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Abstract

The contamination of microorganism and mycotoxins in agricultural commodities
can occur in every step of handling processes either pre-harvest or post-harvest. The control
measure of contaminations was start-up by investigation of causal of contamination during
production processes. Our researchers conducted the research project “Control of Microbial
and Mycotoxins Contamination in Agricultural Commodities During Post-Harvest Handling
Processes” the fiscal year 2015-2017, with the objective was "to studies on contamination of
pathogenic fungi, mycotoxin producing fungi and mycotoxins in processes and methodology
of crop productions for the scientific information those capable used for setting up the guide
line of postharvest contamination control measure in production system" The project
consisting of 7 experimental under 2 activities, first activity is “Microbial Contamination
Agricultural commodities” and the second activity is “Mycotoxin  Contamination of

Agricultural commodities” The results of those experiments are the following.

The first experiment is “Studies on Postharvest Loss in Tangerine (Lonicera japonica
Thunb) from Penicillium spp.” This research aimed to Studies on Postharvest Loss in
Tangerine (Lonicera japonica Thunb) from Penicillium spp. The research was handled
between October 2014 and September 2016 at Chaingmai Province and Postharvest and
Processing Research and Development Division. This research was divided 2 parts: Frist was
study on the production of Tangerine from the orchard to the packinghouse. The result
show that postharvest losses of the orchard causes by many factors such as natural disaster,
harvesting and transportation. Moreover, the farmers against treated Tangerine trees with
antibiotic. Ampicillin and Amoxy were applied at 15 ¢/L of water by injected into the trees.
There is no postharvest loss caused by fungi on Tangerine fruits. Second, study on the losses
and identification of pathogens from the orchard to the packinghouse. Postharvest loss of
orchard was a main cause of packinghouse loss such as it was initiated the appeal of fruit rot
and the pathogens infection in open wound. This symptom was violently when the
Tangerine were storage for long time. In the conclusion, selection of Tangerine had wound
and was bruise after harvesting from tree. It was a protection of the appeal of fruit rot and
the pathogens infection of Tangerine storage in distribution of the customer. The causal
pathogens of Tangerine were Fusarium spp, Cladosporium sp., Aspergillus spp and
Penicillium spp. The result indicated that finding the activity of toxin production of

Aspersgillus spp and Penicillium spp. in Tangerine.



Second experiment is “Study on Flower Rusty Spots Contaminate of Curvularia sp.
In Dendrobium Hybrid Postharvest” Flower rusty spot caused by Curvularia eragrostidis is
the most important problem of Dendrobium orchids after harvest. Epidemic cause and
factor affecting epidemic was studied in 5 cultivar such as Den.Kho Jiranand, Den.White Fairy,
Den.Sonia ‘Jo Daeng’, Den.Sonia ‘Earsakul’. The study was carried out in 21 orchid farms of
4 provinces including Bangkok, Nakhon Pathom, Nonthaburi and Samut Sakhon, and
11 samples from flower market (Pakklong Talad) from June to July 2015. We found that the
major caused disease was C. eragrostidis from Nakhon Pathom farm accounting for 66.67%,
then Bangkok, Nonthaburi and Samut Sakhon, respectively. Furthermore, it was found in
weed accounting for 6.67% but not in planting material, water, and soil. Surprisingly,
antagonistic fungi called Trichoderma spp. was found in these materials for 73 isolates. Then
the 3 efficient isolates were selected to control disease both in vitro and in vivo. However,
we found no
C. eragrostidis from flower market, but we found other caused diseases such as Alternaria
sp., Colletotrichum sp., Fusarium sp., and Cladosporium sp., etc. The biological control of in
vitro test showed that T03 and T02 inhibited C. eragrostidis mycelium growth for 40.83 and
34.40% respectively at 30°C and filled PDA within 5 days whereas iprodione 50%WP showed
100% inhibition. The in vivo test showed that Trichoderma spp. isolate T03 had the most
efficiency to control disease in every temperature since disease percentage of Den. Kho
Jiranand kept at 20, 5, and 10°C was 0.35, 0.40, and 0.40 respectively comparing with control
and iprodione 50%WP at 0.85 and 0.20 at 5°C respectively.

The third experiment is “Guidelines for Contamination Control and Reduction of
Ochratoxin A in Chilli.” Ochratoxin A (OTA) is a toxin causing kidney cancer produced by
some species of fungi, e.g. Aspergillus flavus and A. niger. The contamination of OTA is often
found in feed and food including chilli. This research examined the situation of OTA
contamination in dried chilli from major production areas in Thailand and determined the
method to reduce OTA for enhancing food safety and quality. The data of dried chilli
productions were collected from 3 provinces (Nakhon Ratchasima, Ubon Ratchathani and
Chaiyaphum). Contaminated toxigenic fungi was observed by direct plate count method and
OTA concentrations were analyzed by fluorometry. OTA contaminations were detected in 42
of 87 samples (48.28%) with level between 0.1 and 9.8 pg/kg. The highest OTA amount was
detected in sample from Chaiyaphum province at 65 pg/kg. This concentration exceeds

maximum level of the European Union (15 pg/kg). A. niger was the major toxigenic fungi
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contaminated in dried chilli from Chaiyaphum province (44.91%), followed by A. flavus
32.45% and A. ochraceus 2.64%. Randomized Complete Block design was applied for 2
experiments of toxin reduction with
3 replications. Six groups of dried chilli were treated at 70 and 80°C for 30, 45 and 60-minute
OTA concentration of dried chilli treated at 80°C for 60 minutes decreased by 77.71%

comparing to non-treated chilli (control group).

The forth experiment is “Study on Control of Patulin Contamination in Agricultural
Commodities and Processing Products.” The inspection of fungal and fungal contamination
in agricultural commodities and processing products was conducted leading to be a
guideline for setting of control measure. The inspection was conducted at the postharvest
disease laboratory, Postharvest and Processing Products Research and Development Division,
Department of Agriculture, during the fiscal year 2558-2559. Twelve types of processed fruit
products, 338 samples in total, were detected for fungal contamination and 41 samples or
12.13 in percentage were contaminants. It was found that the dried Bael fruit (Aegle
marmelos (L.) Corréa) was most contaminated with fungi by 28 samples from 28 specimens,
or 100 in percentage. Although there was no patulin contamination in all dried Bael fruit’s
specimens but highly of fungal contamination revealed that there was risk of contamination
from the other mycotoxins. One hundred and ninety-two specimens of 15 species of the
importing fresh fruits pass through Chiang Saen checkpoint, Chiang Rai province was
collected, and resulted all specimens were contaminants by fungi. Twenty-eight samples of
dry fruit and fruit juices were tested by the laboratory of Central Laboratory (Thailand) there

was no patulin contamination.

The fifth experiment is “Study on Contamination Control of Fungi and Aflatoxin B,
in Pepper.” Study on contamination control of fungi and aflatoxin B; in pepper was to
reduce the risk of fungi and aflatoxin B; contamination. One hundred and seventy-four
samples of pepper product were tested in this study. The white pepper was contaminated
with Aspergillus flavus at 0.0-13.2%, but not found the fungi in white powder pepper. The
contamination of aflatoxin B; was analyzed by an enzyme-linked immunosorbent assay
(ELISA) technique. Aflatoxin B; contamination was detected in white pepper and white
powder pepper at
0.0- 16.2 and 0.0- 12.4 ug/kg, respectively. A. flavus content was found in black pepper with
7.1-8.0%, but not found in black powder pepper. Aflatoxin B; were detected in black pepper
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and black powder pepper at 0.0-18.5 and 6.4-59.1 pg/kg, respectively. The contaminations of
fungi and aflatoxin Bl in white pepper during the production processing, the highest A.
flavus was contaminated at 37% and aflatoxin B; was detected at 4.21 upg/kg in the
incubation process for 5 days. To produce black pepper, samples from sun dried process for
2 days was contamination with A. flavus at 3.0% and aflatoxin B; content at 5.78 pg/ke.
Thus, the recommendation for production of white pepper avoided the incubation in plastic
bag and should be dried by sun suddenly after removing the outer skin. Black pepper
production should be dried by sun after harvesting, use clean pad drying and avoided
placing pepper on ground directly. This method will reduce contamination of fungi and

aflatoxin By in pepper.

The sixth experiment is “Study on Fungal and Mycotoxins Contamination in Coffee
and Product.” Study on fungal and analysis of Ochratoxin A (OTA) and Aflatoxin B; (AFB;)
contamination in coffee that grown and consumed in Thailand. The purpose of this study was
to evaluate the situation of mycotoxin contamination in coffee bean and coffee product
during 2014 and 2016 cultivation seasons. Sixty samples, three types of coffee beans, dried
cherries, parchment coffee, green bean were collected from the farms and markets in
Chiangmai, Chiangrai, Mae Hong Son, Tak, Lampang, Chumphon and Ranong. Post-harvest
fungi were enumerated by direct plating whereas OTA and AFB; were analyzed by ELISA. The
result showed that coffee drying process had high percentage of Aspergillus toxigenic species,
100% belonging to Aspergillus niger, 14.93% belonging to A. ochraceus and 8.29% belonging
to
A. flavus. Among those contaminated samples, there were 6% of total samples contained
amount of AFB; higher than 20 microgram/kilogram (ppb) at maximum levels 63.10 ppb,
while 13% of total samples contained amount of OTA higher than 20 ppb at maximum levels
56.05 ppb. Fifty-four samples, three types of coffee products, roasted coffee, traditional
roasted coffee and instant coffee were analyzed for mycotoxins contamination by HPLC. The
results showed that three samples of coffee products were contaminated with AFB,, and the
samples were found to be positive AFB; for the first time in Thailand, although their levels

were low for consumer’s safety consumption.

The seventh experiment is “Study on the controlling of fungi and mycotoxin
contamination in fresh grape and product.” The contamination of fungi and ochratoxin A was

studied in grape product including 24, 7 and 14 samples from raisin, grape juice and wine,
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respectively. The black raisin imported from foreign countries was divided into 2 parts
packed in the box and distributed in a bag in Thailand. We found that 100% of Aspergillus
niger was contaminated in both box and bag and 60 and 50% of Eurotium sp. was
contaminated in both box and bag, respectively whereas the contamination of the black
raisin imported and packed in foreign countries was 50% of Eurotium sp. and then 25% of A.
niger and Penicillium sp. There was no contamination in golden raisin, grape juice and wine.
The ochratoxin
A contamination was inspected by ELISA. We found that the ochratoxin A in black raisin,
golden raisin, grape juice and wine was 2.13-23.33, 3.07-9.93, 1.53-4.63 and 1.87-4.83 pg/ke.,
respectively. Then we studied the contamination of fungi and ochratoxin A from orchard in 4
stages of growth development We found that the ochratoxin A of the first stage (30-40 days
after fruit set) and the second stage (60-70 days after fruit set) of every orchard was ranged
7.95-11.90 pg/ke. and Alternaria sp., Cladosporium sp. and A. aculeatus were also
contaminated in these stages. The ochratoxin A of the third stage (90-100 days after fruit set)
and the fourth stage (120 days after fruit set) of every orchard was ranged 2.90-20.3 pg/ks.
Moreover, we found that Penicillium sp., A. aculeatus and Alternaria sp. were also
contaminated in these stages. When we inspected the environment of planting field we
found that A. aculeatus and Penicillium sp. were high in soil and air. Therefore, the good

management from planting to harvest was important to reduce fungi and ochratoxin A.
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Abstract

The objective of activity “Microbial Contamination Agricultural commodities” are

studies on microbial contamination in processes and methodology of crop productions for
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the scientific information those capable used for setting up the guide line of postharvest
contamination control measure in production system. The activity consisting of 2

experiments.

The first experiment is “Studies on Postharvest Loss in Tangerine (Lonicera japonica
Thunb) from Penicillium spp.” This research aimed to Studies on Postharvest Loss in
Tangerine (Lonicera japonica Thunb) from Penicillium spp. The research was handled
between October 2014 and September 2016 at Chaingmai Province and Postharvest and
Processing Research and Development Division. This research was divided 2 parts: Frist was
study on the production of Tangerine from the orchard to the packinghouse. The result
show that postharvest losses of the orchard causes by many factors such as natural disaster,
harvesting and transportation. Moreover, the farmers against treated Tangerine trees with
antibiotic. Ampicillin and Amoxy were applied at 15 g¢/L of water by injected into the trees.
There is no postharvest loss caused by fungi on Tangerine fruits. Second, study on the losses
and identification of pathogens from the orchard to the packinghouse. Postharvest loss of
orchard was a main cause of packinghouse loss such as it was initiated the appeal of fruit rot
and the pathogens infection in open wound. This symptom was violently when the
Tangerine were storage for long time. In the conclusion, selection of Tangerine had wound
and was bruise after harvesting from tree. It was a protection of the appeal of fruit rot and
the pathogens infection of Tangerine storage in distribution of the customer. The causal
pathogens of Tangerine were Fusarium spp, Cladosporium sp., Aspergillus spp and
Penicillium spp. The result indicated that finding the activity of toxin production of

Aspersgillus spp and Penicillium spp. in Tangerine.

Second experiment is “Study on Flower Rusty Spots Contaminate of Curvularia sp. In
Dendrobium Hybrid Postharvest” Flower rusty spot caused by Curvularia eragrostidis is the
most important problem of Dendrobium orchids after harvest. Epidermic cause and factor
affecting epidermic was studied in 5 cultivar such as Den.Kho lJiranand, Den.White Fairy,
Den.Sonia ‘Jo Daeng’, Den.Sonia ‘Earsakul’. The study was carried out in 21 orchid farms of
4 provinces including Bangkok, Nakhon Pathom, Nonthaburi and Samut Sakhon, and 11
samples from flower market (Pakklong Talad) from June to July 2015. We found that the
major caused disease was C. eragrostidis from Nakhon Pathom farm accounting for 66.67%,
then Bangkok, Nonthaburi and Samut Sakhon, respectively. Furthermore, it was found in

weed accounting for 6.67% but not in planting material, water, and soil. Surprisingly,
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antagonistic fungi called Trichoderma spp. was found in these materials for 73 isolates. Then
the 3 efficient isolates were selected to control disease both in vitro and in vivo. However,
we found no
C. eragrostidis from flower market, but we found other caused diseases such as Alternaria
sp., Colletotrichum sp., Fusarium sp., and Cladosporium sp., etc. The biological control of in
vitro test showed that T03 and T02 inhibited C. eragrostidis mycelium growth for 40.83 and
34.40% respectively at 30°C and filled PDA within 5 days whereas iprodione 50%WP showed
100% inhibition. The in vivo test showed that Trichoderma spp. isolate T03 had the most
efficiency to control disease in every temperature since disease percentage of Den. Kho
Jiranand kept at 20, 5, and 10°C was 0.35, 0.40, and 0.40 respectively comparing with control
and iprodione 50%WP at 0.85 and 0.20 at 5°C respectively.
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ANA 27 wag 28 Snwazidulevendo Penicillium spp. UUKadUENEUNRLAUSNYT SosAsalTes

=
U 4 LU

P [ ¥ ¥ T ¥ 2 oo A = A =
AMNN 29 wag 30 anwazldulovunaguasNunUShYN SesAwaltud Wil 4 Whou waslaladues

& v e g &
L“UE]EWL‘VWJV]VLEJLL‘U‘U@UU@W%W?LﬁHQL%@



amit 31-36 dnvausdlaitoranemanelulssinussadehumsu i Tavdimsiiuie
awit 31 shauaveailesiuuagiisliuis 1 Aulutumeuiusius
At 32 shenuaveadafauasusethefus
At 33 MaiadeuiadsasaraewinuazBinedaiietestuden
AT 34 NSRRI TWIALYLIAKG
AW 35 M3UTTIANNFR MY 10 Alan3u

2NN 36 MsAusnuluiesdud 5 ssrmwaldea

35
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N1IMARIN 1.2 An¥IN13AIUANNISULIUBULYRSY Curvalaria sp. awwglsananyaatiunagld

anananenaInIsiuied
JPYLIANIUAY — duan U 54-56

1. Anwmsszuiavasesuvnvadlsananyaaia wazdadendaaiunisunsszuinluwvasan

wazuuasIienaieldananineg
1.1 uviasugn

WatAeg19lanNaNLeneane C. eragrostidis  wagiesuUnyaiemaiia tissue

transplanting U815 Potato Dextrose Agar (PDA) Tnewusail (nwewind 1)
JmdInaynIaas 5 wlas

- panndqeldiiuantennislsa wuldiesn C eragrostidis 3 wlas ndaeliiiuguasdu 2 wlas

waziuguawy 1 uas Aadudosas 60

o

- Yaguan Linul@esanmaudnudosuiing Trichoderma spp. (T01) 1 was 3101y
UYNIN7

=Y

- Juiiy Wnuwesawauaziesuindynutas anugseun unwn nszdls Anuds dn

nseds wasiisu

I inuATUgN 6 wlaq

6

- pennalgliuansenislse wuilwesn C eragrostidis 4 wlas nangliiiuginduay 1 wla

]

Wuguanlauns 1 watuaeiuguniau 2 wasdnilufosay 66.67

3

- Januan lnuwesanwsuazenufintnnuuas annuuens

Y 9

[
v A ‘IL 1 =

- oty TdnwuiesanmewaziiesufUnens 3 wlas :nua1Aunt Ausdnun fds nedeuas

Uaun
JWIAUUNYT 5 ulag

- pannagliuanse1nslse nues1 € eragrostidis 3 wias ndreldiugiadunsa 1 ulas

wazuguenlauns 2 ulasinduiosas 60

[y

- Januan lnuiesanwauazenuing nn1uten?

o '

- Joity ldnuldesianvauazwes U] Unens 5 ulas nueiaunt Auun Audnuwn InIN

o

UaL7189 UUUSIUEN Lazsad
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JMIANTANNUNIUAT 5 wUas

- pennangldinuanianislsa wuesn C eragrostidis 1 uwias nangliiiugunisdu 1 ulas An
Judewas 20

[y

- Januan linwuwesianvausanuieslilng Trichoderma spp. (T02 uag T03) 2 wias
IINNUNENINI

(%
A

- Juily wuldesn C eragrostidis 1 wiad anugfuun waslunu@esufinuvs 3 wlas a1n

NEYIAUUN LazUEIZTUN

uaﬂmmﬁﬂLLasﬁumﬂLLﬂaaUQﬂnﬂéf’;aﬂN Linuinderanmauazdesuiing udnuide
wuafidevatesiin Aranuansarie (pH) vesiildsadundreliluutasignynudasegias
s¥mi4 6.83-8.35 laeiegsTvfiwianunsiuou 15 via Suunidu 2 ndu fo Tuuau 5 ¥iin Téud
WegISaun neRun el une nguun nahauinun wazlunine 10 ala liun nszds Ads nUAs
50 nseda Taun BnTnss Uaifes dhunswden uazugsyiiun wudemauvelsaluga Tulvdl 8 lele
LN iﬁLLﬁL‘?}Jai’l Nigrospora sp., Fusarium sp., Scytalidium sp., Fusarium solani, Bipolaris sp.,
Nodulissporium sp., Drechshera holmii Wag Colletotrichum sp. o 9 lignusaduunla 58
loloan wazwulen C eragrosticlis 1 wasludainnganmumues anvgfuun 3197 1 uag
2)

- Joyaanmgiona@E.e.58) - anuuduinglueina (RH) Tuudasegviesening 25.70-65.9
- gaungdl (1) TuwUasegiasening 28.80-44.60 °C
1.2 unids31ming

NNsgunennaqeliann 11 dregrenkantonistisanenyeadutuniensewmeilin tissue
transplanting Uue1ws PDA liinuldesanvinlsanenqaaily C eragrosticlis WANUWOT @M LsANYRY
G]iﬁ’fu,ﬂ' Alternaria sp., Collectotrichum sp., Fusarium sp., Cladosporium sp. Wagliasdu ¢ 39U

