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Determination of wax esters in seafoods by gas chromatography

GUO Jia, CAO Li-Min, HAN Xiang-Ning, LIU Chang, LIN Hong"

(College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

ABSTRACT: Objective To establish an analytical method for detecting the composition and content of wax esters
in seafoods by gas chromatography. Methods The samples were extracted with chloroform-methanol, purified by
silica gel solid-phase extraction column, and eluted with n-hexane-ether to obtain the samples to be tested. The
specific compositions of wax esters in several typical seafoods containing wax esters were analyzed by gas
chromatography and gas chromatography-mass spectrometry. C;o, Cs;, Cs4, C36 and C;g wax esters were selected as
the detection targets, which were detected by gas chromatography with internal standard method for quantification.
Results For typical seafoods containing wax esters, lauryl myristate (Cys ester) was used as the internal standard for
quantification. The peak shapes of this method were good, the limits of detection were 0.6 pg/mL, the limits of
quantification were 2.0 pg/mL, and the r? of linear equation were between 0.9995-0.9999. The relative standard
deviations of precision experiments were all less than 5%, the recoveries of spiked samples in positive samples were
95.29%—-103.91% and those in negative samples were 86.52%—105.98%. Conclusion This method can realize the
effective detection of wax esters in seafoods, and provide technical support for market supervision and risk assessment.
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Fig.1 General formula for the molecular structure of wax esters
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N AT ST B 45 TR MR AR IR N AR ) Y S 1R
HEFERR(Co6 i) 100 mg, FFFERE 2 ZIE 50.0 mL, ik
FTREH N 2 mg/mL AR AT 2 TR .~ 18°CIRIE, B
B 124
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B B o 2 mg/mL Y NAR IE C e if A TR R
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A HE R A REREER TR . 0.4 mL &A1 0.7 mL HEE,
GRS, A JEE 30 min, 6000 t/min 2.0 5 min, %
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Table 1 GC-MS identification of C;,-C33 wax esters in
4 Kinds of seafoods
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Fig.2 Gas chromatograms of wax esters of 4 kinds of seafoods
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Fig.3 Gas chromatogram of C;o-Css wax esters and lauryl myristate
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Table 2 Regression equations, correlation coefficients and
retention times of C;,-Csz wax esters

bR A etk Iy gy RRNTE
/min
Cso Y=0.9761X+0.0048 0.9998 17.810
Cs Y=1.0176X+0.0026 0.9999 19.620
Ciy Y=0.9800X+0.0126 0.9997 21.385
Css Y=0.9554X+0.0135 0.9996 23.273
Cig Y=0.9658X+0.0062 0.9995 25.472
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M 2 ATLAEH, 5 FMEESARAES, 5 AR Z B G
ZRU(rIIRT 0.999, FH Cyo~Cs BEBETE 0.02~0.60 mg/mL
T PRl N R KA. IR, e 2 HR i P BORE il B 2
BRI GB/T 22501—2008 K 7k 285 2513 sk TF M 3o b e i 157
T AR R R R S, BRI AR AR R T e RE R N
BRI E AR C a0 B85 G (0 100 157 (8 AT (LS5 T 1, e st
TRAE Cao~Cao BEBE IR HER FHE A 1o TEAMFEH, C30~Css
5 Fi BARESEeARE T BRI RRR IR T 1, RIS gk
P BRI IE R T2 1, M BRI B AR ISR 5 AR
PRy E AU ORI T i, X WATE FID X Ky
[F]— S BUAT HLAL B A TR ()

222 FEHRHE

T 35 (AR H R R 1 R 3 a2 AR S 10 £ Mgt Le o
HEATRINY . DASELRMET 1 3 5151 LU (S/N=3) I % 1o Ay Jo #t
e BEAE R s ARG B, DASEZR M5 1Y 10 £5(S/N=10)
JITRT I P ST A S O ) PR AR E A5, Y
C30~Cag BTG TR M 0.6 pg/mL I, 5 FRECH B bR

