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 Poaceae  Zea Zea mays L.

 maize  corn 

 (flint corn)  (dent corn)  (sweet corn) 

(flout corn)  (pop corn)  (waxy corn)  (pod corn) 

 2.1  2.1

1. Pericarp  hull  bran

2. Endosperm 

3. Germ 

4. Tip cap  pericarp 

 2.1  (FAO, 1992) 

Pericarp 5-6 

Aleurone 2-3 

Endosperm 80-85 

Germ 10-12 
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 2.1  ( : Cereal Process Technology, 2009) 

 90% 

 80% 

 (USDA 2010) 

 (  2.2) 

 20-60% 

 2.2  (USDA, 2010) 



5

 3 

 (combine harvester) 

 4 

 (

 10 )

 (  2.2) 

 21-28 

 (corn 

snapper)  (corn picker-husker) 

 1-2 

 23 



6

 4-5 

25%

 2.2

 (%)

(°C)  15  20  25  30  

23.9  116  12  4  2  

21.1  155  16  5  3  

18.3  207  21  7  4  

15.6  259  27  9  5  

12.8  337  35  12  7  

10.0  466  48  17  10  

7.2  726  75  27  16  

4.4  906  94  34  20  

1.7  1140  118  42  25  

:  (2552) 

 2 

1.  (Natural drying)

 70ºC 



7

 (2541) 

14

 750 

 4.25  60  4 

.10

2.  (Artificial drying)

(artificial drying)  (2546)

 3  16 .

A. flavus  6 

 27  5.7 

 36  60  90 

 6 

 A. 
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flavus

 3 

-

 (low temperature drier) 

 (airflow rate) 

(heat damage)  (over drying) 

-

 (Medium temperature drier)  (30–

50ºC)

 (rapid drying) 

 (over drying) 

-

 (high temperature drier) 

 (grain) 

 60ºC 

 (Storage fungi) 

 200 
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 20% 

 ( , 2536) 

 2 Aspergillus

Penicillium Rhizopus  Yeast 

Aspergillus

Penicillium

Aspergillus restrictus, A. amstelodami, A. cheralieri , A. rubber, A. 

candicus, A. ochraceus, A. flavus Penicillium spp.

A. niger, Wallemia sebi  Chrysosorium fastidium

 (Murray, 1999)

 Christensen and Sauer (1982) 

Aspergillus flavus
A. flavus  (aflatoxin) 

 (Aspergillus spp.) 

 storage fungi 

 ( , 2533) 

(  2.3) 

 conidia head  (hyphae) 
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 (hyaline  subhyaline)  (septum hyphae) 

(conidiophore) 

 (vesicle) (  2.4)  (sterigma 

pialide)  (uniseratiate)  (biseratiate)

 vesicle  metulae (primary sterigma)  phailide (secondary 

sterigma)  (conidia) 

 (Kenneth and Derothy, 1965)  (Diener 

et al., 1987)  (isolate) ( , 2530) 

 conidia 

 2.5 (Diener et al., 1987)  A. flavus

 85 

 6-46°C (Shanta and Sreenivasmurthy, 1981 , 2533) 

 86-87  secondary 

metabolite  mycotoxin storage fungi

 2.3 Aspergillus flavus 



 2.4  As

p

 400

2.5

spergillus fla

phialide ( )

11

avus  co

 flask-s

Aspe

onodiophore (

shaped

ergillus flavus

( )

s  (PathInfo P

 vesic

Project , 2009

cle

9)
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1.  (moisture content) 

 13%,  11%

2.  (relative humidity) 

 65-90% 

3.  (temperature) 

 30-40°C  50-55°C 

 0-5°C Aspergillus A. flavus

45°C A. candicus  50-55°C Penicillium A. glaucus A.

restictus  0-5°C  90% 

4.

 14.5-15%  20-25°C 

 2-4  10-15°C 
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1.

2.

3.

4.

5.  70%  15°C 

6.  1-2 

 propinoic acid, calcium propionate  sodium propionate 

A. flavus

 ( )

 mycotoxins 
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 secondary metabolites 

 (  2.3)  mycotoxicoses 

 2.3

Aflatoxin B1, B2, G1, G2

Aflatoxin B1, B2

T-2 toxin 

Deoxynivalenol  nivalenol 

Fumonisin B1

Ochratoxin A 

Aspergillus parasiticus 

Aspergillus flavus 

Fusarium sporotrichioides 

Fusarium graminearum 

Fusarium moniliforme 

Penicillium verrucosum 

Aspergillus ochraceus

: Wareing, 1999 

 Secondary metabolites A. flavus A. parasiticus 

 (Furano-coumarin)  17 

 mutagenie teratogenic 

 4  B1 B2 G1

G2  4  (  2.6) 

B1  B2 G1  G2

 B1  500 

 (260°C) (Christiansen and Kaufman, 1969) 

 (ultraviolet)  B1  B2

 G1  G2
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 M1  M2

metabolic form  B  G  M1

 B1  30 

 3 

 2.6  (Wogan and Busby, 1980) 

Aspergillus flavus 
1.