15 lolwian Fadiordu o dhifivszavdnmnsdudenujindlumsmunuiesiamnlsanonymaty

)
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M58 1 YayansnTialenamelianenyaaiuatneenuaylundlelll Tanuan U Au A1 pH ves

W anududuinglueinia aamgil waivie Mnuwlasndeldanavesdanen Wiedseen

TudwianFamEmILAT UATUTH UMY Uarayvsanns

& Ya-ana fug  wwills) 01du@) aenuazlulse Tanugn fuilw  th @y pHin RH TCO)
a yaada (10"
Jmdnadymsanas
1 s¥ude Tavsen YU 15 15 Taiwu* muagnin” ngnswn  Twu binu 7.85  50.0039.10
2 vewa W3eyanta M5B 6 3 C. eragrostidis NULENG wegrAudnun ldwu ldwu 7.36  42.0039.70
QEETIR
3 e waeadng YIIEU 7 3 Talwu nunEng1 gy luwuldwu 7.6 56.7032.00
AnUaa
NEYIUALY
4 i Yunseoda Y1IEUI 10 2 C. eragrostidis Tl Wsu  ladwu liwu 7.85 53.00 36.30
5 fidla Batan M5B 10 4  C eragrostidis NULENGT gt lawu ldwu 7.8 50.00 37.00
{nnsed
ImIauATUH
1 welined 29finRRans venlawas 10 16 liwu  munewdnludguden wehdudnun luwu ldwu 7.3 48.90 35.50
dndwuy 10 2 C eragrostidis wejAUUN
ENiR
2 widUsY sfedd veulaups 20 2 C eragrostidis nunzndiludgufien nseds liwulainu 7.3 40.90 38.60
s YA 2 2 #da
REYIAUUN
3 sutes ousdsednd  amEuy 5 4 C eragrostidis Hau Tanudadis  dwu ldwu 6.83  25.70 44.60
4 f3ens lwdnuuy  aeEuu 15 5 C eragrostidis nunzgwindwEnuy  liwusite ldwu ldwu 7.5 71.00 39.30
voulawns 4 5 FIAY
5 audni 1n5a voulauas 40 1.7 Ty nzugnuNEndm ngdun  ldwu liwu 7.36 47.10 37.00
dun
6 S iBouile YIIEU 3 0.5 liwu  ngusmiuugnim linudofig - ldwulamu 7.2 35.80 38.10
JmIauunys
1 fwa do2edgaSes  wlunge 5 4 C eragrostidis nMutgni? nedun1  lainu linu 8.04  65.90 28.80
2 ygyun @ndan IS5 2 0.6 linu  munenin weduun i linu 709 60.70 29.60
3 180 dunsdsnsde  veulaums 4 3 C eragrostidis NULEN5T nedudnun linu ldwu 6,94 45.00 36.50
EMiaR
4 gl wesUseln vewlaums 5 3 C eragrostidis NMTUNENINM GGG lainw liwu 6,94 48.10 36.40
nEYIAUNT
5 dgd wesUseln vEuy 7 0.7 Tiwu  munendn Yaiites lainu liwu 7,55 48.60 39.10
s
FMIANFUNNUNILAT
1 lau gdel vorlawns 5 3 Tiwu  mungndn neduun  linu ldwu 7.32 42,50 39.00
2 g yded vorlauns 7 3 Tiwu  mungndn neduun  linu ldwu 7.36 38.30 40.30
3 anadand lolany w58 18 4 C eragrostidis NMULENS™T lawudeite  lawu liwu 7.03 42,00 41.40
4 @y auudy 1Beana 6 3 Tiwu  mungndn Tiwutwiiy liwu liwu 712 48.60 35.60
5 gegnd ydd vedlauns 7 3 linu  munenin ugsvdun  laiwu liwu 855 47,50 35.70
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NUELIAG)
- 9
* Taiwu vanede ldnud@esawvelsanenyeatiy C eragrostidis
1/ % = 3 Aoy w v
W1 vangfiahnldsesundieldlunuasgn

2/ v & P Y A
AUNEN51I3BLU Uuneian uznsiselu

M19197 2 IWIUAIBE Wesawnuazites U inuiuenlanneenndield Juily uazTanuanain

uwiaaUgnuiasunasdminendielyl (Rewdl.u.-n.n.2558)

uvdaUgn/unasng 1UUA0E19 (A29819) Wosaumn  @erwfing

nannaylil YN fj’ﬁqﬂgn C. eragrostidis  Trichoderma spp.
uAIUsU 6 20 8 4 0
AN, 2 12 7 1 2
WUUNYT 7 14 5 3 0
qUNTEAAT 14 20 9 3 1
UnAaesnang 34 - - 0 0
33 63 66 29 11 3

2. Anwnsmuaaniiesamng lsanangaatandieldanannelaedisuuamnsiaeaia PDA

a

2.1. Andieniios1uiny d1uiu 73 lelwian Mueniweldanaennaiglil Tuivuazianuan

a

Mnudasdgnndiglsl wuldesn Trichoderma spp. Afiuszansnnle 3 lelwan Ae TO1 T02 T03

2.2 mmaauﬂszﬁm’%mwﬁamﬂﬁﬁﬂﬁ&iamsé’qg’qmm%ayumLé’ﬂ&%@iﬂ C. eragrostidis wuin
Ls‘gaimﬁ{]ﬂﬁ Trichoderma spp. lolwian T03 uaz T02 fuszansamnstiuduaasdosay 40.83
uay 34.40 Auddy Tigumgl 30 °C annsaisuivlnequitudulodesamalsaldnielu 5 Yu
MERINILTe F90135m] iWleuna (2550) wuintesn Trichoderma spp. annsadiudaduloos
Curvularia eragrostidis anwvglsanenynaily (Flower rusty spot) menndlgldananinglusedu
Weamnastwazulamaasdldnamifieuiiunisldased Wewisusuaisnd iprodione 500%WP 3
Wesidusnisdudild 100 Woesifudtnmd 1 uazaedl 3) denndesiuadisni uavamy (2554)
wuinnsldansiadl iprodione  50%WP  anusnsfiuusitlunannanunsadudatiosn cunularia

eragrostidis anwglsalulydivesiauindulangaluesufininig
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[
a Aa IS

A197199 3 UsEANSA NI Trichoderma spp. T02 ,T03 dan1sdudanisiaseaulavesiduly 1

a

91 C. eragrostidis U1481%13 PDA ﬁqmmu 10 20 30 uaz 40°C Juian 3 uay 53

Y

% inhibition
treatment
3 days 5 days

temperature(°C) 10 20 30 10 20 30
T02 -3.70 16.39 18.42 22.66 31.57 34.40
T03 7.20 15.67 34.01 26.36 36.43 40.83
C. eragrostidiis - 0 0 0 0 0
iprodione 50%WP 100 100 100 100 100 100

newe: Mgl 40°C WesUUny Trichoderma spp. wagiios a1 C. eragrostidis liazayiiuln

30°C 40°C iprodione 50%WP

AA 1 NMsvegeulsEaNsAINNSEugInIsasRulaveesIame C eragrostidis A8L057

Ui Trichoderma spp.(T03) wagansuAll iprodione 50%WP ﬁqmﬁqﬁ 10 20 30 way

40°C 1Wutan 5 Ju

3. Anwmduaulsanengaatiuuunanndqeliidnaninelaeyais

WUl Ngaungll 5 °C arsadliiuseaninmananinlin 0.20% 83a%n T03 waz T02 Lin

15A 0.40% Wag 0.45% mua1suilawieuiugarualialsa 0.75%
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Ngunll 10 °C T03 TUszaANSAnANaninlsn 0.40% 583831 1T03 TO2 uaransiailiialsn

Y 9

o A

0.60% WiriudlaiguiuganIuauialsa 0.80%
Mgaunail 20 °)C T03 iAnlsAtiaeiian 0.35% 8N 7 T02 uazarsiall \ialsa 0.50% uag

0.55% puaRuLilaLguAuYAAIUAILAALSA 0.85% (AMT12 kALANT1NT 4)

M15197 4 Usgansnmwentesn Trichoderma spp. lelaan T02 uag T03 Tun1smiuaun1siinlse

a

nenyeadundeliananineiugunauiu igumall 5 10 waz 20°C Juaan 10 fu

Y

Temperature (°C)

treatment
5 10 20
T02 0.45abc” 0.60abc 0.50abc
T03 0.40ab 0.40ab 0.35b
iprodione 50%WP 0.20a 0.60abc 0.55abc
C. eragrostidis 0.75abcd 0.80abcd 0.85abcd

cv. (%) = 124.04

" Means followed by same letters in columns are not significantly different by DMRT (P< 0.05)

iprodione 509%WP 5°C 5°C 10°C
— A _/ — _
' ' gl
Control TO2 TO3

A 2 UszdnSamnisduganissydivlavesitasnaime C eragrostidis Mmeasufing

a

Trichoderma spp. lolwian T02 LagT03 ﬁqmmu 5 10 war20 °C tJuran 10 Yu

Y
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ayunansIveLasdaLauaLuL

n1snaaei 1.1 Anw1dsaduauanadensiiinainidie Penicillium spp. wasnisiiuiealy

Wynsznady

Lanudsmeluidasignadiulngiinainnisnssunnvedna desssuyiatuilag n1s
UftAnsiAuiisanasmsvudaandn  drunsaiunulsaluntas Téud Tsanduds inwmsnseuan
vsTeIMIsLazdnwduduensldeUTiue Fudu Feansinisnvinanndsesnislden
UfTurlunaduiiionnudasafovesiiuslnaseld

2. enudeniglunszurunisnanlulssdnussyaiulng Wuemnudemenianienin leun
311 Madauauss Wusemanaademennuiasan dwaliAsnsdifenisuide was
Hoanumalsadvhanenisuausaniesost ety e1nsarsuusafiuanntundniniuined
ey fadu asfimsdausnednnaiiAnuisunauarsentn Wiletasfunisidemeainiteayg
Tspsgminmaiusnvindanaiiiosesmingliruguslaa

3. Wendnianenaduanaunddlunszuiunsudnlulssdnussy awn We Fusarium spp. Wu
17NN 90% LLazL%i’lmmGﬂiﬂ%u 5| Ain Cladosporium sp., Aspergillus spp wag Penicillium
spp. AIHU AISHNSANBIANNENILNTRIUNNTES 9T YN Asperdillus spp wag Penicillium

spp. Ainulunaduaneuis ielddudeyaninuasndouniuslansely

N1IMARR9N 1.2 AnwIN1sAuANN1SULIUBULYRSY Curvalaria sp. awwglsananyaatiunagld

anavanenansiiuien

1. nsszuIaveieavnadlsaneninaty azdadendaasunisunsseuinluwndalan
naaglillien1sdseonan 5 Jandn 91U 21 wUas wWuwwesn C. eragrostidis 31U 11 udas Tu
nonnaeliignuaniugu 5 Bu UanlawAg Y1aUY ndyun waziadung Andudesay 52.38%
Tanuan wuesUiing Trichoderma spp. 2 lolaian laun T02 uag T03 210 2 wlasludawin

z-:’{l g a L% 1 1 4’{/ d’lj a '3 1 r-glj a a
NFNNNTILAT wenanHwaAunnfegtlinuleTanuazites U ing uinuweuuafisy
VGRELG %aﬁ’]m%mﬁuﬂé”sslﬂuLLiJaaiJQﬂmﬁmmﬁmﬂimw (pH)eg Y9581 6.83-8.35 WU
Jasiiy $ruau 15 via Swunidu 2 ngu fe Tuwau 5 vdia Teua neirsaun wemun wgiunn wejn
=] = 5% v a ¥ [ I3 o =¢ [ [ a s [y Ly v a o =
Auun v Rudnun waglundng 10 vlia laun nzule 1ds AnUSe WSy naeds Jeun Indss Jaiiles
y iy P ¥ Y . ,
UIUNTENR wazNeszUun nuwesianuelsalugn lulug 8 lelewan launesn Nigrospora  sp,,
Fusarium sp., Scytalidium sp., Fusarium solani, Bipolaris sp., Nodulissporium sp., Drechshera

holmii waz Colletotrichum sp. wagwusas1uiing Trichoderma spp. 1 lolaian lewA T01 210

weRuunLazinasdvinglneaematn 1 wis ndaelifanavmegnaandiuan 11 deee linuges



43

auvnlsanenyaaili C. eragrostidis Wanulesianvgliaiydu q 911U 5 ¥ia anmgiiennie

AuUFInSTuulaIegYIeening 25.70-65.9 uargaunilluiuaegyiasening 28.80-44.60 °C

2. nageulszdvsmmiesiuUnusionsdeginssguendulawosn C  eragrostidis wuin
Wos1Uine Trichoderma spp. lelwian T02 waz T03 Silesiduimsiuduadseiosas 40.83 uay
34.40 Muay Noamll 30 °C awsasyivlarguiuiduledesianvelsalaniely 5 Tu

na9INae Welileuiuaisiad iprodione 50%WP fiusgansniwnisdudala 1009%

3. auAulsananyeatiuuunenndlgliiananinelae®ads wuin WesUlng Trichoderma
spp.lolatan T03 Winlsatieeitgannammgil Ineaamgil 20 5 war 10°C 1AnlsA 0.35% 0.40% uax
0.40 % ANUEIAU UazYAAIUANLAALSA 0.85 % Llelilguriu @15uAll iprodione 50 % WP gaungil

5 °C JUseansnmanasinlsa 0.20%

q
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2 AanssunN1sULUauasNEINNa s TUNAANANEATWEINITIAULNEY?

2 Mycotoxin Contamination of Agricultural commodities

WANAINTIU
UNENANT DAAYENTENA
AdARY
ﬂ?iﬂ‘uﬁ’]@u msﬁmwm%asw NARNALNEAS
Mycotoxin, Contamination, Agriculture, commodities
UNANED

a & a & a [ [ = N o ¢ =
ﬂﬁ]ﬂi’iiﬂﬂ’]iﬂum@ua’]iwwﬁﬂﬂL?I@iﬂuma(ﬂ&laLﬂ@@l’iﬂaﬂﬂ’ﬁm‘ULﬂﬂ’J NUWQU?S&QQLW@ ANY

v

nsvulaugdunidiiaiansiivearansivanideslunssuiuniswagisnsuaaielvladeyans
IngeansnanunsaldimuawuInianisavaunsvueulussuunds Aanssulivsenauniy 5

A15NAABY AU

d‘ d’l 2 a a
MINARBIN 2.1 kuInnsauANnsULleuaznsanUsuaanslonsmeandu ta Tunin

(3 £
v A

nudTpiladrmaanunisalinstuideuninuislulsziva Lazriisnisanusunaaislensmendu
1o lowamnAuamednusiliiianudasnde Tnsidudeyaisnisuanndnusidly 3 Sanva
(uass1vENN quaTiwenll wardegd) veaeunsulewdenfiarvansiwluninuia 1e38 direct
plate count wardaszsinstudeuanslonsimendu 1 #1838 fluorometry nuIr1NWIAWTEY
$1u9u 87 dhegns Snstuiteuanslensmendu 1o 0.1-9.8 ug/ke U 42 AI9Y1S (48.28 %)
wariifies 1 shegrefinuanslonsmendu 1o g9 65 pg/kg 6750Lﬁummmgmﬁmquiiﬂﬁmum (15
pg/ke)  lagsagaindainindugi nunsvudeuarsiensmendu e g9 fnsuuitoudon
A. niger mﬂ'ﬁq@ 44.91% iaqaqmﬁm%@iw A. flavus 32.45% Way A. ochraceus 2.64% MagdU

Y v

TBNTanUSIMETIeATMENTY 18 TUNSNLEIRI8fauaNTau 1UHUNITNARBNLUY Randomized

a

Complete Block (RCB) %11 2 nMsnaaed figaumigil 70 uag 80 erwalded 311U 3 91 lagniseu

AILALTOULIUY 30, 45 WAz 60 WIH WU NTBUTRMUNQN 80 BIFWALTYA UU 60 U anUIuI

a1518ATIMBNTU Lo NYAAIUAN (WSnuienliisinunisev) launnian 77.71%

N15NAGRI 2.2 AnwuuInen1sAIuANMsULlouasiiy patulin lundnnauaznEnioue

nens  linmvgeunisvuidewdesuaransiivanideslundanainunsuazningd aeiudsguiiveld
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Huwumnslumsauay lddudunisluesujuinislsafiundanisifiuiien nesidouagimu
Ingimsudsmsifiviisiuazuusgundnaainuns lulsuussanm wa. 2558-2559 Tngyinnnsg
m’maaumiﬂuLﬁaul,%aiﬂuwalﬁwigﬂ 12 yiandndase 93 338 Faogs nunsUueuwido
a1 $oge Amdu 12.13 % Tasnuiweguuisdinmstudoudesuiniign fAewu 28 fegs 91
S1uauineghs 28 fhegne Andiu 100 % wiezlinunsludleuansiiv patulin usenafiaruides
fazuudouasivarndesuiindu mafuiedemaldaniidiandussafindswau St
Weese 930 15 willa 91uaU 192 fIegna WUﬂWiUuLﬂyauLf‘gaiﬂuﬂqﬂ&f’;aai’m T EOMIE CERUEEGE
ansfiy patulin wagnsnsraaeumsuidlouasiiy patulin fegreudnsusidaaliuasnaliusgy
saaviavan 28 §regns TaeesufiRnas U3 esfiRnisnars Wszimalne) nuinliinng

Yuidouansiiy patulin

MINAaesd 2.3 mimuamwwuﬁjammL%uaiwLLazmiﬁHLwWamaﬂ%u U1 Tunanan
w3nlne lﬁﬁmenﬁﬂmLmeamsmuaumsﬂuﬁlawﬁamLLazmsLLaWamaﬂ%u U1 Tunandn
wsnlne é’m%’umiﬂﬁﬁ’aLﬁaammﬂmﬁaﬂumiﬂuL%Jaw??aswLLazmsLLanwaﬂ%u U1 m579d0Uns
Judoudeslngds Direct plating waziasizharsueriamendu 01 #2635 Enzyme-linked
immunosorbent assay (ELISA) Tushegnesndnlnendeuuilannndudiluiasaininensng 5ou
174 fhoege numsvuideurenies A flavus Tudegrandnlnevnada U 0-13.2% ualinu
nsvudoureadesilunsnlnewnndu msvuiteuaswenamendu 91 Tundnlvevideny
0.0-16.2 Talasnfusenlandy wanlnevnduny 0.0-12.4 lilpsndusedlansy  nisuuiou A
flavus Tundnlvesugiany 7.1-8.0% uslinunstudeuveadesluninlvesidy nmsuudleuans
worlamendu U1 Tunsnlnedndianulsunu 0.0-18.5 lulasnsudenlandy wsalnamduny 6.4 -
59.1 lailnsn3usionlandy drunsuudeulussrinansyuiunsudn wuin wenlnewnildanduney
nsusinfiszezinan 15 Yu imsvudeurentesuazarsuonamendu § 1 gean aewu A flavus
$M0U 37% wazwuasweamendu 9 1 Usina 4.21 lulasniusenlandy drunisuuiouvesde
lunsnlngd wu A flavus 91w 3% USinasansuenaimendu U1 gega 5.78 lulasniuse
Alanty lushegrandnlngsitldandunaunisanuisieuinisin feafulunisnanndnlnesinns
wanideamsviinlugmanainuielunisusle qfnnu uazmsmniiuiindstuneunisdingrafiown
druldoneon nswanninlnes AsAInTUTndsnsIAULRe Isgi'aﬂsaqmﬂﬁazmﬂ ATNUUATUAN
w'%amﬂuuﬁuﬁaﬂ%{uqqmﬂﬁuau wazniunasnansnlnglilesunaunnog1sie wwameanan

zwantandlunsuulsureutaswazaiswanaimenduadtunsnineasle

a = 4 & a & a o ey
ANTNAaRNN 2.4 ﬂﬂi‘f}qﬂqi‘UULU@umaﬂLﬁﬂai"lLLagaqi‘WUf\nﬂLGEJ'EJiqALUﬂ']LLWLLa%Na@ﬂm‘Vl VL@