EfEMELL M9 5.1, 5.8, 3.8, 4.3, 3.8, MOk HRK
IR Y Cao~Cag IR R R R 2.0 pg/mL B, 5 Rl 4k
(09 B bR S EE (S M L4250 19.8.18.9.13.6.16.3.11.3, 4%
HRERRMESR . K, A7%eKHRE N 0.6 ng/mL,
FEEBRAE A 2.0 pg/mL, REAESCHINT Cs0~Csg BEERIHAT 2K
K
223 FikthAEBE

FERAAE M SE I A5 T, SR i 5 £ A P A C30~Cisg
U A R R A T I MR A o TR 6 )R ) B B A% e 5 0 PRI KR
AR, 2 - R P I AR AR O T RS R €5 S i
(E 4), 2R 6 &5 R 0 XT AR I 25 (relative standard
deviations, RSDs), Z55 L3 3. Ml i 4 Al B g

o i S R AR AR IR 22 BN 5%, UERA )y i
PAHG % LA, R T A A R
224 FiEt AN

Xof P A LA (S e AR ) P22 0 e 55 B P A )
Pt A AR BIEAT T 3 AR TR K (8 b [ e S 565,
BAKFEZME 3 K. H, fERPREE T, 250N

WESD, DAASZS FIREGR R S FPERECAYBEERLE 3 AR
AR BSOS B T E R T, A [ B R
oI, AEATRIAR, B T & R RN
C WEBEVE AR BB XF 4, AT 0.25. 0.50. 0.75 mg
3 AR Cop IETRARME SR TINAR B, LA 2.2.3 Hiilfg
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Fig.4 Gas chromatogram of wax esters in Ruvettus pretiosus
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Table 3 Precision determination of wax esters in
Ruvettus pretiosus (n=6)

I i .
sk Cx Cxy Css Csg 58
o
4.194+0.16 37.32+1.32 34.61+1.24 9.91+0.38 86.03+2.96
/(mg/g)
RSDs

Ky 3.71 3.53 3.58 3.79 3.44
0

HEIRRW], Cy0~Csg BEERAE BIPEREAS A iy i 1|1 i %
2 86.52%~105.98%, RSDs 4 0.32%~3.98%; Cs, MSHa7E FH
P A AR FR A A AR BRSNS 95.29%~103.91%, RSDs A
1.80%~3.20%. B Cs, BRI 3 2 26 R i 5 h AR X ALK,
R AR AR AR SIS A1 BN TR 2 1 [ S R A 5 B
SR, 0Ny 0 TR R B R A, AT LA R XK A

AT 025, 0.50, 0.75 mg [ C3p~Csg 3 MK FEERAR A A5

R4 KEFEEED Cy~Cas HEERHI EIZE (n=3)

Table 4 Recoveries of C3,-Csg wax esters in Gadus morhua (n=3)

C30~Cag BT 25t AR I A 2R

B Cso Cs, Csy Cse Css
Jndz it /mg
[ Z/% RSDs/% [l Z/% RSDs/%  [WZE/% RSDs/% Uk Z/% RSDs/% [FE/% RSDs/%
0.25 9435 1.40 86.52 3.41 94.58 1.48 9438 0.32 92.00 0.82
0.50 95.82 0.85 88.31 0.91 97.17 1.34 97.29 1.45 96.41 0.72
0.75 102.25 2.44 94.90 3.60 104.83 2.69 104.88 3.57 105.98 3.98
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Table 5 Recoveries of C3, wax esters in Ruvettus pretiosus (n=3)

Fie (14 £ P45 B 0B ) i o AT B A, ARSI RS 17
TR T8 A LJEE 7 i v BTG S B ARG I A A o PRI K £

frib AR me  CoMithtime  VRMBER RSDS% gt shsr, WA BB, HOBM T R L
0.25 99.26 1.80 8 5 A A 7K B ——— W 2 B £ R A LS, e L
419 0-50 95.29 278 L IR ) LY 01 ) et s 5 4 ), 2 B TR S 404

0.75 103.91 3.20

WG, HIERB A BIS58 5%, 10%. 20%. 30%.
40% . SO%HABIR A BERE R, ¥ A kil i T d |, ERgs

