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Trichothecenes: Hazards for Human and Animal Health
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Abstract 

Mycotoxins are toxic secondary metabolites produced by fungi. One of the most 

important mycotoxins is trichothecenes. They commonly contaminated in grains particularly 

barley, corn, oats and wheat. They had been shown to exert a variety of toxic effects on human 

and animal health, particularly at the cellular level by inhibiting protein synthesis and in the other 

systems such as lymphatic, blood, nervous and immune systems. Trichothecenes are unavoidable 

contaminants in human food and animal feed. They pose a major problem in the public health all 

over the world. Studying their toxicity is particularly useful for prevention of harmful effects 

caused by the exposure to this toxin. 
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(phytotoxins) ?@0!"#$%&F"E.*JL1#" (mycotoxins)1 
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1%85#6->FR"?8E+,-+K#3!#D"35"3.K(6I13!"#$%&F"E
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!#D"3!"#$%& .*28 10[@"51EH%8 (aflatoxins) O@%'
F"E.*JL1#"?1!.71F%@@A! (Aspergillus spp.) +1K#"
51EH%8 (ochratoxins) O@%'F"E.*JL1#".$88%H6.@6-( 
(Penicillium spp.) C'#+K56H68 (trichothecenes) ?@0
[Q+(8%H%8 (fumonisins) O@%'F"E.*JL1#"[QH".#6-( 
(Fusarium spp.)2 G5KB"(86LF01P%7#"-./$"0
7#0.,U8I13!"#$%&C'#+K56H68 
 

สารพิษไตรโคทีซีน  

 C'#+K56H68  .7V8!"#;8E@=2(H6KB%.'1#>         
$681-,> .''#0CHK@%E (sesquiterpenoid tetracyclic) 
5647#0E1G,DB-EB2" 200 !"#$%&564?'E'2"3EA8  (6
+K#3!#D"3$JL8^"8.7V8H6KB% .'1#>$681-,> .''#0      
CHK@%E (611EH%.F8 6 10'1( (6<(Q21%$1ECH,>;8
'R"?<823K"#>G18564!%G!13 (C-12) ?@0K"#>G18564
!%G!"( (C-13) ?@0 $A8)0+1@6[_8%E (olefenic bond) 
;8'R"?<823K"#>G18564.ED" (C-9) ?@0K"#>G18564!%G 
(C-10) KB"(.7V8$%&F0IML81-Q2EAG<(Q216$U1ECH,>564
'R"?<823K"#>G18564!%G!13 (C-12)      ?@0K"#>G18564 

ตารางที' 1 !"#$%&%'()*+,-./,-)01234/56.7893":+,-;"2:4;:"<=(>?@!A#A5BC* 
โรค โภคภัณฑ์ เชื+อรา 

3@#:#:6=!3 .6,)0 
(Akakabio-byo) 

12:0;:?, 12:0
6:"*.?)* 12:0!3DE  

FGH:.",)& (Fusarium spp.) 

3@?=.&%+:", +3/H=/ 3@?=0.#,)
(Alimentary toxic aleukia) 

I5J<87 FGH:.",)& (Fusarium spp.) 

63?#:% .%F!F"<:+, 
(Balkan nephropathy) 

I5J<87 .<%%=H=.?,)& (Penicillium spp.) 

#:"*K=>3/.63"=.63"= 
(Cardiac beriberi) 

12:0 >3;.L3"*M=??5; (Aspergillus spp.)      
.<%%=H=.?,)& (Penicillium spp.) 

&@."N4E56 
(Hepatocarcinoma) 

I5J<87 O5-0?=;4 >3;.L3"*M=??5; F?:05; (Aspergillus flavus)  
>3;.L3"*M=??5; <:":H=E=#5; (A. parasiticus) 

#:"*7=33/3"* (Kwashiorkor) I5J<87 >3;.L3"*M=??5; F?:05; (A. flavus) 
>3;.L3"*M=??5; <:":H=E=#5; (A. parasiticus) 

%=0"3?+=0LPK,.F#                       
(Neural tube defects) 

12:0!<K FGH:.",)& .03"*E=H=??3).K; (Fusarium verticilloides) 
FGH:.",)& <3?=.F3":E5&(F.proliferatum) 

&@."N4Q?3K3:Q:"  
(Oesophageal tumors) 

12:0!<K FGH:.",)& .03"*E=H=??3).K; (F. verticilloides)            
FGH:.",)& <3?=.F3":E5& (F.proliferatum) 

":)%*H=%!K"&                             
(ReyeRs syndrome) 

I5J<87 >3;.L3"*M=??5; (Aspergillus spp.) 

