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Abstract: In this paper, the inductively coupled plasma mass spectrometry (ICP-MS) was used for the determination of Li, Na and other
38 elements, the elemental analysis-isotope ratio mass spectrometry (EA-IRMS) and GasBench-IRMS were used for the determination of the
stable isotope ratios of carbon, nitrogen, hydrogen and oxygen in milk, and for the feasibility assessment of milk geographical origin in different
country. The milk sample was freeze-dried into a powder, and then determined by EA-IRMS or ICP-MS to obtain stable isotope ratios of
nitrogen (0'°N) and mineral elements. The milk sample was detected by EA-IRMS or GasBench-IRMS to obtain stable isotope ratios of carbon,
hydrogen and oxygen (6"°C, °H and 6'%0). The milk samples were collected from Germany, Spain, Italy, Australia, New Zealand, China and
Austria, and then the stable isotope ratios of carbon, nitrogen, hydrogen, oxygen and multi-elements were detected. The values of 5°°C, 6"°N,
&°H, ¢'%0 and multi-elements were distinguished by multivariate statistical analysis (including ANOVA, Duncan’s multiple comparison,
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correlation analysis, principal component analysis, cluster analysis and discriminant analysis) using the SPSS software package for windows.

The results showed that the As. Se. Rb. Sr. Mo. Cd. Cs. Ba. TIl. Bi. 6°C. 6N, &H and §°0 were significantly different (p< 0.05),

different clusters were observed in Germany and Italy, China, Austria Australia and New Zealand, and the accuracy of discrimination for milk

geographical origin was 92.4% by the combined indicators of As, Se, Rb, Sr, Mo, Cs, Ba, Tl, 513C, 6"N and 6°H.
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Table 1 The results of 62°C, 6N, 6°H, 620 and multi-elemental concentrations in milk from different country

Exid b LT BRA KA = i B3, 5] p-1h
Na/(g/kg) 3.54+0.49% 4.0540.63°  3.55+036®  3.67+0.68°  3.42+0.51®  339+047°  3.58+0.58®  0.39
Mg/(g/kg) 0.98+0.11° 0.96+0.20° 0.88+0.13" 1.01£0.16°  0.92+0.15*  0.87+0.07°  0.93+0.15*  0.17
Al/(mg/kg) 1.7141.15 1.79+0.99° 1.47+0.78 1.92+0.59°  2.18+0.88*  1.38+0.24° 1.3140.52*  0.13
K/(g/kg) 14.0242.06°  14.58+2.57°  13.65+2.55"  14.03+2.16°  13.814227°  12.57+1.08%  13.71+1.58  0.75
Cal(g/kg) 9.99+1.40° 9.86+2.04° 9.34+1.59°  1121+3.58°  10.7241.92°  8.58+0.56°  10.60+1.20° 027
Ti(mgkg)  0.38+0.08° 0.52+0.21° 0.43+0.29" 045+026°  038+0.11° ~ 033£0.07°  032:0.11° 057
Vi(ng/kg) 2.58+1.67° 4.08+0.85%  3.41+0.92®  3.88+1.65%  4.65+243"  420+0.53®  3.76+0.68°  0.18
Cr/(mg/kg)  0.14+0.12° 0.17+0.11° 0.12+0.07° 0.19+021°  0.18£029°  0.09£0.06°  021x0.15*  0.88

