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ABSTRACT

The objective of this study was to investigate the impact of deoxynivalenol (DON)
on the growth performance of Taiwan country chickens. Two hundred and eight 5-d-old
black-feathered Taiwan country chickens were randomly assigned to 4 treatments, 0, 2,
5 and 10 ppm DON. The experiment lasted for 16 weeks and was divided into three
intervals, 5-21 d, 22-70 d, and 71-112 d. Results indicated that although the difference
of body weight gain between male and female birds widened during the second phase in
treatments fed diets containing high levels of DON, the overall growth performance was
not significantly different. None of the blood biochemistry (serum ALT, AST, UA and
IgA) responded to increased DON levels in the diet. DON had no adverse effects on
relative organ weights except that relative weights of spleen in birds fed 5 ppm DON
diet increased compared with that of controls (P < 0.05). Increasing proliferation
(proliferating cell nuclear antigen, PCNA), higher levels of apoptosis (TUNEL assay),
and DNA damage (y-H2AX) were observed in immunohistochemistry of the spleen
sections in 10 ppm DON treatment (P < 0.05), except that female birds had decreased
proliferation index. There were no significant differences in intestinal morphology,
whereas the length of villus in ileum tended to be shorter among birds fed diets
containing low levels of DON. The expression of tight junction protein, claudin-5,
increased in some female birds fed 2 and 5 ppm DON, while in male birds, it appeared
to have decreased expression levels (P < 0.05). In conclusion, Taiwan country chickens
seemed to possess high tolerance to DON contaminated diets. Nevertheless, our results
show that DON may cause disturbance to the immune system and impair the barrier
function of the intestine, leading to higher susceptibility to infectious disease. Further

investigation on the long-term effect of DON is required to confirm these findings.

Keywords: deoxynivalenol, Taiwan country chicken, growth performance, tissue

morphology, long-term effect
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Figure 1  Structures of trichothecenes (types A, B, C, and D).

(Lietal., 2011)



(=) ®etd R 2 b

R RFAe ) F s s F R EEPFZHAPASY AL REE F TR
PR G rRed L ARTEE - AR E (B 350C) T L fWApd
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21 EW SRR LW AR RAEE R R4 F 84 5 (2009-2011)
Table 1 Deoxynivalenol occurrence in feedstuffs and feed samples surveyed in Americas, Europe and Asia between 2009 and 2011.

All Samples Corn
North America  South America  Central Europe Southern Europe  North Asia  South-East Asia  South Asia Oceania
Number of tested samples 5,819 390 322 535 59 477 218 106 11
Positive (%) 59 79 17 72 47 92 45 22 27
Average of positive (ppb) 1,104 1,085 214 1,421 985 1,154 307 278 182
Maximum (ppb) 49,3071 24,900 939 26,121 3,851 15,073 4,805 1,150 249
Soybean meal

North America South America Central Europe  Southern Europe North Asia South-East Asia South Asia Oceania
Number of tested samples 45 55 43 25 37 105 16 3
Positive (%) 18 29 21 24 38 18 31 33
Average of positive (ppb) 1,007 208 470 419 149 201 186 150
Maximum (ppb) 5,500 428 741 908 314 973 259 150

Wheat / wheat bran

North America South America  Northern Europe  Central Europe  Southern Europe North Asia South-East Asia Oceania
Number of tested samples 25 17 71 436 24 75 40 109
Positive (%) 76 53 55 55 38 87 65 48
Average of positive (ppb) 1,029 947 1,058 1,534 1,204 922 2,251 5,046
Maximum (ppb) 7,000 2,520 7,341 49,000 3,505 5,331 41,439 49,307

Finished feed
North America  South America Northern Europe Central Europe Southern Europe  North Asia  South-East Asia  South Asia Oceania

Number of tested samples 55 130 27 579 104 671 447 111 86
Positive (%) 65 13 74 67 37 89 35 22 34
Average of positive (ppb) 1,718 250 641 792 431 829 287 156 296
Maximum (ppb) 6,100 808 1,889 25,759 1,252 19,141 2,683 634 709

! One of the wheat samples from Australia.

(Data compiled from Rodrigues and Naehrer, 2012 )
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Bk d F 0 m B B FLH 3 BT B G o Rk d 3 R H RS
f#(epomde group )’ ¥ E 4% 4 $ 2. 60S =t H = 1% 4= %8 (ribosomal RNA, rRNA )
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Tk d 288 IRNA > F e RILig 5 972 8 0 Ak d £ ok 3
SHET R 2 RNA P pada b 2 vz gk A5 & 4 % ( Swenberg et al., 2010 )o 2 #F
B Faomi B4 s mi AR Ao Vi et 22 %G g
s (B 2)e Bl o Rk d 7 G fFd 2 IRNA AR 2 v {723 (77
AR KA PR T &S DR d F 6 23 § POt (deoxyribonucleic
acid, DNA) ~ i3 4 ¥ #+:f& (messenger RNA, mMRNA) 2 H i F-v H & & 1y
Bl o B3Rl A F 5 P € 444 rRNA 2 HApht 3 H2 R 5172 P> &4 420
RNA 2_ P agt s oo Falerded DSl e 2 LR & @hua 3
% JEHE B 22 v% (Maresca, 2013) -

Rk 3 22 RNA 22 F»al 238 %A RGBT o kps

B engeps g ik

)‘1«

( mitogen-activated protein kinases, MAPKs ) 2_jci% »
R A FORRAE (B 3) - HPTL AP LA N wie b= 240 H

v 4 3 (Pestka, 2008; Pestka, 2010a, b; He et al., 2012a, b ) -

Sulfur bond Ether bond
OH OH

R—C—C—S—FR’ O0—FR
H I‘i"

(Only protein) HS — R’\ /HO — R’ (Only protein)
(Only protein) H|_n_ —R + +H;N — R’ (RNA / Protein)
Cl)H

R—C—C— 0 — |_ — R’ R—C—C—N—FR’
H H H H, H
Ester bond Amine bond

Bl2 vRedd 2%F SRS FEPELT LT N
Figure 2 Chemical reactivity of the epoxide moiety.
( Maresca, 2013)
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Ribosome

PKR / Hck
MAP Kinases
ERK p38
NFkB p53

!

Cell activation

!

Translationinhibition

Survival Apoptosis
Inflammation rRNA cleavage
nM

[DON]

B3 rpetd %2 ey

Figure 3 Cell effects of deoxynivalenol (DON). Top image shows the organization of
eukaryotic ribosome. The small subunit (40S) on the left contains an RNA
molecule (cyan) and 20 proteins (dark blue); the large subunit (60S) on the
right contains two RNA molecules (grey and slate) and more than 30
proteins (magenta). The image also shows a transfer RNA (orange) bound to
the active site of the ribosome.

( Maresca, 2013 )
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f i 3% 3 MAPKS & v 2 ik 50 3 %Eﬂfﬁ:}‘%ﬂ@&%%ﬁ”ﬁﬁﬂiﬂ?
16 (oxidative stress ) e 0 ¥ - K& a7 34 (Wuetal., 2014 ) (®)
4)ovheb 4 2R FRF 2N 27515 46 (reactive oxygen species, ROS) » I
PR e N fig VAt Z 4o § (Y 4 s (catalase, CAT) % Ag ¥ L $ ot it fix
(superoxide dismutase, SOD) z. 7z & o o >t F 5 52 2 pd A (free
radicals) & imve 2 § VG MIB R > A F § BB HDT H o - R
B DNAHRE = 5 pd Ao 5 8p 2 W 2% ET FRed 3 & R
%3 Fiezdam e FiEs 1 DNA ¥ 4as e 2 (Mishra
etal., 2014) -

Trichothecenes

Aeeeeeeeeeeee® ﬁﬁﬁ““"‘/' "o R e eeHee66000AE060R860H
1T M1 I Iml
HmmmyHmlmﬂgmywmumﬂwuwnm» kil el bl L j

Ribosomes

Ctopig

13

Sm

—> Stimulatory modification
------- » Translocation

B4 "3 Z2¥AFF '“?fs&~’v*é‘é%f§"iéﬁ‘_
Figure 4 Speculated mechanism of oxidative stress-mediated toxicity of trichothecene
in animals.

(Wu et al., 2014)
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( homeostasis ) -

B T REF RS ADEEE  p R AL SE L L e o W

W

PR ERISEY R A R AR E Y L wr L2 0 2 BRF §
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s 3T AR o R SR e R TR BRRA L R AR
MFmMaL S EARDRER A HB LR TR 7 I B aeRBRET
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Hob2Rs (invitro) 7 »Fb 3 2 edrdlF s ¥ R o BB E 2 1 F
W0 A U4g-F B B EEd g (sodium-glucose transporter, SGLT ) # & a7
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(Amador et al., 2007, 2008 ) ° *F et & # b8 T & RUH F & A af > T
Ad3 FHEHES L LFF 2N RF] .
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H Rk i (Pintonetal., 2009 ) >t 7% & 5 3 + 4 wmve fh2 R PRk 2 6 Ak

RRIPR T R 3 R i P L e 2 “f 1@ 3 F-v (tight junction

proteins ) 4 L (£ H %2 claudin)» F pF & i35 7 Fe & (transepithelial

electrical resistance, TEER ) & % ™© "% » 3% 5 ¥

A R Erimre B kR a0
»cip ¥ (Harhaj and Antonetti, 2004 ) - *+ ' 745 - (bacterial translocation) 3
RS S FLSEPRE T RBERE SR EZDP CHL A

%ig v A 2 B M (Vandenbroucke et al., 2011) > F]m + it #% & & 4~ 5 R S

8
W
&

o PHBEJABR AL AR EI R T > E P R BIRLS

e

BFE TRt HaE F2 4 5 41* & (bioavailability) 7 #7# % (Goyarts and
Dénicke, 2006) » ¥ it Jn ¥ & % i HLEES it 53 0 Rk A F R N B P AR

o S fEAy ] -

13



Bk A R SR ET e 7 F 1 MAPKs i T S S L
F o jrimee i 5o MHE (120uM) argebd 2 g B FEFE AL B
hoB AR B 2 F-v B & IR (40 COX-2 2 B-defensins ) > @ 33 37 L £ 2 ke ok
A g R ¢ BT e >k (biphasic effect) » M# £ (1-25uM) &
o g % -8 (interleukin-8, IL-8) e % » @ & &€ (50-100 uM ) B#r]
H s (Marescaetal, 2008) o IL-8 #4305 € B4R 559 fdd ik 3 g
P#EIGFLET FEARI R EFG TS o Rk 3 F 2 e oT
FRRA G MBERAR G A ERF LF BP0 n A3 HERPASE LA

L E N R

3. LB AP

o d ARG P AR (S iRl AT EREHOT L LR LR A
HAMRALE N LR Y R FR B Rl 3 AT S M2 e LR P
FIEED fascfy > B3 2B E &3 F R L2 s o B &
R EHIoEd > L hw% (P me ~Bliwwe ~Tw ) #4305t 4 2
g M Ap 4§ At (Maresca, 2013 ) -

B AL G 0 B T LN — KD S o 304 TE K T
Bode ¢ 2 IgA R R 3T k&R d & (6 #r L < (Pestkaet al., 1989; Swamy
et al., 2002; Drochner et al., 2004; Goyarts et al., 2006b )> 2k @ H s 57 7 fr A L%
PR F £ 6 B4 0 F LA Tk 39 A (immunoglobulin, IgA) k& & F #7 %
it (Swamy et al., 2003; Danicke et al., 2004a ) - Tiemann and Danicke (2007) Eﬁf
PEFLBPRFATH S EFL AR CE GG I RAR f F AR

3 mﬂh\ N é{lﬁm]‘ﬁ ’Qu}}i ik gl ;:Kr]%gg R

14



Rk F E N LA R o B R w2 A S MR o w4
B BB 2 T e o TR bR (T S R A E 3 2 (mitogen-induced
proliferation ) ei:&% » =5 vRel & % 2. 4% & 14 - Malovrh and Jakovac-Strajn
(2010) % BB~ 12 5.08 ppm vEeb d # 440 54 X B &2 T mre > £ 7G5
A ko (mitogen) % fRetd R O E TIET o e R IGER 2 iR R B F B
WHRE Y - gy T IRAARETE L AT ppm Rt A 2 9O (S H T
e X TG Sk B Rl A F R EHRE (Qvernesetal., 1997)

RAGFATRT N IREMHE T (E= v JR57ppm) H = mre it

iRk 2 A RAF P RIS R FPF R0 B E AT 5
i (Goyarts et al., 2006b )o iz v- ¥t 12 4p Fo )k B eFwfoet F & Ak &FE & 43F 2 325 o
ToE P RSN wie 2 4 (Goyarts etal.,, 2006a) > pt 22 2 & g & AR bRS
e’ % 4p 12 (Tiemann et al., 2006; Doll etal., 2007 ) o i 2 A7 3 B % 2.7 - R
AFv a2l e R L@ b oo et 54 % 2 93 > 4 ik cha A B AR
zi%~$%@o¥¢ﬁﬁ%ﬂ’@gi%%ﬁwmwiﬁiiﬁﬁéﬁ@,
Pinton et al. (2008) 4k 47k & 2.2-25ppm riet 4 % 9% » B AW & 5Py
3-v (ovalbumin) F# R F ELHEF Bis > REH KT mre > 30 b p| T P
v F-v $#LR 1T (antigenic stimulation) z 3 # it 4 - #F RATARA R 3 ¥

EMT mreid > RE % 5 2 HBRE Ldrd] > F RAFFR L ELRL
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gt H i e o (TR AR MR BB AR DY BAFRZLE e
#hebd 2R (102 100 82 £8)- MHE (MR ) 2 7Feb 4 £

