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Determination of 15 Kinds of metal elements in egg yolk lecithin by
inductively coupled plasma mass spectrometry
CHEN Qiuling, ZHU Zhiqi, LI Yonghua, WANG Xiaomei, LIANG Beimei,

WEN Kaijia, XU Yijing,ZENG Huanxiong, LIN Yuanheng, TANG Shunzhi
( Guangdong Key Laboratory of Medicinal Lipids,National Engineering Research Center (NERC) for

Modernization of Extraction and Separation Process of TCM, Guangzhou Hanfang
Pharmaceutical Co. ,Ltd. ,Guangzhou 510240, China)
Abstract ; Egg yolk lecithin samples were digested by microwave and 15 kinds of metal elements in it were
determined by inductively coupled plasma mass spectrometry (ICP — MS). The detection conditions were
optimized and the methodology was investigated. The results showed that under the conditions of RF
power 1.55 kW, flow rate of carrier gas( high purity argon)1.03 L/min, flow rate of plasma gas 15.0 L/
min, peristaltic pump speed 0.1 1/s, sampling depth 10 mm and 3 replications, the internal standard
solution with Sc,Ge,In and Re were added online for matrix effect and interference correction, and Au
was added when determining the content of Hg to reduce the test error. The linearities for the 15 elements
of the method were good with the correlation coefficients ( R) above 0. 999. The detection limit and
quantitation limit of 15 elements were 0. 03 — 0. 65 ng/mL and 0. 10 — 1. 97 ng/mlL, respectively. The
precisions of the instrument were good with RSD in the range of 0.45% —4.67% . The RSD of the
repeatability test was in the range of 1. 78% -
W E #2021 - 01 - 28 ;&[5 A #7:2021 - 09 - 24 8.72% . The RSD of the intermediate precision
EEWE :JARE 2N E R SE R A0 H (2020B1212070024) was in the range of 2. 24% - 9. 45%. The
TEBEI AT WRBkFS (1989) , Lo, holl 250l AL, 5207 1) recovery rate of the 15 elements was in the range
25 IR B3 AR ( E-mail ) 724891497 @ qq. com,, of 92.67% —-132.90% with RSD in the range of
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1.42% —7.00% . The stability of the sample solution was good and when it was stored at 2 —8 C for 72

h, RSD was in the range of 0.56% —3.93% . The method had advantages of fasiness, accuracy and high

sensitiveness, and it could be used for simultaneous determination of 15 kinds of metal elements in egg

yolk lecithin.

Key words: egg yolk lecithin; inductively coupled plasma — mass spectrometry; microwave digestion;

metal element
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1.0 mL f 2% MR E 28 % 50 mL, FhbRIERE & (4
pg/mL) K52 B PR ETS W 0. 2 mL T 50 mL %%
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HER W . MBS R0 RINR SAER R P AT R
JT R EE WL 1,

®1 RIBEHREBRBHETERERE

o el e/ (ng/ml.)

Li 0,1,2,20,50,100,200,500,1 000

Al 0,2,5,10,20,50,100,200

A 0,0.1,0.5,1,2,5,10,20,50

Cr 0,0.1,0.5,1,2,5,10,20,50,100,200,500,1 000, 2 000
Fe 0,1,2,5,10,20,50,100,200,500,1 000,2 000
Co 0,0.1,0.5,1,2,5,10,20,50,100,200,500,1 000
Ni 0,0.5,1,2,5,10,20,50,100,200,500

Cu 0,0.1,0.5,1,2,5,10,20,50,100,200,500,1 000
Zn 0,1,2,5,10,20,50,100,200,500,1 000,2 000
As 0,0.1,0.5,1,2,5,10,20,50,100,200

cd 0,0.1,0.5,1,2,5,10,20,50,100,200

Sn 0,0.1,0.5,1,2,5,10,20,50,100,200,500,1 000
Sh 0,0.1,0.5,1,2,5,10,20,50,100,200

Hg 0,0.1,0.2,0.5,1,2,5

Ph 0,0.1,0.2,0.5,1,2,5,10,20
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IR TR JE/C FRYEATE]/min - JE f3/MPa
1 120 5 1.0
2 150 15 3.0
3 200 20 4.5
1.2.3 ICP - MS /4