Mn/(mgkg)  0.32+0.05° 0.35+0.05 0.27+0.04* 0.6140.80°  0.51+0.42°  028+0.05°  028+0.04°  0.54
Fe/(mgkg)  3.67+0.83° 5.67+2.66° 7.77+7.76° 54243.17°  458£1.93"  482+151°  691+442° 030
Co/(mgkg)  0.06+0.06" 0.04+0.02° 0.07£0.03* 0.08+0.14"  0.06£0.03"  0.03+0.02°  0.10£0.11°  0.85
Ni/(mg/kg)  0.068+0.043*  0.10+0.09" 0.050.04* 0.08+0.07°  0.08+0.06"  0.02+0.03*  0.08+0.06"°  0.24
Cu/(mgkg)  0.50+0.10° 0.54£0.09" 0.54+0.14° 0.54+022°  091+1.11°  048+0.07°  0.45+0.07° 0.9
Zn/(mg/kg)  33.64+476°  36.62+5.69°  36.11£8.18°  36.93£593%  3556+7.13°  34.76x4.14°  36.90+6.83°  0.85
As/(ug/kg) 0.59+1.76°  11.04+1828"  6.71£7.45% 13443.14°  2.80+2.95°  5.0248.70°  526+331°  0.01
Se/(mg/kg)  0.17+0.03* 0.25£0.07°  022+0.05®  0.16+0.05°  0.17£0.11°  029+0.09°  0.12£0.02°  0.001
Rb/(mgkeg) 17.78+13.62%¢  22.80+4.36™ = 11.44+42.72¢  19.50+8.82*¢ 42.98+10.88" 13.21+4.80%  27.5245.15°  0.001
Sr/(mg/kg)  2.91+0.52% 3.65£0.90*  3.48+0.70®  5.67+1.54° 436129  5.88+2.53° 22540.24°  0.001
Mo/(mg/kg)  0.43+0.03% 0.51+0.10°  0.49+0.08"  0.42+0.08%  0.37+0.05%  0.44+0.01°¢  0.54+0.05°  0.001
Aglnghkg) 2404334 4.89+6.90° 3.93+1.62° 406£343"  16.61+4042°  1.55+2.68°  5.10£0.69"  0.35
Cd/(ug/kg) 0.89+0.81° 0.83+0.85" 0.79+0.82° 1.13£1.12°  0.81£0.54°  0.42+0.18° 2594145  0.01
Sb/(ng/kg) 0.68+2.04 3.79+7.58 5.05+6.32" 490+9.53"  2.68+597" ND* 2.83+6.32"  0.62
Cs/(mg/kg)  0.08+0.18" 0.05£0.01° 0.030.01° 0.04£0.02° 026021  0.04+0.02°  0.04+0.01°  0.001
Ba/(mg/kg)  0.71+0.38° 0.46+0.16° 0.84+0.51° 0.87+0.32° 1.7240.70°  0.43+0.12° 0.92+0.54°  0.001
Sm/(mgkg)  0.06+0.03 0.08+0.03" 0.06£0.04* 0.06+0.04*  0.07+0.03"  0.09+0.003°  0.08+0.04*°  0.42
Tl(ngkg) — 2.53+2.23% 140£025%  043+0.87°  1.06+128%  3.58+344°  0.15£041°  0.42+040°  0.001
Bi/(mg/kg) 0.01+0.01° 0.0240.02®  0.01£0.01°  0.03+0.03®  0.08+0.12*  0.004+£0.007°  0.002+0.001°  0.04
6°Cl%o 22.99+0.82°  -21.40+0.19*  -20.73+0.65°  -26.58+1.85¢ -28.80+1.76° -19.64+1.16° -27.58+1.73%° 0.001
6 N/%o 5.19+0.41° 43240.15° 4974040  5.88+0.58°  525+0.85°  281+0.73%  4.93+0.54  0.001
SH/%o 31.28+4.08° -827+343°  -40.07+6.71°  3.10+11.18*  -5.73+9.34®  -5823+9.14% -51.45+5.74%  0.001
5%0/%o 3.8240.62%  -1.94+039°  -53140.78%  -0.02£1.69*  -2.80+2.72%*  -5.86+1.11°  -5.87+0.82°  0.001

E: (1) RPHMAAA T IMEATEE, A—RRRFERFHEZEMRER (p<0.05) ; (2) Na. Mg. K. Ca¥{i# gkg;
Al. Ti. Cr. Mn. Fe. Co. Ni. Cu. Zn. Se. Rb. Sr. Mo. Cs. Ba. Sm. Bi ¥{%) mgkg; V. As. Ag. Cd. Sb. Tl ¥#{%% pg/ke;
(3) 0N Futr L AT -4 AT A dATRIR 6925 R
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Table 2 The eigenvectors and cumulative contribution of
variance of the first five principal components

EROHAT
P
PCI1 PC2 PC3 PC4  PC5
s*c -0.02  -012 -022 -0.14 -0.04
8PN -0.08 029 0.14 003 -0.12
SH 001 034  -004 -006 002
5o 001 034 0.13  -017 0.5
As 010 002  -0.06 0.14  -0.56
Se -0.02 -008 -038 005  0.14
Rb 028  -0.04 0.3 0.06  0.003
Sr 007 -004 -021 027  0.64
Mo 002 -017 026 026 033
cd -0.07  -0.08 049  -0.003  0.02
Cs 035 -007 -006 -0.03 005
Ba 0.14  -006  0.03 034  0.01
Tl 0.35 000  -007 -021 008
Bi 008 -0.11  -0.01 0.58  0.05
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RRMMERATUE H, A2 camie e RN b
HWESH Y- BA e AT N Tt
I T RB AR A G R I B, R iR S
BEATIZALFURI AT, Rt A W05 A A A
FFEESL AR o

