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Effects of different preparation methods on the content of 7 kinds of mineral
elements in infant formula goat milk powder

FAN Xiao-Xu, HU J ian-Yong*, MIAO Ming-Jin, XU Wei-Er, LI Wen-Rui

(Dali Institute for Drug Control, Dali 671000, China)

ABSTRACT: Objective To establish and optimize an analytical method based on inductively coupled
plasma-mass spectrometry (ICP-MS) for the determination of Mg, Ca, Fe, Cu, Zn, Se and Pb content in infant
formula goat milk powder. Methods The 3 kinds of sample pretreatment methods—graphite digestion, ultrasonic
acid extraction and microwave digestion were systematically compared, with key parameters optimized respectively:
The digestion system ratio and time for graphite digestion; the extraction acid concentration for ultrasonic acid

extraction; and the digestion program and reagent dosage for microwave digestion. Methodological validation was
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performed through spiked recovery experiments, repeatability tests and certified reference material analysis to

comprehensively evaluate the accuracy, precision and applicability of each method. Results

No significant

differences were observed in the determination results among the 3 kinds of optimized methods (P>0.05). The limits

of detection for the elements ranged from 0.0007 to 0.0941 mg/kg, spiked recoveries were between 88.2% and

110.8%, and the relative standard deviations (RSD) were all below 5.64%. The measured values of elements in the

certified reference material were all within the certified ranges. Conclusion Under the premise of ensuring analytical

quality, graphite digestion and ultrasonic acid extraction reduce the operation time by 55% and 70%, respectively,

compared to microwave digestion. They also demonstrate advantages such as lower reagent consumption, reduced

pollution risk and lower detection costs. These methods are more suitable for high-throughput rapid detection of multiple

elements in infant formula goat milk powder, showing good application and promotion value.

KEY WORDS: graphite digestion; ultrasonic acid extraction; microwave digestion; inductively coupled

plasma-mass spectrometry; infant formula goat milk powder; mineral elements
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AWK Wik, @ -, dE . ST
BAILETT Wik Z R Poe R BRI T 1%, W SE A
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R M 5 5 0 oA PR RS UL ARk, N R
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FEERR | A IHICRE Y PR TR B IO R SR 2, L2 R
PR, TSY | TR IR R B T A 2GR T
ABFTE VI SR RS TR PR UL RV I Ak 3 il
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2)LBCTT F Yk R 7 M Mo R A S, JRREA T A R,
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1 MRI5R%

1.1 MR5iRF

TR A R B LI 7 SE R AR S 6 1y, RFE)S A
DT A i

ZILE IR A MEF R (WS 100 pg/mL, EEKA
% JE@ S F AR 0y, I Ge. Co. Li.
Tl YORSEWERN 1 pg/L). WAREA W Sc. Ge. Rh,
In. Bi(BiE ey 100 pg/mL)(EEHE Agilent 23 w]); HyO4(46
B 30%, SRR ) HNOs(ZEE 65%, 7 Bk a2 wl);
LRI S AR HEY R (GBW 10017, HiERY) Bt IR 1k
2RI T
1.2 UFE5E%

Agilent 7900 HLJEHE G 45 B IR (2 1E] Agilent
4> l); Digi2d FA7 8T AL \Digi TUBES Hf#4 50 mL(J
K SCP /A F]); ETHOS UP fltish i X (7 K Mileston
3 7l); VB24 up AR (AL 534 ZEFL A ] ); VORTEX 3 ¥
THERE ¥ # (75 [ TK A 72 7]); KQ-700DE TR 88 7 I 3 e AL
(Rl 5 XA PR l); TDL-40B i3 5 B oLk
1GR3 T); PURELAB Chorusl Complete #2417k
{X(EE ELGA LabWater 23 )); ML204T/02 J3 432 —43#7
KA (Fit: Mettler Toledo A Fl)s
1.3 XWHE
1.3.1 #eonarats

() B IH vk

PRI 0.4 (5T E 0.0001 g)idFET 50 mL BN 7 5 1
&, SEIEMIRIMA 2 mL HNO; il | mL H,0,, B5)E %
AR B A BT A B, 130 °CHIFAE 7 45 min,
Msese, WMTIHMY, AHESRERBELgKEAR
50 mL, FEIERE, £ 0.45 pm /K RIERFEUE, AR, [
§zs (X HE
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FREL 0.4 g(K5i 2 0.0001 g)ifkAET 50 mL B VU 2.5
BT, AR ECN 2.0% HNOs IEBREAZE 50 mL,
FFE ST HERIRS BRE M SC RV, 1T 60 °Cil
7510 min, LA 8000 r/min £5.0> 5 min, B IS, % 0.45 um
IKRIEMEL g, R, (A R R

