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Simultaneous determination of synthetic and natural pigments in macaron
with ultrasound-assisted extraction-liquid chromatography-electrospray
ionization tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 8 synthetic and natural pigments
in macaron by ultrasound-assisted extraction and liquid chromatography-tandem mass spectrometry. Methods The
sample was extracted by ultrasonic assisted method in 60% ethanol aqueous solution. After filtration, the extract was
detected by liquid chromatography-tandem mass spectrometry and quantified by matrix external standard method.
Results In a wide linear range, the linear relationship was good (r>>0.99); at the 3 levels of addition, the recoveries
were between 80.3% and 103.7%, and the relative standard deviations were less than 15%. The limits of detection of
8 pigments were 0.27-0.84 mg/kg, and the limits of quantification were 0.9-2.6 mg/kg. Conclusion The method is
rapid, simple and sensitive, which is suitable for the determination of synthetic pigments and natural pigments in
macarons.
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IR JE(macaron), XFRAER R, BaU/NADE, E—
FRER . AR FEPBERRE R HRIE, e ACREE B
W AL R AR DU B A9 (0% . TR
FURFUF AR R aE A, 22 AT Bk, (HHEF b,
Rl 2 M A DR e s SR A . B S22 A
3, 77 RS AATE R R A GO I O, 52 B R
1 2 B3R 2T

WHATT S EA B R A, SR IE” Sasm &
R FERHRIREER, WIRIEREE . IAR 205, A1
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W ME SN AR E R SRR R, FRIRTR
£ A A I IR B AR VE GB 2760-2014 [9RLE), ix86
N O A RV, XA —E TR FAATE XU B
2 8

B TN LG BUE R R T 1 B 5 0 SCER R 2
B Ty et ey Jh, T i Y A B R T B 22 g SR I e Wi
BiF AL 5 R T 3B A AR A, (HAFEREI . SRR SE
B Wz BT, WS RARERZF A TSR
SRR IRV D o AR, WA 6% - FR B i He R
(liquid  chromatography-tandem  mass spectrometry,
LC-MS/MS)ZEA I £ i r €8, 38 Jy 17 14 D 3428 1 B 551,
K FH 22 ) 0 Wl B AR (multiple reaction monitoring, MRM),
AT R i A0 1) 7 M F Stk PRI SR ) Lo AR e vk
B Sy 75 P i AL AR, 2 [R] A PR AG ) 22 £ 3% 70 AR
Jide

YRR e R R TS O, JE RO
SE T B AR e e BN LA R IR AR 6 R (Y [R] PR
M5k, ey b BEHLRAEIEATAS I, LA H
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21 FENESEHN

Agilent 1290 UPLC-6495QQQ Tl i &% i AH {4 1% - £
BT (PO A % 2 7R, 36 Agilent A F]); XS205
R K- (Bt Metler-Toledo 23 wl); fLIEA%(0.22 pm,
L S IR A0 A FR 23 F]); Poroshell 120 EC-Cjg 4
JEAE(3.0 mmx100 mm, 2.7 um, 3EEZHEAA]); RiER
AR (GEE Labnet 23 A]); KQ3200V #7452 HU{Y (40 kHz,
1S A B F]); ZORBAX SB-Aq(3.0 mm=100 mm,
3.5 um), Poroshell 120 EC-C;5(3.0 mmx100 mm, 2.7 um).
ZORBAX Eclipse XDB-C3(2.1 mmx50 mm, 1.8 um)(3 =
IS (/NI D

HEE, LEE(HPLC 4%, 3£E ROE AH)); LMREE®EIE
=98.0%, LRSI IBHE AT IRA R, Frige ik

., MisLr. HY&® . stk . MMk (f2E Dr.Ehrenstorfer
A, MiEWE(BEa AR, MR SR amH L
CaroteNature 74 A]); LI % KN A Mili-Q Hib RS
(0.22 pm 3 IR R IR AR 4K

SCIRRE AL SRR A 42 bk, Horh 7 HERE K T
. A . BIKHET, 35 WL TRk, WES
WE, 5 R A T Al 26 Ko

2.2 NEBITIEHMH
22.1 &L

W AH 3% K Poroshell 120 EC-C 5(3.0 mmx100 mm,
2.7 um), ¥R 35°C, #ERERE | L, FBAH A A EE, Hish
1 B & 10 mmol/L ZERE/KEEW, ik 0.3 mL/min, i3l
AEARFEVE IR AR M 0~1 min, 80%B; 1~3.2 min, 80%~65%B:;
3.2~3.7 min, 65%B~50%B; 3.7~9.0 min, 50%B~10%B;
9.0~10.0 min, 10%B; 10.1~12.0 min, 80%B, #.4t izt
[&] 12 min,
222 JRig&At

