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Quantitative determination of 9 kinds of mineral elements in camel milk
powder by super microwave digestion-inductively coupled plasma optical
emission spectrometry

HE Guo-Biao'", HE Zi-Yu?, ZHANG Juan', LIANG Zu-Pei'

(1. Guangdong Testing Institute of Product Quality Supervision, Foshan 528300, China;
2. Guangdong Provine Product License Review Services Centre, Guangzhou 510000, China)

ABSTRACT: Objective To establish a method for the determination of 9 kinds of mineral elements in camel milk
powder by super microwave digestion inductively coupled plasma emission spectroscopy. Methods The camel milk
powder was pretreated by super microwave digestion method with the optimized conditions of nitric acid:water=2:1
as the acid system, and the digestion temperature was 220 °C. At the same time, the digestion effect of ordinary
microwave digestion was compared, and then the content of 9 kinds of minerals in the samples was determined by
inductively coupled plasma atomic emission spectrometry. The accuracy of the method was examined with certified
reference material. Results The data showed that the linear relationship between the 9 kinds of elements was good,
with a linear correlation coefficient of 0.9998 or above. The recoveries rate of the standard substance were

98.6%~102.0%, and the content measurement results of the 9 kinds of elements in the quality control samples were
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all within the standard value range. Conclusion Compared with ordinary microwave digestion method, super

microwave digestion method has better digestion effect, and is also more environmentally friendly, efficient, and

feasible.

KEY WORDS: super microwave digestion; camel milk powder; mineral elements; inductively coupled plasma optical

emission spectrometry
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AR NATTHE B A 2 BNz AR Bz 47, Iz 50
WEY IR R IKC B o FLIRANAE T 2R 1 AR BE IR A R IR R Y ik
B, FLHISL I ok A Z oot T i e s B, BR T
GRS NI = L TR YN SN I (B P TR WARIRES
g e,

SESE WA VDT & PR S, P BN (ELAS 75 T A
B N RN %, BEE EENE IR E, B HiHhiE
SEW I KR S5 R T hE e D, SEGE kR T
HESREENA . FLIBU KL FIEAZ MK, Na, Ca,
Mg P 504 58 35 UMD, S 547 & RNy R LD
TIERRE . FLERE ML T T A I I S R A
EAM, &SR IET AR, BN s
WHEP,

I e A 2 ERY R, HEAR. 2.
W oC R & R, B AE K PG SR R A B R
(3.72 g/100 @)FIFLIE & 5(5.39 /100 @) HLA4-FL . gL,
T SE L B E 2, BiTRESHERE LTS
TeUAS | B B 2 T R D 3L S B 0 g 125 90 Mg Ah BRASE
(ERSCRT AR Ao ) R AU SR i L R S IN Wax ) id
T8 2 BUOCHLAS, THARIR 2R KRR C. N SFdLfEoT
F, AR IEORIN IO, S0 G E I i AR D
SR Ay i 200 P FR IR TP R A B B AR DR T e e . 9
i AN 5E 4 (1 P R, 22 AR R P A TN T A B R Rl 51
PR R ORGSR, RIS A7 0 A it BB 58
L. MRMBOH R R T Ie Rl R e R
THIRRICRET . 25 5 g NaE, FETCHLITER 143 Bras il o 7
B R A (B [ B RS o 1) S i s, L BE S 1
ST AL AR IR

AW SR, G LR R AR G BT, AN E
Z H WL SESEFUBME X 4, A4 H o™ ) S50 5% o3
B TR, SR b R TR ARl T 1 65 M e B 2 i 4
FE S TH AR SCR AN B ), i 3 AR FR VS IR R, DL BTN
it T S N7 — 1 P T R IR T A - PR S 4 B 1A
& 8615 1Y (inductively coupled plasma optical emission
spectromete, ICP-OES)IZI5Ie7 L 9 Fiir ¥ ioc# %
Wk, ¥ ICP-OES X K. Na, Ca. Mg. Fe. Cu,

