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Traces of Infant Formula Milk Powders
by Elemental Analysis-Stable Isotope Ratio Mass Spectrometry
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Abstract: In order to strengthen the supervision of the quality of infant formula milk
powders which is the main food of infants, §"*N and §"*C of casein in infant formula milk
powders were determined by elemental analysis-stable isotope ratio mass spectrometry
(EA-IRMS). Casein which purity was over 96%, was extracted from milk powder by
isoelectric precipitation of proteins and identified by nano liquid chromatography & qua-
drupole-time-of-flight mass spectrometer(Nano LC-QTOF-MS). The ranges of 6N and
8" C are correlated with the regional origins of infant formula powders. The values of
8N and 8% C of casein from the milk powders with the same origin are very similar,
whereas they are quite different with different origins. It is a reliable and convenient

method to determine the regional origin of infant formula powders.

W5 H H#A:2014-01-20; #8 E H #1:2014-04-11

YEE B A RHFH (1990, Z U , MEERIMA , M EMRA, B FHEE .. E-mail: 1ily081226@sjtu. edu. cn
BREMEE K FAQ77T ), QUK BRAFEZA L BIHR R, NFHZENFHHAME . Email: lizhangd9@sjtu. edu. cn
X 2% H AR Bt i8] : 2014-08-20 5 F 4% W iR ik - http: / www. enki. net/kems/doi/10. 7538/ zpxb. youxian. 2014, 0046, html


http://www.fineprint.cn

1

FHIFGF TR AT E [ R T SR TE 240 JLIE 5 975 K3 47 Y 38 9 - 19 iz 67

Key words: infant formula powders; elemental analysis-stable isotope ratio mass spec-

trometry(EA-IRMS) ; trace

Ba L I Pk R B L R ER R,
EER, BN T T MR LIK FRAF 3
SAWKRE, XEEEZEWTR2HILHEHE
&0 BILEF PSRRI EREELRER
SRR, PR, 3 B4 R DA Y 7 b i 5
JEORL = Y B R R E

B Al 95k i R 0 Jr vk BLEG B A LR AL
WO € 35 v LTSN e vk A B AR e g Sh ok
Wk (FTIR) M &4 b kS (EE R4
BRI 307 28 . GB/T 5009. 5—2003 H1 448
THKRERL. S EEMREEL 3 FES
BRI IR . AL, AR R R
SHEESBETEALRSFHBEES, T
KMBEEONTERREETEARBRESTE
B, XEFEMNMETHHFEATENTE,
I TCEE T B SR U5 = AT R B . B L R
AT LLIE B 8 SR VR e i vk AR R LB,

BRI 2 R (IRMS) H AR & —Fp i 5%
7L IR AR RO s, B ANEE 2001 AR EA MR
WIS, AR, IRMS F AR K EE KR
G AGIR T ZREN  ERATRI
BB % B Ko b B VR0 L B A T R T b %
EN W R R & DY LKA TR
U 29T . Scampicchio 25097 5@ 53 IRMS $
RIFET FIHH T LB 5. ZHEE W
BT IRMS H AR H T EA 2L R, & BT
TR VR A T JERE 2L B (B 24 5 IRk A= 3L
. AEKFHREHERERZER 0°C XH;
) IS 42 1 78 24 B 1 JEREZL A A 45 11 8 C
H. A TR 1 B~3 B2 30 A A K
RS HEN R B TAMNRR I AR TERAR
A, XF 6" N Fil 6" C B ARG B I 2 7= A T R i

B BC 7 95 o L At AR JEORE S AR 43 1 T
U, BRI 22 B R B 43 A 4 TE B A AR
A g, Uk, e B LB T 8 BB A I A, $R
2 —FpRE L HEBR AP SR N T30, B 5L R g
ML R EEE. BEAEITBEA
B B/ o BRAE, FIATR S
Wr-%a 2 [/ 7 F T 3% (EA-TRMS) H AR & I 1,
Al PR 25 e R A S MR BE RO R . R

AT LA o 43 7 Ak i) T SR BUBE 77 Wk F A
B LW e H N M 6% C {E KB Bl 7 7k
U . P O BRRE S B (] o 3K 4 R U0 A
SEME T AU AL K A B S R A A R
W5k R RGER SR RE R iRz
A O N EHATREAHEES. Hik, RFH
7 1 5 A B MR IR 7 AR R [A]  WT R S BB P
BEHM 0N Mo CEFEZR B E IR
P AT DA AT 0 R e — B i A 5 LR
7 b 3Fe Y8 40 51 o 2R

