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Analysis of 18 Elements in Seed Coats of Mung Bean, Adzuki Bean and Black Soybean
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Abstract: In order to fully develop and utilize bean coat resources and increase the added value of processed bean products,
the contents of N, C, S, Ca, Mg, K, P, Na, B, Ba, Co, Cr, Cu, Fe, Mn, Ni, Zn and Sr in the seed coats of mung bean, adzuki
bean and black soybean were determined by elemental analyzer (EA) and inductively coupled plasma-atomic emission
spectrometer (ICP-AES). The limits of detection (LODs) for the elements N, C and S with an elemental analyzer were
32-96 pg/g, and recovery rates were 97%—115% with relative standard deviations (RSDs) of 0.20%-2.63% (n = 5). The
LODs for the elements Ca, Mg, K, P, Na, B, Ba, Co, Cr, Cu, Fe, Mn, Ni, Zn and Sr with ICP-AES were between 0.02 and
152 pg/g, and recovery rates were in the range of 84%-118% with RSDs of 0.44%-4.46% (n = 5). The soybean standard
substance was measured using the developed methods, and the results indicated that the contents of N, Mg, P, B, Ba, Co,
Cr, Mn, Ni, Zn and Sr were within the recommended range, while the contents of S, Ca, K, Na, Cu and Fe were close to the
recommended values. The analytical methods proved to be rapid and simple and can be applied for elemental analysis.

Key words: mung bean coat; adzuki bean coat; black soybean coat; elemental analyzer (EA); inductively coupled
plasma-atomic emission spectrometer (ICP-AES); element contents
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Tablel The parameters for microwave digestion
(536 /W ETH A)/min JETHEEE/'C I [A]/min

1 1 600 5 120 3

2 1 600 8 160 5

3 1 600 4 180 10
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0.5. 1.0~ 5. 10 pg/mL, ZJICHIEANO.1. 0.5, 1. 5.
10, 15. 25 pg/mL.
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Table2 Operating parameters of the ICP-AES instrument
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Table3  Analytical wavelengths for determining different elements
LR K /mm JCHR P /mm LR K /mm
Ca 317.933 B 249.772 Fe 238.204
Mg 285.213 Ba 455.403 Mn 257.610
K 766.491 Co 288.615 Ni 221.648

P 214914 Cr 267.716 Zn 213.856
Na 589.592 Cu 324.754 Sr 407.771

223 JrERHER

XFRE b 2 WA T 20 W sE ,  DA3 A A v e 22 1
HRITCEMR IR, £L0.500 0 gFRktE Sk & TR TT
A B . ORI ARICP-AES 1 7 VEAS H R 45 5 I %4,
15 FG 2 R HE R M0.02~152 pg/g.
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Table4 Validation results of soybeans standard substance GSB-4
E EE gy TEE () RSDI%  [R% ik R (uge)
N* 6.7+0.3 6.50+0.01 0.24 97 32

C* — 48.7£0.06 0.20 — 38

S* 0.364£0.027 0.419£0.011 2.63 115 96

Ca* 0.153£0.008 0.138+0.002 145 90 152
Mg*  0.230£0.014 0.215£0.001 0.47 93 61

K 1.86£0.09 1.73£0.02 1.16 93 13

p* 0.66+£0.03 0.66+0.01 1.52 100 132

Na 15.0£0.0 154403 227 103 2.80

B 158+15 14.6£0.5 252 92 1.70

Ba 33104 3.0£0.03 2.02 91 0.08

Co 0.125+0.012 0.112£0.004 3.93 90 0.02

Cr 0.2840.04 0.33£0.01 3.14 18 0.22

Cu 102105 9.240.1 1.03 90 171

Fe 139+4 117£0.7 1.26 84 0.21

Mn 28+1 26+1 4.46 93 0.24

Ni 4.0+0.3 36102 3.77 90 2.02

Zn 3812 36103 0.77 95 0.02

Sr 9.9+0.6 9.5+0.04 0.44 96 0.09
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#£5 3HERIBHIHEE (Yis, n=5)

Table 5 Contents of eighteen elements in the seed coats of mung bean,
adzuki bean and black soybean (x s, n =5)
JiE TiH REH ANGH BEN
\ TH)1EI% 1.81£0.02 28220037 1.800.016
RSD/% 1.78 178 0.80
c THIEI% 454002 4340013 43940015
RSD/% 0.04 0.03 456
g THE% 0.11520.004 0.16820.003 0.149£0.010
RSD/% 6.09 1.19 537
c THE% 0.65320.021 0.25420.008 0.43020.002
! RSDI% 30 305 045
N THE% 0.32320.008 0.24740.003 0.24720.003
¢ RSD/% 248 121 144
‘ FHE/% 0.85£0.02 0.93£0.01 1.34£0.002
RSD/% 235 108 0.15
» FHE% 0.17£0.01 0.34£001 0.16£0.001
RSD/% 588 147 0.63
\ FhE (ngy) 12344 35241 169+ 12
a
RSD/% 233 308 527
5 TEE (ngly) 207£08 16.1+02 n3EL
RSD/% 281 101 370
5 TEE (ngly) 202402 94203 106201
! RSDI% 107 3 534
o FE (g 0.22540.018 0.359£0.025 0.301£0.013
0
RSD/% 6.86 5.34 335
c FE (g 1264027 7214020 15840.15
! RSD/% 157 220 202
o TS (uglp) 5430.1 194407 109202
! RSDI% 391 271 241
. T (ugy) 413110 129%1 40148
€
RSD/% 205 0.90 148
. T (ugy) 241 M1 1620.1
! RSDI% 669 256 124
\i T (ugy) 76302 13402 85201
' RSD/% 178 152 121
. T (ugy) 18402 29406 3106
! RSD/% 119 292 126
g T (ugy) 393402 189206 269+0.2
T
RSD/% 045 231 081
3 &4 #
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MG R >NE Y, Ky ZnoN B E R >N R >
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