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ABSTRACT - A total of 106 samples (nuts, nut products, oilseeds, oilseed products, seed for beverage products)
were simultaneously analyzed with LC/MS/MS method. The tested mycotoxins were aflatoxin (B,, B,, G,, G,), ochra-
toxin A, fumonisin (B, B,), and zearalenone. Mycotoxins were detected in 37 of 106 samples (35%), and two or more
mycotoxins were simultaneously detected in 9 of 106 samples (8.5%). Aflatoxin ochratoxin A, fumonisin and zeara-
lenone were detected at the range of 0.08-1.45 ng/kg, 17.29 ng/kg, 1.16-14.89 pg/kg and 0.12-12.69 ng/kg, respectively.
The results revealed that the most frequently detected mycotoxin was zearalenone (23%), followed by aflatoxin (13%),
fumonisin (8%) and ochratoxin A (1%). Detection rates of nuts and oilseeds were 35% and 33%, respectively, and detection
rates of their processed foods were 44% and 46%, respectively. The detection rate of mycotoxins was 10% higher in pro-
cessed foods than in nuts and oilseeds. Mycotoxins are physicochemically stable and can persist during food processing and
cooking, making management of mycotoxins in raw materials a concern of high importance.
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Table 1. The analytical conditions of HPLC/MS/MS

Instrument Parameter Conditions
Column Imtakt cadenza C18
(3 mm x 150 mm, 3°C)
Column temperature 40°C
Flow rate 0.5 mL/min
Injection volume 10 uL
Time AV (%) B? (%)
HPLC 0 95 5
0.5 95 5
) 2 60 40
Mobile phase
9 0 100
11.5 0 100
12 95 5
15 95 5
Ionization ESI
(positive, Negative mode)
Gas N,
MS/MS .
Jon sprav votage positive 5500 V
pray g negative —4500 V
lon source temperature 500°C
Y A: 5 mM ammonium formate in DW (0.1% formic acid).
2 B: 5 mM ammonium formate in MeOH (0.1% formic acid).
Table 2. MRM" conditions for the analysis of mycotoxins
. Precursor ion Product ion (m/z) Cone voltage  Collision energy
Component Ionization mode — —
(m/z) Quantitative Qualitative % ™)
Aflatoxin B, ESI+ 312.90 284.9 241.0 80, 80 35,53
Aflatoxin B, ESI+ 314.90 287.0 259.0 121, 150 37,41
Aflatoxin G, ESI+ 328.90 200.0 243.0 76, 140 57,39
Aflatoxin G, ESI+ 330.90 189.1 245.0 121, 160 57,43
Ochratoxin A ESI+ 404.00 239.0 102.0 51,51 37,97
Fumonisin B, ESI+ 722.20 3342 3523 111, 111 57,53
Fumonisin B, ESI+ 706.20 336.2 318.3 111, 111 53,55
Zearalenone ESI- 316.90 174.8 131.0 -125,-125 -34,-38

 MRM: Multiple Reaction Monitoring.
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Table 3. Recovery, LOD and LOQ of mycotoxins
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Component Coefficient of getermination Recovery LODV LOQ?

(R (average£RSD, %) (ng/ke) (ng/kg)
Aflatoxin B, 0.9999 72.92+1.36 0.02 0.06
Aflatoxin B, 0.9998 66.67+2.50 0.02 0.06
Aflatoxin G, 0.9998 69.21£3.79 0.03 0.09
Aflatoxin G, 0.9999 78.67+5.75 0.03 0.09
Ochratoxin A 0.9999 63.48+6.09 0.04 0.12
Fumonisin B, 0.9999 72.48+4.48 0.21 0.64
Fumonisin B, 0.9998 75.72+5.91 0.24 0.72
Zearalenone 0.9998 86.70+3.34 0.05 0.15

Y LOD: Limit of detection = 3.3 x o/S.

? LOQ: Limit of quantitation = 10 x o/S.
o: Standard deviation of the intercept.

S: Slope of the calibration curves.
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Table 4. The incidence and the range of mycotoxin contents

