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Corn (Zea mays), the most cultivated cereal crop

Food Applications

 Animal feed
* Sweeteners
* Thickeners

Industrial
Applications

L— LI ICAI IV

* |ndustrial solvents
» Biofuel




Local Flint Corn: Sustainable but Scarce

Domestic Domestic
(total), (flint corn)
160,203 tons —\ 94,024 tons

(3.6%) — (1.5%)
v" Freshness
v" Non-genetically modified
v" Low carbon footprint
Less is known about the safety and
Imported . :
4.318.639 traceability of local flint corn,
tons (96.4%) especially its microbial safety and

presence of trace toxic elements.

Figure 1. Proportion of locally produced flint

corn in 2023. Source: Ministry of Agriculture, R.O.C.



Fungal Infection, a prequel to mycotoxin contamination
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Introduction

Research Scheme

Arrangement
Flint Corn of samples in
‘Mingfeng No. 3’ one batch of
' treatment:
||

Adjusted to 3 different moisture contents
Treatment A: 10.15% (as is)

Treatment B: 11.75% (as is)

Treatment C: 13.20% (as is)
|

AIWINF-

Two batches per treatment

! PE box

Storage at 15°C and PP woven sack,
38°C for 3 months 2 kg corn per pack

Moisture standard (Food and
Agriculture Organization):
15.5% m/m max




Introduction

Research Scheme

Biweekly analyses:

Arrangement ¥ Moisture content
: of samples in v Water activity
Flint Corn
‘Mingf No. 3’ one batch of Monthly analyses:
ng eg; ° treatment: y yses:

v Fungal infection rate (Tournas et al., 2001)
Adjusted to 3 different moisture contents = Non-surface disinfected (NSD) and

Treatment A: 10.15% (as is) 1 surface disinfected (SD)

Treatment B: 11.75% (as is) 2 v Mycotoxins analyses (MOHWT0010.02)

Treatment C: 13.20% (as is) 3 = Aflatoxin B;, B,, and G,

_— 7 = Ochratoxin A
Two batches per treatment = Fusarium toxin T-2 and HT-2
. FIE 102 = Deoxynivalenol (DON)
Storage at 15°C and PP woven sack, " Zearalenone (ZEA)
38°C for 3 months 2 kg corn per pack = Fumonisin B, and B,
Analyses before and after 3-month storage

Moisture standard (Food and v Proximate analyses
Agriculture Organization): = Moisture, ash, crude lipid, crude protein

15.5% m/m max
°



Results and discussions

Moisture and water activity 15°C

Treatment A: 10.15% M.C.
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Treatment C: 13.20% M.C.
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Figure 1. Moisture and water activity of flint corn at 3 different moisture contents in cold storage (A) Treatment A,
10.15% (as is); (B) Treatment B, 11.75% (as is); (C) Treatment C: 13.20% (as is), during the storage period.
Molding occurred in all packages of treatment C #1 at week 10, hence the storage ended.
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Results and discussions

Moisture and water activity 38°C

Treatment A: 10.94% M.C.
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Figure 2. Moisture and water activity of flint corn at 3 different moisture contents in elevated temperature storage
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Treatment C: 14.67% M.C.
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(A) Treatment A, 10.94% (as is); (B) Treatment B, 12.33% (as is); (C) Treatment C: 14.67% (as is), during the
storage period. Molding occurred in all packages of treatment C #1 at week 10, hence the storage ended.
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Results and discussions

Infection Rate: a brief introduction

Treatment A Non-surface disinfected (NSD) Surface disinfected (SD)

(batch 1) Surface fungi

fungi

Week 4
M.C. =10.37% 79.96%
a,, = 0.4000

Week 8

M.C. = 10.40% 93.25%
a, =0.4372

Week 12
M.C. =11.04% 93.06% |
a,, = 0.5005 “

21.83%




Results and discussions

Infection rate 15°C

Treatment A: 10.15% M.C. Treatment B: 11.75% M.C. Treatment C: 13.20% M.C.
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Results and discussions

Infection rate 38°C
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Results and discussions

Fumonisin content — Cold storage

Treatment A: 10.15% Treatment B: 11.75% Treatment C: 13.20%
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Figure 3. Mycotoxins analyses of the flint corn during storage. Moldiness was observed in all packages of batch 1 of
treatment C at week 10, while in batch 2 moldiness was observed in 1 package at week 7 and another 1 package at
week 8.

