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Determination of nine mineral elements in infant formula milk

powder by rapid wet digestion-inductively coupled

plasma optical emission spectrosmetry
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Abstract: Objective: This study aimed to provide a rapid and effi-

& 2,4

cient pretreatment method to detect the mineral elements in
infant formula milk powder. Methods: Low-temperature rapid
wet digestion (digesting temperature was 120 ‘C and digesting
time was 90 min) combined with the inductively coupled plasma
optical emission spectroscopy (ICP-OES) was used to determine
the concentrations of K, Na, Ca, Mg, P, Fe, Zn, Cu, and Mn
in infant formula milk powder. Results: The linear correlation co-
efficients of standard curves for these nine elements were all over
0.999 9. This method was verified by the reference materials in
infant formula milk powder, and the detection values of each ele-
ment were all within the range of their characteristic values. Be-

sides, the spiked recovery rate of elements in a commercial infant
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milk powder was verified. Its recovery rate was 95.0% ~102.0%
and the relative standard deviation was within 5%. Conclusion:
This method was fast and efficient, which is suitable for the di-
gestion of mineral elements in infant formula milk powder.
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b B BRI A5 b 3
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(1) TH IR B BRI 3 4y /N AT 45 ik i 22 40 LTS Jr 3L
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Table 1 Spectral lines of elements to be tested and

observation method

LR ST /am Wy A

kil 589.59 FH
£ 315.88 Ea)
p 766.49 Ml
55 285.21 M H
i 213.61 EH
3 259.94 T
B 213.85 I
kil 324.75 K
i 257.61 K-
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Table 2 Concentration of each element in different

standard curve mg/L
JTLEALF STDo  STDI  STD2 STD3  STD4  STD4
#h 0 10.000  20.000 40.000 60.000  80.000
5 0 10.000  20.000 40.000 60.000  80.000
il 0 10.000  20.000 40.000 60.000  80.000
W 0 10.000  20.000 40.000 60.000  80.000
53 0 1.000  2.000  4.000  6.000  8.000
73 0 0.200  0.400  0.800  1.200  1.600
B 0 0.200  0.400  0.800  1.200  1.600
kil 0 0.010  0.020  0.040  0.060  0.080
fifi 0 0.010  0.020  0.040  0.060  0.080

ST R 30,60,90,120 min, {4 ff 5 805 » B3 8 4k 2
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Table 3 Standard curves and detection limits (n=11)

. ) Ty kA R/
TR ERcwips AH 2R 2R B
(mg+ LD
Ll y=225.602 —237.50 0.999 9 1.60
i y=09.96x+19.86 0.999 9 3.50
5 y=853.702+172.90 0.999 9 4.00
[ y=22.40x —1.48 0.999 9 0.80
B y=1243.002+48.80  0.999 9 1.60
7S y=1455.102 +24.10 0.999 9 0.70
BF y=1598.20x +4.37 0.999 9 0.40
il y=17.302+110.20 0.999 9 0.20
Hh y=57.80x+39.60 0.999 9 0.09
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Table 4 Contents of nine elements at different digestion

temperatures(n =6) mg/kg

LR - T4 Al W 3 /°C

EA 80 100 120
1 1720.004179.00 1695.00 1678.00 1 690.00
A 6860.0022581.00 6 785.00 6 796.00 6 801.00
A5 3307.004312.50 3 412.00 3 354,00 3 352.00
W 177.004184.00 1 758.00  1795.00 1 801.00
B 465.00459.00 475.00 485.00 475.00
£ 20.604.20 19.90 20.50 19.90
B 31.6046.00 30.10 31.20 32.30
kil 3.38240.90 3.29 3.31 3.25
il 1.24+0.38 1.30 1.21 1.27
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Influence of digestion solution on instrument

stability (n=10)

Table 6

TCRAM R/ (mg » kg™ ') MWEE/(mg « kg™ ') RSD/%

i 1 720.00+179.00 1 798.00 4.2
i 6 860.00+581.00 6 912.00 4.8
5 3307.00£312.50 3290.00 4.0
W 1 771.00+184.00 1 801.00 2.5
B 465.00459.00 472.00 3.4
% 20.6044.20 19.90 2.1
BE 31.6046.00 32.10 3.5
i 3.3840.90 3.36 3.5
i 1.24+0.38 1.28 1.6
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Table 5 Contents of nine elements at different Table 7 Characteristic values and measured values of the
digestion temperatures (n=6) mg/kg reference materials in infant formula milk
JEH - {1 i 1] / min powder (n=6)
K Pk 30 60 90 120 TERAK R/ (mg - kg™ ) WE(E/(mg - kg ') RSD/%

#1 1720.00+£179.00 1598.00 1 610.00 1 681.00 1 659.00
6 860.00+581.00 6 616.00 6 631.00 6 790.00 6 789.00
5 3307.00+£312.50 3 237.00 3 430.00 3 289.00 3 278.00
W 1771.00+£184.00 1 647.00 1 729.00 1 775.00 1 770.00

B 465.0059.00  467.00  495.00  470.00  468.00
% 20.60+4.20 19.60 21.80 20.20 19.80
B 31.60+6.00 30.50 34.00 33.00 32.70
kil 3.38+0.90 3.16 3.49 3.35 3.30
i 1.24+0.38 1.19 1.21 1.27 1.30

i 1 720.00£179.00 1 649.00 3.2
i 6 860.00581.00 6 960.00 3.8
5 3 307.00+312.50 3 256.00 4.2
W 1 771.00184.00 1 790.00 2.1
B 465.00459.00 485.00 3.2
7S 20.6044.20 19.90 1.5
B 31.60%6.00 32.30 3.9
i 3.3840.90 3.19 4.1
i 1.24+0.38 1.30 2.9
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Table 8 Spiked recovery rates of elements in a

sample (n=6)
——— e A / s/ Al i 2/ I
(mg kg ') (mgekg ') (mg+kg D)
20} 1691.00 1 500.00 1 459.00 97.30
i 6 034.00 5 000.00 5 120.00 102.00
5 5 842.00 5 000.00 4 976.00 99.50
i3 3 572.00 3 000.00 2 939.00 98.00
B 432.00 400.00 385.00 96.20
73 74.38 50.00 48.60 97.20
B 41.07 50.00 51.20 102.00
il 3.67 5.00 4.86 97.20
H 1.25 1.00 0.95 95.00
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