Zn, P Mn JEAREINNY, S F SR RLAAAG I S 140 45 B 2L B
R FOC R IS UGB SR, SRS RS A A
BRI

1 MR5RZE

1.1 w5 NEE

4 SN SRR S IR TR P&, 434S
JRESE AL FESD B FEAR CL BESL D,

Jii R 45 B ) 43 43 A b HE ) ST (B UE W) T g
NIM-RM2900, 1 E R AFRB); 1V-16658 £I0K
RS FRMEA: K (5000 mg/L), Na (3750 mg/L). Mg
(1000 mg/L).Ca (3750 mg/L) .P (1000 mg/L) .Fe (125 mg/L).
Zn (75 mg/L). Cu (30 mg/L). Mn (30 mg/L)(3&[# Inorganic
Ventures A F]); THIR . $hMR(AHr2l, ELEALFFG
A w]); 52362 FH 7K 4 Millipore Milli-Q Academic #B 47K
I 2 E T K (18.2 MQ/em)o

VDV 5800 HLJEHE & 55 B TR &k 5 6 g A (3£
Agilent 24 F]); ML204/02 J3 4 Z — H F K- (Hfi += Mettler
Toledo 7 l); Ultra Clave #8 4L fk 2% F & (B K H)
Milestone /A Fl); Mars Xpress i IH fi# AL (3 [E CEM 2y
H]); VB Clave A #FRR # (At A 28 BH AT PR Hl)

12 XWHE
1.2.1 #swar#E

R W A PRI 0.5 g(KSTIZE 0.0001 )RS,
T 15 mL A SRR IE AR T, 3 3mA 2.5 mL fifig |
2.5 mL 4K, HCELFRMR O T, B Ultra
Clave B TH AR A SN 28 s, R SR IY, R 1A
BRPRET mHE AR EEESIE 40.0 bar, FFUGIET
THEWE AT . TFHMLEHR, BHERE, THAZEIE,
HEENBRT S, RNE ARG, BURZAREMLE,
AT AR . KN R B8 2 50 mL 25 b, JfFE
iKERE . BA), BRI FFN, RIS feas AL .
RGO R SRR 1.

e I T AR FRE 0.5 gCRE B 0.0001 g)FFfh 2§
VUG Z IR N, INA 8 mLERGE &), T 100 °CHI
KPR PR EFEM 0.5 h, FEWIRE, EEE®E,
LA Mars Xpress il W fAC A TIE . B ERIUH,
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ZRATITE B, AR BTk N, 0w
B R , T 160 IR 2 T, KR
WEEE 50 mL FEf, HHBAKER . 5], W
THARCR . R, [R] A S8 O i S 8L 2.
*1 BRMWKHEBSY
Table 1 Parameters of supermicrowave digestion

B OMRRIECC  THRI I min G /min 51%/W

1 80 5 0 1000
2 130 8 0 1200
3 180 5 0 1200
4 220 10 15 1200
=2 WEHBSH
Table 2 Parameters of microwave digestion
BF WERRESC  THREHE/mn  IRIERC

1 120 5 5

2 150 5 15

3 190 10 30

122 A5/ ol 09 BL 4]

bl i br e e e KSR Z LR IR G
P UV TR (B T I VR 25 150 78 38 VR K- 5000 mg/L
Na: 3750 mg/L . Mg: 1000 mg/L . Ca: 3750 mg/L . P: 1000 mg/L .
Fe: 125mg/L, Zn: 75 mg/L. Cu: 30 mg/L. Mn: 30 mg/L) 0.0,
0.1, 0.2, 0.4, 0.8, 1.0, 2.0 mL F 50 mL &=/, LA 5%
TR EZY, BIMFRERS] A TR PR S W3 3.

RN Z 0 R IR B AR MR 5 mL T 50 mL 260
t, BEHIRZICRIBS AR, RN Z TR IES
1% 0.0, 0.1, 0.2, 0.4, 0.8, 1.0, 2.0 mL F 50 mL &
R, PA SY%RMIRE RS, BARRER S B TARR I . ARiE
WL 4.