A T DL 57— Ff fA] B2 L B F) 20 S R 40
R4y LB T 9k B B A I JT ik, AL A EA-
IRMS 35 %I 3K 49 ) i 8 B3 547 000 %2, 49 21 A8 bz
0N 1 6" C {H , i@ 3 &R 7] 7™ %8 JL AL
TR B AR Y 0 N 8% C A, ok ) W7 e
T7 W G5 TR S AR T R MR — 2

1 XKEES
1.1 FENUHEEE

Vario EL [[[-Isoprime JG&E /3 HT-Fa E B &
JRBEEC X : f8 = Elementar /A 8] ;= &, BL A &
TRARR K W BT -t 12 B 26 B T R B T A )
#% (TCD) #l Isoprime 5% & ; MSX BT 702
—FLH T K i AR B R £ A B
UltiMate3000 RSL 24 7 ¥ A (5 3%4% : 32 Thermo-
Fisher 22 &) 7= & ; Maxis impact UHR P4
K AT B[R] R B BRI IY : 72 B Bruker Daltonics
) s Milli-Q # 4l K £% - 32 B Millipore 2
Bl s B B O L 8 E Hermle A 8] 8.
1.2 FEHHSRKA

FAUBERA =AMLY, CREHTFHAL
R LR AR FEE RS (EBARA
BT R 2 He (MR BE2>>99. 99906) « b i 0 2=
SEEEARAR M ma O, /4 N, (K
FE=>99.999%0) : L NS MAE R ITAEAF =
it s 40 CO, (W B =>99. 995 %) « RIS
TA ARAR & BEE AR KE
Elemental Microanalysis 2 #) 7= & s C18 & 4H
SHTAE (75 pmX 15 cem X3 pm) : FEEH Thermo-
Fisher A7 #h s 0B Bl 4 BEfik - 2


http://www.fineprint.cn

68

i e S RLE

Sigma A B 7= & ; Trypsin (Promega Ml JF 2%) .
% & Promega /A B J= fh ; To/K i (G ig &) .
8 Merck 2 F 7= fh; B R (A5 40 . 18 F
CNW 257 #h s oK G BE G B 48D L Te K & Bk
U4l ok SR (WL 48D . Tok R & (O3
Mraf) B2 B A A G A R AR &

LY B LGN W H AT = M 1 R
(O~64HEJLE D .2 B (6~12 4~ H 241 L
& W3 Br(1~3 % 4 JLid A B 4 JLBE 77 95 43
B e [ N T 37 W 15 1) ) i R Ay 22 TR HE DT Y 1
B (0~6 MNHEILERD 2 Bt (6~10 N B4
JLE A .3 Br (10 A~ A DL R84 LIS FD 2 45 L
B 05k, BRI 2 2~8 Mt EIN T 3
WEMESR 1 2 BY LM E =%
IR 22 JEL 2 0 DV BC T 9k, SR I 4 2 MR
1.3 W&EH
1.3.1 TR EG SALTHEE=E4
5,0 1150 C i R H AR LR SRR,
REE 810 C, m& mtE] 90 s,

1.3.2 RERMKRRERT BHTFREHET

LI (ED , LW R R G, LABR 28 AR o dn vl

i (8" Cypps = (—26. 98 £0. 13) %0, 6" Nag =

(5. 9420. 08) %) Xt S R CO, N, #E 17K #E

fix B A E ALK HE DL E BRdE Y 6 [ERR .
o Cvpop (%0) =

(13 C/12 C) sample (13 C/12 C) standard
(13 C/12 C) standard

b\lsNAIR(%O):

(15 I\I/l4 N)sample 7 (15 1\1/14 N) standard
(15 N/14 N)smndard

1.3.3 Y47 WM 675 - DU AR A AT B i) 3R % Bk
A ESTT #50; £ ik C18 J A 43 #r A
(75 pm X 15 em X 3 pm) ; FHENA : & F 0. 1% H
PRI 7K CAD RN (B) 5 BEB A% BE : 5 96 ~35 %0 B,
27 min, 35%~90%B.2 min,90% B.15 min;
WiiE 400 mL/min,

