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Abstract
Objective: Fusarium species are prevalent contaminants of foodstuffs and agricultural
crops. They produce fumonisins, which are carcinogenic mycotoxins. The present study
has evaluated maize and wheat samples from ten provinces in Iran that were contaminated
with Fusarium species. Special attention was paid to the ability of the isolates to produce
fumonisin B, (FB,) as a public health hazard.

Methods: We collected 32 maize and 15 wheat samples from ten provinces that were major
cultivation areas. Samples surface disinfected with a 1% sodium hypochlorite solution for 2
minutes. Fusarium species were isolated by the flotation method on malachite green agar.
Pure cultures on potato dextrose agar (PDA) were identified using a combination of
macroscopic and microscopic morphological criteria. The ability of the isolates to produce
FB; was evaluated by thin layer chromatography (TLC) and the amounts of fumonisin B,
produced were assessed by high performance liquid chromatography (HPLC).

Results: A total of 55 Fusarium isolates that belonged to five species were isolated. There
were 27 of the 32 maize samples (84.4%) and 11 of 15 wheat samples (73.3%) that were
contaminated with Fusarium species. Species consisted of F. verticillioides (23 isolates),
F. proliferatum (22 isolates), F. subglutinans (5 isolates), F. nygamai (4 isolates) and F.
redolens (1 isolate) based on morphological criteria. Twenty-two of the 55 (40%)
Fusarium isolates produced FB; in a total range from 230.4 to 9565 pg/ml. The highest
amounts of FB; production were related to toxigenic isolates of F. verticillioides and F.
proliferatum.

Conclusion: Results of the present work indicates a high degree of contamination of
maize and wheat with Fusarium strains that belong to the Gibberella fujikuroi species
complex s particularly F. verticillioides and F. proliferatum. This contamination is a
potential public health threat due to food spoilage and subsequent production of high
levels of carcinogenic FB;.

Keywords Fusarium species, Fumonisin B, Food contamination, Maize, Wheat

Modares Journal of Medical Sciences: Pathobiology, Vol 16, No 3, Autumn 2013, Pages: 53-64

Modares Journal of Medical Sciences: Pathobiology, 16(3), Autumn 2013

oy



Juo! o

9PN 9 00 Sladiged 3 pg 51398 ST Sl g il
B (muigngd W gi 30 LT (3lifgi (L)
byl (1) Ggs ¢ S9 Loy T B g L doguaze | oE Gheze yoldlis

121 015 ¢ yte S ol ¢ (S psle 0dSCiils ¢ Sy btz 6 055 ¢ meaind (51757 (5 el -
O 21 D15 ¢ oyn S5 ol ¢ (S psbe oSl ¢ (S ol J6 05 8 5Lils Y

Ol 01 (o) ol ady (S5 sk ol ¢ J oS3 5m (55 g Dlidiond 550 ¢ lyslal ¥

O 1 015 Ol ) gily sl ¢ guliig 6 05 8 il ¥

Sy iz 58058 (S o ke 01l ¢ upike Sy 3 o1 VFNIVINF 2 2 i (015 0131 1 s oty 55 05T
Email: shamsm@modares.ac.ir

Y/ 4 Y e by AY/ A/ A e L o

s A

055t O s psas A5 3L 5 e slse 200 (So 0T ols belse e 5l o l558 glae S 1dun
U155l ol s Ol il Gble 3 5 kS glaksas (ST Sl G )3 s (e 5o 55
s Sl e bl 5 50 s o S Ol 4 By s seb A5 53 el (s3leldr p50l558 slaklir
Tt

s 4 i S ol bl Ve slets L;)j@;.- (4550510) 2S5 (6503 YY) 3 sl pod 1o by, 5 3190
Glraglir 5 s CiS s CodVl dalr i Jame (555 (S5l (B S eslinad Lp g sli 8 slad S (g5l
Loy ol s A5 By pigesd Ol A5 U5 bus Ll liacsy ;) sl Sis oolal ol (g5lulir
A3 Al VL DL mle 31 S 5Ly S 5 S Y BI85l S gl s Sl eslinal L baalr

oo p i Jold Slsl S e sl 8 45 0 4 Blate el (Hlulir ps ol 8 4l 00 sl S
(Ao3 A gl 0) il sl g5 58 (Aos £0 el YY) p il i s 0 pgool3 58 (o) £1/4 cagltr YY)
£0) anlir 00 5l anlir YY Liis s (doys VA calir V) il paslis 5 (doss VIV gl £) oLl o558
B r)_fj}ﬁ:» 4070 LYY /8 3l Lm[ﬂ(...ﬂ A5 oo gdoms a5 W g il glacbale jy edse s W g 4 b (s
2 e SlAdsn 5 e skt GO S 4 Glate By e a8 A5 Olae o i S 1S 1) e

055 5 e s ol o5 palish il Sl S S sls DL Lol G ol 16 S aom
s an (Sl ol Ll i Ol s bl 3 S 5 3 0diS 0301 e (slag,B Olse a5l dds
3o Sl 5l x5 LB s b g Sl 5 OLl 55 O s e G Ol 4 By i ge g W5 UL
Al ke e es Slg 5 e o AiS WA age ol se Sl S Ol 4 Ll e o

r.,\.\f oy A&‘;\; J‘y ;:Jﬂ B, s 30 32 ‘f-ﬁ)b}é LSL’MGJ; glfjl_,.x._JS

PY-OF :aladis AFAY Juabs ¥ o jlach VP 0 90 (e (ouulisad cannal 1 a0 (oSudi 33 o gls dlans