SEEIR 1.55 kW, (2l <) Wi 1. 03
L/min, 85 B 7 HE 15. 0 L/min, & 50 52 % 3
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mm , 5 RE3 W, AR 100 Rk, R &R
FLLTALTY Cr Fe P Co PNi ¥ Cu *Zn P As
"Cd,"™Sn *'Shb " Hg il *®Pb, H " Li YAL 'V,
2Cr > Fe KUPSe VERMR,” Co O Ni ®Cu . *Zn P As
PLGe fE R PFR, " Cd P Sn ' Sh L P In 1NN
Fr, " He 1 **Pb A" Re ¥ R AR,
1.2.4  Jjse B agaiok

Tkt R Bk 2% USP | <233 >, 4tk
R RBL K T55T0.99, 3 A hndr K- [l 2
HT70% ~150% (n =3), 5 5P AH X b5 UE i 22
(RSD) A3 H it 20% (n =6) , ARG %5 & RSD A
f9#at 25% (n =12) f2EPE RSD A it 20%
2 HBREHW
2.1 Aw e kit
2.1.1 g Hiiiie

Jo i A A A DT T SR IR, TR T
WA FEFR T, Hh, o m i TS F
SO RES THRAMACEA &, F BT E
SR H A B UARIRE A A

S RES TIREZ N ICR W FN R
[Fl— S, FERER M RERERG, 4
WIER 15 Fhgzf@ e =, BR T Al Co As H A5 —
A FTREN , AT R A 2R RIALER RS [R5
EE RN R BRI S BT RES R 2R T
THUAG L , A OC 2 B8 e 7 L 5 1) Jo o B50H
SRR B4 TR 36 o AR Uk S 3 e B Ay [ 37 36 oA L
ALV 2 Cr Fe ¥ Co O Ni ¥ Cu.*Zn " As " Cd
118 Sn \121 Sb \201 Hg ﬂl 208Pb .

Z R BT o & B RIE R £
R S U7 (1= W .7 1D I R I
ARSI SR FH DU ST il 48/ B oyl (BB S, T
4.3 mL/min) Wk Z I F 5 F X e R g E
BT ALY far X RGN ST R B T4 2 Lh s
LA E) A, BT A R/ AR e il 5 S F
FES T I R RIS, T CeO S i A A b vh
IcHMERR 25 1Y, 78 1CP = MS ZpAfr b A Z i i A7)
I, CeO " /Ce " A AL HE IR, #iTA CeO/Ce”
INTEET 3% FCRAT/NTET 2% , AL sty
faf XS T E A E T4 AT 2B AT S
2.1.2  HEpUE LA

TS TIB A E A, MR R FARR , 2ok
U5 TFFF b SR sl R 79 Hh i e A B AR R

ST, — MBI, THR AR A S A
(AP S0 % O 2 R P A O, 3l 2o Jim A AR R A 7 B AR
TEN S H R YRR IR A 2 i A 1 I G 2 R AR
HHAT FE B SRR DT M FRIRE i TSR S A AR
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FH 2% FEBR L] 1 g/ mL PIARVE TR, oA TLi AL
SlV\52CI'\56FG [)J\45SC ﬁfﬂwjIj\ﬂ:/ﬁ,”COfONi\@Cu\%Zn\
BAs L Ge fER AR, Cd " Sn ' Sh U In N
PIAR, ™ Hg F1°"Pb L4 "™ Re 1E R P45, HARICE 1]
R TE 80% ~ 120% 2 [6], REA 3L AL IE 0 T 15 5
R .
2.1.3  BERICERICIZEN

TRIETRIERAR AR H 1 RV AT 28 %, e i 13
FE RV TR, HA% Sz M 25 6 ) 52 45 SR A — 2 (R
2=, BT R ELAT AR R A W B, FE A 2o 7R v 2 2 W
B ERE SO A B A b e AR AL . R AT
LI 2R a8, 52U OR 5T, L i Bk, B
J IR FFRRRSE , BAS ) R A 7 ki 4 e g L (AL
Vo o P R R, T I 5K 5 7 55 B 1 MR rp o LA 43 A 25
Tk, SERPEAL —ENEMRE, BEBE 4K
FrHO S ARSI ARARE A A VI A Ao AR A
M4 ICH , HARMER R & 25 5 ng/mL, BRIEAR LT
H AR CAZ 5
2.2 FRFER
2.2.1 MR