Incidence The range of mycotoxin (ng/kg)
Group Items
No" % Aflatoxin ~ Ochratoxin A Fumonisin ~ Zearalenone
Almonds 2/4 50.0 0.16 - - -
Walnuts 0/5 - - - - -
Peanuts 1/5 20.0 0.72 - - 1.67
Nuts Cashew nuts 0/3 - - - - -
Brazill nuts 3/3 100.0 0.16-1.45 - - -
Sacha inchi 12 50.0 - - - 0.73
Pine nuts 2/4 50.0 - - 2.65-13.25 2.16
Total 9/26 34.6 0.16-1.45 - 2.65-13.25 0.73-2.16
Nut products Nut products 8/18 44.4 0.08-0.29 - 1.16 0.12-4.98
Perilla 7/10 70.0 0.16-1.17 - 3.09-14.89 2.39-12.62
Sesame 1/10 10.0 - 17.29 - -
Oilseeds Sunflower seeds 0/2 - - - - -
Pumpkin seeds 0/2 - - - - -
Total 8/24 33.3 0.16-1.12 17.29 3.09-14.89 2.39-12.62
Perilla oil 8/12 66.7 0.32 - - 1.46-12.69
. Sesame oil 3/10 30.0 - - - 1.50-2.08
por:jzz?s Sunflower oil 0/2 - - - - -
Olive oil 172 50.0 - - - 1.08
Total 12/26 46.2 0.32 - - 1.08-12.69
Seed for beverage Coffee (bean) 0/12 ) i i ) )

products

) No: Sample number (Positive/analysed samples).
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Table 5. Changes of aflatoxin B,, zearalenone concentration in perilla
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during storage

Storage month/ concentration (ug/kg)

Component Storage temperature
P g P 0 1 2 3 4
20°C 1.17+0.15" 1.20+0.26 1.31+0.12 1.42+0.04 1.47+0.22
Aflatoxin B, 4°C 1.17£0.15 1.68+0.22 1.69+0.22 1.32+0.19 1.57+£0.63
-20°C 1.17+0.15 1.39+0.21 1.55+0.38 1.40+0.15 1.89+0.32
20°C 5.23+0.47 6.03+0.39 5.58+0.25 4.93+0.83 4.90+0.49
Zearalenone 4°C 5.23+0.47 5.36+0.51 5.86+0.22 4.38+0.27 4.42+0.14
-20°C 5.23+0.47 5.69+0.29 5.43+0.30 4.28+0.29 4.05+0.40
1) mean£SD.
120 120
(Aa) X B)
100 » 100 _
80 80
(%) 60 (%) 60 i
4
40 40
20 20
0 0
25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 200
Temperature (°C) Temperature (°C)
—+-Aflatoxin B, Aflatoxin B, —+-Fumonisin B, Fumonisin B,
-+ Aflatoxin G, -¥=Aflatoxin G, -+-Ochratoxin A —%Zearalenone

Fig. 1. Remaining percentage of mycotoxins under heating conditions.
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9] zearalenone®] ZHAFUTtE R I3 T
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2 A7e d4dR 2 2 7REES SR LeMs/
MSE ©]-&3}9] aflatoxin (B,, B,, G,, G,), ochratoxin A,
fumonisin (B,, B,), zearalenones &4l v‘f‘ju st o A
BE ARFAT. A7 Wi 10671 F 3771(35%)°1A =
Fol=47) A= E]oqouq 28}E o]Ate] HFo|=AU) E
Aol AEE A$E 85%=2 ZAMEATCE Aflatoxin
ochratoxin A, fumonisin, zearalenone> Z+Z} 0.08-1.45 pg/
kg, 17.29 ng/kg, 1.16-14.89 pg/kg, 0.12-12.69 pg/kgs] 5%
HAZ AZHJT HAE WEE HW zearalenone (23%),
aflatoxin (13%), fumonisin (8%), ochratoxin A (1%) =<
2 2 AEES B dE FH AR fA4F
AR= 47 35%, 33%4] HEES UERIAL ol 7t
g ARFIHEES FASARTIEES 24 44%, 46%
dEES Ueilo] 7k AFM e F3elEa HAE
£°] 10% oI =7 Uetstth #3el5as =23eHy
o e BARA Fhgell 22 H4 Folw avl=
dolglel 4% ARAAS] FPolBa welrt ¥ FoT
Aoz ke

1o of

Conflict of interests

The authors declare no potential conflict of interest.

ORCID

Jin-Hee Sung
Ki-Cheol Kim
Sang-Woon Shin
Ji-Eun Kim
Shin-Hye Kwak
Eun-Jin Baek
Eun-Bin Lee
Hye-Jin Kim
Won-Joo Lee
Myung-Jin Lee
Yong-Bae Park

https://orcid.org/0000000157018971
https://orcid.org/0000000346406703
https://orcid.org/0000000264145378
https://orcid.org/0000000255524165
https://orcid.org/0000000220525643
https://orcid.org/0000000328860603
https://orcid.org/0000000247751886
https://orcid.org/0000000273640821
https://orcid.org/0000000155393954
https://orcid.org/0000000248817672
https://orcid.org/0000000325968520

References

1. Marin, S., Ramos, A.J., Cano-Sancho, G., Sanchis, V., Myco-
toxins: occurrence, toxicology, and exposure assessment.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Food Chem. Toxicol., 60, 218-237 (2013).

. Robens, J.F., Richard, J.L., Aflatoxins in animal and human

health. Rev. Environ. Contam. Toxicol., 127, 69-94 (1992).