#=3 IOERERT A(mg/L)
Table 3 Series A of standard concentration (mg/L)

JLE  STDI

STD2 STD3 STD4 STDS STD6 STD7

Ca 0 7.5 15 30 60 75 150
K 0 10 20 40 80 100 200
Mg 0 2 4 8 16 20 40
Na 0 7.5 15 30 60 75 150
P 0 5 10 20 40 50 100
Zn 0 0.15 0.3 0.6 1.2 1.5 3

F4 FOERERY Bug/L)
Table 4 Series B of standard concentration (pg/L)

JLE  STDI

STD2 STD3 STD4 STDS STD6 STD7

Cu 0 6 12 24 48 60 120
Fe 0 25 50 100 200 250 500
Mn 0 6 12 24 48 60 120

123 Sk EH

()i K i

#F GB 5009.268—2016 £ 5% 4 [ FARMER
ZILE MM E )55 1 ICP-OES 1l & Jo K i Fl i 20 i
PR, S TEAI R, AT . KR
IS, BoEtker . MhETHoTE D MRt E Sk, oo
JEB Ca. Fe. Zn, Na, K. Mg, P. Cu il Mn & [F]ff
TR ) 5 e B PR S 1 U0 T A T BE A AR A I i et 5,
SERIXTIR 221 5.0% AN A ST 9 Rl 4 5 oG 3 )
(103 15 22 1] 2 AT 100

AP RPN Ca: 317.933 nm; Cu: 324.754 nm;
Fe: 259.940 nm; K: 766.491 nm; Mg: 279.078 nm; Mn:
257.610 nm; Na: 589.592 nm; P: 213.618 nm; Zn: 206.200 nm,

(2) ICP-OES {4514

ICP-OES X% 55 TAESAF Ty SHH)A% 1200 W;
EBFIRRFRE 12.0 L/min; 4R FE 1.0 L/min; 554k
FRHEE 0.70 L/min; 2B ] 5s; B HRER 3 1K,

YISy =28 A e

AHWFFEAI ) ICP-OES A 2 il =X, 43524210 |
] o A8 ] ORI R A ELAEAE M . A4 A2 4%
TR B B TTRE B, AT AN S S A B
Tia) OR300 388 &5 SR FH K HE A R A o R, T S R A R
T kit Ca. Cu. Fe. Zn. Mg. K. Na. Mn. P
X9 FlOCEABEAHZER AL, KA IR A [l B 7
[ K. Na, CaitHZEMMMN, Fe, Mn, Cu, Zn, Mg. P
T2l ) SO 4 A3 A

(4) T AT L) S A P Ak e

FREL0.5 g CKEHIE] 0.0001 2)J8TEFLMIER T A 41T,
A3 SIS mL AS[R] B AT 05 A W (R R - R 27K 3 310 R 101
1.5:1, 2:1, 2.5:1, 3:1), #3€ | SHGHATHEME, @3 Bl
DU B S A5 02 i, HUARAN ) E f81) 1 T8 e V0K A 8 R
R R i 1201

(5) e K TH it B 2 ARk

FREL0.5 g (FEWAF] 0.0001 )38 Be LIRS A 2417,
JIA S mL AiSHR:AB 4K =2:1 BT, BFICA IR B K T AR
BEXT I AR AR 0 R o B AR T A e e T AEIRLRE AT ik
270 °C, TAEZEAIES] 40.0 bar, JHAFHHS 40 min, AHFFEXT
GONED N, P PR 1A BB T AL 435K 190,210
220, 230, 240 °C. XTI ICE & B R RAURPY,

1.3 HIEAIE

FASEIEAT 3 WK, GERLSESEERR ., R WPS
365 AL FEECHE, 3B Origin 2022 2RI,
2 ZRE5S

2.1 BREMKHEBEEHMRK
AUGE ST R T A 2, L) R 1 R I
B, AT R R A RSCRAE, SR B
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Tl 22 P2, AR 530K X 8 G 0k T 8 1 0 2 R R AT AR Ak
T8 IO AR VR b 050 0 T A T O T B AR T SR
Wi 451
2.1.1 N MR A A R EOR M H A

WS FRRE R R B, TN R i alik=1:1 B, FEMTL
Wz & BB, MR Ak L BIE 2:1 DAL, FE
SEATBIEIESE . M IHERTIZ IS 2 RN T AR 2R b R R
F AR A WL A TS TR E 1R,
MRHER A K=1:1~1.5:1 B, FELEFLITH AR 9 Rl
JC & A K B AR 3.2%~4.9%, TE filf BR ;8 4l K
=2:1~3:1 BIHRBROTE & BILAR BRI F—K P, F IR
AR A Ak =2:1 B4 E () i el B LR W JE AR 9 750K,
[FIR AR AR 299 JEI
1.0:1

