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Abstract: In order to understand the content of background aluminum in wheat and wheat flour from Shandong
Province and provide a reference for the aluminum limit requirements of wheat flour products, a total of 550 samples of
wheat, wheat flour, wheat bran and wheat flour products in 16 cities of Shandong Province were randomly collected for
two consecutive years, and their aluminum contents were determined by an inductively coupled plasma mass spectrometer.
The results showed that there were significant differences in aluminum content between wheat and wheat flour in Shandong
Province (P<0.05). The aluminum content in wheat ranged from 4.04 to 69.1 mg/kg with an average value of 22.4 mg/kg, whilst
the aluminum content in wheat flour ranged from 0.250 to 43.8 mg/kg with an average value of 5.82 mg/kg. Aluminum
was generally commonly present in wheat and wheat flour samples collected in different periods and cities, and there were
significant differences (P<0.05) in the content of aluminum in wheat and wheat flour of different years and cities. Finally,
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92.6 mg/kg and 44.0 mg/kg were selected as the reference values of aluminum background values for the wheat and wheat

flour in Shandong Province. The research results can provide data support for the formulation and modification of the limit standard

of wheat flour and its products, and offer a scientific basis for food inspection and food safety supervision departments. It is suggested

that the limits of aluminum in wheat flour and its products should be set according to the actual situation.
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Table 1 Aluminum content of wheat and wheat flour in Shandong province

K 5] HAH BLELEM AELE & {5 4k P95 BAESENH /%
/By /(mg/kg) l(mg/kg) /(mgkg) /mgkg) <5 5~10 10~20 20~40 40~60 60~70
& 106 224+17.0  4.04~69.1 15.8 63.2 1 236 358 245 94 5.7
D E 427 582+584  0.250~43.8 4.20 16.6 585 265 113 35 0.2 0

E RGP A BB T 60%, BUR AR HARA 1/2 LOD 1A (0.250 mg/kg) KA
®2 AEMHNE. MNEHETESE

Table 2 Aluminum content of wheat and wheat flour in different cities

kiR AR BAM/ M BAEAEA/(mgks) 4 ETLE/(mgke) FALH/(mgkg) 95% EAS X W) P9S/(mg/kg)
o & 9 32.3+20.1 10.6~66.7 23.9 66.7
A
A <) 1 21.7£0 21.7 21.7 21.7
HFhHT I EH 17 439+2.14 0.250~8.53 437 7.54
poyan N Ey 20 3.81+2.54 0.250~9.86 3.33 7.55
KT N E B 26 3.56 £ 4.11 0.250~16.6 16.2 13.6
Rgd N E 13 0.788 £ 1.01 0.250~3.25 0.25 2.38
JHE T NE 16 11.5+5.04 5.31~27.5 11.4 16.1
By T N Ey 29 7.62+5.17 0.250~22.8 6.61 19.4
B N E 4 255+12.8 8.32~38.5 27.7 38.5
T
N EBy 17 6.67 +5.47 0.250~23.8 474 13.8
B a3 77 233+17.3 4.04~69.1 16.9 58.7
g
D E 49 4.08 +6.81 0.250~16.3 3.36 10.3
BT N Ey 1 2.53%0 2.53 2.53 2.53
H B N EBy 5 13.4+4.39 6.2~19.5 13.7 19.5
&I N Ey 12 6.51 £2.65 0.250~10.8 6.76 9.43
&N T N E oy 71 5.27+2.77 0.250~12.3 4.66 10.2
3R N EEy 47 14.6 +9.81 0.250~43.8 13.9 33.0
SN N Ey 47 2.88+3.11 0.250~11.6 2.69 10.3
ET N Ey 72 4.60 +3.41 0.250~16.0 3.86 10.7

A AT RETRREE bR, KRBT, W ARA.
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Table 3 Aluminum distribution of wheat and wheat flour in different cities