F’ngﬁ}i LERENEE 2 SN W WAL A /&;‘&.fém’?é;};r% A BE2 TmeEsygd

P N MAE T E e B S P A BRE UM e d

e+ § 4% (Pestka, 2010a,b) - tp#ts > FHE (UM ER ) 2%k 3 % € 3
HE v imre B > T gé H k= (DOl et al., 2009; Sugiyama et al., 2010 ) - ¢
%?Pv;jjfsm’?é?;ﬁd FREENZECB@mEE: T » FEASSI LR

TR BTE A

—-\\

HEEm T2 0 R d FHEE w2 f g B8RS P @
EAARS F & F Ly E ek K

AFFET AN T B A LRI B EAR AL BT 4
W2 R i % s % - Tiemann et al. (2006; 2008a, b) 0% & #7 § 4F &
td o SR BIER TS A2 M (96ppm) K ESF2L A FARE A
LR T PRI ST P S S S T e
= 485w ¥ (hemosiderosis) > i 48 & (hemosiderin) ** 5K FE ¢ iwff > &~ pt
B2 ke IR E e 7 B eh ) o] o (T R T A ARl & R )
BB R e ek 4 A A B8 g 3k e #7975 (Birgegard et al., 2005) -

Bk BT R G e k6 BB FIER B T

SR F P SR d R S MR LA ST A e
HOOAP S RSRAT 0 B KL A KA B
BET AR R ALR 2 AR F b ARG kA G e S ik o 2
FoE kALl B I:{ﬁ?{*‘%f?}%!ﬁ”’ﬁﬁ CRREDGAGAAPI BT E
rﬁ %ﬁfﬁﬁﬁ'@%«‘)ﬁi/ﬁl it TR 4 R AR L o i e 2 Mk

Rengebd 0 B Fraliva § LA o
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(=) RPRREZ i &
1 sz A4

- A o Red A TRB BhRRT A RN ST BT b il
TR U W $ P TPy T BT SRS (EY ENCE
BRI TR AT RS LR A BT REFART vl d 2o RSB
Npir A 4 2 jFA feo 1B A iei7 3 %kE 0 (de-epoxidation) #73=
¢7 de-epoxy-DON > ¢ # DOM-1 ( DON metabolite-1) > 12 % # 4= #8 p Jf% % i
TR g farReb 4 3 £ B¢ (conjugated ) As¢ (B 5 B 6) e

Med a2 L %F PN FE AR LR AT AR LRl S
%o DR RIE L g e et e B R4 £ 2 DOM-1 5 R 7 0 BT
BB avgkebd G (AF vt B (81-99%) 5 DOM-1 43¢ (Danicke et al.,
2005b; Seeling et al., 2006 ) > @ DOM-1 gz § # & 3 ‘w*z 3 £ (McCormick,

RS LR EET

P

=

2013)> ¥ AvEpet F B2 TR G

Rt

e |3 HF M o BERE 4 3

=

AR ehd it > AR L S HEHE 2 BE o R R N 22 12-77% o vF
R A RA R T SO TR I N A
BESp 2y @itk a Fehid > RA@RRFLNLY
(Dénicke and Brezina, 2013) o © kel & % 2 Hjmd froc B K5 0 K T #°%
7 DOM-1 ik vt B 3 64% > & 36% 1 adF it 3 kel 3 F 350 0 ARyt o ",f
G R AP E 0 0.1% 0 T 0 & 5 B (82-97% ) HrRekF BAAAYT T & R
A o T ORE o P TORET o G ER L LTS B

A R AL TR
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4 2y ¥y MR £ it (glucuronidation) % £ gk e (T chR b 0E
# (sulfonation) A Ak 3 £ %5 f24 2 £ &AL - 2 FB F i B4 d F ok
B g B S R R e Kf(thter 2000; Gamage et al., 2006 )°
Foebodrgd anpmd 72 B g e d i (Wuetal, 2007 ) ©

tvpebd & 3.7 2 15 B P A 0V OARH - BT § mmEp R
# & (uridine diphosphate glucuronosyltransferase, UGT ) eni®* T & & § § #&
FEfs o Maul et al. (2012) 2 B8 *F 225k 3 & f& 6 4 355K ¢ 2_ ok %8 (microsome )
AR T ERL R FREEFERS LR ME RS LR
B AR B P AL F AR AR A WA < By BmR
BERZRAE O FREMASFA G o METEED AT > B Rl

F st o L plE #T 100%:5 DOM-1 5 B & /i 0 2 kiR 7

—

R oeh
CHES B RS SN AR S AU I NS Rl B

e R o AREE o YR R T vl d 2 0 F 65%43E R

ar

A3, W5 35%E FE ftﬁfi;}’;"zt‘ IS

“v & mv?\’“l % b /I}IJ#:FE—TJ j‘_ - X, ;’]‘_

‘3\

PR Y PIR i 92% 0 R G LTSN B § 2 SIS d PPRIR TR S B
4c (Danicke and Brezina, 2013) c p w i A sy T F R E 5 it i 4 PR R
BE & 2 R A0 R 3 LR (0 R GopE 3N 0 4 AR AR U

G TR A ST
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Figure 5 Metabolism of deoxynivalenol (DON) in pig and cattle.
( Dénicke and Brezina, 2013)
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Figure 6 Proposed phase Il biotransformation of deoxynivalenol in animals and humans.

( Modified from Wu et al., 2014 )
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SRE P F TR R 32 L EERATNBASE R 0

8 7t & > 2 € & k42 - Danicke and Brezina (2013) # # = g < ;gJe AY

A o
W
)
|
$u +
Ul
N
14
o
[
1
3

gk 45 5 (carry-over) - 3% § ddp I LR #

SRR LR o FHREH A PR SR d AR L 44

)|

WREME SN (2 2) st TEF AN BT P G P 2 AR
v o RHASUATORLE FER (£3) TRERGTR o

Tl d AEHBIFASE BN RRY F I KEA TR R
Bosfaiso a PSR Rl g BT ST B e BT AN R o o
W FHET o RANAETLE EE O AT H AL RENAE YR
7 % 1325 (Dénicke et al., 2004b; 2007a, b ) - Danicke and Brezina (2013) = ¥%
Hd FEAPR R TAR G G EAE P SHEEE 0 N H R
Gkt d AR E SN A 3o - LHETO S TR E L LB HeRekd 2
z_# patx £ (tolerable daily intake, TDI) % 1 pg/kg body weight/day ( SCF,
2002)’%%3@%%& BB LR A S 0 B A4 E 300 g 53 A EP TR

FE2EMHL 62 A2 Fp AL ES9I% -

~

Rk

Ak A a5 (worst case scenario ) kB {(FERRG 0 1t )

fﬂ

PR d F BRI B A SRR APEHRS S DT 6.68 ppm 11

g3 F A EF IR oA wHMEFHELR ¢ (Commission of the

~

European Communities, CEC ¥t 7% &kt 11 2 vheb & 2R R 240 5 7 (F AT
0.9 ppm (CEC, 2006 ) > & g~ #2477 & 75t Jg > W] 1) AT E R o 2 &
Bk &R M 6.68 ppm AT o v s A E p AR B AU RN o ]t Ak
VR A A ARR S BB AR RE 20 g PR TR
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Table 2 Carry over of the Fusarium toxin deoxynivalenol (DON) and its metabolite de-epoxy-DON (DOM-1) into edible tissues of pigs.

. Exposure Toxin (ppb) Carry over factor for
Sample  Category (kg of body weight) Duration Diet (ppm) DON DOMLL DON + DOM-1 Reference
Muscle  Rearing piglets (8-16) 4 wks 2.31 2.1-7.3 0 0.001-0.003 Danicke etal. (2010)
Fattening pigs (26-100) 12 wks 6.68 7.3-20.5 0-1.7 0.0011-0.0031 Goyarts et al. (2007a)
Fattening pig (27-111) 11 wks 0.56 0-2.2 0 0-0.0039 Déll et al. (2008 )
1.18 0-5.2 0 0-0.0043
Liver Rearing piglets (8-16) 4 wks 2.31 0.6-9.8 0 0-0.004 Danicke etal. (2010)
Fattening pigs (26-100) 12 wks 6.68 13.7-36.3 0-3.9 0.0023-0.0059 Goyarts et al. (2007a)
Fattening pig (27-111) 11 wks 0.56 0-3.6 0 0-0.0064 Déll et al. (2008)
1.18 1.0-4.8 0 0.0009-0.0043
Gilts (121) 35 days 3.07 0-11.0 0-3.1 0-0.0046 Dénicke et al. (2005a)
6.1 2.7-10.5 1.5-3.4 0.0008-0.0023
Gilts (117) 35 days 9.57 41-12.4 1.4-4.4 0.0007-0.0016
Sows (199) 35 days (GD? 75-110)  9.57 0-7 0 0-0.001 Dénicke et al. (2007c)
Sows (192) 35 days (GD?35-70)  4.42 4.3-8.7 0 0.001-0.003 Goyarts et al. (2007b)
-Fetuses® (0.293) (GD?35-70) 2.6-7.0 0 0.001-0.002
Kidney  Rearing piglets (8-16) 4 wks 231 7.5-29.9 1.0-34 0.004-0.014 Dénicke et al. (2010)
Fattening pigs (26-100) 12 wks 6.68 46.7-122.3 1.8-12.3 0.0074-0.0193 Goyarts et al. (2007a)
Fattening pig (27-111) 11 wks 0.56 4.0-17.5 0-1.1 0.007-0.0319 Déll et al. (2008)
1.18 0-19.3 0-2.4 0-0.0156
Sows (192) 35 days (GD?35-70)  4.42 16.2-27.7 0-3.2 0.004-0.007 Goyarts et al. (2007b)
-Fetuses® (0.293) (GD? 35-70) 3.0-5.4 0 0.0007-0.0012
Back fat  Fattening pigs (26-100) 12 wks 6.68 0-8 0 0-0.0012 Goyarts et al. (2007a)
Spleen Sows (192) 35 days (GD?35-70)  4.42 4.7-8.7 0-4.4 0.001-0.003 Goyarts et al. (2007b)

! Pooled per sow.
2 GD: gestation day.
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Table 3 Risk evaluation arising from deoxynivalenol (DON) contaminated foodstuffs.*

Daily Daily
(Dom of feed) Tissue (Dot')\l) food basket DON intake % of TDI' Reference
P i (g/d) (ug/person)
6.68 Muscle (pig) 2057 300 6.2 8.8 Goyarts et al. (20072 )
6.68 Liver (pig) 36.3° 100 3.6 5.2 Goyarts et al. (2007a)
6.68 Kidneys (pig) 122.3% 50 6.1 8.7 Goyarts et al. (2007a)
6.68 Fat (pig) 8.02 50 0.4 0.6 Goyarts et al. (2007a)
7.5 Egg (laying hen)  0.79° 100 0.08 0.11 Sypecka et al. (2004)
3.4 Milk (dairy cow)  0.14° 1,500 0.21 0.30 Seeling et al. (2006 )

! Worst case scenario: maximum reported DON residue concentrations of various foodstuffs were
multiplied by their assumed daily intake (average daily food basket) (FAO/WHO, 1989) and related
to the tolerable daily intake (TDI) of 1 pg/kg body weight per day (SCF, 2002) of a 70 kg weighing
person.

? Free plus conjugated DON.

® Free DON.
( Data compiled from Danicke and Brezina, 2013)

RV A TS N EX A

RET A RO EHT P2 Rl 4 R SR X 2 susceptibility ) 4o 4R
FE> L E>* E>7E =F h# 45 (Prelusky et al., 1994; Rotter, 1996 ) - 7¥ & 4 =
W ELE FEBAR A A R T LA A AR - f Y 27 2 ppm

MTRRGRES F 0 PERB LA L ARG SPE RaF s AR ]

F.
b
R0
=\
W
S
=k
<l
A
W
e

wrbd &t 0 7 ¢ HIRTRA i e (Awad et al.,

2011b)» # 2 F MGAT T AA L 0 F 16ppM A A ML 4 £ 2 F A RRRE W
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(=) A7 ichisgss &

CRES LESEt  NES S RIS R €N S
B o Ao 2 TiE > A Rl & R § U0 d et St L2 kF it 2 DOM-1 )
Som kLRt P AP ERRE A a4 AP RO R B g
FEFREP LRI A TE (R 7). Yuetal (2010) = & :E gy
CEp R d FECFH KB YL EPNFFETRE R EFEE LS FR
R L BE AR R RN AR s p A HELKE P
TR Evped A4 2 A Pins BT v+ F#  Clostridiales
B~ Anaerofilum % ~ Collinsella /& 2 Bacillus & - F]p* » 384 et 3 Z /2§
fes FRAMPN XA agicd PR 20kl 3 B2OTRA M it Bgnr

RIS AU - S

Monogastric (human) Ruminant (cow) Poultry
pH gradient Microbial biomass pH gradient Microbial biomass pH gradi Microbial bi
Stomach 1.5-5 1023 Rumen 5-7 101112 Crop 4-6 108°
Proventriculus 34
Abomasum 1.5-5 1023 Gizzard 2-4 1078
Duodenum 5.7 1034
Jejunum 7.9 Duodenum 57 104 Duodenum 6-7 108
4-5
10 Jejunum 7-9 1046 Jejunum 6-7 1089
lleum 7-8
8
10 lleum 7-8 - i 57 has
Cecum 6-7
Colon 5-7
1011-12 1011-12 Cecum 57 1011-12
Colon 5-7

Bl7 WAz pLEb s G2 it g i pH 2 HRMEA ST E
Figure 7 Regional pH and bacterial densities in the digestive tract. pH and bacterial density
(per mL of intestinal fluid content) of the different segments of the digestive tract
of humans, ruminants and poultry are indicated in the figure.
( Maresca, 2013)