Limit for FB, + FB, = 4000 pg/kg
(Ministry of Health and Welfare, Taiwan)
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Treatment
Treatment g, Actual Storage AFG, AFG, AFB, AFB; OTA T-2 HT-2 DON ZEA FB, FB, FB*FB;
(MC%. wb moisture  Temp. .=
o No. o time
at 0 wk) content (C) o
(%. wb) (week) ng/kg (ppb)
MF3 1233 - 0 ND* ND ND ND ND ND ND ND ND 346 43 389
- 0 ND ND ND ND ND ND ND ND ND 925 73 998
A 1 10.94 4 ND ND ND ND ND ND ND ND ND 1313 179 1492
(10.97) 2 10.91 4 ND ND ND ND ND ND ND ND ND 556 80 636
1 10.78 38 8 ND ND ND ND ND ND ND ND ND 1478 221 1699
2 10.58 8 ND ND ND ND ND ND ND ND ND 1922 161 2083
| 9.35 12 ND ND ND ND ND ND ND ND ND 1939 259 2198
2 8.88 12 ND ND ND ND ND ND ND ND ND 1377 140 1517
B | 11.88 4 ND ND ND ND ND ND ND ND ND 1608 218 1826
(12.33) 2 12.24 4 ND ND ND ND ND ND ND ND ND 636 96 a2
| 11.21 38 8 ND ND ND ND ND ND ND ND ND
2 11.68 8 ND ND ND ND ND ND ND ND ND
| 11.00 12 ND ND ND ND ND ND ND ND ND
2 11.17 12 ND ND ND ND ND ND ND ND ND
C 2 14.19 2 ND ND ND ND ND ND ND ND ND 1966 348 2314
(14.68) 1 12.73 4 ND ND ND ND ND ND ND ND ND 1941 220 216l
2 10.48 4 ND ND ND ND ND ND ND ND ND 2416 213 2629
1 11.03 38 8 ND ND ND ND ND ND ND ND ND 854 66 920
2 9.46 8 ND ND ND ND ND ND ND ND ND 1690 166 1856
1 8.15 12 ND ND ND ND ND ND ND ND ND 2429 233 2662
2 7.33 12 ND ND ND ND ND ND ND ND ND 956 69 1025

*Not detected, lower than LOD.
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Results and discussions

Fumonisin content — elevated temperature

Treatment A: 10.94% M.C. Treatment B: 12.33% M.C. Treatment C: 14.67% M.C.
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Figure 3. Mycotoxins analyses of the flint corn during storage. Moldiness was observed in all packages of batch 1 of

treatment C at week 10, while in batch 2 moldiness was observed in 1 package at week 7 and another 1 package at
week 8.

Limit for FB, + FB, = 4000 pg/kg
(Ministry of Health and Welfare, Taiwan)



Results and discussions

Correlation Analyses - 15°C storage

Table 1. Correlation analyses between moisture, water activity, infection rate (non-surface disinfected),
infection rate (surface disinfected), and fumonisins (B, and B,).

Parameters Moisture 9 Infection Infection Fumonisin Fumonisin
rate (NSD) rate (SD) B, B,

Moisture 1.000
a, 0.974***3 1.000
Infection rate NSD 0.224NS 0.294NS 1.000
Infection rate SD 0.695**2 0.681*! 0.257NS 1.000
Fumonisin B, -0.082Ns -0.048Ns O ALl 0.042NS 1.000
Fumonisin B, -0.086NS -0.106NS 0.192NS 0.060NS 0.906*** 1.000

1 Indicated that there was significance at p = 0.05
2 Indicated that there was significance at p = 0.01
3 Indicated that there was significance at p = 0.001
NS Indicated that there were no significance



Results and discussions

Correlation Analyses - 38°C storage

Table 2. Correlation analyses between moisture, water activity, infection rate (non-surface disinfected),
infection rate (surface disinfected), and fumonisins (B, and B,).