Anwn13Uu Ut ta Az IAsIERaNslenTIMeNTY 1o tazikenaimendu U1 Tuwdaniunias

(% ¢

NANAUNNNARTUUSENATENINT WA 2557-2559 wWinlvnsiuaniunisain1suuilauuedinsiay
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arsfivluniun Ineguiiudiegiainudasvesnensnsuasnandusianumasdieluiunidmia
Weelvyd Weesny wlgesaau a1n §1U19 YUNS wagseuas Usenaumeiiog 1anawnia n1unngan
wazn WAy 313U 60 Fe81e nsraturliaesiluwdaniwiiufieglunssuiunisndnlngds

. . a (3 a LY 1 1 ad a 3 1 =3 a o
Direct plating uazdins1gsiansiiuluiieg19iieds ELISA Nan130s3adasIeinudnuaanunaull

£%
aaa o o ! U

msUuouansfiy OTA gand1 20 ART S1uau 8 dreg1e (13%wesfogneionun) nuliinmnis
Juifougan 56.05 AT wazwunisUwteuansfiv AFB, gandn 20 S $1uu 4 Faoes (6%vas
fegnarianun) wuuimauiougsga 63.10 #R0 wan1slinseieiades wuusinades
Aspergillus niger fia¥19ansfiw OTA 1ade 100% uaz A ochraceus \aae 14.93% waziesiiadns
aNSUAFB, NUlen A flavustade 8.29% lugasmsvsinuazanuifanusnniian 4 910 5 undsudn
Turazfinisiiasesiansfiuieds HPLC ludeganuniuazadndnst 4 viin fie Mun Tusia
uardiSagy S1uan 56 Feg nanTiATIeiaIsRY OTA nudmndegenntlinunisuieu
vesansiy Tuvazdinunisuudeuresansivars, $1uau 3910 56 faeg1adslidiiuAanasgiu
Umnaumsuuteugaaniiy 4.37 #i0 manmadevianddiifiuinaniunsainsuudeuasiie

MNFDIIUNMBINUNSULUUaNS R LazUanndgman1suslaeg

N15NAaRI 2.5 AnwiAruAunsUulauvestiosuarasiyIINwesTuNanNaaJuUsIaA

anuasnanduanulszuainedu tAnwinisvuleuvaudesuazaisionsmendu o lundndoe
1 Y 1 CY) 1 901 | L% 1 6 LY 1 1 a o
WUs3UMNB{U ANFIRE9aNNA 24 f1a819 Weu 7 feege wazlild 14 dege wudgninaden
Undandslsemariinussgasnasslulssmalnawaziuudnuuanis wunisuulouvesiias
A. niger 100% Y\Y&DIUY T8RS Eurotium sp. 60% Uag 50% drugninadaindnuwazussgly
AeUsEne nuNISUNURUYeNYesT Eurotium  sp. 1 INWdn 50% 04a911ABLYRTY A, niger Uag
Penicillium sp. 25% gninadivaied Uiadu wazlil linunsvuideuveates Wensivaauns
Juiowvasansleasmendu 1 Iaeg35 ELISA wunisyuiauanslensmendu 1o lugninadai gning
dwmdes dredu wazlid AUsuuaislensmendu 1o Anaduegsening 2.13-11.83, 3.07-9.13,
1.53-4.63 uaz 1.87-4.83 lulasniu/Alansu suaisu nasainturiinisfineinisvuiloussadas
Laza13lonTmMeNdu 1o 1nat Tu 4 szeen1slasyiiule nudtedussesh 1 (Masdiana 30-40 Ju)
‘:1' U a o a |a a ! = | ]

wag 289 2 (MawaAng 60-70 1U) VBIVINEIU HUSIaa19loATIMENTU 19 g9 ANRAYBYTTNINY
7.95-119.0 lulasnsu/Alansu wunisuuiouwesitins) Altemaria sp., Cladosporium sp. Way
A. aculeatus d@adussesil 3 (MAIAANA 90-100 Tu) Uavszesdl 4 (MAsHANA 120 Ju) voannau
fUsunuanslonsmendu 1o AadgagsEning 2.90-20.3 lulasnsu/Alansu nunisuuilouresie
31Penicillium sp., A. aculeatus Wag Alternaria sp. LﬁaﬁwmsmwamwLL’mé’aﬂuLLanQﬂ Ny
dﬁl . . . B dl a U gj = U dld
\We31 A aculeatus wag Penicillium sp. Usunaufigslufiunazeinia aelualsiissuun1sdnnisie

sauduUanauiianiuifes Weannsuulouveddesaraislonsmendu 1o



47

Abstract

The objective of activity “Mycotoxin Contamination of Agricultural commodities”
are studies on contamination of mycotoxin producing fungi and mycotoxins in processes and
methodology of crop productions for the scientific information those capable used for
setting up the guide line of postharvest contamination control measure in production

system. The activity consisting of 5 experiments.

The first experiment is “Guidelines for Contamination Control and Reduction of
Ochratoxin A in Chilli.” Ochratoxin A (OTA) is a toxin causing kidney cancer produced by
some species of fungi, e.g. Aspergillus flavus and A. niger. The contamination of OTA is often
found in feed and food including chilli. This research examined the situation of OTA
contamination in dried chilli from major production areas in Thailand and determined the
method to reduce OTA for enhancing food safety and quality. The data of dried chilli
productions were collected from 3 provinces (Nakhon Ratchasima, Ubon Ratchathani and
Chaiyaphum). Contaminated toxigenic fungi was observed by direct plate count method and
OTA concentrations were analyzed by fluorometry. OTA contaminations were detected in 42
of 87 samples (48.28%) with level between 0.1 and 9.8 pg/ke. The highest OTA amount was
detected in sample from Chaiyaphum province at 65 pg/kg. This concentration exceeds
maximum level of the European Union (15 pg/kg). A. niger was the major toxigenic fungi
contaminated in dried chilli from Chaiyaphum province (44.91%), followed by A. flavus
32.45% and A. ochraceus 2.64%. Randomized Complete Block design was applied for 2
experiments of toxin reduction with
3 replications. Six groups of dried chilli were treated at 70 and 80°C for 30, 45 and 60-minute
OTA concentration of dried chilli treated at 80°C for 60 minutes decreased by 77.71%

comparing to non-treated chilli (control group).

The second experiment is “Study on Control of Patulin Contamination in Agricultural
Commodities and Processing Products.” The inspection of fungal and fungal contamination
in agricultural commodities and processing products was conducted leading to be a
guideline for setting of control measure. The inspection was conducted at the postharvest
disease laboratory, Postharvest and Processing Products Research and Development Division,
Department of Agriculture, during the fiscal year 2558-2559. Twelve types of processed fruit

products, 338 samples in total, were detected for fungal contamination and 41 samples or



48

12.13 in percentage were contaminants. It was found that the dried Bael fruit (Aegle
marmelos (L.) Corréa) was most contaminated with fungi by 28 samples from 28 specimens,
or 100 in percentage. Although there was no patulin contamination in all dried Bael fruit’s
specimens but highly of fungal contamination revealed that there was risk of contamination
from the other mycotoxins. One hundred and ninety-two specimens of 15 species of the
importing fresh fruits pass through Chiang Saen checkpoint, Chiang Rai province was
collected, and resulted all specimens were contaminants by fungi. Twenty-eight samples of
dry fruit and fruit juices were tested by the laboratory of Central Laboratory (Thailand) there

was no patulin contamination.

The third experiment is “Study on Contamination Control of Fungi and Aflatoxin By in
Pepper.” Study on contamination control of fungi and aflatoxin B, in pepper was to reduce
the risk of fungi and aflatoxin B; contamination. One hundred and seventy-four samples of
pepper product were tested in this study. The white pepper was contaminated with
Aspergillus flavus at 0.0-13.2%, but not found the fungi in white powder pepper. The
contamination of aflatoxin B; was analyzed by an enzyme-linked immunosorbent assay
(ELISA) technique. Aflatoxin B; contamination was detected in white pepper and white
powder pepper at
0.0- 16.2 and 0.0- 12.4 ug/kg, respectively. A. flavus content was found in black pepper with
7.1-8.0%, but not found in black powder pepper. Aflatoxin B; were detected in black pepper
and black powder pepper at 0.0-18.5 and 6.4-59.1 ug/kg, respectively. The contaminations of
fungi and aflatoxin Bl in white pepper during the production processing, the highest A.
flavus was contaminated at 37% and aflatoxin B; was detected at 4.21 pg/kg in the
incubation process for 5 days. To produce black pepper, samples from sun dried process for
2 days was contamination with A. flavus at 3.0% and aflatoxin B; content at 5.78 pg/ks.
Thus, the recommendation for production of white pepper avoided the incubation in plastic
bag and should be dried by sun suddenly after removing the outer skin. Black pepper
production should be dried by sun after harvesting, use clean pad drying and avoided
placing pepper on ground directly. This method will reduce contamination of funsgi and

aflatoxin By in pepper.

The forth experiment is “Study on Fungal and Mycotoxins Contamination in Coffee
and Product.” Study on fungal and analysis of Ochratoxin A (OTA) and Aflatoxin B; (AFB;)

contamination in coffee that grown and consumed in Thailand. The purpose of this study was
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to evaluate the situation of mycotoxin contamination in coffee bean and coffee product
during 2014 and 2016 cultivation seasons. Sixty samples, three types of coffee beans, dried
cherries, parchment coffee, green bean were collected from the farms and markets in
Chiangmai, Chiangrai, Mae Hong Son, Tak, Lampang, Chumphon and Ranong. Post-harvest
fungi were enumerated by direct plating whereas OTA and AFB; were analyzed by ELISA. The
result showed that coffee drying process had high percentage of Aspergillus toxigenic species,
100% belonging to Aspergillus niger, 14.93% belonging to A. ochraceus and 8.29% belonging
to

A. flavus. Among those contaminated samples, there were 6% of total samples contained
amount of AFB; higher than 20 microgram/kilogram (ppb) at maximum levels 63.10 ppb,
while 13% of total samples contained amount of OTA higher than 20 ppb at maximum levels
56.05 ppb. Fifty-four samples, three types of coffee products, roasted coffee, traditional
roasted coffee and instant coffee were analyzed for mycotoxins contamination by HPLC. The
results showed that three samples of coffee products were contaminated with AFB;, and the
samples were found to be positive AFB; for the first time in Thailand, although their levels

were low for consumer’s safety consumption.

The fifth experiment is “Study on the controlling of fungi and mycotoxin contamination
in fresh grape and product.” The contamination of fungi and ochratoxin A was studied in
grape product including 24, 7 and 14 samples from raisin, grape juice and wine, respectively.
The black raisin imported from foreign countries was divided into 2 parts packed in the box
and distributed in a bag in Thailand. We found that 100% of Aspergillus niger was
contaminated in both box and bag and 60 and 50% of Eurotium sp. was contaminated in
both box and bag, respectively whereas the contamination of the black raisin imported and
packed in foreign countries was 50% of Eurotium sp.and then 25% of A. niger and
Penicillium sp. There was no contamination in golden raisin, grape juice and wine. The
ochratoxin A contamination was inspected by ELISA. We found that the ochratoxin A in black
raisin, golden raisin, grape juice and wine was 2.13-23.33, 3.07-9.93, 1.53-4.63 and 1.87-4.83
pe/kg., respectively. Then we studied the contamination of fungi and ochratoxin A from
orchard in 4 stages of growth development We found that the ochratoxin A of the first stage
(30-40 days after fruit set) and the second stage (60-70 days after fruit set) of every orchard
was ranged 7.95-11.90 pg/ke. and Alternaria sp., Cladosporium sp. and A. aculeatus were

also contaminated in these stages. The ochratoxin A of the third stage (90-100 days after
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fruit set) and the fourth stage (120 days after fruit set) of every orchard was ranged 2.90-20.3
ug/kg. Moreover, we found that Penicillium sp., A. aculeatus and Alternaria sp. were also
contaminated in these stages. When we inspected the environment of planting field we
found that A. aculeatus and Penicillium sp. were high in soil and air. Therefore, the good

management from planting to harvest was important to reduce fungi and ochratoxin A.
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ANIANNUANTDAND19DY

ANTLIUUIINATNAGDY

Op

Fudunsfuramsnidiuren1sileuuuszninrsnds wasAveaiesujifnse

ANLDEIULLINTFIUNANISLDITININLUR

3. nMsaaUSunuaslansmandu 1o Tuwsn
nadauTsn1sanUTuaanstensmendu ta lunin laglddouausou 11aunun1snaaes
WUU RCB 1 2 nMsvaaes 71 2 il Ae 70 uaz 80 asrnaalliea Uiy 3 91 lagiingsuds sl
axal Y Y] =
N35U59 1 oumezaNdou Ul 30 W
axal Y Y] =
N335 2 oumzaNsou U 45 Wi
NITUARN 3 DUMBaNTOU U 60 W
Qeld' () 1% b4
N33335% 4 laiiuniseumieausou (YaaiunL)
Fansnunsdingas 100 nfu ldonm wdnhlveumsanioununssuisnng o waztiingn
% dl ] aa | ¥ ¥ = o U 1 a2 %’ a U £ 1 ]
WAITIRIUATINABANY 9 Laanualiaztdun dluTnarusinanindase Lazanndieg elagau Ochra
test affinity column Lien333ATIYUSINMANTloATIMENTY 1o AI8TT fluorometry Jufinteoya
USunauaislensmendu 1o wagAuanlesidudnisanaswesuSunuaisleasmendu 1o lnenns

AUIUINGAS
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% M3anAsURIUIINAEIS OTA = (USunad OTA nnyaAluAs - USuias OTAInd78E19) x 100

U3u1ae OTA 1nYAAIUAY

(Y (4

N1INAARN 2.2 An¥IMUININITAVANAITULIYRUAITAY patulin - Tunfnnauasnnsimue

YN
JPULIANIUAY — duan U 58-59

nsAnwINIIAIUANNSUMUBED AN patulin wazn1sUuUeu patulin Tunaldanyi

Pudazadanlulseme wasnande asnenaanidu 2 Junaunan o

1%
[y [

1. Anwnmsuuioulundnnanasnan i tneldunausall

1.1 uieduardeyanisuuleulunaldanwazndndoueiuusgy  Wmald  waskaldl

BULIY) NUNAWe 9 Tngduiinanuy unaanun guan

1.2 Wshethwmaliiaauavnaliiouuiminde 1.1 yvhmsasinaeunmsiudeudosiaing
patulin A835 Direct plating method ImaﬁwduﬁaaéwﬁlﬁmﬂL.ma'wi'm q wndaduturm 05 x
0.5 @y, wdnsaduaudsadefitiomsidoates DG18 udUMTewIL 14 fu SErinensUude
5’\‘1Lﬂﬁ]ﬂ’]iﬂjw%@%@ﬁL%@i’]%’]ﬂWUL%’E]iW Penicillium spp. IﬁﬁuﬁﬂwaLLazﬁ’]ﬂ’]iLLEJﬂL%@i’]U%Ele:ﬁgI@EJ

o & & & < v o a &
UULALIVUDINTLABLYBIN Potato dextrose agar Lﬂ‘Ul’JLWE]’%]’]LLUWUUWU@QL‘U@T]

1.3 1seg1anasnaliisuwiimaziinaldl 71 28 @1981997nde 1.1 dansiadeuansiy
patulin MU INIFIUAINAVRY AOAC (AOAC Official Method 2000.02 Patulin in Clear and

o v

Cloudy Apple Juices and Apple Puree) fiviosUfjufin1s us¥m wesuuRnisnans (Ussmelne)

2. Anwin1smIuAuNTUUUeuaLT01Mase patulin 1agda3s

21 dadenitonuailsenlaainnimeaes  “mslduuaiiSeRuniuaunIsasyvente
Aspergillus flavus wazduginisasisasionamengulundnuainuns” ﬁ']mmaaumimwm%

31 Penicillium spp. NuenlAan@Ieg 1 nannalazNanium
2.2 MmsnegeuismsmuannsUudeauluseauiesujunns
a I3 N a .
2.2.1 w38uaaluAnIglyiuasy (cell suspension)

dFeuuaiiiieaeduomsimial NB 11 centrifuge 1A113L57 12,000 Seumau? Uy 15
U AadnEnauAlstiNNaugYaLAasTuIeedn 2 ASe LAVAIURZNDUARAR8INAUTIEN
Wo wazUSuanuduturauwadwuaiiselilaal OD Windu 0.2 ArNNeAaY 600 UNLULIAS

8 6 1 =% a
(1x10 \waasalaans)
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2.2.2 mMawssualesuuiuasy (spore suspension) U8B Penicillium spp.

Geute31 Penicillium spp. Tuemns PDA Uufigamgiivies uvian 14 Ju thaveslunan

a

Y A X [ vy o s 6 5 aa
Tuthnauran tween 20 NHsgaou dualaslviidnuiuaUes 1x10° avssnoliaadns
2.2.3 NMIaaeulzanSAIWNISEUEINISI93QY 0T8T Penicillium spp.

vnaeuUsransamnsdudutes 1ne38 dual culture luems PDA+NA viemaves
WIUABEYRNTET  Penicillium spp. Usums 5 lulaséng ASINANIUABITE LaTeATad
wuAiSeuiuasy 5 lilAsAns ¥e9nueuI LABute 2.5 WURWAS SIWIU 4 fu SYavdig
SEWINNYAVDIAITALANURUATISBUSEANM 2.5 LOURLUAS ﬁumu@?&m%@ﬁqmmﬁﬁaq Wuan 14

% % L4 1 s

Ju Tovdusaudnansedalaiives Awanduesiduinisdudinisiasyventos fail

(% (%
o

WoslWundudinisiaigueadesn = (C-T)/Cx 100
C = Wurgudnadlaladveaesiluaiuaiuny

T = Wushaudnadalativesdeslunumegey

N13VARARLN 2.3 N1sAtuANNIsUNiUauvaL e uara1seleamandy U1 lunandansnlve
JPULIANIUAY — duan U 58-59
1. Anwinisvuideuvasdenlundnineniauuslnauasseninanszuiunisuan

1 [ v 1 a
1.1 ﬂ’]i?jiﬂLﬂUWJ@EJ’NWiﬂl‘VlEJ

- w3 lnensouuslnAnNEnsNSLassIuAUEN

=

- winlngluseninenszuiunsean anulaanunsnsly 9. Junus

]

1.2 amaaaun1sUullouaatnsaieis Direct plating method ansfaeganinlnenaey
1% lanenlalumaslsn (sodium  hypochlorite) WU 2 W1 Fusieeg1slinie 1190819890
915L8891%0 Dichloran Glycerol Agar (DG18) 3117U 10 LWAARBINWEALUTD fieg19as 5 91U

X 49) 1 v a v [ 1Y
bAUNLYD UEJVLQVIQWWQNME]QLUUL'J%T] 579U

U = o di/ dl
1.3 YUNNINUIULYBITINNY

X ¥ FIUIULAANNULTD
% N15UUUDUTBIYDIN = . X 100

FIUIULAANING
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2. astadauni1suuauvasanswanamandy U1 Tunsnlne

AAsigiusunuaisuenaimenduy U 1 Tudie819a2838 ELISA (Enzyme Linked
Immunosorbent Assay) lngldganagaudnsagy DOA -Aflatoxin ELISA Test Kit faog9a 3 41

MNTINTAAE
2.1 uadegeansninglviavidun uditsldvingUruusann 20 nFuserin

2.2 W@UUNIUea 70% Usu1ns 100 Taddns adluvie we1ia1usa 300 saUsAeu Uiy

30 W

2.3 wiawlarunszaiunsas wes 4 wdhansananleundearadu 1:20 win #1e 0.01 M

Phosphate Buffer Saline

2.4 neaa1iwu1nsgIu 50 lulasing aslurqunaasy wazalsanniiioniauad 50
lulasdns adluvaunaaey

2.5 neaduledneuging (AFB, - HRP conjugate) 50 lulasdns auaslunnnay vulin
QUMDY 30 W19

2.6 S1avgunaaauale 0.01 M Phosphate Buffer Saline - Tween 20 §1U3u 3 A

2.7 vigm Substrate 100 lulasans asluvguneaey unliNgaumgivios 10 wndl

Y

2.8 vigm Stopping solution 100 lulasdns adlunaunaaeunnugu Uiisenvziuasuaind

Andudmdos

2.9 91UANUTILVYDIENIULATDI MicroELISA Reader M129AAU 450 U TULLAS

3. Anwuumnenisatuaunisuuideauvaaesuasansiwlunszuunskan

3.1 Ussdiunisiivinangveatieanive wavuTunaansiivluudaztunaunisndn Juiinteya

ANNFNTUSTER ISR WA kar U aNEn SNy

3.2 Annendeyaiiiomanvavaniviiliiinnisiuideuvesiosuazansuenamendu U1
Tudupaunsudn wazivuakInmsauannMstuilenvesdesuavarsuenaimendu 41 Tunis

NAAWSN e



Table 1 The contamination of Aspersgillus flavus and aflatoxin B1 in pepper.

