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T AR 224 vh 7 i st ot o A48 B — DA 300/
A SEAPRERI T BFICER S W T WTAEBRAS /N
A FPRLA FROCER & 1 B R ST 800, LR T /INAE
RO TIR ARy, JEHOE R P Y Fe Zn &Y
Wi PR 3R 2 RGERESE . R, ASBIESE AT T AN [l 3
e TR FNAR R 8 /N A R0 B Ry 7= il CRLER 4R Bk |
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1 MRE5ERZE
1.1 KB

3 FPIE R AN (JR 2 16 M5 5229 1B 6172) F
2012-2015 4 [A] 43 51 A RL T 900 7 44 W B BV 48 W 12
X AR B 3 ARG U X 3 AN IX ) - R AL
TRV 6 1 3 2, LR BEMLHES ], 45 Fh
FEPR RN R AN R 10 m®, S0 422 FR Y b /N &7
FER R X IR0 A B, T U AT B SO 0 7 4
Wkl 1 m?®, SRAE/NZRPRIEL 36 ), BEOFPRL N T 6k
RRARE R 4 45 (4220 HLEK 4%k w4t 144
yRESh (3x4x3%4)

F1 FXRHHMEBER

Table 1 Geographical information of each pilot station

i ok iy AR DR K =il J ek
Region Geographical coordinates Altitude/m Climate type Soil type
¥ Yangling 34.29°N,108. 06°E 513 TR I Ak FidE L
# £+ Huixian 35.39°N,113.83°E 82 R 2 AL A A it
B Zhaoxian 37.83°N,114. 82°F 39 I 2 A A A He+
*2 HERWHESEREER *3 HiAWwmTER HEE
Table 2 Climate information of each pilot station Table 3 Soil iron and zinc content at each pilot station
Mk R SRR V-4 H AE ) HiuI, Bt PEE R
R N - /\ Total Average Duration of Region Iron content/(mg-kg™')  Zinc content/(mg-kg™")
cgton e precipitation/mm  temperature/°C  sunshine/h . .
#6¢ Yangling 34 638.37+334. 15a 111.85+1.71b
7 2012-2013 255.2 10.6 1417.3
Yangling #E B Huixian 32 070. 85+285. 49b 125. 09+3. 89a
2013-2014 338.1 10.3 1248.8
#X . Zhaoxian 25 371. 21£529. 49¢ 64.89+1. 43¢
2014-2015 338.3 10. 4 1102.8 — - — — —
TE BB DR E A5 5 22 308 s R B [F) 5 8 308 22 53 i 3 (P<
2015-2016 261.0 10.5 1374.6 0.05), T,
FEEL 2012-2013 147.7 10.5 1309.2 Note; Values in the table showed by Means + Standard deviations.
Huixian 2013-2014 205. 4 11.6 1284.3 Different lowercase letters in the same column mean significant differences at
2014-2015 1.2 1.5 13870 0. 05 level. The same as following.
2015-2016 426.9 11.3 1389.0 , NS
Y 1.2.2 DERFASGRA AL AL B N
X H 2012-2013 228.3 8.4 1494.1 L e e QI e 5 \
Zhaoxian *}*A‘LFH FW80 %Eﬁﬁg }%ﬁ#‘*ﬂ( %Yiﬁyﬂ%@(%ﬁﬁ BE
2013-2014 95.5 10.2 1456.1 e o TS R
ONTED) BRE, 100 H O, H 4 2 RS, Milli-Q
2014-2015 136. 4 10.2 1 686. 6 — TP y o
B 47K (Millipore , USA ) #4718 22 | IR 4 i 5229 F1JH 42
2015-2016 219.8 9.9 1538.5 N N
16 /NEZFIKRE 14.5% , AR 6172 /NAZ 5 KRy
L2 B 15% I ZZ 18] 24 h, %1 MLU-202 75 58 L ( i
. T\ 2w 7 Vs N N )
. " . X - Buhler) 15 2] 3 4~ 53, BIHLEK 40K A Ay . K 2K
1201 ARSal 22 RECIR A /N A2 dEAT Bty , 5 T

B TEHNEZRERI TP eSS A B TR
S et 38 CHLFE AL T2 24 h EHE

IR A it JH ek
#H.

