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Alternaria toxins in various food marketed in China and dietary exposure assessment
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264200, China;3. Wuhan Center for Disease Prevention and Control, Hubei Wuhan 430024, China)

Abstract: Objective To investigate occurrence of alternaria toxins various food marketed in China, and to evaluate
dietary exposure and their potential health risks. Methods A total of 7 694 samples of 11 types foods, including wheat
flour, bread, and tomato sauce and so on, were randomly collected in 14 Provinces including He nan , Heilongjiang, and
Hubei Province and so on. Those samples analyzed for alternariol (AOH) , alternariol monomethyl ether (AME) ,
tenuazonic acid (TeA) and tentoxin (TEN) by isotope dilution-ultra-high performance liquid chromatography-mass
spectrometry. Based on the survey of dietary consumption of residents in China, and dietary exposure of alternaria toxin
was calculated by point estimate model. Comparison between dietary exposure and toxicological threshold of concern (TTC)
recommended by European Food Safety Authority (EFSA) , those were used to evaluate the health risks. Results The
occurrence of alternaria toxin in wheat flour and tomato sauce was higher than 95%, the average concentration (118 pg/kg)
in tomato sauce was the highest. The detection rate (6. 05%) and average concentration (0. 07 pg/kg) in tomato were the
lowest. The most frequently found alternaria toxin was TeA (68%). The average daily exposure of AOH, AME, TeA and
TEN in Chinese general population was 3. 67,4. 39,139 and 25. 1 ng/(kg-BW/d) , respectively. Conclusion There are

commonly contaminated with alternaria toxin in wheat flour, wheat-based products and tomato sauce. The health risk of
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dietary intake of TeA and TEN was low. There was a certain chronic toxicity risk associated with long-term low-dose

exposure to AOH and AME, wheat flour and its products were the main contribution foods. The average exposure levels of

TeA and TEN did not exceed their respective TTC values, while the average exposure levels of AOH and AME exceeded

their respective TTC values, thus the chronic toxicity risks of these two substances need to be paid attention to. As TTC is

a highly conservative screening assessment, further evaluation is required after the toxicological data is complete.
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Table 1 Occurrence of alternaria mycotoxins in different foods

ok B ___ f?ﬁ‘r‘%‘ﬁd i/ (pg/kg) _

PR B/ B R/ % 95%CI T4 P, Py, KA
INFE W 3225 3073(95.3) 94.6~96.0 57.5 8.1 43.7 1077
e 622 579(93.1) 91.1~95.1 38.2 5.81 30.2 109
g sk 500 447(89.4) 86.7~92.1 26.4 3.06 17.5 263
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2.2 /NEEH B LA A A T

/INZE Hoy B A i (CHE T A Sk ) T TeA Bl TEN £
HRN 77, 49%~89. 1% , AME 5 Hi % 43, 29%~54. 8%,
AOH i i R 12.6%~20.3%., TeA F ¥ {H K
22.4~48.5 ng/kg, TEN F-I{H K 2. 82~7. 33 pg/ke,
AME ¥ {8 4 0.75~1.24 wg/kg, AOH F H {4 Ky
0.37~0.73 pg/kge /NZZ B TeA (KL H 2R HF- 1y
(B >18 S FHETH , 22 547 400t 2% B L (P<0.05) , 45
W% 2,
2.3 RElEEM

BET M AL AME  AOH . TeA F1 TEN 5 4t 4
PN /INFE By — B0, K SR RN 5 o - (A 1
TeA. PE+HITH AL TeA £ H R >70%, & - F ¥ {H
39 A 25.1 A1 12,3 we/kg; AOH 6 H R <15%, &
HOPIME <D pg/kge /NEZH T TeA (AT H 3 H1F- 1y
(B K T 9T i A, 22 5 A 48 it 27 3 L (P<0.05),
iRk 3,
2.4 T SRR I RRONE T A 1

MRS b e AME £t 36 H0 S & Y 0E 40 0
74% F1 2. 64 we/ke, JEFTHEFTAY 11 Fh& & o i
19,10 AOH . TeA Fl TEN & & ¥ $4<0. 40 pg/ke;

SEAF T AME £ 3 AH 16. 0%, & & B {EH R
0.17 pg/kg, &5 R W2 3,
2.5 i R A N Ol

F i #h TeA Il AOH K5 R F1 & - 4 (8
S TR IR 11 BB P R, A B 92% A
105 pg/kg,39% H 8. 56 we/ke; F Al H KL H R 5 i 1
FFFEE TeA (A 1. 6%, & & F-YIEN 0. 049 pe/ke.
FMi# T AOH AME . TeA 1 TEN # i % 1 & & F
BUEY ST, 2 736 Gt 8 X (P<0.05) , 45
L3 3.
2.6 AEHERIGE JH A Y O