(3) iR T fiff v

FREL 0.4 g(AEHHZE 0.0001 g)ikAET 80 mL f Ik i A
s, A 6 mL HNO; 12 mL H,0,, & T, i
M 1 THERT I TIEM, WHigocEe, ME=ER, A0
LK RS A B RED, KIS TR UN 140 °C
R, WIRCRIZR 0.5 mL 22U F AR BRI, Hmaik
ZUGEBIARGE, BIFBEIRIT 50 mL AR, RAIR
Do R s o e

1 WORHERIER

Table 1 Program of microwave digestion

S wpgow  JTWMIY RRRRE B
min °C min
1 1800 10 120 5
2 1800 5 150 10
3 1800 5 190 20

1.3.2  ARBZEIR EH

FEE R 10 mL 20 RRMEM SR ZE 100 mL & &
th, FRTRZM R 2.0% HNO, 45, el i ik 5 24
10 mg/L FRUER VR, AE#% 8 0.0.05.0.10,0.20.0.50,
1.00, 2.00, 5.00. 10.00 mL A7t VR Z 100 mL 255
o, FRFLECN 2.0% HNO; Fi B 45 0 2 I3 vk 43 )
0. 5,10, 20, 50, 100, 200, 500. 1000 pg/L [ 55
PRUETR I
133 ®RABEF BT HRREN A4

ZIFHWE N 1 pg/L (Li. Y. Ge. Tl. Co)RIJHik%E
WRASER ST A B4k, TR R A 0 B fk TAES
Sy FHARZNZR 1500 W, B TR E 15.0 L/min, L3R5
2 1.0 L/min, #iBh/SIARE 0.9 L/min, S <HiHE 4.9 mL/min,
FAL IR 2 °C, REEIRE 9 mm, FALYI LR 0.396%, XU
LT FL R 1.728%, HERAE 3 K.

M I 2ok Mg, #*Ca. *Fe, ®Cu, “Zn, ™Se . **Pb.

1.4 HIEAIE

K FH Excel 2019 #1785 44 #8, SPSS 26.0 St it kit
17 Pearson AHIMEA T o

2 H#R55%

2.1 AERTCEB G AR
211 BEREIEMELS
SZI Ay HR B 2 mL HNO;. 2 mL HNOs-1 mL H,0,.

3 mL HNO;-1 mL H,O, IR RIA TR, EILHF HNO; i,
HRwREE A, BA/DEZRIE; A 1 mL H,0, /574
AR TS T A, ARSI HNOS PR FR I 1@ i JC W 728 4k,
SRR SO R AOR, A EFE 2 mL HNO;s-1 mL
H,0, R R IEAT IR o SEIG IR 4 T TH S 8] 43 314 30
45,60 min A X 7 FOTER M EE RN, 25K KV 45 min
JETEoCER e s R KA BT, SRR B L
BT A2 130 °CHEATH M, IR AT i iy
PITH AR ARCR, THAR G O 5 B 2, RSB .
AT RRFERT 2 1.5 he
212 A FBRRBELMT

2R P B ERRCSR Y e T E IR R A AR IR Y R vk
B [EEMARE 10 min, #FEE 60 °C, Ll HNO; i
WIRBGR, 7 3%88 HNO; IR IATR N 0.5%. 1.0%.
2.0% . 5.0% X AE it v AR 0 0 2 0 E (s . & B
HNO; E R EI E 2.0%0, 20 G REMER
TR AR LS, Bk 2.0% HNO; IFRAE A
W o AT REFERTZY 1.0 ho
213 mokE kAN

B LB SR EENEAR . AERESE
FAEr, e T B G R E i, 2R R EHE S
ARI5YL . RS R HNO,-H,0, 7R B AT i, Bt i
A PEBCRALSE ) B, A RRAERT 29 3.5 ho
22 T1Efh&RGER LR

PAREIN T 2 T e B MR AR AR (X, ng/L), Ko TG 2 1)
N A AR FR(Y)Z bR HE M 26 o th 3R 2 WT 40, 7 Fhon 2= A4k
PERI S BB (IR T 0.9995, FHHZ T HA B IFHk

