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Determination of fungi and mycotoxins in Agricultural produces

and practical reduction method for consumers
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ABSTRACT

Grain and dried fruit are highly consumed. However, these produces are probably
contaminated with fungi and mycotoxin especially aflatoxin B, (AFB,) and ochratoxin A (OTA),
if they are maintained in improper storage condition i.e. high temperature and humidity. The aim
of this study was to determine and reduce the contaminations of fungi and AFB, in grain and
OTA in dried fruit. In 2011, 10 types of grain viz. rice, brown rice, sticky rice, black sticky rice,
soy bean, mung bean, red bean, groundnut, white sesame and black sesame were collected from
10 locations in Bangkok whilst 20 types of imported and local dried fruits were bought from
markets across Thailand. Fungi contamination was analyzed by Direct Plate Count method while
mycotoxins were determined by Enzyme-Linked Immunosorbent Assay (ELISA) technique.
Aspergillus flavus and AFB, were detected greatly in groundnut leading to high concentration of
AFB, (80%) in this product, followed by black sesame (29.25%), black sticky rice (4.25%) and
brown rice (3.75%). About 46.8% of groundnuts in this study were contaminated with AFB, over
level of limitation (20 pg/kg or ppb) while the highest AFB, level in groundnut was 186.4 ppb.
Concentrations of AFB, detected in brown rice, black sticky rice, black sesame and sticky rice
were 0.9-50.4, 8.5-50.0, 1.0-48.9 and 1.0-27.1 ppb, respectively. Aspergillus niger, A. flavus, A.
aculeatus, Rhizopus sp., Penicillium sp. and Fusarium sp. were found in dried fruit in this study.
OTA was detected in 80 samples (86.9%) of dried fruit at concentration between 0.05 and 24.1
ppb. The third highest levels of OTA were found in dried blueberry imported from USA (24.1
ppb), white raisin (13.0 ppb) and dried cranberry (9.6 ppb). The maximum level of OTA in food
is 10 ppb. The results indicated that both local and imported products were not safe for

consumers. Simple and practical technique to decrease contamination of mycotoxin in
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agricultural produces could be benefit to consumers. Hot air- and microwave oven were used to
reduce the concentration of both AFB, and OTA in recent study. Heat at 50-80°C from hot air
oven for 1-2 hour could lower AFB, in brown rice, sticky rice and black sesame for 19.82-
69.73% depending on type of products. OTA contents in dried blueberry, white raisin and dried
cranberry, heated at 80°C hot air oven for 1 hour, were dropped by 43.30, 81.85 and 83.59%,
respectively. For microwave oven, higher OTA reductions were detected in white raisin (84.56%)
and dried cranberry (74.35%) after microwave-heat at 400 watt for 60 second and 800 watt for 45
second, respectively. The results indicate that heating by either hot air- or microwave ovens could

be an alternative method to reduce the OTA contamination in various dried fruits.
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Table 1. Percent of Aspergillus flavus contamination in 10 kinds of agricultural products from 10

