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Abstract:[ Objective] Investigation on variations of mineral elements, protein and phytic acid (PA)
concentration and their relationships in wheat and triticale grain could provide a scientific basis for impro-
ving the effective utilization of microelements in wheat and triticale grains. [Method) 31 bread wheat varie-
ties (Triticum aestivum L. ) and 6 triticale varieties (Triticosecale Wittmack) were collected from different
major grain production regions of China,to evaluate the concentrations and relationships of some mineral
elements, protein and PA. [Result] Variation for microelements, protein and PA in wheat grain existed a-
mong different cultivars,in which large variation were among Zn,Fe and PA concentrations,and the total
P, total K and protein in wheat grain were steady relatively. Concentrations of the microelements in triticale
grain were low,but the concentrations of PA in triticale grain were higher compared with those of wheat
grain, Large variations and low concentrations of major mineral elements existed in different regions, and
the PA concentrations in Xinjiang and Qinghai provinces were high. The amount of substance of PA to Zn

ratios in wheat and triticale grain of all tested cultivars were higher than 20. The correlations among PA
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and many mineral elements were positive or negative,and the correlation between Zn and Fe concentrations

was positive. [Conclusion) There was a low concentration and a large variation for microelements of tested

cultivars,and the potential of increasing the concentration of microelements through biofortification was

large. The amount of substance of PA to Zn ratios of all tested varieties were higher than 20, resulting in

the low bioavailability of Zn,which should decrease instantly. In view of the significant variation for major

mineral elements and PA concentrations of wheat and triticale grain existed in different regions, breeders

should consider region factor. The correlation between Zn and Fe concentration was significant, so we can

increase Zn and Fe concentrations in wheat grain at the same time.
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Table 1 Mineral elements. protein and phytic acid concentration in wheat grain of different cultivars
Uit NS R WRICE S H/(mg « kg™ ') Mean value of elements (E.iﬁ}?{) ( 1? fﬁ;/l)

No. Wheat cultivar 5 Zn BFe  WMn  WCu  BH TP AW TK  Prowin  PA

1 /ME 22 Xiaoyan 22 29.6 21. 8 44,1 14. 3 3910 8 945 131.2 12. 7S
2 /ME 6 5 Xiaoyan 6 21.5 29.1 34.0 16. 4 3492 9 500 119. 8 10. 5
3 /NME 166 Xiaoyan 166 11.7 23.5 43.3 19. 6 3232 9013 114.8 10. 4
4 /NME 216 Xiaoyan 216 13.2 37.0 38.2 22.3 3230 9 976 119.1 8.6
5 P4 889 Xinong 889 35.3 30.2 45.8 20.5 3 482 7 649 133.8 10. 3
6 Pi4& 979 Xinong 979 30. 8 30. 2 30.5 20.5 2 874 8 506 142.1 7.9
7 Vi 4¢ 2000 Xinong 2000 28.7 25.8 33.1 14. 3 3032 7 861 124.0 9.0
8 Pi4¢ 2611 Xinong 2611 27.8 30. 2 40.7 17.3 3538 8 559 125.2 10. 8
9 Pi4¢ 9718 Xinong 9718 23.5 31.3 38.2 18. 4 3 059 7014 127.2 9.4
10 B 757 Shanmai 757 21.4 47.0 31.4 17.0 3 324 9016 126.7 9.6
11 Bk 538 Shan 538 29.7 41.4 48. 4 17.6 3 156 8 509 133.4 9.3
12 B 627 Shan 627 28.7 31.4 43.3 15.2 2 953 9172 138. 8 10.7
13 B 715 Shan 715 31.3 42.0 33.9 20.8 2727 8 818 133.4 6.5
14 B4 225 Shanyou 225 23.0 28.0 33.1 20.6 3038 6 321 114.2 7.6
15 B 253 Shan 253 29.7 28.5 29.7 18. 4 2 264 7 155 120.1 8.9
16 ¥ F 175 Yuanfeng 175 13.0 21.8 28.0 16.7 2 924 7 822 120. 6 9.4
17 JH F 151 Weifeng 151 30.5 33.6 39.9 23.7 3 867 8 658 118. 2 10.7
18 A& 148 Wunong 148 25.4 52.6 40.7 17. 4 3 349 7 651 132.1 9.5
19 P2 —5 Xiza 1 33.8 51.5 36.1 17.3 3761 7 701 136.0 11.4
20 F15% 175 Zhongmai 175 23.6 33.6 40.7 18.7 3672 8 984 104. 0 9.2
21 Z$i—"5 Duokang 1 31.9 43.7 39.9 20.7 3 391 8 741 107.5 10. 3
22 {1 104 Baofeng 104 31.4 47.0 46. 2 17.3 3670 9 387 116. 4 10.9
23 F1E 6 5 Zhongyu 6 18. 4 30.3 32.3 16.7 3126 7 995 125.2 9.4
24 HF 9023 Zhengmai 9023 24.0 47.0 37.3 13.0 3410 9 166 120. 6 10.5
25 Z 7% 55 Fanmai 5 25.6 33.6 20.4 11.7 3332 9761 111.5 9.6
26 W& 13 Xinmai 13 28.3 41.4 24.6 20.7 2724 8 319 106. 4 7.2
27 P& 21 Jimai 21 25.2 54.9 33.1 17.7 3915 9 829 141.6 11.9
28 A 8 5 Weimai 8 25.7 35.3 52.6 16. 3 4 656 9 210 126.9 13.2
29 w5 437 Gaoyuan 437 32.1 117.6 33.5 15.3 3973 10 247 106. 7 12. 8
30 55 )5 448 Gaoyuan 448 34.9 109. 7 37.3 14.7 3972 10 884 92.7 12.0
31 5 5 602 Gaoyuan 602 40. 0 70.5 36.5 14.0 4177 9199 104. 9 13.8
Y{l Average 26.8 42.0 37.0 17.6 3395 8 696 121.8 10.0

