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Abstract: The contents of calcium(Ca), iron(Fe), zinc(Zn), selenium(Se), and magnesium(Mg) in
wheat grains are of great significance for maintaining human health. In order to understand the differ-
ences in the content of these five mineral elements among different wheat varieties(lines), the con-
tents of Ca, Fe, Zn, Se, and Mg in 363 domestic and foreign wheat grains were determined by induc-
tively coupled plasma mass spectrometry, and the differences in their contents in wheat grains from
different sources were analyzed. The varieties (lines) with higher content of mineral elements were
screened. The results showed that based on residents’ eating habits and the “Human Trace Element
Intake Standards of China Nutrition Society”, the proportion of wheat with Ca, Fe, Zn, Se and Mg
contents meeting the recommended standards was 11. 84 %, 30.03%., 1.93%, 4.68% and 1. 38%,
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respectively. The five mineral element contents of wheat from different sources vary greatly, with a
coefficient of variation from 27.26% to 72.50%. Among them, wheat from Kazakhstan ranks first in
Ca, Zn, Se, and Mg contents; wheat from Australia ranks first in Fe content, and wheat from China
has higher Fe and Se contents. The coefficient of variation of mineral element content measured in
wheat from different sources in China was from 27.95% to 68.00%. The Ca and Fe content of wheat
from Yunnan, the Zn content of wheat from Xinjiang, the Se content of wheat from Shanxi, and the
Mg content of wheat from Hebei ranked first. Correlation analysis showed that the contents of Ca,
Mg, and Zn in wheat were significantly correlated(P<Z0. 01), indicating that the contents of Ca, Mg,
and Zn in wheat grains could be increased simultaneously. Based on the content of the five mineral ele-
ments, the number of wheat that met the recommended standards for 1, 2, and 3 mineral element
content was selected to be 19, 4, and 5, respectively. Based on principal component analysis and com-
prehensive evaluation values, 10 wheat samples with high mineral element content were selected. The
protein content of wheat with high Ca content was significantly higher than that of wheat with low Ca
content( P <C0. 05).

Keywords: Wheat grain; Mineral elements; Principal component analysis; Comprehensive evaluation
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WCAR T B4 R F R ) R 400 93 e AL AR S A ok
80 Hfi , ML 0.2 g ZIHMFAE , MA 6 mL 1 65%
HNO, fl 2 mL 30% H,O,. ¥ 7 fft & i A
MULTIPREP-41 5 1 i A o #2354
Wt 0~180 °C,65 min; B HIZE 60 C,#H & 25
min; &R 140 ‘C,1~1.5 h, EWKEEZE 50
mL B0 T 10 mL SR T H R A 45 5
4% ( Thermoi CAPRQ) ICP-MS | %# Ca, Fe.
Zn.Se fl Mg &, X 3 K.
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SO AR NGE B Ca Al Mg $8 A &2°F- 224 800
mg e+ d ' Fl 320 mg ¢ d7',Ca A it 52 F i % A =
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R 1:2.2 F1 1:8. 3 . 3 2sxt R EE R H % Ca
1 Mg $E AR B TTHE A 18, 1% 1 41, 4%, &
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INZZ PR Fe FIl Se F t 1 4 72 38 [ 43 0 oy
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HEX B 255 1 i AR 9T Se & bR fE - <C0. 05
mg * kg ! NBLZ,0.05~0.10 mg * kg ' K
fi£,0.10~0. 15 mg * kg ' A H%,0. 15~0. 30
mg * kg™ NE Se,0.30~2.00 mg « kg™ ' HA]
iy 3% ,>2.00 mg * kg™ ' AIREFHFE,
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2.1 NEFHSHTYMRTESESN

i 1 Al (/N Z ) Ca F1 Mg P18 &=
Sk 429.20 mg » kg 1.539.51 mg « kg ', A
SERB R 33, 14% F1 27.26% . Fe.Zn il Se
S E s R 46,11 mg » kg 1.22.52 mg »
kg '.0.040 mg * kg ', EF RECH 30. 18% ~
72.50% . Hir,Se AR 5 R B K (72.50%0)
HK N Fe R (56.41%), AR 3 Fit KM AER
RE R 30% A
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Table 1 Content of the five mineral elements in wheat grains