Parameters Moisture Infection Infection Fumonisin Fumonisin
rate (NSD) rate (SD) B, B,

Moisture 1.000
a, 0.892***3 1.000
Infection rate NSD 0.161NS 0.256NS 1.000
Infection rate SD 0.568**? 0.641**? 0.415NS 1.000
Fumonisin B, 0.013Ns 0.066NS -0.287Ns -0.033Ns 1.000
Fumonisin B, 0.010NS 0.106NS -0.280Ns 0.024NS 0.983*** 1.000

1 Indicated that there was significance at p = 0.05
2 Indicated that there was significance at p = 0.01
3 Indicated that there was significance at p = 0.001
NS Indicated that there were no significance
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Z. Gao et al.
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Fig. 2. The toxic effects of FB1 on various systems of animals. NOAEL: No observed adverse effect level. LOAEL: Lowest observed adverse effect level.




12
(Months)

Mucorales

Rhizopus stolonifer
Mucor hiemalis
M. racemosus
Absidia corymbifera

B+~ BRRMBBFZERTRARERZ A KFEH - (Pelhate, 1988

19



FHABBEFRASFFARERBZ A RO E 5 F 2 848 # K E M R K5 5 & (Fleurat-Lessard, 2017)

Fungus species - Mycotoxin- aw limit for Related moisture @y limit for toxin Related moisture
growth - content (%) - production content (%) -
Aspergillus flavus - AFB1- 0.78-0.84 - 17.6-19.0- 0.84. 19.2-
A. parasticus - AFB1- 0.84. 19.0- 0.87- 20.2-
A _ochraceus: OTA- ... 077 165 085 1960
Penicullus patulum Patulin - 0.81- 18.0- 0.95. 27.0-
P expansum - Patulin - 0.82-0.84- 18.3-19- 0.99 - 30.0-
P aurantiogiseum - OTA - 0.82-0.85- 18.5-19.6- 0.87-0.9- 20.2-22.0-
L verrucosum- OTA. ...080:081. 18.0. . .......083086. 18.8-19.8-
Fusarium proliferatum. FBI. 0.88- 20.5+ 0.93. 25.0+
E verticilloides FBIl- 0.88. 20.5- 0.93 . 25.0

20



Resting time
before drying
wet grain
harvest (hours)

Fungal inoculum
dissemination by
insects & mites

Cereal species:
wheat, maize, barley,
buckwheat ...

Activity of
water (a,) in

Initial moisture ¢
grain

content of grain
batch at harvest

Fungal growth
and
toxinogenesis

Storage time
period
(months)

Accidental re-
hydration of grain
bulk in storage (hot
spot)

Competition
between fungus
species or strains

Impurities rate and
| other wet material in
grain bulk

NS

W= BRFEPRAFII LRI g2 L2227
(Fleurat-Lessard, 2017)

WHS o
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Integrated strategy
practical development

60% Grain cleaning before bin loading
2 Grain drying before bin loading

In-bi :
Prevention of critical Sdlgit!

t it Cooling aeration
=R age: Conamcts Chilling ventilation

30% N— \/ Grain bin turning

Prediction safe storage time

Available techniques and tools

b Temperature increase monitoring
Monitoring tools for early Respiration activity measurement
09 - detection of mould growth E-nose off-odour detection
o S l/ Mycotoxin-content rapid screening
(by ELISA or ICS test kits)
PCR toxigenic species detection

N r - -
Corrective detoxication or Optical color sorting

decontamination_ solutions D€hulling or pearling
L Decontamination by ozone treatment

Ammoniation

Yt

Wzt  BPEPRK(I 1) 2P T RE AFRITREAS 25 %
BGAEE R A AV SR BRIEEED ~ E B 132 )
;;ga::«g;g*ﬁ Werdp R P g o (Fleurat-Lessard, 2017) 22
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