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Abstract: Objective To investigate the contamination of five mycotoxins produced by Alternaria, including tenuazonic
acid (TeA) , tentoxin (TEN) , alternariol monomethyl ether (AME) , altenuene (ALT) and alternariol (AOH) , in
commercially available flour, noodles, bread and steamed buns sold to determine the dietary exposure risk. Methods
This study collected a total of 245 Anhui Province central, north and northwest region flour-based products samples in
2021 and 2022, and a QuEChERS-UPLC-MS/MS method was used to detect the concentration of TeA, TEN, AME, ALT
and AOH. Results The detection rates of TEN and TeA in the samples were 80. 4% and 98. 0%, while AME, AOH, and
their concentration ranges were 0.34-1. 74 pg/kg and 1.17-85. 68 pg/kg, ALT were not detected ( <LOD). There were
significant differences in the levels of five alternaria toxins (ATs) in flour-based products from different samples (flour,
noodles, bread, and steamed buns sold) and regions (northern Anhui, central Anhui, northwestern Anhui). Moreover,

there was a significant correlation between TEN and TeA in flour, noodles, and bread. Conclusion The daily exposure doses

Y% B #8:2024-01-14

E2TR: AEEAREEREFRERBESH R PO ETEE K (202357Y01)

EEBN:4%E B MEARE AT OHLAFFFHIEH  E-mailizgqianlei@163.com
BIEEE:TRE F AHRK HATOAAAEZZTEEHN RFRMEL4L  E-mail:qkfang@163.com



AR AR

CHINESE JOURNAL OF FOOD HYGIENE

2025 4E%5 37 #5511

of TeA in flour products for adult males, adult females, boys and girls were 20.6,23.9,27.9 and 29.2 ng/(kg*BW/d) ,
respectively, while the daily exposure doses of TEN were 3.1.3.5.4. 1 and 4. 3 ng/(kg-BW/d), the levels of all five ATs

were below the threshold of toxicological concern values, the risk of dietary exposure is relatively low.

Key words: Alternaria toxins; wheat flour and its products; toxin contamination; relevance; dietary exposure

assessment
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Figure 1 ~ Optimization of the QuEChERS sample preparation method
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Table 1  Linear regression parameters of calibration curves of five Alternaria toxins with different matrix
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Figure 2 The recovery results of five Alternaria toxins spiked to flour and its products
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Table 2 Detection results of five Alternaria toxins in 245 samples
HRAW K %/ % VY E bR 22/ (pg/ke) PAE/ (pg/ke) I KA/ (pg/kg) fie/ME/ (pg/kg)
TEN 80.4 0.66+0.29 0.50 1.74 0.34
TeA 98.0 4.47+5.75 3.43 85.68 1.17
AME 0 <LOD <LOD <LOD <LOD
AOH 0 <LOD <LOD <LOD <LOD
ALT 0 <LOD <LOD <LOD <LOD

H: TeA W 4 A 5% 7 B R R s TEN S 15 28 25 AME Sy 28 5 760 193 0 FY ik 5 ALT Sy 28 8 700075 s AOH g S84 76 193 s LOD S A6 B

2.2.2 IRV R A b B 2R G e

2 2 0 KRR A DY (n=63) (EE T (n=61) |
183k (n=63) FH AL (n=58)4 Fr , HR 4f A6 I 25 5 | 3= %2
X 4 FhEES A TEN A TeA B9 & & 9E47 48340,
G 3 fin . TeA Fil TEN 7 [ 8 o (0 K HY R
3514 100. 0% 1 96. 8% , F-HJHk 43 5~ 5. 02 Al
0. 88 pg/kg, FAE ST 3.55 Fil 0. 78 we/kg; T+
T RS R 5 100. 0% F 96. 7% , F 29k Ji
R 4.53 F100. 61 we/kg, FAELAE 5 5 K 4. 05 Al
0.52 pg/kg; 7618 3k (19 K 353 51 28 96. 8% Al
41.3% , -4 B 43 1k 4. 53 F1 0. 44 wg/kg, A (H
3R 3,22 1 0. 43 we/ke s 76 1AL H A HE 2R 43500 R
98.3% Fl1 93. 1% ,~F- YU B 433k 3. 74 Fi1 0. 57 wg/kg,
HE (R 2 90 3,58 F1 0. 53 we/kg.
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Table 3 Contamination of Alternaria toxins in different wheat-