10000+ 151
: i Y 2.0:1

8000
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Brit/(mg/kg)
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2000

(IR EEE NN EENE R

B BRgeLR 9 Flon S AS IR H A 0 L 49 it 5
Fig.1 Content of 9 kinds of elements in camel milk powder in
different proportion of digestion solution

2.1.2 RKIEBIREST B GHh

LER R, TERER B K=2:1 MMM LAIT, 4
THARIR IR E] 220 °CLL LA, JHMARE &S, WK 2 BF
7N, TERIEMRIREE N 190~220 °CH}, THf@EH 9 otz

10000 | _ 190°C
U777 210 °C
i Y 220 °C
8000 [ ]230°C
e E=j 240 °C
B}
2 6000
< N
1 : n
& 4000 fl N
| i
"
N
\
2000 N
| A
N
0
o LW 2
Mg Zn Fe Cu Mn
MEILER

B2 gggelkreh 9 FhoC R AL R I AR IR g % 1
Fig.2 Content of 9 kinds of elements in camel milk powder at
different digestion temperatures

1 B KO B 2 T R B ) SRS I — B EE TS R 6.2%
AiAi; E220~240 °CZIH], £I0HR % i BEATE R — K-
R IA AR S 7E 220 °CHY LBk SE 4T i, FEMMTT R B+
C ot SR

5 BT, 45A B LAY, B IR R
fir, RAVHIR: A K=2:1 B TH AR . 220 °CHYTH R ELEE/E
ARSI T R A A
2.2 AR R XTEE R SR 75 A ER R 36

SR 190 °C8: 5 ol 1 M 2 241 190 B I
THARE LB 220°CHRA AT 10 68 G Aint T8 A 12543 6T I
BEWH B 3 Db e B A TRAL B, &k 3 T4 T
Ry S e 23 SR ) SRR, AN TR T i A F AR A A
RIS 7 [ — S 06 3R BE A ] — 43 i N b AT EALAM T,
2555 IR W93 B0 T b v 0 I3 ) s o (B 545 1 45T
KR, AREAAE PR EY RS o R MR L% 5.

TIFREC 3 AIEGEFLR A BOIMAR DGR, 2L
W THARANAE 220 CRODLAL IR IE T I, RAS T8 ffv AL
Ro B MTCEMBRENRE AN 6 fiw, HA-BEBER R
95.8%~103.0%, £5ICRAHXIFRUEMZE N 0.61%~1.88%, 3+
B AL v B BT e

2 PR R AR SE 50 = e 4l 3 Le 2Ly R LT E
RTINS, S I A A R R T, AN R AR T A
BT SR 2 B S SO 25 S 1 B 2212, AR g R
FH T WIS [ (4 T8 - 5 ZEAH RITRLEEE A [R) VR - &5 A )
TR H I R ORI S ), TR AT R

XFEC R B, BRAEYITORE S Al R T S TS T R
B EICERTE 91.5%~97.7%Z 18], TiAH IR 40 T B
THAREILECRIITE 95.2%3) 101.3%2Z (8], FEMILAcF T
PO AR SRS 98.6%~102.0% 2 1], 3 Rl sttt
TR ENZRIERH I GB/T 27404—2008 { 52863 il
T AR FRARAG I Yrp A BRI, S BAE T AR, AR T
TR, BB AR RGBT 100%.

XFULIRGE, 43T HL 5T DR 8 G B T e 14 0 A T
TSN 3 #8303 IR T A, R b A YA A A
INEIE R AT S, AR ER ARG I T 2,
G R B RO 5 4y, TeaE R . T FLEB R
BT AR, BT R SE4y, INE S R .
23 FoERMZRIEIYASTE. KX RUREHR

fdi F§ ICP-OES %t HA#JLZ Ca. K. Na, Mg, P, Zn,
Fe. Cu. Mn #FATRM . MG SR B AARAR, ARAErs IR
T AR AR AR, ZeilbRiE i £k, 158K on R Wk
PRI 7 AR AN A O 2R 400 sl EARIE 12 K
FESRZS IR, TSR HEIR 22, FIARUEIR 2SI 3 A5 Xt hz
WM (SN A R SR 78 . AR B, #a R
R T,
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Table S Content and recoveries of reference materials for composition analysis of skimmed milk powder under different digestion
methods (N=3)