JLR Fe/ME HRAH M £ bR 22 A5 5 R
Element Min. /(mg « kg™ 1) Max. /(mg » kg™ 1) Mean+SD/(mg * kg~ 1) CV/%
Ca 154. 31 1 055. 34 429.20+142. 27 33. 14
Mg 252.96 1 382.82 539.514147.09 27.26
Fe 15. 41 139. 84 46.11426.01 56. 41
Zn 7.96 48.72 22.5246.80 30. 18
Se 0.011 0.290 0.04040. 029 72.50

P /INAE FE L Ca & 1R 154, 31~1 055. 34
mg * kg ', EEAATE 200~400 mg « kg ! ,400~
600 mg « kg ', 4 Bl 5 L 50, 41% F 36. 91 %
(1) ;353 Ca & 5 #EFE 0 1 A9 F0a 5 S8
11. 84 % A FEA Ca & S ¥KFHEFE LRR .

R/ N R Fe B4 15, 41~139. 84 mg »
kg ', FEEPAE<30 mg ¢+ kg '.30~40 mg -
kg ' }=>60 mg * kg ' 4l 27, 27%0.31. 13%
F119.83% (FE 1b) 3 1K Fe & 1 4 47 705 BB 49 %5 1
o7l R 30,03 %, T A FEAR Fe & & ¥R T4 7% -

F2 140 mg * kg !

BN KR Zn &R 7. 96~48. 72 mg
kg !, FEIMATE 10~20 mg « kg™ ! F120~30 mg *
kg U, HAR A 37, 74 %5 F 48, 49 % (& 10) 53k
3| Zn & EMEFEH 40~50 mg » kg ' R
M7 1. 93% T A FEAS Zn & AL F 7 L BR 50
mg * kg ',

HESRK /N F KR Se AT 0. 011~0. 290
mg * kg 'L HH 77,96 % W /NFE Se 1 = AL TR
ZIKFL17. 36 % By /N Se F & m AL, 15 B Se %
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2.2 AERBNEFH S MY RTESENH
2.2.1 BARFREILE

M 2 Al RN 2 kPR 5 R OC R & AR
SRBOIIKTF 28% A M X A A7 7 B 22 5 (P
<0.05), mnM/NE Ca B Fm TR I, H
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Fig. 1