2.3 SERREEARIE
23.1 TEKEBOKIAE

FHASBIF TS ST 00 5350 S0 0 S 008 e 5l 7 70 1% £
THATE R, ZRNE 6, LI EHA KEIEE, 5
EAMIEMY A . BRI A, B vk naE e, X
b A T B a2 | MRS L DL IS 2SI 15

RE 8 FiR, AFEBAHG & IEE RSDs #7E
15% AN, il A A R I A 55K o DA TR 5 5t (4 A A
BEABR, DUBKIE b a5 15 A LB AR bR, HEFT 2 6 R A
Bro GERF, TR b b 10 DA A B LR IS 11 B R BB A
FEBITE 5%~50%Z [B1RF, 8 A L5152 e AR (i 52
BRMESR R, 1228 0.9969, WFBIZ MR R BT, X HAERIE

B, A5 5y 3 B A0 BE ] by 4 BE FORBEE 0, T X v
K R AR I A B TR KT Al AT R AT A R S,
S G H A P R A TR A

K= SREA(F TYMEAT TR, ARG TR B4 o
232 BBR&JENHE S ZH M
SRS AN B R ZOR R i A | SRl i A R

®6 3MEAWERIKTRFEIESEBNESER(N=3)

Table 6 Determination of wax esters in 3 kinds of seafoods containing wax esters (n=3)

AR i /(mg/g)
IR i .
C}O C32 C34 C36 C38 IE‘E
S f e - 4.66+0.14 39.59+1.34 41.78+1.42 16.94+0.22 102.97+3.10
it 5 - 1.92+0.10 9.47+0.38 11.75+0.51 8.24+0.45 31.37+1.42
o fa 1 4.09+0.14 32.81+0.69 37.40+0.61 12.90+0.18 3.63+0.17 90.82+1.59
=7 AAHEKTmBA
Table 7 Types of seafoods investigated on the market
Fh /B e
h25/9 figgfie . LRI, RVGVERES | IRV IS | BRI | Bt KUY | REEEE | 6T
RS2 JFUERTEXTHE | 370 14 71
Wn LR UL L TR DL
WAkshYIN BT 4 ot f
a1 P LA A
#=8 BRaAaR+TEESENELERN=3)
Table 8 Determination of wax esters in adulterated surimi (n=3)
Csy, Ciy Cs Cis JELE
BARBY% RSDs SR RSDs aH RSDs SR RSDs SR RSDs
&] i/(l’ng/g) /o 0, 0, 0, 0,
% /(mg/g) % /(mg/g) 1% /(mg/g) % /(mg/g) %
5 0.22+0.03 14.39 1.70£0.19  10.96 1.56£0.16  10.55  0.31+0.03 9.99 3.80+0.41 10.87
10 0.50:£0.02 4.42 4.34+0.21 4.83 3.86+0.18 4.64  1.03+0.04 3.47 9.73+0.44 4.49
20 0.9440.06 6.16 8.01+0.62 7.71 7.03+0.54 773 2.07+0.17 8.43 18.05+1.38 7.66
30 1.29+0.04 3.19  11.0840.45 4.02  10.03+0.50 496  2.92+0.14 491 25.31£1.10 434
40 1.5940.09 5.87  14.25+1.21 8.48  12.83+1.06 829  4.22+0.20 471 32.88+2.56 7.79
50 2.00+0.06 297  17.98+0.89 494  16.02+0.45 2.80  5.03+0.27 5.39 41.03+1.60 3.91




7596

LR

G A A

13 E

ABFETHEN SR ET AR T I B A1

BB (8K ™ b, (8 FH SR B RSO s - i ok
TRFE T AR v R 1) S S AR Ok, R T
C30. Csav Cagn Cse Cag BAMRAE ARSI L. FIH]
B RH A IS & SR @ g, L T XK P Cao~Css B
P 5 i . VERRASEI Y 7 i o D VR ARG H B BE 5 5 I
Broclh, R ar . DR TR AERR, e R K™
mi A AP FT B PR R A R S AAF A T TR . ATk
S ST AR TR K5 ity H A ) 2L I P A e ) B AR MRS,
LT LS K i e T 1) B b B LA R O SR AR R S HE,
W n] T A R T T S R e AR A AT B e Ah,
AWTER AT LI K F . K8 i A sh Wi i R i o 4

LAk

CE-

SE

(1]

[10]

ATSUKO T, KYOKO I, TAKESHI Y, et al. Method for the determination
of natural ester-type gum bases used as food additives via direct analysis
of their constituent wax esters using high-temperature GC/MS [J]. Food
Sci Nutr, 2014, 2(4): 417-425.

