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Comparative analysis of 9 trace mineral elements in brown rice and polished
rice of Jingxi rice
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ABSTRACT: Objective To compare of the content of 9 trace mineral elements in brown rice and polished rice of
Jingxi rice. Methods After 20 samples of Jingxi rice were dehulled, brown rice and polished rice obtained by
further processing were pre-treated by microwave digestion method. The content of calcium, copper, iron, potassium,
magnesium, manganese, sodium, phosphorus and zinc in the samples was determined by inductively coupled plasma
emission spectrometry and the data was analyzed. Results The average content of each element in 20 samples was
analyzed. The elements of magnesium, phosphorus, potassium, manganese, calcium, sodium, iron, zinc and copper in
brown rice were 174.5%, 147.1%, 143.0%, 138.2%, 115.7%, 113.2%, 106.7%, 96.6% and 95.8% of white rice,
respectively. Conclusion The content of magnesium, phosphorus, potassium and manganese in Jingxi rice brown rice
is much higher than that of polished rice. The content of calcium, sodium and iron in brown rice is slightly higher than
that of polished rice, while the content of zinc and copper in brown rice is slightly lower than that of polished rice.
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ICPE-9000 Y i J&AH A 55 B TR & FHEE N (H A 5
HHE]); MARS 5 I THAR(GERE CEM A H]); Milli-Q
Elix 5 HAILICE A aliK & 48 (3 [ Millipore /A /]); BS 323
S RPN 1 mg, fEE Sartorius A Fl),
1.2 RFISmR

i R (BV-I %%, db a5tk 2=k FI W 52 D), i R &
(30%, EZERABRA ],

WALOHE. Bk BEL RS BELOCED. BN, BRARVEVETR(K
JE¥IR 1000 pg/mL, o EFERHABEE BERED T L)

BT L 3% HNO; (VIV)FRRREL I i & BT 5 iR &
PR R

AACEEGE « 1 LA 55 7 R ) 35 e e PSR A A [
AP B I PR R AN AL 20 ), BHMZ 2000 g, ShFP AR HLAE
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Table 1 Rice varieties and producing areas of Jingxi rice
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FREC 1 g FESH B T IR VUG SR T e vh, A M
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Table 2 Microwave digestion procedure

g FEHREE/C FHEE A /min  fE IS ] /min
1 120 5 5
2 150 5 10
3 190 5 20
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Table 3 Working parameters of ICP-OES sk [ VE 4= o v Y BE sz N
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XU i) | . .
I 120 kW 22 HHREERR
o RN ke 14.0 L/min S5FEA RN EBOAR S B 21 e, L3 fy
B 0.7 L/min {7 M (limit of detection, LOD)H 846 H R, 10 f5{5 1 it
Al B M 1.2 L/min B [R (limit of quantitation, LOQ), Z5HR L3 5,
el 30 23 PAREIKIE
; T A HEAF AR S, 2%
) ERE5SH T HUTT B IR KORAE WA AT bR 52 56, A

2.1 sk, LMERE. KMBREREXRY
e BRI T K A B A RRIE S 2k, G i A A

SE UG 7 9k D A8 JE T A A1 050 3R R0 R X B M i 22 (relative
standard deviation, RSD). [EIIC% A 92.1% ~ 105.9%, A%}
PRAEIR 220 1.5% ~ 4.6%, 45K I3 6.
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Table 4 Quantitative spectral lines, linear ranges, linear equations and correlation coefficients of each element

METER ST /om £ Fl/(mg/L) LMk HRRSr
Ca 317.933 0.1~10 Y=6113.6X+503.7 0.99995
Cu 327.396 0.05~5 Y=5675.5X-190.9 0.99999
Fe 238.204 0.05~5 Y=5573.0X+350.8 0.99985
K 769.896 1~20 Y=2383.7X-358.8 0.99968
Mg 285.213 0.1~10 Y=12217.2X+8.5 0.99997
Mn 257.610 0.05~5 Y=29752.0X+2485.9 0.99975
Na 589.592 0.1~10 Y=13143.1X-2650.9 0.99969

P 177.499 1~20 Y=45.7X+11.7 0.99983
Zn 213.856 0.05~5 Y=4822.2X+171.1 0.99991

x5 KRHRREESR

Table 5 Limits of detection and limits of quantification

=6 IAREWER MR RZE (n=6)

Table 6 Recovery rates and relative standard deviations(n=6)

MEITTHR K BR/(mg/kg) & BEBR/(mg/kg) AR (pg/mL)  FbRfE/(ug/mL)  [EIE#/%  RSD/%
Ca 3 10 Ca 4.95 5.00 95.2 2.1
Cu 0.1 0.3 Cu 0.19 0.20 92.1 1.5
Fe 0.5 2 Fe 0.21 0.20 93.9 1.8
K 5 15 K 3.13 2.00 103.0 4.6
Mg 3 10 Mg 1.49 1.00 104.9 33
Mn 0.1 0.3 Mn 0.54 0.50 933 2.2
Na 1.5 5 Na 0.80 0.50 93.6 3.1
P 1 3 P 6.28 5.00 97.2 1.5
Zn 0.3 1 Zn 0.86 0.50 105.9 3.3
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Table 7 Test results of reference substance

