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Determination of ascorbyl palmitate in infant formula milk powder by liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for rapid detection of ascorbyl palmitate in infant milk powder by
liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods The sample was extracted with 0.1%
oxalic acid ethanol solution, and the extract was purified with ethylenediamine-N-propyl silane (primary secondary
amine, PSA) and separated by a C;g column, and detected by a triple quadrupole tandem mass spectrometry. Results
Ascorbyl palmitate had a good linear relationship with the peak area in the concentration range of 0.02-0.5 pg/mL,
and the correlation coefficient (r?) was 0.9996. The limit of detection (LOD) (SN=3) was 0.03 mg/kg, and the limit of
quantitation (LOQ) (S'N=10) was 0.10 mg/kg. The mean recoveries at spiked levels of 0.5, 1.0 and 10.0 mg/kg were
90.0%—104.1%, with the relative standard deviations (RSDs) of 1.5%—2.7%(n=6). Conclusion This method is simple,
rapid and sensitive, and can meet the requirements of detecting ascorbic palmitate in infant milk powder.
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YUK I BRAE A FR I (ascorbyl palmitate, AP)JE HiEEHE
i 5PN MBS, DT Ol BR—FhHiE bR,
[l Bt T AV S LA L i e © PR, it 5 T A= 41 40
H5ERWIANZE RSN RAESRE. 8. s, A
EA AR, E GB 2760-2014 (£ 5k sl
FrRdE ) sfE— el T 2LE S B S it E AR, &
KRR 50 mg/kg(LABE T -PHUIR M BRI, A 2
JLELA FrBL IR i R AR R R TR (%) e K8 A, 292 20 mg/kg
At

BUIR A PR R 2 W 1 43 A g i 2,6- — A W e
R R AT A BT R
B ST IE, SRR BB HRE S SR, B B BE
S WA EGE T B P A L T EEMET LA,
TR BRAE 2~5 mg/kg!'* ™, 5 IREFRELF-Ab T[]
— K AR - B B BT (liquid chromatography-tandem
mass spectrometry, LC-MS/MS)F AR F4HF e REE S . i
BB e A0 o B, DRI ) 2 g 6 s n ) A
TS R RS RE € 33% - H TS 0 LU v i PR
I PR A R B ) A S AR R 80 o

AR TIF 5 HE ST AH €615 - H BT R A e 2L RLB A
UK M R AR R TR 1 & 5, AR 2 LF eIk 1 iR
PR R R A A IS 0, A AR DG I B2 fy H 35 M4 AR
WrHkzs%.

1 #MR5R%

1.1 XFE5RHA

LC-30A i i ROB AR 35 AL (H A B HE A ;. API
4000 QTRAP —H PUMAT ik (FCHLWE %5 B 1, 5
E AB SCIEX 2A#]); 3-30k B.0HL(FEE Sigma A HE);
XH-B i€ i & 57 #% (VL 75 B i 2 97 A O A BR 2 A );
KQ-500E 7 i $ UL (T A5 B 1l i 8 75 {8 A BR A #D);
FD115 T-4#4f (7% H Binder /A w); MSE 125P, BS224S H,
F R (P E 2 R A D

PR I FR B A BR IR AR E SR (4B 99.2%, 1 H
Dr. Ehrenstorfer A#]); HEE, 2. ZE. ZWREMH
fR (5o, 2E Tedia AW); ZoK. LB, M, BT
R . JOKBREREE[ /P4, R NIAAL (4R A BRA
Cis ¥y PSACGEEGHEMRAT]); 0.22 um AHLIER(EJE,
RHEHEE A v, S50 28 /K Ry 8 4K (F2 1 3R 728 v ) o
1.2 LWIE
1.2.1 ERELH

PO I 2 A ) e T s A A £ VR ERRARER 25.20 mg
U MR R B AR S, FH R 0.1% 55 R Vi WA it

HFBEZR 50 mL, BB 500 me/L HIARMEREAT IR, BT
FEEAGRIR T, 4 °CIR-AF .

ST 0. 1% IR F W FRILO0.1 g B, JH eV i
FHFFEE 100 mL,

2 mmol/L Z.TREFVAM (% 0.1%H R): FRHX 0.154 g Z.
FR %, IIAZY 100 mL /K¥f#, FMA 1 mL W2, FIKHE
B 1000 mL,
122 #onara =

(D)L R R 5

T AR BIRE S, SEIHT N 784 PR B BB hE Yy
59, BUREJG L7 BV B WG AR AE

(2)F2H

WERIFREL 1 gOREHR 2 0.001 )FEAE T 50 mL 2.0,
JIA 10 mL ZFE( 0.1%F )R, HAHEE 10 min, 2§
O, B EIEREERE 25 mL AR, sRiEAIRBORE L
PRUCL K, GIFRBORIT & A 2215, 1’5, B mL HE,
HIAJEAT 0.05 g PSA | 0.20 g Jo/KBRREE A BB IR 1, W
JEIRA 30s, B0/ BB 0.22 um AHLIERE, HHRAH
- FR I SO A
123 RABEHE-F R ELFM4