VEAY Sl 0 jlac VP 090 o) (pualich coneal 00 (Scli 3 p 9l dlans og



p9201388 GO pau alge juf g s 9o sladd oS lualid g 5 jleulaa

3 Ses 53 el 5 e Soil i 5l (6,8 5 5 b
DY OY] S o Jlesl b gl ash
SVl 5 L Ol Sl al dpames 55 )3 5 oS
o 3 Ol ) il Gblia 53 48 Lits 5 Opabee ¥ 5 VWA
Loodle ol disd e otS 5508 Jlad )8 aedd 5o
5 Oll GMe o ,meis 53 pulis 8 5 pelis sk 0 53
Slaas S V0 V8] 00,8 e 15 eslinul 550 DUl
Vo oSS s ate SLads S (o sastas 05005 58
el 03 53 5 el mld gleediS o340l o, 5
plil 03 28 Slidos 3525 L V] Al e ol 0 Ol
plasil s b Olgar o 53 Lap s lish g 48 S
fm el s Ol s B a4y b b Sliies
350 2l g adlaie 5 ) )50 (0SSN pamms
03,5 ol Slsl s g s 55 Gly Dk iamen 5 o)
sl J S sladel (S0 5 s gl gl
ol o eld ize gla il el pAbolesl Wl
Pt p gl glaas S s iS5 o st
Sl 53 s ol id s n o pslish 5 e shoss p sl s
S8 Al sy e 03 S oz Sl (5555LS SN sz
35 kil Slalas ol b el b VA=Y 0] el 03l
ey Al S ol Ol 51 (535 dome Uil i bl
2 s e sl 158 s se DS b
353 el s o res 3 daily pl s St gladle
Ghle 55 B o b i8S sl 55 el addlles S plnl
A3 0l a5 e S 5 03 a5 Ll
9 r,\_;§ slad sal uf:}ﬂ ol G s S e el
g Ol e e i S ol gble s o3
53 el olltr bl slaanlir LUILS 5 el
aloblon 5 150U o oo G Ol 0 By e go 53 A5
3B slnbal 4 a5 LA ) o gee Silg
e 3 pslish o8 4 es T Y pame i S
o N pams pl Sodl 5 50 eses cuilig Ol bl

4o ke

Jols 1 ool a8 (Fusarium) 5155 poier
SLabiolos Ly Sbt 3 350 50 G KS 1551 68 052 e
s sl glaoiS o3 1 5 alS oy xe (Pathogens)
e SV a5l aws il pl5 g slae S s
ol S eea Iy g piS ()3 tsle e alax
e S 358 g0 o pime (g3l Sy Sk S S5
5B s b s gl SV sa e odS LA
50U yar oy 5 Ol L5 4 b3y (g3Lal (gla0L
—e Dbl 10l 5 e (FUmONISIN s 5055 i
ods a [Y O] il a3y JLis 4 |y o ses ol
S ke gl Jale Olsie L0155 o p sl 5 slaed S
i 45 oo s als Sl slac pie
B I U P N W EpE PYCR P
Ol 3 o i glacisie 5 Gees (Ulcers) sla sl
L8 0TS Jas o] s s s

SLaas S ol 5 odd (gdvaad il 61531 Ol o
(Gibberella fijikuroi) s, S 3 Y o SdaS 45 Glaze
gl 3l S 035 ALS L lan Glag B op Smls dex
a6 ol [V=01 Wlod (3158 5 lhom Olgr ol o (835518
s F. verticillioides) s Jows s p 5552 455 55 0554
sl Sl s dox I (F. proliferatum) o5 A5 e l35
b 53 A 2 oo oS Liied Loyt 0 5 0 IS A
(Leukoencephalomalacia) .Y jla.il S (Ethiology)
s 03 S Ol 5 LaS 55 53 (s el dad o
S 5 4lS S Ol g5 L slos Aol bl ¢ gl s
e s Sl aler ) il e 528 s Ol
IV AT a1 a3l G m e Jlis s Ol )
53 Ul (,.:...‘._EJD 3C B A ey S alayudsash
g SRS 5 e Bl e e 8 Ol (2
w53 dile (555lS DY pa s p1 1 4S5 50 e O g

) 35 a1 acpns a8 35k n 03401 1 Ero kS

55 Modares Journal of Medical Sciences: Pathobiology, 16(3), Autumn 2013 00



(0LJT E-Merck) (Special Nutrient Agar) o sz s
@jT(__&, o plis e S bl Lus i
«JS— «(Phialides) Ll jlxlo 13 51 oY Sledbl
Sl 3luxs (Conidium) Lap gl S o3Il 5 slias
sbls s (Macroconidium) prd Sy S M5 5 o e
£ 546 S 5DIS 5 (Microconidium) e 56 555 e A 53
S s el glaalds il (Chlamydoconidium)
ol 5 (Nelson) o s 5 [Y0] 0L 5 (Burgess)

A rt?;}\ [YV]