60

No. of  contamination (%)
Sample Source of sample AFB1 (pg/kg)
sample A flavus  AFB1
white pepper market/supermarket 17 0.0 92.5 0.0-16.2
farmer 25 13.2 100.0 1.0-8.1
white powder market/supermarket 15 0.0 92.9 0.0-124
pepper farmer 10 0.0 100.0 3.3-10.1
black pepper market/supermarket 25 8.0 100 3.6-18.5
farmer 65 7.1 83.1 0.0-11.8
black powder market/supermarket 7 0.0 100 6.4-59.1
pepper farmer 10 0.0 100 7.7-14.6
174

Table 2 The contamination of Aspergillus flavus and aflatoxin Bl in pepper production.

sample No. of Contamination of Contamination of
sample A. flavus (%) AFB1 (ug/ke)
production of white pepper
fully mature pepper (red berries) 10 0 0.00-2.53
pepper were incubated for 10-15 days 10 37 1.97-4.21
pepper were removed the outer 10 12 1.24-3.34
skin and washed
pepper were sun dried 10 7 2.56-3.48
production of black pepper
mature pepper (green berries) 10 0 0.00-1.92
pepper were sun dried for 2 days 10 3 0.87-5.78
(include stalk)
pepper were sun dried for 4 days 10 2 3.45-5.36
(include stalk)
dried pepper and removed stalks 10 0 2.09-3.69
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Figure 1 The contamination of Aspergillus flavus in pepper samples.

Figure 2 The incubation of pepper in plastic bag (a), and these peppers was contaminated by

fungi (b).

4, & & - & A v
n1MAaa 2.4 Anvinsuuidauvaadasuazasneanieasiununuaznandoe
JLIAIUAU-AUAn U 58-59

< o 1 < a a o (4 o/ &’
1. MIAUABEIUAAN WAL HEASMTINIUN KELNIIATIATURT

1.1 AMsiufegranuniy

duiufegauuannunAvresnuasnskarAuEIeveIn s iITINsnuashuganandat w.a.
2557/2558 wag 2558/2559 Usenaumiedieg1en1une1sndn (Coffea arabica) 3nnaudideinuns

fa o

MANYLIN UL JanTadiune ntnuvievien Janinuigedasy anaeete avaugidy
INYATNFINEIY Taniadeasiy wazSruadaninlesdng an Weesie nunnsdn
(Coffeaarabica var. typica) MnAugideivaiudessis dununlsdasi (Coffea robusta) 1ivan
fa o A v (% ! U ! CY
AUGITLTVAIUYUNT WAzAININEATNTIUTWMIAYUNT LavTeuss duiegaminuszuna 300-500
n¥u 1w 3 91 dranematuldesiannuanmeds Direct plating vlagadeniifedsubn

muwilagndluarsazarelanenlaluaaalss 1% Wi 5 U9 Ml UNTEAIENT92 T8 T UIU
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HETD NUUNWNEAVUDIMNTIAEUTD Dichloran 18% Glycerol Agar (DG18) Usidailutian 5

'
[y

= a IS
U Ngaungil 30 sar ALY
1.2 maiudieg1anunds nunlusas wazniurdniagy

fudeg1anuilds 5 ¥ila Hanune1sdn1ds Tstadias e1sdimaulstasd nunlusia way
nurdnsagunddmvinglusiudn vsassndunn wazndndue OTOP  TuluanunmnumIuAs am
AMAwmile waznald guditegisiiminUssuna 300-500 NFUTUIU 3 91 LeTINTIATIEENTHY

INLIBIN
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3. N15M522A5129NSUUTaUEITNWANNYDIIN8S ELISA waz HPLC

degdenunlinainansiiviaziiasiznusunasiylensmendu 1o (OTA) uavalsity
weavendu (AFB,) lusegsidumnnmunaieds ELISA Ingldganaaaudnsaguuasdudunaniy

F8n19Ail HPLC

4 ¥
a

4. AnwnsUuilauvasdinsazasielunszuiumMsianaaniunaukaznansusinnanludssna

HusagelulsaztunaunIsNas damainikuatnunsnsluaunasnnssuiunIsnanitinsiasng

11N7529aUNSULU DU BT IWaEASI9N1SUNU aUaSREINedT ELISA way HPLC anuistude 2

5. nMstuiindaya
TuNkaglinTeideyanisUulouuinniuiuasndndueilnousnsenineiiegaudnuas

HandusnunndnluUssmawazdidniUsenaiensin lUldUsslovdauingusyasd

N13NARRLY 2.5 AnwiAluaun1suuilauvasiasuazansiiyainiyasilundnuasiuuslnadan

a (9 3 ]
wazHannuNLUIFUIINBIU
JULIAIUAU-AUAn U 58-59
1. fnwin1suuidauvatias wazgasiiwannwenlundaineiussuainadu

Lﬁuéhasmgmﬂm (VHAUTIUVUNADILALANLUIYIY) B {uY wazliyd Aedundneluss
nymnNIuAs anglilasunsiiauaznainiialy Tnatiudied1sludiusiou unsiau-flunay 2558
3 Y 1 1 < Ly} 1 a a o a & og.’/ a o ¥ 1 |
FITmUA 45 Hegne wuady gnina 24 Meds (wliadauazdinaes) Mg nasUsEmauLs
Un1ussyasnaedtulssinalngviodnuuaniglunain LazydnusseainaosaIndIsuseinaLa’
Mateag 3 91 9 ag 500 -1000 NFU LAILATUIAUTIIUMD Uradu 7 AIeee wazlil 14 Adees

fred19ay 3 91 9az 750 -1000 Jadansineldns19n15Uulouretng wazaslonsnnenay 1o

1.1 Msnmiamsvuiewveudesilugninaeigds Direct plate count

Y

dudteg19gning w3 24 f10819 319U 3 91 9ar 100 WAANIINUUBIMITEEUTET

potato dextrose agar (PDA) d1uau 5 widn/auiende nuflgamgiveniunan 5 unsiaiute

srivudeu (%)

nsUuleulies (%)= Swugninaniuiawiasn x 100

UIUGNNATIINLA
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Tuiindnwazveaiosuazdwunyiiaveadosmiuioulundndumuusguanedu lnenise
INFNBULNITUFIWINGT (Morphological — characteritics) n1elanaasganssail (microscopic

characters) LaznNansaLne3le (stereo microscpoe)
1.2 M3nsnsuulouvasdesitutiadu warlid aedd Dilution plate count

thedu 7 de819 waghil 14 drege fregieas 3 91 u1msran1sumUeuseds dilution

plate count lngldmnududureniejunarhiilunnudutubuiy wazihunions Weunse

1% | !
1 o LY

11l 1 faddnssietnautlseniie 9 faddng) anfieg1ed iy 100 lulasinsrneauuomnsiiedie

PDA ndglsiniiantiemismeuriauiiguiiues (sterile  spreader) ansduduas 5 911U

o

gaumgiiiesdunan 48 Falus Jufinuansiatiuiiuiulalaiinduuuenns PDA lnetudiuwiulalaili
WiyuuemsRgatenillalaiduegsening 30-300 laladl diludwiamituiuieniiegludiogns

\Ju CFU/Tadans
NIAUINUSUIUREUNTE

a6 1w 1

USunauqduvisdseiedne 1 faddns (aladl) = d1uulalatingulu plate (alall)

SLAUAIULIDAY

2.057380Un15Uulauvasanslansinanduy 1o Tundndusiudszuannadu 1aeds Enzyme

Linked Immunosorbent Assay (ELISA)
2.1 NMSASUUFBYMALANAAISIOATINBNTU 1 ANNADEN

- gninA25 N3N RNENSmEIYea 70 Wesidud Usunm 100 fiaddns unbiazidunuasnay
ranad i dudeentuldluriaguomy (Erenmeyerflask) 1uin 250 fadans(Ensndru 1:4) Un
Unnuafegneraudnihuauiilugiineieiesugiisnsaud 300 sou/uit WWuna 30 wii
n¥rnduedisliduna 10 wiit Wenagnou wdnirdwilainnsesfenszaunsenves 4 daud

nsaalsinlunsiaanslansmendu 1o

- oguuaglond 25 Tadns iuansiunsiuea 70 Wosidud Ysina 100 Hadans waw
raned i udederiuldlurangyay auin 250 Saddns@nsndiu 1:9) Jauinmndieqnens
Wil fenIosugiisnsiauiga 300 seu/anit Wunan 30 it ndsndusad
Bidunar 10 wd Tienegneu udrthduilaunsesienseaunsenuss ¢ drufinsedlaily

A5298150ATMBNTY 18

2.2 MTBATINE5IORTMENTU 1o 77835 ELISA Ineyaviaaeudi5agy Veratox® NEOGEN

(USA) ldnqunaaeusiin 48 viau/iwan NnFeuniuauidsusiealslensmendu o
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- nepasivnsgIulonsmendu 1w 100 lulasansadlulunqunanansseaunnududy As 0

0.5 1.25 2.5 uaz 6.25 wilunsusieliadans wasvunasainsiege aduvqudnly 100 lulasdns

- vemduledrouginm 100 lulasing adlUluvaunanansyaviqu naulidniu gaansinauue,
100 lulasdns asdlungunaaeu Yuliluiidaduian 10 wil d1avqunadeu 3 A3 faeg 0.01M

phosphate buffer saline-tween 20 (PBS-T) gulviling

- veaduiansy (substrate) 100 lulasans aslunguveaey vulilundadunan 10 ud

aaa

INUUANEAINEAUHATEN (stopping solution) 100 lalasans 81uAIAUNE wazUSuaanste

=

ASINONTU LOAILLATBY Micro ELISA Reader (Sunrise @89 Tecan) N1ANNE1IAAYE 630 UNLULUAS

warthalaluawrandudiunaasivindadululasnsu/Alansy (iA0) UfAsenazaswduy

v '
S o

a A a a v N 2 i a a  a =3
AUNNUIRNAN TN YURYLAZIUAs U UUALALUBUTU AT NHLNLNINYY

3. nagauNsaieE1slanTmMendu 1o Yauresnuuiaulugning uuemNsIvan yeast extract

sucrose (YES medium)

ihgesiivuidewninde 1.1 JJWTWﬂ’ﬁLLEJﬂL‘?}JEﬂﬁU%Eleé Wlenadeunsadisansivventon
Tuesivas YES medium Tastndesfivudeudeduemmsidonde PDA 5 Yu wvhaves
WUIuaee (spore  suspension) Aududy 10° aueddeiaddns mﬂﬁ?u@maﬂaivmuaaa 10
lulasans ldluemsivad YES medium 9 fiaddns ufigamaiivieaduian 14 Su loasu
AUALIAT @mmmﬁmmﬁﬁL%asﬂﬂmﬂmﬂauéhaLﬂ'%laam{um%ﬁ (centrifuge) AAL32158U 15,000

rom w1 10 wil dlanlalunsiaslensmendu 1o 1ngis ELISA
4. Anwin1suuilouradrasn wasa1siEaINesIANaunadanluwlauan

& o i ] o s < ° A o I3 ) Y]
mumamaaqumawuqmaﬂiaﬁaa ‘GWﬂLL‘Uaﬂ‘UQﬂ IUIU 387U NDILABDUINLWAN IINIA

=

a3zy3 2 au NenneUindes Jamdauassivdnn 9w 1 adu luideu ey 2558 waziiy
Y 1 ] v e A o A (Y (Y o A < !

Megveiumeiiuiisna Ngunegise Janiameg 91 1 @ ludieu unsiAy 2559 Wunaadu 4
SrE¥NITASYAULR Szagdl 1 wdIn1sAANE 30-40 U Szazdl 2 naINTAANE 60-70 Tu 2Bzl 3 ¥AY
3R 90-100 T wazszesdl 4 wasnsisna 120 Tu lnglunnszezniswsgyivlaiuiegvay

5 %1 9 1 Alansu eldnsan1sUulouvoidos Lazaslonsmendu Lo
4.1 asamsvulauveatesilueunaansiels Direct plate count

WAREFAI08199EIINTHUNADIUTINIL 5 U8 98T 20 KA WIINUUDIMISIALAYTY PDA

U SHa/AMdsde nuieamgiientunal 5 unsiaduwesivulen(%)

nstuwdaudes (%)= uunasjunuuileutias x 100

TUIUNARUTIUA
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Tuiinanvagvenesuarduunyinvesdesinuuteulunasiu lnensgaindnvagnig

duguinen wazanvaenglindesganssad
4.2 pyaapumMsUuleauvedaislonsmendy te lusjunaantuwlaslgnlagis ELISA

4.2.1 mawdsuiegauazaiaaslensenduaindiedns Tnedaequradn 25 n¥u L
asmsTuea 70 Wosiud Ysum 100 Seddns uslfasBeaunznaungmiad i duidedeatuld
Turanguan vunm 250 faddns@asdn 1:4) Iaunwamegnersudinhvinuildwgienies
WE7ishTIALEY 300 S0U/UT LWHunan 30 it vdsndudeidliifunan 10 wif Wenagnou

WALAIUNENINTBIAENTEABNTRWUDS 4 druiinsaslainlunsivaislensnendu 1o

4.22 mamseanslensmendu 1o ¢ieds ELISA lnaganaaeud1isa3y Veratox®
A

NEOGEN (USA) livaunaaeusiln 48 wiqu/iwan Nindousiguaufidsusieanslensimendu 1o ay

Tupaulude 2.2
5.n3n323n15UudauvasdasluanintIndasanuuacuan
5.1 Msnsaansuulenveaiioslufu usianudaslgn meds Dilution plate count

nsguiufegeAuasduluuiiiusey nuiegeiu lneyaniziaiifuilonin
Aoan1sansUulouiiafy lag 1 9aa 5 d1unus danauswiuluganaiadinliladimin 500
v o & & a ¥ aq . . o 1 a o [y '
n3u dhemanisvuilenvendesilufiu ¢ie7s dilution plate count (fegsAuduIl 13U se
Unauileeie 9 1addns) gadtegnsdiuin 100 lulasinsveauuemisiieade DG18 indelvina
Ao mnsmewianiiguiuea anudutuas 6 91 nunaamgivenduan 48 Halus Judinua
ayatuinnulaladnduuuems DG18 lagduituiulalatiiasyuuemsidendenilalaiiiue

seing 30-300 laladl iilumuaminnuidenieglusitegiatu CFU/Taddns

AsAWIANYSUIUAUNSE

9

a6 1w 1

USinardiuvsdseiedns 1 ndu (aladl) = Srunulalainuly plate (alad)

JLAUANNLTRN
5.2 MsnTansuuleuveatiasitueinia usiaudaslan

msnTadeluleulusnmasziivuinaulaedu lnedadhauemisidesde DG 18 1

1 a & Y 1

UShausueduiliufieg1s uiu 30 Wil uaziiusouwdasiiviinisiivedu nedudiiuaudaniau

q

[
A A

amsidsafelioiuseuntas Tuusazszoznssafiulaveanasdu vi9 4 seezduiu 10 91 WAUT

gaumgiiieadunan 48 Tlue asvaduwesivuleu



6. Useiudnyinanevaadias1duilau wasusunaanslonsanenidy 1o lunfiazdunaun1sHan
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6.1 AATIZNTBUANDNAWNARS NN IANANTITU U D UVDITBIALANSLOATINDNTY 1D TUTUNDU

Y 9

ANTNAR

6.2 kI INsuAlensUulouventosiazaslonsmendu o Tutunoun1sHan
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NaN1533uazaNUsI8Na

N1MAARN 2.1 WUINNITAUANNITUUIUBULAZNITARUTINAETSTaAT AN 1B Tundn

1. Jayamsuanuazn1suUsIUNINUAaLaznInUu

NNTATIRTURBUMINERNTNWAsas NI UL Tuiuiivie 3 Jwin wudidinisugn 2 wuy
Ao YanUar 1 A3e laedmsinudasussanu 2 hou wazUgnUag 2 a3e laglidnisinudas Fadl

= ] A ca'
ir]EJazLaﬂﬂsﬂu@]@umqﬂwuaﬂﬂiu AN 5

n13Ugn
|
| |
Ugn 1 A5/ Ugn 2 A5/
Ugn a.n.-n.8. waziiuiie we.-L.e. crop 71 1 Ugn fl.a-13.8. wagiiuiies n.a.-n.e.
ﬁlﬂLLﬁlﬁI‘I n@-da@ cron 17‘; 21lan 6 @ -w el ILLa%Lf‘%ﬂ ILﬁI?I’J 8@ —f‘l 3l

2 & v oA 3
N1ILNULNYT (L@@@’]EJ@JE]LL&%LﬂUIﬂEJ)
|

ldgenanasin ldnszaounanadin WINBIUUKIWANERAN
Uy 1 Ay Uy 1, A wazaquld Uu 1 Au
NSV
I . 1
N1ENLAA 1590UNAIULATINE
5-8 U 3-4 7y

[

anay ned  fmnene
L

v

U AUSNYININUIAS
1
I 1

ananasnla nszapunatadn (gele)
L J

Wusnelulsasautalas

ANSIINSNUU
1
1 1

2 & a 2 & a
LARIUININ VLNL@W]SU'JW'ﬁﬂ

lUeuazunaziden lumazunazldun

d' Y ] a a 19 a S =
AINN 5 LLNUNQaEUGUUG]EJUﬂqﬁmaW‘WiﬂLLWQLL@%Wiﬂ‘Uu%@QLﬂ‘HWiﬂi 3 NUN (‘UQVVJ@IUF"I?T]GU?{N'],

guUas1¥ell way Tugil)
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1.1 mM3Ugndl 2 uuu fe
1. Ugn1 efeel nedulgn Weudwnau-fuseu uasiiufemandnlurag
NOAINEU-TguIey waginwlastisfou uwnau-fugigu
2. Ugn 2 adwiel lnetaedl 1 Fudgnussananfeuiiuiau-umiou wazfuife)
nIngIAL-Fueney 197 2 Buugnuszananfeunaiau-naadniou wasiiuifidunau-siue
1.2 maduden Wasouaudndede uaslinsuield 1 Ay delidnidunsaiiauetu Tne
- Tdgewanadinla udisly 1 fu
-ldlunsvaouwanadin vuiisly 1 Ay
- nawdnaafinuagu vull 1 A
1.3 MIanuie 1 2 35 fie
- msmnuan Tassnuuinauau dngd viadimdrenarafinauuiiuiu u
JreelIan 5-8 1
- MypUmelsteuNdusasefing [Wussesna 3-4 Tu
1.4 nsinuine) ussglugeananadinla viienszaounaain wannulilulsadeu
1.5 msviwsndu & 2 wuu fe
- et udhinduasunasden
- laidindh wdathanduazunaziBen