23



TP T IRRE A K2 3 B 4§25 o Osselaere et al. (2013a) #

e Rt 3 2 o0t H 0 R 5 19.3% 0 o8 5 ’ 4r‘_, % 0.12L/minkg» @ 7% &

P~ s 5 54%% 0.00381 L/min kg (Goyarts and Danicke, 2006 ) » & p& di3gp &
%@&i%&?@%ﬁ%%ﬁ$o

LW 2Rt 3 F %R AV ?}iﬂii'}%“éf v S H Lun et al

(1989) sw= g - ﬁjﬁ Mk R R TR S o B GERA LI eh

B TR A8 RN i BB E AT o SR B BN (7

FEWEERANFR) e i arvReld 3973 F B R4 E 0 23% 0 A

TR F ZW AR Y AFAT o ERSAF O Er 23 F 0 3 BT
69%.55 d f}laif«f*”f @ W 1% FE L fi?ﬁt#ﬂ"% CER LR {{rﬁﬁ it

%@&%%ﬁ%%“o“+’ﬁﬁiw¢mﬁﬁt#ﬁ T Rt F 3w
JeZ (Lunetal., 1988) » $&plrFet 3 2 (X T AL N BE H 8 74 F o

178 Wanetal. (2014) 1cididrfet 3 2 A& L 18 o e B H B F 102
® vz g K 47 B ¥ & ( high performance liquid chromatography-mass
spectrometry, HPLC-MS) 4 47 (X384 4 chig > 8 (7 &7 i e A 4
%7 3 o 2% DON-3a-sulfate 3 # & 8.1 & cvkedb 3 2 S BFA P (& R4sH
E:88.6% ) HH A dvRB T BRI HGR Y ot (BI6)-[R& » ¥ - B
FrEgEEAEMAEY 0 LR P w D9 DON-3o-sulfate 3 k&
Porhob 4 22 761% 0 F SR EREFT VL AHF T2 E G med 4

( Schwartz-Zimmermann et al., 2015) -
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(=) wed A H 7L B Y
L 2 £ 2444 R P
FAFTHA R R FA AL 2 AAMBE SN f e PP W

kA 15 ppm T gt F &

-

Hhrg et £ A7 ¢ ¢ (Eriksen and

Pettersson, 2004 ) 254 = 5 it » ¥ EHE T (46ppm) # 3§ Hied £
hi®*  (Hamilton et al., 1985a) « 42 vket 4 % k& B & 16-20 ppm 4 € §

Fa -RHEIPRE LA EFRN LR M EZERCFERS - F )
FE R E R R 2 ERE A £ F B2 B B o

A AR G o AR FIE E 83 ppm kR e E A RS 7 € id

o

SR A i F s X SR X A4 18 ppm k& chdekre T 8 (Lunetal,
1986; Kubena et al., 1987; Bergsjo et al., 1993) > @ H i 7 3 &1 f4* Frékée
0-4.9 ppm kB chéefr 0 7t A LR T E P 39vd A5 93 % (Hamilton et al.,
1985b) > PG AR A FHOT L AARBE OB AP L
WAFTHAE ARG - RS > TR AT AR 2 kb 3 F oD
KA TR % pRFLTRF? T i a? FREDKRAST Z > 7 F
AARVRIRRPEY ANRGETRIRY A1 2 W Red F0R 0 Y

# T 4py#ss (Awadetal, 2012) > 46 3 e 54 AR IR 5 4 o
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SRR IE S SR T S RN L IE SR SO e g

YRR BT ERE [ E0t T

= 5
o
il

e A T dp o0 RS
Rk d RS0 H BT ST B aip £ £ 5 4 (Kubena et al., 1997;
Danicke et al., 2003; Li et al., 2012; Yunus et al., 2012a; Awad et al., 2014 )-  z_ »
AR TR AR d 2324 £ ¢ iz v E £ R4 (Kubena
etal., 1985) - @ k4 83 ppm B LA Rt 4 £ 0 R A FH2 55 £ H 4
% ZEW3R 4 A% (Lunetal., 1986) -

R AT 2SR AT T 0 SR R AR s B B

WHERNH S RGBT Y R DA - & (£ 4)c § BT H R

i)

1
BE oM 2 FERGEFEFOEE-F F20ERE s RANT G E MR L2 Y

BB B E 0 & F R CEE TG - RPEDE
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Table 4 Effects of deoxynivalenol (DON) on relative organ weights of poultry reported in literatures. *

Poultry line, Gender  DON conc. Duration Timing Heart  Spleen Bursa Reference
3wk N T -
Arbor Acres @ & 2 ppm 0-6 wk 6wk M N Lietal. (2012)
Broiler breeder & 6.4 ppm 26-38 wk (12 wk) 4,8, 12 wk - Yegani et al. (2006 )
Ross 308 & 59&95ppm 0-8wk 8 wk - - Swamy et al. (2004 )
Ross 308 & 10 ppm 0-5 wk 5 wk — — — Awad et al. (2014)
Ross 308 & 10 ppm 3-5 wk (2 wk) 5 wk - - —  Franki¢ et al. (2006 )
2 wk - YN -
1.68 ppm 0-5 wk 4 wk - YN -
5 wk - - -
Ross 308 & > wk — N — Yunus et al. (2012a)
12.21 ppm 0-5 wk 4 wk - - -
5 wk - - -
Broiler breeder 9 12.6 ppm 26-38 wk (12 wk) 4, 8, 12 wk - Yegani et al. (2006)
Lohmann broilers & I4pg|;nm 82 x:i 2 x:i * i B Danicke et al.(2003)
Hubbard broilers & 16 ppm 0-3 wk 3wk - Harvey et al. (1997)
Hubbard broilers & 15-16 ppm 0-3 wk 3 wk »  Kubenaetal. (1997)
Leghorn chicks & 9 & 18 ppm 0-5 wk 4,5 wk - - —  Kubenaetal. (1985)
Leghorn chicks & 18 ppm 0-12 wk 4,8, 12 wk - - - Kubena et al. (1988)

! Symbol /4 means increased/decreased relative weights, — means no difference compared to control, © means female, & means male.
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3. B
BEAR Rl 3 B R vt A PR 2 B A > ARAAR S AR ITC RS £
2 ERREESSED Z o 0P KERT (1-5ppm) 74 7 “TE & o Awad et
al. (2006a, b; 2011a, b) & 7B 5 & 7 A vl d 2 ip A T B Y P
SRS A AR RS RG AR S F AL M LS
YRR MR RGFEE TREF M (Awadetal, 2011a) 7 igdt &
FRTREE FEERRFE SRS E > AT R EFRPEFE Y i
BA e T -G o AW RS MO RGBS A2 T RS
F Rl d B R LR 0 2 MRNA 2 ILE 2 S £ PRl 4 3 R 7] ehl
% (Awadetal, 2011a) » &7 74 i HH F o o] o
LHERT - F AL PRI R A R 3w a Y
o R/ ST s R R R EHFRE TG G PR A ST
WA g kS
Rk A3 R 0 BRA Lo FEZ RAROT T TR S 0 R A P 1]

frh L H R PRG hd K LI o 3 R del 2 R A

BEOGE Y BREE 0 e R ERRENG G RARD G R
HE AT F R AT ,:;‘gc} R Er R R F F A £ A o (Awad
etal., 2012)

FAE P AL e NIRRT SR R MRS E R BT
B (TEER) # * M= } 4 e cn LM o A43p & 1430 5 ppm jk & 4eh
3o Rl R AR @ T % i % (Antonissen etal., 2013 ) 5 & T

CE = R T
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FEL A B Rl RS L AR DL R a4
claudin-1 (CLDN1) % claudin-5 (CLDN5) % = 3t & %3 @ 4t % % (B 8)
¥ s i 1 enRl B 2 (Amasheh et al., 2005; Markov et al., 2010; Ozden
et al., 2010; Collins et al., 2013 )- Osselaere et al. (2013b) 4k 4w ¢ %t 7.5 ppm &
BAPHCeA > LB D7 % s CLDNS 22 mRNA 2 REH FH/F > A&
2FE % CLDNS # M E ¢ A4S AL EF 0 o §0t o d AR&PZ BH T
EAEZIZRITAZIIED LM *i‘fﬁ%@%}é ZIME gL > F L

TINETCE R ST

Tight junction

I symplekin

: 7H6 o
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Figure 8 Molecular composition of tight junctions.
( Modified from Forster, 2008 )

4. L FE 3 JnB R
FihEd @ A AA N SEMTREA) RESFHRBFH

Aod FAPARMALRPE FTL o g AT o 2T HAT LpS i

B4R T TSR R d R IR LR B chy otdp iR (Danicke et al.,

2003) -

29



BAFRTHET O HEARLE 20 F R BABLELF ¢ L (infectious
bronchitis virus, IBV ) % #7335 328 ( Newcastle disease virus, NDV ) % & {4 e11d
% F kg ¥ X #r4] (Ghareeb etal., 2012; Yunus et al., 2012a) - #* *h > &k &2 & 2
b d R 2 TRAREAF FOMES 0 R §HFRF LY IgA ER %
AR E BN P B e E MRNA 28 2 REATB R
4% (Lietal,2012) w2 L& > & » RE¥FE I F0F REH B P
eofcdpi > FAERE L FALE ERD R RAES AR LR
Frplenie® o 8 TRk A FAMIORIE 9 F 0 B 5 IR 2 G
= i #c P B %+ %5 (Chowdhury and Smith, 2005) » & ¢b » & 3 nve #icE
SR T G B R chg Bf:@*ﬁ TR B

W2 FALHEDRGMPN TR E FAFF PR ARG T A o
Awad et al. (2014) #4°e p 322 10 ppm *Ret 3 Z 2 &0 B E S 5 KR
(comet assay) i# 4 iAWY 2 6 o Ik DNA ST 15252 44 B8 2o 4p 25 L
@ R Tl Jﬁ COHR S TR Lo s 2 RN T iAo
¥ L X e F k4 (thiobarbituric acid reactive substance, TBARS) B » # 35 %
k2 TBARS B % 34 o ¥ - 2 5 - Osselaere et al. (2013b) 440 p 3¢
7.5ppm kB 2 & teipl 2T § 1 i L AP M SRR 2 475 2 MRNA £
BE PRt ad 24T > L% 2w %2 §FEed g 4B REF (Xanthine
oxidoreductase, XOR) A F|4 & 7 ¥k % » F pr § 1t ?ﬂm.f oo gtk
gt 3 Z2H A FANEN N KT mr AR BRI 2
FrEBep 2 EMs 48 (Renetal,2015) > = gz 5| p DNA %74 53

Sl BT LR FER T R R RE
¥ ]
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K o WAFGE A TEF LA R LS A3 P ahRE

AP ¥ > DNA 2o %75 £ 483 % A i d 5 &g % (Frankic etal., 2006 ) » & 77 vE et

AAFEL 32 pd A RP R LI ERIAFEDNA A G - g F ARG F
E I

Fi o R E FHNRE S EH N R LE L AROREE BV AR

AE GG RE X EOMETF > RS GRS R LR o

LRRFEFEE A2 RS
P dr AR A VRS A L RS H S R REY 0 S
YR BT A RE > T AT I RR FREEREE Y BT
Ha L 5422 HMMk - d Rt 2P AF L by U o § 12
FHMHS ERE > LA E R AT o T ARk F A0 & WA R

ﬂlﬂ.%mlq’a*ﬂ$’|1 122‘& o

%5 EFReFEEPE 2 Rl FERE
Table 5 U.S. advisory levels for deoxynivalenol (DON) in finished wheat products for
human consumption and grains and grains by-products used for animal feed.

DON Levels in Grains

Class of Animal Feed Ingredients & Portion of Diet & Grains By-products
(Finished Feed)

Ruminating beef and feedlot  Grain and grain by-products not to 10 ppm (5 ppm)

cattle older than 4 months exceed 50% of the diet

Chickens Grain and grain by-products not to 10 ppm (5 ppm)
exceed 50% of the diet

Swine Grain and grain by-products not to 5 ppm (1 ppm)
exceed 20% of the diet

All other animals Grain and grain by-products not to 5 ppm (2 ppm)
exceed 40% of the diet

Human Food
Finished wheat products for human consumption 1 ppm

(U.S. FDA, 2010)
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Table 6 E.U. guidance values on the presence of deoxynivalenol in products intended
for animal feeding (relative to a feedingstuff with a moisture content of 12%).

Mycotoxin Products intended for animal feed Gmdapce
value in ppm
Feed materials”
-Cereals and cereal products® with the exception of maize 8
by-products
-Maize by-products 12

Deoxynivalenol
Complementary and complete feedstuffs with the exception of: 5

-Complementary and complete feedingstuffs for pigs 0.9

-Complementary and complete feedingstuffs for calves 2
(< 4 months), lambs and kids

! Particular attention has to be paid to cereals and cereal products fed directly to the animals that
their use in a daily ration should not lead to the animal being exposed to a higher level of these
mycotoxins than the corresponding levels of exposure where only the complete feedingstuffs are
used in a daily ration.

2 The term “cereals and cereal products’ includes not only the feed materials listed under heading 1
‘Cereal grains, their products and by-products’ of the non-exclusive list of main feed materials
referred to in part B of the Annex to Council Directive 96/25/EC of 29 April 1996 on the
circulation and use of feed materials (OJ L 125, 23.5.1996, p.35) but also other feed materials
derived from cereals in particular cereal forages and roughages.

(CEC, 2006 )

27 pRz EEEGEd 3RS
Table 7 Japan and China regulation values of deoxynivalenol (DON) in feeds.