Bk 75 JE - TeA KR 22 (12. 5% ) FL G i P 341A
(11.29 pg/ke) 3% = THEBE LIS (P<0.05) , 4 JH 1
FIFEBEH AOH  AME 1 TEN A5 YL a3 e A —5,
Kt <5% , F B <0. 5 pg/kg, A WLER 3.
2.7 HE

T 47 109 T 22 i 0 A B 2R T Y M R A X D
A5 % BUAG A T 4 D A2 4 A0 5 P TEN K
2R (73, 3%) Fe i AR T /N 22 M3 B FLal i AR 5 4
SEREAL K 3.3 wg/kg. TeA . AOH Fl AME K5 Hi 3
W A 48.3% .23. 9% FI 28. 4% , &5 4 V- L {H K IR



B AR R
—738— CHINESE JOURNAL OF FOOD HYGIENE 2025 4R 5 37 &5 8

F2 N By BOHR A ALTSs 6 H 1 2

Table 2 Occurrence of four ALTs in wheat flour and its products

T Ei=R0 AME AOH TeA TEN
S 2 B 5 4 K/ % 1768(54.8) 654(20.3) 2 823(87.5) 2871(89.1)
Rl 1.01 0.73 48.5 7.28
INEEME(n=3 225) P 0.23 0.00 26.3 3.52
A =L k 50
/(g /ke) P, 3.90 4.64 151 25.8
e KA 453 59.1 4241 214
FFPE AR 0 55/ % 246(43.5) 101(17.8) 458(80.9) 448(79.2)
FHE 1.24 0.69 28.9 7.33
HE 1 (n=622) N P 0.00 0.00 18.8 2.14
o k 50
L (g/ke) P, 473 232 927 28.9
e K1 107 179 433 237
FH 4 B 5 40 45/ % 216(43.2) 63(12.6) 395(79.0) 387(77.4)
FHE 0.75 0.37 22.4 2.82
8 3% (n=500) e P 0.00 0.00 8.85 1.74
A kﬂ' 50
R/ (ne/ke) P, 4.40 1.60 53.4 8.93
K (H 20.5 151 105 16.7
FEPERE dh A0 8/ % 2230(51.3) 818(18.8) 3 676(84.6) 3706(85.2)
RSl 1.00 0.70 427 6.77
P —
&1 (n=4 347) " P, 0.16 0.00 21.8 3.12
A EL k 50
o/ (ng/kg) P, 4.17 3.87 132 24.0
ICON:] 107 179 4241 237
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Table 3 Occurrence of four ALTs in various foods

B Fabr AME AOH TeA TEN B EiEkzD AME AOH TeA TEN
FHPERE SR B /% 212(38)  72(13)  446(79)  438(77) FHPERE S8/ % 173(55)  125(39)  292(92)  157(50)
DEF - SEHME S 114 0.72 25.1 5.69 Eh SEYE S 2.58 8.56 105 1.75
&/ P, 0 0 11.8 221 P, 0.4 0 50.6 0.3
(n=566) (ng/ke) Py 558 473 762 235 |17 (ne/kg) Py 117 36.6 440 2.3
KM 285 423 1503 104 R 96.2 379 1520 205
FEPERE SO /% 128(23)  18(3.2)  413(73)  401(71) FRPERE S /% 3(1.2) 4(1.6) 10(4) 6(2.4)
i L FHE 055 0.39 123 4.11 e FHEE 0.032 0.087 0.446 0.045
o/ P, 0 0 5.92 L5 a P, 0 0 0 0
(=368 kg Py 259 1.22 362 156 | " (kg P 0 0 0 0.2
mKME 377 90 476 87.6 BRARMHE 685 8.67 54.9 4.96
FHEFE S 5/ % 36(16) 1(0.4) 74(33)  103(46) FEMERE M B/ % 7(1.5) 11(2.3)  60(12.5)  8(1.7)
ES 2 FHE 017 0.02 4.59 0.95 | 4 a7 o SEHME 0.016 0.18 11.29 0.013
aH/ Py 0 0 0 0.12 g/ P 0 0 0 0
(n=225) (pg/kg)  Pos 0.89 0 964 258 | =479 (ng/kg)  Pos 0 0 19.4 0
B 243 4.54 313 38.8 BRM 1.39 56 2674 1.66
FRVERE AR B/ % 256(74)  39(11.2)  14(4.0)  20(5.6) FHPERE SO B/ % 99(28.4)  83(23.9) 168(48.3) 255(73.3)
B L SEHE 264 0.39 0.16 0.05 | s o SEYIE S 0.09 0.57 5.01 3.3
VAR 1.79 0 0 0 g/ P, 0 0 0 1.33
(n=338)  Lehg) P 879 27 13 036 | (kg P, 048 3.33 179 103
R 375 6.78 3.64 1.08 mRME  1.36 8.18 113 174
FHAERE S8/ % 1(0.4) 1(0.4) 4(1.6)  2(0.8)
F il SEXIE 0.002 0.007 0.049  0.013
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Co-occurrence of multiple alternaria toxins in various foods