. Park, J.E., Heo, S., Lee, M.S., Kim, E.J., Park, J.S., Oh, J.H.,

Jang, Y.M., Kim, M.H., Monitoring Ochratoxin A in coffee
and fruit products in Korea. Korean J. Food Sci. Technol.,
42,263-268 (2010).

. Song, H.H., Kim, J., Lee, C., A review of mycotoxins from

fusarium species. Safe Food, 1, 19-28 (2006).

. Medina, A., Akbar, A., Baazeem, A., Rodriguez, A., Magan,

N., Climate change, food security and mycotoxins: do we
know enough. Br. Mycol. Soc., 31, 143-154 (2017).

. Chung, S.H., 2008. Safety evaluation for fumonisins in food

commodities. Ministry of Food and Drug Safety, Korea, pp.
5-7

. Ministry of Food and Drug Safety, 2020. Korea Food Code.

Korea, pp. 42-45.

. Seo, M.Y,, Kim, M.G,, Kim, J.K, Jang, M.K., Lee, Y.N., Ku,

E.J., Park, K.H., Yoon, M.H., Investigation of unintention-
ally hazardous substance in commercial herbs for food and
medicine. J. Food Hyg. Saf., 33, 453-459 (2018).

. Yang, Y.S., Lee, H.H., Kim, A.G, Ryu, K.Y., Choi, S.Y., Seo,

D.R., Seo, K.W., Cho, B.S., Survey of mycotoxin contamina-
tion in grains and grain products. J. Food Hyg. Saf., 34, 205-
211 (2019).

Jeong, S.E., Chung, S.H., Hong, S.Y., Natural occurrence of
aflatoxins and ochratoxin A in meju and soybean paste pro-
duced in South Korea. Appl. Biol. Chem., 62, 65 (2019).
Ministry of Food and Drug Safety, 2020. Korea Food Code.
Korea, pp. 1357-1362.

Ministry of Food and Drug Safety, 2016. Guidelines on stan-
dard procedures for preparing test methods, including food.
Korea, pp. 17-18.

Shim, W.B., Song, J.E., Kim, J.S., Chung, Y.C., Chung, D.H,
Investigation of the transfer rate of zearalenone in herbal
medicines to their decoction. Korean J. Food Sci. Technol.,
45,312-316 (2013).

Choi, E.J., Kang, S.T., Jung, S.Y., Shin, J.M., Jang, M.S.,
Lee, S.M., Kim, J.H., Chae, Y.Z., Analysis and uncertainty
estimation of zearalenone in cereal-based products by LC-
MS/MS. Korean J. Food Sci. Technol., 44, 658-665 (2012).
Lopez-garcia, R., Augusto mallmann, C., Pineiro, M.,
Design and implementation of an integrated management
system for ochratoxin A in the coffee production chain. Food
Addit. Contam. Part A4, 25, 231-240 (2008).

Kim, D.H., Jang, H.S., Choi, G.I., Kim, H.J., Kim, H.J., Kim,
H.L., Cho, H.J., Lee, C., Occurrence of mycotoxins in
korean grains and their simultaneous analysis. Korean J.
Food Sci. Technol., 45, 111-119 (2013).

Jung, S.J., Jo, S.A., Kim, D.G, Jung, S.O., Kim, K.S., Han,
K.Y., Chae, Y.Z., A survey of mycotoxin in agricultural
products. Report of ST H.E., 48, 35-45 (2012).

Smith, M.C., Nadec, S., Coton, E., Hymery, N., Natural Co-
occurrence of mycotoxins in foods and feeds and their in
vitro combined toxicological effects. Toxins, 8, 94 (2016).



19.

20.

Boeira, L.S., Bryce, J.H., Stewart, G.G., Flannigan, B., The
effect of combinations of fusarium mycotoxins (deoxyniva-
lenol, zearalenone and fumonisin B,) on growth of brewing
yeasts. J. Appl. Microbiol., 88, 388-403 (2000).

Verma, J., Johri, T.S., Swain, B.K., Ameena, S., Effect of
graded levels of aflatoxin, ochratoxin and their combinations
on the performance and immune response of broilers. Br:

21.

22.

Mycotoxins Contamination in Nuts and Seeds 323

poult. Sci., 45, 512-518 (2004).

Kim, D.H., Jang H.S., Kim, Y.M., Ahn, J.S., Survey for con-
tamination and study for reduction of ochratoxin A and afla-
toxin in red pepper. J. Food Hyg. Saf., 24, 299-306 (2009).
Matsuura, Y., Yoshzawa, T., Morooka, N., Effect of food
additives and heating on the decomposition of zearalenone in
wheat flour. J. Food Hyg. Soc. Japan 22,293-298 (1981).