1.6 vssyiansnUu ldlugananadin daeeniaens

Tudunounsnannsnurauaznindunuin Jupsufidssonisuudioudos Aspergillus sp.
Fadudornguiladreansiv o tumeunsfiufenaztuiidly 1 Au ileliwsniaunsadiaveiy
th orwvlidenfivudewnmnuuasdiluvaeninuinaiifasesumannmaiuield wagly
fumeumsmnuisiaemannuuawau iefntnenarainfinsuuiiuiu Wudnnisgadesiion
Anmsuudouidon Asperillus sp. 1nfAu wazeutuiieglufiu Wosmnlunsninuandasends
arufounnsssurilutianansiu wilutenansduiiflomeaduas mnsdulueinimdunndy vh
Tdosansnaiansfivld luduneuntsimintu madadaneunisihuiduazus drn1sdn
wiaminiiniideeendeuteifiunruaenstlunnirluimintu udludnilideds winfidhan
ﬁww%ﬂﬂuhjﬁmsﬁmLﬁaﬂﬂ'aumfﬂLﬁuagmﬁmﬁﬁﬂﬁﬁmiﬂmﬁau d1nULIRTEILFUALNYATIAL
p1MIeR (2548) TdtmuauumanIsUAdRnesnsineasiindmiunin Tasuugthdunaunis
Lﬁmﬁ'mLLazmsUﬁﬁ’awé’qmaﬁmﬁméf&ﬁ Fuifendanarsiuedasedaseds  ldvinliudena
ey warliindnidnfisy viednluiifinisszuieerned wazlinsguiudou nswazviiliin
msuindels msuftAvaniuifedn msquaguinuazyesnsiiuifeinasnsufiavasnisii
Aen lajﬁwiﬁLﬁmmsUuLﬁaumﬂi’mqé’umwﬁdwasiammﬂaamﬁaiumiuﬁm LagAnLennanid

AvilviensuAuAINeaN
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2. msUuilauvasasuazanslonsmandu 1o Tunsn
2.1 wanageun1TUuilaulesiasvansielusieg1ansnuiislagis direct plate count

o 1 =

WUT1 B8NS AW 0.0 INATLARAY 2.UATIANT S1 33 fegae Snsumdeudes
Aspergillus flavus mﬂﬁqm 77.48% 0909NAOLT0T1 A, niger wumsUnideu 8.12% warnuios
Tungudilia¥rsansfisy 13.51% 1y Curvularia sp. wag Rhizopus sp. Wudu dograninuis S1uo
17 #9819 9 .4MENAY 2.9UaT1951H wunsUuidouden A flavus uay A niger 42.52 uaw
2.30% MUAFU WAfeg1an3nLiaRn 0.995a 2. 980l 9w 37 fregs wunsuuteude A
niger 1nTign 44.91% so@afede A flavus 32.45%  wazdanunisduiewdes A
ochraceus 2.64% (nnil 6) ndaegeminuiannita 3 fufl wudh @ degl fedrsdinisiuidou
Lsdt’ilai’l A niger mﬂﬁqm LLaz‘ETQWUL%Jai’l A. ochraceus 98 (mwﬁ 7) %GL%’E]T] A niger uay A
ochraceus  WHudeniiiinsssnuiiadisarsiensimendu i lnoidesn Aspergillus  wae
Penicillium UsalTd a¥rsanslensmendu e lufiwermsnainwanewiin Aspergillus Wudos
nauvdndifisenuiaisasiivlueedoutu Tusasd Penicitlium Shagwulunnun Tneidesn
naal Aspergillus dilvgfiaduansivlensinendu ie dneglu section: Circumdati  fio A.
ochraceus Wwag section: Nigri f® A. carbonarius Wag A. nicer (Wang et al., 2016) LuLAgIfiU
51891189 Jeswal and  Kumar  (2015)  #imsasiadinsizinnsduilouvendosnfiadeans
aflatoxin (AFs) ochratoxin A (OTA) waz citrinin (CTN) lutp3eawmeAvesduiie 9 ¥ia (red chilli,
black pepper, turmeric, coriander, cumin, fennel, caraway, fenugreek and dried ginger) NUIN
Aspergillus flavus and A. niger LﬁuL%aswﬁWUmiﬂuﬁjaumﬂﬁqmiuﬁqﬂsaﬁmsuaﬂLﬂéaqma 1ng
fregrandniinsuuideuansuonainenduninds 85.4% sesasunie Tauke 77.7% 9 56% veq
A. flavus Tudeulundn uaz 45% wee A. ochraceus imulundnlnes aansaadsansivuen

AMBNTY LAZlATIMBNTU 18 AUAU

A9 6 Wesnguiasiansiuinulwdaulunsnuia (n) Aspergillus flavus and (¥) A. niger (@)

A. ochraceus
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0.90 Nakhon Ratchasima Ubon Ratchathani 264 Chaiyaphum
o 47.13 p A flavus
13.50 A flavus | A Jlavus 17.36

8. | W A niger o W A niger W A niger
N ’ B Penicilliurm =p. W Penicillium sp. Fusariurn sp.
others 8.05 2.30 42.52 others A ochraceus

77.48 : 4491 32.45
others

a0 <

A 7 nsmliansdesidunsuuieudesnquitasisansivluiuiininsiiuiiedns

22 msenainszinsiuiteuanslensmendu w luwdnurisly 3 fufl #uflusn o0
ASUNUAT 9.UATTIALN NUIAINFIgawInuFesIwIL 33 fedns Snsuuidleuansiensimendy
0 13JLﬁummmg’mﬁauquisﬂiéfﬁmumﬁ 15 ug/ke TnewunisUuiouanslensmendu e
US1nad 0.1-9.8 pg/kg 91uau 8 feee amlu 24.24% Mndogratmualuiud waylinunns
Vuidleuanslensmendy wo s1uau 25 feehe andiu 75.76% ainfregharanusluiiuil daogns
winurafmunsUudleuansiensmendu e 4980 17U 9.8 pg/kg W 33 Fregreiivsinanidasy
0.64-0.68 (M3197 1) wansifudoyaiiuid 2 oahsaudu 2.9uasiestll nundegnanin
Wiiswan 17 et dUSunanindass 0.62:065 numsluideuanslensmendue s1uau 8
o9 USunas 0.5-4.0 perke Aru 47.06% anfregraamusluiiui waglinunsuudevasle
ATIMENTU 1o $S1uIU 9 Fhegne Anlu 52.94% andhetharanunluiiuil Tnedaogamsnudeiiny
msﬂutﬁ%lauﬁnﬂamman%u v8 gIdn WU 4.0 pg/kg (miwﬁ 1)

v '
A I a

PN LY - % a [ ‘g a o
NUNN 3 9.9736 2.98U NN1TNTINNATIZNTUUTUATID ATIVONTU 1 U 37

Y

1%
Y 1 1

F9g1INUIN WU USuaudn8asy 0.54-0.72  dn1suuilauanslensivendu Lo 31U 26
Mg Andu 70.27% vpsinegnavianualuiug wunsuuleudsunm 0.1-5.7 pgke laedl 1
Megenun1sUuilouanslonsmendu ta g4iia 65.0 pg/ke waglinumsvuleuanslonsmendu

19 91U 11 #9819 AnLTU 29.73% VaIFg N IUALURUA (1519971 1)

namTNMsUulouanslonsmondu 1o TUnSAWA 3 NUN 31U 87 Fleeg1e wuin
nsuuleuanslensmendu 1o USuiad 0.1-65.0 pe/kg FeAmidu 48.28% uadliiieasiagnaien
10 2. 4800 Anvarslensmendu te HUNINTEIUNAMUA 1T NEEANNENULRNALAUIUUIAS

W anndnentdgaataindmsusenisiiniig uinsndrundsliladnazdiuldinauausiall

a «

= I3 N o & & o g v a & & o
GZNE]’]"ULUUﬁ']LVGﬂVLﬂ@ﬂ'J']@Ji@U 5'33J1/N?"I'3’]3J71U1H@’]ﬂ7ﬂ ‘V]"ITVTW ANUNTUULUBULYBIIEUITOAT

4 [N
A a

SR v Xy . w4 X ,
AIWYLNUVU WAz 1NUIaN1TUUIU UL T189WUINTUNUNINUNITUULUOUTY A. niger Uay
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A. ochraceus 3nnlgn 44.91 uag 2.64% mud1dy uaziviinaidasslusegnafiroudsgs 0.72
dedeusundnuidduituiiau dmsunsvmdnutdaemsainuanazivsuianiidass 0.55-0.72
wazmsvhuidlaglsseundsuuaseniingaeduunanidassingt egsening 0.56-0.69 Feeniide
84 Jalili and Jinap (2012) s1891u3191nmsnsiadeunsUudevansuenamenduy uazlensmen
v 10 TunsnuisUszmauiaide wunsvudouseramendu 65 wWesiiud wasnumsduilovans
Toasmendu 1o USuna 0.2-101.2 ng/s Antdu 81.25% lagnuinsiog1ansnuieainnainagnu

Usunauanslensmendu 1o ganinsnuiannngiesuniie

~ a % a f 2 & X a a a A
AN5197 1 USunautindasy wWasiuansuuilauansielansinendy 18 way Usuiaansiwlamsiven

'
o

a U ! a v -&I 1 dy A
Fu 1o Ya9egransnutsinunsuuoululsaziuniinnisnegeu

fufiusaagng W USwm 31waudiedne wWesidudnis  YSununis
fraghe  udasz  Awuansie Yuiddou Yuidou
@a,) OTA OTA OTA
(A29819) (g/kg)
1. B.UUACLLALLES 33 0.64-0.68 U 8 24.24 0.1-9.8
UATIVELN Tainu 25 15.76 -
2. 9398 UEY 17 0.62-0.65 WU 8 47.06 0.5-4.0
3.9Uas1%571 Taiwu 9 52.94 -
3. 8. UG! Sa 37 0.54-0.72 Ny 26 70.27 0.1-65.0
SRR Tainy 11 29.73 -
394 87 WU a2 48.28 0.1-65.0
Tiwu a5 51.72 -

yonand leiinsiiufegrainduluiiug o vnuasuALEs 9.uASITEAN $1WAU 10 Feghs
wuiniimsuuddeuaslonsmendy o Usune 0.7-3.5 pg/ke e?iahjLﬁummmgmﬁmquhﬂ
fstun SUTunanindase 051055 Taeegemintuiinumsuudeuanslensimendu o NG
Wiy 3.5 pg/kg waglamenininUu 31uiu 2 Mieg1e nnguduanninUasnde 2. 4890 wuns

Yudouaslonsmendu 1o 0.8 uae 1.9 pg/ke SUSinaiidase 0.35 wag 0.37 (15197 2)
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A13199 2 Usunauidase wWesidusnisvuidauaisiiulensivmendu 1o way Ysunuaisielansiven

FU 19 V9999819 NUUNNUNSULL aulUwAa NUNNYINN1SNAdaU

Huiugogng S e swauiedned Wefidudms Usunainns
fraghe  udasz  nwuasiwotA  Jwileu Yuiddou
(a,) (A19819) OTA OTA

(pg/ke)

1. 9.V IUASALLES 10 051-0.55 wu 10 100 0.7-3.5
QUATIVELN lainu - - -

2. 0.99)3¢ 2035037 WU 2 100 0.8, 1.9
3.4l lainu - - -

594 12 WU 12 100 0.7-3.5
Tainu - - -

2.3 wan1svegeuANTIgUetiesUURNS (proficiency testing) Fauluesufjuinisy

11593 @19U7 34 TuN1IRTIANATIEHETLEATINONTU Lo AI835n1S fluorometry AUFIBE19919D9
S ® i a i a v v a va
(chilli powder 04297 FAPAS") wuin @15laA31vandu 1o N05193AT18MlaNesUuRn15d
U3 22.1 pg/kg BeAiifimuavsed81983me 24.4 ug/kg vilvian Z-Score #ildegluyae -2 < z
< 2 Buarfisensuld (anfl 8) Thompson et al. (2006) T80 MUINUsEUIU 95% UBIAT Z-Score
i | ] = 2 2 <, | AN v & = Y a ! aAv v &

waglutesening -2 wag +2 BuaTewang (- 3o +) wluamnvliiuivleinnaindmantady

negative #3® positive error lngAfiaglutiaziansimatueeniulsviodunuinela
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5.0

4.0

35.2 ug/kg

. |
|||||IH“
(- —r (111
‘ “||III |

21008-Z

-2.0

13.7 ug/kg
-3.0

-4.0

z-Scores forOTA

AN 8 NINUANINANITNTIIATILNAISLoATIMENTU 18 Laed5 fluorometry UaiaIUfURN1S

(Lab. no.34) Wuiﬂmaﬂam%ﬂlﬁa%ﬂwﬁmm z-score U84 FAPAS® proficiency test

3. N15aAUSUIUETSIaASINBNTU 18 TUNSA

nagouisnsanUTinuaslensmendu 1o lundnuienedeuaufounuin nsevausoud
gaunil 70 uag 80 BIMYALEE WL 30, 45 War 60 Wil dUTuansiivleasmendu Lo Ll
uanAnsuveada tnen1seudaeaufeuris 2 gamgll uiu 30, 45 uay 60 it fUSuuasRvleas
VeNTu 10 wade 0.87, 0.72 waz 0.58 pg/ke aua1dy uaviiliansivlensmeniuanadedisuiu
gamuan (Winussliiiunslianudew) inuindusuiuaislensmendu 1o 1ds 2.28 ug/ks
(51971 3) WedldudnsanaswesSinuanslensmendu 1o angaAIUANTUIN NseuTigaumadl 80
psrmwaliea W1y 60 Wil anUaaslonsmendu 1o angaruAulFNATiga 77.71% (Al 9)
Fawinfildroudrsazurisnseunaniinldine  arslensmendu 1o finnuasdaluauiou nnsan
Usinaanslensmendu te Tudaduisas 50 wWesidusd desldinanannnit 10 2lus (700 i)
wag 200 w9 ﬁqm%qﬁ 100 way 150 eerlwal@vd a1uafu (Varga et al, 2016; Boudra et al.,

1995)
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M50 3 AnedelTinaEnslensvendu e NHuNTeuUmydoUaNsauigaymil 70 uag 800C

n35u33 aamgil (°0) ARAEUsI
70 80 ota”
Usuas OTA Usuas OTA (pg/kg)
(ug/kg) (ug/kg)
DUMBANTOU U 30 W 0.96 0.78 0.87 a
DUMMBANTOU U 45 W 0.68 0.75 0.72 a
DUMMBANTOU U 60 W 0.68 0.48 0.58 a
lalsunseumeaniou 2.42 2.14 228 b
(IAIUAN)
Aade 1.18 a 1.04 a 1.11
cv = 37.9%

" Mean in a column followed by a common letter are not significantly different at the 5%
level by DMRT

100

% Reduction of OTA

30 min 45 min 60 min

Time

27 9 nslUSeusulUasigusinisanaueIUsuuaslansvandu 1o Tudia819ns N NN

nssiteuMmegauauieu Ngumall 70 wag 800C WU 30, 45 uar 60 UM

AUTInuihBassitinldanmasufionmnd 80 eseiwaldea uiu 60 wi Viliwinusisd
Uinanidaszaietoniian 035 sesawunfe mlianufeufiguvnd 80 esmueaidea uiu 45
uit fuTuanidasy 038 uaglunseufigamgll 70 s uaiBea Ut 60 U o 80 B
warded wu 30 Wil SUSinanidasvadewihiu fie 0.43 f1 Water Activity Wuladeiddnlunis

auaukazdosiunisideudevemdndngiomis Julnalaeassienisimuneignisiivinyives
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NAnA 9113 LTesanen Water Activity {ulladefigszruuinnaigaluemisieqdunsd

aaa a

ansailUldlunsasyivlasazldlunisiiaufisenaiinng 9 sraunsalden Water Activity Tu

n1sAruANtazlaIduniIsidendsvot1msmAntuaIn@edunsdls insswagduniday

wiAulalan1gldan Water Activity 79710 Iagisnagyinliennsiian Water Activity @nanf

Wegdunsdasasgdulale degratu sidulngaglinsafulaiian Water Activity #nd1 0.7
A
Y

(AuguInnssuwaluladndsnisiusied, 2546)

(Y (4

N1INAARN 2.2 An¥IuuININITAUANNISULIUaUEN Y patulin - Tunfnanauasndndme

bNEA T

MmN sUutourondesilunaliuusg 12 slanandas s 338 feg1s (e
1) wumsdudeudon a1 eeh T,fﬂsrwudmzamLLﬁqﬁmsﬂuﬁlauﬁaiwmﬂﬁqﬂﬁanﬂéhasm‘ﬁ'ﬁw
mMaveaeu (28/28) nefidedunninléitnsudsussdugslaeldnmuzussqieqananadniiynuin
a9 uifinarlimunsuudeuansiiv patulin usenafinnuidesiivsuutoumsfivaindes
¥ilndu sosRunAesIou (4/30) uazuzaznoouualardulzsney (2/28) vaurdl gnnguliiadn

(
wazazaineeu ldnunisuwleou

A5 1 wansUsinansuuileudenlusiegmandaeinaliuysgy

fdu  vlawalfuvssy  dwdngud  Siududedns  Stusumsuudieu
1 wis 13y - aén 228¢ 28 1
2 Uwaud 60g 28 1
3 plsteu 60g 30 4
4 UZRULAS 118g 28 28
5 gnngulafiude 150g 28 0
6 urazne 3 3d 40g 28 0
7 ULATNBBULI 50g 28 2
8 dulzinou 60g 28 2
9 Uz1oU 50g 28 0
10 WusLAY 40g 28 1
11 uguum 60g 28 1
12 uzdum 40g 28 1

U 338 a1
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A 1 nsvuleuvaatenlunaldulsy

PNnMsiuieg1enaldantidnannaunsiafiudoaay Jarindeasis s3u 15 ¥da 91U
192 doge tanusnideluesufoinismmamstuideuvendonde B Direct Plate Count
Method asiatumstudouveadesdivuidon  wavduuniosdivudeulundadas  wunis
Uuﬁauvﬁasﬂunnﬁaas}w winssuundnveaidosuasamnuanunsalunsaiisensiie patulin Tu

4” dl v 1 dy d‘ ¥ a .
Wesnuenla linwulgesNassansiiy patulin

WAz INNIRTIIdaUNIsULleuaNsiY patulin degrendndaeiumaliuasraldulszusiy
iavua 28 fege Ineesujuinig usen Wesufuinisnans (Usenelneg) wuiluiinsuuleu

a13fiw patulin
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A15197 1 AkaLIIUIUAIDE1MA LTIULEN

a0 shanald IMUIUA2DEN
1 du CK550/59 JPK 13
2 1 CK547 JPK 14
3 &1 CK535 PA 12
4 &1 CK555 NORTH 14
5 &1 CK565 JPK 16
6 waUtla CK502/59 NORTH 7
7 Viuiy 524 D8 8
8 andly CKas1/58 7
9 a4u 562 40
10 wouila 113 8
11 wouila u 7
12 and 8
13 andly 15
14 WAU 8
15 SEUE] 15
979U 192