I P FIAH B W AOH AME . TeA Hil TEN Ay -F
P& g (3R 2~3) , it IR B & K EY X2 AR R
R (R 4), FREER AOH 1YV 4 H %
AR N 3.67 ng/ (kg BW) (TTC (Y 1.47 1),
AME } 4.39 ng/(kg*BW) (TTC {5/ 1. 76 f%) , TeA
139 ng/(kg*BW) (TTC {5 4 0.09 ) , TEN N
25.1 ng/(kg*BW) (TTC {H 1% 0.02 %) . X FHA
FEREFPER AOH Al AME, KW H & Bt 1
HAHRL TTC, X T 3% A F I FPE 1 TeA Al TEN, K
UV ) o % 5% R o FLAH B TTC

F4 TR R AOH AME TeA Fl TEN [ £ ¥ 1 2§ it /[ng/(kg- BW - d)]
Table 4 Estimated daily intake of AOH ,AME ,TeA fil TEN of Chinese adults/[ng/(kg*BW +d)]

. EDI(LB~UB)

Ll AOH AME TeA TEN
IINZZE R Bl 2.46~4.07 3.92~4.18 128~133 21.5~23.2
[Tige! 0.134~0.286 0.182~0.206 4.09~4.13 1.36~1.371
BT 0.039~0.061 0.061~0.064 1.338~1.343 0.303~0.305
SAF I 0.004~0.09 0.029~0.042 0.832~0.849 0.164~0.173
A 0.002~0.004 0.013~0.013 0.001~0.003 0.001~0.001
F i 0.002~0.108 0.001~0.022 0.011~0.116 0.003~0.023
T 0.014~0.015 0.004~0.004 0.175~0.175 0.003~0.003
PEBE(ZE ) 0.000~0.000 0.000~0.000 0.004~0.005 0.000~0.000
Gk 0.003~0.005 0.005~0.005 0.161~0.167 0.027~0.029
At 2.661~4.634 4.219~4.532 134.9~139.5 23.4~25.1

WS A4 25 v, AOH . AME . TeA Hl TEN £
8 Tk 2 e K B RO /N 2 Ry B L R (N
By R RSk L RUGE TR R R S B
ERBREZHLN 91%~99%, 51k Fic i T HAb &
i (K 5).

3 iFig
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Table 5 Contribution of dietary exposure to AOH \AME [ TeA
HITEN in various foods/%

i 2 5 AOH AME TeA TEN
INZE Ky Bkl b CRE TR A8 3k (R AIBET) 907 971 97.1 987
SEAFIh 0.31 0.1 0.08 0.09
R I 0.22 079 0.00 0.00
il 0.18 0.03 0.01 0.01
A i 6.01 1.56 1.98 0.19
PPk (4 1) 1.21 020 0.53 0.04
4T 2,54 0.19 026 0.90

&R PR HGE . BTARAE >N h 22 B A
TR A 1009, K A GE T HA B 5 R
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82% T 44%; 40 3 18 S A rh, K R AR IR
100% . 0% . 100% 1 72. 5% . ASBF5E /N3 # 1
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Pkt 5 ZHAO 45 AL AR —H AR IS TeA 1
B RN 38 & B fe o A BESE R B S HE T
AR A TeA fME— R, 7 = 58 B L b b A
KPR Y Phoma B8R RITRR IR 99 181, () R Al 2 7
A= TeA RSk AR A 3B 4212 3 TeA TEML
VG g 0™ EE AR A T S g KO R
O AR W A2 B A0 R AR e R R Y OB A
MULLER 1 KORN"" LA [5] -4 6] 35 Wi /N 22 4
WX G AT T AC T RIS g LA & 45
I 30. 3% FEEL TeA R &40 TeA 9
IR T 4224 pe/ke; fEHEL XU 2015 AR
BB NE DR WA I TeA B9T5 B¢
FoN 100%, e & 5o 3 331 pg/kg, F & BN
289 pg/kge AP L, K i R K R SR
Bo s PR R R R, H b TeA (AME #l AOH 7
F it B I K R R H: A R R R AR
1R o T N T LR I R AR RIS RS A ) R
A FE IR TR AR N T R P R 5 2 B A e A
PRI 45 L TR SR T e R R AR . TS B TR R
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