Country Feeds DON regulation value (ppm)
Feeds for livestock (except cattle 1
aged older than 3 months)

Japan
Feeds for cattle aged older than 4
3 months
Maize <1

. Feeds for pigs, young cow and <1

China dairy animals

Feeds for cow and poultry <5

(Food and Agricultural Materials Inspection Center, 2010 )
( Standardization Administration of the People’s Republic of China, 2007 )
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I ~2RI Pz AHmR

LA MALF L AT I OBE S A B B0 g B R IR
g Tl b £ ¢ (2014) 383 o 3¢ Hm 5 > 8 509 31k .59 5 43% >
v FAI S 57% (% 8) 1395 % (2005) £ (2007) s8R 2 - 4 Fp B p
g FHRPFEEE TR ERY 0 RS R RERRBR
L3 A im0 LR 2 g s 4 g (red-feathered country chicken)

FE2NAgLAo s RARRY P T014% A4 Ak A G2 HRER

Hod WARFELEFZBREFIO FRIET  AFFRLFWEF b T
BAR (Frctahd ¢ 02010) 2 HEET AP U] 2EHTHELZ I E
H T;'S‘r'* FEHRG S NTSLI86-236 (£ 9) 7o F Fipr  H g > *v 2 0
EEAES BALENTS500 i - 7 L4 % HHBFRALPE R P o

AR e A g o R a2 B Bk g e R S 37.4% 0 L a ) B 4
AR HPES F LG AAErihied HH oL L4 g Ly
dRNLLFNFSFEFN A LA > AF L L 2R, R gt d
Fa AR

233 b R 5 15-16 3% > 2 E v £ 4050 57 (2430 =
3.

23
T)AFFMEE 3540 57 (2124 27 ) 2 Fpt L1 R AREETE M

FER A (¢ FLRERE§ 0 2016) -

O £l s ot

Figure 9 Appearance of Taiwan black-feathered country chickens (left: male, right: female).
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Table 8 The poultry production of Taiwan country chickens and broilers in Taiwan during 2010-2014.

EN RS 2 P
Number on Farms at the End Head Slaughtered
of the Year
EXE P EY B3N ok FE
Year, District R i Native Chicken Broiler
Native Chicken Broiler 8 fi KA R 8 #i B R
Head Carcass Weight Head Carcass Weight
+ 8% 1,000 head -+ & 1,000 head —+ & 1,000 head 2w Mt -+ & 1,000 head 2w Mt
2010 & 34,522 24,198 123,849 254,165 191,993 284,738
2011 = 35,502 20,977 130,838 266,161 200,707 304,354
2012 & 29,399 21,746 118,759 241,407 186,994 283,776
2013 & 28,647 21,486 102,974 209,356 185,650 281,571
2014 # 29,688 22,757 109,010 222,794 198,449 301,151
2 R 6,085 2,517 25,334 51,854 23,586 36,050
B i Bk 5777 2,159 20,952 41,956 21,892 32,907
351 24 3,038 5,086 10,800 22,246 37,398 56,424
EEB 2,823 1,958 10,816 22,072 18,810 28,862
3 3B 1,681 1,559 5,145 10,704 14,639 22,134

(st £1 F ¢ - 2014)

%9 HA Lz 0 p Fpt 2010-2014 £2.F A R
Table 9 Prices of Taiwan country chickens and broilers in Taiwan during 2010-2014.

e 3B
Farm Prices of Production Areas Retail Prices of Cities
-& :‘T\‘ "“T‘ 33 '_—1 ’%/g‘ 4 b 1 % 4 b
Year Red Feathered U Fﬁ. . S E’ Fﬁ. N
. . Broiler Native Chicken Broiler
Native Chicken
/25 NT$hkg — =~/2 5 NT.S$kg /25 NTS$kg /25 N.T.$/kg
2010 # 61.81 41.85 185.93 128.42
2011 = 68.19 44.04 192.16 129.22
2012 = 65.14 42.99 186.56 124.24
2013 = 72.06 44.70 207.56 128.92
2014 # 80.36 47.80 236.34 144.79
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4R R AR R S F L Ay RPN Rl R MRS
PR ETR R FR ke P REEDE P E LR BED P
BT HE o~ A RELRP AL LG L UL R B E RN
THAEARE GEEZ AT c L ¥ 0 A8 mak LR d 2R S Rl
ﬁiﬁﬁ’ﬂﬁéﬁﬁ%?.iﬁﬁaﬁ P RO R R APR R S
FeE o ERARSAMEL B RRRT AT LR AEFT A b
TR F AH RSN g2 A LA AR BT 2 B

5 4
R g

“
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TR CE R,

- RN
(=) @4
LRt d el S22 W4
Bt d 2R ASGA RS S S RAERES S EUE > ARt
T oooRebd 2 A 4 FfE F graminearum iE 1 18 AR FEL 0 @R A
FEE35 P > WH XBEKTF 2R A R AR o ABREREARSE L 2T
FARIN S HEE 22 2 jeskde A (2013) 12 F v 4p & 47 & (high performance

liquid chromatography, HPLC ) #| €0k & & » £ (7 sk 4t fe @ -

2. @B

e Y FAF R A ZREL (2%,1999) H gz 2 ey £
FEE O ARUAA S B R LY L Z AN 2 D YR (031
#) 2 5pe B (4-10 342 ) ot s P (11-16 T80 ) 4fpe = o &
SRR EE AT EAR 10 9T o F PRl Bk R 2 B A 1A
PR 2Rl & RS RoRR P A A R R A A TR

2Rk F ZER o

36



% 10 Rk e
Table 10 The composition of basal diets.

Diet
Ingredient (% as fed basis) I 1 11
(5-21d) (22-70 d) (71-112 d)

Corn o1 57 60
Soybean meal 36 32 31
Fish meal 2.5 1.5 -
Soybean oil 55 4.5 3.9
Brown rice 1.5 1.5 15
Monocalcium phosphate 1.5 1.1 1.1
Limestone 1.1 1.5 15
lodized salt 0.3 0.4 0.4
DL-Methionine 0.2 0.2 0.2
Vitamin Premix* 0.1 0.1 0.1
Mineral Premix? 0.1 0.1 0.1
Choline chloride, 50% 0.1 0.1 0.1
Total 100 100 100
Calculated value

Metabolizable Energy (kcal/kg) 3,159 3,150 3,146

Crude Protein (%) 22.01 20.01 18.69
Analyzed value

Dry Matter (%) 88.71 88.47 88.61

Crude Protein (%) 22.46 20.77 19.12

Ether Extract (% of DM?) 9.06 8.12 7.01

Crude Fiber (% of DM?) 3.49 3.02 3.31

1Supplied per kg diet: Vit A 12,000 1U; Vit D3 3,000 1U; Vit E 38 IU; Vit K 3 mg;
Thiamin 2.2 mg; Riboflavin 7.2 mg; Pyridoxine 4.5 mg; Vit B;, 0.018 mg;
Niacin 50.0 mg; Ca-Pantothenate 14.0 mg; Folic acid 1 mg; Biotin 0.22 mg.

2Supplied per kg diet: Mn 65.9 ppm; Zn 58.9 ppm; Cu 16.3 ppm; Fe 59.3 ppm;
Se 0.22 ppm; Co 0.27 ppm.

*DM: dry matter.
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(=) #s%d

FE i A RS S AR B FASEr £4 (2
W) FEH 138 (22 R%) Aulaéy 0 (HEe) 252 10 ppm
Rt d R 2 o AP G 163 2 s = o o w5 5-21 p #£+22-70
P#sz 71112 pdb - AN BPN G L BRIRPEP K PRI RS
2B RHE AR RFEES S N B %3 3R 10 R L
HEHE8 L 1 16 HPELEREE > HBEEL 12 8 Al d Fakl

BH 8L XY HL 2013540 27p 18 137 -

(2) &2 HH

RHEWEE P REBEFERE RS Ul R FPHLE S 2| B
BT CEREEMGTA R B A2 R EF R R AR (G
FHEAFHRESFR3 L ) P Tk o* DTS ik LS
Brjptats 010V R HF 0 RS AR (62 TR ET B

BAZ TR B2 R AT ILE R P S ATL T o
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SRR X A R

(=) @Y % A4
TR LSTERE (2001) 2 2 i o AR & 02 Wiley mill =t % 1
W iE 20 mesh é e » HAE HE R B4 2200k 1%7F 0 FEFEFTN

PR

1 kA
FF2g PR iz R 0 B0 105C 407 Wiz 2 BF 0 B

IR EEH v R ST AEE (5 R 50k~ 1057 4 5E 30 A 4

Fa>

B EAE L B

BZo— ) g

P EIRALIEEL (REAELE R AR NERE D

\wb ¥

Bite o PRI E R BIE B R AL AT A o

2. FE gk

Moo RIEOR A 2 giA e RARE B N RE B o 2 RE 2y
SRpEBr P 4o 2 X 30 mL o s 2 Goldfish 75 %% 39 “,f %% (goldfish fat
extraction apparatus, Labconco Corporation, USA ) i& 7 7g 355 B~ » I % ¢ ft2
AFRTURTRSB AR FP 34 P wjze B i i3 b8 Ty

SREAE 0 Pa b AT BS o EEg ~ 4 é'”fyfl-i FEER TR iR g o

3. kegae

© g feE 2 ek g )’ (fiberbag, Gerhardt, Germany) » 4x » ¢ f%
iz AL L RPBEFRERT LR R B EFETPN 0 4o~ K 360
mL #ife (1.25% ) FH e B 3 AL a4 30 248 @ 22~ g &
vUg R s B~ 360mL & § 1 46 (1.25% )% % TR 4e 30 A 48
gk RS L 105CHE 4 0] P i T ARE o B Ko~ TR M 4 o
R AR B00CH TS 4 e S ip rfeE 0 P R RA RS 4o
CQAREELE R R A
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4. e F-v F
gkl A 0.3 g 3t igti #| (Kjedahl tablets, Merck, Germany ) & * = £2 Jk &r
( Speed Digester K-439, BU CHI, Switzerland )+ > 480

SR SR

3 r
bl e
/}J lL;ué'/a

PECEC R RV T ]
Cipiv 1 pF> A2 7§ 1 &4 L it
7 ( Distillation Unit K-355, BUCHI) 1§ 2. 40% NaOH 7% 4
g o PR (4%, pH7.0) i 5 - B e 4 B2 HaSO,
» F L Fen Rl (45 6.25) T AR Y e R

e, 2Ly owm & B
FE T ERE 2

Figo

(=) oebd 205
WSk R BRI ES 02 2 RS (2013) 250 R HE R
S ST K

5gFe -z 100 MLk EB30F 1 A4 kR NER
Jaie 1 mbL (4p %t 1/100 - 88 & ) 1= )
#.4c% 42 (DONtest HPLC™ column, VICAM ) » £ B~

F 2ok 0 W iE

BB g o P
Ergebd 26 - M2 LB
B ML -k 12 Ap kil ez o B L REEE (S 2 ImL T AR e R Rk
F 47 12.0.3mL ;n#s 4p ;% % (acetonitrile : water

Yo PR TN OPREC e
AR BB
& (Sigma) FLE & = 0-5ppm 2 R F £ o

¥ 210 2 16 i¥#s 2 10 ppm et FpaiFER

=10:90) w3 HohR Bt o

RN ER IS |
Pl kR ) o N o
B KRS H RS B Rk B R Re - @ OFRR B kA
k =19:20mL) > #FHF X PAek 4k (7 o

£ 580% Re ok
e 2 R EH L TO UL o & B~ B iR AR B 4T R

RY

VA T o =
(Hitachi, Japan) ¢ - i¢ * & {7 % reverse phase C18 [ p /£ 250 x 4.6 mm

(Phenomenex ) J> s i# 1.2 mL/min> >+ % ¢k £k £ 220 nm BB 5+ el £ B o
T}ﬁ bt’*ﬂ—%%é’}. “T?E,K@L,W?Eﬁf'& BT Lﬁig* | > “/pl‘iémfﬁ Ry

3B
',% /}E °

)R e B AR R B ¢ R
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() 2841

ST AR 3 es 10 F#sZ 16 HWPE S GBS 2 [ PR T AEE 0 X
B ERLHEEE U EERER Y kT - L RRY PR LWL
R E L BRFL BRI e E ~ @R 20 U SRR E iR

Ik

A
’ 3

(%

i BB E Tt a g (ghird) 23+

(z)apatE

B RSL iR e o d etk 2mL o g (1,1609 0 15 A 4
AC) t6 » B Ko -,‘?’- » M p B2 e 47k (AKARA, SP-4410, USA)
A OBk o7 Rl ¢ R 4 iRpL g iefs (aspartate transaminase, AST )~ 3
viefig & ps (alanine transaminase, ALT) % fcfié (uric acid, UA) 2 k& - 3%
A iR t-20C 0 BIgARR Z BRI - w5 IgARR MEER $ 6 LA
4 4774 (enzyme-linked immunosorbent assay, ELISA ) - 4] * chicken IgA

ELISA quantitation set ( Bethyl Laboratories Inc., USA) i& {7 @] 2_-

() MHBPHRLE
R 25 g > B H R R R I E R E 2 A
e f T g £

Mikpp LA S PR HPRE R

EERE o
(+) HHE o

ARsk b 16 AL 2 MR R T R URBRER G > T

BEE SR 2F RS (1996) 2 F G E > T ITEFB Lo § LA

4

iC B L plimre ¢ oA mre i Lk (proliferating cell nuclear antigen,
PCNA) 2 y-H2AX 7 f 3-¢ Fikse » 104 W= G R e g 4 2 DNA 4
& 25 0 @ %3 TUNEL 4 47 (terminal deoxynucleotidyl transferase dUTP nick

end labeling assay, TUNEL assay ) ' & L k= hlmie o
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1. 7> 84

