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SUMMARY 

Inadequat e farm s t o r a g e  o f  b ar l e y  can r e su l t  i n  mou l 

d i ng o f  t h e  g r a i n  m a s s  w i t h  a co r r e s ponding dan g e r  o f  

myco t o x in product ion in  that g r a in and sub s equen t  r i s ks t o  

an ima l  he a l t h .  D i lut i on p l a t ing  t echn i que s u t i l i s ing p ro g 

r e s s ive wa s hing and sur f ace s t e r i l i z a t i on have b e en u s e d in 

t h i s  s tudy to  inve s t i g a t e  the myco f l o r a  of the hu s k s  of 12 

s amp l e s  o f  farm- s t o r e d  b a r l ey g r a ins , w i t h  p a r t icu l ar r e f

er ence t o  the p r e s e n ce o f  A sp e rgi l lu s  fla v u s , t h e  produ c er 

o f  the p o t ent myco toxin , a f l a t ox in . The s e  t echn i qu e s  a l lowed 

d i ff e r ent i a t i on of fung i  and fungal  numb e r s  on th e inn e r  and 

out e r  sur face s of the hu s ks t o  be made and r e l a t ed t o  the 

ex t en t  of d e t e r i o r at ion of the g r a in . 

The d i l ut i on p l a t in g  method u s e d  f o r  ex am in ing the hu sks 

reve a l ed  that t o t a l  v i ab l e  count s o f  the ou t e r  surface were 

no t a r e l i ab l e  index of the cond i t i on o f  the s amp l e s , whe r e a s  

inn e r  s u r f ace c oun t s  w e r e  con s i s t e n t l y  r e l a t e d  t o  the de gree 

of mou l d ines s .  A "cond i t i on l ine " cou l d  be e s t ab l ishe d a t  

2 . 0 x 1 02 CFU/g gra in f o r  such inner s u r f a c e  count s .  

The mo s t  common A s p e rgi l l us s p ec i e s  i s o l at ed by  dilut i on 

p l a t ing were A .  f l a v u s , A .  g lau cus an d A .  fum iga t u s . The mo s t  

common o f  the o t her  gen e r a  we re A l tern a r ia , C l adosporium and 

A u r e o b a s i dium . A .  f la v us wa s the mo s t  wide l y  d i s tributed spec

i e s  i n  b o t h  cl e an and mou ldy s amp l e s , bu t wa s pre s ent m a i n l y  

on t h e  outer  surfac e . The d i s tribu t i on of t he var ious  g e n e r a  

on  t h e  out er  and inn e r  surface s � f  t h e  hu s k s  wa s a l s o  found 

to b e  re l at e d  to  the d e g r e e  of mou l d i n e s s  o f  the s amp l e . I n  

c l e an s amp l e s  the f ie l d  fung i  (A l t e rnaria , C ladosporium and 

A u re ob a s i di um )  were dominant , but t h ey we r e  r e p l aced by stor
a g e  fungi (A sperg i l l u s  and Pen i ci l lium ) i n  mou ldy s amp l e s . 

·. :A . .  fur t hen t echn ique a l l owing d i rect examinat ion o f  the 

fun g a l  myce l ium w i t h in hus k  t i s su e  u s ing a v ital s t a in was 
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deve loped . Thi s  a l l ow e d  an a s s e s sment t o  b e  made , b y  m e ans 

of t h r e e  comparat ive s cal e s  ( r e l at ive  mycel i al sco r e , com

p a r a t ive  myce l i a l  s c o r e  and r e l at ive v i ab i l i ty s co r e ) , not  

on l y  of  the  abundance of  such myc e l ium b u t  al s o  of  i t s  v i a 
b i l i t y . Mo s t  s amp l e s  o f  hu sk t i s su e  showed abundant  myce l ium 



i v  

b u t  e s t imation o f  v i ab i l i t y  o b t a i n ed b y  thi s d i r e c t  p l a t in g  

t e chn ique s howed t h a t  whi l s t  hyph ae in hus k s  from mou l dy 

s amp l e s  wcYe a c t ive , much o f  the my ce l i um in  c l e a n  s amp l e s  

was  d e a d . The mo s t  c ommon sp e c i e s  o f  A s perg i l lus i n  the 

hu sk  t i s s ue o f  moul dy s amp l e s  w e r e  the s p o i l ag e  fung i A .  

g lauaus , A .  re s t ric tus and A .  fum iga t u s . On ly 2 s amp l e s  

y i e l de d  A .  f l a v u s . Fungal  g e n e r a  i s o l a t ed mainly f r om c l e an 

s amp l e s  we r e  A l t e rnaria , Mon i l i a  and Pap u lospora . Th i s  

t e chni que thus r e i nfo r c e s  the find ing s ob t a ined b y  d i l u t i on 

p l at ing and empha s i s e s  the l o c a t ion o f  s p o i l a g e  fun g i w i t h i n  

t h e  hus k  t i s sue o f  mou ldy s amp l e s . 

