+0.01
Cu 6.58+0.02 0.24+0.01 0.06+0.01 0.02+0.00
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Table 4. Fatty acid composition and cholesterol content of duck by-products

Duck by-products

Treatments
Liver Heart Gizzard Feet

Myristic (C14:0) 0.24+0.00 0.71+0.02 0.62+0.01 0.69+0.01
Mpyristoleic (C14:1) - 0.14+0.00 - 0.23+0.00
Palmitic (C16:0) 21.03+0.30 22.23+0.26 23.20+0.17 18.01+0.11
Palmitoleic (C16:1) 1.27+0.04 4.33+0.09 2.40+0.01 7.64+0.07
Margaric (C17:0) - 0.14+0.00 - -
Margaroleic (C17:1) - 0.17+0.00 - 0.23+0.00
Stearic (C18:0) 14.94+0.34 5.40+0.16 12.02+0.09 3.09+0.00
Oleic (C18:1n9) 32.60+0.90 49.45+0.14 35.31+0.22 52.38+0.22
Linoleic (C18:2n6) 10.01+0.13 14.60+0.23 12.74+0.08 15.67+0.13
y-Linolenic (C18:3n6) 0.33+0.00 - - -
Linolenic (C18:3n3) 0.57+0.02 1.08+0.00 0.79+0.00 1.30+0.03
Arachidonic (C20:0) - 0.16+0.00 - -
Eicosenoic (C20:1) 0.40+0.00 0.46+0.00 0.49+0.00 0.44+0.00
Eicosadienoic (C20:2) 1.27+0.08 0.16+0.00 0.62+0.16 Trace
Eicosatrienoic (C20:3) 1.26+0.04 0.17+0.00 0.76+0.01 Trace
Heneicosanoic (C21:0) 13.23+0.54 1.35+0.00 7.82+0.09 0.47+0.00
Behenic (C22:0) 0.30+0.00 - - -
Tricosanoic (C23:0) 1.14+0.02 0.17+0.00 2.54+0.01 -
Lignoceric (C24:0) 0.81+0.03 - 0.83+0.01 -
Docosahexaenoic (C22:6n3) 1.26+0.08 - 0.53+0.00 -
SFAD (%) 51.31+0.77 29.86+0.22 47.03+0.16 22.26+0.10
USFA? (%) 48.69+0.77 70.14+0.22 52.97+0.16 77.66+0.21

MUFA? (%) 34.00+0.84 54.35+0.18 37.88+0.05 60.69+0.23

PUFAY (%) 14.69+0.12 15.79+0.09 15.09+0.11 16.97+0.16
USFA/SFA 0.95+0.03 2.35+0.02 1.13+0.01 3.49+0.02
PUFA/SFA 0.29+0.00 0.53+0.01 0.32+0.00 0.76+0.01
Cholesterol (mg%) 376.72+1.74 160.58+12.03 175.67+0.14 137.87+0.59

*- not detected

DSFA, saturated fatty acids

DYUSFA, unsaturated fatty acids
YMUFA, monounsaturated fatty acids
YPUFA, polyunsaturated fatty acids

1 52 VI DAL WED ARE sl
Wr1E ANSReR 23 RakEe) R A1)
WE pH WE Fig. o] UERIRIch. pHs e A1
7l whet G Aol fafEo] {714k, dHldte]=,
AT, ¢3s 2 7HEd Fol AdE] A5 ) dda
olEde] Wk, Al EafY A B hEYote] A
A i Fel AsEe AoZ BIEHUTHDeymer and
Vandekerckhove, 1979; Ketelarer ef al., 1974). L8542+
3] 27] pHe 6.560100™ A% 47 dell= pH 6.54 # Liver m Heart Gizzard < Feet
Uehllo] Ag7Iztel mhe frelHel Zfolg L)
2AUTH Ao A 1Y B2t 6.24-6.439] WHLE A%
Rt % Aole molA etk 2R A BRI
2 AG7IZ wE Aol HolA] ggkal el Ae- 4 pH S Eth AAF R FAEe W ATkt
4 AFshe &% pHE 7.15-7.409] WS BEdch 2E B &7] pHSF A 48 5<% pH Rzl FA Qe
ALl FAHE-S BT pH 69 WOE Uehfo] vz Zlo=® AdES

il o{N

Fig. 1. pH changes of duck by-products by storage at -20°C.
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Fig. 2. VBN changes of duck by-products by storage at -20°C.
*dMeans with different superscripts in the same row rep-
resent significant difference at p<0.05.
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Table 5. Microbes changes of duck by-products by storage at -20°C
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Storage (mon)