Bi rigo b M5 2l g gl el
o ade 0 Y 3 Bl peeise s W5 L0l s gl

18 S el 5

Bi (psige g ) Pl 5 gy 28 Lyl i
slaasllr awa By (eisn b LS5 L5l 6l =
Sslm e Yo laghil ps el (oluliar o505 58
JLE By i go g5 oS Ll e S Tas 2 Lo VO
Aoy /) ccdbojlias dm s /00 (G5S,h A s Y
L NG NN N WV S VA S PUC N WV ST SrA RSP ] S
ol e Sl g A3 /Y bty 055
st (555 Sy 2o +/000 ey LS Aoy /0T
i O 2 SO 55 a8 ol e Sl g ds s t/00)
CiS Sl gl O gl g A 0313 LS 550 0
Ly ST 55 2SSy laroms (535 (20l3 Jel g 035, Y
Av oS Aoy /Y ol el (658 g 58 g Sl esland
el V0 Ol il ) e s A3 4 (Tween 80)
CiS Sl A il e iS slalaes S 2 e 5
 SEARRTISEIP RGN L Y SIS P PR R IIGIRVITR R R
Seslen Ly ds ool 5l dmy i a s WIS o, S sl
A o)ls (Whatman) o—eily Slo dsl8 L Ol 2l
s cis slalass 51 2,6 Mycelium) Slap sk

OlylSed g oM (suans polillnac

5 B Sadl sl lS SIS all e L5 e akal
s laa Wby st 5 o (Mycotoxin) s S 5SSl
oo Sl 68y 5 J S ol sl Fl

Al Ll LS e W slagz B

b fss s ol
‘5;43}«3 Lol

a0tV 3 rJ;S/M)AJ\O};;)S 453 TY g aome )3
Ol Qlead Vo g s YO 55 (as 50 o 5l el V) il
Ol s olisle S Ola S Oldan (SledS ¢ Josyl Jals
s gslmer 8 Dbl 5 0L (pa P DLk
Crond 8 5 5 A e o 0 4y bl oll a5 50
adsl sladssad Al (6 Saiisel dolal b 4 disel b
L Sl 5 (40505 Y0) 45,30 58 3550 53 (Subsamples)
éMIW)QL#ﬂj‘&L@Q}@&}ML%Vﬁ
s oslil ap gl 58 (3l 5 23S (s

14 . & Y .

L oaads Y QAAA{rJ;fJQJSJJ}Aij)'\DfV 3 9d>

}@}&Mf%)jb‘gwjé\ ﬁwq‘ﬁﬁdw
oo i LA gad A ooy pized Lo el ke OT L L 4w
(Malachite Green) s $ <..iVl L (Flotation) ¢ 5l 4
=3 Y0 glas 3 aaaY LY Odeas 5 i osls oS
Looe (555 8l ay sl SIS [V0] A (IS 5l S sl
[E-Merck) (Potato Dextrose Agar) ;5T 5, eSS gl g
Sl gle el gl s osls sume oz (LT
Slehs SO 0] s g sl SO i S Laol dan
Al esls )l_)_g MJ:Y )l_<| uT.Ja.:_xﬁ RED) QML_\M}M:
&l g ;\;Jﬁl«a a0 Y0 glos s cele YE 5l day s o]
ol slac 4 el g on) wlsr glay gond ST L5
Ssun S ST OLST 55 2S5 525 slos oo
Sdxs 58T 5 (OWIT E-Merck) (Carnation Leaf Agar)

56 APAY 5asls 0 jladd P 6y 0 o ghuas 3 crmuliah cosaal s pu s oS0 p gle dlna o1



P09 BB pus slge ad g o sl 9o LA S (bl s lulsn

(O-phthaldialdehyde: OPA) u_3uli-O G, 2o 25 Ko
ke 0 061 5 e ) 53 OPA o S s £0 Jul2)
s S 00 5 N /) i Sl
BB o 5 5L ST L b s 6,8 i ((LB1glS e Y
Lok (6,8 sido ojlas o 5l S Yo Slde sl pluls
TSKgel ODS-80TS,) .y Sae 3L HPLC 0 52 4 OPA
TOSOH BIOSCIENCE) 4.6 mm ID x 15.0 cm
e Jols S e 5 5 Gasp o6 Olge a4 (0l
4V ez [ pem) e =Yg /) Dland G508 (65
Ol ol b (A3 a5 YF0 jand dl L 0T pH) (A
23 e pan Sl 5 S e A bl akds ps 2 e )
Gladise chld 2o 5 s gl 87 5 YT e Jb
25 e L 0T ot 5 o aglie 4 4 5 L ey 3550
;,\,ul:_wl(p_fjﬁfh 500) aie glachle o
Sigma-Aldrich) (CAS  116355-83-0) By s 55 55

A (6 Se3ll (K el

13 . Z . » -t
cﬁjb‘,ﬁ ‘5‘.6544‘95 &Lwh.w K ‘5JL.»|-\.? @LA
N psolish oo 5l €55 0 4 Glate 4l 00 ¢ sazes 55
G503 VY 51500 YV L o 0 i €505 10 5 35 €503 Y
(o ;3 VYY) oS 46503 10 51 46503 1) 5 (Ao 3 AE/E) )3
oJ_AT S A‘—.’.U"' 00 )\ .J\_':)ﬁ e:}ﬂ r‘}:)b}ﬁ 6[.&4;; @
ol s o (,\;S/ Slalas WY 5 eyd sl alas £
Ol anlir YV g pazme o 8 plulid (Morphologic)
M 0 e 5t s  pli g o VY (ks sk g £ 5005 58
p =035 b & (F. subglutinans) b5 )L plish
3y pli g el S s (FL nygamai) LIS
el gl Sasly Las 218 (F. redolens)