X 3 RS A AR By 2 R a8 IR GAE LRI E 11
W, LARRNAERY 3 REAnifE R 22 s HBR . i3k 2 vf
VIEH, &IoZH BN 0.0007~0.0941 mg/kg, 3 Rt
IR R EY T 7 MoT R ek, Hidr, W
PR B B SR B AR ARG B, 3 = R AR B T
JRPH: (DA b P AR 7= AR 04 2 A0 RE RS A RICR A
WL PR UE HFRT R T, TR SRR, )%
J5 ik Bt AR FH b, RN TR A B 5 ARy 24
JE R, i AR A5 A AR AR K, AT R T
AT HALARS H PR
23 EEMXEW

X6 AR A T E SRR 3)BR, AN
fife . PR RTINSO T R A T 2R A AT I 25 (relative
standard deviation, RSD) & Fl 4> 5 & 1.05%~5.64% .
1.59%~5.05%F1 1.23%~3.89%, 3B 3 Pk A RAFWE
Bk, HAp, Sl HE RSD B, nI e S AT AR
A B PR RENDC R R AR AN YA 5o
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Table 2 Standard curve and method limit of detection
oo 2 P L P I EE 4 Kt B /(mg/kg) (n=11)
(ng/L) () A ER M i TR FE R AR IR Tl e i
Mg 0~1000 Y=0.0272X+0.0078 0.9996 0.0382 0.0131 0.0941
Ca 0~1000 Y=0.0136X+0.0749 0.9997 0.0832 0.0460 0.0925
Fe 0~1000 Y=0.1447X+0.0533 1.0000 0.0372 0.0142 0.0430
Cu 0~50 Y=0.0576X+0.0027 0.9999 0.0025 0.0016 0.0024
Zn 0~50 Y=0.0012X+0.0026 1.0000 0.0035 0.0017 0.0712
Se 0~50 Y=0.0109X+0.0319 0.9996 0.0046 0.0021 0.0057
Pb 0~50 Y=0.0086X+0.0067 0.9999 0.0018 0.0007 0.0067
2t IR AL, 3 FhU7kIE] BN E S R0 R 2 S

(P>0.05), BoiiE T B3 B4 T SE U HERAPE (B E R R,
RE S RAERA Y, BRI FSCRER AR, A5tk
) 22T AR 5 PR R PR G, TR ORUE O T A R E, R
IRART T ReR . —F 0 s BRI 4555 T 55%F1
70%, XALFEAL T R TEFE SR A, A A B
SR E X ARG | R PEAI ) R oK, JUHGE AT 2R
JUBC T 3508 09 5 FTT it s

3 BRI AT AL 3 3 00 SE WA Al R Y Pb JGER
TR T 0.08 mg/kg, fFE GB 2762—2022( & fhvit 4 E
FhrfE BRI E ) Mg, JE Cu (3.76 mg/kg).
Zn (35.49 mg/kg). Se (0.20 mg/kg) L& ity E T i H
S AR kYR Cu (3.15 mg/kg) . Zn (18 mg/kg). Se (0.12 mg/kg)

2.4 [EUESLG

WEFIFRBCE DI RERL 0.4 g, IMAGE RYREERY) 7FPOCER
PRUEVEW, FBR 3 FPORIR A AR Ry S T o e, 7
FT0E 6 13, TR ICE B INAR IBSCR A RSD fH, 2559 W
4, FICEABHEMIEMENRCR K 88.2%~109.2%, A
T2 5 H 3 0 TRT S %y 93.6%~110.8%, Wi 14 7 v 1 B lig
FH 91.7%~107.4%, 3 FhETALE T 2 4 Bbr i [l e %,
REH A2 S IRBER
HETE S
Ve FH E AR EY T GBW 10017 545 %6t 5 3 B e R Pk
PP, HeRR EIR 3 FOR R A BT AR TR, 255 L
5. 7 FOCRNEEIFFARED) TOIE 2R ARG %