;E:#=!6+"=!3+3/H=!#H=;
(Stachybotryotoxicosis) 

I5J<87 ;E:#=!6+"=; .3+": (Stachybotrys atra) 

ที'มา: Bryden, 2007 
 
;=6;:&  (C-13) 134!#"4;"2 :4;:"<=(%,9  /:"&,
Q"83S&T&,04>Q0%>&#!#"SH#?=/ (macrocyclic) +,-
.78-3&!)4"@Q0T:4EU:>Q%T4#:"*63%+,-;,- (C-4) >?@
EU:>Q%T4#:"*63%+,-;=6Q2: (C-15) .LV%./BC*+,-;U:#5J
$%/:"MU:>%/!#"4;"2:4;:"<=(SE"!#+,H,%$Q2.LV%

;347%=K SK2>/T  %3%>&#!#"SH#?=/ SE"!#+,H,% 
(non- macrocyclic trichothecenes) SK2>/T;:"<=(+,+G 
(T-2) .37+,+G (HT-2) %=0:?,%3? (nivalenol (NIV)) K,
33/H=%=0:?,%3? (deoxynivalenol, DON) >?@FGH:",
%3%.3/H* (fusarenon-X , FX) ;T0%>&#!#"SH#?=/
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!"#$%&'(') (macrocyclic trichothecenes) !*+,-. 
/0#123$##2*2) (roridins) 456#7%0#8#2) (verrucarins) 
,9:(0&#0&6-(2) (satratoxins) )6-;0-)'< /0#123
!"#$%&'(')=>?,@.?66-4AB) 4 -97.C"0C-0#,&)&'D
"E0,F).?%0#8@6)&'DF+0 (C- 5) G6?$%#?/#+0?1H<)I0) 
*>?#JA&'D 18 !"#$%&'(')-97.C46;:!C.C'FCJ.%0#8@6)29
K)"E0,F).?%0#8@6)&'D,A* (C-8) ">56=.0?/0#123;0-
4LH<6#0&'D4AB)">5,&)%H6 /0#123&'&J 46L&'&J ,9:!*
6: 4(&&6-(2/ 4%6#8AM)69  (diacetoxyscirpenol, 
DAS) -97.C@',"-".0?;0--97.C46$*=C'FCJ.%0#8@6)29
K)"E0,F).?%0#8@6)&'D,A* (C-8) ">56=.0?/0#123;0-
4LH<6#0&'D4AB)">5,&)%H6/0#123)2509')69 *'66-(2)250
9')69 ,9: NJ(0#')6)46-(8 -97.C(' 4L.)$%#$"L2) 
(crotocine) ;:C'FCJ.6'1O6-('D412DCGP<)#:F5.0?"E0,F).?

%0#8@6)&'D4;O* (C-7) ,9:%0#8@6)&'D,A* (C-8) F#H6
%0#8@6)&'D ,A*  (C-8) ,9:%0#8@6)&'D 4-+ 0  (C-9) 
"0C9E0*>@ /0#-97.C*'4L.)(0&#0&6-(2);' (satratoxin 
G) ;:C' 5?,F5),C%$%#!(%92-  (macrocyclic) 
#:F5.0?"E0,F).?%0#8@6)&'D/'D (C-4) ,9:%0#8@6)&'D
/2@F+0 (C-15)8 /0#123!"#$%&'(')$*=&>D5!AC>-1@
K)Q>R1HL,9:$*=4S10:6=.0?=2D ?K)G+05@0#8 49=8 
G+05$1* G+05$6T",9:G+05/09' 9-11 /0#123;0-4LH<6#0)'<
C'%50C4/U'=#&0?4%C'4CHD6V.0)%50C#+6),9:-0#,A#
#JA60F0#12 A#2C0W-0#1@/0#123;0-4LH<6#0L)2*)'<
;:GP<)6=J.->@/X01XJC260-0Y /X01&0?XJC2Y0/"#813 

$*=1@-0#A)4AZ[6)K)1HL&'DA9J-K)/X0160-0Y&'D
4=O) 67WFXJC2"DE0 (0-15° C) C',)5$)+C&'D;:L.5=KF+412DC
-0#/#+0?-0#V92"/0#123!*+ 14 

 