NG aJu“:; ;) \ dj.)a- BE é)Lw\.,\> J>u1 mlnﬁ\j.l

eslial b 2B S (gl mhd 3 3 g g0 Br (i e 58 0
by Sl J51 glasslas 5 ol saal bl 51 IS
s bl 5 Kax (5 EYELA N-1000) Jos 5,65,
Dl = e sl o 2 s 410 0k L5 slae s
= Bl oo g 3l A o (V) e /o)
3 A 00 e o) DT = e sl e ) 0

.,\.:H;;)U,;;L;w;r;&;f\ sl ol

Sl By i 8 S ko 5 402
S36 Y S E sk S o )
SISl S s 3B ez b sl el sl
oslazwl (Thin Layer Chromatography: TLC) S350 4V
Lo gas o i sl ojlas Sl il s S Yo pskiie s s
Gt S oty o33 3kl 51 25 S 0 ol s
(Aluminum sheet, silica gel 60F254) slac L 55,
Sl SOb s 5 i (6,184 TLC (OWJT E. Merck)
D S 3 O e/ pe) ST = e sl D
Lol chomy oy Ll (620 Sl ) 4 D agr (35
Bl peeisn s oseb sl b i o D SU
s (Jsbl 53wy +/Y) (Ninhydrin) o yaes e Sl
Sl g L oS slacly il eslinal (g 0ul Ol pe
A SO ST, b U ol S Bl a3 VY glas 5o us

.(zjldafal.lé azss V0 )'lf.qsﬁij Xy)

P90 3 el U Bl i g g3 (S Slowi
Y b b gl 1S 5Ly S
gl S5 S s B Gredisns s e S
High-Performance Liquid Chromatography:) YU 1,5 L
KNAUER o&zus 3l sbizad b iy s 5l KT L (HPLC
osliul Sl ,xs Sl L (Sydenham) plgaew s, ol

Yoo L Lisial glaolas 3l ads o 00l [YY] Ui

57 Modares Journal of Medical Sciences: Pathobiology, 16(3), Autumn 2013 oy



58

Q)S}(ﬁy\fslﬁd}djiaﬂsjblkfﬁ)b_}ésuﬁﬁ):B] e posh M5 SUIS 5 oLl ae SAS| e Y Jgde

OlylSed g oM (suans polillnac

Bl peiga b 5 oS ey

Mg &S g

(A 53 ¢55,5) HPLC oy (TLC) By tpi g0 88 odd bl slaglar Soslpar Joe Gl pia gl ojled
oais BB - o s 250005 8 Okws S pLS !
ol B - o sk 250005 8 Olden S ¥
oasid B e - oS e {ﬁ;‘)}“ Oldes SPH Y
oS BB - o s 250005 8 Olkes <5 ¢
0V Y/E £ 004/Y + S ks p sl Olkan o 0

AEASIE R £ 71 + o shes el Oldes [P 1
9070 % 4A4/A + S kS5 p sl Olken o v
oS B e - o s el sliile s S3H A
VYYo + AAE/Y + o koS s p sl lile S &b q
TAOY/A + VYUY + S kS5 p sl Olkes b Ve
10+ A/Y £ A0/A + ks g 0 sl5 5 oLl S s 1
oaeid B e - oS e {ﬁ;‘)}“ Oldes SPH 'Y
oS BB - o s s 250005 8 OB RPE W
N - o s el Older <53 ‘e
oasid B e - oS e {ﬁ;‘)}“ Oldes SPH ‘o
oS BB - o sk s 250005 8 OB RPE "
e - o sk P05 B sliile s S5H WV
oaid B e - oS e {ﬁ;‘)}“ Oldes SPH A
YAAC/A £140/4 + u».xcsjl:..::)}(.ﬁ,\)'jé Ol s WS35 \q
e - o sk s P58 sliile s S5H Y.
Yol /N £V + A ke s p sl Olken b A\l
cais BB - o sk 250005 8 ole pS A
oasis JB e - JJV;MJ)(;}.;;U; Oldes <ol Y
WYYV £ \YA/A + 5l sn sl s Ol &b Ye
WYE/E £ V6V + A5 s Ol s s Yo
VATA/A £ YVO + e A5 p s l5s8 Jessl S A}
\Ve4/r £ V40/0 + e A5 p 155 Olkas pS A%
YVYO £ YA/ + 5L 2 35 ohask (:Jgf YA
oS BB d - s sl s o Ol S ¥4
VWAV/A £ Yoy + s sl s Rt S Y.
asis B e - 5D 2 35 sliile S S T\
YYou /£ YV + Pl s s s s oo Y
oasedd JB b - e A 2 p sl B < A
oaseil WG b - oA o ls s slisle S s \t3
YY o /¥EYYVY + s s s s oo Yo
el JB e - (ﬁ‘;@)zcﬁ)b)ﬁ Olden [P Al
oasil WG b - oA pls s slisle S &b %
o BB S - AN el o < YA
ol BB s - el sn sl s lile S S )
oais LB e - s o5 s slisle 5 o g
sais B - $5A s pa0l5 5 Sles o 8
oais B e - e A5 p a5 ohuske pS £y
TVAY/0 & Y41 /\ + A el Ol S S iy
o BB S - AR el ole ps £t
OYY' /0 + 08T/ + e A5 psl5s Olws S pS to
asis b6 8 - A 1555 o S £1
A LB e - s A 15 5 o ps tv
YYOY £ YYo/) + il L (EURE e o ¢A
WOV £ \WAN + L S 1558 Oldes %) €4
YYY'O/A £ Y£0/0 + A 15 55 slisle S g5 0
YY /8 £ Y88 + L& polis sliile S o 0\
gamds BB - o eslis o83 ps oy
el B e - Sl sl sliile S &g oy
asis B e - _ﬁu&;w)g)é oEg s o
ord B e - LU 5 3P <3 00