Distribution frequency of different mineral element contents in wheat grain
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Table 2 Comparison of the five element contents in wheat grains from different regions of China mg * kg™'
HiIX Region 5 Ca K Fe £ Zn fifi Se B Mg
2B Yunnan 432.91+220. 90a 61.32454. 94ab 15.19+2. 86d 0.05240. 046abc 344.10+49. 60c
B Xinjiang 426.92+35. 75ab 49. 98415, 43abc 23.25+2. 36a 0.040740. 010bed 498.46+70. 04ab
[ P4 Shannxi 425.03+166. 20ab 47.78+23. 27bc 21.6546. 49abc 0.03440.020d 543.12+178.53ab
LI P4 Shanxi 382.90+65. 72ab 43.71420. 18c 20. 1445. 55abc 0.05740.037a 479. 65+56. 87ab
11 5 Shandong 393.54+133. 04ab 47.15+31. 98bc 18. 73+3. 73bed 0.036740.029cd 495.76+72. 11ab
T E Ningxia 400. 55+67. 05ab 48. 964 32. 82abc 20. 64747, 38abc 0.04040. 017bed 506. 34+85. 00ab
YIL.95 Jiangsu 388.89+76. 80ab 41.50420. 83¢ 20.99+5. 72abc 0.03540.015cd 461.51+83.69b
MLIE YT Heilongjiang 339. 64+166. 25b 65.18+27. 94a 19. 4547, 23abc 0.05640.013a 477.72+143. 06ab
B Henan 397.104+135. 83ab 50. 57430. 95abc 21.9446. 69abc 0.03740.030cd 498.29+113. 4ab
W4t Hebei 424.82+142. 26ab 43.48+17. 88¢ 22.70%7. 45ab 0.05640.038ab 554.02+180. 39a
Hiff Gansu 396.36+119. 71ab 57.68+39. 48abc 19.29+6. 49abc 0.03040.012d 455.31+132.10b
Jb 5T Beijing 427.88+171.09ab 45. 03416, 71bc 20. 6047, 35abc 0.04240. 023abced 533.60+178. 50ab
L Anhui 357.71+126.55ab 49. 80 30. 08abc 18.04+6. 87cd 0.041=£0. 008abcd 501. 28£187. 77ab
BRRBCV/ Y 34.98 56.29 31.05 68. 00 27.95
[R5 B Jo5 AN [ E R R R FE 0. 05 K2R B E, £ 3MEI M.
Different letters in the same column mean significant difference at 0. 05 level. The same in tables 3 and 9.
*3 ERMREMRMEFHNTESELER
Table 3 Comparison of element contents of wheat from different regions at home and abroad mg * kg™'
[H % Country 45 Ca # Fe B 7Zn fif§ Se B Mg
H1[# China 407.75+141. 37b 48.20427.33b 20.9646. 48¢ 0.04040.028b 512.574+143.52b
M 5% 5 i dH Kazakhstan 488, 20+113. 02a 41,.29419.97b 28.4146.19a 0.05240. 056a 659.99+153. 18a
75 A5F Mexico 477.86+143. 33a 39.96420.98b 24.17+5.61b 0.03740.024b 558.874107.47b
BKF W Australia 320. 51447, 75¢ 69. 12444, 80a 22.9047. 46bc 0.02840.011b 515.484136.03b
R4 HHPE KTESEHAE 10 /N E
Table 4 Wheat with the top 10 contents of calcium and iron in grains
A < 4B
mg * kg™ 1) (mg * kg™ 1)
P54 865 Xinong 865 1 055. 34 B VY Shannxi Hr /% Gannanxiaomai 139. 84 Hilt Gansu
3% 170 Zhongmai 170 970. 26 b5 Beijing 14¢ 611436 Shannong 611436 138. 89 1% Shandong
¥ 2 52 Jimai 52 911. 87 1175 Shandong | & 9008 Luo 9008 138. 66 VB Henan
P =5 Xigaosanhao 905. 29 BEPE Shannxi VF# 52 Jimai 52 137. 44 I Shandong
HLE 20 Jimai 20 891. 54 % Henan ¥BF 11 Zhengmai 11 136. 05 M Henan
W21 882. 64 B PHEF Mexico T4 55 Ningchun 55 135. 69 T & Ningxia
B 319 Shaan 319 859. 20 B PE Shaanxi B 319 Shaan 319 135. 21 B 7§ Shaanxi
i 6 5 Hangmai 6 844. 36 B Shaanxi F# 18 Yumai 18 134.52 Z® Yunnan
A 11 Zhengmai 11 835. 46 B Henan WRH 106 Aoxin 106 132.99 A F]. Australia
W6 787.75 BYGHE Mexico || P4 =5 Xigaosanhao 131.05 PP Shaanxi

Zn EEHAEZ T 10 B9/ SR (RO MR E L
# 20(48.72 mg « kg V) . F 170, P4 865, PG 2
12 .1F 11-5278 . 19XS008 ., 19XS032 . 19XWB08 . fiii %

6 5 Fl 19XW004(38. 05 mg » kg ), HE& TG 7
B/NZE Zn @I 40 mg « kg ' (R 5), Se &
EHEAHT 10 B9/ 22 @ (RO MR IR & 19XS008 , 2%
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H 378 K F 52,15 5 1816,k 319 . 3854 496 .
142 £ 7080,19XWB05 B 11,19XS008, >
¥ 378 UK A 52 Fis 5 1816 ¥ Se & ik 3w
Se B HAYHER AT 10 BY/NEE LRl () Se 5 &
VR s rh bRk, Mg & & HE 44 80 10 (19 /8 22 K
WO P R 865, f BE 169, I8 11-5278, Hh &
170 MG 154 W& 1. 24 155 B0 99
PG 2 G -7  HEBHT 5 /3 Mg & & ¥ i