B a r l ey i s o l at e s  o f  A .  f l a v u s  have b e en c omp a r e d  t o  s o i l  

i s o l a t e s  fo r t h e i r  abil i t y  t o  p ro duce a f l a t ox i n  o n  d i f f e r en t  

med i a . A .  f l av us i s o l at e s  f r om bar l e y  we re  f i r s t s c r e ened 

f o r  a f l at oxin p r o du c t ion on  c o c onut agar . Al l we r e  n e g a t ive .  

Seve r a l  i s o l at e s  from s o i l , h o we ve l ,  we r e  found t o  b e  toxi 

g e n i c . S e l e c t e d  bar l ey and s o i l  i s o l at e s  we r e  e x amine d f o r  

t he i r  ab i l i t y  t o  fo rm a fl at ox i n  o n  var ious med i a  ( s emi 

syn t he t i c , W e e t -b ix ,  pear l ed b ar l ey and bar l ey hu s k) , cu l 

ture f i l t r at e s  being ana ly s e d  b y  the m in i co lumn t e chn i que 

and by  TLC. Afl at o x in B 1  and t races of B 2 were d e t ec t e d by 

the TLC m e t ho d  in c u l tu r e  ex t r a c t s  f r om 7 out o f  9 s o i l 

i s o l at e s  o f  A .  f l a v u s . No a f l a t ox i n  wa s dete c t e d  in cul 

tur e s o f  b ar l ey i s o l at e s . 

The s t ud i e s  r e po r t e d  s u g g e st that al though A. f l a v u s  i s  

common i n  s t o r e d  b a r l ey , i t  i s  ma inly a s u r f a c e  c on t aminan t  

and p r e s en t  l a r g e l y  a s  s p o r e s . It s e emed t o  p l ay l i t t l e  p a r t  

in  t h e  a c t u a l  spo i l a g e  o f  the g r a in , as  ind i c a t e d  b y  i t s 

i n f r e quent _ o ccur renc e  a s  myc e l i um within t he husk t i s s u e . 

Fur t h e rmo r e , e l ab o rat i o n  o f  a f l at oxin do e s  n o t  appe ar t o  b e  

a p ro b l em i n  the b ar l ey s amp l e s  examined , a s  j ud g e d  b y  the 

ab s en c e  of t ox i g en i c  A .  flav u s  s t ra ins  in t ho s e  s amp l e s . 

Howeve r , s o i l  i s o l a t e s  w e r e  t o x i g en i c , and i t  i s  p o s s ib l e  

that  o t he r s amp l e s  o f  s t o r ed g r a in may on o cc a s i o n s  b e come 

c on t am in a t e d  w i t h  the s e  s t r a i n s , with the c on c omm i t an t  dan 

g er o f  a f l a t o x i n  p r o duc t i on i f  t he g r a in i s  n o t  a de qua t e l y  

s to r e d . 



ACKNOWLEDGEMENT S 

I am ind e bted t o  Pro fe s s o r  B . W . Manktelow and t h e  

Dep a r tment o f  V e te r inary Pa tholo gy and Public Healt h , f o r  

p r o v i d ing t h e  oppo r tun i ty and fac i l i t i e s  f o r  the s e  s tu d i e s . 

I g r a t e fully acknowle dge  the  I r a q i  Governm ent f o r 

f inanc i a l  supp o r t  fo r t h i s  w o r k  a s  well a s  supp o r t  f o r  

my s e l f .  

I par t i cu l a rly acknowle dge  w i t h  gr a t e ful thanks my 

s up e rv i s o r ,  Dr . M. Baxt e r , fo r h i s  adv ic e , as s i s t an c e  and 

helpful c r i t i c i sm t hroughout t he s tu dy and part i cula r l y  in 

the p r e p ar a t i o n  o f  th i s  manu s c r ip t . 

