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Determination of duck meat adulteration ratio in pork stuffing
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Abstract: Objective: This study aimed to determine the
proportion of duck adulteration in pork stuffing by gas chroma-
tography. Methods: Based on the analysis of characteristic fatty
acid types as well as contents in different meats by gas chroma-

tography., the standard fingerprint profiles of pork and duck were

established manually, and the chromatograms of duck
adulteration samples with 10%, 30%, 50% and 70%

adulteration in pork stuffing were analyzed. The characteristic
fatty acids of duck-pork were finally selected as lauric acid,
stearic acid, trans Behenic acid, and linoleic acid. The
adulteration experiment was simulated to establish the prediction
regression models of 0%, 10%, 30% ., 40% ., 50%, 60%. 70%
80%, 90% and 100% of adulterated meat samples with the char-
acteristic fatty acids, and the adulteration experiment was
verified for meat fillings with different adulteration amounts. Re-
sults: The R? value of the regression prediction model of this ex-

periment was greater than 0.99, and during the adulteration ex-
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periment verification, the actual minimum detection limit of the
adulterated samples was 0.5% when comparing the content of
characteristic fatty acids with the results in the regression predic-
tion model. Conclusion: The adulteration prediction model of this
study has good precision and accuracy.

Keywords: meat adulteration; fatty acids; gas chromatography;

quantitative analysis
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Table 1 Precision and stability of test results
(retention time of FA)
{64 6 Tl /min
A5 L
H i R T g iR R
1 14.176 17.383 17.975
2 14.168 17.375 17.926
3 14.132 17.386 17.931
4 14.129 17.385 17.931
5 14.134 17.335 17.923
""" RSD/¥% 0158 0124 0119

x2 BEUMRBEEERBER(BHBHEER)
Table 2 Precision and stability of test results
(peak area of FA)

U T
% e R T i /2 THR
1 6 517 33 027 103 582
2 6 587 34 378 108 673
3 6 638 33 865 100 388
4 6 773 32 758 106 837
5 6 585 33673 104 677
""" RSD/%  1.446 1944 3.021
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Table 3 Repeatability test results
(retention time of FA)
4 B 5[] / min
RIARESIE X

T i R fifi i3 iR bliiN
1 14.089 17.263 17.843
2 14.084 17.253 17.832
3 14.081 17.236 17.807
4 14.070 17.255 17.838
5 14.069 17.225 17.835

""" RSD/%  0.062 0090 0079
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Table 4 Repeatability test results (peak area of FA)

A ] R
SRR - - -

i R 1 i R MR
1 5 207 19 176 58 024
2 5217 19 355 58 429
3 3 405 19 549 58 573
4 3 386 18 743 56 387
5 3328 18 286 57 563

""" RSD/% 2983 2670  1.522
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Figure 1  GC chromatograms of pork fatty acid
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Table 5 Types and relative contents of fatty acids in pork

¥ W l‘jiﬁi W *; f
1 JEEMR(Ciz0) 9.626 3597 1.645
2 T ERERR(Ciso) 10.472 924 0.422
3 HWEREM(Ciio) 10.633 322 0.148
4 WEEMR(Cu,) 11.536 637 0.291
5 T HEERR(Cis.0) 12.576 482 0.220
6  ARHEER (Cie.0) 13.586 49 030 22.433
7 FERIMER (Cie.1) 14.176 6517 2.982
8 T EHM(Ciro) 15.418 1256 0.576
9 HEAEIR (Cis.o0) 17.383 33 027 15.111

10 MR (Cis.1) 17.975 103 582 47.395

11 IR (Cis.at) 18.127 828 0.378

12 IR (Cis.2) 18.359 922 0.422

13 M (Cis.orr) 18.853 8 831 4.040

14 AR (Coo.0) 20.033 542 0.249

15 Ak TR ER (Coo.n) 21.349 199 0.091

16 :'E(S(lt) M =THER o 573 0.262

17 AR (Coo,0) 23.289 2 303 1.054
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Figure 2 GC chromatograms of fatty acids in duck meat
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Table 6 Types and relative contents of fatty

acids in duck meat

R B8 1 i) g 5 17 R

350 Jig i 2 8 /min U 7T AR oy
1 AHMR(Cizo) 9.673 519 0.841
2 FRMEER (Cre.0) 13.581 14 618  23.812
3 KRR (Cie.1) 14.205 1182 1.919
4 BB (Cre 15.446 125 0.199
5 MARER (Cis.o) 17.367 7992  12.965
6 MR (Cis.1) 17.931 25138  40.776
7 RMER(Cigar) 18.191 1955 3.171
8 R (Cis.orr) 18.893 7720  12.523
9 AR (Coo.0) 20.083 203 0.330
10 =R IR (Coo,2) 21.405 320 0.517
11 W#ETR(Coz.0) 22.397 272 0.505