BPRELEHAINL e *4« vz 3t 4% 5 R P pg (paraformaldehyde ) ®
FRd o LR T RS M ARE R A g R mg
poRCRGRERE R 0 B4R Ok R RN 2 P B 7ok (30-100%) 0 s @
¥ 5 % 4 (non-xylene, Muto pure chemicals Co., Japan) ¥ # ' 2 p P » f £
#-lm st R B Y 2ie (paraplast plus, Leica) » ## = 2735 5 £ 1 @ 32
(paraplast, Leica) i’Ef’:@f?%h g3 A2 MH G IEEY LR 4

ALERF AP US Aum BRS¢

2. &A% 2 254 ¢ (hematoxylin and eosin staining, H&E staining)

P B A BT AN T FE N T 0 L RAEBEAS X AR
100%:E 7% & 50%Fp & 74 -k » 52 4 KRB kES) > B F L FEA% (GM
hematoxylin, Muto ) #% fw#z % 2 &~ X {5 = T ru i Rk e > 4% Scott’s tap water
fraeik i bR E & 0 R E R RRLS 0 g OB%FH R B £ AR 3
2z # % (pureeosin,Muto) % ¢ 1 4~ L > 3 5 11 ;;gfggfbigiyfﬁatz -
FHAFEFR-K O AP B (malinol, Muto) £ 5 > 3t EcE E Y o FA
Xk & kg pesr ™ (Nikon, Japan) BL% T #% 3 -

G R H#«—’L dt6 ¥ AH A R4 A (Fd 24g (white pulp) % =

nﬂy—%zai(red pU|p) l:&fé \?p .L-Qf; ‘;Htu' ‘\]’JFE"]‘#K,\' g::; "J\ﬁ”n(%\%_Liﬁd

o
IR ABFIEZFRT b2 ARMPALRAWT B
¢ TR RS R A5 MR (Schatetal, 2014) 0 d 3t
%R G NI R B2 4 ¢ o (germinal center) s E kIR E T 0 B
mrE TR A foa s § T i X Rk 3 R AT A S o ARk

FRET W EF 4 P L R R B2 AT A, 0 T Rl A 2

s . .
;ﬁ_l—j_%‘q7 ‘E,_g‘,}o
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3. ﬁ.ﬁ}&.ﬁi v &% ¢ (immunohistochemistry, IHC)

Ak * VECTASTAIN® ABC-AP System (' \Vector Laboratories ) 2_ & i
AR o BT ¥ AE N 27 ALY R KR ERRER LR
KARR o £ nd R {opiii B % 7% % (phosphate buffered saline, PBS ) %
Zood MWK AS LGRS RYEY > wF TR B4 (antigen

retrieval ) » 3 %% 2 %3 Shietal (1997) z_ = & ¥ (Fa2Fec 2 o *» & % 3+ 80

|

CTRIFEBE B (sodium citrate buffer ; 100 mM sodium citrate, 0.05%
Tween-20, pH 6.0) 50 4 48 » £ vk dr > 03 B K2 BIRL B S 73 0%
AR o

@ % 2 & v /2 P F e driEA 2 2 (Avidin/Biotin blocking kit, Vector
SP-2001) 5 fr e sk + %5 2 4 % (biotin )11 2 #22 F % ¥+ & £ i=(avidin
binding site ) » © gift B 3 A RS > g B F e 12 ¥9% (blocking
solution ; 1.5% normal horse serum, 0.2% Triton X-100 /3 ** Erfs @ % =3 7% ) &
ERT L PP o BYEF A L EETR i A ( mouse anti-PCNA
monoclonal antibody (1 :500) , Santa Cruz ; rabbit anti-y-H2AX polyclonol
antibody (1:1,000), Abcam J> ** 28 F & s 1 -] F o £ 2 7 5 0.1% Tween-20
2 Bifh g e (PBST) Bkl » B¥FF e R - 42 (
biotinylated anti-mouse or anti-rabbit IgG ( H+L ) made in horse, Vector ] » ** % ;&
TF sl ] B E o2 PBST & A Bk o

B 4% 4 ABC-AP & & :##|( Vector AK-5000 )> 8 T & Ji 45 & 4% >
VUL T B B e BT (8 0 O 4e AP £ A (Vector SK-5105) #H
59 20-30 2450 ik MARARABEBR RIBIRSE UERAE APk Y
PEREERREHM S - P FHERPFEEBR KL & IR E 0 T

BHcH 400X e B F T AL § % o
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foce

ARG SRR ES B AR AR X0 R

ImageJ ( National Institutes of Health, USA ) i& {7 w2 3 e » 22 B4R TF ¢ 7 5 F

~=$

$eizd 20 PCNA & y-H2AX Bt (+) fmve 2 4 & 124 (=) meedcp

FB1E M Pe (ke i‘gfrg e o

4. (m¥% %= &+ (TUNEL assay)

A 3¢5 4% Darzynkiewicz and Zhao (2011) 2 = iz » A/ ¥ i3 2x o % Fe s
AR SR F L BT o s LR AT B FAp R R TR
(o R APE 2 PR BOCRIFHRBSEGRY 30248 L2 EE
{8 & 4 F-0 pFE# (proteinase K solution ; 20 pg/mL proteinase K ( Sigma )
7% % 50 mM Tis-HCI, 1 mM EDTA, pH 8.0 ) »* 37C ™ & & 10 » 45 -

PEFEACRSE LRSI AR 2 Avidin/Biotin FEETH 3% 0 £ F
fv 3 = A 2 L &7 [ blocking solution 5 3%+ w ¢ F-+¢ (bovine serum
albumin, BSA, UniRegion Bio-Tech, Taiwan) 3> Eife B8 oma 2 ) 387 &
30 4~ 4o SHRPL TS R R IB RS {8 0 B F A (reaction buffer ; 25 mM
Tris-HCI, 0.2 M sodium cacodylate, 0.25 mg/mL BSA, 1 mM cobalt chloride ) % /%
& 20 A48 0 FEF o 4 50-100 ul 2. DNA &z 34 [ DNA labeling
solution ; 0.38 U/uL TdT enzyme (Sigma) , 0.32 mM Br-dUTP (Sigma) % **
reaction buffer )» st * 2w w R EF A ITCHEBTHELF R 2 [ P> ¥
WP FTRFRERT S EELE Rk N EEFRA o

F = BB g b Bl 0 L R B RETRF R 30 A 4 B
‘e 10 P 8T A 2 48 ( mouse anti-BrdU monoclonal antibody (1 :50) ,
Molecular Probes ) ** % 8T F s 1 [ P » (s F& {740 % 2 ABC-AP F Ji

EREE - w2l A pried o A Rl RS o I

-
-

BN BACR T R R dek B2 e et B
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(=) FgA R

P B4k ¥4+ Ozdenetal (2010) 2. = ;2> I Tk 2% 2 a0 F & % 3 A i

ERReEA g g g RESE YRGS BR

o

B e i ik

¥

R R ZEE A% RO EEY 24 ) P Bk mEd T 30%
/%/l PooE

ENACKREIT GG FSF> R %4 o

3

i

‘U

C

PRMBAIRYBNZHKSE BB [ REH Rz Er @y 51
2 S 4

s %) (Tissue-Tek® O.C.T. compound, Sakura Finetek, USA) % f&

F AR B E e m o m320-80C kg o # ¥ 4kt 4% (Leica CM1950,

WA 8um BT E > E G PEE250 um Tyt E 3 5 5

Germany ) #-&

_ﬂ

'l} Kz ‘%17’\1 o B %17 114 fa

A% 24 (hematoxylin, Sigma) » ** kg ek T LR
TR > E 3£ 508 Image-Pro AMS 6.0 (Media Cybernetics Inc., USA) ¢

EHFERLFR S FREFE A0 RS U E T o

(“)??ﬁ%?ﬂ%ﬁ% 2B &
BERERE R T

BN
’/l:

B¢ R e 059 SBIEER S BRI

EF PO S A % 20-80C - Claudin-b 3-v 4 IR

Gonzélez-Mariscal et al. (2011) =7 ;2 #3% iFi3 2 o
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1. E%‘« B

p-80°CE~d 2 ki 2 0.5 mL ghpe B % 673 e R ~ e
*7 150-200 mg {¢ # » 0.5 mL #78# fie & 2 fw % %] f#;% [ RIPA lysis buffer ; 50 mM
Tris-HCI pH 7.4, 150 mM NacCl, 0.25% deoxycholic acid, 1% NP-40, 1 mM EDTA,
1 mM PMSF, 1 mM NazVO,, 1 mM NaF, 25 mM [-glycerophosphate, 0.5%
protease inhibitor cocktail (Merck) ] » 3t & 7@ r0FT Bedr i Bt e J 30 F
o (20090542480 4C) > B~ Ktz » 1mL 4 F 16 26 G &5 >
Frudg 3 A 2 ® (Compact Lab Homogenizer UP50H, Hielscher ) 2 #:m#e »

£ R (170009 15 =48 > 4C) > Pt iR 15 39 THEPRIR -

2. 30 TR
# * Bradford (Bio-Rad) #-v 2 & * % » 24 & v Fev (FLARER

B9 FEP RIS 5 kAR 4~ 44 (dye reagent, Bio-Rad) - & 24
% sk g 2+ (VICTOR? Multilabel Counter, Perkin Elmer, USA) ip| %% £ 595 nm
T2BkER o S EERY TEEBRRLER BN RRAN M FEHER
2 544 ( sample buffer ; 50 mM Tris-HCI pH 6.8, 10% (v/v) glycerol, 5% (v/v)
B-mercaptoethanol, 2% (w/v) SDS, 0.1% (w/v) bromophenol blue ) # = &2 ®2 & >

BB D FER G lug/ul 3% F#H » 95-08C#-Kipthp 4o #1104 48 >

Bkt Agris 0 B F AR 5 0-80T -

3. kv FHRHWT A

# * Mini-PROTEAN® Tetra Cell (Bio-Rad) % % > #-% 2 v B A
12 15%/% &Pt 48 (separation gel ) 2 5%k 45" 4 (stacking gel) i& {7 3¢ 7
Ao R A (well) @ 4~ 10 pL 4 > 2 120V 2 {7 T 4 X 80 4 45 >
Fikend-v F (target protein) i 4 55 2 » 748 ¢ B ()& claudin-5 9 5 17

kDa ==+ £ )> ¥ %k Tk o
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# * Wet/Tank Blotting system (Bio-Rad) & st > % = T A2 %4828 B iR
Z &L 5% ( polyvinylidene fluoride membrane, PVDF ; Immobilon-P Membrane,
Merck ) ;&2 >~ & 3 ;% (transfer buffer ; 25 mM Tris-Base, 192 mM glycine, 20%
methanol, pH8.3) ¥ & f7fid » AIFAC T L 02AEF 2/ | FF - HiF = 21
2. PVDF %12 TBST * fiwe ( Tris-buffered saline with Tween-20; 1 M NaCl, 100
mM Tris-HCI pH 7.5, 0.1% Tween-20) e #ic=x » ¥ - if F 84> PVDF o=
& w ¥ G B-veds F-v (B-actin) % claudin-5 2. & B RS IRETR (5%
e s TBST) 3T F k1P o

#s o & w - PVDF g ke 1 - 2 - 4 ([ mouse anti-B-actin
monoclonal antibody, ThermoFisher (1 : 1,000 ) ; rabbit anti-claudin-5 polyclonal
antibody, Sigma (1 : 1,000)] ** 4CHg o3t & o 55 TBST Fiefc=tfs » £ §°
% 8 T £ - f= [ anti-mouse or anti-rabbit horseradish peroxidase ( HRP )
-conjugated secondary antibody (1 :5,000) , ThermoFisher) % 1 -] pF » 12
TBST 5%t £ ™ ECL & ¢ 4| (Immobilon™ Western Chemiluminescent HRP
Substrate, Merck )i® * T kg @, - & * - & #c 48 Imagel 4~ 47 B-actin 2 claudin-5
-0 FiEF % AR > 14 B-actin 17 5 po R4 4] 2 (internal control ) 3+ & dt claudin-5

Z_Ap$t 2 mE o
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Wk vEd 2kA (0254010 ppm) 2 g ra] (2qoR ) 2 45 F]F
HEFV e (7 Szt 470 Bdp @ SAS( Statistical Analysis System, ver. 9.3) su3* s kg
F A - M oY 42 5 (general linear model procedure, GLM ) & {7 % > & 47
(analysis of variance, ANOVA ) > #& 278 P 2 A2 RB R (T4 cndg F 1 o 2 %
S oPrEEFE L AT T35 (least square means, LSMEANS) & T 35
i# > &2 Tukey-Kramer = 2 %4+ X B ;% (Tukey-Kramer’s honestly significant
difference) W T E 2 £ B o

FEVEI AR FARSMER AR I L ARNE FEHETERFMNS
+ (Morris et al., 1968; Proudfoot and Hulan, 1981; Proudfoot et al., 1982; Whiting and
Pesti, 1984; Wyatt et al., 1985; Pinchasov, 1991; Sklan et al., 2003; Egbeyale et al.,
2011) > s MR E WM E 2 PR HE 22 By ViR 7R ¥ 8~ 7 (analysis of
covariance, ANCOVA ) » ¥ M E5 5 p #2448 &€ 17 5 & % # (covariate ) » & &
FHSHR IR FLE (P<02) Rl ~ 539 > BRI EEFRD o @ d 303
3 10F8epF S * o IRt b A ot 10 TR EPEERI 1T

GRS e -V S L pl ) At SEE Y I A
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S HPLC &Rl > m 2 @52 5 930.79 ppm 2 ket 3 2 0 A B E

L 2 R R A A AT dod 1L AT 0 SR & AL A2

Rk d ARR B EIERZIER o

% 11 &Rt a 2 ER
Table 11 The analyzed concentrations of deoxynivalenol (DON) in diets.

