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Abstract: Soybean coat samples were digested by H,0,-HNO, solution after semi-ashing in a closed microwave system and the
determination of iron,nickel, magnesium, calcium zinc and copper in soybean coat has been performed by MPT-AES. Experi-
mental conditions were optimized and established. The effects of acid concentration and coexisting ions( K,Na,Fe ,Ni, Al,Zn,
M g,Ca)on determination of iron,nickel, magnesium, calcium zinc and copper were investigated. The results showed that the
detection limits of iron, nickel, magnesium, calcium, zinc and copper were 22.94,7.55,0.36,0.92,16.27 and 2.1 ng -
mL ™", respectively. The RSD was no more than 3.2% , it showed the adopted method had good precision. The linear ranges
of iron, nickel , magnesium , calcium, zinc and copper were 0-12, 0-12, 0-35, 0-32, 0-7 and 0-12 pg - mL ™', respectively.
The recoveries were 96.8% -101.3% ,98.4% -103.7% , 95.9% -99.6% , 96.3% -103.5% , 99.8% -103.5% and 97.6% -
105.3% , respectively. Compared with conventional test methods, MPT combined with half ash and microwave digestion sam-
ples was efficient with high accuracy and repeatability and applicable to sample analysis.
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Tablel The optimum experimental condition of iron,nickel, magnesium,calcium zinc and copper
~ S pTIE L B TG AT T D B 2
E:m%nt Analytical line Carrier gas flow rate Support gas flow rate  Oxygen shielding gas press Microwave forward power

A/ nm v/mL + min "' v/mL + min "' p/ MPa p/W

Fe 259.9 1197 430 0.00 80

Ni 352.4 1197 344 0.10 80

Mg 279.5 1313 430 0.00 80

Ca 393.4 847 258 0.18 80

Zn 213.8 1313 430 0.14 80

Cu 324.8 1197 430 0.10 80
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Table 2 The dosage of acid and bi-oxygetive water

in microwave digestion

gy B RO 68%  30%
B2 - Tconstant . Microwave HNO, H,0,
Tsum Pconstant
Step i pressure power
Jmin o Mpa /ml /mL
1 8 7 0.43 340 0.0 3.0
2 7 7 0.43 340 4.0 0.0
3 8 7 0.43 340 1.0 1.0
4 7 7 0.43 340 2.0 2.0

TEFE 2, KRE R E 1.0 mL 68% HNO, +
1.0 mL 30% H,0, F12.0 mL 68% HNO, +2.0 mL
30% H,0, 1550 4, AEFE & IH A o8 218 00 T S &
N, A I EFE 1.0 mL 68% HNO, +
1.0 mL 30% H, 0, {E 2k H fif A b B A R FH i o
2.2.2 WEEMEAE R HER 3 RE NN R
R JPAE PP, F1 Py 3 Ff s ) BE LT X0 K T R R it
TR

F3 WEEBELEZR

Table 3 The review of microwave digestion press

gy TERTRL L B 08%  30%
SN : DR L 1H &
L Tconstant Microwave HNO;  H,0,
Tsum Pconstant
Step ) pressure power
/min Jmin /Mpa W /mL /mL
0.40
1 8 7 383
(0.41,0.42)
0.41
2 7 383
(0.42,0.43)
1.0 1.0
0.42
3 8 383
(0.43,0.44)
0.43
4 7
(0.44,0.45)
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Table 4 The review of microwave digestion power

g TERE L BOOLE 68%  30%
5B - Tconstant o Microwave ~ HNO3 H,0,
Tsum Pconstant _—
Step . pressure P Power
min a
/min P W /mL /mL
298
1 8 7
(340,383)
298
2 7 7 0 1.0 1.0
(340,383)
298
3 8 7
(340,383)
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Table 5 The time review in microwave digestion
JERER L ERES Wk oh %
g T PR
M I Tconstant  Pconstant  Microwave
Tsum HNO; H,0,
Step . pressure /Mpa power
/min . ) /mL /mL
/min P, (P,,P;) /W
1 5 2(4,5) 0.41 340
2 5 2(4,5) 0.42 340 1.0 1.0
3 5 2(4,5) 0.43 340
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Table 6 The optimum process for soybean coat in

microwave digestion after half-ashing

FEREOEE ko
B (ENEREE L] (8 TIES 68%  30%
PR Tconstant  Pconstant  Microwave
Tsum HNO; H,O0,
Step i pressure /Mpa power
min /mL /mL
/min - P(Py,Py) /W " "
1 5 4 0.41 340
2 5 4 0.42 340 1.0 1.0
3 5 4 0.43 340
x7 KRUBEEBRERXREG
Table 7 The optimum process for soybean
coat in microwave digestion
QERERIE ERES T Ty 3%
o (ERERYIE [CRIIES 8%  30%
B3 Tconstant ~ Pconstant  Microwave
Tsum HNO; H,0,
Step i pressure /Mpa power
min /mL /mL
/min - Py (PP /W " "
1 8 6 0.44 383
2 7 5 0.43 383
4.5 2.0
3 8 6 0.44 383
4 7 5 0.43 383
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Fig.1 Effect of nitric acid on determining element
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Fig.2 Effect of hydrgeon peroxide on

determining element
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Table 8 Range of linearity, detection limit and relative

standard deviation

Fe Ni Mg Ca Zn Cu

Linearity 0~12 0~12 0~35 0-~32 0~7 0~12

range/pg + mL -!