B 8. 11, 14 — Kk =4

12 B (Core) 22.965 156 0.255
13 FEAUIER (Coo,0) 23.341 1138 1.844
14 = ZRRASKR (Cozee) 28.093 125 0.206
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IR A B Coooy J3X8 P HP A 19 S TR - L XS DY AR AT A5 17
PR AR EH Conso o BEAM AR PV HIE PO 5 (Y 7 AE IR D7 R
AR EFH Cooso » R AT UM AE S A 16 15 20 B8 Th o2 15
FHCoo RAERGBRTHA., L, EE Coos
Cisoo s Casoorr B Con,o VN5 A —T P Y HEAE I M7 AR 247
27 BEREENBENRARMTHESE RDFHNER

=k
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R B R 5 Bk 2 TR R SO IR Ll R R A B
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S

1.648% ,15.13% , 5 P v A K R L 8 g B8 & &= & 5l
0.841%,12.959% 3¢ A H Wi A g i R 7 5397 TS A o

B i 2 T P B B I, 5 DY A 4B 4 R RE G L B 2
Wb, H R R g R 1 i W T R R R R RO I R
ErE o 4.041%0, M P R IR ' o 12.525%, M A
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Table 7 Significant difference analysis of fatty acid com-

position of pig and duck meat (n=3)

I 107 12 HA T P4

AR (Ciz.0) 1.648+0.003*  0.84140.004"
T = ke (Cia0) 0.422 —
A SRR (Craso) 0.148 —
A T REM R (Craa) 0.291 —
T+ HLERR (Cis.0) 0.220 —

FRAIR (Cis,0) 22.41140.049*  23.77840.031"

FEMR R (Cro.1) 2.94040.050°  1.18040.013b
+-EHERR (Crr.0) 0.576 0.199

i 5 iR (Cis.o)
R (Cis,1)
SR (Cig.im)

15.13040.025*  12.95940.008"

47.400+0.018*  40.734+0.047"

0.37540.011* 3.17140.004°

MR (Cis.2) 0.422 —
SR (Crs.orr) 4.04140.004*  12.52540.008"
AR (Cao.0) 0.24840.006*  0.318+0.026"
TR T ARTR (Cao.2) 0.0934+0.008*  0.5204+0.007"
11 #T R (Caz.,0) — 0.505

IFER (Coz.1) — _
M8, 11, 14 =+ Bk = I R
(Cy0.3)

AEA: TOR R (Ca.0)
Mi-4,7,10,13,16,19-—+
RS R (Coz,6)

0.262+0.006% 0.25240.004"

1.058£0.011¢ 1.834+0.010"

— 0.206

T =7 RORRM I TR R SRR 22 5 R 3 (P <C0.05)
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Table 8 Fatty acid types and relative contents of pork after mixing different proportions of duck meat