JI R LAY RE 3k 100 A, HET
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1.2.3 #fmifdamE  FRELO.25 ¢ FEf T LRI
FVUTR LA S T R E P M 6 mL YRES R (BV -1
G, At A2 R ST BT ) BT 3E XU PR AR 2 h s
A 2 mL H,0,(BV-T14%, Jb i fb 2 I oe i ) |, #8
0.5 h J5HEA, RV W 72 /3 1R &, T CEM Mars 240/
50 TN AN ( 2 [ Pynn 2N ) HEATIN R, 2 )5 TR
BRvh L AFRRZE |, § B EIIFE A 2 100 mL ™
HETH i A /N ZERE S I A —N28 VR —AS /N AR i)
Jit, R 7500a HLJEHE A 45 B T BT HE A (inductively
coupled plasma mass spectrometry, ICP-MS) ( 3
Agilent 23] ) I 22 T AR BE 5 HH Y Fe I Zn JCR M
W, BN ERSEE 2 K, S NFRAY RSD H>5%
W, EBE ., BT/ NIRRT R R AT
0~100 em 2 BUX — X 3R - 4T Fe Zn &
(R 5 5 SR L35 3,

1.3 HiEAERREEH

FH SPSS 22. 0 B3 ) % s 34 7 B R 26 T 2% 43
M .Duncan Z 5 FLEHTAIZ R R 7 2500, /N
FARUEY) T [ GBW (E) 100195 |1l 5E 2 Fhot 2 1 A1 i
RAE 90% ~110% 22 [6], Jr il i

2 HER5HH

2.1 &FMH Fe Zn EAFEZEANER

36 /N FFRLEE 3 J5 BT A 42 22 M b Fe (Zn JTTH
RGOSR ILE 4, 2EB Fe SRR
K, HAER In SIS T Fe, Hi, 228 Fe
SN 17.76~38.81 mg-kg', 2FE K Zn HHEN
20.30~43. 80 mg-kg ', 5 Zhang %7 By WF 57 45 B —
.

x4 FEME . FREEEPNELZHH FeZn TREE

Table 4 Contents of Fe and Zn in whole wheat flour of different regions years and genotypes /(mg-kg™)
B Fe B Zn
AEpR Hbis
Year Region JiZ 16 5 5229 1k 6172 i 16 7 5229 1§ 6172
Zhoumai 16 Heng 5229 Han 6172 Zhoumai 16 Heng 5229 Han 6172
2012 v 25.89+1.48ABa 19. 12+0. 94Ba 31.23+3.20Aa 27.59+0. 93Ab 23.24+0. 16Ac 27.51+2.33Ab
JE B 31.37+1.21Aa 25.80+2.02Aa 31.78+0. 24Aa 38.69+2.23Aa 38.55+0. 75Aa 43.80+4. 18Aa
B 34.16+2. 66Aa 27.99+3. 67Aa 32.33+4.49Aa 35.62+0. 12Aa 29.55+0. 15Bb 33.98+0. 72Aab
2013 vk 38.81+0. 85Aa 18.76+1. 69Ch 26. 13+0. 48Ba 33.62+2.01Aa 29.25+0. 20Aa 33.79+4.98Aa
g B 34.44+1. 15Aa 30.65+1. 15Aa 33.38+3.53Aa 35.34+0. 64Ba 33.23+0.95Ba 42.65+0.71Aa
o g3 28.65+1.25Ab 31.16+3.25Aa 29.98+0. 78Aa 33.09+0.41Aa 31.24+1.81Aa 32.18+1.13Aa
2014 v 28.96+0. 66Aa 17.76+2. 08Ba 23.87+3. 44ABa 20. 30+0. 59Bb 26.85+0. 07Aa 25.98+1. 63Ac
g L 31.39+1.91Aa 24.32+1.61Ba 31.05+0. 59Aa 33.19+0. 51Ba 28.76+1.62Ba 38.81+0.97Aa
o g3 30. 64+3.29Aa 29.44+5.85Aa 21.62+1.30Aa 33.55+2.31Aa 30.28+6. 71Aa 33.58+0.26Ab
2015 v 31.52+3.21Aa 30. 45+2. 66Aa 29.50+2. 82Aab 22. 87+0. 50Bb 21.93+0.25Ba 27.38+1.20Ab
B 35.61+1.88Aa 33.60+2. 70Aa 35.04+0. 84Aa 32.44+0. 88Aa 25.38+0. 30Ba 27.92+1. 77ABb
o gy 32.59+3. 74Aa 29.95+1.59Aa 22.57+2. 14Ab 31.81+1.02Aa 27.42+3.36Aa 34.53+0. 18Aa

T BUALF AR R R . RATARRIRS PR 2257 B3 (P<0. 05) s [AFIA VNG FROR 257 B35 (P< 0.05) . T,

Note : Values were showed by means + standard deviations. Different uppercase in the same row mean significant difference at 0. 05 level. Different lowercase

in the same column mean significant difference at 0. 05 level. The same as following.