5 Hi PR Detection

limit/ng + mL "

7.55 0.36  0.92 16.27 2.1

RSD/ % 5.47 4.23 0.14 0.30 3.17 4.76
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Table 9 The detection results and recovery of iron,

nickel ,magnesium , calcium zinc and copper in

soybean coat by microwave digestion

BB T Atk B HLTH e A
. G R 2 [m] i 5 TR E
TR o K6 i R -
Digestion of Recovery Digestion of
Elemet RSD/ %
microwave /% constant
/pgeg! /pgeg!
Fe 18.76 5.47 96.8~101.3 16. 60
Ni 3.02 4.234 98.4~103.7 2.62
Mg 760.75 0.137 95.9~99.6 756.3
Ca 2411.23 0.229 96.3~103.5 2316.5
Zn 1.74 3.707 99.8~103.5 1.68

Cu 3.32 4.763 97.6~105.4 3.29

g

3 &y

IR ATl T A Ak PR B R i S R 2 K
PO it Ak B 7 32 R L 5, B T ) 4 R D i
D B i T g AN Dy SR WY G, i HL S
ko MPT-AES I 5 K 5B A (9 il &8 o0 3R 7 ik
TR RGN B PR AT R B A 2 R TR . oF K
-1 T i 55 MIPT-AES 15 FH I a2 R 2 Bz v i ol o
JUER BARE 1A R PR R A A DR A Y
DA o TR R AL -l B T8 A MPT-AES 7€ K &5
Hh Y B G R AR R

2% Uk

(1] @POM, Guk, Ewets, 3. KRE RO II4 HARKE + £
K /N EE AR 7 s Ak RE RN T W B S £ A AR R e [ D]
R, 2006(2) :31-33. (Meng Q X, Lu L, He X M, et al.
Soybean husk replace the corn in concentrated food and wheat glu-
ten, which influence on milk production performance produce, dry
matter and fiber digestive of milking cow[J]. Feed China, 2006
(2):31-33.)

(2] LS, BOF, M. R R E S° 0 S 7 4R i iz
F[J]. HEHeE, 2007, 28 (9):1821. (Hou S Z, Zhu
P, Jing C W. Nutrition value and application in feed of soybean
hulls[J]. Jilin Animal and Veterinary Sciences, 2007, 28 (9)
18-21.)

[3] Belyea R L, Stevens B J, Restrepo R J, et al. Variation in compo-
sition of by-product feeds[ J]. Dairy Science, 1989, 72.2339-
2345.

[4] Ludden P A, Cecava M J, Hendrix K S. The value of soybean
hulls as a replacement for corn in beef cattle diets formulated with
or without added fat[ J]. Animal Science, 1995, 73:2706-2718.

[5] Anderson S J, Memill J K, McDonnell M L, et al. Digestibility
and utilization of mechanically processed soybean hulls by 1ambs
and steers[ J]. Animal Science, 1988, 66:2965-2976.

[6] Acgergor C A, Owen F G, McGill L D.  Effect of increasing ra-
tion fiber with soybean mill run on digestibility and lactation per-
formance[ J]. Journal of Dairy Science, 1976, 59:682-689.

(7] BRwi. Zmth 8 FOTR M BLIL SR FLT]. 20 B P sl 41,
1992, 11(2) :61-63. (Chen Y. Analysis of primary speciation of
eight elements in tea[ J]. Bulletin Analysis and Testing, 1992,
11(2):61-63.)

(8] HAmUA. DA AR LCP-AES kI AR £ v 3 1 e R o &
[J]. Jbigsensas, 1997, 14(3) :22-25. ( Yang J R. Determi-
nation of content of major and trace elements in grain crops by mi-
crowave digestion and ICP-AES method [ J]. Chinese Journal of
Spectroscopy Laboratory, 1997, 14(3) :22-25.)

(9] Thwels, JRIWEES. fif if i - ICP-AES ¥kl 52 2% i v ) il i
TLHELI]. TTMBERITTRERE, 1999, 6(4) :59-63. ( MaX L,
Chen X L. Determination of trace elements in tea samples by mi-
crowave digestion and ICP-AES[ J]. Guangzhou Trace Elements
Science, 1999, 6(4) :59-63.)



