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Abstract; Objective A targeted metabolomics based on gas chromatography-mass spectrometry ( GC-MS) was

established for the authentication of sea duck eggs.

Methods In this study, gas chromatography-mass spectrometry was

used to characterize the fat acid profiles of sea duck eggs and cage duck eggs. Chemometrics was used to analyze the
difference between sea duck eggs and cage duck eggs to screen the markers that could be used to identify the authenticity of
sea duck eggs. Results Omega-3 faity acids ({2-3) in sea duck eggs account for a higher proportion of total fatty acids
than cage duck eggs, and there were significant differences (1=23.58, P<0.05). Sea duck eggs and cage duck eggs were
distinguished by principal component analysis. FEicosapentaenoic acid ( EPA) and docosahexaenoic acid ( DHA) were
screened by orthogonal partial least squares discriminant analysis that contributed the most to the difference of sea duck eggs

and cage duck eggs. EPA was detected only in sea duck eggs, and the content of DHA in sea duck eggs was higher than

that of cage duck eggs. Conclusion This study showed that EPA and DHA can be used as a reliable marker to

authenticate sea duck eggs.
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Table 1  Retention time, linear equations, correlation coefficients and LOD of fatty acids

e s A %Eﬁ ept i R /’Zﬁmt:ff)
T C4:0 9.27 2~60 y=145421. 7x-78357. 20 0.998 1 0. 042
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Figure 1 Total fatty acids in cage sea eggs and cage duck eggs

Figure 2 Total saturated fatty acid content in sea

and cage duck eggs
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Table 2 Fatty acid content in sea and cage duck eggs
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Figure 3 Unsaturated fatty acid content in sea duck

eggs and cage duck eggs
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Table 3  Unsaturated fatty acid content in sea and cage duck eggs

N gty

MR & B/ (2/100 g SRR )

LR TG
+PUR— I R C14:1N5 Fe Ry Je ki
T HR— R C15:1N5 KA FA
TNtk TR C16:1N7 2.55 +0.31 1. 980. 30

FLk—HiR C17:1N7 PN o KA
SR AN e C18:1N9T 0.31 +0. 08 0.30£0. 07
R C18:1N9C 47.82 +2. 66 49.83+2. 18
S \BR IR C18:2N6T ERhY Heke
IR C18:2N6C 8.81 +2.52 8.96x1.49
y- R C18:3N6 0.22 0. 04° 0.40+0. 12"
- RRR C18:3N3 0.50 +0. 04 0.450. 11
ZBR—IEIR €20:1N9 0. 30 +0. 08 0. 46+0. 08
A IR C20:2N6 0.30 +0. 02 0.37+0. 14
M-8, 11, 14- -k =R C20:3N6 0.53 +0. 04 0. 63x0. 09
Mi-11,14,17-— B =458 (20:3N3 A EN oA
iy S ] C22:1N9 EN oY A
A6 DU TR (20:4N6 A H At
T TR CIRTR (22:2N6 e Fedar
e SN €20:5N3 0.78 +0. 14° Kt
PR — SR (24:1N9 KA EN oA
T RS R (22:6N3 3.99 +0. 47° 0.95+0. 11"

I AT PR R FOR 253 A G2 R, P<0. 05



T ) A L 2 S L P G B —— K B 4%

—255—

RS . ARG A AR (35 R 4R Eidie | 1l
i Al 2 WO A BCHE TP 2 R T LA T X g
RS SR TN B SR NG 2R 00 22 S b i ), 0 B A T e 2
IAUE . B A BRER RN Simea W] DA R SEBAL 2401
B2 SV B P Simea R 550 0 HS 17 FRSCHR
HE 4T £ B 43 43 B (principal component analysis,
PCA) FiMfi f5c /> — 3 #1531 43 BT ( partial least squares-
discrimination analysis, PLS-DA) , 3} f5 1§13 25 1 %8
FRMG IR o3 B O, B AT ] TR 8 O S Y
R,

PCA VER—Bh iz i R s R e 5, B Y
TE TR 2> 23 46 bm 5 A o A BO LA A AH SG B
LREHEbR XS ER B FRARURAAAE TS P A 2% 28
58, it PCA 1553 B AT DL SRAG 118 2 F0 78 720
BETEE L, B4 RoR T RS A RN O SR A Y
PCA 7353, NIRRT DL H TS 25 R0 8 75 1 2R 1Y
B IX 53, {H PCA 1B —Fh JC B W ge it o s
B BARTT LU I 22 5 (E T AN BEIX 73 i Sk 22 S
SRRV T H ARG S B FE S, R T E B
T AN RIS A o 4 0 22 ok IR, i — 0 AT T
PLS-DA 4347,

