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Abstract: The quality analysis of four brands of duck liver sauce was carried out to determine the color, pH, thiobar bituric acid
reactive substance (TBARS), emulsification stability, thermal stability, free fatty acids (FFA) and sensory qualities, and the quality
evaluation model was established by principal component analysis. The results showed that lard, duck fat, and cream increased the
lightness (L") of LF and LH duck liver sauce to 64.36 and 63.31, respectively. Red wine and sodium nitrite significantly increased the
redness (a") of MA duck liver sauce to 10.41 (P<0.05) and reduced the fat oxidation degree with a TBARS value of 3.5 mg MDA/kg.
Emulsification stability and thermal stability were significantly better (P<0.05) than those of LF and LH duck liver sauce (90.47% and
86.26%, respectively). Among the 17 FFAs, the FFA content of JN and MA duck liver sauce was significantly higher than that of LF and
LH duck liver sauce (P<0.05). MA duck liver sauce had the highest content of polyunsaturated fatty acids (PUFA) (7.94 mg/g) and the
highest sensory score (4.2). The quality evaluation model was F=(0.64F1+0.3F>)/0.94, and the MA duck liver sauce had the highest
composite score of 10.92, followed by JN duck liver sauce with 10.45. The key quality indicators included texture, odor, ¢ and saturated
fatty acids (SFA) content. The principal component analysis method could effectively evaluate the quality of duck liver sauce, and the
above results provided a reference for the subsequent instrumental determination combined with sensory analysis of duck liver sauce
quality.
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PR 52N Tk e v 2 80 T2 5o, AFR A IR A8 FHAIK 7 & Bl . MA TS 1) o (E 2%
=T LF P9/ (P<0.05) , WIRELLIN H & K5 4000 SR AN IR N 2 T BUE AR 1) o "B THE ) b E R IET
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Table 3 The color and pH differences of four kinds of commercially available duck liver sauce

N A L a* b

LF 64.36+0.11*  6.56+0.03¢ 22.75+0.212
LH 63.31+0.04*  10.03+£0.17* 19.16+0.07°
IN 62.00+0.20°  10.58+0.16° 16.94+0.02¢
MA 60.39+£5.93¢  10.41+0.05* 16.36+0.04¢

E: AR FEEATRNEFRE (P<0.05), TH.
22 AMTWEBRFENREEMITZR

T PR N B AR AE B SRR S S I RE 77 BRI 1 BT, 4 FRESAT % b LH B9 RT 5 o Ae e k. ik
FRE SN 63.94%. 70.15%, LT R0 3 MHGHTE (P<0.05) , XHIHES LH MR & D 7 95 A .
Wy & A B I T, IR R v 2 G R B N DT e, 2 (S s B AR A, (E A ] BRI
HEawtk, B RAMRE T, BIimTaES 2B k. IN A MA R WS T 2L AR e PR ke s vk BB A0 T
LF f1 LH f 8 (P<0.05) , MA S5 o s i 3 5 e RS B 25 V8 N R A A R e e RN FLAG TR, A3 B
T A T S IR AT, eI B T AL R AR ELAE g, (R T PR AR e 1 = 4ERIREE R, AL
B ik 7 AL SRR, R, IR o R I AKAH R B, JkaR T AL KIS S a R, AT L R I 1
BAATENE (P<0.05) o b4, IN PSSR T XS ERUNIN T FRAUMNA BHERCR, X EeRRL 1 2R R 2
My A G, KHIEZM AR AL I R B T RURE R, AR TSRS TE AN T AR S s B . 1K R AR
PrEAFE I AR 3, DR SR RIERY, T T N AT AR e
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Fig.1 Stability differences of four kinds of commercially available duck liver sauce