locations on January — March and July — September 2011

% Aspergillus flavus of sample*

Agricultural

Time Market Market Market Market Market Super Super Super Super Super
Products
1 2 3 4 5 market 1 market 2 market 3 market 4 market 5
Rice 0 0 1.25 0 0.25 0 0 0 0.75 0.75
Brown rice 1 0 0.25 0 0.5 0 0 0 1 1.5
Sticky rice 0 0 0 0 0 0 0 0 0 0.5
Black sticky rice 4.25 0.5 0.25 2.5 0.25 0 0.75 0 2.25 0.25
January
Soybean 0.5 0.25 0 0.5 0.75 1 0 0.25 0.5 0.75
- Mung bean 0.5 0 1.75 0 0.5 0.25 25 0 0.5 0.5
March 2011
Red bean 0.25 0.75 0.5 0 2.75 0 0.25 2 5.5 0.25
Groundnut 18.75 18 355 51.5 63.25 0 375 25.75 9.75 2.5
Sesame 0 0 0 0 0 0.25 0 0 2.5 0
Black sesame 0 0 1.25 5.5 7.5 1.5 0 0 0 0
Rice 0 0 0 0 0 0 0 0.25 0 0
Brown rice 0 0 3.75 0 1.5 0 0 0 0 0
Sticky rice 0 1.5 0 0.25 0 0 0 0 0 0.25
July Black sticky rice 1.75 1 0 1.75 1.75 0 1 1 0.5 0
- Soybean 1 0.75 0.75 0 0.25 0.25 0.75 0.5 0 1.25
September Mung bean 0.5 0.75 0.5 1.75 1.25 0.25 0 0 0.25 0
2011 Red bean 0 0 0.25 0.25 0.25 0 0.25 0 0 1.5
Groundnut 1.75 31 45 80 12 2 0 5.25 2.25 18.5
Sesame 0 0 0 0 0 0 0 0 0 0
Black sesame 0 0 2.75 0 0.25 0 0 29.25 0 0
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Table 2. Amount of AFB1 contamination in 10 kinds of agricultural products from 10 locations in

Bangkok 2011
No. of analyzed positive sample No. of contaminated Range amount of AFB1
Kind of products
sample (%) sample over 20 ppb (%) (ppb)
Rice 179 65.4 0 0.6-12.6
Brown rice 165 99.4 24.8 0.9-50.4
Sticky rice 165 97.6 1.8 1.0-27.1
Black sticky rice 152 100 40.8 8.5-50
Soybean 165 84.8 0 0.9-10.1
Mung bean 182 57.1 0 0.6-8.9
Red bean 190 77.4 0 0.5-11.7
Groundnut 188 98.4 46.8 1.1-186.4
Sesame 157 70.7 0 0.6-9.6
Black sesame 169 97.6 15.4 1.0-48.9
Total 1,712 84.8 12.9 0.5-186.4

1.2 myduilouvearasmazaislonsinan®u o luwalifouuia
y X
1.2.1 maasamsduileuveuton
P L 9 9 a o o 1 L A
wumsdualeouveudesilumaldounits 14 wila 911U 38 §10619 (41.30%) 1¥0510
wy 1dun Aspergillus niger, A. flavus, A. aculeatus, Rhizopus sp., Penicillium sp. W& Fusarium sp.
Y ]
Wosdurantseaumsai e loasmondu 1o 1810 4. niger (Abarca et al., 1994) uazngu
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numstualeuvesas Teasmonau o Tuwa liouuita 80 §196149 (86.96%) myuilou
1 [ A dy o AAA A
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V1 UATUIUDTT NSIVDINA BaZaud W 13.0, 9.55, 9.4 uag 8.00 NN AINAIAY (Table 3) LA
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Table 3. The number of fungi and OTA contaminated and OTA concentration in dried fruit samples

‘ No. of Contaminated fungi (%) No. of Range of OTA
Dried fruit o of contaminated Penicillium Fusarium Rhizopus contaminated concentration
samples . A. flavus A. niger  A. aculeatus Other
fungi . ». . OTA (ng/ke)
Kiwi 1 0 - - - - - - 1 0.5
Cranberry 6 1 - 0.48 0.48 - - - 6 4.50-9.55
Blueberry 4 2 35 1 - - - 1.5 - 4 16.05 - 24.10
Apricot 2 1 4.28 4.28 - - - - 1 0-1.00
Bing cherry 3 2 8 2.67 1.33 - 3 09-6.4
Guava 2 0 - - - - - - 2 2.50-4.85
Prune 10 3 1.6 1 - 0.4 - - 9 0-4.40
Chinese
3 1 1.33 - - - - 1.33 3 0.70 - 3.30
jujube
Fig 2 0 - - - - - - 2 1.30-2.50
Tomato 4 0 - - - - - - 3 0-9.40
Tamarind 3 3 4.67 6.67 - 1.33 533 - 3 1.20-5.10
Mango 3 1 - 1.33 - - - - 3 0.30 - 3.00
Papaya 1 0 - - - - - - 0 0
Longan 9 7 3.97 7.43 2.41 - - 5.01 6 0-230
Lychee 5 3 4.4 - 0.8 0.4 0.4 32 2 0-8.00
White raisin 15 4 2.48 0.95 0.19 - 0.19 - 15 0.50 - 13.00
Black raisin 12 7 3.09 3.57 1.9 0.24 0.48 0.24 - 10 0-1.30
Strawberry 4 2 2.14 2 1 - - 1 4 1.00 - 6.40
Pineapple 1 0 - - - - - - 1 0.1
Date 2 1 4 42 4 - - - 2 0.35-1.15
Total 92 38 43.46 73.38 12.11 237 0.67 7.47 10.54 80 0-24.10
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Fouszaulunais wiu 60 3 TiTuameaimengull 1 78.35 Wil anas 23.72%
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(Table 4) 13 wiAednyTundaauuadnovaloar lulasav drdela 800 Tadanaaw