1000 mg * kg™ ',

2 Tl K 3 Ay T F % Ak ik B HE REAR HE
INEE SRR (RO 3L 9 AN (R 6) s o TR 52 &
11 Bk 319 A9 Ca.Fe Ml Se 7 ft ik ) #fE 72 45 1fE
P4 865 FHp 2 170 ¥ Ca.Zn Fl Mg & 3k 2| 4
TEPRE s HE 11-5278 1Y Zn 1 Mg & & (HLZ 20 1Y
Ca Fll Zn & it PR =51 Ca il Fe {1t J 19XS008

(8 Zn FI Se % 58 BIHELE IR ME .

RS MHPHEMMESEHEE 10 /M

Table 5§ Wheat with the top 10 contents of zinc, selenium, and magnesium in grains

=)
4 B it : 2 R i fit .. B i :
Material Zinc content/ ﬂé(}ﬁ Material ~ Seleniumcontent/ %{}F MH% & Magnesium EE/J’?
- Origin o Origin Material name content/ Origin
name (mg * kg™ 1) name (mg * kg™ 1) 2
(mg -+ kg™ 1)
HLZE 20 i Iy e i 3H PR 865 Bk v
Jimai 20 48.72 Henan 19XS008 0.290 Kazakhstan Xinong 865 1382. 82 Shaanxi
T 170 Je s 2% 378 T ke 169 B vy
Zhongmai 170 44.40 Beijing Lankao 378 0.190 Henan Weilong 169 1269.14 Shaanxi
Pi4R 865 (5] P 52 7R 1k 11-5278 - [EELA
Xinong 865 LT Shannxi Jimai 52 0. 161 Shandong Han 11-5278 1215.02 Hebei
PiZ% 12 (5] 4 54 1816 ) 1L v 3 170 Bl
Xiza 12 43.88 Shaanxi ||Yunhan 1816 0.149 Shaanxi Zhongmai 170 1 093. 89 Beijing
B 11-5278 L Bk 319 i) A -4 It e i 3H
Han 11-5278 43.79 Hebei Shaan 319 0.133 Shaanxi || Hamaiyoumang-4 1009. 44 Kazakhstan
WEEE ST || S 496 {EEL M1 e 1% T 3
19XS008 42.95 Kazakhstan | Jimai 496 0.132 Hebei Hamai 1 991.13 Kazakhstan
, RN BOE 142 . e | AT . W
19X8032 H. 94 Kazakhstan || Jimai 142 0.130 Hebei Hamaiyoumang-6 947. 84 Kazakhstan
no = M BR s | K 7080 - i) WA 5 oy I % e 407 30
19XWB08 38.53 Kazakhstan || Chang 7080 0.127 Shannxi || Hamaiyoumang-5 913.32 Kazakhstan
Wi 6 5 S I B e 3T BT 99 LR
Hangmai 6 38. 38 Shaanxi 19XWB05 0.126 Kazakhstan Huiyan 99 879. 89 Anhui
MrBR T | A 11 aE=) ¥ R I B e 7 3H
19XW004 38. 05 Kazakhstan | Zhengmai 11 0.122 Henan Hamaiyoumang-7 855. 32 Kazakhstan
ko6 MHNPEZMHTMRTESERINEFRENINE
Table 6 Wheat with multiple mineral elements in its grains meeting the recommended standards
kL2 B JLHR i kL £ B JLHR i
Material name Element Content/(mg » kg™ 1) Material name Element Content/(mg * kg™ 1)
P 52 Ca 911. 87 i3 170 Ca 970. 26
Jimai 52 Fe 137. 44 Zhongmai 170 Zn 44. 40
Se 0.161 Mg 1093. 89
11 Ca 835. 46 I 11-5278 Zn 43.79
Zhengmai 11 Fe 136. 05 Han 11-5278 Mg 1 215.02
Se 0.122 WL 20 Ca 891. 54
[k 319 Ca 859. 20 Jimai 20 Zn 48.72
Shaan 319 Fe 135.21 PR =5 Ca 905. 29
Se 0.133 Xigaosan hao Fe 131.05
Ti4k 865 Ca 1 055. 34 19XS008 Zn 42.95
Xinong 865 Zn 44,17 Se 0. 290
Mg 1 382.82
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58] 20, /NE CataEg Mg.Zn, Fe i Table 7 Principal component analysis of the
Se ﬁ%ﬁ]iﬁéﬂ%ﬁ*ﬁ?é(P<O 01),Fe /E\%Lﬁ five element contents in wheat grains
Se ﬂ}u Mg ﬁ%%*&E%Eﬁﬁé ,7n /3\%5 Mg /é\ Pk F .43 Principle component
e N . R Trait . :
IR IE MG, o CauZn Rl Mg 7 k22 ] A e e
ﬁ‘ﬁ;é%é%&ﬁ‘j{,ﬁ}%”ﬂ{l O_ 64\0_ 58 ﬂ:‘[] 0_65,1\/}‘&% 3 %@)‘D%EQQA Content of Ca 0.871 0.013
\ e — B ESGE C J f M, 0. 857 —0. 210
#1631 RO Content of Me
PEILE & Content of Zn 0. 806 —0. 359
= 1 Wit Z & it Content of Se 0. 259 0.729
Ca Ca ok Rk ok . 0.8 -
= #ILE & & Content of Fe 0.399 0.676
0.6
FEfF{ Numerical value 2.369 1.161
Fe Fe *% *k - 0.4
0.0 FiHk# Contribution rate/ % 47. 38 23.22
Zn Zn -0 ESigied
. | 02 Cum:lativc percentage/ % 47.38 70. 60
Se Se -—0.4
0.6 B Fe Ml Se & &, st Bk R 0l b 47. 38 %0 Ml
Mg| 064 0.65 Mg “1"8 23.22% . Bt STl HR K F] 70, 60% . AE % ST W i)
Ca Fe Zn Se Mg IR AN Nt 5 S D SN