(D)WBAH (38 451

634 Shimadzu VP-ODS C 5 #1:(150.0 mmx2.0 mm,
5.0 um); H:i: 40 °C; WEE: 0.3 mL/min; PEFEEE: 10 pL;
TEIAH: A B EE, B 2 mmol/L ZFREVETR (& 0.1%H R);
KEBEVEARF: 0~1 min, 70%A; 1~1.5 min, 70%A~100%A;
1.5~4.0 min, 100%A; 4.0~4.5 min, 100%A~70%A; 4.5~
6.0 min, 70%A., XA EEVEBLET 70%A - 2 min,

QG4

B PR HLIBE%E B T (electron spray ionization, ESI),
T2, HW%5 B [ (ion spray voltage, IS): -4500 V;
B 1 PR IR BE (temperature, TEM): 550 °C; a5 S JE N
(curtain gas, CUR): 30 psi; 54k <& Ji(ion source gas 1,
GS1): 40 psi; fiBI S i (on source gas 2, GS2): 60 psi;
WA 22 ) W AR 2 (multiple reaction monitoring
MRM).,

2 GER5HH

2.1 HMEHIRKL
2,11 AR

DL SIEST B9 7 208 1 me/L AOHUIR IR A R BRI AR
HEVE WO A BORE €3 - R R B A ey, A B B
AT — TSR e B 4 . DR I R A A R e LA
ZAFREE, WMo BRI T, — SRR
FBETIE[M-H]R mVz=413.4, 16 2% 5 s w18 P 72 30 4 1)
e SR Sy T 2L, 93075 3] myz=157.0 Fl m/z=255.2 2 N
BRI BT SR 2 RN BT X 413.4/157.0
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H1413.4/2552 2 DB TR RFER L MifEREE . MifEE
A R AR 25 4 1 H PR S S R T, s S5k
fREE R 1,
2,12 R LkE

PR I R AR AR B PR S MR e L&, A% pHL (B B
FRA BT ) 0 5 e 8 AT 3R A5 R A 1) 5 i AT . SRk
TR FH - R KO R e 2 - | 2 -
- R B 2 - B R (pH 3.0)MY | HY - R R
H(pH 3.5) Vi ST BEA T 40 B . LC-MS/MS 43#r i
SR R A R AR, AR R, 255
2 mmol/L Z BRI 0.1% W RV i sh, ik AR
Py g i (LR S DA T 45 SR R B SR T P B 2 mmol/L
SRR 0.1% P IR L Sh A 14 28 A 106 B Uk B 15 B
EXTRR . RBLAY I
2.2 BIRCIBEMMLE
221 REEHHA

UK I FR A RE R TR IR . G2 Am R IR B AUk, AT
SE W E AR R BR AN HTIR I R B o T RRE 7 h
TE 0.1%E R B PR E RHEC ATk 20 h AR ABiFSE %
F0.1% 5 R 2 A7 A E M AR B I, 38 I IE S8 2 A 1
AFEEFRAFG . 10, 15 mL), #ARBUS (10, 20,

30 min)FIHRBURE(1. 2. 3 WOMHRBGECRAEN . TEAS
SEH E AT R L 2, 45 FE W RHEBCIUR 50
PEBOREL > BRI > SRECH ], mAEIR A G
A2B1C2, RI2RH 10 mL 4R BUHIEE 75 420 2 ¥, &K 10 min,
IRUEARE) 1 mg/kg ZKF B INAR EDREE R 99.6%
222 ALKk

FEMRBOR P &AM . BRI RIS S, Bk
W5 V5 YA . ARG, AR . SRS (B4
W F BRI 2% . RN, 255 3 mURE DN A 1 e £
QuEChERS #fb Pk . faj 8 H AT &L, PSA A &K b i
Wi . RK A W SE =T, C g P LASE— 25 TR /i
i 7 25 AR P 2 0L, T FH R A e Al . AR ST
W1 mL H2BOK, AT PSA. Cs FITC/KBEREE T & %)
[l 2 5 . AR G PSA/C g/ TG K B BRAE i Ak 114 (8]
WCRINE 1 R, SR ER Cg X I B A AR50 1 1
BEVEF, R EAFSE T Al A PSA FIJGAK B BRBE . 24 ¥
0.05 g PSA . 0.15 g 5 0.20 g Jo/K B BR 5 v Ak i A4 3 44 (]
W F 43 01N 106.8%F1 102.6%, &K PSA FITE /KRR
PEo FHEIDICR AL, NILSEARMFFREC 1| mL FE 5 R E
W, MA 0.05 g PSA 1 0.20 g JC/K B BREE IR HE 30 s HEAT
ik