N13VARAReN 2.3 N13AruANNIsUNUauYaL YR uazasHElavamandu U1 Tunandaninlve

1. Anwin1suuilauvaatias lunsningndouuslnanLasseninenssuIUNISNER

nsUuilouvesdesiluiegramdninendouuslnafildainulannunsns wasdudse 9
594 174 feds leun winlneade 42 faegne winlnewnavu 25 feegra winlnedia 90
Mg wagwsnineaUu 17 feogns wumsﬂmﬁamaaL%Jaiﬂuw'%ﬂlwmnLﬁmﬁajmﬁumﬂmwmﬂs
finsvudeuvendesunnnimanivefidonndud Wesiiinuldun A flavus A. niger, Rhizopus
sp., Penicillium sp. Tnenunsdudewresdesiiadsasuonamendu T1 Ao A flavus (Fisure 1)
Tundnlnevndinamnunsnssiui 13.2% wadlinuides A flavus lushegrmdnlnevridinen
£ufh Fsnnsinudumeunsnaananlnevnveununsns WU ndenineasnsiunansnlng

d' 5% o < a RS = 1 a o 1% [ d' 1% A a [
NLLNYR Lﬂ‘lﬁl(ﬂiﬂi‘ﬂ%ﬂ’]LN@@Wiﬂl‘WUmLL%UW%?@IﬁQQW@WﬁWﬂ%NﬂI’J 10-15 Ju Wieliudonily va9an
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fhizdrafiednordiudonseniiindounada udrhlumauan lunsdvesmsuinnuindliannied
WNgANREN1SL IS rentes N (Figure 2) wazyaniinbiunudoseraiinisadreansivld luas
Andnlneumindsluszdugnamnssy agldiBnsounionnliuiuddaiuuifenaosuiiold
waandnlnedavnadieane Tonalunsuudeudesideditosnin duminlnesmu A flavus lu
winlngannineasnsuazsuatuusnnalnalfssiu Tnewu 7.1 Lay 8.0% A1Ua1AU WA liWunIS

Juidaureates A. flavus Tunsnlnganvunaznsnlneavu (Table 1)

nsundeurendesluiogrmininessninensyuiumsnan wuin winlnevadildann
Funounsvdniisvezioan 15 Ju fnsdudouveadon A flavus wndign $1urn 37% winlned
Ifannsdsuardmenudonsennu A flavus $1uaU 12% wasvdesmsmnuianunsdudeuves
Fom A flavus U 7% gwsumsuudenludegraninlves numsuudeu A flavus

11U 3% Tunsnlnedrnlaaindunsunisainiduszeazingl 2 Yu wazlunsnlnefauwranaad sl

TIuegnu A. flavus 391U 2% (Table 2)
2. asrasaunsUuiouvesasuanamendu U 1 Tunsnlne

nsUudouarswanamendu U1 Tunsnlnevrudandauusling nunisuuilauansiie

U3 0.0-16.2  lulmsniusiedlansy lnenunisuuleugeaalumeganinlveainduidadu

S a

winlmeAulidad Vi 162 lalasnfusiodlansu Tuvasindnlneanudasnuasnsdady
winlneindelvalneludfinisuudeuvesasuenlamendu 51 geam 8.1 lulasniudedlansu
winlnerdunuansueramendudiuim 0.0-12.4 lulasnusdeflansy WUﬂWiUULﬁ@UQQE’j@ 12.4
lulasnsusioflansa lushegrandnlnevuanruidadundnlnefivlided lusasininlnean
wannumsnsdaduninlnefndalvaneludfnsvuidonvesasuerlamendu 91 gean 10.1
lulasnsuseflansy dwsundnlvnedndanvaiswenamendu 91 Usuia 3.6-18.5 lulasniusie
Alandu TnemuuSinagean 185 lulasnfusiodlansy lushedmdnlneddiaiiguifuainiudn
dushegaminlnedidguiAvanninunins daduninlneindslningludnudimaemsuenamen
Fugean 118 lulasnfudenlansy dwsuminlnesdununmstudiouasuenlamondu 91 Ui
6.4-50.1 lalasnSusionlansy  Tnemugsgalusienmdnlnefiduivaniuduinumeuaulne-
fumw uasidundnlnefindnanussmatuny dundnlveddunneasnsnumslutougegn

14.6 lulasnSusiailansy (Table 1)

dy a = U 1 a 1 a 1 a
AsUuauanswanamandu U1 Tudeg1ansnlneseninanssuiunsuan wulin winlne
fileanTunsuMIndnissesia 15 Ju Insvudauarsuonamendu U1 uniian lagwunis
Judou 4.21 lulasnuseilansy  waznulsunas 2.48 lulasnsumenlansy  Tunsnlnevifiain

WaLad  @nsunisuuilauaiswenamendu U1 Tussgrawsnlnesn nunisduideu 0.87-5.78
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[

lulasniusiedlansu ludregafildannisanidunat 2 Ju waglundnlneanuiandsfivayusgny

nsUuleu 3.45-5.36 lulasniusenlansy (Table 2)
3. AnwuumnansatuauMsUIlauYaLta T ILaa SHYTUNTEUIUNITHER

nmsdrateyanisndanininegludmindunys wui gonisiuineaminineeglugag
A v & = 2 o a = v < a P
Wwoununus-Huwau lneinsnsnsasiiuiemaninineidu 2 Ussiam lawn nstiuransnlneiun
'Y} A aa =3 ) o v o a I a A A A P =~ v o
39 NaSUTFLAIAUDILAITA F1nSUYNSninew1d wazaziiuransnineNnn Nadddendy e levin
wWInlves nnsdusteganininglunsdaztunsunisudn wuin nsudaninlngyndlenianunis
YUUauvadtaskazaskanaman@dy 41 WuinnInnIsHannsnlnegs 39n15ANEINSEUIUNISHAR
winleunluasall inwesnsagldisnisndnniniveluganaiafinuienisuglauin iteliuden
a A = & o & a vy ' < Y Y o a I
wWinlewesgs Faluanzideosiaunsaasylas mnineasnslianudaliwiaiun fileniaes
Pagnunisvuiloutaswazanswanamandu U1 Tundndueils drulunszuiunisudansnlnesn
A15UUUBUYDNTDTILNUTUTUABUNITINNKNAKNAN F9919:AANISULLTDUVBILT 85191NAY AL
a A = I3 a Aaa g Ra ° v X a 9
mAnuAINIAINNaNaR LA wisinuaananlnglilunfilaudu Alnevilmdesaiguazaiig
a1siivle Mdumnauaunsuuileaurendoslamuslussezisudu Aazaunsaantanialunis

Juauaiswanamendy U1 19

= v & v a = i a & &
mﬂmiﬁmmsuaagaiuwamu A5 UTLLUUAMULFLINDNITINANITUULUDUYDILYBIILAY

[

ashanamenduluszninenszuIunsuannsninglasadl

[
A a

1. mannnsning inwasnsuengldiludduiuiulaenss vlilenialunisuuideuves

& Y
Woslaas

2. N3gUIUNSHAANSN e Tussumndnlugenaiadin wielvdiuddenveminlvevan
9N WinmeavegluaniizToudu Meumgiinazauuianumizausenisatyrentos) il

wunsUulauveaveslulinaudeudnegs

3. msihuwdaaninineluvasnudadalauied iliudadianudumuisaunanisiasyaes
W57

PNANVAFING JamuanuInnsmuaunsiuilewvesdenuaraisieamenauly

(%
P

ASNAANSN IRl

1. ndRNAUNINANS N INELAIAITIINITANNTIUT LAZAITAINUUAIUAIN UTOANUUNUN

L a oA o X & a
gNFIINNUAU WetosiunsuuiouunauansIanau
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2. nswaansnlnewd luseninstunsundnluganaiain asaslilunioiniagianasain
wazldmsndniidliuuiuly vseealdisnmsuwduiuwsinisyinswasudimniu weanlanialunis

YUUaUUD YD T LAY NITES 19ETNYVBTDT hAZLLDTAAIILAT AITANLIALIAITIUN
3. Turauganesvaundenansninglrlasukaannoeg199199a

4. enwsnineliureainnaunisiAusne wazasiiusnensnlneluindanniaaiewm

dgyman

A15NAARIN 2.4 AN¥IN1ISURUaUVBITBIIHALEITNEINLYDI LN LATHANA N

1. ¥UAVDILIDIT LLﬂ%LUE]’%L%uﬁﬂ']’iL‘l’JI’]VT']ﬁ']EJLllgﬂﬂ'] LAY

Nﬁﬂ?ﬁﬁﬂ‘lﬁ%’]sﬁ‘afﬂm@ﬁL%@i?ﬁWUIUL@Jgﬂﬂ’]LL‘V\I@UGSTU’J‘L! 4 Y8 A9 WA NALTS NIULWAZAILAY
LaENILNAY ‘W‘Uﬂ’li‘duLiﬁjam%mmﬁ'ﬂﬂ’mﬁuLﬁ'm 6 wiln Ao Aspergillus ~ flavus, A.  niger,
A. ochraceus, Penicillium spp., Fusarium spp. Wa¥ Rhizopus spp. namsasieiagesny
Fos1iiadna OTA L8uA A niger wde 42.22% uaz A ochraceus Wwae 11.67% uaziiesiadn

AFB; WUW@as1 A. flavus 128 6.21% lumsdnawawnilsiamndalufiudonvesnunsnsnaniala

[
&

Fmiagumsuazsyuss drsmsusinuazanuiinunsidwihaneventes A niser fifuaivnues
nsa¥19ans OTA winfian 51.20% sesasun Tiud 1Wes1 A ochraceus wuludna 26.13% vhilde
siduanvgueansadiaans AFB, wu A flavus ludna 13.13% ungnuiesmdsniafuifedlsl
nelilinansie awn Pennicillium spp. 8031 26.58%  Fusarium spp. M3 10.50% Lag
Rhizophus spp. 80131 0.75% (Figure 1, Table 1) denadesfiunuitbvesiuniowasane (2554) 7

nuNsYaeelies A. niser complex lumannunlsUasinaanianiale sns1 80-100 %
2. Vinaansieannidesuasasidudinisuuidouiuaiannsgiunivue
2.1 waanulaviieglunszuiunisngs

MnMsnTIlasiasivlusdanuniuiieds ELISA a FesufiRnisansivanidos
nedideuaziaAIne mMIndamsiiuieitazuUssUndanaInuns Ussnausienausts nzatusie uay
wian Ay sauvieAu 60 Freehs mamTieTgasivnunsluiddou OTA FuAuAmINTHIU 56
Mae19 wazkilAuAuInsgIn (220 WD) 4 Feg1a nulTunuansivasan 63.10 Addiunanis
AT19AAY AFB, wusogdsliiudunnsgiu $1uau 53 feg1e uagtiudunsgiu S1uau 7

Meg1e MmsduwieudIinagegn 56.05 Wil (Table 2)

2.2 NMUNALAZHANN N
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nnsdsingenuidnasaaadusinslulssmawaziidluasalinsgarsiiv OTA
WAZAFB, Me35 HPLC MU juRnIsnans Nyl wasaAsdmILnngeans uning1dnunsaans
vy, Usenaumigsiiagundnduginiunesidng andwminudgesaeu Wesdlnil wazidessiy nu
Tustas nusi uagmurlndalstad nnvasnsuasuAludmiagaums wazszuss wui yn
fegramsralinunisuuitiouves OTA Adaniies el (LOD) winfu 0.2 RS wasnunsUwteu
AFB, 717U 3 70 56 f1819 Vsnamsuuidiougeaauinty 4.37 AT Avhanifnseildving

0.12 NG Faliifursmsgrudsemealnenivun (Table 3)
3. gaananisvnidauvaaesuazarsieluniuniasnindun luufaznszuunIsHEn
s o
SeUAuLng?

nurlrsdfimunamielul 2557/58 levinnisduiiunaniunanuuduiinaangnduns
70% Tudandadedlud wunsvulewdesiamlungu A niger Wi 3% lul 2557/58 lavinnsdu
unaanlsUanvetnensng 2 518 Felinsiiunaangndwnsuinnia 70% diuinsiasdadesd

a319a137y nuMsUuUeuventesnlungu A niger 80351 71.5% d3u (Table 1)
FTYLNIINN

U 2558/59 guiiuidnniurlvaanunsnsnieniald 3 s1g Fainisuinluganszaey wan1s

UATIENATRYNY AFB; WUAUTUUaNTRYEEn 24.80 T wazny OTA AUSunMansiygEn

aaa

30.75 W (Table 2) FufuAmInsgIvUsTVAlNELAzUSEMARAIANULA NANITIATIETLTDTINY

Y

nsUuUeuveuiestungu A. niger 1nN1gnsns1 100%
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STHTAINLAIUUAIY

9 2558/59 duifiumdanunlstanvonnuasnaeniald 2 918 wunsuidouveades
A. niger g48m31 100% desnddusnviinlurisnsmnuazniseniagiiiananiunlanuazdilian
sy HuawmyiliAsautusesiiaioslunesniuduudanunivrennsnsnniamieas
fnsuudouligunntn annsduisdanunAvlussezmaninuisd 2557/58 wunsuileudo
Tungu A niger 791 56.00 % waznuUTuaasfiy AFB, fisgiu 0.00-17.507Tuag OTA fiszdiy

2.20-6.40NNT
a % '3 a
NARAUNNILWAU

duiiuwdaniunAvdtuay 47 fegelud 2557/58 waz2558/59nunsuUauansiuAFB,

= U ]

f526U8.25-30.65WNTuay OTA fiszdiu 0.80-19.90 T waznunsUueudeslungy A niger

90131 72.00% Waz A. flavus 80131 0.40%

Table 1 Percentage of fungi found in post-harvest system of Thai coffee beans after plating

with surface disinfection.

No. of % Fungal contamination
Stage Types test A.
A. niger A. flavu. Fusariumennicilliur. Rhizophu: Other  Total
seeds ochraceus
Harvesting Arabica cherries 100 3.00 3.00 0.00 0.00 17.00 0.00 0.00  23.00
Robusta cherries 100 71.50 0.00 0.00 0.00 0.00 0.00 0.00 71.50
Processing Robusta dried cherries 200 100.00 850 0.50 0.00 10.50 0.00 0.00 119.50
Arabica parchment
(mucilage & 200 56.00 40.00 4.00 0.00 87.50 3.00 0.00  190.50
coffee
drying) Arabica green bean 120 30.80 0.00 0.00 0.00 8.30 0.00 0.00  39.10
Storage Arabica green bean 160 16.20 0.00 0.60 0.60 3.70 0.00 250  23.60

Typica parchment
100 18.00 0.00 100.00 42.00 0.00 0.00 0.00  160.00

coffee
Product Arabica green bean 240 12.50 0.40 0.00 1.20 0.00 1.60 0.80  16.50
Robusta green bean 150 72.00 0.00 0.00 0.00 0.00 16.00  0.00 88.00

Total 1,370 380.00 5590 105.10 4380 127.00 20.60 3.30

Mean 42.22 6.21 11.68 4.87 14.11 2.29 0.37




Table 2 The situation of OTA and AFB; contamination in Thai coffee beans.
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OTA AFB,
No. of No. of No. of No. of
Amount of over Amount of  over
Process Source Sample contaminated contaminated
OTA (ppb) standard AFB; (ppb) standard
samples samples
samples* samples*
Dry Zhumphon HRC Robusta cherries 2 27.85-63.10 2 (100%) 2 21.30-56.05 2 (100%)
Chumphon  Robusta cherries 3 19.20-30.75 2 (66%) 3 18.95-24.80 2 (66%)
Chumphon,  Robusta green 18 1.30-8.50 0 (0%) 18 8.75-34.65 2 (11%)
Ranong bean
Lampang Robusta green 1 1.95 0 (0%) 1 15.60 0 (0%)
bean
Wet Chiang rai HRC Typica parchment 0 0.00 0 (0%) 0 0.00 0 (0%)
coffee
Lampang  Arabica parchment 2 0.10-0.15 0 (0%) 2 12.60-14.40 0 (0%)
coffee
Wavee  Arabica parchment 3 3.10-6.40 0 (0%) 3 11.65-15.95 0 (0%)
coffee
Doi chang  Arabica parchment 2 2.20-3.40 0 (0%) 2 10.10-13.65 0 (0%)
coffee
Chiang mai  Arabica green bean 9 0.80-2.70 0 (0%) 9 8.85-17.50 0 (0%)
Mae Hong SonArabica green bean 1 5.60 0 (0%) 1 9.35 0 (0%)
Doi chang  Arabica green bean 14 1.40-19.90 0 (0%) 14 8.25-18.30 0 (0%)
Wavee  Arabica green bean 4 3.00-7.30 0 (0%) 4 9.85-20.50 1 (33%)
Total 60 0.00-63.10 4(6%) 60 0.00-56.05 7(11%)
* Maximum level limited of OTA and AFB; contamination not more than 20 microgram/kilogram (ppb)
Table 3 Mycotoxin level in Thai coffee during 2014-2016.
OTA AFB,
No. of No. of over No. of No. of over
Amount of OTA Amount of AFB;
Source  Sample contaminated standard contaminated standard
samples {ppb) samples* samnples {ppb) samples*
local  roasted 3 Not detected - 4.37 0 (0%) 0 Not detected 0 (0%)
traditional 0 Not detected 0 (0%) 0 Not detected 0 (0%)
instant 0 Not detected 0 (0%) 0 Not detected 0 (0%)
import instant 0 Not detected 0 (0%) 0 Not detected 0 (0%)
Total 56 Not detected - 4.37 0 (0%) 56 Not detected 0 (0%)

* Maximum level limited of OTA and AFB; contamination not more than 20 microgram/kilogram (ppb)
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, Agchiaceus A niger
AN

P

Figure 1 Aspergillus niger (dark colony color), A. ochraceus(yellow colony color) and A.

flavus (green colony color) contamination in coffee seeds, A) Arabica cherries B)

Robusta dried cherries C) Arabica parchment D) Typicaparchment E) Robusta green bean

=] = tgll zgl’ a zgl’ a 1 a
N1 N[N 2.5 ﬂﬂ‘mmuQumiﬂuLﬂau%awa‘mLLazmswvmnwasﬂuwamwaaguuﬂmaﬂ

a Y4 s 1
waznannanwlIguaIINagu

1. fnwin1suuidauveiiasn wazasiiwanniweslundnineiuusguainadu
1.1 Mminsansiuilowvendeslugninanigds Direct plate count

msvudlouvendesilugning iaussquuundeuazdnutanie) Anesimineluis
ngaymATILAs AngUilesindiAnuaznainill S1uiu 24 feg1e Tnouwdudugninadei 15
ML LazgNINAFLMABY 9 F79819 WUl gninadadIdINssUsEImALsdIIUTIaInaesly
Uszwlve wlsvemuguilesinsing wag gninedanindiainasusenadnuiavieauviomain

NUAITUULUDUVDTOT1 A niger 100% YREDILUU Tsaduniin1sUullauldesn Eurotium sp. 60
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wag 50% uanINUTIMUYEIT Rhizopus sp. lugninadmasnwusienuviesnain wilinulugn

a a

INAFATTLAUTTUUNGDS dIUgNINATMTINEAKATUTITIUAIUTEIMALUUNGDY MeTgUilasung
A wun1syuleunandias Eurotium  sp. 11n¥idn 50%  5O9@ININULIDT A niger uay
Penicillium sp. 25% (Table1, Figure 1) 91nmsvaaeaiiuliingninafitidranauszimansiingg
ussadnaoslulszwealve emuguilasunsiie furdadnuuseauisinainnunisiudauves
& - = X & ! & @ ! ! d' o