VFAY auls o o jlachi A 0 99 o) oualiad el 1y ja0 ((Sudi e o gle dlas

oA



p9201388 GO pau alge juf g s 9o sladd oS lualid g 5 jleulaa

A bl e 55 e85 Sl 4070 LYY /E 1 S
poolis Jold L35 Bl pedisngp W5 4 08 & plaglos
-5 pmlish (oo VE/0 caslr A) s s
b £) il Il o558 (o3 VWY gl V)
A s (Ao VA i V) LS el 5 (A3 0/0
wle A5 w536 edsny e oli s e Sl gl 4k
55 HPLC osy 6,8 84 UB) i se 8 plulis LG
=it 5 e lshs psm B sl () i)
Bl eeisesh 5l il glaclals W5 a4 506 0 5l ,ads 5
SS9e) 4070 LY 0N /) Sl s Wil o3 pudoms 45 s
e 53 0S5 Kn OYY /0 LSYWYYAY 15 (Ve /Y
b Bl s M5 5Ske o VL S (680510
Jlis 5 oliile S 5l el (3luldr ol sy 5250558
ey M5 Sk VL &S Jl s s Oles 10T
Oliws S Ol amy by o o 51 5ad s 2 0 i 58 L 5 By

A polE

Sow

S35 p S S aS e 158 anlir 00 aalllas ol s
i Slasiia Sl eslial b Ol e bl
op o 0T 53 Bl g b M5 Sl 5 ol
ot sheins ool edd gLl el 00 51l
Ol Jlss a5 (alus= 00 51 YY) £/ fori L &S nmls
(el 00 SIYY) do s b 65t L el 550 05l 58
Ordime gl b5 855 55 cnl gt 005 W AS 158
Oler Oler Bl e 5 01l 53 s plonil lalllas JUis o
RAANRAL WAV RGP ui)\)f
e384 p A s OLen 5 Slold Yero Jlu
g0 b i sheding a3 1 03 ladiyad 5l el s
v 53 0L 5 seny AT Wisged 55058 ds s AT
bl g cadie ble 1 yd Gadisad o) 53 Yo0A

3=l e i 5 et sheeins i 8 p a8 O

Bi (s s Ml 5 (AS w5 48 S
TLC U‘.:’JJ )‘ ebu.‘.'m|l.3

Lo 03 8 Slawlir L i By i g b 5

s 1Y U Sy dows 03,5 (5l Jis 4y gl S
Lo las Lo (1084500 TLC ool 55 cpodegis
oS5, 0 Clale L anylie 5o Laglr woiS (gl 2k
oS 5 LBy o )y 1235 ol 50k
L S @S e S el ) 508 & Jibe i
e slaaghr (1 JK8) a4yl dzsls o s il & 500
e e i S LS (B 5 Y ) a0 ) e

..,Ule.,\.o.j: abl) UL\L.' (FB]) Bl M}»}_e J)‘.\jl:..a\ K] (Y‘ QJL.N)

FR{RHEN
\ Y {} v 3
—————

’l
I
S
|

By i go 53 (TLC) S35L aY 31 S 5bs S Lol 5 a5V K3
Hﬂfﬁbqlk&)tsjs(i}Y O o) e Ve glan i

leds osls 9L (FB) By e 3053 5kl 5 (F 0 5200)

51 03zl b B1 i o 88 05 iowies ol
HPLC 2,
slaaglr o ds cls ol s S b 5 4
oLzl L TLC Oga3l 55 o b e 3 ool o (g3luli
£0) asld= 00 3laslus YY 4S5l QLS HPLC s, 3

J_:J_’J DJJMJ.UJ}:Bl M}A}ﬁ J;;J)SM)JG (.Lp)é

59 Modares Journal of Medical Sciences: Pathobiology, 16(3), Autumn 2013 04



3255 ad) Sy Eol oS 3 (5555l Y jams
5 S5 5 b 53 (Necrotic) Sy ,S8 lals oyl
ool i glaalir plad [YA] 558 oo ede S Ao s
035 s 5em P Ve oSS 4 Glate a0 500558
OV gz e omes 5 Oludl js Cilises lag sl Csl &S
SLas S o Smld Lsd g o kS 5 o Ll (65,5l
e300 5 e s p i3 eSeS ol 4 Glata
s o5l Ay