รูปที& 1  $%#?/#+0?&0?4%C'G6?/0#123!"#$%&'(') 4 -97.C (Wu et al., 2010) 
  



/:+2:+&<1/<�*:H�*�beeh�ģ�c`Ůbů 147

THE 6th NATIONAL CONFERENCE IN TOXICOLOGY 10-11 SEPTEMBER 2015

!"#$%&'(') (macrocyclic trichothecenes) !*+,-. 
/0#123$##2*2) (roridins) 456#7%0#8#2) (verrucarins) 
,9:(0&#0&6-(2) (satratoxins) )6-;0-)'< /0#123
!"#$%&'(')=>?,@.?66-4AB) 4 -97.C"0C-0#,&)&'D
"E0,F).?%0#8@6)&'DF+0 (C- 5) G6?$%#?/#+0?1H<)I0) 
*>?#JA&'D 18 !"#$%&'(')-97.C46;:!C.C'FCJ.%0#8@6)29
K)"E0,F).?%0#8@6)&'D,A* (C-8) ">56=.0?/0#123;0-
4LH<6#0&'D4AB)">5,&)%H6 /0#123&'&J 46L&'&J ,9:!*
6: 4(&&6-(2/ 4%6#8AM)69  (diacetoxyscirpenol, 
DAS) -97.C@',"-".0?;0--97.C46$*=C'FCJ.%0#8@6)29
K)"E0,F).?%0#8@6)&'D,A* (C-8) ">56=.0?/0#123;0-
4LH<6#0&'D4AB)">5,&)%H6/0#123)2509')69 *'66-(2)250
9')69 ,9: NJ(0#')6)46-(8 -97.C(' 4L.)$%#$"L2) 
(crotocine) ;:C'FCJ.6'1O6-('D412DCGP<)#:F5.0?"E0,F).?

%0#8@6)&'D4;O* (C-7) ,9:%0#8@6)&'D,A* (C-8) F#H6
%0#8@6)&'D ,A*  (C-8) ,9:%0#8@6)&'D 4-+ 0  (C-9) 
"0C9E0*>@ /0#-97.C*'4L.)(0&#0&6-(2);' (satratoxin 
G) ;:C' 5?,F5),C%$%#!(%92-  (macrocyclic) 
#:F5.0?"E0,F).?%0#8@6)&'D/'D (C-4) ,9:%0#8@6)&'D
/2@F+0 (C-15)8 /0#123!"#$%&'(')$*=&>D5!AC>-1@
K)Q>R1HL,9:$*=4S10:6=.0?=2D ?K)G+05@0#8 49=8 
G+05$1* G+05$6T",9:G+05/09' 9-11 /0#123;0-4LH<6#0)'<
C'%50C4/U'=#&0?4%C'4CHD6V.0)%50C#+6),9:-0#,A#
#JA60F0#12 A#2C0W-0#1@/0#123;0-4LH<6#0L)2*)'<
;:GP<)6=J.->@/X01XJC260-0Y /X01&0?XJC2Y0/"#813 

$*=1@-0#A)4AZ[6)K)1HL&'DA9J-K)/X0160-0Y&'D
4=O) 67WFXJC2"DE0 (0-15° C) C',)5$)+C&'D;:L.5=KF+412DC
-0#/#+0?-0#V92"/0#123!*+ 14 

 

รูปที& 1  $%#?/#+0?&0?4%C'G6?/0#123!"#$%&'(') 4 -97.C (Wu et al., 2010) 
  

เมตาบอลซึิม (Metabolism) 

!"#$%&'"()*+,-#"*.%/.0, 1023%(%#%4"("#)5"
56"7809:;(;<"=(>.?.!>;@A  23%(%#%4"809!B"C>7C+-       
DE/#-(F%)6*>9. (hydroxylations) :6G/0-0$-(F%)/*>9. 
(de-epoxidation) !"#$%&'"()*+,-#"?.#H2-G)F88%)68 
(acetylated) 'GIH()1;"J-D6FA (metabolized) -4<"=
#@/)#K@?LM-4H<?.#H2/0-G)F88%)68  (de-acetylated) 
)*<. !"#$%&808H)26094.)2N.)-*808H :6G.%@"60.-6 
)2N./0--(F%.%@"60.-611  10=".@%'>4$J@<" !"#$%&D;#
OC80F0.#H2!%J!-=:6G!%J!"1 /0-0$-(DF/A (12,13 
de-epoxide) ;#@'$JL6>='"(D/M#>J("#2P-.!"#$%&
.%@"60.-6 FQ9=)26094.)2N./0-0$-(F%.%@"60.-6?.L.H
:#8 L.HD1!A @>@ :6G:(G11 .-('"(.0,$J#"4=".@<"
D;#OC80F0. )2609 4.D2 )2N.#H2/0-0 $-(DF/A ?.
(#G)$"G#H)1.R-=@>@ ("#SQ(&".0,:!/=?LM)LK.@<"
'T6%.8#04A'"(6B"D!ML#+-(#G)$"G-"L"#R-=!>;@A)C0,4@
)-+,-=6/C@"1)2N.$%&R-=D;#OC80F0.6=D/M 11,15-17 
 