9 [ ° ~ a = 9
FOUTTAVA WU 1 Wn auseandTuaeraimenasuil hlﬂ 39.4% (ﬁfﬂﬂllﬁ%ﬂﬂl%, 2551)

Table 4. Average amount of AFB1 contamination in black sesame when treated with microwave

Treatment Average amount of AFB1 (ppb)** Reduction amount of AFB1 (%)

1. Low level 2 min. 86.65b 15.64
2. Low level 3 min. 87.67b 14.65
3. Low level 4 min. 87.17b 15.14
4. Medium level 30 sec. 87.22b 15.09
5. Medium level 60 sec. 78.35 ab 23.72
6. Medium level 90 sec. 75.18 a 26.81
7. High level 20 sec. 82.13 ab 20.04
8. High level 30 sec. 81.92 ab 20.25
9. High level 40 sec. 81.57 ab 20.59
10. control 102.72 ¢ 0

cv (%) =10.42
In a column , Means followed by a common letter are not significantly different at the 1% level by DMRT
Y v Py
2.1.2 NI UM O VAN IO

9y v A a 1 v A 1 2 a A 1 Y 1

V1INABDI miaumqmwgmmmwﬂuuwamﬂimmmmm\lamaﬂmuu 1 HANAWNNUDYN
Ao o o A an 9 9 A a = = Y A a
NUITIAYIINWADA NITDUUIINADINGUNYY 80 oIFsaLH T uwa1wﬂ3mmuaﬂamawu
= A1 o ~Aq v Y 4 = 1 a a A @ dy
U 1umanga Iﬂﬂ!?ﬁ1ﬂ1“lf11!ﬂ15ﬂ’ﬂ"llTJﬂﬁ'fJﬂﬂJiJWﬁ@]@ﬂi1J1illllf]1/‘lﬁ1ﬂ@ﬂ“]5uﬂ 1 93U 7.33, 7.82,
7.22, 7.27 4ag 7.73 WiNll (Table 5) agliA1aAad 47.05, 43.56, 47.89, 47.53 1oy 44.16% Nia

30, 60, 90, 120 ttas 150 UIN AWAIAL (Table 9)



Table 5. Average amount of AFB1 contamination in brown rice when treated with hot air oven

Average amount of AFB1 (ng/kg)

Temperature (C) Temp. average™*
30 min. 60 min. 90 min. 120 min. 150 min.

control 13.85 13.85 13.85 13.85 13.85 13.85d
50 11.88 11.78 11.30 10.82 10.83 11.32¢
60 11.35 10.87 10.48 10.53 9.62 10.57 be
70 11.12 10.68 8.90 8.60 7.10 9.28b
80 7.33 7.82 7.22 7.27 7.73 747 a