XF 2012-2015 47 [F] — b A 5] 3 PH 7 4 22 3
Fe Zn & & (4 -FYME) AT R &R Iy 22500 (3R
5) o Pk G B 5220 4 F MY Fe &5
716 MR 6172 A775 0 3 22 52, i Bt EL R[] 3 PR AL /N A2
N Fe Srimib) IO 222 5, M E RIS B AR 1 S
716 AR 6172 42 ¥ Zn &8 517 5229 £ 3K} Zn
THAEDEE,

X 2012 -2015 AF A [F) Ml 36k, /] — 366 P9 U /N A2 4 27
¥ Fe Zn St AT AR 5 22 001 (£ 6) , AR ik
MEEN In S RAFEEE 2SS, HOP5E & 5 K/
Jp HEE SR B S0, MR 42 K Fe 5 5 1Y 52
PRI PRI RUA RS ], i i 22 16 1) Fe & it 26 AN [F]
TG i 22 5, i 5220 Y Fe & 7R 1 FLRX B 7
AR AR 25 25 53 10 6172 19 Fe & A6 ME B AN
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Table 5 Contents of Fe and Zn in whole wheat flour among different genotypes /(mg-kg™)
FEPH 7Y R Fe ¥ Zn
Genotype ¥% Yangling # B Huixian X B Zhaoxian #v% Yangling # £ Huixian X B Zhaoxian
JE1 % 16 Zhoumai 16 31.29+1. 55a 33.21+0. 60a 31.51+2.73a 26.09+0. 46a 34.92+0.37b 33.52+0. 25a
fif 5229 Heng 5229 21.52+1. 84b 28.59+1. 30b 29. 64+3. 59a 25.32+0. 04a 31.48+0. 75¢ 29. 62+0. 35b
1if 6172 Han 6172 27.68+2. 24a 32.81+0. 76a 26.62+1. 79 28.66+1.93a 38.30+1.41a 33.57+0.01a
F6 AEMB/NEEEZNT Fe.Zn &8
Table 6 Contents of Fe and Zn in whole wheat flour among different region /(mg-kg™")
b5k B Fe B Zn
Region JE1 % 16 Zhoumai 16  ffif 5229 Heng 5229 1B 6172 Han 6172 J#ZZ 16 Zhoumai 16 ff 5229 Heng 5229 1 6172 Han 6172
#% Yangling 31.29+1. 55a 21.52+1. 84b 27.68+2. 24ab 26.09+0. 46¢ 25.32+0. 04c¢ 28.66+1.93¢
#E . Huixian 33.21+0. 60a 28. 60x1. 30ab 32.81+0. 76a 34.92+0.37a 31.48+0. 75a 38.30+1.41a
#X H Zhaoxian 31.51+2.73a 29. 64+3. 59 26.62+1.79h 33.52+0.25b 29. 62+0. 35b 33.57+0.01b
B EL A M BRI B 22 5 & BEK | H BRI (R] 5 242k Fe & HE 2 W] 0 12 25 AH

H 3R 7 AT R XS/ N2 4 2 B ) Fe \Zn 35 it
TEANFAE PRI AEFE 35 22 7 . BN, 7 5229 442 #)
Fe Zn & B MG R RI4FPRAIY 22 7 B3, 2
AEBRXT 422 K3 Fe \Zn 7 f 05 0 G B S B4 | 4[]
()25 55 AT fig 5 4 M B R A I R AR AR G, 24
TR Rk H MRS SRR ARk, B3R 8 AT, i

KRR, 3 R 3 ANHIEA 13 Fe Zn FEHA
WX 52K Fe Zn S HRTBEMELR X
Al fig 5 13 Fe o0 BOHARUER G, I, A
SEBRXS/NE KD Fe [ Zn & B R WA THERE—F
W%,

R7T AEAERNEESZHH Fe.Zn 5

Table 7 Contents of Fe and Zn in whole wheat flour among different year /(mg-kg™")