กลไกการเกดิพษิ (Mechanism of action) 

!"#$%& D;#OC80F0 . )2N.;> @ 4> J 4>, = ( " #
!>=)C#"GLAO2#;0.).+9-='"('>J(>JL.<@4 (60S) D#OJ
OF1-6:6G)*+9-@<"'G)2N.(6D(L6>(R-=C@"1)2N.$%& 
("#4>J4>,=("#!>=)C#"GLAO2#;0.)(%/RQ,.5<".("#4>=4>,=
("#8B"=".R-=)-.DF1A)228%/%68#".!)U-)#! 
(peptidyl transferase) 809$>.VGCH<#GL@<"=;B":L.<=
C"#AJ-.809)(M" (C-9) !%J :6GC"#AJ-.!%J!-= (C-12) 
!%J!"1 -%$-(DF/A .-('"(.0,4>=(#G;TM.("#8B"=".
R-=)-.DF1AD1O8)'.:-(8% )@8O2#;0.DC).! 
(Mitogen-activated protein kinases, MAPKs) :6G

)L.094@.B"?LM)(%/("#;"4R-=)F66A:JJ-G$-$O8F%!
?.(#GJ@.("#809)#04(@<" ''D#OJ8-(F%(!);#!)#!
2-.FA (ribotoxic stress response)'' :6G4>=(#G;TM.$0
!"1!%J:2/ (p38) :6G)-.DF1A'H.)-.)8-1%.-6
DC).! (Jun N-terminal kinase, JNK) -0(/M@4 14 
 

ความเป็นพษิ (Toxicity) 

!"#$%&D;#OC80F0.1056(#G8J809)2N.$%&;<-
1.T&4A:6G!>;@A-4<"=(@M"=R@"= )2N.!")L;TR-=("#
;"4R-=)F66A:JJ-G$-$O8F%!  :6G/L#+-("#;"4
:JJ.%OC#F%!  (necrosis) ?.#GJJ;<-1.,B")L6+-= 
#GJJ)6+-/:6G#GJJ8"=)/%.-"L"#8B"?LM)(%/W"@G
)1K/)6+-/R"@;9B" -")'04. 8M-=)!04 :6G)!04*0@%;D/M14 
O#C-G6%)1.8"#%8-(F%(-G6%@)C04 (Alimentary toxic 
aleukia, ATA) )2N.O#C809$J?.1.T&4A FQ9=10!")L;T
'"(("#J#%OWCV>7$+*80910("#2.)2XY-.!"#$%&'"(
)*+,-#"808H18,19 .-('"(.0,D;#OC80F0.4>=10C@"1)2N.$%&
;<-5%@L.>=:6G->Z[G ("#(/WH1%CTM1(>.:6G)$%91C@"1
D@;<-("#;%/)*+,-809-"')(%/RQ,.O/4)\$"G-4<"=4%9=
?.*<@=26"4R-=("#;%/O#C;<"=]8 C@"1)2N.$%&'"(
!"#$%&'"()*+,-#"*.%/.0,!<@.?L7<106>(&ZGC6M"4(>J
5HM809D/M#>J#>=!0O/41056(#G8J;<-)F66A80910:J<=;>@
-4<"=#@/)#K@ )*<. ?.6B"D!M DR(#G/H( :6G->Z[G14 
.-('"(.0,1056(#G8J;<-)F66A4HC"#%O-; (eukaryote) 
C+- ("#4>J4>,=("#!>=)C#"GLA/0)-K.)- (DNA synthesis 
inhibition) ("#!#M"=-"#A)-K.)- (RNA synthesis) :6G
("#!#M"=O2#;0. (protein synthesis) 1056;<-("#
)26094.:26=OC#=!#M"=:6G("#8B"=".R-=)4+9-LTM1
)F66A (alter structure and membrane function) :6G
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!"#$%"&"'()&*+,-.)'/0#12 (mitochondrial 
function) !#3-45'!"#/!6076890/8)#:))!;6/0<=>' (lipid 
peroxidation) !"#/?'1>2@'%"!"#-"2()&/;77:ABB 
)3C)C,$;6D !#3-45'!"#$%"&"'()&*;,-."2': 