B BBEE R, B EE TR KB
WX ZRNIEN; BAEHEIE: 3500 v, THASIRE:
200 °C; TR 16 L/min; 22401 172.4 kPa(25
psi); BHARE: 350 °C; ¥EAUEH: 11 L/min; fFZ4HE:
380 V; = B IR HUE 150 Vi AR B IR SR 60 V,
AR5 00 BT A 1 L3R 1.

®1 SHMEENRULRESH
Table 1 Optimized parameters of MS/MS for 8 pigments

SEE BETFmiz) FETME)  GdERE eV BT
FrigE#t 468.9 450.9", 200.2 28,28 ESI+
iR 538.9 223.1,348.0° 28,28 ESI+
JIHRE L. 538.9 223.0", 158.0 36,36 ESI+
H % % 408.9 236.1°,173.0 36,24 ESI+
LR 749.0 171.0°, 306.3 32,28 ESI+

287.9%, 368.0/

MEWRTE  431.6%/352.0° 47,33/35,45  ESI-

287.9°,244.2
(AW 381.1 143.2",91.2 32,70 ESI+
B A H et 493.0 354.8",373 30,15 ESI+

BESEREI T WO S M B
23 R RECH

Sy BIMERRFREL 8 Rk & bR iiE B, BT 100 mL
M b, R Ay B A OR A 20, C AR
100 mg/L FIARAERE BT, 4 °C N BOGIRE R A o Ik AT,
43 R B oA G A VA, P28 R S AR BB A B A
T Y 1 IR A ARE TAEE . 25 FURE S 3R BB
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AR BRI RIS, $ ARy T RE 1A IR
T BUR RIS
2.4 HSBILIE

HERARELZ 2 g By A5 AFE S F 50 mL 2048,
A 20 mL ZEE-/K I (60:40, V:V), EHRIRASE THlA R
PRI 5 min, BCHFE 2 min 5, FIEBEL 0.22 um &
RGN, JEVRAF EALI

3 HER5SH

3.1 {UF|EFHRMIL

EA TR RIS, BRIV C s ST
B TSR XS, [EAMBIR RN SRR S | P
5, SR RE A B BTN 2%, R 4B 43 1
R TR EOR  EAURBIEE T, FAMRYICGEFE 7215
& ZORBAX SB-Aq(3.0 mmx100 mm, 3.5 pum). ZHE{E
Poroshell 120 EC-C3(3.0 mmx100 mm, 2.7 um)FIZHEE
ZORBAX Eclipse XDB-C g(2.1 mmx50 mm, 1.8 pm)3 FfA[r]
RUS RIS B SR TEAE, SeRIERIERS R RN, P Bt
Ttk G553 & IAE Poroshell sXARFEF 4% HARIR AT R
Ichf, WEIEXTHR, 8 Pl G RACSC L T, DL 1,

R I, BRmEmRash, HAy 7 F (R 7E IE & A
WA RSAE g o AEKA A 10 mmol ZMe%% ), 4
R 2B A WA 5 R A R e 118 i 7 5 W 2 T v R 4
Fo [AI, FEf MRM 3 B AT T 426 1 - F B a5 10 1

BT RS T, BRI EE ST,

A ERARTUZ LR B 7, LA s A R B0l o E 2
RO A I s SR o HAR R RS R i A S T

%103
42

i
N
N

2| WG st 2T

i,
0.8 | FrEEE
0.6}
04}
0.2} A A

L g R

PIif, mAEFENFERES FHEELE 1.
32 REEEHFSMRK
32,1 RERG A

R SRIOG A0 AR T B H T 2 R P SRt e W i -
HORZ AR REGWMIER, 5 5RERM R
AR A SRR, SRR 0 R BRIE M AT (2
R S Rl B AR A RET . BRVER 2, BUAS R S5 L,
TEHEAT KA AL AT B, TAESCRAR G . R S5 sk
AP HLRE 7 0T | PR T v A ER I TR € TR,
AT DAL S5 A R AGIN 3 SR A T ER R, AR AT A B 1Y
BR, HEMIRIGEE S TAESE . % EE] TR k™ & R
AL PR R RS Uy 2o R SR B R
AR A PRI O ST LA S B R A EE, RBGR A
Fio MIEIRBGICK XA I R AT T 404k, Rk
7 1. 2. 5. 10 F1 20 min XIARAEE S THREL, RIITG
HERYERE A I ]k 5 min J5 R IEA K RIEE, A
FEBER A, E IR TR 5 min /E BN 7.
322 RIBUEF 6L