Wl e 2 MER 1 WE 2 FE  RSD  FRiE(E
/(mg/kg) /(mg/kg) /(mg/kg) /% /(mg/kg)
Ca 384.1 389.2 386.6 1328 391+21
Cu 4.0 4.1 4.1 1.902 3.95+0.20
Fe 51.3 50.3 50.8 2.046 49+5
K 3653.4 3702.5 3678.0  1.336 3580+160
Mg 849.2 860.5 8549 1317 870+50
Mn 46.6 46.3 46.5 0.821 48.6+2.5
Na 9.3 9.0 9.1 3.502  8.5+0.8
P 2532.5 2622.5 2577.5  3.494 2640£130
Zn 40.9 40.6 40.7 0.806 41.1+£2.0
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KEGEE AT IE 10, M 10 AT0L, BE. B, #1. Ghk
P W TR M, RO IE AR K B & 1 2
BE, KT 174.5%, HUGEME 147.1%, 41 143.0%, 46 138.2%,
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Table 8 Determination results of Ca, Cu, Fe, Mn, Na in brown rice and polished rice samples from Jingxi rice(mg/kg)

it Ca Cu Fe Mn Na

Bk WOk Bk ROk Rk Rk Bk ROk Bk RDK
1 89.7 62.0 2.9 2.8 9.7 6.0 225 12.4 9.5 7.9
2 56.5 44.1 2.5 2.4 7.7 6.2 10.1 7.3 7.2 5.8
3 72.6 53.8 0.7 0.9 6.9 7.9 7.6 5.0 12.1 9.7
4 64.3 58.9 0.8 0.9 4.9 5.6 5.6 52 11.2 13.6
5 63.1 64.1 2.3 2.1 4.2 3.6 8.3 7.0 8.4 8.1
6 79.0 68.3 2.6 2.6 5.8 4.4 193 133 8.7 7.4
7 62.8 51.8 3.1 2.9 6.3 4.4 11.5 8.2 8.6 7.5
8 92.6 67.2 2.7 2.8 8.9 5.8 17.1 9.3 14.4 103
9 81.5 62.7 2.7 2.7 4.9 4.7 11.2 7.9 11.3 9.0
10 77.8 68.1 2.7 2.8 53 4.9 11.6 8.6 11.0 9.7
11 56.0 47.0 2.4 2.6 6.1 4.3 12.0 7.7 12.4 8.6
12 80.2 717 2.4 2.9 5.7 6.2 15.2 13.1 10.1 10.7
13 59.2 472 2.7 2.7 5.7 3.8 12.7 8.8 10.5 7.7
14 72.6 76.2 2.0 2.2 6.8 12.2 11.3 9.4 9.5 9.9
15 82.6 60.8 1.7 1.7 15.1 13.7 12.9 8.1 14.1 10.6
16 65.7 58.0 2.3 24 5.4 6.1 9.4 7.5 9.2 8.6
17 63.5 61.9 3.0 2.8 5.0 4.5 14.9 11.0 6.5 6.1
18 65.9 65.1 23 2.6 42 5.4 10.0 8.2 11.3 9.9
19 67.4 65.2 2.0 2.1 4.6 5.3 12.5 10.8 9.0 8.9
20 72.9 71.1 2.9 3.1 4.1 5.2 10.0 9.0 11.2 12.6
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Table 9 Analysis results of K, Mg, P, Zn in brown rice and polished rice in Jingxi rice(mg/kg)

FE it 25 K Mg P Zn
Fit K UEEN Fit K Rk RS LS Fit K UEEN
1 1970.2 1081.4 1048.5 414.4 2752.6 1310.2 17.2 17.1
2 1352.2 926.4 547.1 339.6 1589.8 1152.4 12.8 12.6
3 1395.7 850.2 485.7 219.5 1508.8 867.7 8.1 8.3
4 1213.8 1048.0 332.9 248.7 1065.6 937.2 8.8 9.7
5 1175.9 1090.2 493.0 379.9 1368.0 1194.5 11.9 12.6
6 1552.8 1010.0 797.0 466.9 2188.9 1437.2 16.1 16.9
7 1381.8 1053.5 547.2 339.2 1521.5 1157.6 16.4 15.9
8 2007.8 1209.3 1007.4 500.7 2642.5 1538.4 20.1 18.6
9 1853.5 1359.0 696.7 425.6 1850.5 1406.2 14.9 15.8
10 1683.5 1232.3 741.8 484.1 1942.0 1466.1 14.8 16.4
11 1605.1 996.1 776.3 398.3 2176.9 1330.3 15.8 16.6
12 1676.1 920.1 816.3 394.7 2133.9 1225.8 12.3 16.0
13 1869.6 1079.1 886.8 443.5 2458.9 1489.9 15.3 15.7
14 1742.3 1351.0 720.8 475.8 1975.9 1464.5 14.0 15.5
15 1827.8 939.6 821.0 356.6 2216.1 1190.0 10.8 11.2
16 1414.9 1041.3 684.2 4259 1752.6 1300.3 14.9 14.7
17 898.1 662.9 575.4 354.6 1814.2 1300.5 20.3 18.4
18 1556.1 1171.8 643.7 412.2 1745.1 1363.5 14.8 16.1
19 1308.3 1312.2 530.2 407.6 1468.5 1321.5 13.1 13.7
20 1768.5 1525.5 649.2 422.6 1888.8 1427.8 16.1 16.5
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