R ek Yea e sl
Genotype ¥ Yangling #EE: Huixian B Zhaoxian % Yangling # B Huixian i E Zhaoxian
A% 16 2012 25.89+1.48¢  31.37+1.21a  34.16%2.66a  27.59+0.93b  38.69+2.23a 35.63+0. 12a
Zhoumai 16 2013 38.81£0.85a  34.44x1.15a  28.65+1.25a  33.63x2.02a  35.35x0.64ab 33.09+0. 42ab
2014 28.96+0.66bc  31.39+1.91a  30.64%3.29a  20.30£0.59¢c  33.19%0.51b 33.55+2. 31ab
2015 31.523.21b  35.61+1.88a  32.59+3.74a  22.87+0.49c  32.440.88b 31.81+1.02b
7 5229 2012 19.12+0.94b  25.80+2.02ab  27.99+3.67a  23.24%0.16c  38.55:0.75a 29.55+0. 15a
Heng 5229 2013 18.76+1.69h  30.65+1.15ab  31.16+3.25a  29.25+0.20a  33.23%0.95b 31.24+1.81a
2014 17.76+2.08b  24.32+1.61b  29.44+5.85a  26.85:0.07b  28.76x1.62c 30.28+6. 71a
2015 30.45+2.66a  33.60£2.70a  29.95+1.59a  21.93x0.25d  25.38=0.30c 27.42+3. 36a
15 6172 2012 31.23+3.20a  31.78+0.24a  32.33x4.49a  27.51%2.33a  43.80+4.18a 33.98+0.72a
Han 6172 2013 26.13+0.48a  33.38+3.53a  29.98+0.78ab  33.79+4.98a  42.65+0.7la 32.18+1. 13a
2014 23.87+3.44a  31.05:0.59a  21.62+1.30b  25.98+1.63a  38.81+0.97a 33.58+0. 26a
2015 29.50+2.82a  35.04x0.84a  22.57+2.14ab  27.38x1.20a  27.92x1.77b 34.530. 18a

2.2 INEHMES S Fe Zn EARREZENESR BEEMEES, HMER BT Y Fe (Zn & BRI

2.2.1 FenAEhEIERBHUASPHERF HEO
AT, Fe Zn & 7E Al — R RN E R 44 h A

Do RS Fe i R/MKUCON JH 22 165118 6172>
flif 5229 , AN [R] B PR UM Bk 5 A3k i) Fe 511 22 78
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Table 8 Correlation analysis of iron and zinc contents in wheat kernel and environmental conditions
e 5273 izt S Rk & H e B[] TaEgE A A A
Index Altitude ~ Temperature  Precipitation ~ Duration of sunshine Iron content in soil Zinc content in soil
4Z K Fe £ 4k Tron content of WWF -0.51 -0.05 -0.41 0.09 0.23 0.41
P& P value 0.09 0.91 0.27 0. 81 0. 66 0.42
LW} Zn %1 Zinc content of WWF -0.67" 0.14 -0.55 0.17 -0.72 -0.33
P {H P value 0.01 0.71 0.13 0.67 0.11 0.52

L WWF RoR W * FoR 257 W38 (P<0.05)
Note: WWF represents whole wheat flour.

K, HARL B Fe 88 29. 07 ~84.27 mg-kg ™' (7%
SERBCN 55.99%) , 40Ek K 17. 61 ~53.89 mg-kg ' (AE
RN 50. 83%) , MK Fe & HAHIT, 7E 5. 69~
8.55 mg-kg ' ZIH (255 REHN 19.95%) . Zn FHRETE
KLEk h ly 87.49 ~ 97.03 mg - kg™ (A5 S R BN

* indicate significant difference at 0. 05 level.

5.78%) , Ak Ky 64.17~69. 98 mg-keg ™' (255 2 EH
4.36%) ,H¥HAE 7.59~9.09 mg-kg™' Z 6] (25 5 &
N 9. 06% ) , AN ] HE PRI R /N2 il #9320 43 8] Zn F5 i 22
E Y NTEN

®9 AREVNEHBESIH Fe Zn EENH

Table 9 Contents of Fe.Zn in different wheat milling products /(mg-kg™)
% Fe £ Zn
Hor
Components Ji4 16 7 5229 B 6172 JA% 16 i 5229 B 6172
Zhoumai 16 Heng 5229 Han 6172 Zhoumai 16 Heng 5229 Han 6172
Ak Bran 84.27+23. 50a 29.07+5. 83a 41. 66+9. 95a 88. 44+20. 14a 87.49+13.79a 97.03+21. 20a
4%k Fine bran 53.89+22. 89h 17.61+3.28b 35.56+6. 10b 69.98+14. 75b 64.17+12. 52b 66. 57+15. 40b
T8 Flour 8.55+5. 62¢ 5.69+1. 44¢ 7.44+1. 60c 7.59+1.52¢ 8.24+1.77¢ 9.09+2. 27¢

