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Rl R AR, (RIS SR FH 36 B 4343 W7 5 (principal component analysis, PCA)FIEE2E 411k A [7] 7= /s
KU TR TR ZEFHATHT. SR AFE AR N K ICER & 525 5 1.3 (P<0.05), Se. Sr. Al3 FlCHR
GHEZERRENIE, TR FEURE, Zn, Cu, K3 FOTRERREUR/N . ERA AR E, 17 2
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Analysis of the difference of mineral elements of millet from different
regions based on inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To explore the differences of mineral elements content in millet from different producing
areas and analyze the reasons for the differences. Methods The 15 kinds of mineral elements (K. Ca. Na., Mg,

Al, Fe, Cu, Zn, Mn, Se. B, Ti. Co. Sr. Mo) content of millet samples from 6 major producing areas (Shaanxi,
Shanxi, Inner Mongolia, Hebei, Shandong and northeast China) was detected by inductively coupled plasma mass
spectrometry (ICP-MS). At the same time, the principal component analysis (PCA) and cluster analysis method were
used to analyze the differences of mineral element content in millets from different regions. Results The element
content in millets from different regions was significantly different (P<0.05). The content of Se, Sr and Al was the
most obvious, and the variation coefficient was the highest, while Zn, Cu and K had the least variation coefficient.

The results of principal component analysis showed that the variance contribution rate of the first two principal
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components was 63.9%, and K, Ca, Mg, Fe, Cu, Zn, Mn, B, Mo, Al, Se, Sr and Ti were the characteristic difference

elements in millets from different regions. Conclusion Cultivars has limited influence on millet element contents,

and regional environmental factors are the main factors that caused the difference in the distribution of millet element

contents.

KEY WORDS: millet; inductively coupled plasma mass spectrometry; trace elements; principal component

analysis; clustering analysis

0 31 5

BF, —HAERANEY), IR E R TR I AR
ez —, BFelRmcoh/hk, ik EH SRR A LU TT,
F A7 AR TR G RS RN 90% LA |,
EAF EZ A e LA X BT Eg b AR SR
ZRAe. BEFR . HRE LA X, HP UL, Wk, HNEE.
PG AR R R K E okt A . R
e AErE 3 0 BUCE MG LD S, RS HA R
BRI R AR XGRS T AR, B ETR
TAEThRES . BT, BN IR B BB T E Rl
B L BRER . DR 0, XN R
JUR TSR o FE T BOCR & i FHAE R R
BETIRE, AR g b BT R S EARE, FAE
Mok IR A R TG R 1 A 2 5P B/
KAVEFN B EAN, H7 kR E A
(7 b DX/ N KB SR A3 A T AR ST

PR G AS B 5 SR P Bl 5 T A - P SRS 5 55 8 1 IR B i vk
(inductively coupled plasma mass spectrometry, ICP-MS)illl
SE T 6 XA M F/NKR Na, K. Mg, Ca. Fe,
Zn 5 15 R BRI OCR, GG MOCES BT . T
g il £~ DS N TITY NI N CIVESS: 7\ SEEE 7/ blve 3
BEFT R TAr, DR AR A 22 S, SRR/ NK AT 5T
B AR AN S AR A AR

1 MRFREE

L1 #Rt5EE
ANKRAERL I RIS 3K, R T BRTY L g L S

Wb IR RIEEIX 6 KEFIX, MARERE 2 ~3 4
T TERIE IR AR R, BRI 3 OhRES, 3R 1S
AT 45 AR . FES RIS B 1.

TR . AR at, KRRk E A B A D).
1.2 UE5EF

KS-1053 W RERIEIHLO MHTAAF); WX-8000 fillif
T SRR & A B D), ICAP HLEFE S
R PR (G5 EFE R G REHE 2 A, Milli-Q #B4k
K R G5 (1 [ v 2% AT B A ).
1.3 LWHE
1.3.1  HOEM At

BRI &R 21 4 5), FREL 0.3 g FEdh, Tk
EES, A S mL TR, $25), BB, 1k
PR T AT IR 3R 2) . TR IS, K T MR 7%
FHEPWR ER, HFRZEET, IKEETEEE 25 mL
FRT, B, #5.
132 MBI AK

ICP-MS LA TAESHCH: DA 1550 W, WA
14.0 L/min, ZALS iR 1.0 L/min, #iBS R 0.8 L/min,
AT & 4.0 L/min, SRAFEEE 7.8 mm, 542 RAE 3 1K,
1.4 BESH