Time average 11.107 11.000 10.350 10.213 9.827

cv (%) =21.86 In a column , Means followed by a common letter are not significantly different at the 1% level by DMRT

a 1 1 [ S 1

Y o a a o { 1 a
"U’l')LWﬁEJ'Jﬂ’] ﬂ’]fl"t’]'ﬂﬁﬂﬂﬁwaijﬂigﬂ'J'quwguﬂﬂnﬁ'lﬁll@ﬂﬁ'l\‘lﬂu NWﬁ@ﬂﬂﬁN’lm

v v
v A o A a

a 1 @ ' v o aa 9
L!E]Wﬁ'm’f]ﬂclfu‘ﬁlLmﬂ@lNﬂu@ﬂNﬁHﬂﬁTﬂﬂJEJ\‘I“VIN’ﬁﬂG] miamnmﬁmmmmwm 80 B3/

3 Q U

=) aS A Y A a A = <; aAaA
raFed U 150 Wn UnalndSuauewamenauil uMIAga 11.35 WWU aAal 69.73% Lag

MsouNguunN 80 e AT 114130, 60, 90 taz120 WiH Juur TdulumsaadSumens
o A

a A Yy v A A o [~ [
teramonaull 1 Vlﬂﬂl"lﬂlﬂu Ao 13.52, 12, 12.18 lag11.67 WU AUa1AY metlumsdsenda

nadsnueradenlaarlumseunilosad (Table 6 tag 9)

a [

N1 MIBUUINTNATINIEUINYUHYUNVIANUANAAY UranTunaumenamen

a =

FU1 UANANNUENUTIAAYTINIETDA MIDUVNAINYUNY 60 DIAUTATEE U 120 Loy

QU

= d‘ a =S A A Y A a A
150 U HagNUY 70 DA FaLFYE U1 60 90 LAz 150 U Iralvdsnauenamensuil

a =

iadrga (Table 7) ua luduvosmsilszndanasny msoundinguvgil 70 oerusaiFod i

U

60 w1 Hl5anameramendud 181.80 Wil anas 59.26% lwaquaiga (Table 9)

Table 6. Average amount of AFB1 contamination in black sticky rice when treated with hot air oven

Average amount of AFB1 (ug/kg)**

Temperature (C) Temp. average
30 min. 60 min. 90 min. 120 min. 150 min.
control 37.50 f 37.50 £ 37.50 f 37.50 f 37.50 f 37.50
50 22.20¢ 2233 ¢ 19.85 de 19.02 de 15.10 a-d 19.70
60 19.07 de 19.65 de 18.03 de 17.88 bede 16.93 a-e 18.31
70 18.67 de 18.03 de 18.35 cde 18.82 bede 17.15 a-e 18.20
80 13.52 a-d 12.00 abc 12.18 abc 11.67 ab 11.35a 12.14
Time average 22.19 21.90 21.18 20.98 19.61

cv (%) =41.81 Ina column, Means followed by a common letter are not significantly different at the 1% level by DMRT
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Table 7. Average amount of AFB1 contamination in black sesame when treated with hot air oven

Average amount of AFB1 (ug/kg)**

Temperature (C) Temp. average
30 min. 60 min. 90 min. 120 min. 150 min.
control 200.80 f 200.80 f 200.80 f 200.80 f 200.80 f 200.80
50 114.73 cde 106.42 be 107.05 be 109.93 cd 104.95 be 108.62
60 97.62 abc 96.53 abc 99.63 abc 84.30a 83.70 a 92.36
70 100.13 abe 81.80a 80.83 a 89.58 ab 84.48 a 87.37
80 13390 ¢ 134.03 ¢ 127.05 de 114.57 cde 11345 cd 124.60
Time average 129.4 123.92 123.07 119.84 117.48

cv (%) =31.36 Inacolumn, Means followed by a common letter are not significantly different at the 1% level by DMRT

0789 MIDVUBINTNAIINITHINQUUYTAVIANUANARAY UnadedTuauea
NONFUL 1 uaNANAUENNNMIAYNINADA  NMIDVNIATINQUNYN 50 DR UFAIToA UL

Q U

150 Wit Twali/Sanaeramendudil ardiga 201.42 AT anae 19.82% (Table 8-9)

Table 8. Average amount of AFB1 contamination in groundnut when treated with hot air oven

Average amount of AFB1 (ug/kg)*

Temperature (C) Temp. average
30 min. 60 min. 90 min. 120 min. 150 min.
control 251.20 ¢ 25120 ¢ 251.20 ¢ 25120 ¢ 25120 ¢ 251.20
50 238.30 be 237.27 be 237.17 be 230.18 be 20142 a 228.87
60 233.18 be 237.63 be 232.63 be 234.65 be 220.12 ab 231.64
Time average 240.89 242.03 240.33 238.68 22424

cv (%) =5.8 Inacolumn, Means followed by a common letter are not significantly different at the 5% level by DMRT

Table 9. Reduction amount of AFB1 contamination in agricultural products when treated with hot air oven.