E: AR FEEATRNEFRE (P<0.05), TH.
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TBARS {8 7] LA SR 2 7 g 07 S8 A0 R 2 P2 0 2 8, Ko A Aff J ke DAY 1) o oo g 7 SR AL R B A o 8 7 3230,
M AT 1) pH (5 2 R A 56 UERMHTEERE . b b A2 P A I A28 NI A SO T 545 ) , B8R pH 2
01 R A A A 42 ) A K DB R B R A AT iE K HIS P38 R 5 3 b 1 2 mT T, ING M TS /3% (1) TBARS
HEZMKT LF. LH W% (P<0.05) , Arag S5/ =ik, Jraibm & M o, IN BT pH {4
N 725, BEETHAMATE (P<0.05) , TBARS fH N 3.1 mg MDA/kg, 7E 4 Fhis AT o g i AL FE S f Ak,
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FEAET ARG IR & 8&8UC, BUE 7 BARRI RN EAREE . MA B9 TBARS {64 3.5 mg MDA/kg, fE 4
TS i vp IS 7 A AL R FE AR ST A, TR R v BELE T MA BSRT & bS5 PUOR MR AN . AN R NS5 2 Fh A A7),
526 TR 771 e 0% 5 15 JH 6 D 580N N Tk A b ) IR BT 446 Y. LE . LH B9 i) TBARS 18 73 71 4 6.00 .
7.60 mg MDA/kg, LF M- iy P S SR, LH S -6 b R @00y, 33 69l i 25 0 177 52 T 1S A 2 10/ ) [
iy G RS I 1K) TBARS fH . (EJEIT AR EAUR R T30 . L2280 PB4 Mr, a2k
JUT TR A BRI 2 M 2), R b R S — 2D R AN () ot RN P36 7 i 77 PR ZE R

15 a w75 =3 TBARS

- PN 70 —— pH
ot P \b
= c g -
g 104 ({,//I/ 6.5
= a 6.0
s0 =
g b Lss =
0
g2 3 . ¢ Fso0
-]
F H ﬂ [ 4.5

0 T T T T 4.0

LF LH IN MA
i 1L 50

2 4 T ERSATERY TBARS Fl pH FIE S
Fig.2 Differences in TBARS and pH of four kinds of commercially available duck liver sauce
24 4T E AT 8 FFA 47
® 4 4 M ERSATE TR AR AVEMR (me/g)

Table 4 Composition of free fatty acids in commercially available duck liver sauce (mg/g)

e B B ki
LF LH N MA

TEFES (C6:0) - - 0.04:0.00° -

FEFE (C8:0) - 0.04+0.00° 0.1£0.00° -
FRERF B (C10:0) - 0.12+0.00° 0.34+0.01° 0.08+0.01¢
AAEE (C12:0) 0.03+0.00° - 0.51+0.012 0.09+0.01°
W2 ER (C14:0) 0.850.01¢ 1.29+0.01° 2.52+0.04° 1.31£0.01°
+ ZAE (C15:0) - 0.05+0.00° - 0.07+0.00°
AZARER (C16:0) 28.74+0.01° 25.76+0.08° 27.89+0.11% 30.39+1.94°
+-LsE (C17:0) - 0.05+0.00¢ 0.45+0.00° 0.37+0.01°
A5 (C18:0) 20.07£0.18? 18.82+0.06° 16.06+0.07° 15.25+1.21%
FeA B (C20:1) 0.14+0.01¢ 0.14+0.00¢ 0.23+0.00° 0.25+0.00°

W EFEdmER (Cl4:1) 0.0520.00° - - -
AFABER (C16:1) 2.730.00° 2.55+0.04 2.65+0.11% 2.81£0.01°
ok —WER (C20:1) 0.49+0.01° 0.72+0.012 - 0.04:£0.00¢
Tih#g (C18:2n6) 0.53+0.01° 0.54+0.00° 6.89+0.132 7.37+0.35

T pxBR (C18:3n3) - - 0.125+0.01° -

— A BB (C20:5n3) 0.05+0.00° - - -
— A HER (C20:4n6) 0.28+0.01° 0.32+0.04° - 0.58+0.02°
SFA 49.82+0.19° 46.26+0.03¢ 48.08+0.20° 47.79+0.73b
MUFA 3.27+0.01° 3.27+0.06° 2.65+0.11° 2.85+0.01°
PUFA 0.81+0.01° 0.9+0.04¢ 7.14+0.14b 7.94+0.33
PUFA/SFA 0.02+0.00° 0.02:£0.00¢ 0.15+0.00° 0.17+0.012
FFA 53.89+0.20° 50.43+0.12¢ 57.87+0.16b 58.57+0.4