1.4 EHRWAERE

L.4.1 REEED ¥ 1g B
T 40 °C,pH 4.7 i 15 mL BEAR-BR FR 94 % v
W, EE,7E 4 °CF, L 3000 r/min B D>
15 min, 5 E#H W& KK K. 95% LB, 2
BE-ToK CBHEA B = 1, V/V)OREK 2 Bk
PEHRULIE, M vk, BT, 7 50 CHREAE P T 1%

X1 000

X1 000

30 min , 15 215 W ) B 2 D RE 0

1.4.2 XFEHEH MWW 2mgBEH,H
25 mmol/L NH, HCO, % ¥ f#. HL 50 pg BRE&
ERE i » 8 0 5 B I3 TR . T e e B £k Ak
5 A 2 pg Trypsin B 16 h, F|FH ZipTip %
BEVAEB TG TRAE. EHLKR,
TEZREE S I A 35 pL _FRELE vl (9826 7K,
2% ZIERO. 19 HERIR AR » BRI .

2 ZREITiE
2.1 WMEARRAZEHARL

Tk 1: 5% H R30I B 3 (IDF) J5 30
HAT B P REHNRR, BRAZTEH TR
B B E R SOR R 47 (AR A TR A )
3 B B P AR B ) 4l B AR A, AU 54. 58 %,

Tk 2: 5F% KT RE BN R A
5 pH A I8 BT R R E A,
BHEEEST AER L LA N
79.58% (HA RS ELAE

Ik 3:4% L4 1 W RERRTM P EBREH,
(T M o7 & S LR Tl =R ) e S E
FEAR T, LA R I i A e B BB H IR B
SEBENYOERNSIR, 40RO . i
Ty B SR B I 7R A B TR 099, 7%,
2.2 REWBREAEMHNERE

I FH A0 FH A 0,53 DUARFE R AT B ) B 35 %)
Jrik 3 IR MR mE AR H A HEAT R AT,
5ot A A B, LC-MS/MS il & , | i Mascot 2. 4
A 43 A BRI B . BOHR 2 A Bostaurus
(5 98314 H) , [l B4 % iy Carbamidomethyl
(O, A] AR &M N oxidation(MD) , R YF IR W) /5
B2, —Z MSFEERE N 2X107°, 24 MS
FREKE R 0.05, %EFMEHA Alpha-Sl-
casein, B} Alpha-S1 B H , 54 45 1 Bn , g
Rl 2% E 0 4T RE R 245 ku, K 2R [F
BREE S 5 (R TF 2),mascot $T43K 1 359.5 43
(BT 50, BEMBE %K 45. 8%, i i mEH
B B EH
2.3 EA-IRMS # AR & E) — 70 2 45 )L 95 4 oh
®ER

PEH 6 RS 1 2Rk 0 2 BB
4 LBC 5 O3 AE F R, # 2.1 P i 3 HRER
HEE HIF#E TR, 2R3 7% 1.


http://www.fineprint.cn

1

FHIFGF TR AT E [ R T SR TE 240 JLIE 5 975 K3 47 Y 38 9 - 19 iz 69

®1 HER1I~6PHEQM NI °CHE
Table 1 6N and 6 C of casein in sample 1-6

LATEAEN N% 8PN/ % SN w2 /%0 C% 88 C/ %o OBCIRE/% FERRLEE/ %
B -1 13.82 5.93 —0.10 48. 40 —21.37 0.29 96. 25
BESR-2 13.36 5.99 —0.04 48.72 —21.57 0.09 99. 70
BE-3 13.70 5. 80 —0.23 48.33 —21.26 0. 40 97.15
B -4 13.58 5. 86 —0.17 48. 87 —22.14 —0.48 98.05
B k-5 13. 60 6.35 0. 32 48.21 —21.92 —0.26 97.90
BE -6 13.76 6. 24 0.21 48.33 —21.68 —0.02 96. 70
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Table 2 6N and 6 C of casein in Netherlands and domestic imported milk powder
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22 Y 1 B2 5.78 —0.20 —21.97 —0.23
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Table 3 §°N and §“C

of casein in domestic imported milk powder

B dh 2 K SBN/%s 81C/%s
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Table 4 6N and 6°C

of casein in Ireland imported milk powder
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