Reduction amount of AFB1 (%)

Kind of products Temperature (C)
30 min. 60 min. 90 min. 120 min. 150 min.
50 14.20 14.92 18.41 21.90 21.78
60 18.05 21.54 24.31 23.95 30.57
brown rice
70 19.74 22.86 35.74 37.91 48.74
30 47.05 43.56 47.89 47.53 44.16
50 40.80 40.45 47.07 49.28 59.73
60 49.15 47.60 51.91 52.32 54.85
black sticky rice
70 50.21 51.92 51.07 49.81 54.27
30 63.95 68.00 67.52 68.88 69.73
50 42.86 47.00 46.69 45.25 47.73
60 51.38 51.93 50.38 58.02 58.32
black sesame
70 50.13 59.26 59.75 55.39 57.93
30 33.32 33.25 36.73 42.94 43.50
50 5.14 5.55 5.59 8.37 19.82
groundnut
60 7.17 5.40 7.39 6.59 12.37

348



A Y] 1 S Agq Y Y o dy A A a
!,‘LlENi]1ﬂﬁm’é]EJNLSJa@1“Vll“lfcl,umi‘i/lﬂafJlem/nmiﬂQﬂL"le)LWE)LWiJ‘]J‘jSJWmﬁﬁuE]WaTﬂE]ﬂ

A A

9 Y 9 ~ o a a 9/3 U
Fuill 1nHan1InaaodluiiINdod tazdnmileddr ansoaadSuaesiyalddinan 20
AAA & d ' ~ 9y A 9 ~ ° v a < ' ~
ANt yoduamasgrunansalduiTaald luvazfad nazordas Wuunaee1nisn
9 v
mungauaemMInI YAy Iaveusesazds waisueamendu Jelinadensiinlsuaas
A A o ' Y} o q YN 1 a Yo " Ao
soramenguiil Tudedialdge Ml luamsoaadSinaaddadginnannasguisimue
2.2 myaafSanaaslonstnendy 1o luwalalouuria
2.2.1 m3ouaena lulasnw
UsuaasTeasmondu 1o luwalfouuandaitmssudlroa lulasnvndiaslu
1 =1 =1 LY 9 Y d' (BN =1 1 [ ] =1
warsreznaImMsoua1en ssufsununa leuuren limumsey Januuana1eanuegial
v o W A aa Y] o w [ o, -4 o
Wednggameana mseudlroat luIasndszauihunatmTesias il 400 Saaau 1y Tnan
RS unaesiivanadld TasszaumdsInuazszeznarzuanarenuluuaazsiinuoana 'l
o 4 a a 1 1 a 4 y
TunguesswulSnaasiyedszning 19.17-21.25 Al asnyanadgaga 28.45% Hoouh
o W v J a =1 T A a d’ ] [ as 1 1 (%
a1l 400 Yad wu 45 9 uatlFaesnenrumseu luuaaznssuAs iuana1adung
9y
ana gninavnuMIduilouresdmsiivegsznin 2.17-9.47 WAND enTiBaAas 32.48- 84.56%
1 { o w Y] 4 a a a
Tagwu e unhasln 400 ad w60 37 andlsmmmsiivasldgega 84.56% uazlu
d' ] d‘ o w Y4 a =1 d‘ o o [ Y4 a =
annanrumsouNfa 1 800 Jaa i 30 ez 45 i waziiiias vl 400 Jad wu 45 Jud
HUSuamsiy luuana1aiun1eana lagauisoana1snyadld 69.70, 6846 UAZ 68.59%
o o o [ o’d‘ dy a 09/' 1 aaA a
AU19U ST UUATHIVDSINUMTUUAouVRIAITNHAILA 445 — 13.28 WL e15Hivanad
4 o {o o v J a .
qaga 74.35% ieiimseuihiaa W 800 I 11w 45 JU1T (Table 10 11ag Figure 1)
2.2.2 M3vUA IO UANTOU
YsmnmesTeasmendu to Tuwa ldoundaasimseudiedevandoungungiivaz
' o ~ ~ ) ] Y oA 1 ~ ' ) I AW o v A
sreznannnu nlssuieunusa leuwied ludumseulinnuuanasiuedniived e
Aaa Aa ~Aq Y 1 [ 1 a 9) 7~
nada lasguugiuazszeznamnlsvzuanarnul)lundazsiavesnald vgiuesiny