(cytokines) A73/.,+."2': (chemokines) E7!#3$B
()&*-#,.$1;1'-F)!"#$%"&"'()&/;77:2G."#6,)- 
AD0&H'-"#"&$1>  220 A73H'D= -@: 0= &AD0&H'          
-"#"&$1> 38 

 
ตารางที& 2 E7()&D"#C6I*-#,.$1;1'-F)!"#$%"&"'()&/;77:2G."#6,)- 

ผลกระทบ เอกสารอ้างองิ 

2=B2=J&!"#D#5"&,8#-1' (Inhibit protein synthesis ) Ehrlich and Daigle (1987) A73 McLaughlin 
et al. (1977) 

2=B2=J&!"#D#5"&)"#:/)K'/)A7301/)K'/)  
(Inhibit RNA and DNA synthesis) 

Rosenstein and Lafarge-Frayssinet (1983) 
A73 Thompson and Wannemacher (1986) 

!#3-45'!#3B@'!"#*7890/8)#:))!;6/0<=>'  
(Stimulate lipid peroxidation) 

Rizzo et al. (1994) A73 Vila et al. (2002) 

/871>2'A87&!"#$%"&"'()&/2L>)?45+/;77:  
(Alter cellular membrane function) 

Bunner and Morris (1988) 

2=B2=J&!"#$%"&"'()&*+,-.)'/0#12A73!"#('DF&)6/7K!-#)'  
(Inhibit mitochondrial and electron transport chain function) 

Pace et al. (1988) 

/?'1>2@'%"!"#-"2()&/;77:ABB)3C)C,$;6D               
(Induce apoptosis) 

Pestka et al. (1994), Hinozuka et al. (1998) 
A73 Islam et al. (1998) 

!#3-45'A+C/.C"$/@2: (Activate MAPKs) Zhou et al. (2005) 
!#3-45'!"#-)BD')&#3BBMG+6.45+!='  
(Modulate immune response) 

Corrier (1991) A73 Bondy and Pestka 
(2000) 

/871>2'A87&D"#DL>)8#3D"$ (Alter neurotransmitters) Prelusky et al. (1992) A73 Swamy et al. 
(2004) 

/?'1>2@'%"!"#AD0&))!()&21'()&*;,-."2':A73/.,+."2':
N%"'@'+"!  (Induce gene expression of numerous 
chemokines and cytokines) 

Azcona-Olivera et al. (1995),  Zhou et al. 
(1997), Moon and Pestka (2002), Ji et al. 
(1998) A73 Pestka et al. (2005) 

ที&มา: Ramesh., 2007 
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!"#$%"&"'()&*+,-.)'/0#12 (mitochondrial 
function) !#3-45'!"#/!6076890/8)#:))!;6/0<=>' (lipid 
peroxidation) !"#/?'1>2@'%"!"#-"2()&/;77:ABB 
)3C)C,$;6D !#3-45'!"#$%"&"'()&*;,-."2': 

(cytokines) A73/.,+."2': (chemokines) E7!#3$B
()&*-#,.$1;1'-F)!"#$%"&"'()&/;77:2G."#6,)- 
AD0&H'-"#"&$1>  220 A73H'D= -@: 0= &AD0&H'          
-"#"&$1> 38 

 
ตารางที& 2 E7()&D"#C6I*-#,.$1;1'-F)!"#$%"&"'()&/;77:2G."#6,)- 

ผลกระทบ เอกสารอ้างองิ 

2=B2=J&!"#D#5"&,8#-1' (Inhibit protein synthesis ) Ehrlich and Daigle (1987) A73 McLaughlin 
et al. (1977) 

2=B2=J&!"#D#5"&)"#:/)K'/)A7301/)K'/)  
(Inhibit RNA and DNA synthesis) 

Rosenstein and Lafarge-Frayssinet (1983) 
A73 Thompson and Wannemacher (1986) 

!#3-45'!#3B@'!"#*7890/8)#:))!;6/0<=>'  
(Stimulate lipid peroxidation) 

Rizzo et al. (1994) A73 Vila et al. (2002) 