Ol Br gyt A5 U5 ol a5
Mo glatlir 3 2058 8 Vo -SheS 0S5 55
o e Ol e Ll ae L;’t.&;)).)jr.l}s/)'la“
o ke s e 3l5 58 et o 13 Sl Al YY S
p—olisd el V) s slads e sl 58 (el A)
Calr ) Ll paslig 5 (i 7)) sl KL
03 gdmme 45 s S A5 il sl 55 1) By e 5 58
Ao 1S ke 53 0 85 K 4070 LYY /L I a0
ol (il laaslir 55 By s g0 8 U 55 03 5es
S ian pssladsn sl 5 ool sheios psli s
A 53 085 S 0T /0 BIYYYV 54070 L Vo))
el Sl L g b A5 o ol s &SIl
LY OA OV AT s ls Cillas Kos gla,y 528 5 010 55 el

ol I ol 5 4 Ol e slanlir plo
5 7S il o Al il a0l e 51 S 5,5 oL
Al 2B pl ol sl e s s (Sorghum) ¢ 58 5.
534S Sldlas 5o sl ol o o3 IO 5 Bl Siws L
el Olpls 5 Oliesls 3 e 1880 5 YoNe cladl
w_w'\j)é laalas d ooy Ve = s gd > el sl
LY ] oy B s st W55 4 506 e gl 5
=035t 5 e s el slaas i Lwls o
ez M54 B As s ) AV Lo S el
5 055,85 YOALVO L5 071 51 0F a3 s 45 sy By

AL sl s s [YV] cdl el 5518 2 L

OlylSed g oM (suans polillnac

S [N S a8 Ao YUV 5 s A1 L
@JI@,}, P S (glad gl ST e s oKes
A Ly OF 5ledid i e laas S 5 A3 OA 1 ol
05—l (. graminearum) p)l_;:ﬁ\ﬁ i 3l
DVT s sas 20155 55 p 553 5 kel shomsd s
S S e 53 o sls 0l S5 sle Yo Jl s
YL Ol IS Sl p3 glads gl 31 el pslis
3 e e lig Slad S 4 by e pshs Ao
5 ESlite Yoy Jlo 53 ITE] ol o515 050553
g5 Ol Jlad o o laassai (s 2 2 oL
s e el A s pslist 5 e sk s sl 50
Yoro Jlo s [Y0] U538 3,058 doys VWP 5 Te/g)
o205 sla S il 0lL,en 5 (Fandohan) Ola s
b ood glaasised 53 aslddsn psolish 5 omdd shod s
e [TV 50 A0S Aesn ¥ 5 WAl i
S sl plas Yeeo Jw s oLl 5 (Acuna) U ST
o b g Ve S e 35 p S 5 D sl s
ol e ) G sl S 5 wils B So
YO s VoA (sl p e sl s e o5 s ekl sk s
LYV s e Ao s
D3 5 S (5o Ul i Sl G 2
e e s B s e e s
slaaglr nlw sy ol S 5 Oles gaokal & by,
UGS psls 58 (b AL o 5l58 Jald el
Sty SIS gl Sl G Xn g e e slis s
4 sad 31 S e Ol ) s peslish s o el
o 535 el il 0l e QS Ol p S
Sl LS 5 e (Pl oxysporum) CﬁJ}?‘“i)i‘ pslis
o 5SS 53 ol s e 0des (A58 5 Sbe o3Il s &S
EETy ol Sldlas b elal gl e 03l 5y &5
A3 s S pslish eSS o5 S Olse
e sl S it 53 pmli b Sl ol 4 S

60 VAT Sl ¥ 0 Lok A 0 9 ¢ huas ) cpuubich cosaal sy yin oSub3a 8 gle dlas T



p9201388 GO pau alge juf g s 9o sladd oS lualid g 5 jleulaa

Sl KLl ol s 5l sl oo =W

SLawi 8§15l 4 Ol ) il bl oS 5 25 sladisal
3ladl glonl 51 s 6 Sl cnl ol o5l 53
2l e Sl SV paome ol (2B 5L 1 U
S e =B e SULs s e aSL ol el
e go 5 VL sk 5 s el (luli slagla
Aol Olse @ Ll e B0 (2B o S Ol e 4 By
ElE ol Al e Sl 5 0Ll Sl (sl 5L
E 535 oy 5203 S S5 sl Sl planil 6 5]
S U Ll ) ol 5 (S5 55 5 (Sasl
JS 55 Jia 5 cmwbe Glag sl pl S84 5 cpss
5ol 5 sl an el e S5 Sl 5 s Sap i

))Lm‘-;d )&J“ L;)')jl.;:s QYM

PIEET) JS..:J
ot (SIS wlbOll o ol G il
sl Jle nlem L aS cl gy (S ulidi 6
Wl s oLl s 5 ol ias o e
Lo iy oo w5 Al e p3Y s OB s
1S 0Ll gl sttadl 5 e o oK el
5SS Wlegems A3 a8 (55San aallae ol gl s

[1] Nelson PE, Toussoun TA, Cook RJ. Fusarium:
diseases, biology and taxonomy. Pennsylvania:
Pennsylvania State University Press, University
Park, 1993; p: 157-168.