Diet
Treatment | 1 1l
(5-21 d) (22-70 d) (71-112d)
Deoxynivalenol (ppm)
Basal diet ND* ND! ND!
2 ppm 2.39 2.21 2.07
5 ppm 5.17 5.27 5.31
10 ppm 10.88 10.01 10.92

1 ND: not detectable.
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- ~BPFER%
(-)2&4%R
Bk d F AR 2 F EARDOBEE ok 1297 10 kB LNE

2Fekd A FS B AL HF L 7 (P <005)° % 410 s AL

bl

WA L2 Rt 3 ZEPBEHFLR T (P<0.05) ¢ » His @iy i
DM ES T XL E F 2R 12 11-16 #2622 2 10 ppm Ef L Al
HEF R aasd (P<0.1) 4oB 10 #757% -

BERS 252 103 E 2 410 3 FME L~ mad (B11)
AR (H) £ 52 10ppm kR A H Se A 0 @ A R T
FeABg > Fla g D AR o 3 (W) LA H MR (P<
0.0001) > 24>t 2 ppm )k A& ™ B p £ R4 43T (P >0.01) 0 pt % 2w
Rk A FRJLE G EZ QR o Pl ARG E R st

HRETaREELR o
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Table 12 The impact of deoxynivalenol (DON) on growth performance of Taiwan country chickens.!

Treatment (DON, ppm)

2
Weeks of 0 2 5 10 P-value
age
? 3 ? 3 ? 3 ? 3 DON SEX DxS§

Body weight (g)

Initial (5d) 49.3+5.2 494+48 48.8+50 495148 509+39 48.1+50 489+52 494+43 0.999 0.629 0.247
(n=24) (n=28) (n=20) (n=230) (n=20) (n=32) (n=19) (n=31)

3 wk 348 + 41 383+ 33 356 + 37 387+ 43 354 + 32 384 + 40 350+ 31 388 + 38 0.832 <0.0001 0.845
(n=22) (n=27) (n=19) (n=29) (n=18) (n=230) (n=17) (n=29)

10 wk 1509+ 96 1702+ 164 1503 +129 1654+ 162 1480+ 151 1724+ 148 1435+114 1731+151  0.854  <0.0001  0.030
(n=21) (n=22) (n=17) (n=26) (n=16) (n=25) (n=13) (n=29)

16 wk 2399+ 203 2526+ 311 2313+200 2386+ 302 2332+178 2569+ 181 2218+ 174 2490+ 316 0.135 <0.0001 0.176
(n=15) (n=18) (n=13) (n=22) (n=15) (n=19) (n=12) (n=23)

Body weight gain (g)

5d-3wk 298 + 39 334 +£32 307 + 34 338+ 41 298 + 36 336 + 37 296 + 36 338+ 36 0.858 <0.0001  0.667
(n=22) (n=27) (n=19) (n=29) (n=19) (n=230) (n=18) (n=29)

4 -10wk 1163 £ 65 1307+ 106 1175+87 1287+123 1134+135 1366+ 104 1099+90 1359+ 131 0.887 <0.0001  0.002
(n=21) (n=21) (n=16) (n=25) (n=16) (n=24) (n=13) (n=29)

11 -16 wk 867 + 113 812+209 800+ 144 696+ 171 833+92 786+ 142  791+120 715+219 0.052 0.016 0.902
(n=15) (n=18) (n=13) (n=21) (n=14) (n=18) (n=12) (n=23)

5d-16wk 2351+201 2477+311 2255+184 2336+301 2280+177 2520+178 2169+ 172 2449+ 328 0.130 0.000 0.210
(n=15) (n=18) (n=11) (n=22) (n=15) (n=19) (n=12) (n=21)

Feed intake (g/bird)

5d-3wk 519+ 18 (n=4) 526 + 19 (n=4) 520+ 18 (n = 4) 538+ 27 (n=4) 0.579 - -

4 -10wk 3209+ 174 (n=4) 3151+ 215 (n=4) 3198+ 176 (n=4) 3184+ 43 (n=4) 0.963 - -

11-16 wk 4754 + 386 (n = 4) 4312+ 232 (n=4) 4677 + 214 (n=4) 4487 + 235 (n=4) 0.158 - -

5d-16 wk 8483 + 458 (n=4) 7989 + 397 (n=4) 8394 + 336 (n=4) 8210+ 278 (n=4) 0.299 - -

Feed efficiency

5d-3wk 0.61+0.03(n=4) 0.61+0.02 (n=4) 0.60+0.02 (n=4) 0.59+0.02 (n=4) 0.664 - -

4 -10wk 0.39+0.00 (n=4) 0.39+0.02 (n=4) 0.40 £ 0.00 (n=4) 0.41+0.01 (n=4) 0.143 - -

11-16 wk 0.17+0.01 (n=4) 0.17+£0.02 (n=4) 0.17+0.01 (n=4) 0.17+0.02 (n=4) 0.823 - -

5d-16 wk 0.28+0.01 (n=4) 0.29+0.02 (n=4) 0.29+0.01 (n=4) 0.29+0.01(n=4) 0.958 - -

! Mean + SD.

2 The calculated P-values using deoxynivalenol and sex as the main effects in factorial model. D x S = DON x SEX interaction effect.
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Figure 10 The impact of deoxynivalenol (DON) on the 11-16 wk body weight
gain of Taiwan country chickens. Bars are presented as mean + SD.
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Figure 11 The impact of deoxynivalenol (DON) on the 10 wk body weight (A) and
4-10 wk body weight gain (B) of Taiwan country chickens. Bars are
presented as mean = SD. ***P < 0.0001 < **P < 0.01 <*P < 0.05.
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Table 13  The impact of deoxynivalenol (DON) on blood biochemistry of Taiwan country chickens.*

Treatment (DON, ppm)

2
of age
? 3 ? 3 e 3 ? 38 DON SEX DxS

Serum AST (IU/L)

3wk 156+18 145+24 151+8 149+27 161+28 148+21 152+18 149+17 0.968 0.401 0.929
(n=2) (n=16) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)

10wk 183+17 166+12 196+8 164 + 15 151 177 £ 17 167 175+ 23 - - -
(n=4) (n=4) (n=3) (n=5) (n=1) (n=7) (n=1) (n=7)

16wk 207+75 215+42 137+%9 196 +27 163+28 178+28 161+33 199+11 0.059 0.060 0.566
(n=6) (n=6) (n=5) (n=3) (n=4) (n=14) (n=4) (n=14)

Serum ALT (1U/L)

3wk 115+49 11.7+55 78+38 135+53 7.7+15 96+39 114+42 87+15 0.667 0.411 0.298
(n=2) (n=6) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)

lowk 7.8+15 53+33 123+12 88z%4.1 9.0 6.4+39 4.0 11.5+6.2 - - -
(n=4) (n=4) (n=3) (n=5) (n=1) (n=7) (n=1) (n=7)

16wk 122+83 144+6.8 13.0+6.3 145+53 146+124168+81 13.3+93 225+8.3 0.652 0.200 0.754
(n=6) (n=6) (n=5) (n=3) (n=4) (n=4) (n=4) (n=4)

Serum UA (mg/dL)

3wk 31+16 36+16 24+04 49+20 27+02 36+18 31+13 34+10 0.951 0.048 0.438
(n=2) (n=6) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)

1owk 50+15 27+03 52+14 31+09 2.6 3.8+15 34 47+29 - - -
(n=4) (n=14) (n=3) (n=5) (n=1) (n=7) (n=1) (n=7)

16wk 3.8+06 7.1+27 47206 7.1+29 47+21 76+26 45+19 89+19 0.669 <0.0001 0.797
(n=5) (n=6) (n=5) (n=3) (n=4) (n=4) (n=4) (n=4)

Serum IgA (pg/mL)

3wk 669 + 2 537 + 313 596 +282 706+ 262 652+ 103 620+ 640 302+161 695+109 0.687 0.455 0.504
(n=2) (n=6) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)

10wk 539+278 427+37 539+445 435+ 210 639 449 + 238 923 429 + 30 - - -
(n=4) (n=4) (n=3) (n=5) (n=1) (n=7) (n=1) (n=6)

16wk 222+123 193+95 459+ 113 242+ 127 354+259 236+79 415+214 196+39 0.183 0.010 0.435
(n=5) (n=6) (n=5) (n=3) (n=4) (n=14) (n=4) (n=14)

! Mean + SD.

% The calculated P-values using deoxynivalenol and sex as the main effects in factorial model.

D x S =DON x SEX interaction effect.
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Table 14 The impact of deoxynivalenol (DON) on relative weights (% body weight) of liver, heart and

spleen of Taiwan country chickens.*

Treatment (DON, ppm)

2
Weeks 0 > 5 0 P-value
of age
? 3 ? 3 e 3 ? 8 DON SEX DxS

Weight of heart (% of body weight)

3wk 0.79+0.12 0.79+0.07 0.78+0.11 0.82+0.03 0.64+0.12 0.85+0.13 0.81+0.10 0.88+0.22 0.471 0.079 0.392
(n=2) (n=6) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)

10 wk 0.45+0.09 0.50+0.06 0.53+0.08 0.550.06 0.47 0.55 + 0.09 0.47 0.54 + 0.04 - - -
(n=4) (n=4) (n=3) (n=5) (n=1) (n=7) (n=1) (n=7)

16 wk 0.40+0.07 053+0.09 0.48+0.11 049+0.06 0.35+0.04 0.51+0.03 0.43+0.07 053+0.07 0.361 0.000 0.216
(n=6) (n=6) (n=5) (n=3) (n=4) (n=4) (n=4) (n=4)

Weight of liver (% of body weight)

3wk 271+0.31 2.61+0.32 243+0.14 254+0.07 3.00+0.66 2.67+0.38 2.65+0.23 257+041 0265 0431 0.636
(n=2) (n=6) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)

10 wk 2.03+0.14 1.74+0.23 2.09+0.36 1.72+0.34 2.76 1.76 £ 0.25 2.03 1.72+£0.16 - - -
(n=4) (n=14) (n=3) (n=5) (n=1) (n=7) (n=1) (n=7)

16 wk 232+0.39 140+0.26 2.21+0.33 1.34+0.19 233+049 139+0.17 197+0.19 1.33+0.24 0470 <0.0001 0.761
(n=6) (n=6) (n=5) (n=3) (n=4) (n=4) (n=4) (n=4)

Weight of spleen (% of body weight)

3wk 0.13+0.03 0.22+0.06 0.20+0.05 0.20+0.09 0.38+0.30 0.17+0.08 0.23+0.08 0.15+0.03 0.602 0.176  0.095
=2 (=6 (=5 (=3 (=3 (=5 (=5 (=3

10 wk 0.21+0.02 0.16+0.05 0.29+0.11 0.21+0.04 0.35 0.18 £ 0.05 0.13 0.17 £ 0.02 - - -
(n=4) (n=4) (n=3) (n=5) (n=1) (n=7) (n=1) (n=7)

16 wk 0.09+0.02 0.10+0.02 0.08+0.03 0.16+0.01 0.13+0.07 0.18+0.10 0.09+0.06 0.14+0.01 0.038 0.018 0.616

(h=6) (M=6) (=5 (=3 (=4 (=4 (=4 (1=4)

! Mean # SD.
2 The calculated P-values using deoxynivalenol and sex as the main effects in factorial model.
D x S = DON x SEX interaction effect.
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Figure 12 The impact of deoxynivalenol (DON) on relative weights (% body
weight) of spleen of Taiwan country chickens at 16 wk. Bars are
presented as mean = SD with different letters differ at P < 0.05.
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Figure 13 Effects of deoxynivalenol (DON) on spleen histopathology in Taiwan country
chickens at 16 wk. Hematoxylin-eosin staining of spleen sections in chickens
fed with basal diet (A), 2 ppm DON diet (B), 5 ppm DON diet (C, E) and 10
ppm DON diet (D, F). Magnification, 40X (A-D) and 100X (E, F). Germinal
centers are indicated by arrowheads.
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Table 15 Detection of cell proliferation marker PCNA, apoptosis signals by TUNEL assay and
examination of DNA damage related marker y-H2AX in spleen sections of Taiwan country
chickens exposed to deoxynivalenol (DON) at 16 wk.*

Treatment (DON, ppm)

P-value?

? d ? 3 ? 3 ? d DON SEX DxS

Positive cells (% of total cells)

PCNA 75+1.2° 105+1.2® 91+1.0°107+1.6%® 95+17® 120+29* 40+14° 127+14° 0080 <0.0001 0.004
(n=4) (n=4) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3)

TUNEL 25+05 40+16 33+07 58+18 55+11 54+29 50+18 59+08 0043 0060 0544
(n=4) (n=4) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3)

y-H2AX 6.6+19 83+18 101+26 6416 84+19 84+03 11.8+26 98+28 0048 0351 0.120
(n=4) (n=4) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3)

! Mean + SD.

2 The calculated P-values using deoxynivalenol and sex as the main effects in factorial model.
D x S=DON x SEX interaction effect.

abe Means within a row without a common superscript differ significantly (P < 0.05).