FREH EE R A1 A FrUEH FE 7251 B
JLE Ca K Mg Na P Zn Fe Cu Mn
BT FrifE(E 13100 1850 1270 4500 10600 39.5 2.07 0.31 0.27
~ (mgke) +600 £600 +40 +250 £300 2.2 £0.12 +0.02 +0.04
AT A =2
ol WER 12519.3 18060.8 1235.4 4309.3 10353.4 37.41 1.983 0.296 0.247
T /(mg/kg)
(190°c) MR/ % 95.6 97.6 97.3 95.8 97.7 94.7 95.8 95.5 91.5
73 415 fU Sl =
g WER 12864.2 18733.9 1249.6 4362.4 10318.2 38.81 2.024 0.301 0.257
T /(mg/kg)
(190°c) /% 98.2 101.3 98.4 96.9 97.3 98.3 97.8 97.1 95.2
5 7yt :nlrt—»
moar  WEMR 13028.6 18402.3 1278.7 4534.6 10674.5 40.3 2.04 0.314 0.273
Wi /(mg/kg)
(220°c) A% 99.5 99.5 100.7 100.8 100.7 102.0 98.6 101.3 101.1
F 6 IEIEIME 9 FTRAMAREBIR IR (n=3)
Table 6 Experimental study on recovery of 9 kinds of elements from camel milk powder (n=3)
PRfEHE R A PRUEVRIE R 51 B
JLER Ca K Mg Na P Zn Fe Cu Mn
NINEEE
e 9836.2 9207.1 644.9 3389.1 7111.4 53.88 5.776 0.507 0.282
/(mg/kg)
I 750 1000 200 750 500 15 25 0.6 0.6
)
oo Ik 10558.1  10224.2 836.9 4131.2 7605.7 68.52 8.35 1.093 0.857
fi# (220 °C) {E](mg/kg) . . . . . . . . .
[EISR /% 96.3 101.7 96.0 98.9 98.9 97.6 103.0 97.7 95.8
HxThE 0.61 0.87 1.05 0.83 0.92 1.37 1.08 1.88 0.96
#*7 EnRZEAHFESHEHXRBLURKE TR
Table 7 Regression equations, correlation coefficients and limits of detection each element
JLE M A R B K H B /(mg/kg) [E4% GB 5009.268—2016 J5 12:4 H R /(mg/kg)
Ca Y=6640.76X+1931.52 0.99995 0.048 5
K Y=613.96X-103.53 0.99998 0.072 7
Na Y=2814.22X+581.77 0.99991 0.024 3
P Y=1338.12X+29.85 0.99997 0.010 9
Mg Y=2069.19X+225.22 0.99990 0.074 5
Zn Y=6379.47X+68.13 0.99988 0.002 0.5
Fe Y=13.84X+30.78 0.99999 0.006 1
Cu Y=39.19X%+535.71 0.99999 0.003 0.2
Mn Y=1160.55X+71.44 0.99995 0.001 0.1

M 7 FRTLLEB, ST REM R R, MR
YIRTF 0.9998, J5 ik i FRYEH 0.001~0.074 mg/kg, 570
R BRIEAC TR GB 5009.268—2016 H (94 Hi Fpr s
B, KA RS S T il S A B 5 A0 W 2 PR T 22
2.4  SEPREEmRBTNIE

I 3 8 AU T A 0 BT 7 9 45O B

SLEIR 4 AR AL A AR SEFLB AR AR (A L B C. D)
ORI RIETIE, BAnai R R 8. Hllasi KL
[ D 4 5% BEFL B 25 P A 1 iR IR O T iR E AR
AR LT 8 UL B 28 LB R4S R EC 5 A TR, aBBR SE L
() Ca, K St ey, HA—EMERMED FnR
BEBEWIAY 907 W) 5000 3R 25 S AR, AT LU S B 5 40
Phi s 2 — .
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=8 4 FRAIRIEIAM T 9 FITRATNEL R (n=3, mg/kg)