[2] Leslie J, Summerell BA. The Fusarium
Laboratory Manual. Chapter 11: Practical
Approaches to Identification. Blackwell
Publishing, Ames, [A. 2006; p: 101-10.

[3] Jensen TG, Gahrn-Hansen B, Arendrup M,
61

oo Sy ol sh Al 4 b e e W5 Ol
A e 03 085,50 2070 Ul L Olkas 1ol (gLl
03 5d s 4555 ool 4 Glate glaw g ple bodlaly 55
22 S 55e 0010 L V0V 5IBy e Sse b a5
53 55,5 O MOl S0 5 25 it ;3 s
Ol bl ple a by e Slids 53 .ds 518 2 Lo
=B sl cpl @ b e Br s 5058 A 55 Ol o SYL
5 e o s S Al e i (gla e b i
5 S e WA BEAVL 1T Ol o8 ol 513
el glsaslr o s [Vl ol eas p S5 1S
i ¥ LS sl Gados 53 el (g3l il S0
L V0L 51 Ladl 65 sdoms 45 L3 By o g0 0 W 55 0 05
slig A SIS o nd e s e S5 Ss YYTO/A
5035 20555 5 Vo pShaS 4 Gl il IS
el S e e 5 0t ool Slallias o
GFldesy, ISl AS el A5 By e
¥V FA] il e o s s p 5l 58 4 Dl
S i 5 035 3 islen 8 2Ll o g 1558
lacbile 53 By piigess 1y 3L OF (slaa s
plish Al S Sl Goed 3 [TT] A il
Clals 3By cpeise g g a obend plubs LG

.}ﬁf.:}&)) rjf)‘)s:‘.ﬂ\‘v’/v

s
Bruun B. Fusarium fungaemia in immuno-
compromised patients. Clin Microbiol Infect
2004; 10(6): 499-501.

[4] Jain PK, Gupta VK, Misra AK, Gaur E, Bajpai
V, Issar S. Current Status of Fusarium
Infection in Human and Animal. Asian J Anim
Vet Adv 2011; 6(3): 201-27.

[5] Atukwase A, Kaaya AN, Muyanja C, Vismer
H, Rheeder JP. Diversity of Gibberella

Modares Journal of Medical Sciences: Pathobiology, 16(3), Autumn 2013 V)



fujikuroi species complex isolated from maize
produced in Uganda. Int J Plant Pathol 2012;
3(1): 1-13.

[6] Goswami RS, Kistler HC. Heading for disaster:
Fusarium graminearum on cereal crops. Mol
Plant Pathol 2004; 5(6): 515-25.

[7] Kvas M, Marasas WFO, Wingfield BD,
Wingfield MJ, Steenkamp ET. Diversity and
evolution of Fusarium species in the
Gibberella fujikuroi complex. Fungal Divers
2009; 34: 1-21.

[8] Falcio VC, Ono MA, de Avila Miguel T,
Vizoni E, Hirooka EY, Ono EY. Fusarium
verticillioides:  evaluation of fumonisin
production and effect of fungicides on in vitro
inhibition of mycelial growth. Mycopathologia
2011; 171(1): 77-84.

[9] Rheeder JP, Marasas WFO, Thiel PG,
Sydenham EW, Shephard GS, Vanschalkwyk
DJ. Fusarium moniliforme and fumonisins in
corn in relation to human esophageal cancer in
Transkei. Phytopathology 1992; 82(3): 353—7.

[10]Ueno Y, lijima K, Wang SD, Sugiura Y,
Sekijima M, Tanaka T, Chen C, Yu SZ.
Fumonisins as a possible contributory risk
factor for primary liver cancer: a 3-year study
of corn harvested in Haimen, China, by HPLC
and ELISA. Food Chem Toxicol 1997; 35(12):
1143-50.

[11] Alizadeh AM, Rohandel G, Roudbarmohammadi
S, Roudbary M, Sohanaki H, Ghiasian SA,
Taherkhani A, Semnani S, Aghasi M.
Fumonisin Bl contamination of cereals and
risk of esophageal cancer in a high risk area in

northeastern Iran. Asian Pac J Cancer Prev

OlylSed g oM (suans polillnac

2012; 13(6): 2625-8.

[12] Jurjevic Z, Wilson DM, Wilson JP, Geiser DM,
Juba JH, Mubatanhema W, Widstrom NW,
Rains GC. Fusarium species of the Gibberella
Sfujikuroi complex and fumonisin contamination
of pearl millet and corn in Georgia, USA.
Mycopathologia 2005; 159(3): 401-6.

[13]Wang E, Norred WP, Bacon CW, Riley RT,
Merrill AH Jr. Inhibition of sphingolipid
biosynthesis by fumonisins. Implications for

Fusarium
moniliforme. J Biol Chem 1991; 266(22):
14486-90.

[14] FAO Giews Country Briefs on Iran. Above average

diseases associated with

wheat production forecast in 2012; Available at:
http://www.fao.org/giews/countrybrief/country.jsp?
code =IRN.

[15]Kachuei R, Yadegari MH, Rezaie S, Allameh
A, Safaie N, Zaini F, Khanezad Yazdi F.
Investigation of stored wheat mycoflora,
reporting the Fusarium cf. langsethiae in three
provinces of Iran during 2007. Ann Microbiol
2009; 59(2): 383-90.