X
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Figure 14 Effects of deoxynivalenol (DON) on spleen proliferation in Taiwan country
chickens at 16 wk. Immunohistochemistry of PCNA was performed on spleen
sections in chickens fed with basal diet (A), 2 ppm DON diet (B), 5 ppm
DON diet (C) and 10 ppm DON diet (D). PCNA positive cells are colored in

magenta. Sections were counterstained by hematoxylin.
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Figure 15 Effects of deoxynivalenol (DON) on spleen apoptosis in Taiwan country chickens
at 16 wk. TUNEL assay was performed on spleen sections in chickens fed with
basal diet (A), 2 ppm DON diet (B), 5 ppm DON diet (C) and 10 ppm DON diet
(D). Apoptotic cells are colored in magenta. Sections were counterstained by
hematoxylin. Bars are presented as mean + SD.
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Figure 16 Effects of deoxynivalenol (DON) on spleen DNA damage in Taiwan country
chickens at 16 wk. Immunohistochemistry of y-H2AX was performed on
spleen sections in chickens fed with basal diet (A), 2 ppm DON diet (B), 5 ppm
DON diet (C) and 10 ppm DON diet (D). y-H2AX positive signals are
indicated by magenta color. Sections were counterstained by hematoxylin. Bars
are presented as mean = SD with different letters differ at P < 0.05.
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Figure 17 Negative controls of immunohistochemistry performed on spleen sections in
Taiwan country chickens of PCNA (A), TUNEL assay (B) and y-H2AX (C)
counterstained by hematoxylin.
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Table 16 The impact of deoxynivalenol (DON) on villus morphology of the small intestine of Taiwan

country chickens.*

Treatment (DON, ppm)

2
Weeks 5 > z 0 P-value

of age

? 3 ? 3 ? 3 ? d DON SEX DxS

Villus height of jejunum (pm)

3wk 869+39 1034+76 997 +88 1018+78 989+86 1037 +83 954+ 86 1062+ 82 0.748 0.014 0.392
(n=2) (n=6) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)

10wk 1243+34 1437+134 1237+62 1340+ 153 1562 1379+ 71 1362 1466 + 223 - - -
(n=3) (n=3) (n=3) (n=3) (n=1) (n=5) (n=1) (n=5)

16 wk 1101 +225 1041 +114 1064 +155 1212+82 1022+321 1021+ 207 1083 +228 1064+183 0.808 0.920 0.730
(n=6) (n=6) (n=5) (n=3) (n=4) (n=4) (n=4) (n=4)

Villus height of ileum (pm)

3wk 596 + 69 746+ 177 672+108 606 * 86 693+ 116 745+ 38 688+ 105 641+110 0.622 0.723 0.325
(n=2) (n=6) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)

10 wk 907 £192 906+ 153 843+ 116 1039+ 94 - 814 + 56 864 845 + 199 - - -
(n=3) (n=3) (n=2) (n=4) (n=6) (n=1) (n=5)

16 wk 797 +223 654+195 619+179 621+48 848+ 140 398+ 108 769+ 187 552%70 0.351 0.002 0.079

(n=6) (n=6) (n=5) (n=3) (n=4) (n=4) (n=4) (n=4)

! Mean # SD.
2 The calculated P-values using deoxynivalenol and sex as the main effects in factorial model.
D x S=DON x SEX interaction effect.
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Figure 18 Effects of deoxynivalenol (DON) on the intestinal morphology in Taiwan
country chickens at 16 wk. Frozen sections of ileum in chickens fed with
basal diet (A), 2 ppm DON diet (B), 5 ppm DON diet (C) and 10 ppm DON
diet (D). Marked difference was noticed in (C) as appeared by shortened villi.

(<) B FHBRFS 2RE
Py a2 CLDNS 3v FARME2L FH B % > 7304 17 8
BT 16ERPF > Rt F 2O MBFEREF IR T (P<0.05) (%H8

2) @3t 2ppm e g2 CLDNS £ 3§ A ¥+ 2 2 S5ppm ez D 3ghs § o

(‘

2% 5ppm ez 3hir* LG < Rendd FAR (R19)> @ = ez 2y
FAREHFRS
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Table 17 The impact of deoxynivalenol (DON) on the expression of tight junction protein of jejunum

in Taiwan country chickens.*

Treatment (DON, ppm)

Weeks 0 2 5 10

P-value?

TETe 3 9 3 2 & 9 3

DON SEX Dx S

Normalized claudin-5 protein expression
3wk 1.00+0.04 1.00+0.57 0.99+0.28 1.03+0.31 091+035 152+042 1.26+0.53 0.83+0.11

0.483 0.705 0.148

(n=2) (n = 6) (n=5) (n=3) (n=3) (n=5) (n=5) (n=3)
10wk 1.00£033 1.00+032 067+020 087+035  2.01 0974019 035  1.15+0.34
(n=4) (n=4) (n=3) (n=5) (n=1) (n=7) (n=1) (n=7)
16wk 1.00 +0.27%°1.00 + 0.23%° 1.60 + 0.43% 0.60+ 0.27° 1.21+0.63% 0.74 + 0.40° 1.11 + 0.23%0.93+ 0.37° 0911 0.003 0.043
(n=6) (n=6) (n=5) (n=3) (n=4) (n=4) (n=4) (n=14)
! Mean + SD.

2 The calculated P-values using deoxynivalenol and sex as the main effects in factorial model.

D x S=DON x SEX interaction effect.
b Means within a row without a common superscript differ significantly (P < 0.05).

0 ppm 2 ppm S ppm 10 ppm
wa Q% 2 3 2 3 2 3
75 -
63 -
A e — — ——— — — ———— (ﬁ—actin
35 -
25 -
17 - —-—— —— < Claudin-5
11 -

B 19 16:erf Al frd S BB BT L FRARFS ARE

Figure 19 Western blot analysis of claudin-5 protein expression in jejunum of Taiwan
country chickens fed different levels of deoxynivalenol (DON) contaminated
diets after 16 wks. Ten micrograms of protein from intestinal homogenates
were loaded in each lane. The expression of the proteins was estimated by

densitometry after normalization with -actin signal.
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¥ > HPLC & 17 Bl4c @] 20 #77 - $ ket 3 2 § BT (7678 §)) £ & )
ik bh o BAPRL BRed AR Y -
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| (cy =
i f : o o I

==
= ___, .
L=

S DAL

B 20 4x4d 2 10 ppm rRet 230 10 2 16 F #5752 HPLC & 17 @)
Figure 20 HPLC chromatographs of 4 ppm deoxynivalenol (DON) standard (A),

compared with liver tissue of Taiwan country chickens fed 10 ppm DON
contaminated diets for 10 wks (B) and 16 wks (C).
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£ it

- R E RAHEAI L2 E A RAPP
AR 0 A S E P a4 0-10 ppm kB 2 vRek F & 15 0 B IR 10 i #L
HEMETMEEFPLR e (P<0.05) L3RG 7r A g 4-10 FdL 2 8

HEF 27 Fek 3 2NHLARPMBERLEBOP R 72 11116 T3 E

F
¥L6FMEPPE (£ 18) - " HFMH25a 2 5 4o 10 ppm jk & chrg et £ 2

NHYF AR LY o RERA AL BREL T BHAF Hedl R o 2 g

FHE S 10ppm TRIFFFIRG L SR R F A HTA G L AR NEFELFT

)
4
gy

Ry

YAl

s 3§ oo B8 (Eriksen and Pettersson, 2004 ) » #% Hamilton et al.
(1985a) 4k 42 £ ¢ chi-dp 4.6 ppm R d Fw ik (7-35 pa2) &0 FME P H £
BEER 4 AT RRI R F EN DY R R R pi e I AFET Y 2
ppm e Fg o (¥ i FIUER Ad Rl 3 R RSEA £ (ER chfP R Ft 2R 5
FRrbd R 0w B ApET A F GE A £ eniE R QIR 2ppm o iR D (54D
MImprd] o d AL BEARMAE 2B I o

EEY Wt w4 R e (510 ppm 2 22 2 ppm 2 F ) o
IR ERE  APF AR IHNT > EREX 6 LWMELEHBET & 5
SAR ¥ -2 g o &&22 10ppmk R ez MM LG BRE2Z AR AT AR
16 F# R WMEEHEF IR > Va4 R BHLE TR d 48 a7 kR

b
2 ET B BRERS AL ARFPOBWALE ATERL
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ERRFORFP D0 G EREFFLIVHEATRE AL LDEF A R
(EA SRS R R A ARSI FEF 1 At L T o LS
WAL T RHEFLR LM ESPEE > o SE 16 ZhseE 0 3 10 ppm ok
BT fbd 257 92832 A EARGIHEF) 6 BB 2hany

BOFEE FFp2 7 7 % % - & (Eriksen and Pettersson, 2004 ) -

%018 pobd EHA A BRMHEZ AT R
Table 18  The extent of deoxynivalenol (DON) impact on growth performance.*

Treatments Male & Female
(DON, ppm) 2 5 10 2 5 10
4-10 wk BWG?  -- ++ + + - --

11-16 wk BWG? -- - - - _ -

16 wk BW? - + - - - -

! Symbol +/- means positive/negative differences compared to control.
The extent of impact is indicated by the number of symbols.

2BWG: body weight gain.
$BW: body weight.
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S R 3 RREA B2 2R R
RS R R ATk Y AST R R ARl 4 & 16 F ekl
B3 TR AgE (P=0059) o HékjeplE b Al B Y g HF LR o
AST 2 ALT 5 3= WF5HE § endp k> BE AR A 3Bk 2 vRedk & 7 AkAp e B| 2. AST
T, EHEMET FA LG M E2 R # ( Hochleithner, 1994; Sabater and
Forbes, 2015) > = # "R EF £ £ & R M F R PRl & 7 T A IR
SR G o a R TR &AL R LS RARSE A S > X TR AL

U

TR AR T ARETL GG REERDEF o B ATRE TRA N A T

=5

ek d FAT oL IQA RRVEI LR R TG AR 0 AN A ERE I T
AHFLE > R IGA ER 7R BHIBER  FREEIZHALFZRE &

FAL B L g i o

IR REEAI R LR BY R
(-) PHFAFLE
SERFRRZ AP E BT A X Rl 4 B B @ 20 16 iR 440 5 ppm

EREEAE 22 Y HuipHE ERER e FR S (P=0.029) d 3¢

Ik

frt,
N

R S R kB2 B i LA ARELF ZNET G A
(A7 A o b ¥ Yunus et al. (2012a) 4406 p FRGE R (2ppm) FRekd E pF o 2
fod Fdez W E BRI S S 4p i e w2 Lietal (2012) 449 P 3tk kB
2vhbd & 0 3 RERIMREERIENLEP T LR o d NiES L
FLREFAFBERNES T T 7 - RO FAHRBEE R R d 2 kA
WML &S o 538007 A% NRE ER 47 i BT BiE

P BT R B HME AR REL R o

=
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(=) Ry

RESRE IR A AT 16 02 15 P H AR B T g
51 10ppm 2 B e S LSRG R S eh 4 s d A s P e g d P

H 5 Blimre 3 2 A i e B o945 Schatetal. (2014) *tT 4 4 % £ (Avian

Immunology ) | — % ¢ ehdcif » KA RFPB e 7 4 EL P 32 15 LR
YRR ARERY AR B g RiE S T EBBIF L P
BEE T o BaEAR o F]P o F AP P 2 X TR NGRS AL
FARp RO AT P F IR 5 {r 10 ppm 2 &L F & W RS
FAPwd A AT R LREFLINELF E NP

MRt 3 R ¥ RS LA SR W & g7 3 8 5 < Girish et al. (2010)
§ 4 3.9 ppm k& el & F AV I 21 p#k o F IRV IRY o 4
PR BEEH G R S ORE 2 2 o RIB R 0 FH R AL
BEFAIEG o R R TR &a TFELRF o ERT
P ANEFROFIR o aF AP Slicp AR B we gl v a0t iv

LR o Fdap(a 5 g 2 ¢ A R E B S L TR o

(=) a2 %= 2 DNAHH

d§ T A% Sppm Bk ez 16 F i E A E E R R el ¥
Bibe o FE A LR RS AT HRm e ¢ A B R e B
% DNA G § #2559 PCNA 2 y-H2AX & fi dd Fikse - 1 2 2w v -

wie 2. TUNEL 447 » RiE- HIF L Rk 3 F 30 % 2 Fod F R T 5 o

3]
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1L vfet & R SRR 2 2 P IF

wPe it (745 B i 47 ¢ > PCNA $5% £ 24 DNA % _£ f#( DNA polymerase )
1 DNA % & (DNA clamp) @ &5 e if Wleand & 53 > &7 (7 3423 4
wie LA ihkd Fipth o AR E R FREF LS FHES A > T
’?i—}?“’_fs_s'_fj—‘:% P & IR PCNA 2z fm?s icp ot b|7n 5 2 g > b A HH R
SERAYRELEF FRIRIHT e BTG SA AR R IMET S
% 4p o2 (@ vernes et al., 1997; Malovrh and Jakovac-Strajn, 2010 ) 2@ 7= % % &
FreErEmy il ko 5d ek d 2AGER S DL HHe e
R bR e 4 4 TR A & P g e (Tiemann et al., 2006; Doll et al., 2007 )
H 3 ¥ X4 (Goyarts etal., 2006b ) -

YA AR A ORGP 0 SRR LA G BT
4wty 45 o Renetal (2015) 3 B~ & PP ik = e > B IR AL SR
A R ¥ R B BE R EF LI Re R TG DaRAER
TS R o Rk d AFr Al LA e i 2 > e B Ry A S
% 3 B o SRFA A R AR Y o BLET] 10 ppm * FH 4 e te fop 3

I%

A BT AR ERE NS DA M 0 T o e

e

SR T
ARB AR CE LB M GRS R M LR 0% R 2

b B o 2 AR DFA,m 2 0 3 2405 ppm AJET i iy RaE i M e

.%y

ens 4 0 @ 10 ppm B AR T i A RS e 2 0 4 L]0 gt 2

°

Feld AN IR E T ek A 0 AR T 5 dlaed hfEw ok

(Pestka et al., 2004; Malovrh and Jakovac-Strajn, 2010; Awad et al., 2013 ) -
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2. Rk & FHUMRERE LT

k- lmre P B Hc: 0 B DNA i X e i pifiF (nuclease) i®* T A
A GRS AR E S A REATF G - Ak (3 -hydroxyl ends) » izt
AT AR it BLE R = pipk (bromolated dUTP )% fif & LY T 4 ri 4R 2
PR BRI < dnte o R RSk S 8 TUNEL A 4932 5 ot e i = i
A0 FREFFHLF ZAERRE 0 ek A A BE (P<0.05).