2.2.2 REDEHBDALS T Fe Zn W SR E S
Z454 10 018, RREVNE S A5 Fe & h
ZETA R (AEPR M BRI A ARBR x| AR B x
SEPRIAY | b 3ol > I PR ARY A o > b 3o < 35 PR D ) ) A 8 3
R (P<0.01) , JERIBIXT 420} Fe & 1A 7 22 BTk
R, N 33.96% , J T B R [H 2% 5 LR S sk
20 25.53%, MHERT Fe 32 S R0 (14 52 0 J oK
Hr TR A 84. 95% , I HINT 4k o Fe 51
J5 2ok B AOR FALER, R 75.49% % PR X 1
H Fe 2 810 07 25 TUBR AR 7. 48% ~23.31% 2 [], 1
WL PR R AR B ol R R (R &, 4351 ok 23, 31% F11
20. 48% .,

M8 11 ) %0 KR 4iEk R T i Zn iz 3
FRA R (PR s FEP A AR B x sk | 4 Frox 3 R
TR0 i 3 e PR TR A o o< 3 5 PRI T8 ) g A b 35 5 i)
(P<0.01) ,4FPr  HbSsURN B RS0/ INAZ A A by Zm 5%
TN E T (P<0. 01) , 4F B His dsf, | i duf, x 5 ] 741
FAFBrox 3ol < 56 PR R X 452 By Zn 5 B B 3 (P<
0. 05) , AP B 5k 5 0 X6 O b 255 ), Ly ) i sl

BT In G ZTTRE N 54.30% , ) EEE
Wi R 28 5 dL R P Zn B i A2 B M Rg ), Ly 2%
TIHREN 60. 89% , AF-Prxt 4k Zn & 5L I 22
TUHRR R 55. 40% , Ry FELFZ M PR 25 7E A T 45 T %
X Zn S 7 22 DTRRER VL FL 3. 66% ~ 26.10% , 7
FZETTHRR Ry« 4F b x s 35 ( 26. 10% ) | L K AU
(24.87%) AFEBR(19.72%) . 18 g & & 5 R/
Z RN Z PR R H A R 2 5 22 sr kR AR T, oo
PERIER , BCAh, bsl (5 e A2 85 iR 2K 240 8 | TR TR
Zn 1 BRI T 2R TR 553

3 i

INZE TR G 2 A i B I DR AR PR
LRI, AR SRR A = A, AS R 2 20 A )
P ARG R = i iP5 0 2 B 4 A B R TR) R 2R ke
HIY AR R LA PR L INGE B A BRI R
B ROCE AR R i b & R, W 2 1k 10% L
RFL & B, A0, 3% ~0. 5% 78 52 B 4 1
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Iron and Zinc Content Variances in Wheat Milling Fractions
and Their Influencing Factors
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Abstract ; Increasing the trace element contents of wheat grains, such as Fe and Zn, is one of the important ways to solve
the nutritional deficiencies for Chinese. Three wheat genotypes ( Zhoumai 16, Heng 5229 and Han 6172) were grown in
Huixian County ( Henan Province), Yangling District ( Shaanxi Province) and Zhao County ( Hebei Province) from
2012 to 2015. Field trials were carried out in 3 plots with an area of 10 m* for each district, and the wheat varieties were
grown according to the local wheat management experience. 36 wheat samples were collected and then they were milled
to obtain the whole-wheat flour, flour, bran and fine bran were obtained by milling. The Fe and Zn contents within
whole-wheat flour and milling products ( coarse bran, fine bran and flour) were determined using inductively coupled
plasma mass spectrometry (ICP-MS). Single factor analysis of variance and Duncan multiple comparisons were applied to
analyze the differences of Fe and Zn contents among different wheat flour products of wheat from different regions,
different genotypes and different years. Genotype had the most significant influence on the Fe content for the whole wheat
flour in this study. Region was the most important factor affecting the Zn content for the whole wheat flour. The Fe and
Zn contents in different wheat flour milling components were in the trend of Bran> Fine bran> Flour. Fe content of each
component was most affected by genotype. Zn content of whole-wheat flour and bran was mostly affected by the region,
and Zn content of the fine bran was the most affected by the harvest year. Yearxregional interaction, the genotype and
year showed the highest influence on the Zn content of in wheat flour (P<0. 01). The Fe and Zn contents were higher in
whole-wheat flour than in flour, and it is feasible to increase their contents by selecting certain genotypes or choosing
suitable areas for cultivation. This study can provide a theoretical reference for wheat planting and processing with a
purpose of increasing the iron and zinc content in the staple food.

Keywords : wheat milling, Fe/Zn content, region, genotype, year