Bo1.2.1 RAVE A AR HER W, # 1.2.3 ICP -
MS Z& A HERE I R, 0 A 2o 7 v SO 1 PN s 0 R
FEASER A AT TAE i A2 o G 238 ATR A AR IR
MRUCKEA: b B4 A A AN T ViR B2 1R B AR VA T b
PEATIE . DA ICR S AR ELE (v) A
AR AFVE B BV B (o) AR A , 451 225 il s v i
2, 15 FonRMEMEXRRWNE 3, HER3 TTH, &
JCE LRI R R MR B(R) KT 0.999,

R3 I5HTENEEXR

LI/ MR

LR AR

(ng/mL) — (R)
Li y=0.0017x+1.651 9E -004 1~1000 1.0000
Al y=9.528 OE -004x +9.457 1E-004  2~200  0.999 8
V. y=0.039 2x +1.789 8E -004 0.1~50 1.000 0

Cr y=0.050 1x +0.002 4
Fe y=0.040 8x+0.0257
Co y=0.118 7x +8.677 9E - 004
Ni y=0.034 3x+0.014 7
Cu y=0.097 8x+0.004 2
Zn y=0.012 7x+0.006 9

0.1~2000 0.9997
1~2000 0.9997
0.1~1000 1.0000
0.5~500  1.0000
0.1~1000 1.0000
1~2000 1.0000
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gR3

TEE AR SAEEE HIRARK

(ng/mL) — (R)
As  y=0.008 4x +9.086 1E -004 0.1~200 1.000 0
Cd y=0.0019x +1.512 5E - 006 0.1~200 0.999 8
Sn y=0.003 6x +1.445 7E - 004 0.1~1000 0.9998
Sb y=0.004 9x +6. 803 2E - 006 0.1 ~200 1.000 0
Hg y=0.001 6x +4.755 1E -004 0.1~5 0.999 8
Pb  y=0.026 2x +4.769 4E - 004 0.1~20 0.999 9

2.2.2 JiikAR H PR AN E R R

kR i as R E% 1. 2.3 TCP - MS ZR Rkt i%
SR 11 YR, T 1L U e 5 R B o e 22
(SD), L 3.3 4% SD BRELENRA: A R, 10 4% SD
B LARERAR O 5 8 B, 7 0k i H BRI 2 PR AL 3%
4. mF4 nIH, J7 ik RAE 0. 03 ~ 0. 65 ng/mL
ZIa), Jrik e IRAE 0. 10 ~ 1. 97 ng/mL Z [, £

B i BRI
®4 ISHTRORHRMEERR ng/mL

JLER Kt PR SE R
Li 0.35 1.06
Al 0.65 1.96
v 0.32 0.97
Cr 0.32 0.97
Fe 0.65 1.97
Co 0.30 0.91
Ni 0.31 0.95
Cu 0.31 0.93
Zn 0.39 1.20
As 0.26 0.78
Cd 0.28 0.84
Sn 0.29 0.86
Sh 0.30 0.90
Hg 0.03 0.10
Ph 0.30 0.90

2.2.3  fUaehE

Z LRI SRR (2 ng/mL) DL KoK IGER
FRUETE TR (0.2 ng/mL) , 4% 1. 2.3 ICP - MS /4
B SRR E 6 U, 715 RSD. 45 REH], &0
FNG FEDAY RSD 7£0.45% ~4.67% Z A (W3
5) R EAG 5 L RLA
2.2.4 HEEME

TGRS UNWENRFE A 6 0045 1. 2. 2 i s i ih
W, 4% 1.2.3 1CP - MS ZEAFHEREINSE , 7153 6 YlllE
LRI RSD . Z52RERI A  PEC R e E R R
Z F,RSD 4351k 2. 57% 5. 06% .5. 85% , ¥ /N F
20% AERATEEOR A0 UL B R VB LR B B

KR G RALT & /I 6 METRZAE ST 2 H
TREEHRRZ L4 hEREe Rl N, ZE2H
AE(RSD Hy 82% ) o FEAHER/TCE H RN E it
PR, SR AR E A2 1 RSD R Iy i F A A R