LRFH/ % CV 25 53 19 16 15 11 10 17
FT2RWNBENRTT R LR EARSE 2.2 ARBRMNEMNBEZFHGTRTE.EAQ
ST /NEZRR B & mAATE — 225, Hb i BREBRSEHN SN
REOW S RB/NE D E,. B 32,0 i 22,0 FH 2 3 AT, AN [W] |l X /N 22 F /0N B8 22 R br v
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Table 2 Mineral elements, protein and phytic acid concentration in triticale grain of different cultivars

o NS A Fil B ICE & & /(mg + kg™ ') Mean value of elements EF‘E‘?/ 1 ML/
No Triticale cultivar o~ N " — — (g kg‘ ) (gekg™H
' B Zn # Fe i Mn i Cu S TP 44 TK Protein PA
32 B/ 15 Xinxiaoheimai 1 36.9 36.9 29.7 25.0 4 297 10 632 128.1 13.9
33 Hr/hE 2 5 Xinxiaoheimai 2 22.5 31.3 33.5 25.6 4 220 10 482 118.2 12.0
34 HBi/hNEF 3 5 Xinxiaoheimai 3 35.8 23.5 34.8 21.6 4618 10 544 94. 2 13.9
35 /N 4 5 Xinxiaoheimai 4 27.8 35.3 31. 4 24.6 5139 10 470 109. 4 16.9
36 /N F 5 5 Xinxiaoheimai 5 28.2 35.3 28.8 16.0 3935 10 347 107.5 12.3
37 147 237 Zhongsi 237 40. 9 35.3 22.1 19.3 4 186 10 335 104.5 13.1
I Average 32.0 32.9 30.1 22.0 4 399 10 468 110.3 13.7
LRFH/ % CV 22 15 15 17 10 1 11 13

H 2% 3 38 0] LA Y A [A) Ml 1K % /N 22 /s R 2
R AR A F BB R 9. 2~13. 7 g/kg,
YA 11,3 g/kg, X 5 H A A M BIF 52 45 R — 3L,
S A0 7 TG b D 2 3 X G0 98 )N SRR T A R
Fri A, N 13,7 g/kgs LA HEKOE B (E 2.4

g/ kg s T W /INAZ P RL rp A R 7 A T 45 b X
(B, 3 AT RE 2 3 S0P A i 38 1 X BBE VBRSO
M JE DR 22— o FR G RT, /0N 22 /0N B 2 b v A TR
B AE DX ] 22 S L6 3% IR R /N 22 R g
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Table 3 Mean value for major mineral elements, protein and PA concentration in wheat and triticale grain in different regions
i X Wt E S/ (mg e+ kg ') Mean value of elements (Eiﬁ:{) ( $EE&£1)
. g kg g kg
Region 5 Zn B Fe f Mn flCu & TP 28 TK  Protein PA
B 74 Shaanxi 25.7b 33.5 b 37.5 ab 18. 3 be 3222 ¢ 8 341 ¢ 126.9 ab 9.6 ¢
Jt 5 Beijing 29.0 ab 41.4 b 42.3 a 18.9 ab 3 578 be 9 038 be 109. 3 cd 10.1 be
7 F Qinghai 35.7 a 99.3 a 35. 8 abe 14.7 ¢ 4 040 ab 10 110 ab 101.4 d 12.9 a
W Henan 24.1b 38.1b 28.7 ¢ 15.5 be 3 148 ¢ 8 810 bc 115.9 be 9.2 ¢
11 4 Shandong 25.4 b 45.1b 42.9 a 17.0 be 4 285 a 9519 b 134.2 a 12.5 ab
Fr e Xinjiang 32.0 ab 32.9b 30.1 be 22.0 a 4399 a 10 468 a 110.3 cd 13.7 a
H{H Average 28.5 48. 4 35.6 17.6 3761 9 383 116. 4 11.3
AL 5 R 0 CV 15 52 16 15 15 9 8 17

TE ) — B 5 AR AN ) 2 B 38R A 5 20 KT 1 28 57 1 38 (J) — S RS ) b X ) LE 480

Note: within a column,data followed by the different letters are significantly different (P<C0. 05) among different regions for the same ele-
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Fig. 1

Phytic acid to Zn molar ratios of wheat and triticale grain in different cultivars

The number of the cultivars in Fig. 1 is in accordance with Table 1 and Table 2

F4 MNEFHNPHEBRSTRIE.EARAIEANHEXRY
Table 4 Correlation coefficiences among phytic acid, mineral elements and protein concentration in wheat grain

i H TH R i % i il AT ol LS
Item PA Zn Fe Mn Cu TP TK Protein
iz PA 1. 000 0.319 0.448* 0.421* —0.499** 0.836** 0.483** —0.133
B Zn 1. 000 0.443" 0.142 —0.127 0.302 0.070 —0.041
2k Fe 1. 000 —0.042 —0.267 0.455** 0.548* * —0.437*
4 Mn 1. 000 0.111 0.476* " 0.078 0.195
i Cu 1. 000 —0. 280 —0.315 0.104
4t TP 1. 000 0.567** —0.156
48 TK 1. 000 —0.318
ED& 1. 000
Protein

e RORIA B WA OG, RN Ik B A OG

Note: * , * * means significant at the 0. 05,0. 01 probability levels, respectively.
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