PLS-DA BRI BEAE IR S I A AL (2 i)
FIRE L (WAL ) Z AR K AR, IF 7R 28 i fE MLAR
TR AR 2E T . AR R PLS-DA A7
H1,R? Xeum (X 72 & AL R A BEBE T ) \R® Yeum
(Y Az AL A i BERE 77 ) Fl Q% cum (TIIN AE 7 )
43914 0.599 0. 946 F1 0. 933, 3x ¢ W iZ LRI 40 &
BARRCR BAF . B A B A 7r 28 PLS-DA
AR r B 40 A KUK B 7 AL AT DUAR
B Wl DX 3 o AR AT 5 A R AR 2 T s 20 6 BAR
2212 T B T AR AT B R,
RIS R At B0 7 AR IC BEALET L, XA AT
JIGUPRP e A, DA e T A A ASE AR ) Y o R
— PR A B BB S 200 IR, ARSI — D ATEERY
AW BB R Q2 MIIHZAE » Bl R

a 04

02 y -

N iy

0

-

02

04

04 02 0 02 04
B

ERA
o ~
]
o
e® o
(@)
0
(]
Py
-ﬂ
& A\
=
e y
-

or % Vi
!l EAmEew | &
8 e %e®
® /|
4 . e
b 6 4 2 0 2 4
B—F RS

P4 RS AT SRIG S AR TR ALY PCA 1520
Figure 4 PCA score plot of sea duck eggs and cage duck eggs

(PLS-DA): Validate Model e R2
Intercepts: R>=(0.0, 0.0905), Q>=(0.0, -0.314) = Q2
,—:‘«’"
0.8 e
R2fif 06
0.4 0;
0.2 I' l
of o
-0.2 I I .
Q21 d
-0.4 5 - -
0.2 02 04 06 08 1.0

5 R (R RO

5 PLS-DA LRHY A A 5
Figure 5 Permutation test plots of PLS-DA model

INT 0, TEEBK IR (K 5),Q2 BIHZLAE ¥
b b B #REE A -0, 314, B /NT 0, X B B 8 A7 Y
PLS-DA A58 BA7 n] FEdE

£ PLS-DA BE7 ™ A (45353 ] (B 6a) H, AT LA
BH 5 DX 73V A RN 3R 1 2, O ELRE b AL P9 AR R
RBAF RIS, PLS-DA B A: il 2 far (&1 (141 6b)
A FH T 0 30 X6 P 4L R A 2L 18] 23 25 STk Ak &9,
B I SR Y R A 2 pr ik, AEAI g, =
0 L TR AR S o R X T W R 2
B TAR R K, Her A R AN A VS
R, T R N R A I R 2 P B

1.0 |

05 F

T RS R 1) i

0.5 1

-

-1.0 1

-15 7T

4 2 0 2 4
AR

6 MG E M TEIRNG & PR TR 4R PLS-DA 133K (a) S8 # (b)
Figure 6 PLS-DA score plot (a) and loading plot (b) of sea duck eggs and cage duck eggs



HrE R AR AR

—256—

CHINESE JOURNAL OF FOOD HYGIENE

2020 4E4F 32 455 3 1

FREFENGHE X R A IR M N
15 ] LAAE A v 08 25 ) b s 4, AT TS 2 7 N I
SEPEIAE,

3 NG

A FE T TR 1) A 4 A T ik AT VS 2R
FLARMERIITTE o AR5 - 5T 3% She A6 0 ¥ 1S 28
GEFEMG N B IR i K B, NS Q-3 7E
SIEWTRR R s TR &, 2R A S
FEL(P<0.05) , Horb — - T4 R AU A g 1 2 rh
Rith, - RS IR 22 Rl B W, i — 2R
FR AR 2 1t 2 % T B 28 RN 8 77 15 2 v i) g I 1R
?%Wﬂﬁﬁﬂ:+%£%“ﬂ:+:%ﬁ%
TR T R S TRE TS B 0 B R 4, R AT v 2R P N
ﬁ%ﬁoﬁﬁ%ﬁﬁﬂﬁﬂﬁé%%kTﬁ*
Tk

5% 30k

[1] XULL, ZHAO Y, XU M S, et al. Changes in aggregation
behavior of raw and cooked salted egg yolks during pickling [J].
Food Hydrocolloids, 2018, 80(1) ; 68-77.