A.

flavus  sclerotia A. flavus 

A. flavus 

A. flavus 

A. flavus 

 1,000 isoletes 

35.6  ( , 2545)

A. flavus  20 

A. flavus 15 isolates  11 isolates  B1  2 
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isolates  B1  10,000 ppb (Pradubsri et al., 2004) 

A. flavus A. parasiticus 

A. niger, A. wentii, A. rubber, A. ostianus, A. 

ochraceous, Penicillium puberrulum, P. frequentans, P. citrinum P. ariable 

A. flavus  B1  B2

A. parasiticus  B1 G1 B2  G2 

 B1  G1  B2  G2

2.

A. flavus 

(Goldblatt, 1969) 

substrate

3.

A. flavus  6-46ºC  36-38ºC 

 25-35 ºC ( , 2526) 

Joffe and Lisker (1969)  45ºC 

12-15ºC 

24ºC  29-

35ºC  5 

A. flavus 
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Aspergillus flavus 
A. flavus 

 (Plazt et

al., 2001) 

Propanoic acid  Calcium propionate 

 Propanoic acid 1%  26% 

 Free carboxyl group 

 Calcium  Sodium propionate 0.3% 

 18%  2-3  (2528) 

 Sodiumacetate  0.2  0.3 A.

flavus  Propanoic acid 

 0.6 0.8  1 A.  flavus 

 Sodiumchloride  2 4  8 

A. flavus  ( , 2543) 

Moreno-Martnez et al. (1985)  Protective effect 

(fungicide)  Captan, Chlorothalonil, pentachloronitrobenzene, Thiram  Commercial 

moisture  Captan+ Carboxin  storage fungi 

 (seed viability) 

 Salamanca  21°C

 Chlorothalonil, Captan  Captan+Carboxin 
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85%

A.  flavus  15-30 

(Diener, 1983)  15 

A.  flavus  Siriacha et al. (1989) 

 Kaaya et al. (2005) 

 biocontrol 
 (2552)  105 

 Nguefack et al. (2004) 

 5  3 A. flavus, Fusarium

moniliforme  A. fumigatus  500 ppm 

F. moniliforme, A. fumigatus  A. flavus  69, 56  40 

 Kishore et al. (1993)  essential oil Anethium

graveolens, Chenopodium ambrosiodes, Citrus media Lippia alba

 fumigant 

 essential oil  C. ambrosiodes 

 1,000 ppm  phytotoxic Aza-

dirachta indica and Morinda lucida A. flavus 

 (Bankole, 1997) Adegoke et al. (2000)

Framomunt danielli (Zingiberaceae)

 15 
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 50°C 

 71.07% (Rahman et al., 2008) 

 3-4 

 ( , 2543)

 (Punidase et al., 2003; Valerie and Vijaya 

Raghavan, 2005) 

 (Cwikilinsk and von Hörsten, 2001; Clear et al.,

2002; Forsberg, 2004)

 (Radio Frequency) 

 (Radio frequency, RF: 13.56 MHz, 27.12 MHz  40.68 MHz) 

 (dipolar molecules) 

 (  2.7) 

 ( , 2552) 

 electrodes 
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 27.12 MHz  27.12 

 2 

 (Ryynänen, 1995; Nijhuis et al., 1998; Francesco et al., 2009) 

 (inside out) 

 (outside in) 

(Birla et al., 2004; Wang et al., 2003)  (dielectric 

properties)

 2.7  (Orsat and  

          Raghavan, 2005) 

 27.12 MHz  27,120,000 

 2  2 

 intermolecular friction  hysteresis 
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 (heat transfer) 

 (equilibrium temperature) 

 (target temperature) 

Dielectric Properties 

 2 

permeability  permittivity  permeability 

(Zhang and Datta, 2001)  permittivity  Dielectric constant ( ’)  Dielectric 

loss factor ( ’’) dielectric constant ( ’) ,

dielectric loss factor ( ’’)

 dielectric constant ( ’)  ( )

 loss tangent 

 Nelson and Stetson (1972) 

’ ’’  2.4
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 2.4  dielectric properties  24°C 

: Nelson and Stetson (1972) 
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 dielectric Properties 
dielectric Properties , ,

 -  (frequency) 

relaxation time  periodic time 

  (Ohlsson 

et al., 1974) 

 -  (temperature)  relaxation time  loss factor 

 relaxation frequency  dielectric 

constant

 dielectric properties 

 - (water content) 

permittivity

 -  (chemical composition) 

 dielectric loss factor 

Radio Frequency (RF)

 (Seaman and Wallen, 

1966; Joliceur et al.,1982; Lozano et al., 1986: Cavalcante and Muchovej, 1993) Birla et al. 

(2004)  RF 

Phoma betae

 (sugar-beet; Beta vulgaris) Fusarium culmorrum

 (Cwikilinski and von Hörsten , 1999) Cwikilinsk  von Hörsten (2001) 

Fusarium graminearum

 Janhang et
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al. (2005)  Trichoconis padwickii

 105 

 Vassanacharoen et al. (2006) 

 14%  85°C  10 F.

semitectum  2%