102615 A 30 %615 1) 50 %6 5 1] 709615 14
[E35d B PREEES g AEXTE OREART MEm MEXE RERT MR MEXSS (RER MR AEXE
A /min B H#/%  [8]/min il w/%  H/min B &/% H/min B ®H/%
1 HHEMR(Cro) 9.461 2541 1.569  9.525 5321 1444  9.461 2449 1305  9.489 2542 1.131
2 T EBEM(Cio) 10.306 596  0.367  10.365 1376 0414  10.307 445 0.238  10.488 123 0.053
3 AEREBIE(Cu) 11.348 403 0.250 11.412 1070 0321  11.353 333 0.177  11.377 301 0.131
4 FHEER(Ciso) 12.374 293 0.180  12.441 686  0.206 12381 206 0.111  12.408 175 0.076
5 AEHER (Cis.0) 13.363 38 077 23.509  13.446 74220 23.451  13.376 44 238 23.564  13.418 54 772 23.738
6 ARHEHER (Cis.1) 13.961 4384 2.706  14.041 10017  3.009  13.965 4388 2.338 13.997 5012 2.172
7 FEBER(Ciro 15.189 832 0513 15261 1861 0559 15194 729 3.879 15226 765 0.332
8 SRR (Cis.0) 17.120 22858 14.112  17.237 48 184 13.802  17.135 25 116 13.377  17.175 30 167 13.060
9 HEE(Cis.) 17.703 68 992 42596  17.841 153 250 46.033  17.725 77 929 41.509  17.769 97 271 42.156
10 JTMFR(Crsair) 17.775 3463 2138  18.067 1245 0374 17797 4295 2.288 17.838 5570 2.413
11 WAHR(Cigo) 18111 479  0.296 18.193 158 0477 18118 558 0.298 18.118 596 0.079
12 JZE IR (Cis.orr) 18.611 9535 5.673 18.693 13681 6.706  18.637 15341 8.172  18.637 21407 9.678
13 JEAEFR(Cooso) 19.789 458 0.282  19.859 815  0.245  19.802 569 0.302  19.802 737 0.319
14 B IRIR (Cooyo) 21.084 474 0.294  21.153 463 0139  21.102 680 0.363 21.102 888 0.385
15 WIHFAR(Cazao) 22.062 224 0.126  22.101 106 0171  22.078 430 0.229  22.103 636 0.276
M 8,11, 14—+ = I R
16 Cos 23.025 1847 1.139  23.093 3177 0955 23.041 2515 1.339  23.041 3252 1.410
af —— x9 BHBAESBZXAHKEREBSEMNEAFUZR
12 Table 9 Regression prediction model of duck meat incor-
<10 poration and fatty acid content of adulterated
i 2 8r =y,
G gl v//+' Coo meats
S 4l =+ G P . ;
v Coy 417 7 )7 7% R
3: - — 1 Y jpm = —0.007 12+1.642 6 0.998 5
‘ 20 20 60 ‘ 2 Yigpm = —0.017 22 +14.274 0.997 6
LIS NS
Duck meat dosage/% 3 Y wmm =0.069 12 +4.837 0.996 8
B3 HAmAE TSR RSB ETN T 4 Yusw=0.002 72 +0.093 3 0.997 7

Figure 3 Changes of fatty acid composition in
adulterated meat samples with the dosage

of duck meat
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VA B S8 5 AT AR ) M L R i R R B IR R L R
MR L LU AT R AR A RRAE AR TR T % 52 i R R 1B 22 S Y
Ze [l U350 T, S AN 9 BT 4 [n] U3 0900 488 78, o8 O 3 AT
RS Y B A

FH 9 Al 4 AN EHE R A R (E3>0.99, £
FRAREP BT E R 4 FAFIEIE iR & B SN B AR A
BRI MR, 5 R ERFECT M IT 4 R AR

I8 AR 5SRO B AR M EE L R TR T A A A
Bk 0.5% , A 8w R,
2.8 HEBFAHEMNERRIE

K TR P A5 2 0 PR TR A IR L 3% 10,

H 10 M. SHS I A BN 4%,8%,16%,32% .,
64 VoI, 5 A 48 A i T (B A9 AH KT A 7 R 25 (RSD) Ry
1.31%~9.52% ,RSD {1 <C10% ., [l % 101.00 % ~
104.25% . R UATS 15 A =4 %0 i AR 4 3 2 9 A B IR
RS TR 2 W TR L LU+ R 4 i 40F i I R 9T 2 <7 f) [ 1
O ASE H AT AR g 1) v T R RORG 25
3 &5

Xof 5 AR 0 3 0 A WU A R A 2 PR Y S
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Table 10 Predicted value and recovery rate of duck meat %

5 R 45 T {8 I

N 411 4l 2 413 41 4 FHME RSD
4 3.61 4.13 4.73 4.22 4.17 9.52 104.25
8 7.80 7.97 8.51 8.03 8.08 3.26 101.00
16 16.28 16.80 16.28 16.55 16.48 1.31 103.00
32 33.18 31.86 32.21 33.22 32.62 1.83 101.94
64 65.86 63.31 64.27 65.44 64.72 1.55 101.12

TiE AT T WS AR B H R IR R I il R A
L R AT A S 0 9 — T A IR & 48 2% DY W 9 R AL I 107 TR
A 4B AL 15 2 PR A B9 4R AT AR 7 19 B4 500 [ 0 A5 2
RAEFI™0.99, 8 2% PIAE ) S A R 0,504, 1l W] 3
i L5 ks ST A 4B A TN A LA AR G A M B R ROR
JE . J AT 6E G b AR 2 B 4B 2 YRR BE AT AT T L OF X I 4
Tk — 2B AR AL DU AR5 2% PR A R AR A HH B

5% Lk
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