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Determination and analysis of mineral elements content in rice samples

WANG Guangxi HU Yan LUO Qiong CAI Rongzhi LIDan CHEN Cheng ZHAI Juan

(College of Nuclear Technology and Automation Engineering, Chengdu University of Technology, Chengdu 610059, China)

Abstract Background: Mineral elements play an important role in the human body and mainly derive from food.
The rice is staple food of most people in our country. Therefore, it is important to determine accurately the content of
mineral elements in rice. Purpose: This study aims to establish an accurate analysis method for the rice measurement
and distinguish the rice from different places. Methods: Wavelength dispersive X-ray fluorescence (WDXRF)
spectrometry was applied to the measurement of Mn, Fe, Cu, Zn, Mg, P, S, K, Ca 9 elements in rice (produced in
Hubei, Sichuan and Heilongjiang) with pressed powder pellets. Principal component and cluster analysis analyzed
determination results. The measuring conditions of target elements were investigated. The matrix effect was corrected
by empirical coefficient method and scattered radiation as internal standard and working curve was established with
national biological standard reference materials. Results: The detection limit of this method was low, and its
precision and accuracy were high. There were diverse contents of target elements from different places. Four principal
components could account for 89.3% of total variance. 30 samples could be divided to three regions which came from
three different places. Cluster analysis showed the samples could be clustered into three groups at the threshold of 9
levels. The results were consistent with the result of principal component analysis. Conclusion: This method can
accurately determine the content of mineral elements in rice and the mineral elements can be used as a traceability of
producing area.
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2.1.1

F1 MELEH
Table 1 Measurement conditions.

LR Wik MRS wE Wt R MR E GBS ikt B2 A Pulse
Element Crystal Collimator Detector Tube filter Voltage Current Angle Offset height distribution
/ pm /kV / mA 20/ (°) Bgl/(°) TR BR
Low limit  Up limit
Mn PX10 150 Duplex  None 60 60 629642 09222 15 72
Fe LiF220 150 Duplex  None 60 60 857416 —0.8526 15 72
Cu PX10 150 Duplex  Al(200 pm) 60 60 449920 0.8168 20 69
Zn PX10 150 Scint Al (200 pm) 60 60 41.7800 0.8906 15 78
Mg PX1 300 Flow None 30 120 23.7402 2.2852 19 78
P Gelll 300 Flow None 30 120 140.9846 —1.3800 25 78
S Gelll 300 Flow None 30 120 110.7132 1.8868 27 78
K PX10 300 Flow None 30 120 136.6778 2.8960 31 74
Ca PX10 300 Flow None 30 120 113.096 6 1.7250 32 73
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Fig.1 Regression curve of Cu without internal standard (a)
and with internal standard (b).

KKK b JB T3 A, TE AT AR N AR IE RS
% R 2060 R BUERSIEAN, 8] K FH B S 264
WHRBEITRZIE . Hodr, BIRIA Rh-L, £ 09350 R
VYEWFREZIE G E Mg A1 P, I 0.187 6 nm ALHIHL
SHRAENFRZ IE G K. Mn. Fe. Cu 1 Zn. &1

& Cu AAFRAIN A bR IERT 28, HE 1 A A,
1 1E Ji b 28 S5 B e

22 RKUHR. BEE. EHE

221 R

T [ SR A bR S TAE 2R, It
FH 2256 Z2 B0 AR S 2/ AR Hab AT AR IE .
WAL TAEMZN e oK B cRw S E, S EB
TG HA H R AT AR = (2) T

Ly =£ﬁ @
m t

A Lp & AR o R IR m R REUZ; 12
HRIRAE, ¢ RSNER . % HARTCR KR H R
W 2 s, AT, A J5E KK B AR TR
Fr PR AR

*2 BRTREEGHR

Table 2 Detection limits of elements.

ToER R Lp ToER R Lo
Element /ugg’ Element /ugg’
Mn 0.6 P 2.6

Fe 1.8 S 2.8

Cu 0.3 K 1.9

Zn 0.4 Ca 32

Mg 4.9
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Table 3 Accuracy of the method.

JLE ARG M1 AN 2 L NG R[] M1 AHNT 5 2
Element Standard value  Measured value Relative error Element Standard value = Measured value Relative error
/ugg! /ugg’ /% /ugg! /ugg’ /%
Mn 17 16.1 -53 P 1360 1278.7 -6.0
Fe 7.6 7.0 -7.9 S 1470 1203.8 -18.1
Cu 49 4.6 -6.1 K 1380 14482 49
Zn 23 21.9 4.8 Ca 110 118.6 7.8
Mg 410 389.8 4.9
F4 TEFMARDPT RELTESEB@ge))
Table 4 Contents of mineral elements from different places (pg-g_l).