Table 8 Determination of 9 kinds of elements in 4 pure camel milk powder (n=3, mg/kg)

TR FEih A FEih B Feiih C Feil D
Ca 9836 11303 11402 10624
K 9207 8753 9261 10049
Na 3389 3471 3697 4192
P 7111 7725 7801 7974
Mg 645 702 651 718
Zn 53.88 69.81 58.53 43.82
Fe 5.776 3.833 3.486 4.973
Cu 0.507 0.411 0.495 0.411
Mn 0.282 0.287 0.298 0.386

[71 WANG FG, CHEN MQ, LUO RB, et al. Fatty acid profiles of milk from
3 &

AR T30 30 5 b, 8 e LA 14 1 5 4 o Ry A 7%
P ISR FH 8 0 ) B T g AR A A M LAk 38 SAEARL 19 90 A
W ARFEGIA T —Fl e itk B8 Z 0 I AR -1ICP-OES $ R,
FHT00 5 498 Be Ly i K. Na, Ca. Mg, Fe, Mn. Cu,
Zn, P HIUR SR RS T ECE, R T
oA PR FNARCAGE HH B, DT S 1 5% 8 i s 2 1 LA 3 o
B ZRCE T EAPOENE . X R TR Pt
SR E TR, RN TS BR N A R E R S
(e R B LR B FF & N, I ER TR T
FEL A 194 S 56 B A

SE B

[1] SATTAROVA B, ISMOILOVA F. Studying the composition, healing
properties and diversity of cow, goat, and camel milk [J]. Am J Appl Sci
Technol, 2023. DOI: 10.37547/ajast/volume03issue02-07

[2] WIE%E, MR, AL, 4. 2Bk E IR 0L 5
ﬁﬂ‘ﬁ[]]. i E T, 2021(8): 40-48.

HU DH, YANG WM, FANG C, et al. Economic and market analysis of
global and chinese camel dairy products [J]. China Dairy, 2021(8): 40-48

[3] AL-AWADI FM, SRIKUMAR TS. Trace elements and their distribution in
protein fractions of camel milk in comparison to other commonly
consumed milks [J]. J Dairy Res, 2001, 68(3): 463—469.

(4] FRARW], BRALZE. WiSEGESEY R SR IUR Bt SR 1]
2022, 38(9): 80-81.

LIANG CM, CAO LJ. The current situation and countermeasures of camel

A HERCEE,

milk industry development in Xinjiang [J]. Today Anim Hus Vet, 2022,
38(9): 80-81.

[5] =RTE, ZRmRHE, SKRAE. BEBERL i & 4 i [J]. 47 i T,
2008(11): 49-51.
YUN ZY, CAI XZ, ZHANG HP. Development analysis of camel milk
industry [J]. Agric Prod Pro, 2008(11): 49-51

[6] ALJUBOORI AT, MOHAMMED M, RASHID J, et al. Nutritional and
medicinal value of camel (Camelusdromedarius) milk [J]. WIT Trans
Ecolog Environ, 2013. DOI: 10.2495/FENV 130201

Holstein cows, Jersey cows, buffalos, yaks, humans, goats, camels, and
donkeys based on gas chromatography-mass spectrometry [J]. J Dairy Sci,
2022, 105(2): 1687-1700.

[8] #&%E, wRAK, bR, 45 LRy, FEAU . SYASETI R E SR
T LB ]. HEW4R, 2022(3): 34-39.

CHU C, ZHANG Y, XIANG SX, et al. Comparative study on nutrient
content in goat milk, yak milk, mare milk, and camel milk [J]. Chin Dairy
Catt, 2022(3): 34-39.

[9] BRIRE, Seia3c, WIS, 5. BB AR - 10 ERE & 55 8 T

00 B A LRy HR S R R S R I). AP LA Tolk, 2024, 52(2):
55-58, 64.
CHEN XM, WU JW, HU WY, et al. Determination of calcium and
phosphorus in infant milk powder by super microwave digestion
inductively coupled plasma mass spectrometry [J]. China Dairy Ind, 2024,
52(2): 55-58, 64.