/871>2'A87&!"#$%"&"'()&/2L>)?45+/;77:  
(Alter cellular membrane function) 

Bunner and Morris (1988) 

2=B2=J&!"#$%"&"'()&*+,-.)'/0#12A73!"#('DF&)6/7K!-#)'  
(Inhibit mitochondrial and electron transport chain function) 

Pace et al. (1988) 

/?'1>2@'%"!"#-"2()&/;77:ABB)3C)C,$;6D               
(Induce apoptosis) 

Pestka et al. (1994), Hinozuka et al. (1998) 
A73 Islam et al. (1998) 

!#3-45'A+C/.C"$/@2: (Activate MAPKs) Zhou et al. (2005) 
!#3-45'!"#-)BD')&#3BBMG+6.45+!='  
(Modulate immune response) 

Corrier (1991) A73 Bondy and Pestka 
(2000) 

/871>2'A87&D"#DL>)8#3D"$ (Alter neurotransmitters) Prelusky et al. (1992) A73 Swamy et al. 
(2004) 

/?'1>2@'%"!"#AD0&))!()&21'()&*;,-."2':A73/.,+."2':
N%"'@'+"!  (Induce gene expression of numerous 
chemokines and cytokines) 

Azcona-Olivera et al. (1995),  Zhou et al. 
(1997), Moon and Pestka (2002), Ji et al. 
(1998) A73 Pestka et al. (2005) 

ที&มา: Ramesh., 2007 
 

ตารางที' 3 !"#$%&'()*+,$-./01$23&454617)+819:  
สารพิษ ผลกระทบ 

ทีทู ;<.=+>#,$#.6),?,$ (Feed refusal) 6@A,?68#"B CA,696=DEB(,9F"%=DEB="G)BFB*"B"* 
39,D!.B;#1.$%''+G'-86>H: )81$,#,$1,I()*"J#+H#$F$#=#.B=-.KD(L@6 $%B8'#"J23+M6
+H#$="E#"B"* =#.B-I,>.+N,-M618'F"%#$%=-,%),?,$ )81$,#,$1.B=OG@)=-.KD(L@6  
=?64KI96A,#,$1,I()*=5"":F'')%-)-2&5.+M60&D8+F"%DP,D I8'I8@*#,$+$P,*B4=)E6
=)F"%),$:=)E6=)  

ดีออกซินิวาลนีอล 

 

;<.=+>#,$#.6),?,$ ),=C4I6 $%''&,*=B.6),?,$!.B;#1. 6@A,?68#"B $%B8'()*
2;$146M654$8D"B"* N,9%=3$4IB))#5.=BO8K6 F"%=5"":=#E'#.6=-.KD(L@6M60#7#$%&* 
(oxidative stress and blood phagocytic activity in broilers) 39,D=;Q6-./17)=5"":18'
;RDNJD. (cytotoxic effect on human primary hepatocytes) 

นิวาลีนอล และ  

ฟูซารีนอนเอกซ์ 

#,$")#?"HB()*&,*=B.6),?,$ (Gastrointestinal erosions) 01!.B;#1. (nephropathy) 
#,$#.6),?,$"B"* =;Q6-./17)=5"": (cytotoxicity) 

ไดอะเซททอกซิส

เคอร์ปีนอล 

"B#,$#.6),?,$F"%#,$=-.KD()*6@A,?68#189 (Reduces feed intake and weight gain) 
9.#,$&4KO7)*;,# F"%&,*=B.6),?,$ (oral and gastrointestinal lesions) &P)*=+4I  

ที'มา: Wu et al., 2010 
 

บทสรุป 

+,$-./C,#=OG@)$,D4#,$;6=;ST)6M6),?,$
()*D6H/I:F"%+819:)I7,*?"4#="4KI*0D70BP =;Q6;UV?,
+A,38V()*+H(N,-17)#,$+,>,$W+H(&8K92"# ?6LK*M6
+,$-./C,#=OG@)$,&4K+A,38V3G) +,$-./01$23&4546 &4KD4
!"#$%&'17)+H(N,-$7,*#,I()*36F"%+819: &8@*M6
$%B8'=5"": F"%M6$%''17,*X #,$YL#/,?$G)&$,'
ZL*39,D=;Q6-./CL*=;Q6;$%2IO6:)I7,*I.K*M6#,$
;[)*#86)861$,I&4K=#.BC,##,$0BP$8'+,$-./O6.B64@ 
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