BOGEVIK A. Marine wax ester digestion in salmonid fish: A review [J].
Aquacult Res, 2011, 42(11): 1577-1593.

RUIZ-GUTIERREZ V. Lipid and fatty acid composition of muscle and
internal organs from Ruvettus pretiosus [J]. J Fish Biol, 1997, 50(6):
1353-1357.

WANG Y, TAO Z, LI C, et al. Factors affecting lipid and fatty acid
composition of Calanus sinicus in the Yellow Sea and the East China Sea
in spring [J]. J Oceanol Limnol, 2022, 40(1): 173—182.

PAULINA W, JOSEFINE N, KONSTANTIN B, et al. 12-weeks of
Calanus finmarchicus oil intake improves omega-3-index in healthy older
subjects engaging in an exercise program [J]. Br J Nutr, 2020, 125(4):
1-17.

CARLIJN S, MARIE P, KARL-ERIK E, et al. Possible health effects of a
wax ester rich marine oil [J]. Front pharmacol, 2020, 11: 961.

SCHOTS P, JANSEN K, MRAZEK J, et al. Obesity-induced alterations in
the gut microbiome in female mice fed a high-fat diet are antagonized by
dietary supplementation with a novel, wax ester-rich, marine oil [J]. Nutr
Res, 2020, 83: 94-107.

GIUSTI A, CASTIGLIEGO L, RUBINO R, et al. A conventional
multiplex PCR assay for the detection of toxic gemfish species (Ruvettus
pretiosus and Lepidocybium flavobrunneum): A simple method to combat
health frauds [J]. J Agric Food Chem, 2016, 64(4): 960-968.

UKISHIMA Y, MASUI T, MATSUBARA S, et al. Wax components of
escolar (Lepidocybium flavobrunneum) and its application to base of
medicine and cosmetics [J]. Yakugaku Zasshi, 1987, 107(11): 883-890.

KONING A. Phospholipids of marine origin: the orange roughy (Hoplostethus

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

atlanticus): Research letter [J]. S AfrJ Sci, 2005, 101(9&10): 414-416.
The U.S. Food and Drug Administration. Fish and fishery products
hazards and controls guidance. June 2022 ed [M]. Florida: Center for Food
Safety and Applied Nutrition, 2022.

RN, g, AL, 55 XU SN A RSN A I
Ut SR ], P AR, 2019, 31(6): 540-544.

WEN ZQ, KAN SF, ZHENG XC, et al. Development of a duplex
real-time polymerase chain reaction for Ruvettus pretiosus and
Lepidocybium flavobrunneum [J]. Chin J Food Hyg, 2019, 31(6):
540-544.

LING KH, CHEUNG CW, CHENG SW, et al. Rapid detection of oilfish
and escolar in fish steaks: A tool to prevent keriorrhea episodes [J]. Food
Chem, 2008, 110(2): 538-546.

HWANG CC, LIN CM, HUANG CY, et al. Chemical characterisation,
biogenic amines contents, and identification of fish species in cod and
escolar steaks, and salted escolar roe products [J]. Food Control, 2012,
25(1): 415-420.

JACQUET JL, PAULY D. Trade secrets: Renaming and mislabeling of
seafood [J]. Mar Policy, 2008, 32(3): 309-318.

LI H, XIE RB, YU W, et al. Rapid identification of cod and oil fish
components based on loop-mediated isothermal amplification [J].
Aquacult, 2021, 545: 737209.

VPBORY, KM, 20, 5. SEINRA MR R LR
LU G At PRI SEREEST]. & REE, 2020, 41(24):
259-266.

XU SG, LI JP, LI JC, et al. A multiplex real-time polymerase chain
reaction combined with melting curve analysis method for simultaneous
identification of the meat of blue fin tuna, sablefish and oilfish [J]. Food
Sci, 2020, 41(24): 259-266.