2.5

ERP RO, R T 3 Fo kA B E  SEBr b A
3 3 MAERILIES EH RN E ERIEZE (N=6)
Table 3 Determination values and precision of samples with 3 kinds of different pretreatment methods (n=6)
- A1 S T ik P R R L TUCIBE T ik
S8 (mg/kg) RSDs/% 3585 H (mg/kg) RSDs/% S5 (mg/kg) RSDs/%
Mg 421.13 2.97 424.56 1.59 427.89 2.15
Ca 4759.25 5.12 4741.37 5.05 4762.26 1.96
Fe 37.34 3.68 36.81 2.67 38.05 3.04
Cu 3.78 5.64 3.80 3.81 3.71 3.24
Zn 35.05 1.05 35.79 2.05 35.64 2.26
Se 0.21 1.86 0.20 4.32 0.20 1.23
Pb 0.062 2.07 0.060 3.56 0.065 3.89
4 3 FEILIEF E MR EER A LB (n=6)
Table 4 Comparison of recovery of standard addition by 3 kinds of pretreatment methods (n=6)
JLE A Hk AJRAH b & WFHE /% RSDs/%

A1 S5 TH A 3.369 3.00 6.645 109.2 2.86

Mg R IR AR I 3.396 3.00 6.399 100.1 3.94
BT i 3.423 3.00 6.645 107.4 2.66

A1 2 VH A 38.074 40.00 80.754 106.7 1.21

Ca P R ML 37.931 40.00 82.251 110.8 4.18

ORI i 38.098 40.00 80.178 105.2 2.74
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JLE AL A JEAE b e MFSEH [EISCR /% RSDs/%
A1 25 8 298.721 300.00 599.621 100.3 2.83
Fe IR I 294.482 300.00 584.582 96.7 2.69
TR i 12 304.405 300.00 611.905 102.5 1.65
=R vk 30.241 30.00 58.321 93.6 3.03
Cu IR AR A 30.407 30.00 59.177 95.9 4.01
TUCIBE T ik 12 29.682 30.00 57.192 91.7 1.59
A1 A AR 280.419 300.00 575.919 98.5 0.98
Zn L FR B Ik 286.324 300.00 594.124 102.6 1.10
TR T ik i 285.121 300.00 599.821 104.9 4.05
A1 25 A 1.680 2.00 3.664 99.2 2.53
Se T 7 TR P LT 1.605 2.00 3.571 98.3 3.67
TR T 1.617 2.00 3.673 102.8 3.00
=R vk 0.496 0.50 0.937 88.2 2.93
Pb IR I 0.480 0.50 0.948 93.6 3.12
TRCIBE T itk 0.520 0.50 1.029 101.8 1.87
TE: Mg, Ca BAJEM . Anbrdt . MASEAY AR mg/L; Fe, Cu. Zn, Se. Pb YA . Anbrdd . MR HAHN ne/L.
x5 BIEHEEMZESER(n=3)
Table 5 Determination results for national standard material (n=3)
GBW10017 GBW10017
JLE A T WM oo, | PR HIRERA bR/ W7 {1/ RSDs/
(mg/kg) (mg/kg) (mg/kg) (mg/kg) %
PaE:-de)i (378 98.24 2.41 A1 A TR 32.78 1.02
Mg  HFERIZIOL 96+7 99.17 3.73 Zn  EFERRARIBGL 34+2 33.96 1.96
OB TH v 96.56 2.79 TR T vk 34.19 1.78
A1 S T ik 956.37 2.71 A1 25 A A 0.14 2.97
Ca  EFERRIEHUL 940+30 949.26 2.63 Se T 7 PR PR IR 0.11=0.03 0.10 2.83
OB T i 961.43 2.49 TR i 12 0.11 1.32
A1 = ik 8.45 1.49 = Tk 0.07 4.37
Fe  MARIEHE 7.8£1.3 7.96 1.23 Pb T P R BT 0.07+0.02 0.06 3.16
TRCIHE T A1 7.84 2.01 TR T i 0.06 2.01
A1 25V A 0.47 1.59
Cu  HAMRERE 0512013 0.60 231
WO TF i 0.51 1.17

3 &£ P FEUE LR, KPR IE S OO ARA I E S R B R
TR —BuE, AU RN . Z 4R R oT

AT R GEMCAE T A S MMk | P BR B IOL M e RISt TR R bR A AR BT 5, Rl T

THARIE 3 PIRTAL BT 145 6 U B & 258 8 IR B T B LRCT7 Ay B 5 2 A bl

BYILEC T F Wk 7 P Yoo R A Y. S5 R P—

A SRR B TR C 42, SR (A7 1 (BRLAtE O Ak B 1] /)
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