based products

Sy A/ ¥I{E/ PR/
T OHEAR KR/ %
(pg/kg) (pg/kg)  (pg/kg)
X TEN 96.8 0.39~1.74 0.88 0.78
T 53
TeA 100.0 1.17~17.6 5.02 3.55
- TEN 96.7 0.35~1.34 0.61 0.52
TeA 100.0 2.08~10.45 4.53 4.05
8 3. TEN 41.3 0.34~0.77 0.44 0.43
TeA 96.8 1.74~85.68 4.53 3.22
TEN 93.1 0.42~0.98 0.57 0.53
[ig2)
TeA 98.3 1.97~6.94 3.74 3.58

H:TeA N ANASHE T B B R s TEN S M5 8 %

YRR TR > T > T A > 18 Sk, SF 23k BE A i A Y
NG YR Ay T 3 > 4 TG > T AL > 48 3k 5 Te A (9 K 36
AR AR AR I A0 VR Ay Ty =4 1 > T AL > 18 Sk O
oy 2 IR 3 /N B89 MIGT A0 3 S T A9y > 4 THT > 18 Sk > T
2o Hor TRy S HE T AR S TEN R TeA 1945
BRI TR Sk AN A

XF 4 FpRE S T EE R TS QA BT A b, S R
4 R4 FIEER T TeA S RZER LGIEE X,
1M 4 FiRE & o TR A8 Sk RE 22 B) TEN % i 22 5
A Gt 2 B L (P<0.05) , B 4E 2 W] TEN £ A [A] 3
i 2 AR K, A A I I T N
o LA i v 52 i AR S 1 R T JeR B0 E A  R
TP T AL R SRR A T TEN & 22 R A S
TR S X SRS IR — 3

Fed  AFEESH TEN B9 254 B K AH 561k

Table 4  Average concentration and correlation of TEN of four

samples
i 2% 44 PR SE PIE bR 12/ (pg/kg)
(g 0.88+0.37"
i 0.61+0.20"
TEN (DS 0.44+0.90°
) 0.57+0.13"

H TEN A 8 2 5 abe FoR A ] 1) 18 3 P 25 72(P<0.05)
2.2.3  N[A)H X R B R 5 Je R

it b (n=75) . 5% 75 At (n=66) Fl 5% H (n=104) T
A T ] B RS I 28 3R 5 BT, e Ab Hb KRR S
TeA Fl TEN [ tH 2551k 97.3% Fl 82. 7%, i
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M 75. 0%, f5¢ b DX BE ff b TeA B TEN (9 K H R
I3 5 100. 0% F1 83. 7%, 3 4~ #b X (9 FE & TeA
B A R Y B T TEN, TEN £ ) 2  s 2R M Rk
Shy s Hp b DX > g I i DX > B PG b i X, Te A K H R M
T AR AR YR g g H Ml X > B 7 b b X > 5 b ML X
TEN F1 TeA Y~V 2 M\ e BT AR UK Ay f5e v
DX > B A b X > Bt PG b M X 45 3R 2 BH i rp il X
t TEN F TeA 195 5 B0 T g J6 A1 5E PG AL b IX.
2.2.4  N[R)AZHE AR S 7 2R R By AH OGPk

FE PR R R 2R A G PE 3 A T, TEN
TeA T DBy TR T A2 52 0 38 R PR AH OG5 21
Bl 3 s . 62 Oy 1k B (B 3A) A 60 3 F
] i A6 2] TeA A1 TEN, M) 2Rk 96. 8%, H.
TeA Fl TEN ¥ J& /07 52 i 35 4 P A0 5% (Spearman , r=
0.559,P<0.05) ;61 i M A& (& 3B)Hh A 59
FE 5 [E RS 1 3] TeA F1 TEN, S [E %N 96. 7%,

%5

I [ 3 X T8) £ 7 9 7 g G e B

Table 5 The contamination of Alternaria toxins between

different regions

R AIEE/ WME/ hfE/
FHEXI BRATR KR/ %
(pg/kg)  (pg/kg) (ng/kg)
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Figure 3 Correlation between TEN and TeA in different matrix
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Table 6  Daily average exposure to ATs from wheat and its products in different populations
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