[2] TBE . PRGN T B = IR K & [T ].
&, 2019, 41(15) ; 74-76.

(3] VPR AR X R AR B R, M0 A P BT
DB45/T 1614—2017 [S]. J V4. T~ AR X i f AR
W R, 2017.

[4] SRR, F¥5%, BIE, % PONENE IR KR R
R [J]. TTPEARAR, 2012, 27(4) : 56-58.

[5] BEFREh ) PudefpE g s 5= LI ae 4l /o[ D].
MR AR, 2013.

[ 6] KRR, F575, 568,55, RIS & I -5 & 0 B
Mi[J]. FEEEML, 2014, 10(6) : 134-136.

[ 7] R, XISFE, BRI, 5. Sl % 1CP-MS e ) v
JCHR NG A P A B R E (D], ARSI A, 2012,
21(4): 27-30.

[ 8] Himf. D5 | JLiHighs iR H# 45 TTH0 2 1E 70% ) 1Y
BRI SZ A ND. JLIGREHR, 2018-04-26(04).

[9] JOHNSON A E, SIDWICK K L, PIRGOZLIEV V R, et al.

%

Metabonomic profiling of chicken eggs during storage using high-
performance liquid chromatography-quadrupole time-of-flight mass

spectrometry[ J]. Anal Chem, 2018, 90(12) ; 7489-7494.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

DITTGEN C L, HOFFMANN J F, CHAVES F C, et al
Discrimination of genotype and geographical origin of black rice
grown in Brazil by LC-MS analysis of phenolics [ J]. Food
Chem, 2019, 288(3) : 297-305.

JOHNSON A E, SIDWICK K L, PIRGOZLIEV V R, et al. The
use of metabonomics to uncover differences between the small
molecule profiles of eggs from cage and barn housing systems[ J].
Food Control, 2019, 100(1) : 165-170.

SAMMAN S, KUNG F P, CARTER L M, et al. Fatty acid
composition of certified organic, conventional and omega-3 eggs
[J]. Food Chem, 2009, 116(4): 911-914.

Fraeye I, BRUNEEL C, LEMAHIEU C, et al. Dietary
enrichment of eggs with omega-3 fatty acids: a review [ J]. Food
Research International, 2012, 48(2) : 961-969.

A AR ORI IR TR O AR AR ()], £
L4, 2018(30) ; 128-135.

KUMAR F, TYAGI P K, MIR N A, et al. Dietary flaxseed and
turmeric is a novel strategy to enrich chicken meat with long chain
-3 polyunsaturated fatty acids with better oxidative stability and
functional properties [ J]. Food Chem, 2020, 305: 1-8.

LI W J, LIU X, WANG ] Z, et al. Synthesis and characterization
of structural lipids with a balanced ratio of n-6/n-3 from mulberry
seed oil and a-linolenic acid using a microfluidic enzyme reactor
[J]. Food and Bioproducts Processing, 2020, 120(12); 21-32.
. EPA DHA XA IR BB M RIATTE e (1], 249
HARMEF, 2015(1) ; 117-118.

DECKELBAUM R J, CALDER P C. Is it time to separate EPA from
DHA when using omega-3 fatty acids to protect heart and brain?
[J]. Curr Opin Clin Nutr Metab Care, 2020, 23(2) : 65-67.
GHASEMI-FARD S, WANG F L, SINCLAIR A J, et al. How
does high DHA fish oil affect health? A systematic review of
evidence [ J]. Crit Rev Food Sci Nutr, 2018, 59 (11):
1684-17217.

B BOTH. 1‘
ARWFFELT]. B %
7973-7980.

KRALIK Z, KRALIK G, GRCEVIC M, et al. Microalgae Schizo-

RS T T o
J A 22 4R, 2019,

AR TS SR AL
10(23):

chytrium limacinum as an alternative to fish oil in enriching table
eggs with polyunsaturated fatty acids [ J]. J Sci Food Agricul,
2019, 100(2): 1-15
CUBERO-LEON E,

DE RUDDER O, MAQUET A.

Metabolomics for organic food authentication: results from a long-
Food Chem, 2018, 239(6):

term field study in carrots[ J].

760-770.