Wo3189 9194 1031131nINM SUUTeUB T 015ENININITHNUTNYILAZN TUUAINUNILUUIUTTY

Yy o~ d' o g v = g o X 9 a & =

anmwinaeuiin1siasuwladyinliigninalinuuRNTY Waneiunsigueates 31nn1sAny
WUIWTOS1 Aspergillus  sp. tasiulalan Tusimsniendnnainunsiiinauiulseaia 10-17
Wastius d@1dias Penicillium sp. RBINIANUIUUTTINA 16-21 Wasius (nsuivinisinens,
2560)

aninasdadimdesldnunisuuitiourentes esandunouniswdadinisudgninaly
arsazarsdalaslaeanled etslunisdnwidvewaliouwsis lnsansnguilazyiniiisuds
UfRssnsindimaluralsl asdseneuildliun infedalniduazdameslaeantes dailuasiu
yn ﬁmmmé’mé’?aLLaz‘v‘hmEJL%aagauﬁsTlé’vauasmﬁ @Y NUNRIUINITITENITINYAT,  2560)

anvazveeTMUNUaUUNgNINA
1) 931 Aspergillus niger

anwarlalatveatasAspergillus nigeruuo1msiaeaito PDA Jau s alunaudeda iduled

17 1adnTanuAININ9 LSYUNIITUNN o aulalalalilidenn isivdssesudnwuslaliifoa o

v
a o S o

(conidial head) @fwisedimaiy JUsHABUYINAN YAy Waunuanuvaguaniuiuiall

latialoves la luild nse nwen 9 naSey aaudagneseaniluiuinauisenii LIadiaa
fwgia uaz Ilezaen(biserial Aspergilla) Tafiifie waalied JUT1NAY AUinaeouaudsdiinae

¥ andlvdelivunususelailieividagaa navdiinias (Figure 1)
2) 1931 Aspergillus ochraceus

anwuzlAlativedlns A ochraceusuus1w1s PDA La3Asuv19Y1 seezisnauloazia
a a oA ) aa ~ a ) = P
YmeUNTas U UAARIR NwE Y lALR LaNa T LMY LARTINAUU UL nIollungu nuangds

a

wiatlifeaen wuunay aulaemislulasud waulelidnwaruisluy nadiAaius1enay

Y

(globose) Weasasuugialuild wazlatifeiidnuaenay Tuild nilsgusy (Figure 1)

3)L5§aiﬁ Aspergillus flavus

aa A

anwaglaladueatosn A flavusuuewsideuds PDA Hdly1 nioleinuundes @uly
azdendvaulosyunug o andailifes Wureratsnennseiuldleteuinies Weeyu1niu

dl = A ?)/ aa L4 IS a a
Az UAIULU UFLNADIBUUINNALALLANDDNLU UL INAIU ﬂiﬂumiaWaimquLLazwum LIFYLA R
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sUTReuenay eraualinlagnssuuiadifa viseuwuga taliAggusamsenauiisguly daly

5o latlinenanuiUualsen (Figure 1)
4) \Wo31 Eurotium sp.

SnvarlaladveadosFurotium spuremsiasade PDA Taladiiddemuiuvassiina
Fadudveaealrmm(ascomata) jUs1enaulsifidondn Sonin adalniiden (cleistothecium) 113
WideuIeEN S1uuNn JUTnauvseiounan nelull 8 wealaaues (ascospores) JUT19AAY
aud 1 vsainaeddn Susenuleeseu (Fieure 1) Eurotiumi@u perfect  stage
(Teleomorphic stage) vauTes Aspergillus wuvuoulusimns wiaia nszay a e Al

wanuie (Li wazAgz, 2009)

5) @831 Penicillium sp.

aaa A

snwarleladvendesPenicillium spuuonsdsate PDA leladiidides waulodsogly
91913 vuesiiamiglaiflevesiAntuesmuiuuy siluAavuilaladl fdnvueaaefuens
Snvaugladflovionuuuuuuanisn iy 1-3 du esmendidnuusiugnauyaiuvasniulaiile
Wosunnuvualulilozanen w3e wea Tniulielafide SenilWeslaaves (phialospore) JUT1NaY

WNareniuUuleen (Figure 1)
6) \Ta3 Rhizopus sp.

Snwalalailvoadosn Rhizopus sp. Uues PDA wigldiEufuaudeaie dleflongld
3 $u ddledomeridenduimideinsadeaues uaniduloazguiaaiiefionguniu avesuss
3loavss (sporangiospore) @uma 5U395878717 Fapse Aaldeu Aadungu qaz1-5 A vy
alnaeu Fhmandadeu aduegaislugualesusaden (sporangium) isvesaasisaion oy
guinaniiafinisUdesatesussileausslaaesusaion asdsusnnay Frma wag columella

sUafeunauduimageu dinsasielsveyn (hizoid) W3R uaNWULIAR1E3IN (Figure 1)
1.2 Msnmansvulenveadesituteduuazlid aaes dilution plate count

31NN TIINsULauvaadeI luladuuar il MeTs dilution plate count nnvagall
& & a o e8 ¢ = aal a ° 1 =~ ¢

wunsuueuveadestundndamiuieiuuwarlil e1ailosnainnssaislunisudniieduniela 1wy
Tudupeunsiiusnyiiedu Unfvzdnihequuvinlifousuiioamgll 45 ssrwadoa neuwditly
U559vInUnk 1wz Touioanaudulugasinuntieseauiiedu anuuiilunanesisdluiing
gl 76-85 asmwaidua WWuian 25-30 3wl (Linsdell, 1983) visaluunalssuiimsldiesos
fnawnuseu Nildnvasduensowiudie tnenisldurseududilianudounniiequ audiequll
QUUNNRY 77-85 aAwALTd INUUTIUTIIRIVINAIELATIUTTISRlulRAsely vsolutunaunis

L4 [ Y & [ 1 & = [y a al ady v 2/ =)
Uﬁi@ﬂ’lﬂ%@ﬁl’]u %afl’ﬂ?ﬂ‘Uii’ﬂﬂJ’mLL@'Jﬂf\]gﬁ/ﬂﬂ'ﬁ%ﬂL%@ﬁﬁ@ﬂ@flﬂULLUﬂﬂLﬁﬂ lagslgAusousy w3
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HuAuFeulszia 60 ssmwalsavdsaintuiidiugiduiud inuliauldgumginiudrdai

anIUgle

2.0572380Un15Uulauvasanslansneniduy o lundadnaiuussuainau 1aeds Enzyme

Linked Immunosorbent Assay (ELISA)

1%
o

1ndeesgaing (rlinussquuunianazinuusune) thegu uaz Ty Mnsdmiieluan
ngammIuAs AngUilasiniinuazaatavialy fovue 45 fedne wady anLAn 24 feeng
(vilndduwazdmang) ﬁwaq'u 7 fr089 waglnd 14 Fregs thaesanmsduidouvesanslensmen
Fu 1o wuddlgninadn 3 fegne A0 15 dege TAlonsinendu e guiuunsgu 10 lulasni/
Alan3u Ao fegedl 7 9 wag 5 fvSinuansleasmendu 1o waglundnnageda 23.33 11.83 uas
11.40 lailasnfi/Alaniu muddu (Table 2) 9nnisnaaeaiiulddn fegedt 7 linuidesn uid
mstudlouvesanslonsivendu 1o g9 o1audonnnlunssuiunmsndninisldasaduiseia vl
anunsadudnasyinaneileqdunidlsiluesned fafunsilinuderuudeuliannsavenldiae
liwuansfiviidosadretu  esananslonsmenduansanuaufouldgagaia 250 oemn
ALty d ﬁﬁlﬁléfgﬂ‘v‘hmEJ"Luideﬂizmumimﬁm (N5UIVINTNEAS, 2560) aqﬂléﬁﬁﬂ%mmmi
ﬂuﬁaumamwsﬁmmL%@iwlajﬁmmé’mﬁ’uéﬁumil,ﬁzgsuaaL%@iﬂﬁwu winsalfinuides wu
Freenat 9 WUﬂ’liUULﬁau%aﬁL‘?}J@iﬂumjm A. niger 2% waz Penicillium sp. 0.67% 3987971 5 Wu
mstutlouvesdoslungu A niger 62.33% fiUSunmanslonsivendu o odslundnuagds 11.83
way 11.40 aua1eu (Table 2, Figure 1) mmaauaﬂléﬁwLﬁawumsﬂmﬁaummLs'?'}va'iﬂuﬂejm
A. niger, waz Penicillium sp. fuwunldufindanasintuaziinsuudouvesasionsmendu 1o an
sTIE9IuTas JECFA (2001) Wesfinuanfimuanunsandalonsmendu e ldun Penicillium
verrucosum, Aspersillus ochraceus waz Aspersillus section Nigri fi® Aspersillus carbonarius

wae Aspergillus niger

gninndmdes $1uau 9 fed1s linuiiedreifidlensmendu 1o guiuuInsgIu 10
lalasn$u/Alansu Yswnamesanslonsivendu 1o egszwing 3.07-9.93 lulasndi/Alandy Tudoqu
7 $hetna wusetnaiidianlensmendu o guAunnsgiu 2 llasnsu/Alansu g 4 frees an 7
fheghe Usinawesanslensmendu 1 ogsening 1.53-4.63lilasn3u/Alansu wazlil nusedred
fidnlansmendu te guiuinnsgiu 2 lulasndu/Alansuey 12 Megne 910 14 Fee1e UTiuves
anslonsmendu 1o ogsewing 1.87-4.83 lulasniu/Alanty uarlinumsvuidiouroaios (Table
2) fatfunmsvudeuveadenauiinizaiasfivlonsmentu Lo usiaiusifeunsyuiunissan
Tuvssinausnda fnsAnwvinisvuiiouredlensmendy e Tundnfusiudsgusiiang 9a1nedu

v/ ! %’ ' dy ] [ L3 | Y Y 1 g ] 14 Y 1 dy
lawn UIDJU LUBDDIULLTLUY waglil nuinfesay 29.2 VAIFIBYNNUIDIUY TUET 12.5 9996788190148
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auLILTY uazSoraz 24 veameddhinl (Liluns ladans waglilvuy) dnsvudeulensmendu

0 Imaﬁﬂ‘%mmm?ﬁ'ﬂaeﬂjﬁ 38 28.30 waw 33.10 wlunsumeans muaisu (Rosa et al.,2004)

3. NAFBUNTTATNE1SIaATIMBNTU 1B Yo ivuilaulugning UuaImsival yeast extract

sucrose (YES medium)

tdesivudeuaindes 1.1 wmageumsadiarsleasvondu 1o luemns YES medium
‘WmfﬂL%aiwﬁLLEJfﬂﬁmﬂ'gjuﬂLﬂmmmma%qmﬂammaﬂ%u 0 1A A8 A. niger, A. ochraceus, A. flavus,
Eurotium sp. wae Penicillium sp. @mudesiiliaireanslonsmondu o Aewdos Rhizopus sp. @9
des1 A ochraceus fimsasisanslonsmendu o gean Anadsegd 12.40 way 530 lulasniu/
Alansu 9ndnegsi 4 uagioeedl 12 (Table 3) Fadlensanlugninn Anuirlimsadsanslensiven
Bu 10 gauitu Ao 9.57 uaw 553 lulasniu/Alantu (Table 2) sovaunde LWesn Penicillium sp.
asanslensivendu o Anadsegsening 2.60-6.20 lulasndu/Alansy uasidos1 A nigeruas
Eurotium sp. aansaadansteasmendu i Tuusunaiilndidestiu tne A. niger adwanstoasvien
Fu 10 Anadnogsening 1.80-5.20 ilasnfu/Alandu \Wos1 Eurotium  sp. ad1vanslensmendu Lo
Aadeagseving 1.35 -a.10lulnsnsu/Alantu (Table 3) usegslsfimuusavareiuusadond
auannsalunisadrsanslonsmendu 1o wandeiu 9annsveaesasiiuldin Weslundu A
ochraceus, Penicillium sp. Waz A. niger a5waslonsmenduguinsduanvng ”ip,%%ﬁﬂiﬂﬁ%

aslesmendu 1o lugning
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4. Anwinsuuitouradras wasa1snENeTINadunaaaluwlasUan

asran1sUulenvesdoslunasiuaeiiuguuinlovea i ulasgn S1uiu 3 au wazeiu

aneiuglsna $1uiu 1 adu lneiiurandu 4 szeznnsa3eduls feds Direct plate count Wu3n

aauﬁ 1 WUﬂﬁiﬂuLﬁaumaﬂL%aiﬁ Alternaria sp. 1ua<ju3883 1 uag 2 mﬂ‘ﬁzjﬂﬁa 44 1y 44%
ia\‘iaﬂmu“ﬁJuL%ai’] Nigrospora sp. Wag Curvularia sp. §ﬂﬁgﬂ§ﬂwumiﬂmﬁamawﬁaﬁ A. aculeatus
6uay 15% FaiiseauinGen A aculeatus assansloasmendy (Leong azAgdg, 2006) Lﬁ@ﬁﬁ@éu
szoy 1 Uuag 2 1eavinamslensvendy 1 Aadueei 15.10 uaz 7.95 lilasniu/Alaniu o
oduszey 3 uay 4 Insuutoution A aculeatus wnilaniie 68 uag 20% uaznumstuiloues
douueiideluaiuszey 4 Wotedusrer 3 uay 4 mIUiiuamsleaTmondu 1o Anadsegi
8.45 uay 4.80 lulasniu/Alaniu (Table 4, Figure 2,3)

gu 2 nunmsUulewveatasn Cladosporium sp. Tuadussesl way 2 ngafe 41 uaz
74 % seswasnwduies Curvularia  sp. way Alternaria sp.  envisdanunisuuileureaies

A. aculeatus 15 uag 18 % Wetaduszey 1 Uag 2 1nTI3UTUMEN5IaATMENTY 1B ARALLN

Y

=Y

113.7 uaz 39.4 lalasniu/Alansu daueduszey3 Snsuudewvesden Penicillium sp. sndignde
54% 509a91A8 A aculeatus 31% TUmnamslensmendu 1o Anadueg20.3 lulasniu/Alaniu
warojusTYy 4 wunsUuteutention A acu(eatusmﬂﬁqmﬁa 66% S8IRWAD Penicillium sp.
8% uwardimstuidiourentouvafidelusfusrey 4 fuumarsleasmendu 1o Aadoogii13.9

lalmasnsu/Alansu (Table 4, Figure 2,3)

aui 3 myvuleuveateosiluedussey 1 2 3 wag 4 nun1sduwauveatesi A aculeatus
WNanAe 84 91 100 uar 21% MUAU 589891AD Penicillium sp. 30 41 25 uag 20% ANUAGIU
waznunsUuleuraaeuuailitelusiusser 4 1onsaauTuinaslensmendu 1o Aaduegil

92.72 119.0 8.9 way 2.9 lulasnsu/Alansu auadu (Table 4, Figure 2,3)

a4 Myvuleuvaniositusduszey 1 2 3 wae 4 wun1suuleuraudasn Altemaria
sp. MHﬁ?jﬂ SOIR9UNAD Fusarium sp. wazdINuLReI Penicillium sp. Iuaﬂ;unﬂ‘iwzmﬂﬁ@@ﬂm
AB 16 19 11 11% MUa19U Wens1aUsuianslensmenduy 1 Alafeegi 31.86 48.65 14 uag

8.39 lulasnsu/Alansu auaau (Table 4, Figure 2,3)

mﬂmamsmaaqﬁwudﬂuaiuszas 1 uay 2 veananu feUsinuanslonsmendu io Lade
Tunanangs Weiflsuduszes 3 uay 4 Feaenndesiu Serra (2006) Anwanslensmendulunasduil
3¥8% pea berry, early verasion Wag ripe berry WuINUIUIMENTIOATINONTU 1D La?{aiumémmaag:u
seey pea berry gugade 263 wiluniu/flandusesaunneseyy early verasion wae ripe berry i

YSunaanslensmendu 1o waslundanaadu 149 uay 35 unlundu/Alansudessey pea berry Hude
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ATINUTEEEN 1 uar 2 YeIn1snaaedil Aesveriinaaduariinisasnee uarnsidsuwlasvuinuay
umtnnasg unsdunadnuazaeuenvesejusrerilazlidily) uasnaoduasud1uwds (Bisson,
2001) s¥8En1sasyAulafing UeseuiliBvsnasieon1sas19anslonsmMendu 1o LWewrnaisiensmen
Fu 1o rasalegaedusunanIndumsd (organic acid) a9 warUIuauUMNasAG (reducing sugar)
1 (Serra et al.,2006) BINTALANVDINTALITELNITATYRUIAVBINABIU FENUIIAMUTUTUVD
(% ] a a a @ | & o . . a 1 a
NINTARAIVAIIINBUSIURUAIUNTEINBUaNALT (Terrier kag Romieu, 2001) wazilloaiuisy
anAnudvesinavedinniu vnlilimueausenisadwaistensmendu o Fenaludnavg

& A Y1 o = Y a ! & a{'
WU\TVIUaﬂlﬂ'J'WnlNﬂQWUﬂ'ﬁai']ﬂa'ﬁiaﬂiqwaﬂ%u L9 1145383 1 g 2 UNNNI1 28T 3 hay 499 iR

I v A

Srey 3 uay 4 nueTIluNgundsIginiinisaieansivgendt wenannddalladeduniinasienis

e

o a

A3 EMAZATINENTRWAINT LU 159105 USunaeendiau gaumgil warUSunanindasy (euse, 2546)
5. NM3A519N1sUUuYa BT luanWKINdaN o uuasUan
5.1 mMsnTamsuuleuvesdesiluiu usiinuUailan 77878 dilution plate count

4 & a ' v ¢ 3 o !
p519N1sUN e Lo luRy mﬂmuagumawquLuaﬂIaUaa UIU 3 AU e DIUHANY

WUGTIIE 93U 1 au medd dilution plate count Wuin

aiudl 1 aquszee 12 3 uay 4 nunsUwleauradaes A aculeatustufuiinign 4.7 x
3 3 3 3 ] g y g a
107,19 x 107, 3.3 x 10" uag 2.0 x 10°cfu/g wazluadusver 1 uar 3 Wesnlinnsvwdeulufu
I . 3 3 1 | a & aa EA
J99R9NAD A niger 1.1 x 107 war 1.1 x 10°cfu/g diueduszey 11 2 uar 4 Wesnlinisdwau

30989U1AD Alternaria sp.8.5 x 10° uay 6.8 x 10° cfu/g (Table 5, Figure 4)

a2 afusYEy 1 Uag 3 wunsUudewreadosn Penicillium sp. Iuaumﬂﬁq@ 3.7 x10°
way 3.1 x 10° cfu/g 9998311ABA. aculeatus 6.3 x 10°u4a2 2.3 x 1O3Cfu/g mmzﬁaéuiwz 2 uag 4
wumsduiouvendes A acu(eatusiuauumﬁqﬂz.B x 10" wag 3.0 x 1O3cfu/g FO98911AD
Penicillium sp.3.7 x 10° uay 4.0 x 102cfu/g (Table 5, Figure 4)