F1 HIFMEARHEEREERIESH

Table 1 Parameters of mass spectrometry of ascorbic palmitate

BET (m2) FET (M2 3 4 BiFA] /ms LRHIEIV RAEE AR REEEROEENY R EV
157.0% 200 -90 -89 -6.1 -342
413.4
255.2 200 -90 -89 -6.1 247
W ERE T
#T2 EXTRER =24
Table 2 Results of orthogonal experiment
” A%
ES =
ISie = 7&%? W3 X 0 H, i . V> @W%i@lﬁ
%Eﬁ? ‘ IElLlf\IKii‘]{E A (’ﬁ'll'”zki\ B %EE:XHT“EH C TIEEYU\%& o
AR BRI CHEREL o, 1%
0
K, 2542 2342 270.9
1 1 1 1 67.7
9 N 5 5 98.2 Ks 225.1 2326 268.6
3 3 3 3 87.2 K1 79.5 83.7 59.4
4 1 2 3 85.7 K> 84.7 78.1 90.3
3 2 3 ! 60.3 K3 75.0 775 89.5
6 3 1 2 87.6
W2 R 9.7 6.1 30.9
7 1 3 2 85.1
F Il C>A>B
8 2 1 3 95.7
- M.
9 3 5 | 503 LK A2 Bl c2
K, 238.5 251.0 178.3 Pedi A2BIC2
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Fig.l1 Recoveries of using different material feeding ratios

23 EFRHM. &MSEE. KEHRFESR

JE SR S S5 T R R 4 Tk A R
i B A 1 S e R R U, o mT DA ) 2 A RN 9 A Ak
RO o AR5 R FH ST s 1 VS A 5 ) o A S YA o
J7 FEARE R H HEAT B BSOS SR S, A R AR (1)

ME = (3~ 1) x 100 1)

Horp, S, FU S 43 9 23 T3 A 4 I £ R 790 v T 2k 1
R A LA RS 1 T S R B 20, 50,
100, 200 F1 500 pg/L #5001 FR MEVS RN 2L BAn e v v,
LC-MS/MS 5 FF- 23 il 2 Pk Jr A o KA 25 T o4 V5 VAR 19
Bt 4R )5 B2 Y=11899X+10502 . #HE 2 51(r?=0.9996),
TS FIARHEVS R AL HE N R 7 R Y=15017X+11470., AHK
FH(r’=0.9999), THHEAFA LI ME=-20.8%, HA 5%
SEJT AN T Ry ARAT R 0 R A R, SRR
SER 2R AT RE W AT . DA AR VA SIN=3 THA%
ITE B HUBR h 0.03 mg/kg, SIN=10 845 7 00 2 & R
4 0.10 mg/kg,

2.4 (IR KIEEE LW

ABFFEAE 0.5, 1.0 1 10.0 mg/kg 3 MEE K Fi#kfT
BN EEE, BHAKFEEM 6 Wo FRIZERHINA E T
W R AR AR R TR 1 TH B AR, I AAR R R IR S,
5 min J5HE RERE S 0 EIT AL B vA A TN E, SRR i
OKHE, LA RN 3, 3 MINFRACE 1Y 7 24 R
N 90.0%~104.1%, HH XF % E i 25 (relative standard
deviations, RSD, n=6)4 1.5%~2.7%. %5 ERkEFIHIARE i
H g ILE 2. & 3.
2.5 SEPRMEMINE

B B2 LA A Z, AEFEHHLER T 10
A i R AR i b RO ST 1) VR0 A RPN I PR A A
FREE I &5, IR GB 5009.6—2016 (£ 5h2i 4 FE %5 hn
WE B PRI AOIE ) A =3RRI AR . TR
m A 2 AR SR PR I R AR R R R, & A h
5.3 mg/kg M 11.1 mg/kg, TR &R 51H0 25.5 ¢/100 g #
24.1 g/100 g, S MARITT HHTIAMAR A 75 i 8.8 mg/kg il
19.6 mg/kg, F=EATFE GB 2760—2014 BRH%K

®3INARAE R E R R E (n=6)

Table 3 Recoveries and precisions in spiked samples (n=6)

TRINKF-/(mg/kg) R /% S5 TR /% RSD/%
0.5 942, 86.1, 89.5, 80.3, 97.2, 93.0 90.0 2.7
1.0 98.7. 105.8, 100.6, 108, 102.5, 109 104.1 1.5

10 95.6. 92.3, 90.5, 103.3, 97.8, 99.2 96.4 1.7
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Fig.3 Chromatograms of sample spiked with standard (1.0 mg/kg) in MRM mode
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Fig.3 Chromatograms of sample spiked with standard (1.0 mg/kg) in MRM mode
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