i: SFA: fafelsliit; MUFA: $ RibAfshiik; FFA: 2#BISH; PUFA: % TMaAlgiig - At
JiE R A RR S AN & B R MM AT TR AL JADRINI OGBS R IO AN RN I 5 HL LA I LA E T 7
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IEEERO, MR 4 T HD, 4 T G R S S A W Y 17 B FFA, JLH SFA 10 Ff, A1 A0 AR B
(Monounsaturated fatty acids, MUFA) 3 ffi, PUFA4 fft, JrokRiEmR. BEARIR. W2 T2 EMR. SFA M
WFE BN (Essential Fatty Acids, EFA) [ 7 &2 M7 &y 8 S 7R E =R W B 2R FR27, A AIAE I R A %
Mg, P IAE . PRCAHE RESEEA], LF A LH B9/H-% o PUFA & & 2 E1KT IN M MA B (P<0.05) ,
LF A1 LH /-3 76 50 T 580 7% o PUFA W% 2 85 S8 A0 28T, DT FEAIS T ANBAIEE . PUFA 55 SFA EE{B (PUFA/SFA)
TR E SRR S RN E R E B bR . IN. MA HSHF% PUFA/SFA I1E 25128 0.15 F10.17, &3 & T LF.
LH BH# (P<0.05) . JUHZ IN &, RERT&EA R, (HH FFA S&+E, XRS5
BHOEEEA 2. IN AT ER TRORT, BN TS, AEAER, ENrSHEHRALESE, MAAT S
AR WENEER . ThER. T ERANTE AR DUIA IR 55 2 PRI IR b Ah, XS BT P o MUFA F PUFA [1EE
B B0, H AR, 7E 4 MRS IFE b, TN R MA B9 FFF5 ob 1t S ik B ATE R IR 1 5 B 19 38 i T A
b RS % (P<0.05) , HL IR AL BRI #/2 B 221 EFA, #C IN A1 MA HOJH- 5 B 3 & 78 F2 0 E -

2.5 4 Fb €A E R BTN 24T

AUS ik
3 4MHEMFEREESR
Fig.3 Sensory differences of four kinds of commercially available duck liver sauce
XF 4 F i GG AR B AR WERK 4 AN TTTHEAT ST VT, AR 3 AR ANIR] ARG
& FRCE PP A R E 2R (P<0.05) , LH MAFE RUOULEF IR Nl 2> B R L RO ™ 5, JUm T 8 IR i 58 BE 1L,
WOIMILVE S A0 EURVE53 9 3.07 #03.11, BT 5340 3 TSI (P<0.05) o IN 1l MA BS54 1K) & B 1753 1)
£ 3.8 DAL, BEARRE s ERG, Horh IN IS HHERCRHH AN 1% A RIS A, FL & oA = b IS 3 B0A 1 R R
MA PG PSS e, 2000 BREE R R G VR I AT L2 BRI RN = 5 R, 7™ B R B In 6
MA PSSR BV N 4.2, BEFmTHA =4 (P<0.05) , MA M PSR MEREN . AR B 5P 1L
FIRT LA A AR BT, BRI IR A ARSI T OKIE . RREE, R R AT .
LREWTH, MA M BAT AR i

2.6 4 7k E T AT B9 A28 AT 1B AE K AT

X 15 AMESREEATAHCVE AT, T s 2 (B AFAEAN AR BE I IE AR SCER S AR G . Al 4 B, bW S 3
e . AFaet B FASC (P<0.01) , FLARR 1 2 L ARTR W B2 ok & BB A= 1 & ke Bk
SEARHER JIRAEREI, X TSR B AP URD i B o SR RO, — iR VB I, R ARk T L B A oy
FIEM BB HE TS, SULHAETM LRI RE T, AT 52 5 5t 5 Ab B2, PEvk . RWkS PUFA 4
BIEEE (P<0.05) IEAHX, PUFA TEMAGEFEF IS S 2Rk RN R KBRS , XU N AT
PLP=AE Z Rl ARAL A9, AT RS MR & B3GR R 43R . TBARS 550k KRR 2R EE ML (P<0.01) , 5
MEFEMERBE ML (P<0.05) , TERAMS=EZH (B HERENEY, XEEDTRAEGARM
ARFIRRE, S0 A S AR R AR R . 4 TBARS HE R, RN ENFEE RS, 1R T UG AR IR
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2, HANUMUIR 7 R ™ A5 00 7= A S8 A 77 A e 5 Wi R P A 1P T e I G i A e 330,