AT Y > BLETD R R T AR AL MROH T e 2k
= > T k= 4p A B ] (Bax ~ Bak-1 ~ p53 ~ Caspase-3) 2. # . (Renetal.,
2015) 0 B AT 2 B - R ovRubd 22 wred e N S AEp 2 RE R
PP AR T Rt 3 24 MAPKS 2 5E U A T Hhme k= 4P AL T

% F B (Maresca, 2013) -

3. et d & H5%5m e DNA 3 i et 3

Tk A R0 B ¥ P4 ool (ribotoxic effect) 2 i iz i dyimie 2
GBS AT ad BAF QL ﬂfia i mie DNA 3 1§ o »ifsk @ 35 Ak 4
10 ppm vRet F F egp & o H Y L L y-H2AX enlmie Bcp BEF 3 B H R 2
(P =0.034) H2AX % # % DNA 2z 2 3% (histone) «hE & & f 2 - » &
DNA 425 2 -] 4 (nucleosome ) #hie & B 55 %7 & DNA 5 35 & i
4874 0 H2AX i ¢ Amiph v > fEz 5 y-H2AX o #ict + 35 eh y-H2AX ¢ %

DNA &7 8% s# B % > £ 7 424 DNA i dp bl cndod Fries 4k > @ &

ek

1y-H2AX 2t L 4§ 7 A58 7 o (focus) o - a3 0 — R

- BETH B wwe podp i) T % 005E DNA AR A
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AEs Y LT 10 ppm I NSRS B P 0 ) m e e h B
B 5 0 F P DNA S35 4cfh] o f 50 4 42 DNARS & 5 f d A5 #
2t se DNA ¥t v e B2 g P fiend =5 B o A5 i P87 >
PRHE A, BT e TR Rk FRRL S A R e P E
H§ gz 2 %> kpEF DNA sopl 7% cnfia;5 4 (Renetal, 2015) » it
PRk A R RS F R RS e i dnte 2 DNA S B R £
ol RN SR T AT AR EEE R REIRLE FAoR R e

ERTER S CE T SRR

AT N AR I RL A FAPY R 0 D RER T AR e

SHOPIE o0 RBAEL AL G T ?%”¥ﬂﬁuﬁd*§?92

7:

PR GDmE AT RFREER D EDF 0 TR B fmie &

NS
R

LA mie > HIAE e bk ARl dpth o Rk E AHNFRE AR E
T4l e pE OGR4 Z PR RS LT o @Y MR T LR e
GH A 0 2 BARIE T ch A Fed] ~ 4o DNAE T 2 fwve B = 2 B3 R iR
HH AN R d FHET 0 BB AR RES LRI OED 2T o
PR T EGEHA TEY o R BNARE R A A § AR
TRk d 2 f oo BB R R R et i R P B (transitional stage )- Swamy
etal. (2004) & ¥to A RELE N5 BITFERE > KN RRERFLE F
PROREFLE REEAT R 7 {8 X 7 i B o F12 0 10 ppm s
W2 HRETREHBEARFARL > REZ 7 T BAD DTN o 5%
it & Yunus etal. (2012a) == 7 > &40 B FEg kR (12ppm) rReb 3 30
Sirds it 2 Wk d § ¥ & e % o #& Dénicke et al. (2003) 4k 4 14 ppm vF et
A% P EDRE%RN D FRERERENEY o8 ARRPIB LA E o i

AT enk & B IR 0 10 ppm 2 PR IT il e X 4 o
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R d A REAR LG E R FROBE

(=) FEIEH

ARHRVERETH IS SRR R L DT R EFL
RE RS A 16 R ATE AR BIELE 2B PR FER R
Peferdg g (P=0.079)  »R%EFT] Sppm AL » 364 2 F i %

KL ApEESE > HFROT A IIHBERS F R 12 BT AT G

\4
ey
2

;5\\

N

i
W

4
s
e

‘«dw

-;q-

B RS e g o R AR T LR ¢ 0 SRR TG
FRF R A R e MERE A0 LS R LB ARERE B
RO EFREFOTR oD AP LA RS 4 10 ppm k& 2 7Rk 3
FAEE B A A B RRel 3 F % DOM-1 3 2 a0 4 B F 840 4

St w (Yuetal, 2010) o 2gom > 2 7Ret 3 F 4 E %300 0 T BE

|+~
Eim
e

LRI J'/-i;“é%"i";iﬁ’p%]'”#ﬁfﬁz‘ﬁ“ﬁ AR o Flpt > B AE ke
B G g g S B e ot fh s Yunus etal. (2012b) 4k 4w poF ISR £
(1.68 ppm) % & #E (1221 ppm) 2 vt F % 2 7 ¥ > BRI - TP
ELodpp Rt FREGE RI e TR ZHRS TG HERE TR
FAPEPPRATNCEFRT > RA G S E TR ShdhT o n Apsko
DR 16 Fde s 2 RS GREI g o B P bt G Ap e 2 AR > 100

FEFNRRRE VARSI RLRIRCAE M o Ra 2R FR

SR CET VL F R RERF U EE SL L L LS LR
SO T A
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dOTPRA T E R G RS A e R R Freanit LR b e
F % F o0 MR E HrEReL 3 % 2w jz (Dénicke and Brezina, 2013 )- @ Yunus et al.

(2012h) # R E ARk 4 F 2 L H i RE R H 40 RS IRE =
+ fi

] f%—%‘/ﬁ%/ ‘V\'Z\Iﬁa%\b 25

em
4
=
=
>
g
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]
e
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_H
c’f >
\4
R
&
=y
R
—\*ié
IN
%
=
il
C"n:\/
W
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LR ARF e AP Y RBIY AL el g o LR EF RS R
53

%2 o EA RS P 4 HiEh A A FTRE S U T fE o

(=) FERE

AES%GRIHE S e CLDNS 2 dov A ME - 2 3 Bf % 4% Fv
e R 2 - o FEE S B #TF 5] hCLDNSUEL 7 3 & 1 e § sl
Y54 9 =0 17 kDa » 5 £ (Ozden et al., 2010) » #+t #% CLDNS5 2_4a %
ZIE N 16 TR LS 2P a2 F 2R 2 (P<0.05)-
¥4 245 ppm s u]# 52 CLDNS % BB F4# 2 > a 2 - o 252 CLDNS
AMEHE T SE S S R 2ppM L A BB A Ry FARE LB
¥ (P=0017)-

B2 LA R A R TS R PO RS T8 Y &
R A F Rk S { B2 £ & o Osselaere et al. (2013b) 446 p
7.5 ppmik B 4T 7 8 LR T % % CLDNS 2 MRNA 2 SRR B ¥ % 5
BRE v @ AREHR2fc5ppm 2 #* AP RE F 2 R g P 42 P oo
AR ST S LR claudin 2R LRt d Fded] 0 BB AR 2

fe5ppm AR ez D FE S AR 0 T A R Rk R R i Ry FE A2 (EY o
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¥ - 3§ ovketd 2 HR CLDNS £ B H 4een™ 40 280 5 48 2 (R34
FoOEPERTRLIFEAT TORE s AREDBFHI L X ERB
( Goyarts and Danicke, 2006 ) = B s i © i"lf Rk F B2 4 o FIRE A&
2 F TERLA R hd AU RS (4 54%F 3 89% ) 1T iRt
5%£%Wﬁ%§7’?ﬁ%iﬁﬁw%’v@wwi%4p7ﬂﬁ%§’
PRl & 2 EGE B B T R B E LB o AR
Ho 2o SEafd oo R TR P EET FHER LA URL
#F % g - g (Osselaere et al., 2012; Yunus et al., 2012b) - 7]t » 3 & {%
T FlRPRF /TGN EERY 0 BER 7 PRI RIS PR e 0 b

5 B FoAp AR dw e Y 2 WM MR 2 R M W LR F R H i T o

I VERREF RN LR BB LAY

7t 10 B 16 iR L o R BRIFRLR R F R OR T

ek

» RE T ARPIINFLE F NG A A AR RN ELDAET > T gD
& 00 FEEd B4 o gt 22 Lunetal. (1989) 2 #7 % o FILSIE 8 AR kST TR
ehF &3 48 P RFR g EREE RS FRRE T RE 2 R0 P A HE
Dénicke et al. (2004b; 2007a, b) 47 3 » rpeb 3 Z AT RE 12 > 3 F TR
PERRE R A b R RS GRS GATHA o T RET R

B it 10ppm 2 ARk & F i 4o FEA L LAY 2 8 B 2 OB e
H e
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A N FREHB

AR FER 2Rk d A HA R OB S ot 190 R 3 RN E R
PAER (P 2%s Sppme = Fp] 5 2ppm)sestd fpai dp 4 £ L I E Hagie*
R W28 E 55 drdl 2 4B5 > RS 2 o Rl d FH RS E L ARY
HFHEAL G EE AT T H LA MR AR SR P ETRAEEREY

Ao MERGYREE F (24-5ppm) € 2o DALY TR A 0 4 F €
RECFHOAR AR R L FRS S LR F R 2R e
e (Sppm)e A L E BB ERTLE 2 (10 ppm) GE T T 5 KA

BB AR ERCFRI PSS SRNRIAAET LT B
o A HR AR 2 e BRGRRE S LM o LR kSR T SrEd
F ot e 4 L7 a0 R EFLIEY 5 g N 204 2R 0 Bk B Rl
FE NI L2 M I L S HEFORT]

S A 2 F AR ARE R REE FHY L LGB R AR
WAPR N F o S BORR 2 vERebF 00T { A AR 0 F gt A R b 2 A
B A g o gt b o 2 e n 2 BE A2 OB et i f R A Rk i f oo
BE N T ot G R REEN I FEH R AR ET AL L AR

ﬁ
PE I AFARPRBAGDF o 8 HCRREETF A PO ER

(\x,

FErg R u F L B2 ek T e

AT RAERD I AL AR LI O, RLE BT TR g
WERABAP A HEEFTAIEMPLELAR b FREFF N 2
WRAARAIT R AR E DR 0 LR D SRR RS B

Fevcfin g L 0 fE 0 NRFE LT §SE D a5 B RE R -
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Table 19 The summarized effects of deoxynivalenol (DON) on Taiwan country chickens. *

Treatments (DON, ppm)

Parameter Investigated

(wks of age) Male & Female @
2 5 10 2 5 10

Performance

Body weight gain (4-10 wk) 4 RN 1t T N2 2%
Body weight gain (11-16 wk) Vd) () () (W) () (W)
Body weight (16 wk) (V) (1) (V) (V) (V) (V)
Blood Biochemistry

AST (16 wk) (V) (V) (V) vd) (V) (V)
ALT, UA, IgA (16 wk) > > > > > >
Immune Organ

Spleen relative weight (16 wk) T ™~ T > 1T >
- Proliferation (16 wk) T ™~ ™~ T ™~ N2
- Apoptosis (16 wk) ) 1t T T T T
- DNA damage (16 wk) -> T ™~ T T ™~
Intestine

Villus height (16 wk) > W) > > > >
Tight junction - CLDN5 (16 wk) J N2 > T T >

! Symbol 4/4 means positive/negative differences compared to control. The extent of
impact is indicated by the number of symbols. Symbol - and in brackets means not
significantly different from control.

20nly in ileum.

75



T~ 5w

e 5HFRY @S EMT 22 AR - KA MER (2425 ppm)
2Rk A FRESHGELRES G VARSI ELEN BT AR LR X
edm g LR B Tl e b a2 B4 Fed] s B 42 DNAJF G 4
PR E>FER (10 ppm) 2vfetd 2 22 THBL LR BT
FERREE R R F 2 Eeg FRAREW I FFFORE (i d
oo feipded]) AERB R (P MERTIELE > BRAPH]) EREFE oA
Aﬁbiﬁ%ﬂ$%ﬁﬁ}ﬁ%m§aﬁﬁ’a%& BB GRS S
LG FEE c BT RRAER R LB RS T
2ZFEAR > ¥R F AR PRI 220 o
RFEAF L% TRERZ I REL FEEERP 2 B 5 2R 255
2.%F oA P R ARLiEET > P EFaEY £ 10 ppm kB 2 R F £ o
WAL REMPMF > ARFERTFEFISL 2R % - &
B PR E 2 KT 0 R ARl d R FR W e R AR
KT AZBERRF IR EY > b PR DT o EReE

FAZE 2ppm kB 2Rk E £ o
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Figure 1 Effects of deoxynivalenol (DON) on spleen proliferation in Taiwan
country chickens at 16 wk. Immunohistochemistry of PCNA
positive cells are expressed as percentage of total cells and presented
as mean = SD with different letters differ at P < 0.05.
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Figure 2 Effects of deoxynivalenol (DON) on the expression of tight junction protein
of jejunum in Taiwan country chickens at 16 wk. Expression of claudin-5
(CLDN5) was measured by western blotting and normalized by (-actin.
Results are presented as mean = SD with different letters differ at P < 0.05.
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