I would als o  like t o  ackn owle dg e and thank the  follow

ing p e ople who have b e en of p a r t i cul ar  ass i s t an c e  t o  me : 

Mr s . E.J. B ax t er f o r  the exc ellent typ ing o f  t h i s  

manu s c r ipt ; 

M i s s  S .  L e e , and the s t a f f  o f  Hodder and Toll ey f o r  

a s s i s t an c e  w i th the  coll e c t i on o f  s ample s ; 

Mr . Tom Law , Pho t o g r apher o f  the  Ve t er inary Pa tholo �y 

and Pub l i c H e a l t h  Dep a r tmen t , fo r h i s  pho t o g r aph i c  

wo rk . 

I als o  wi s h  t o  expr e s s  my app r e c i a t ion t o  my w i fe 

Az har and my s on s  Hu the i fa and Ku t e i b a  f o r  t he i r  p a t i enc e 

and help du r ing the cour s e  o f  t h i s  s tudy . 

V 



S ummary 

Ac know l e d g emen t s  

L is t  o f  Tab l e s  

L i s t  o f  F i g u r e s  

L i s t  o f  P l at e s  

I NT RODUCT I ON 

CONTENTS 

1 .  Bar l ey P ro du c t ion and Us e s  

2 .  G r a in S t o rag e and Sp o i l ag e  Prob l ems 

3 .  S tru c tu r e  o f  B a r l ey G r a i n  

3 . 1 T h e  c aryop s i s  

3 . 2  T h e  hu s k  

3.3 B a r l ey g rain as a sub s t ra t e  

f o r  fun g a l  g rowth 

4 .  Myc o f l o ra o f  B a r l ey G r a i n s  

4 . 1 Ear ly inves t i g at i o n s  

4 . 2  T h e  chang ing funga l f l o r a  

dur ing s t o r ag e  

4 . 3  T h e  t op o g raphic  d istr ibut ion 

o f  fung i wi t h in gr a i n s  

4 . 3 . 1  G ene r a l  d i s t r ibut ion 

4 . 3 . 2  Hyphal g rowth w i t h in 

the hus k t i s s u e  

5 .  Af l at o x i n  C ontam ina t i on o f  Bar ley 

5 . 1  F a c t o r s  af f e c t ing  A .  flavus  

and a f l atoxin  p ro du c t i o n  

5 .  2 D e t e rmina t i on o f  a f l a tox ins 

5 .  2 .  1 S c r e ening p ro c e dures 

funga l  i s o l at e s  

5 . 2 . 2 G en e r a l  ana l y t i c a l  

p r o c edu r e s  

g rowt h 

for  

Pag e 

i i i. 

x i  

x i v  

XV 

1 

2 

4 

5 

6 

6 

9 

1 2  

1 2  

1 4  

1 6  

1 6  

1 7  

20  

2 1  

2 3  

2 4  

2 5  



6 .  Aims o f  Pro j e c t  

MATERIALS .Al\ID METHODS 

1 .  S amp l e s  Exam ined 

1 . 1 S ou r c e  of s amp l e s  

1 . 2  S amp l e  c o l l ect ion 

1 . 3 Mo i s tu r e  con t ent 

1 . 3 . 1  At t ime of introduc t i on 

t o  s i l o  

1 . 3 . 2  S ab o r atory d e t erminat ion 

a fter s amp l ing  

1 . 4 Sub-s amp l i ng 

2 .  Me d i a , Re a g ent s and App a ratu s  

2 . 1  Med i a  

2 . 2  Re agent s 

2 . 3 App aratus  

P a g e  

2 7  

2 8  

2 8  

2 8  

2 8  

2 8  

2 8  

3 2  

3 2  

3 2  

3 2  

3 6  

3 7  

2 . 3 . 1  Min i c o lumn s 3 7  

2 . 3 . 2  Th in - l ayer chr omat ography 40 

3 .  Myc o f l ora o f  Bar l ey G rain Hu s k  

3 . 1. F un g i  o n  outer surface  (O . S . )  

3 . 1 . 1 S amp l e  p r o c e s s in g  

3.1 . 2  D i l u t ion p l at i ng and 
count ing p r o c e du r e s  

3 . 2  Fun g i  o n  inner surface  ( I . S . )  