R B OBERRFE 5 6 0y, B0 VBB Bk VR VB
B B8 B BR LR R JC R AR B R EE (Y 100% A
FRUEge &R, #ic 1. 2. 1 i & bl s W, 4% 1. 2.3
ICP — MS Z& {4 A 7 , HF 1153 RSD, &5 R &0,
FEM RSD 76 1.78% ~8.72% 6] (W32 5) , JiHH
AITIEEE R
2.2.5 HhlEpKEEEE

AN AN [R) S0 N G 4 2. 2. 4 FE SR 82 2
PRI LR 6 (i, D I35 12 I
EER (IEEE M) 9 RSD, AE K v )k 2% B 45
. gEHLERW PR S5 RSD 75 2.24% ~9.45%
ZIN(WLER5)  UhBAAS T i DA 2 R AT
2.2.6 M

B2.2.5 Hv DR B AR SR VA L TE 2 ~ 8°C 4%
PEFARAE, A0530F 0 .24 48 72 h # 1.2.3 ICP - MS
A HEFE DN 2 JF 115 RSD, 45 R £ W], RSD 7£
0.56% ~3.93% Z B ( W3 5) , ULHIRR SV TR TE 2 ~
8 CIZFME T IRAE 72 h RSB MR EAT

x5 UEBEBEEESH DEABEE.REEER %

g s EAEME RRREE REN

- (n=6) (n=6) (n=12) (n=6)
Li 2.03 1.78 2.90 3.20
Al 3.72 6.21 5.47 2.50
AY 0.61 2.12 2.24 0.56
Cr 1.17 2.29 5.43 1.50
Fe 0.87 8.72 9.45 1.47
Co 0.75 2.13 2.67 0.77
Ni 0.74 5.11 4.28 0.77
Cu 0.92 6.52 4.70 1.98
Zn 3.60 4.43 3.77 1.19
As 1.06 2.61 3.66 3.87
Cd 1.63 3.46 3.43 3.93
Sn 1.11 5.80 6.53 1.07
Sh 0.82 2.56 2.39 3.60
Hg 4.67 2.12 2.39 1.12
Pb 0.45 3.16 4.20 1.23

2.2.7  [ER

IR IRBENRFE AL O O, 1 VA BT R e IR AT
A 1) 100% ,200% 300% JiIA AR E 7 AT
(N RN = G A W R S I IR SN N T
il AL B Bh L OR L HY O R H IR E A Y 80% |
100% 120% JMASRHE T W AE R A% s KAk
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AT, 4% 1. 2.2 il s v 1 1. 2.3 1CP -
MS ZEPFHE RN E TR 5o, R TR e S 1 4 3 1)
SPATRERERT AR ISR S5 A RSD SRR AR5k IR R, SEIR 4 R

6, HiZ 6 AT, 15 FOCE AR MR TE 92.67% ~
132.90% 2 [i], RSD 7E 1.42% ~7.00% 2 [ , W]