[10] BRI, FKIESC, BX) AT = FAN TR A Ak 5 2 e b ol s b i 2 0

FERISZIR]. R T HE R, 2015, 22(11): 27-29.
CHEN X, ZHANG XW, ZHAO GC. The influence of three different
pretreatment methods on the determination of manganese content in
standard milk powder [J]. Guangdong Trace Element Sci, 2015, 22(11):
27-29.

[11] MICHEL T. FTMAR i 1040 300 i 55
BREALER, 2011, 9(2): 16-19.
MICHEL T. Breaking the bottleneck of sample pretreatment-a new

microwave digestion technology [J]. Life Sci Inst, 2011, 9(2): 16-19

[12] Wk, FEIWEME, bm, 5. ICP-OES M@ skl ZLh 8 FE T K &
H[J]. i T, 2019, 48(5): 493-494.

GENG X, YAN XM, YANG HN, et al. ICP-OES determination of eight
nutrients in raw milk [J]. Liaoning Chem Ind, 2019, 48(5): 493-494.

[13] W3CE, XUB, FURES, 5. G -l i 5 55 8 TR POtk

[] Esf 000 R R S R B N 9 R B E (0], BN AL, 2022,
28(21): 212-219.
ZHAN WH, LIU Q, LV ZW, et al. Simultaneous determination of tin and
nine mineral elements in iron canned food by microwave digestion
inductively coupled plasma atomic emission spectrometry [J]. Mod Food,
2022,28(21): 212-219.

[14] FriE, R, RAEE, 45 RMYHILN#-ICP-OES 14I7E 224 L7
i 8 FEFRITEI]. T EFLE I, 2021, 49(12): 51-55.



55 24 1)

T, S AR - HL B 5 5 B TR SO A E

I EKGEFLR P 9 R P BOC R 217

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

QIAO Q, LI C, SONG FF, et al. Determination of 8 nutrients in infant

formula food by super microwave digestion ICP-OES method [J]. China

Dairy Ind, 2021, 49(12): 51-55.

Mz, 1CP-OES AR EbR: T & e 8 Pz Ji 7o 2 Al fr3d
JUH: ARl RAE, 2016,

CHEN JX. Study on the applicability of ICP-OES as a substitute for

LB

national standard method for the detection of 8 metal elements in food
[D]. Guangzhou: South China Agricultural University, 2016.

R, XSSO, MR, SF. UL #-1CP-OES/ICP-MS i F#5%
P& 2 T e b 13 RG], )AL T, 2020, 47(13): 157-160.
LI L, DENG WIJ, CHEN JZ, et al. Determination of 13 elements in
special medical
ICP-OES/ICP-MS [J]. Guangdong Chem Ind, 2020, 47(13): 157-160.
DU, MR, SERGE, 4F. ICP-OES Wl E AR KRB ™ 5K Hh 35
R BT R[], 20, 2022, 44(2): 293-297.

GONG H, YANG Z, DOU PQ, et al. Determination of 35 mineral

formula foods by super microwave digestion

elements in drinking mineral water from different water sources by
ICP-OES method [J]. Chem Reagent, 2022, 44(2): 293-297.

B, ®moote, XSCTE. REKHE 44, B5FIEE S Y ICP il Al
AR TR 7 2SI [T]. B S {a R, 2011, 27(24): 2878-2879.

MAO YZ, MENG YH, LIU WW. ICP axial and radial observation method
for detecting potassium, sodium, calcium, and magnesium content in
drinking water [J]. Occup Health, 2011, 27(24): 2878-2879.

CHEN L, LI X, LI Z, et al. Analysis of 17 elements in cow, goat, buffalo,
yak, and camel milk by inductively coupled plasma mass spectrometry
(ICP-MS) [J]. RSC Adv, 2020, 10(12): 6736-6742.

i, SRR, B8, AF HZBUIRIR-ICP-MS 2Pl AN [
FiAbtin b 8 FEBBITR[I]. HAMEA Tk, 2017, 47(10): 593-597.
HE S, XUN ZQ, HUANG SM, et al. Rapid determination of 8 heavy
metal elements in different matrix cosmetics by super microwave
digestion ICP-MS method [J]. Daily Chem Ind, 2017, 47(10): 593-597.
frfeds, Frmg, EA%E, % B AR-ICP-MS JEIE &+
BB AT AR, 2018, 43(11): 133-136.