* %, P<C0.01, R,
% % ; P<C0.01. The same in below.
B2 MhEFHUSTHTERREMEXN
Fig. 2 Correlation of the five

elements in grains of wheat
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R R AE R 123 B 1Y) 22 0 K b v A I 1Y)
58 GR €1 X AW/ANE S A B vt v = RS = o N
WA B FE W TN v =0. 566z, +
0.557x,40.5242,+0.168x,+0. 2592 , 4 —F

2.5 INENFRIE BRTREBERS SRS TN WAy I RN . =0. 0122, —0. 1952, —0. 3332, +
2.5.1 DEHETRAEZEZEIRS M 0.677x,+0. 627z, 2 HHH vy, BTG,

XF 363 1y /NA i B (RO FF KL Ca,Fe.Zn, Se
Fl Mg & BEHEAT F L4043 B (R 7). # AR AEH
KT 1 BB 2 A F 5. 5 — FE R W
T EEIE Ca Mg fil Zn & &E W HFE

a Al (R GGG vy =0. 474y, +0. 232y, ., Gk
FNZE A HEA AT 10 AY/NE KR 19XS008 ., 7
A 865 . W2z 170 .55 & 52 B 319 ffikE 169 A 2
11,08 11-5278 . P i =5 F1 19XS035(% 8),

