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Rice samples including paddy, husk, brown rice, blue-tinged rice, broken rice, discolored rice and polished rice
were collected from rice processing complexes(RPC) nationwide to determine the contamination of fungi and
mycotoxins on rice during 2010-2013. Among the samples, paddy rice had the highest frequencies of fungal
and Fusarium occurrence, and the frequencies decreased along with milling as husk was the next. Blue-tinged
rice or discolored rice was similar with brown rice for fungal occurrence, and polished rice showed the lowest
frequency. Among Fusarium species, F. graminearum species complex occupied 87% in 2012 but did 35-39%
in 2011 and 2013. Aspergillus and Penicillium species appeared at low frequency in most samples but occurred
at higher frequency in certain RPC samples. Alternaria, Nigrospora, and Epicoccum species occurred similarly
to the pattern of total fungi. The rice samples from 2010-2012 were analyzed for the occurrence of Fusarium
mycotoxins including deoxynivalenol, nivalenol, zearalenone, and other trichothecenes. The most highly con-
taminated sample was discolored rice in terms of frequency, level, ratio of simultaneous contamination with
multiple toxins, followed by blue-tinged rice.
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Table 1. Number of rice samples collected from rice processing complexes

Year Rice Total
Paddy Husk Brown Blue-tinged Discolored Broken Polished
2010 43 35 41 41 41 40 43 284
2011 81 80 80 78 80 80 79 558
2012 83 83 82 82 80 81 83 574
2013 35 34 32 34 35 35 34 379
Table 2. Fungal frequency (%) in rice and its milling products from rice processing complexs during 2010-2013
Year Rice
Paddy Husk Brown Blue-tinged Discolored Broken Polished
2010 61.1 28.7 211 16.7 155 4.2 9.5
2011 96.1 814 285 27.8 213 3.0 15
2012 913 60.3 13.1 17.9 134 2.8 2.7
2013 70.3 47.8 6.5 8.5 7.2 0.7 0.3
Avg. + SD* 79.7 £14.5 54.5+19.1 17383 17.7+6.8 14350 2713 35+36
°Avg., average; SD, standard deviation.
Table 3. Fusarium frequency (%) in rice and its milling products from rice processing complexs during 2010-2013
Year Rice
Paddy Husk Brown Blue-tinged Discolored Broken Polished
2010 4.8 1.8 0.7 1.6 0.1 1.0 0.1
2011 26.7 12.0 35 9.0 1.2 4.9 0.3
2012 14.8 57 1.5 4.2 0.2 26 0.0
2013 14.3 83 1.2 2.8 0.2 2.6 0.1
Avg. + SD* 152+78 70+3.7 1.7£1.1 44+28 04+0.5 28+14 0.1+£0.1

°Avg., average; SD, standard deviation.



Research in Plant Disease Vol. 20 No. 4 291

u]4d4 obm} WAL E ok olo] Babol7h o} & olglSS 20124 90% o] 4o B Z7}eHel oL} 2013 ol 70%E 74
wojze) wule] 4 20106 Fo] WA vl go] folm sl @ao] Wayo] el Al L A Bl vt gebd e

o7 =9kd A og Ho|w 2011-20139 9] > Hi 1.5% % Hch

Asto] AR n| = T F8o] o 7Y Wkt oo 4 Fusarium < 2778012 WA= A o] WA FAFSHA
V= A5 1ol edo) 7P wal Zhgol AyEeE o9 WA 7} e WANIES el o 7 g & whel vl
&o| fragiths 7|29 Hu s sildtthlee 5, 2011;Son =7} fFAshe 73S HGIH(Table 3). 12yt M4 #Fo) ot
5, 2011). Y BH 9] ¥Fo] 2220104 61% 4] 2011d 2] Fusarium®] 7-5- Fuje} A u] W @Ay-&o] FAsHA 1+

2011 2012 2013

52
44
187
406

Fig. 1. Frequency (%) distribution of Fusarium species complexes isolated from the rice processing complex samples during 2011-2013. FGSC,
Fusarium graminearum species complex; FFSC, F. fujikuroi species complex; FIESC, F. incarnatum-equiseti species complex; Other, Fusarium sp.
Species was identified based on TEF (translation elongation factor 1) gene sequence similarity.

BFGSC

FIESC
mOther

35 Aspergillus spp.

Sl =2011
gz.o 1 =2012
215 1 =2013
£ 10 -

0.5 - I

Penicillium spp.

=2011
=2012
2.0. =2013

14.0 Alternaria spp.
12.0 A
10.0
8.0
6.0
40
20 A

0.0

Paddy Husk Brown Blue-tinged Discolored Broken Polished
Rice

=2011
=2012
12013

Frequency (%)

Fig. 2. Frequency (%) of the occurrence of Aspergillus, Penicillium, and Alternaria spp. in the rice samples from rice processing complexs during
2011-2013. The X axis indicates the rice samples including its milling products; the y axis shows frequency of fungal genus.
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Table 4. Mycotoxin occurrence (%) in the rice samples from rice processing complexs during 2010-2012

Year Toxin® Rice
Paddy Husk Brown Blue-tinged Bran Discolored Broken Polished
DON 0 0 0 0 0 9% 0 0
NIV 0 0 0 0 0 12% 12% 0
( 521304) ZEA 32% 42% 0 8% 32% 24% 0 0
Mlxed """ 0 0 0 o 0 12% 0 0
Max. sum (mg/kg) 0.2 0.6 0.0 1.6 03 1.2 0.1 0.0
DON 0 0 0 10% 1% 86% 0 0
NIV 4% 1% 28% 3% 0 0 0
o11 ZEAL 1% 7% 15% - 65% 31% 41% 0
1% 0 14% 8% 0 56% 0 0
2.6 0.6 1.6 3.2 1.1 5.2 0.0 0
DON 2% 0 2% 0 2% 38% 4% 2%
NIV 11% 13% 4% 26% 13% 56% 19% 0
ZEA 2% 0 13% o 0 7% 0 0
2012 4-ANIV. 2% 4-ANIV,13%  4-ANIV, 2%
(n=47) Other DAS,2%  DAS, 15% DAS }% DAS, 7% 15-ADON, 2% 15-ADON, 2%  DAS, 2%
"""""""""""" ' HT-2,2% DAS, 6% )
Mixed 0 2% 4% 7% 2% 44% 6% 0
Max. sum (mg/kg) 0.5 12 0.9 0.6 03 6.6 13 0.1

°DON, deoxynivalenol; NIV, nivalenol; ZEA, zearalenone; Other, toxins other than DON, NIV, ZEA detected; 4-ANIV, 4-acetyl NIV; 3-ADON, 3-acetyl
DON; 15-ADON, 15-acetyl DON; DAS, diacetoxyscirpenol; HT-2, HT-2 toxin; Mixed, 2 or more mycotoxins detected; Max. sum, maximum level

among the sums of mycotoxins detected per sample(mg/kg).
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