R6 MDERIWHER
LR IpRAKF - ibsid/ (ng/mL) e/ % FEyafR/%  RSD/% (n=3) RSD/% (n=9)
1% 54.00 115.75, 122.41, 125.52 121.22 4.12
Li H 106. 00 130.68, 132.90, 130.31 131.30 1.07 7.00
=1 160. 00 113.80, 113.09, 111.07 112.65 1.25
1% 17.00 100.16, 103.31, 97.82 100.43 2.74
Al H 20.00 109.09, 108.78, 108. 68 108. 85 0.19 6.29
= 25.00 93.59, 92.74, 99.07 95.13 3.61
3 8.80 101.99, 101.91, 100. 42 101.44 0.87
Vv H 11.20 107.93, 108.43, 107.17 107. 84 0.59 4.91
=1 13.20 99.72, 114.31, 111.77 108. 60 7.18
3 980. 00 100.57, 101.53, 99.31 100. 47 1.11
Cr h 1 220.00 104.35, 105.01, 103.87 104. 41 0.55 4.68
=1 1 460.00 110.99, 112.34, 111.44 111.59 0.62
3 1 160. 00 100.24, 101.22, 98.92 100. 12 1.15
Fe h 1 440.00 103.28, 103.66, 102.48 103. 14 0.58 2.59
= 1 740.00 105.38, 106.73, 106.03 106. 05 0.64
1% 4.40 99.24, 99.59, 97.33 98.72 1.23
Co H 5.60 103.14, 101.89, 102. 15 102.39 0.64 2.23
= 6.60 103.63, 103.90, 102. 60 103. 38 0.66
1% 17.60 107.47, 107.03, 104.95 106. 48 1.26
Ni H 22.40 112.14, 110.16, 111.37 111.22 0.90 2.08
= 26.40 109.40, 110.30, 109.35 109. 68 0.49
1% 1.00 112.84, 111.13, 108.78 110.92 1.84
Cu H 2.00 113.27, 111.35, 115.63 113.42 1.89 1.87
=1 3.00 113.20, 113.04, 115.28 113. 84 1.10
1% 13.20 109.66, 113.03, 108.90 110.53 1.99
Zn r 26.40 105.86, 104.13, 106.74 105. 58 1.26 3.12
= 39.60 104.67, 103.44, 111.15 106.42 3.90
1% 13.60 107.99, 109.89, 108. 00 108. 63 1.01
As Hh 16.00 108.87, 109.05, 110.26 109.39 0.69 1.42
= 20.00 107.95, 109.42, 105.05 107. 47 2.07
1% 1.70 106.05, 104.42, 106.02 105.50 0.89
Cd rh 2.00 103.66, 101.18, 100.96 101.93 1.47 1.87
= 2.50 106.08, 103.80, 104.20 104. 69 1.16
1% 528.00 103.02, 102.85, 102.57 102. 81 0.22
Sn H 660. 00 108.42, 107.98, 107.73 108. 04 0.32 4.09
= 792.00 113.00, 112.80, 113.16 112.99 0.16
1% 80.00 102.16, 101.56, 100. 33 101.35 0.92
Sbh H 100. 00 102.17, 101.86, 100. 88 101. 64 0.66 1.44
=1 120. 00 104.10, 104.11, 104.37 104. 19 0.14
1% 2.60 93.50, 92.67, 96.13 94.10 1.92
Hg H 3.40 100.12, 97.58, 97.40 98.37 1.55 2.60
=1 4.00 99.42, 98.21, 98.33 98.65 0.68
1% 4.40 111.82, 114.54, 112.42 112.93 1.27
Pb Hh 5.60 105.98, 105.49, 106.21 105. 89 0.35 3.00
= 6.72 108.75, 108.14, 111.80 109. 56 1.79

’




2022 4E SH AT B HE 2 W

S A EC!

i g 135

3 &

AR SRR T A ko 2 B D AR A il R AT R AL
LA ICP - MS U =iy 15 M8 o R & &
SRR LTS TR INEME LR BRI, AR R AL
(R)BIRTF 0.999, £ 0Hk it thBRAE 0. 03 ~
0.65 ng/mL Z [a], € i FR7E 0. 10 ~1.97 ng/mL Z
6] o %05 1 B A & K %5 B2 R 47, RSD (n = 6) 1
0.45% ~ 4. 67% zZ 6], T EZ I RSD (n =6) 7F
1.78% ~8.72% 2z |6], Al k5% B RSD (n =12) 7F
2.24% ~9.45% Z ], 15 4@ n =K. . & 3
AR AR B RTE 92.67%  ~132.90% Z i),
RSD 7£ 1.42% ~7.00% Z [a] . ¥ESMIRRAE 2 ~8°C
MR ORAE 72 h FRE PR R4, RSD £ 0. 56% ~
3.93% ZI], SEEREERAT G T B BRI
PP R R, AT T E RN b 15
4z JR TG ZR I [R]EI
SE A
(1] ZRgks, I, 22 1 3, 4. B AU AR rb B 0 i 1 43

BEgE%ET]. %I T,2016,43(22) ;206 —207.
(2] TREAWY, B &, 5RO, 5. 2R B Ik i 0 2 i AR Tk E

BRI AL 5 254 4r A (D] b E 20, 2014, 17 (10)

1669 - 1672.