R8 NHHLTESERSHEM 10 hE

Table 8 The top 10 wheat in the comprehensive ranking of element content in grains
19XS008 M i Kazakhstan 1.78  0.22 3.0l 11.05 1.18 5.16  6.41  3.93 1
P4k 865 Xinong 865 BV Shaanxi 4.40  1.06 3.18 —0.50 5.73  7.54 —1.80 3.16 2
fi 2 170 Zhongmai 170 Jt 5 Beijing 3.80  1.65 3.22 0.20  3.77 6.40 —0.59  2.90 3
WA 52 Jimai 52 11 %4 Shandong 3.39  3.51 —0.91 3.81 0.77  3.42 4.98 2.78 4
2 319 Shaan 319 B2 P Shaanxi 3.02  3.43 —0.74 2,92 0.37  2.91 4.33  2.38 5
il 169 Weilong 169 B P Shaanxi .10 1.22 1.57 1.62  4.96 4.80  0.38  2.36 6
2 11 Zhengmai 11 [ # Henan 2.86  3.46 —0.45 2.58  0.54 3.01 3.99  2.35 7
ff 11-5278 Han 11-5278 [t Hebei 2.21  0.28  3.13 —0.07 4.59 551 —1.78  2.20 8
i 5 =5 Xigaosanhao Be P Shaanxi 3.35  3.27 —0.18 —0.21 1.76  3.59 1.66  2.09 9
19XS035 M BE T Kazakhstan 1,32 3.06 2.03 0.07 1.96  3.71 0.93 1.97 10

x1:Ca Fridsa, Mg T E s Zn T Esas:Se Fidsas :Fe sy B 1135 sy WA 2 1005y LB 185

x1: Ca content; x2: Mg content; x3: Zn content; x4: Se content; x5: Fe content; yi: Principal component 1 Score; y;: Principal

component 2 Score; y: Aggregate score.
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2.6 E& Caidl Fe NEHRBRMERSHT

A BEFE L HF KL Zn, Se FI Mg & & ik 2] #E
TETU PRI /N 22 AR (RO B A L L AL A3 A Ca
Ml Fe oG & & & 5 5 B MR 056 R, Ok ik B4
TERRUE B /N 22 0 Bl (RO 2 B B Ca ARG Fe /D
& AR T bR A 1 /N 2 E R AR Ca Al
ik Fe /N2, Hefi3E 11 9 > Ca.24 4~ Fe 7l

T (14,780 W m TR Ca/NEZ (13,78 %)
(P<C0.05), 3% ] M I /i & & C o 3% 2 7
1 Fe /N 54K Fe /N2 88 11 00 A0 1T A7 7 34
T FEES . Mg R (B 3D BoR, /D
EHREAFR GRS Ca.Fe & & 8 WA & &
PR B EFME(P<0.01),Ca 5 Fe &
S R A OC, U W/ R RL Ca, Fe & i Y

M CR), HFER I ATH, & Ca/NEEAR PG B3 - S Wil o=
#*9 B Caff CaR® Fe R Fe /NE @Bttt
Table 9 Quality comparison of high Ca, low Ca, and high Fe, low Fe wheat %
2 A EAS sy T THI 7 £ Bk B A A 10 T A7 o B
Type Protein content Wet gluten content Type Protein content Wet gluten content
Hfh%a/tim 14.78a 31.08a Hfhiﬁ’e’tfeat 14. 40a 31.15a
Iﬁ&/&idt 13.78b 30. 40a Lgi?’z’gim 13. 84a 30. 46a
1 K5 TR A S0 D ) AR BIF 9 45 R — B
R B o o Mos s wa e R R G
XN
¥ 06 HW 25.0~255.1 mg + kg 'L R L IEHUNE
-0.4 . et e N _
%g@% [, B Fe &Ny 35.0~91.3 mg « kg s XU
E N . 297 Sl 4 DN : N > A
& Lo SR ET A RN A DI B A RBEIA Fe &
Vid Tt -—0.2 JEE N 92.69~115.47 mg » kg ', XULH/NE
(04 PR Fe dr kg R HEK AL R R ).
-0.6 . = N
o I_OS AWF5EH, CaFe.Zn.Se fl Mg 7 & ik £ 4
-1 TEPRUER /N ZE SRR CRD S L 11, 84 %,
EH bR Ca Fe 0 0 0/ 0 i/
Proisin  Webglufon 30.03% .1.93% 4. 68% HI 1. 38% , K&B4»/INF

B3 MEHFHNTEREESRRANXER
Fig. 3 Relationship between grain element

content and quality of wheat
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