ARETEBE IS, Lt AT ARBEL
FIREE, AR EARMER . XX ey R, KRR
FIEEAY, (A F SRR S L T2, 7 & P e AR
Z, MoK SE RIS, TEmBR R EERARR T, &
R SEALBR B MR . PR R AT SR AR K A B,
TERY M T TR T R G R st BE SR M IR S R . FRATT e e
SRR ST T H 5, KPR O EEORHEAR
K, RN CFEEMEAL, B L 2 e IR BUER,
i — 2% CEERK 0 LU T T 04k, 45 R ILE 2. B

WM
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K18 A R IEBUMARERIR A 7 (S 151 (5 mg/kg)
Fig.] MRM chromatogram of 8 pigments spiked at 5 mg/kg
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Fig.2 Investigation on recovery of ethanol extraction in different proportions (n=6)

UL, FEAEACE W, A R R ICICR A L 45
SEATHELER 2E . X AT RESE Hh TR TE R BRI T H AR
WA KRR, [ T SRIBGE R AR E P BE
BRI, SRBGCE B AW R, £ S S
F 60%I, iR ZE LAY IR R B R R AE, AT
UL, 60%I1 £ B2 /K VN 2 FREGX 8 Ak G4 i B L 31
323 AR MAUEBRAM 6976

EORY 2 & H PR, BT X R
T, 5 5K REY RS E W ER], X 7E
FATLAAE R BF I T B A HE T FRAT X R0 R 2
(polytetrafluoroethylene, PTFE). HEtM (polyether sulfone,
PES). Je Jeix 3 i WAL IS AR T T 0 B3 1 % 4%,
BT VR AT R MR B ET S AR UE S W 5351 ALY
B, HOAG U T A AR AL, T A v A
P o BERE I 3 FhURHEAARLXT 8 i (e 2 MR BT B 45 5,
JEJe bt B T (5 3R A I BRS, W BRE T K 30%~80%, T
HIE X A T iR 5L AT O PSR BT | DS L1 55 €0 2R W B RICR B
ST RV AR IR 7/l PNSTE TS 1\ WA 7R S D0 C AN
RN RAR m, ATIA 50%; 17 SR BEBRURA J5T 1 I8 B {S X e
SRR WEA DR, HOREER N 5%, HItIRA]
I AL PR RIS I 8 e EALI
3.3 ERMEIFMN

2 PR A Ty i A B LY T B, A o FE 43
R TN W 45 TR BE 1 50 B RN 3 3 X B
Yy ST o M R O A T PEAY . FUATH IR AN

ME(%)=[SLy/SLs—1]%100%,

Horb SLy A HARE A PITESS P AR i 5 TV b 1R IE
MR ARLR, SLs A HAMb & WE s b iR E & pb %, —
BEA R ME 4aXHE R T 50% AR FE RO, 7 5%ty skt
it —2k; 20%~50% K 553 BTk ; /N 20%UA N
WA RO BOR S5 H AR 00 SR e keS8
ARTFEIE A BRI THE I, SR AL TA T, 73R
25 PV WP 0 TS JINAS [ Aof 3 K OSP PO AR VA I, 30 3 4%
L AT B RPN IR IR, 5 RV E TAER
W—R ALK, ARl gk, SR B, fFFE
PRI ME 2300000 AP EE(-38.3) . TESRLL(-21.2). AR
ZI(-9.1), HYE#(-12.7), 52 (5.1). MEMKEE(1.9), FRLIAK
#(-20.8), IR R (-7.6), FFiEHE, W0 . BRAOARER
F G R IAN; Hoax HARY A Ry JC R s, P i
PRI 0T LA JE S R 223K
34 FEFER