0 1 2 3 4
Liver 5.05+0.04° 4.29+0.05¢ 4.6840.02¢ 4.88+0.03" 4.15+0.09¢
Total Heart 5.474+0.03? 5.3240.05° 3.85+0.09¢ 3.9140.03¢ 4.19+0.03¢
microbes Gizzard 4.28+0.03¢ 4.78+0.28" 4.97+0.25% 5.53+0.00% 5.62+0.26"
Feet 3.98+0.04% 3.91+0.05° 3.87+0.04° 2.60+0.60° 3.0240.09
Liver 4.15+0.002 1.40+0.12¢ 1.85+0.18° 2.00+0.00° N.D-*
E coli Heart 4.15+0.00% 1.98+0.03¢ 2.2440.05° N.D.4 N.D4
) Gizzard 2.00+0.12° 1.74+0.06° 2.02+0.03¢ 3.4240.01% 3.08+0.04°
Feet 1.40+0.43% 1.00+0.00° 1.4040.12° N.D.* N.D.¢
Liver 3.3440.00° 2.06+0.19* 2.31+0.01° 2.18+0.21% 1.85+0.09°
Coliform Heart 4.36+0.00° 2.15+0.09¢ 2.38+0.03° 2.18+0.08¢ 1.54+1.30¢
bacteria Gizzard 2.45+0.16° 2.06+0.19¢ 1.90+0.04¢ 3.83+0.01° 4.04+0.00°
Feet 1.65+0.38% 1.40+0.12° 1.90+0.16° N.D. N.D.

N.D., not detected

*dMeans with different superscripts in the same row represent significant difference at p<0.05.
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Table 6. Sensory evaluation changes of duck by-products by storage at -20°C

Storage (mon)

0 2 3 4
Liver 8.0+1.0° 7.3+0.6° 6.3+0.6° 5.7+0.6° 4.7+0.6°

Heart 7.340.6° 7.340.6° 6.7+£0.6° 5.3+0.6" 5.3+0.6"

Appearance . a a b c ©

Gizzard 7.7+0.6 7.340.6 6.3£0.6 5.340.6 5.0£1.0

Feet 8.7+0.6% 7.340.6° 6.30.6° 6.30.6° 5.740.6°

Liver 8.0+1.0° 6.7+0.6° 5.7+0.6° 5.0£1.0° 4.3+0.6°

Color Heart 7.7+0.6 6.7+0.6° 6.3+0.6° 5.0£0.0° 4.0+1.0¢
Gizzard 7.7+0.6 7.3+0.6 6.3+0.4° 5.7+0.6 5.0+1.0¢
Feet 7.7+0.6 6.0+1.0° 6.0+1.0° 5.3+0.6° 5.0+1.0¢

Liver 2.3+0.6° 2.7+0.6° 3.7+0.6° 5.3+0.6 7.340.6*

Heart 2.7+0.6° 3.3£0.6 4.3+0.6° 5.3+0.6 7.040.0°

Off-flavor . d d . b .

Gizzard 2.3+0.6 2.7+0.6 4.3+0.6 5.340.6 7.3+1.2

Feet 2.0+0.0¢ 2.3+0.6° 3.340.6° 4.7+0.6° 6.7+0.6*

Liver 7.7+1.0° 7.0+£0.0° 6.0£0.0° 5.7£0.6° 3.0£1.0°

Overall Heart 7.340.6 6.7+0.6 6.3+0.6° 5.3+0.6° 3.3+0.6¢
acceptability Gizzard 7.7+0.6° 7.3£0.6° 6.3£0.6° 4.7+0.6° 3.3£0.6
Feet 8.3+0.6° 7.3+0.6° 6.0+1.0° 5.7+0.6° 4.30.6°

*Means with different superscripts in the same row represent significant difference at p<0.05.
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