(3] EEWF, =, B, 55, 25 H 0@ G s Fh v i % i
M B S ek S (], o E IR, 2019, 44 (3)
158 - 160.

[4] %Jm,;ﬁ%‘%‘“ FA A, 5. B HLON B NG A 454 AR 2

RE SR IRBF I kR [V ], ROl & s RHE,2020,28(3)

18 -25.

(5] ¥l , £ B WL, & EROIs T e ). &
S TR ,2010,31(5) 1414 - 420.
(6] s, XU, 26 2 01 B S 1 B2 000 E A L k2 B 72

[Cl/8t =M ERHMFE & BN E R SR iR
BB SCsE. Rt ERMEHOR Pras 2011,

[7] BREL,TRAC, %, ICP — MS 3R B 3% O 8 g v it
TG R[] AW arde i, 2010,30(7) 1279 -
1281.

(8] iy, A BB, K4 3. A B PR S 1 i b 24 AT &=

ZRIGIE T s () ] 299 A 4475 ,2020,40(2) .
278 - 284.

(9] ZRIE | 25, X4, 5. fesl I Ab L JEkb & 55 i 1A o
A NE R 6 Mpe R RS E[T]. SR e
Kl 2247 ,2019,10(4) 866 - 869.

[10] #hiEE, B IR, LI AR — ICP — MS 34 I £h 5% B]

/R S Fi& @ e R R [T]. P Ra22%,2020,18
(12):1279 - 1281.

[11] FLEENE, 48, fRME, 55, MOHAg - BN G S 8T
R R R E A b i 18 M & B K [T]. &
ml B4 o e N 2 4, 2015,6 (11) :4330 - 4335,

[12] b, ks, Wk =, 5. 2459 vh o0 28 4= R i B AR F
FEHHERLT]. 43 Hrilli2E 4, 2020,39 (4) : 547 -
554.

[13] FAfg, T8 &, PNEF B, 55, TBEIS Mf — roiBB 5 5 5
TR B [ ) s A i R 22 %‘W‘%E% wlJ].
GRARN K=, 2020 ,47(4) 1 -

[14] RS, AN, Ji WA, 55 ICP - MS %{EJE bR 4 &
HERGRA T TACRRRE R, AW,

2019,39(2) ;319 -327.

[15] fiiaktk, @M, JE B4R, 5. SOl - BN A 55
BT AT 5 0 2 2 R R AR R 1 8 Fh 4 JE T R
[J]. FEmAE,2013,38(5) :84 - 87.

[16] oA, G2l i o, 45, HL Bl 55 8 1 1 o i
EFEHIRITRICIZSN SR E I [ T]. hE 2%
Z&75,2019,54(1) :53 -57.

(E#% 113 W)

[13] TEICHERT S A, AKOH C C. Modifications of stearidonic
acid soybean oil by enzymatic acidolysis for the production
of human milk fat analogues [J]. J Agric Food Chem,
2011, 59(24) . 13300 - 13310.

[14] 23, WISCE, XA, S5 JURMEYI I I8 7 R 1 o
ARSI ], B ol B, 2015,36(8) ;108 -
113,118.

[IS] JAg%, R, JUBIE, 55 MY SRR g4
PEVPASBFTEORIERELT ] IR~ 4T, 2020, 35(6) -
196 -202.

[16] ADEBAYO S A, SHAI L J, ELOFF J N. First isolation of
glutinol and a bioactive fraction with good anti -

inflammatory activity from n - hexane fraction of

Peltophorum africanum leaf [J]. Asian Pac J Trop Med,
2017, 10(1) ; 42 —46.

[17] Wi £ A b BUE IR o S Ao [ D .
et A E AR B, 2018.

(18] KL, MR, 38, 5. M IRIT K S w5 it
JELT]. M 5, 2017, 30(12) : 7 - 10.

(19 ] R, REFESH, XIBERE , 2. UM G PR IE I E A
W S R L] b E R AE 4R, 2017, 32 (12)
117 - 120.

[20] B, B0 22, 4577, 45 R b A e IR i GC/MS 3
FrlJ]. BUILEE ,2008,3 (5) :36 -37.

[21] XM AFREPm R s 5 50 A L RE T B A 1
WL D] L9 B8 ILRR, 2015,