BeAh, Ak LA o' BMEEREEIEMS (P<0.01) , 1 SFA R2MREZEFAHL (P<0.01) , HAT
BN TR AL AR T R B RARN, UHZE LME. oM. bERREIK. EAEERZ, HiE
SRR B . AORAIBRIETR AR, FEM R I B 173 BY . SFA 8 B0 & b AR STk BN, BIA
OB AR R A YR EBER YD, SFA & 555 a0 (1S 5% vl g Ak e 55 051,

069 029 09 092 -081 004 058 031  -088 086 083 029 071 087
6 020 061 000 032 076 096 085 083 053 049
9 097 090 037 026 -0.16  0.08  -083  -047 058

ok * *

031 062 095 076 088  0.03  -091 099

045 046 060 032 076 -0.92 [
033 006 -039  -0.11 032 039 0.5

£
Y
3
s
=

n
H C N
gls =m . y
m . i
= «mEN -
H» N o

HE EEE=N

H- 1 [ B

A gy %:v&?;%&é‘vg‘v S‘Y’

BN

4 AMTHEBREREESR
Fig.4 Sensory differences of four kinds of commercially available duck liver sauce
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Fig.6 Principal component analysis scatter
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Table 5 Eigenvalues and cumulative contribution rate of correlation matrix
RS WAL T ETRE/%  ERFT ETKRE%
Fy 9.57 63.92 63.82
£ 4.52 30.13 93.95
R 6 THNFEEE

Table 6 Eigenvectors of principal components

L Hhe 2AS
F b

X s, 0.10 0.03
X Sy 0.09 0.16
X; Aok 0.02 -0.20
Xa R 0.11 0.02
X; fok 0.10 -0.03
X L -0.07 0.10
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X7 a’ 0.01 -0.22
Xz b -0.06 0.15
Xo pH 0.07 -0.05
Xio TBARS -0.11 -0.03
X EW Y- -0.10 0.12
X2 #AL T 0.11 0.06
X3 SFA 0.04 0.22
Xia MUFA -0.10 0.04
Xis PUFA 0.10 -0.05

®7 4 M ERFERRITS

Table 7 Quality grading of four kinds of commercially available duck liver sauce

. YT
I i) F
LF -3.09 34.14 8.80
LH -3.05 28.57 7.04
IN -0.01 32.75 10.45
MA -0.43 35.13 10.92
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7, ERRI, 4 MHHTEMIET SRS, IN. MA BEGE150 &5, 298 1045, 10.92; LF. LH 0
I s B3 B/, 00N 8.8 7.04, MA BSRT 54 AR . Kk, Fa TR 4 Fhoi G0 T
B, MA RO a5 LR .

3 #ip

Xt 4 R ERS AT G2 AR E . PFaE k. pH. TBARS A B8 i 5 BR1EAT I I3 3 B 2
MBS SR VP AR . 25 R0, MA M FL LA BTN 90.47%, #AFaENEN 86.26%, &E M T LF M
¥ A1 LH MAT% (P<0.05) , 3 H TBARS ffi N 3.5 mg MDA/kg, #iH MA TF5 g 7 S AL FEEE I, 3X ]
AefS o T HEC T HF 20 AN IRt S A E . (A ERERZ, MA 9% PUFA &85 7.94 mg/g, H
ARUFHIEFFME . fEREN T, MA P&V &k 4.2, XEHEEE (oMEH 104D  Fith, S0k
75 TR (W AH B EAIE . S8 I 26 2 o0 A A (S S B OISR F= (0.64F1+0.3F2) /0.94, L 4 iy T
B Vs, MA WS LR S5 0 femr, 1430 1092, IN PSR, 58958 1045, FIIES BT 3 By
SIHTRIATIHL, SR, o™ E T SFA J2& 5% M FS T 5 i 07 1) SRV A o R 28 1023 0 A2 ) A 1 i 5 S A o
SRV AR S I o, o i B4 A A AR AU SR AR TE I I AR W R B — e S 0.
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