YAO L, XIN H, QU M, et al. Development of duplex real-time
polymerase chain reaction for simultaneous detection of oilfish and escolar
derived components [J]. J Sci Food Agric, 2020, 101(5): 1792-1799.
PARK YC, KIM MR, JUNG YH, et al. Development of detection method
for oilfish (Ruvettus pretiosus and Lepidocybirium flavobrunneum) as a
food materials not usable in foods [J]. J Food Hyg Saf, 2013, 28(1):
50-55.

DALAMA J, VIEITES J, ESPINEIRA M. Detection of the causal agents
of keriorrhea (Lepidocybium flavobrunneum and Ruvettus pretiosus) by
means of real time PCR [J]. Food Chem, 2015, 174: 326-329.

LING KH, NICHOLS PD, BUT PP. Chapter 1 fish-induced keriorrhea [J].
Adv Food Nutr Res, 2009, 57: 1-52.

FENG H, HUANG X, TAI J, et al. Lipids analysis and rapid identification
of cod products [J]. Eur J Lipid Sci Technol, 2020, 122(8): 1900444.
CHEN NIT, BOUALEM, CAMINO C, et al. Characterization of kabylian
virgin olive oils according to fatty alcohols, waxes, and fatty acid alkyl
esters [J]. ] Food Meas Charact, 2021, 15(6): 1-12.

CLARA D, AGUSTI R, PAZ R, et al. Chemical and sensory

characterization of nine spanish monovarietal olive oils: An emphasis on



%5 23 4]

o zw, A HERREIE K A P TR

7597

[25]

[26]

[27]

[28]

[29]

[30]

wax esters [J]. Agriculture, 2021, 11(2): 170.

MOENE, mifh, FEE, 5 BB ERESIEORII B RD]. £iF
2%, 2013, 34(5): 279-283.

LIN YH, GAO B, LI YY, et al. Research progress in identification of olive
oil adulteration [J]. Food Sci, 2013, 34(5): 279-283.

f2tty, BhHk, BN, 45, Real-time PCR BAGI /K™ ) i s it |
eSS [T]. R, 2020, 41(24): 273-280.

XIN HM, YAO L, LU JP, et al. Detection of Lepidocybium flavobrunneum
and Ruvettus pretiosus-derived components in aquatic products by
real-time PCR [J]. Food Chem, 2020, 41(24): 273-280.

FOLCH J, LEES M, STANLEY S. A simple method for the isolation and
purification of total lipides from animal tissues [J]. J Biol Chem, 1957,
226(1): 497-509.

RbsEE, 23, SKEL, S5, AL IEAR R A IOR: - i R A
RS il e S R (D). R A A RS I A 4R, 2016, 7(11):
4496-4503.

LU HY, JIANG S, ZHANG L, et al. Determination of wax content in olive
oils by gas chromatography using a commercial normal phase silica gel
solid phase extraction column [J]. J Food Saf Qual, 2016, 7(11):
4496-4503.

SCANO P, ROSA A, MARINCOLA FC, et al. 13C NMR, GC and HPLC
characterization of lipid components of the salted and dried mullet (Mugil
cephalus) roe “bottarga” [J]. Chem Phys Lipids, 2008, 151(2): 69-76.
SN, BEAEAR, T, SF. AOMEII P A R Ty vk i R SRR

[31]

AT, R, 2017, 32(2): 135-139.

CHAI J, XUE YL, JIN QZ, et al. Improvement of the determination
method of wax content in olive oils and analysis by GC-MS [J]. J Chin
Cereals Oils Ass, 2017, 32(2): 135-139.

R, WEAESR, By SO W R MR MO il 9 7 B SR 0],
[E AR, 2011, 26(8): 119-122

ZHANG R, XUE YL, ZHAO HY. A study on distinguishing method of
virgin olive oil by determining wax content [J]. J Chin Cereals Oils Ass,

2011, 26(8): 119-122.

(T4t RELE #hpeir)

;B MTARE, TERRFE
ARBRESREEH.
E-mail: guojia971223@qq.com

®HOH, L, B, TERRAFEA
ERREE5RETH

E-mail: linhong@ouc.edu.cn