MHRRR HSRER AR

BAEEENH %

<5 5~10 10~20 20~40 40~60 60~70
s & 9 0 0 333 333 111 222
N EH 1 0 0 0 100 0 0
FHT i 17 706 294 0 0 0 0
N N & ) 20 65.0 35.0 0 0 0 0
RET N EH 26 769 154 7.7 0 0 0
AET  EH 13 100 0 0 0 0 0
R G T & 16 0 375 562 6.3 0 0
By N E A 29 37.9 379 207 35 0 0
- & 4 0 250 250 500 0 0
N E Ay 17 588 235 118 59 0 0
F & 77 13 234 324 260 117 52
N Ey 49 715 224 6.1 0 0 0
BT A 1 100 0 0 0 0 0
B R N E A 5 0 200 800 0 0 0
& N EA 12 250 66.7 83 0 0 0
&N N E A 71 563 352 85 0 0 0
Wekd A 47 192 213 319 255 2.1 0
EN T N E A 47 83.0 106 6.4 0 0 0
FEW N EH 72 61.1 306 83 0 0 0
x4 FRIEHNE, NEBHETREE
Table 4 Aluminum content in wheat and wheat flour in different years
gy PR OMAR BAEET SFAM baEy PO BAFEERH /%
kil % 184 /(mg/kg) /(mg/kg) (mg/kg)  /(mgkg) <5 5-10 10~20 20~40 40~60 60~70
2022 & P& 57 258+17.9  5.31~69.1 20.7 63.2 0 193 281 33.3 12.3 7.0
IEH 261 5.92+6.01  0.250~43.8 4.30 16.6 579 272 107 3.8 0.4 0
NE 49 1844149 4.04-66.7 12.7 50.3 20 286 449 143 6.1 41
mB#~+i% 166 5.69%5.57 0.250~33.5 4.16 16.1 59.6 254  12.0 3.0 0 0
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Fig.3 Distribution of aluminum content in wheat
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Fig.4 Distribution of aluminum content in wheat flour
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Table 5 Aluminum content in commercially available wheat
flour products
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2 AR@HLE 3
3 RAEKRK 4

5.08+2.09 2.65~7.95 4.63
512%£2.16 2.65~7.65 5.10

23 WEANEZRFEFETESEINE

05 SR 1 A L 2R A (1 B R IR TR 8 e 7
A RT3 A, TR VR KA B 4 6 3Rt 14 N
Ml ET RS R SRR S Fin, 14 05
HIHRITRN N, BITER &R 2.65~7.95 mg/kg

T N, CPIME N 4.98 mgkg, FFE LR/ R
AR VE 25K

3 #ip

AR FELL X IR 16 HuTT 550 /N
INFERY L FEER N R L R R T R A R AT AT
SEREW . BIURAEAFRN . ARMTTNE.
FFE SRR ALE s L ARB NS /N R
RO BERAERENEER (P<0.05), NEPHITE
TEN 4.04~69.1 mg/kg. “FEIMEN 22.4 mg/kg, /D
FRH A LR S BN 0.250~43.8 mg/kg. FIME N
5.82 mg/kg s ARFEM AR INE. NERF
BrREGEAEREEER (P<0.05). HisR
AT RUA LR /N2 Jo/ N 22 il it v o 75 Vs 00 2
IR INFISE BB AR R, A A RS R
ARAPRBE, % MR S PR 50 1) 22 71N 22 43 2 el
i RO R IR = TR AR

I R

(11 AEE P ErNE R iR Rr ¥ 5L [D].
HR:PH R K#,2010

[21 GUO J F, PENG S J,TIAN M S. Dietary exposure to
aluminum from wheat flour and puffed products of residents in
Shanghai, China [J]. Food Additives and Contaminant, 2015,
32(12): 2018-2026.

B3] #H,0 T80 & e & B e F it
JE& [J] B it 22 4 i BoA T 27441, 2016,7(1):14-19.

[4] JAMES K EDZWALD. Aluminum in drinking water:
occurrence, effects, and control [J]. Journal-American Water
Works Association, 2020, 5: 34-41.

[S] WALTON R C, MCCROHANA C R, LIVENS F, et al.
Trophic transfer of aluminum through an aquatic grazer-
omnivore food chain [J]. Aquatic Toxicology, 2010, 99(1): 93-
99.