X 10 M YITCER RS, 4 MERE AR EEEL KA
Efatr OURNRRE FALR D AT HIA T, 45
RUNEK 3 P, AL 10 A Yo RS AT8 2 FA s

TXHGIIEHAEN 67.1%. FKFHFE R K AT
FIBIHT, A AEK IERR KT 80%, T 0°H Al
8"%0 HUR F R H,O, FEAE— 2 HIAIEHE, 6°0 45
PRGN BB 2 AR B AR T, PRIR )
JLEAM 6PC, N, H HEIEFRAE g it T4
AorHre £E 0.05 BEIKFT, ¥ As, Se, Rb, Sr,
Mo, Cs, Ba, Tl, §°C, 6°N, &H &it 11 Merz
G| NBLRL, BT ) 50 o A

Y =-329.08+0.19As +155.26Se +1.86Rb-0.36Sr + 64.34Mo-150.08Cs-2.42Ba + 5.53T1-17.265°C + 30.865'°N-0.205°H

YE PEF

=-306.70+0.59As +178.04Se +1.80Rb + 0.43Sr + 87.86Mo-138.96Cs-2.51Ba + 6.82T1-16.335"°C + 27.78 6 °N + 0.11 5*°H

Yoz =-285.46+0.48As+151.38Se +1.65Rb-1.34Sr +103.47Mo-123.78Cs +0.97Ba + 5.32T1-14.895"C +28.716°N-0.376"H

Ymﬂu E T

Y%ﬁ [}

-424.06+0.02As +186.47Se +1.91Rb +3.21Sr +29.67Mo0-159.45Cs-3.42Ba +8.82T1-20.375"°C + 34.485"°N + 0.495°H
i =-479.08+0.04As +219.31Se +2.30Rb +2.46Sr +10.05Mo-153.03Cs-1.26Ba +8.72T1-22.1 76"C+33.586"°N +0.296°H

Y =-227.04+0.41As +152.27Se +1.69Rb +0.54Sr + 57.05Mo0-87.98Cs-5.23Ba +3.59T1-13.885°C +20.165°N-0.595°H

Yyoyup = -429.81+0.52As +148.57Se + 2.47Rb-2.33Sr +100.68Mo-173.93Cs-4.14Ba + 6.61T1-19.095"C +33.145"°N-0.705°H
3 TEERFHIFIRI 247
Table 3 The cross validation classification results of linear discriminan t analysis of milk from different country
o LIXAE Yo
* Tk OPC, N, FH 8°C, 6N, 8H, %0 TEASC, PN, FH  AFEA7C, 3N, SH, 5°0
f2E 88.9 100 100 88.9 88.9
LT 25.0 100 100 75.0 75.0
& RA 429 100 100 85.7 85.7
BXFIE  68.6 68.6 77.1 100 100
a2 91.7 75.0 83.3 83.3 83.3
ki 28.6 100 100 100 100
By A 80.0 100 80.0 100 100
AR 67.1 82.3 86.1 924 93.7

X A AT A RS, PUYE A IE A %
75%, {EE ERFIH R 88.9%, B vE % IR K
83.3%, EAFIIERFIHIZ 85.7%, AR, BHF|
ATeb [ ) IERR A2 100%, SR IERHIHIR 92.4%.

XK FL AN [RIHBIX (R b AT 40 E 2R, mlke &%
FE b (P 5 5 SR A3 AR R BB, e M3
Y ERAD, BFFEET Y E RN,

3 Z5ip

A SEE i FUERR S S B T BUE (. (ICP-MS),
EAZ LB (IRMS) SF4EWhr Liv Na %% 40 Ff
THICRS M. B A Fhag R R b Edkr
W5E. @l 2ot EE . ey, &K
I BURFNE. Hro =2, o EAI B R -EAN X3 79
MR B A FRE R RIVEMZoRR
MFEARRAT T Z 00T FRG b SR
M. WEREEREH, As. Se. Rb. Sr. Mo, Cs.
Ba. Tl. 6°C. 8°N FISH H-E48Fm05 4= s i1 5
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