HE BB, QIAO Q, WANG XJ, et al. Determination of lead, arsenic, and
copper in edible oil by super microwave digestion ICP-MS method [J].
Chin J Oil Fat, 2018, 43(11): 133-136.

IR, PROTTE, 2005, 55, R R HuR B b i v i - vp BB 5 55
B TR RSO G R I E RIAS TF) k  FiAb 0 e 240y LIRS 5 ks
FOKH PRS2 M [T]. LRSS (Th24 40 M1), 2017, 53(8): 958-961.
PAN YC, CHEN GY, LI QQ, et al. Effect of acid and its residues on the
determination of iron in infant formula milk powder and Rice noodles
added with different iron nutrition fortifiers by microwave digestion
inductively coupled plasma atomic emission spectrometry [J]. Phy Chem
Test (Chem Vol), 2017, 53(8): 958-961.

VESCHE, BAEAE, XA, SF. T - L IR S B TR B v ] i
0 B4 LI sk 9 MO R[], HhEIFLA Toll, 2024, 52(2): 59-64.
XU WQ, ZHAO HN, LIU H, et al. Simultaneous determination of 9
elements in infant formula milk powder by microwave digestion
inductively coupled plasma mass spectrometry [J]. China Dairy Ind, 2024,
52(2): 59-64.

BEIGEME, T, XUER, AF. AL AR A A B R

[25]

[26]

[27]

[28]

[29

PE AT Z R RS
45(2): 13-17.
HUANG XY, NING YL, LIU LJ, et al. The influence of pretreatment

HEPERE ] FLAESEOR, 2022,

process on the accuracy of inductively coupled plasma mass spectrometry
for determining the content of multiple elements in milk powder [J]. Dairy
Sci Technol, 2022, 45(2): 13-17.

BIEE, ER2R, XN, R R G S A R SO (bR v AT
&R LT Wik Th 0 W BT H [J]. &G A TR I = 4R, 2018,
9(12): 3122-3127.

HU YL, YE WG, LIU H. Determination of mineral elements in infant
formula milk powder by emission
spectrometer standard addition method [J]. J Food Saf Qual, 2018, 9(12):
3122-3127.

KRR, A5, KRV, S FUBHES . Bk SRR LR AR AR T
AT &k Tollk, 2023, 44(1): 313-317.

DU J, LI L, ZHENG XZ, et al. Comparison of digestion methods and

inductively coupled plasma

intake assessment of calcium, iron, and sodium in milk powder [J]. Food
Ind, 2023, 44(1): 313-317

LN, BRCEEL AR, SE ACRY 9 R P BT R AR B 5 A
T R B I s Ok R Ay AR 3], BRI 5 B, 2015, 31(14):
1900-1902.

JIANG J, ZHANG HM, LIN K, et al. Determination and distribution of
nine mineral elements in fruits by inductively coupled plasma atomic
emission spectrometry [J]. Occup Health, 2015, 31(14): 1900-1902.
TTCRE, ABERIE, BRAAE. RO - v R A AR B TR SRS
SE VY 7 Mo 2R R T BT R ] B S R T, 2022, 48(8):
260-264.

GU YZ, DENG LJ, WEI YS. Determination of mineral elements in sesame
sauce from shaanxi province by microwave digestion inductively coupled
plasma emission spectroscopy [J]. Food Ferment Ind, 2022, 48(8):
260-264.

RiAs, TEHERR, A, 4. ICP-OES Fl ICP-MS M3
KSR, ORI, 2024, 51(18): 170-173.
TANG BY, WANG JL, WU L, et al. ICP-OES and ICP-MS determination
of 20 elements in Chuanxiong [J]. Guangdong Chem Ind, 2024, 51(18):
170-173.

A, J7REE, SURER, . FLRBth 8 M R TR it
i 434, 2022(32): 64-66.

LI C, FANG CL, JIA YS, et al. Analysis and evaluation of eight common
trace elements in milk powder [J]. Chin Food Saf Magaz, 2022(32):
64-66.

NE 20 FoCE

ST SN I].

(e 4. Rtk i)

=0k

ER, TEIF, TERARAFEAAER
mRES5R2,
E-mail: 280538163@qq.com