Ut Sample plot 4w’ No.  Mn Fe Cu Zn Mg P S K Ca
BRI 1 9.5 25.3 3.1 10.5 205.6 896.5 1085.6 10343 91.0
Hubei 2 8.7 28.2 35 11.2 2232 9123 1018.7 9969 944
Xiantao

3 93 27.3 3.6 10.3 2148 9064 11239 10008 96.3

4 7.9 23.5 3.1 10.7 2486  987.6 10183 1093.7 956

5 9.5 27.4 3.4 15.1 227.0  902.1 1180.6 9206  90.0
VU1 s 6 8.2 6.8 2.8 14.0 225.8 926.8 1182.8  947.1 48.6
Sichuan 7 8.6 79 2.9 143 2828 10109 11789 9381 602
Chengdu

8 7.9 15.6 2.8 15.3 200.6  886.8 1200.1 9292  88.7

9 9.0 12.0 2.4 13.1 2480  940.2 11489 9556 543

10 5.9 5.4 2.8 12.9 238.0  843.1 1103.7 9798  54.1
PO I 11 8.3 8.1 2.3 16.5 2454 982.9 1211.5 9524 67.2
Sichuan 12 8.0 57 23 15.3 2397 9528 11805 9041 593
Bazhong

13 10.8 5.6 2.4 13.7 2455  961.2 11652  907.1 32.5

14 10.3 5.1 2.4 15.5 2373 952.8 1133.1  966.7  40.0

15 10.9 45 25 15.3 286.0 1004.1 12037 10144 54.6
VU114 R 16 11.6 11.2 2.6 14.9 239.8 10012 1176.8 1000.0 93.5
Sichuan 17 9.8 71 26 15.2 2089 9166 12026 967.1 1027
Deyang

18 9.1 6.9 2.6 14.6 242.1 9253 1059.9 1013.6 549

19 8.7 7.4 2.7 15.8 274.0 1007.8 1297.8 9312 102.2
YT IRV 20 9.8 6.2 3.0 17.2 383.9 12205 11520 11367 489
Heilongjiang 21 8.4 78 25 14.6 4297 13261 9720  1060.1 859
Harbin

22 8.0 5.0 25 18.1 417.6 13269 1060.5 1021.6 38.8

23 10.0 6.2 23 18.0 322.8 11903 10073 1092.1 11.6

24 8.7 5.8 2.1 16.4 413.6 13345 10798 11332 739
AT E 25 12.0 29.3 2.4 18.2 374.1 12854 1046.6 1110.0 37.6
Heilongjiang 26 12.2 292 2.4 19.8 3783 12987 10953 11286 37.5
Shangzhi

27 13.1 28.5 25 20.5 385.9 1179.0 10856 11984 40.2
VTR 28 13.8 6.0 3.0 14.4 2942 11274 1013.1 12832 107
Heilongjiang 29 14.2 6.5 3.0 14.9 298.6 10428 10580 12056 10.5
Wuchang

30 12.7 6.8 3.1 13.8 285.9 11563  988.2 12218 122
/ME Min 5.9 45 2.1 10.3 200.6  843.1 972.0  904.1 10.5
B KAH Max 14.2 29.3 3.6 20.5 429.7 13345 1297.8 12832 1027
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Table 5 Four principal component and variance
contribution rate.

JGE Element F 843 Kl F Component factor

1 2 3 4

Mn 0.605  0.361 —0.354 0.545
Fe -0.080 0.597 0.598 0.423
Cu -0.413 0.792 —-0.005 0.004
Zn 0.696 -0.491 0.194 0.390
Mg 0.861 —0.148 0.380 —0.178
P 0.897 —0.088 0.338 —-0.152
S -0.550 —0.587 -0.016 0.491
K 0.788  0.500 —0.124 —-0.025
Ca -0.698 0.015 0.596 —-0.020
T E TR 44.260 22.000 12.781 10.281
Proportion / %

o WS 44.260 66.260 79.041 89.321

Cumulative / %

B IR F AN T AL A A, 5
TR0
F1=0.303Mn—0.040Fe—0.207Cu+0.349Zn+
0.431Mg+0.449P—0.2765+0.395K—0.350Ca
F2=0.257Mn+0.424Fe+0.563Cu—0.349Zn—
0.105Mg—0.063P—0.417S+0.355K+0.011Ca
FIRZE 1. 2 ERESER, WE 2 s,

4

B2 AP HOOKE R 7 A
Fig.2 Scatter plots of principal component analysis of rice
from different places.
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Fig.3 Cluster analysis of rice from different places.
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