Al 30qusvey 1 wumsduitouvendes A aculeatus Iuauumﬁqm 1.7 x 10" cfu/g
SOI89UAB A. niger 7.7 X 10° cfu/g wag Penicillium sp. 6.8 x 10° cfu/g mmzﬁaiuazaz 23 uay 4
WUﬂWiUuL%EJwUENL%EJﬂ Penicillium sp. Tuaumﬂﬁq@ 4.3 x 104, 22 x 10" waz 4.2 x 10" cfu/e
mudRy uazlueiusses 2 uag 4 Fesidnmsuudeuluiusesaanie A aculeatus 8.5 x 10°
1av5.0 x 10° cfu/g (Table 5, Figure 4)

i f - g e 2 i 3
@i 4 ajusver 1 uay 2 nunmsdwleuveuden Penicillium sp. luAuuniign 3.6 x 10
3 3 3 a0
waz 4.3 x10” cfu/g 5098911AB A. ochraceus 1.1 x 10" tay 1.3 x 10” cfu/g VULNDIUTLYL 3 LAy
& 4 ) < - 3 3 «
4 wunsUwiewveadesn Fusarium sp. Tufiuaniign 2.8 x 10 uag 3.4 x 10 cfu/g 5898311 Ad

{031 Penicillium sp. 4.8 x 10° uay 4.8 x 10° cfu/g (Table 5, Figure )
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Mnuantsnaaesinuitlueusses 12 3 uaz 4 vesynary dnsUudeuvedes
A. aculeatus wag Penicillium sp. luUFnaiigs uazidlersSoufisudu 4 @ wuitequaiud 3 i
nsuueutendon A aculeatus uag Penicillium sp. mm?ifjm 985¥1379 5.0 X 10°- 1.7 x 10°
cfu/s waT 6.8 x 10 - 4.3 x 10’ cfu/g Faaenndostunisnsaviinaaslensmenduy 1o 19984
ynszerlulsazaiu nuiaud 3 fnisaduanslensimendu 1o gandiaiudu fe Aadsegszning
2.9-119.0 lulasnsu/Alandy warlupudmuides sy ‘ fvwidou wu Fusarium sp. Alternaria
sp. Cladosporium sp. wazCurvularia sp. 8nae Famsetunansnaaswendesiivuiouluna

! A dl' & a < & ! 1 a [
YU AD Wenuiesiluau ﬂ‘WULGUE)T]IUNa@Q;ULGUULWEJ’Jﬂu
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5.2 MsnTansUuleuveatiasitueinia usnuwasan

= E4 & ' v 6 =3 o
Wensransuuileuveuansiluenid "U’]ﬂﬁ’)u@ﬂ;u&l’]ﬂWﬂﬁqLLUﬂﬂI@‘U@a 1UIU 3 dIU Y

B{UAEIUYTIE T 1 @ WU

aun 1 ﬁmiﬂuﬂau%u%mmju Penicillium sp., A. aculeatus, Fusarium sp., A. niger,

Alternaria sp., Curvularia sp wag Rhizopus sp. (Table 6)

auf 2 nunsvwdauventiosnguPenicillium sp., A aculeatus, A. niger, Alternaria

sp., Curvularia sp, Cladosporium sp. ke Rhizopus sp. (Table 6)

g 3 nunmsvudauvendosinguPenicillium sp., A aculeatus, A. niger, Alternaria

sp., A. flavus, Cladosporium sp. W8 Rhizopus sp.(Table 6)

@il 4 wun1syuleuveaesingy Penicillium sp., A aculeatus, A. niger, A

ochraceus, Fusarium sp., Alternaria sp., Cladosporium sp. (Table 6)

nNaNIVeaasinuIlueiussey 1 2 3 wag 4 venaiu dn1suuidewdos A aculeatus
wae Penicillium sp. Bsaeandasiunsiulauveadesilunasiy uaglufuimuges A aculeatus

wag Penicillium sp. 1N
6. Useiudninangvaadias1duilou wasusunuanslansinendy 18 TULAazIunaun1sHan

6.1 Iinsgndayaiiiemianvauaniviliiianisuuileuvesiiosuazaislensmenduly
TUABUNTHER

(%
Y

fausin1seseufudesunisugnedulifinsviauasoiawlanign inuiaveiniviivwas
o A A o - o & o = &

auan 9 Yasiviiveananuuas Liteviargiwede (host plant) veudesriviivmatiaznateduy

uwasazandelsn nszatnazunsivalsalailueged mevhanefivmardigunisyaiis n1swnlnda

Judesiunisvuideuuaznisunsnszaneveadelanuinisnisuils (Figure 5)

& | | < A a P o oA’
srugdusranonkaniteiulazssasiNuenananliinsdanasjunilulsreanainuias
iWewnvinane Gnstaeslihanduduunasnsnszatevedsa wasdlonuinenananluuds aguil
WAduAYnsinfsan iy tazluinisiniveanuanulaslassnslivinliiAnnsazautasily
a = I3 a A ) a dgl’ PN r-gl/ a =3 a d’lj
AU aNLﬂuaﬂmamwLmammwmwimmwaimﬂuwaﬂumuuagmmmqwuﬂimmmammﬂ

(Figure 6)
6.2 VﬂLLU'JV]'NﬂTﬁLLmsﬂﬂ'ﬁUULﬂausﬂaﬂL%E]'ﬁ'lLLa%aTﬁIE]ﬂ'i'WlE]ﬂ%ULE] Iu%’umaumimﬁm

1. matdensanssunuiuldlunisdgnedu dusjusiulananseinisiaunidservsduy

asuAuveINIsialsaflisudnsuRivwsaduvesismdulsafisnouniszanaiuunsnszaiy Jai
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Iolasaeuvianasuiiy Wnwalirseiluidlilnaainuwasugniia sauzidertunniuguariaig

avonauUaslan egnlviliviivdusniauiiedesiunmsazaulsauazuiiag

2. nmsusuanimwnasuladlivunzausunisiislse e ldlmdudeisduasunisiionas

seuInvedlsn 1w Msdausisisedulaliivawauly weleiniassuigaiew n1sanANuTuaINIse

lalaglvihszuuiven Wuiu sxthedesiuwazannmsvulouesuusiuaiuiasnasiu

Table 1 Percentage of fungi contamination on raisins

No.of

Contaminated fungi (%)

Kind of Location e g " g & g

analyze 9 g 3 g %

products 2 § § § = o

samples . 5 = S T S

< S < 5 IS <

< iy g &

black raisin supermarket  POPT 5 100.00  20.00  20.00 60.00 20.00 0.00
black raisin supermarket  PPO il 25.00 0.00 0.00  50.00 25.00 0.00
black raisin market POPT 6 100.00  16.67  16.67 50.00 50.00 50.00
golden raisin market POPT 6 0.00 0.00 0.00 0.00 0.00  0.00
golden raisin  supermarket  PPO 3 0.00 0.00 0.00 0.00 0.00  0.00

Average from 300 fruit samples

POPT

= produced in oversea and packed in thailand

PPO = produced and packed in oversea
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Table 2 Contamination of fungi and ochratoxin from grape product.

Contaminated fungi (%)

Average
Kind of products Location sample 5 § 3 & g & amount
& S g § S 3 of OTA
; § = g E .§ (Lg/ke)
< h @ $ &
black raisin supermarket POPT 1 58.67 0.00 0.67 0.33 0.00 0.00 9.27
2 85.00 0.00 0.00 2.00 0.67 0.00 7.00
3 49.00 0.00 0.00 3.00 0.00 0.00 4.97
4 54.33 2.67 0.00 0.33 0.00 0.00 9.57
5 62.33 0.00 0.00 0.00 0.00 0.00 11.40
black raisin supermarket PPO 6 0.00 0.00 0.00 10.00 0.00 0.00 6.53
7 0.00 0.00 0.00 0.00 0.00 0.00 23.33
8 0.00 0.00 0.00 0.33 0.00 0.00 7.07
9 2.00 0.00 0.00 0.00 0.67 0.00 11.83
black raisin market POPT 10 8.00 0.00 0.00 0.00 42.33 3.33 557
11 13.33 0.00 0.00 3.00 2.67 0.00 2.63
12 2.67 0.33 3.00 0.33 0.67 0.00 5.53
13 30.00 0.00 0.00 0.67 0.00 0.00 2.13
14 100.00 0.00 0.00 0.00 0.00 100.00 2.27
15 100.00 0.00 0.00 0.00 0.00 100.00 3.10
golden raisins supermarket POPT 16 0.00 0.00 0.00 0.00 0.00 0.00 9.13
17 0.00 0.00 0.00 0.00 0.00 0.00 4.40
golden raisins supermarket PPO 18 0.00 0.00 0.00 0.00 0.00 0.00 9.17
golden raisins market POPT 19 0.00 0.00 0.00 0.00 0.00 0.00 3.07
20 0.00 0.00 0.00 0.00 0.00 0.00 3.70
21 0.00 0.00 0.00 0.00 0.00 0.00 5.07
22 0.00 0.00 0.00 0.00 0.00 0.00 6.47
23 0.00 0.00 0.00 0.00 0.00 0.00 9.93
24 0.00 0.00 0.00 0.00 0.00 0.00 8.63
grape juice supermarket PT 25 0.00 0.00 0.00 0.00 0.00 0.00 2.30
26 0.00 0.00 0.00 0.00 0.00 0.00 4.17
27 0.00 0.00 0.00 0.00 0.00 0.00 2.13
28 0.00 0.00 0.00 0.00 0.00 0.00 1.53
29 0.00 0.00 0.00 0.00 0.00 0.00 1.80
30 0.00 0.00 0.00 0.00 0.00 0.00 1.67
31 0.00 0.00 0.00 0.00 0.00 0.00 4.63
wine supermarket PPO 32 0.00 0.00 0.00 0.00 0.00 0.00 217
33 0.00 0.00 0.00 0.00 0.00 0.00 2.23
34 0.00 0.00 0.00 0.00 0.00 0.00 2.00
35 0.00 0.00 0.00 0.00 0.00 0.00 3.57
36 0.00 0.00 0.00 0.00 0.00 0.00 2.27
37 0.00 0.00 0.00 0.00 0.00 0.00 3.63
38 0.00 0.00 0.00 0.00 0.00 0.00 a.57
39 0.00 0.00 0.00 0.00 0.00 0.00 3.53
a0 0.00 0.00 0.00 0.00 0.00 0.00 1.87
wine market PT a1 0.00 0.00 0.00 0.00 0.00 0.00 4.40
42 0.00 0.00 0.00 0.00 0.00 0.00 4.83
43 0.00 0.00 0.00 0.00 0.00 0.00 3.27
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a4 0.00 0.00 0.00 0.00 0.00 0.00 4.33
45 0.00 0.00 0.00 0.00 0.00 0.00 3.20
Average from 300 fruit samples in raisins POPT = produced in oversea and packed in thailand
PPO = produced and packed in oversea PT = produced in thailand

Maximum level limited of ochratoxin contamination in raisins not more than 10 microgram/kilogram (ppb)

Maximum level limited of ochratoxin contamination in grape juice and wine not more than 2 microgram/kilogram (ppb)

Table 3 Ochratoxin A levels producd by different fungi in yeast extract sucrose broth

Average amount of OTA (ug/ke)

Location 4 a & ol
Kind of products samples 5 ] 4 i £ -
S S 3 § 3 3
S < =, = = &
< 3 g 2 8
’ < 5 IS <
< [ & 53
black raisin supermarket POPT 1 5.20 - 1.10 2.70 -
2 3.00 - - 2.40 3.10 -
3 4.10 - - 1.75 - -
4 2.63 12.40 - 2.20 - -
5 2.60 - - - - -
black raisin supermarket PPO 6 - - - 2.55 - -
7 - - - - - -
8 - - - 4.10 - -
9 3.33 - - - 6.20 -
black raisin market POPT 10 2.03 - - - 4.80 0.00
11 1.80 - - 2.23 2.60 -
12 3.33 5.30 0.80 1.80 4.13 -
13 1.90 - - 1.35 - -
14 2.16 - - - - 0.00
15 2.50 - - - - 0.00
POPT = produced in oversea and packed in thailand
PPO = produced and packed in oversea

Table 4 Contamination of fungi and ochratoxin a from grape fruit at various stages of growth

Contaminated fungi (%)

Average
4 . . a ;
© 5 [oX S g o e amount o
Orchard stage 5 2 9 g @ S o z 2 g S
o O 3 3 3 B g = S 5 @ OTA
S 3 < = § = £ g & & g
< S < 2 B 2 g 9 e § 3 (ug/ke)
< & « O T < = kS
G
1 1 0 6 0 a4 0 15 5 a4 28 3 0 15.10
2 0 15 0 0 0 18 6 44 9 3 0 7.95
3 5 68 0 3 0 1 q 2 0 0 0 8.45
4 0 20 0 0 1 0 1 3 0 0 bac 4.80
2 1 3 15 0 6 0 22 2 18 10 41 0 113.7
2 0 18 0 1 0 26 0 25 3 74 0 39.4
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3 1 31 0 s 0 15 2 2 119 0 20.3
4 0 66 0 8 0 1 0 0 0 0 bac 139
3 1 14 84 o 30 1 3 1 3 1 0 0 92.72
2 1 91 3 4 0 0 18 9 2 0 0 119.0
3 0 100 0 35 2 1 0 1 0 0 0 8.9
4 18 21 0o 20 2 2 0 0 1 0 bac 2.9
4 1 0 0 0 16 0 5 39 4 7 10 0 31.86
2 0 0 0 19 o0 7 4 49 11 11 0 48.65
3 0 0 o 11 o0 0 4 4 13 10 0 14
4 0 0 o 11 o0 3 57 5 9 13 0 8.3
Average from 100 fruits samples
stage 1 30-40 day after fruit set stage 2 60-70 day after fruit set
stage 3 90-100 day after fruit set stage 4 120 day after fruit set
Table 5 Quantitative of contaminated fungi in soil surface from grape orchard
Fungi colonies (cfus/g)
- ; . . ; . )
° 7 g F : £ S = < 8 : g
2 S 8 3 s 3 < < 3 &
8 < < < 3 < < 3
= [v]
1 1 25x100 47x10° 67x10" 0 0 33x100  11x10°  33x10' 0 0
2 10x100 19x10° 85x10° 0 0 38x10° 0 0 0 0
3 83x100 33x10° 83x10 0 0 48x10° 11x10 0 0 0
4 10x10°0 20x10° 68x10° 0 0 4.0 x 10° 0 0 0 0
2 1 37x10 63x10° 0 0 0 1.7x 10° 0 0 83x 10" 0
2 37x100 23x10° 37x10° 0 0 20x10° 0 0 0 0
3 31x100 23x10° 15x10° 0 0 32x10° 0 0 0 0
4 40x100 30x10° 37x10° 0 0 20 % 10° 0 0 0 0
3 1 68x100 17x100 10x10° 0 12x10°  15x10°  7.7x10° 0 33%10° 0
2 43x100 85x10° 28x10° 13x10° 17x10° 33x10° 0 0 0 0
3 22x100 12x10°  13x10" 0 15x10°  43x10° 0 0 0 0
4 42x10° 50x10° 0 0 0 33x10°  33x10° 0 83x10° 0
4 1 36x100 37x10° 0 1.1 x10° 0 50x 10° 0 0 0 27%x10°
2 43x10°  38x10° 0 13x10° 0 33x10° 0 0 0 18 x 10°
3 48x10° 0 4.8x10° 0 0 28x10° 0 0 50x10°  35x10°
4 48x10° 0 52x10° 0 0 34x10° 0 0 67x100  42x10°
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Table 6 Contamination of fungi in air from grape orchard

Contaminated fungi (%)
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stage

orchard
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Figure 1 Colony and morphology of contaminated fungi on raisins
A) Aspersgillus niger B) Aspergillus ochraceus

D) Eurotium sp. E) Penicillium sp.

Q) Aspergillus flavus

F) Rhizopus sp.
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stage 4

stage 3

orchard 1

orchard 2

orchard 3

Figure 2 Contamination of fungi from grape fruit at various stages of growth



Figure 3 Colony and morphology of contaminated fungi on grape fruit

A) Aspergillus niger
Q) Aspergillus flavus
E) Rhizopus sp.

G) Fusarium sp.

) Nigrospora sp.

B)Aspergillusaculeatus
D) Penicillium sp.
F) Curvulariasp.

H) Alternaria sp.

101



102

Orchard 1

Orchard 2

Orchard 3

Orchard 4

Figure 4 Contamination of fungi in soil from grape orchard
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Figure 6 Removal of defectd fruits on trhe ground
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ayunansIveLasdaLauaLuL

NMINARBIM 2.1 WInnismugunstuileularnsanUsunaaslensmendy te Tunin

Aspersillus flavus was A. niger \lGas1 2 aneiuduaninulmleuludiagaim3nuima

£
o w S

3 Wuil Fadudesifanunsaasnasivienainendu uazlensnendu o ANEIRU wanINLEmy
& S v a a 1 v a adw I da A 3 a
1031 A. ochraceus N1a519a1510A5MBNTY 18 IAeNINLIAIN 2,789l Tfeg1enlivsuaudase
g9 In1sUuiouanslensmendu te 70.27% F3unsiinsuuleulias A. niger 11NN 589831179
& v | a v & o @ oA a
831 A. flavus wae A. ochraceus o8 1aNSNLIINUAiliiies 1 Aegeiinuanslensmendu 1o
a a (J = = < o v ad 1 a 1 A
g9 65.0 pg/kg MiuannsgIuianamelsuimun edlanmnunannsiiuinwlignds dunsnlui
| A & a a o ax a
nageunuIdinsUuleuanslensmendu to WiiuARsEINNivuA T3n15anUsutuanslons
nonTu 1o lnen1siinuseuninuimedouauseau Neamigil 70 waz 80 BeALYaLdyd WU 30, 45
wag 60 Wl IUSunaansivlonsmendu 1o ldunneeiunieada uwiviliansivlensmeniuanas
deWeuivgamuay (WSnuiesnliiiunslinusew) Ganslinuseungumgll 80 esmgaded
W 60 U1 anduEslensmMendu Lo A1nYgAAIUANlININTgR 77.71% wwinislunismivay
& a & 1 [ [ [ Qll = @ W ' = A
nsUulouanslensmendu 1o AsguaRILinIsIANIsaINIsAugIUimsiusnyineudale
HUILAA
NINARBIN 2.2 AnwkuInnNsAuANNsUBUaua sy patulin Tundanauaskansiaueiinuns

1. Msnsasunstuiloudosilunaliuussy 12 wiendaduet s0 338 faee1a wuns
Yulewdes 41 drega Anlu 1213 % leenuiuzauwidnisuulewdesuiniiagn fenu 28
MvEne nTIuMed1s 28 faegne Andu 100 % udinaglinunsuudeuasity patulin wae1a

UANULAYINATUUUDUATNYINNDTIVUA DY

2. MaAuieg1analdianiiindiainaiuasaiudeaay 39aeese 51 15 ¥8a 31U

192 fege nunstuleuiesitunnsiens uslinugesnasisansiy patulin

3. mMInsRaeumsUuileuansiiy  patulin - fegremdndariimaliuasraliuussusi
Manun 28 Fege IneesUfjURAn1s usem esufuinisnans (Ussnelne) wudnliiinsuudeu

@13y patulin

4. fan1seTEeuNTUUUoulReTInazd@1TiEa1Nwe s patulin TuuAazArogNNanNadn

o/ a ! [ ! 1 = ! = | 5 v Y &
Wi wls3Uelineng 9 Wunaanmsguasiatugielamis o anuvamis 9wy ldladuns
SusevindnnavinuunsaunansuanuuiavuaiauUasndouazazUaondulunniunisuan
= & & a & a v A v A ' = a o [ A
Weasnnisvuileuesiazarsivarnigesifidadendiuniidiusiuuinung Jsdianudniun
Izdodnliinisnsiafnaiuluszes weliladoyaiidulagduuasiunenisivasunlasves

ANTNWINABUVDINTSHARNB AUl
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NMIMARee 2.3 MImuauMsUuUsuvesdeuazansiivionamendu U1 lunandansnlng

1. wunsUudeuansueramendulundnlnesn winlnevu winlnes waswinlnes
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