[6] KLEIN G L. Aluminum toxicity to bone: A multisystem effect
[J]. Osteoporos Sarcopenia, 2019, 5(1): 2-5.

[71 XU L, ZHANG W, LIU X, et al. Circulatory levels of toxic
metals (aluminum, cadmium, mercury, lead) in patients
with Alzheimer’s disease: A quantitative meta-analysis and
systematic review [J]. Journal of Alzheimers Disease, 2018,
62(1): 361-372.

[8] FAO/WHO. Evaluation of certain food additives and
contaminants (Thirty-third report of the joint FAO/WHO
expert committee on food additives) [R].WHO Technical
Report Series, 1989.

(91 GKEE, BRI, 17 /N 55 A AR W ST & R AR I

371




MR @i

Modern Food Science and Technology

2025, Vol.41, No.2

(10]

(1]

[12]

[13]

[17]

(18]

372

# 73 BC S LA A F 2040 (D], 6 i 22 4 o B A ) 2
%,2020,11(1):66-70.

22 R, LI, T R, S 1L AR A /N PR e
FLI] AT 556 4%,2022,12:73-75.

HELLEMANS T, LANDSCHOOT S, DEWITTE K,
et al. Impact of Crop husbandry practices and environmental
conditions on wheat composition and quality: A review [J].
Journal of Agricultural and Food Chemistry, 2018, 66(11):
2491-2509.

R AT, S HE A 0T R A /N 22 TR T o R B
EOAF TS (I 4477 SN 12,2021,14:75-79.

£V, 5K 35, A, 2. 2013-20 L 64E HF RE T G & 12 1)
Hh A B R R I R N R R VP A (0] BRI R 2
2017,44(16):2944-2947.

5K TR, PR 5K 5 i, S R 55 ) 5 T AR
R PR BB L], o ] T2 B 2 06,2015,22(5):478-4800.
5K, AL TR A, S JRIE 3277 DX/ ZE AR R IR A
JRG VR T o A R BOR BR AR (] o [ AR I RS,
2016,23(6):570-575.

g R e, B R A A R AR R E T VI AT
FU[I]. 8 b 22 A R A I 24 4:,2014,10:3223-3229.

GB 5009.268-2016 1% i % & [ 5 bR i frit b 2 usR M
J5E.[S].

SINHA P, LAMBERT M B, TRUMBULL V L,
et al. Evaluation of statistical methods for left-censored
environmental data with nonuniform detection limits [J].
Environmental Toxicology and Chemistry, 2006, 25(9): 2533-

[19]

(20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

2540.

SO 2 KUY, 25 202 1 4F 22 22 TR I A o il
B R BTG BRI I I 2 15 R VAl [J]. P TR,
2023,48(7):73-78.

R B e A AU R 25 A o BT ik B
FIM]AE SR H R H:,2018.

B, EEAE, AT B S R A KR I AR
Gi vt Ak B L R REUER Y [T].vh B B AE 282013,
25(6):575-578.

AR FLYEE, R, 2 R RREE . H AN R i e
HBEEA NI AR 5 T,2018,28(6):1-4.

B3 0, TR Ak 3, A 1R, A /N TR AR AR R B 2 1
P[] E PAR S 2k E,2017,27(19):2864-2866.
e, Ut g 2 ) B4 — PR AR A TR 000 Ty i
1 CN102489358A[P],2012-06-13.

TR, A A T 5k W B, 55 ] N 22 N R
A TR R AT TE ] 6 2 A B R 54,2020, 11(23):
8906-8911.

B SR 5 0T B, S LB A SR TR R S
R N Z2 R b ) AR AR R B [T] R B S
fi§,2021,34(3):124-127.

it S8, 120 o [ A R PN 2 T S G R AR R AR
TEIFAENARESIE2018,31(1):79-81.

A8, 2R 0%, o i, 2 Ik 7 41 R A R R 1Y AR R A )
M I R H,2022,38(4):254-259,233.

2 [ g, DA, 0 e, B R T R R TR IR AN IR
ARS8 53 BT (1] 8 il R#,2021,42(20):286-291.