K SPSS 25.0 #EAT Rz IR AH 40T o

K SPSS 25.0 E AT, AR HEAL AL RS
YEHEFoHT, 3580 TR0 22 5Tk R, AR R
PO FERE RS, SR AN [ A5 s A R 19 26 B R AIE ) 6, HRAE
i) 55 IR Ak B Hh A e B B O 75 4 14 =6 B 43 60 A 2t TR
R RE i 4 32 A5 o0 T 50

®1 AR RERERER

Table 1 Origin information of millet samples from different regions
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Table 2 Microwave digestion programs

P REE/C EJj/atm  BA/min SHE/W
1 120 15 2 1000
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3 190 25 10 1000
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R4 THITREBREAEXMES

Table 4 Pearson correlation analysis of mineral elements

K Ca Na Mg Al Fe Cu Zn Mn Se B Ti Co Sr Mo
K 1
Ca 0.503 1
Na 0.290 0.248 1
Mg  0.946**  0.539* 0.302 1
Al —0.040 0.578* 0.416 0.064 1
Fe 0.733**  0.560* 0.211 0.805** 0.251 1
Cu 0.682**  (0.758%* 0.306 0.814** 0.394 0.865** 1
Zn 0.641* 0.430 0.077 0.690** —0.065 0.761%*  0.784%** 1
Mn  0.648**  (0.725%* 0.148 0.783** 0.325 0.631* 0.833** (.562* 1
Se 0.510 0.070 0.307 0.356 -0.322 0.339 0.143  0.346 0.008 1
B 0.743**  0.396 0.417 0.657** 0.092 0.425 0.529* 0.447 0.505 0.302 1
Ti 0.165 0.752%%* 0.276 0.253 0.796** 0.417 0.545* 0.222 0.482 -0.082 0.132 1
Co -0.329 -0.292 0.288 -0.177 0.057 -0.144  -0.070 0 -0.162 0.065 -0.290 -0.124 1
Sr 0.130 0.523* 0.102 0.243 0.302 0.269 0.524* 0.24 0.663** —0.227 0.203 0.400 -0.323 1
Mo  0.741**  0.324 0.357 0.775** —0.058 0.628* 0.578* 0.618*  0.566* 0.607*  0.408 0.272  0.008 0.192 1

T #H** 03 IR TE P<0.05 Fl P<0.01 /KT B #FHK.

x5 EFSHVGERNEATEBAHEIR R6 MOBTREIERE
Table 5 Factor analysis initial solution for a general description Table 6 Component load coefficient matrix
of the original variables B o
KT 22 R LR
, P N 1 2 3 4
WA B R FHAE P J7
JrE= Jr K 0.852 —0.406 -0.112 -0.213
Bt BR/% Bt FER/%
Bkt c HIT ’ Ca 0.767 0.457 -0.037 —0.084
1 6.965 46.431 46431 6.965 46431 46.431 Na 0.382 0.026 0.741 ~0.389
2 2.620 17.470  63.900 2.620 17.470 63.900 Mg 0.908 _0.274 Z0.064 -0.001
3 1.597 10.650 74.550 1.597 10.650 74.550
Al 0.320 0.798 0.395 -0.114
4 1.068 7.121  81.671 1.068 7.121  81.671
Fe 0.857 —0.095 —0.002 0.231
5 0.792 5.277 86.948
Cu 0.935 0.148 0.004 0.223
6 0.656 4375 91.323
7 0.426 2837 94.160 Zn 0.752 —0.278 —0.087 0.413
3 0.336 224 96.400 Mn 0.854 0.218 -0.197 0.134
9 0.255 1.702  98.102 Se 0.336 —0.686 0.302 -0.134
10 0.170 1134 99.236 B 0.668 -0.213 -0.043 -0.514
i 0.054 0.358 99.594 Ti 0.541 0.659 0.222 0.002
12 0.033 0.222  99.816
Co -0.210 —-0.100 0.738 0.515
13 0.021 0.139  99.955
Sr 0.473 0.508 —0.335 0.035

14 0.007 0.045 100
15 2.04°-16 1.36°-15 100 Mo 0.744 —0.402 0.167 0.106
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Fig. Main component analysis of mineral elements in samples from different varieties and different producing areas
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Fig.2 Clustering diagram of millet samples from different producing areas
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