A BARIEZS AR EMR LE(SINY Y 3 B X
7 R B S ARG HE FR (limit of detection, LOD), TiE &R
(limit of quantity, LOQ)M g 10 {5 L 4 7 M BE . [mlific
ARSI RS IR SR TR BRI 1 A% L 2 A5 10 f5E
R KO IR BARY), 4 B R AR, AT
SE 6 WK, TSGR A bRIE 2, 55T 2. 2
WAl LIFEH, 8 Fi B ) LOD 7£ 0.27~0.84 mg/kg Z[i], LOQ
1E 0.9~2.6 mg/keg Z[E, PIELE 80.3%~103.7%= ], H
RSD BI/NTF 15%, FERTEMZMETLREIN, SR RAr, #
REBIIKT 0.99, 5E2FFA E AR AR ER
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R2 FEWIELSR(n=6)
Table 2 Validation results of the developed method (n=6)
0 Ea N NPT - Al IR R N F X BT
et ki R et e GRS (ngml) W (mgkg) VK BAR BRI G2
/(mg/kg) /(mg/kg) 1%
1.0 82.4+12.1
g Y=6.15X+41.69
Frige e 0.32 1.0 (r=0.9991) 50~5000 2.0 87.4%9.1
10.0 88.3£6.6
1.0 80.6=11.1
S Y=6.16X+51.57
S04 ~
WL 0.36 1.0 (P=0.9978) 50~5000 2.0 83.748.7
10.0 80.6+5.3
1.0 80.3%9.5
. Y=5.87X+65.55
g4 ~
[]iisEan 0.27 0.9 (F=0.9972) 50~5000 2.0 85.446.9
10.0 83.8+8.8
1.0 91.7£13.5
Y=9.24X+1.55
i) -
H 7% 0.37 1.1 (P-0.9968) 50~5000 2.0 88.4+10.4
10.0 89.6+7.5
1.0 85.6£9.7
2 Y=13.58X+169.61
= ~
S 0.31 1.0 (F=0.9991) 50~5000 2.0 83.247.2
10.0 88.7+6.5
2.0 98.3£12.5
Y=17.07X+39.745
LN -
A 3 0.53 1.6 (=0.9945) 100~10000 10.0 103.7+11.3
20.0 102.5+8.8
3.0 94.247.6
e Y=8.67X-100.71
4 ~
BRI AR 0.84 2.6 (r=0.9979) 100~10000 15.0 99.9+2.5
30.0 100.2+6.5
2.0 81.4+11.1
. Y=28.76X+114.46
K g i 2 ~
)i Rean 0.71 2.0 (F=0.9906) 100~10000 4.0 87.6+10.5
20.0 88.1%5.7

35 EMHEEE

6 FH LIS 5 5 VR A A BT IS, BRI BRIL RN, BR T
KA TS R AT AL B 5 b, R AR B T A bR AR
IR H RO - M R R T B AR S
Brokeist, ZARAREUARM B AR R0 2 A bR e AR A, B
THAREGE AR, Al At £ KR4 T . AT TR T3
FZS bR Y 5 BB AT BARI A oA, JEEBUE TR R AL
o EHARYvEmhes S ndsmho — ik A ANk iR A, HAT
REAHTL S5 4k, w2 REEF AR50 BT A SR A R A T4l
3.6 SCRRAEASN

2 MR 39 HUGH Fib 8 A, Hdis
AT AR AR RHEKEC 15 #tk, K FER 357%, &
Ve R U s O 4 A S 25 €2 )45 AT T A
FE I 1 A5 L £ P 38 O R A, A ol iR & B

A5 R e ™ Sk s B (B 1R 0,013 g/kg), A7 RETE LR
i 25 €0 500 A ) A, 2 HEAE SRS I B A R L
0.0013 g/kg. 0.0037 g/kg), FFEHTR T 13 Ak, WEZRLLA
SHE. MNBLTAsH o #ib . H¥EwARH 74, skt 9 4,
T EVIEIE 0.001~0.116 g/kgo 73 AMNETE FR4y 7 S ATAENAR S
B i AN T 1 [, A 6T £ W TR 380 A 1 L 2k
AW, NFRER R AR Kk k. AR, REK
WA fe A 25 (300 19 0L

4 &

B 2 AR i 5 T B B R g AT BR R LA I B
FUSIY, BATHESL T —Fof i 7 i B B ORI A I A
PEBUEE TR . SR AR 2R A AR SRR
@K ] I PRGN )7 7%, B4 T 2RO R B SR X
TR, X 7k B SOV R T T PR . 2
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