SUNUATNYOETLHIG 15.19- 20.74 NN (Table 1TNHANAIAIAA 43.30% ipouh
UTnma d 15.19- 20.74 (Table 11) o qIqA 43.30%

a = =1 . 4! 9 Qd’ d? d'
aUNg 80 DNAUBAUBYT UIU 60 UIN (Flgure 2) mmﬂ%qmwgwﬁwuuasizaznamum

Q u
Fd

Vu'hilinasenIanaueIas iy



Table 10. The concentration of OTA after treated with microwave oven at different electric powers

and times
Amount of OTA (pg/kg)
Treatment . " "
Blueberry™ White raisin™ Cranberry™
800 watt 30 sec 21.25a 4.25 ab 7.29 ab
800 watt 45 sec 20.13 a 4.42 ab 445a
400 watt 45 sec 19.17 a 4.41 ab 13.02¢
400 watt 60 sec 20.65a 2.17a 10.45 be
240 watt 60 sec 20.59 a 947c 11.25¢
240 watt 90 sec 20.03 a 7.23 be 13.28 ¢
control 26.79 b 14.03d 17.36d
*k *k *k
cv (%) 8.6 27.1 17.8

"'In a column , Means followed by a common letter are not significantly different at the 5% level by DMRT

Table 11. The concentration of OTA in dried blueberry after treated with hot air oven at different

temperatures and times

Time (minute)

Temperature (°C) Temp. average
30 45 60
80 16.64 abc 16.10 ab 15.19a 15.98
70 18.88 abc 17.66 abc 16.26 ab 17.60
60 20.74 ¢ 18.81 abc 19.94 be 19.83
control 26.79d 26.79d 26.79d 26.79
Time average 20.76 19.84 19.54

cv (%) =12.1 Inacolumn, Means followed by a common letter are not significantly different at the 5% level by DMRT
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Table 12. The concentration of OTA in white raisin after treated with hot air oven at different

temperatures and times

Time (minute)

Temperature (°C) Temp. average
30 45 60
80 8.02 be 6.15b 2.55a 5.57
70 6.69b 7.70 be 6.13b 6.84
60 13.74d 10.02 ¢ 13.00 be 12.25
control 14.03 d 14.03 d 14.03 d 14.03
Time average 10.62 9.47 8.93

cv(%)=19.0 Inacolumn, Means followed by a common letter are not significantly different at the 5% level by DMRT



Table 13. The concentration of OTA in cranberry after treated with hot air oven at different

temperatures and times

Time (minute)

Temperature (°C)

Temp. average

30 45 60
80 4.55 abe 3.27 ab 2.85a 3.56
70 7.27d 5.39cd 3.87 abc 5.51
60 5.35 bed 3.71 abc 3.25ab 4.10
control 17.36d 17.36d 17.36d 17.36
Time average 8.63 7.43 6.83

cv (%) =193

In a column , Means followed by a common letter are not significantly different at the 5% level by DMRT
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Figure 1. Comparision percentage of OTA reduction after treated with microwave at different
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Figure 2. Comparision percentage of OTA reduction after treated with hot air oven at different

temperatures and times