[16] Trung TS, Tabuc C, Bailly S, Querin A, Guerre
P, Bailly JDF. Fungal mycoflora and
contamination of maize from Vietnam with
aflatoxin Bl and Fumonisin Bl. World
Mycotox J 2008; 1: 87-94.

[17]Chehri K, Tamadoni Jahromi S, Reddy KRN,
Abbasi S, Salleh B. Occurrence of Fusarium
spp. and fumonisins in stored wheat grains
marketed in Iran. Toxins 2010; 2(12): 2816-23.

[18]Ghiasian SA, Rezayat SM, Kord-Bacheh P,
Maghsood AH, Yazdanpanah H, Shephard GS,
van der Westhuizen L, Vismer HF, Marasas

WF. Fumonisin production by Fusarium

62 VAT Sl ¥ 0 Lok A 0 9 ¢ huas ) cpuubich cosaal sy yin oSub3a 8 gle dlas Ty



P09 BB pus slge ad g o sl 9o LA S (bl s lulsn

species isolated from freshly harvested corn in
Iran. Mycopathologia 2005; 159(1): 31-40.

[19]Rahjoo V, Zad J, Javan-Nikkhah M, Mirzadi
Gohari A, Okhovvat SM, Bihamta MR,
Razzaghian J, Klemsdal SS. Morphological
and molecular identification of Fusarium
isolated from maize ears in Iran. J Plant Pathol
2008; 90(3): 463-8.

[20]Burgess LW, Summerell BA, Bullock S, Gott
KP, Backhouse D. Laboratory Manual for
Fusarium  Research. Fusarium Research
Laboratory, Department of Crop Science,
University of Sydney and Royal Botanic
Gardens. 1994; p: 133.

[21]Nelson PE, Toussoun TA, MarasasWFO.
Fusarium Species: An Illustrated Manual for
Identification. Pennsylvania: Pennsylvania
State University Press. 1993; p: 193.

[22]1Sydenham EW, Shephard GS, Thiel PG,
Stockenstrdm S, Snijman PW, Van Schalkwyk
DJ. Liquid chromatographic determination of
fumonisins B1, B2, and B3 in corn: AOAC-
IUPAC Collaborative Study. J AOAC Int
1995; 79: 688-96.

[23]Leslie JF, Doe FJ, Plattner RD, Shackelford
DD, Jonz J. Fumonisin Bl production and
vegetative compatibility of strains from
Gibberella fujikuroi mating population 'A'
(Fusarium  moniliforme).  Mycopathologia
1992; 117(1-2): 37-45.

[24] Abedi-Tizaki M, Sabbagh SK. Fungi
associated with harvested corn grains of
Golestan province in Iran. Ann Biol Res 2011;
2(5): 681-8.

[25] Aliakbari F, Mirabolfathy M, Emami M,

Mazhar SF, Karami-Osboo R. Natural
63

occurrence of Fusarium species in maize
kernels at Golestan Province in Northern Iran.
Asian J Plant Sci 2007; 6: 1276-81.

[26] Fandohan P, Gnonlonfin B, Hell K, Marasas
WF, Wingfield MJ. Natural occurrence of
Fusarium  and  subsequent  fumonisin
contamination in preharvest and stored maize
in Benin, West Africa. Int J] Food Microbiol
2005; 99(2): 173-83.

[27] Acufia A, Lozano MC, Garcia MC, Diaz GJ.
Prevalence of Fusarium species of the Liseola
section on selected Colombian animal feedstufts
and their ability to produce fumonisins.
Mycopathologia 2005; 160(1): 63-6.

[28]Jimenez-Fernandez D, Navas-Cortes JA,
Montes-Borrego M, Jimenez-Diaz RM, Landa
BB. Molecular and pathogenic characterization
of Fusarium redolens, a new causal agent of
Fusarium yellows in chickpea. Plant Dis 2011;
95(7): 860-70.

[29]Leslie JF, Zeller KA, Logrieco A, Mul¢ G,
Moretti A, Ritieni A. Species diversity of and
toxin production by Gibberella fujikuroi
species complex strains isolated from native
prairie grasses in Kansas. Appl Environ
Microbiol 2004; 70(4): 2254-62.

[30]Tseng TC, Lee KL, Deng TS, Liu CY, Huang
JW. Production of fumonisins by Fusarium
species of Taiwan. Mycopathologia 1995;
130(2): 117-21.

[31]Szecsi A, Szekeres A, Bartok T, Oros G,
Bartok M, Mesterhazy A. Fumonisin B1-4-
producing capacity of Hungarian Fusarium
verticillioides isolates. World Mycotox J 2010;
3: 67-76.

[32]Nelson PE, Plattner RD, Shackelford DD,

Modares Journal of Medical Sciences: Pathobiology, 16(3), Autumn 2013 s



64

Desjardins AE. Fumonisin B1 production by

Fusarium species other than F. moniliforme in

OlylSed g oM (suans polillnac

section Liseola and by some related species.

Appl Environ Microbiol 1992; 58(3): 984-9.

VFAY S0l 0 jlac VP 0,90 o) (punlich coseal 00 (Scli 3 2 9l dlans <




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