3 . 2 . 1 S amp l e  proces s ing and 
dehu s king  

3 . 2 . 2  D i lu t i on p l a t in g  and 
coun t ing  pro c e dures  

3 . 3  F ung i w i th i n  husk t i s sue 

3 . 3 . 1  Mi c r o s c o p i c  examinat ion o f  

40 

40 

40 

40 

4 1  

4 1  

4 1  

4 1  

s t a in e d  hu s k  t i s sue 4 2  

3 . 3 . 2  Cul tur a l  exam i n a t ion 4 2  

4 .  I dent i f i c at i on and Ma intenance o f  

I s o l a t e s  4 2  



4 . 1  I dent i f i c a t ion 

4 . 2 S e l e c t ion of A .  f l av u s  s t ra ins 

an d s ource  o f  cu l t u r e s  for  

af l at oxin as s ays 

4 . 2 . 1  Bar l ey i s o l a t es 

4 . 2 . 2  So i l  i s o l a t e s  

4 . 2 . 3 Re f e r enc e s t r a i n  

4 . 3  Maint enance  o f  i s o l a t e s  

5 .  Cul tur a l  Me tho d s  f o r  Afl at o x in 

Produ c t i o n  

P ag e  

4 2  

4 3  

4 3  

4 3  

4 3  

4 3  

4 3  

5 . 1  Co conu t a g a r  4 3  

5 . 2  S em i s ynth e t i c  l iquid  med ium 4 4  

5.3 Wee t - bix medium 4 4  

5 . 4  P e a r l ed b a r l ey and b a r l ey hu sks  

me d i a  4 4  

6 .  Ext raction o f  Afl atoxin from C u l t ur e s  4 5  

6 . 1  Ex t r ac t i o n  from SMKY c u l tu r e s  4 5  

6 . 2  Ext r ac t i on from Wee t - b ix ,  p e a r l ed 

b a r l ey and b a r l ey hu s ks med i a  4 5  

6 . 2.1  Samp l e  ex trac t i on 

6 . 2.2  L e ad ac e t a t e  t r e atment 

6 . 2 . 3  C h l o ro fo rm p a r t i tion 

7 .  D e t e c t ion of Af l atox in 

7 . 1  Min i c o lumn me tho d  

7 . 1 . 1  T e c hn i qu e  

7 . 1 . 2  P r epar at ion o f  r e f e rence 

m in i co lumn 

4 5  

4 6  

4 6  

4 7  

4 7  

4 7  

4 7  

7 . 2  T h i n - l ay e r  Chroma t o g r ap hy (T L C ) 4 7  

7 .  2 . 1  

7 . 2 . 2 

S po t t ing t e c hn i qu e  

T L C  dev e l o pment 

4 8  

4 8  



RESULTS 

1 .  Mo i s tu r e  Content ( M . C . )  

2 .  To t a l  Fung a l  L o ad o f  I nner and Outer  

Su rfac e s  of  Ba r l e y  Hu s k s  

2 . 1  O u t e r  surface ( O . S . )  

2 . 2 I nner surface ( I . S . )  

3 .  Fun g i  I s o l a t ed from I nn e r  and Outer  

S u r f a c e s  of  B ar l ey Hu s k s  

4 .  Pr e s en c e , V i ab i l i t y  and I d ent ity o f  

Hypha e  w i th in Husk T i s s ue  

4 . 1 A s s e s smen t  o f  fun g a l  mycelium 

ob s e rved w i thin  husk t i s su e  

4 . 1 . 1  Re l at iv e  myc e l i a l  s c ore 

4 . 1 .  2 Comp a r a t ive myc e l i a l  s c o r e  

4 .  2 Hyphal  v i ab i l i t y  

4 . 2. 1  Re l at ive v i ab i l i ty s core  

4 .  2 .  2 Spe c i e s  i s o l at e d  

5 .  Ov e r a l l  Pr e s ence  o f  Fung a l  I s o l a t e s  

i n  t h e  Barl ey Samp l e s  

6 .  Re l a t ions h ip o f  Samp l e  C o ndi t ion to  

the Myco f l o ra 

6 . 1  Samp l e  cond i t i o n , v i ab l e  coun t s  

and the mos t f r e quen t fungal 

g en e r a  i s o l ate d b y  d i lut ion 

p l at ing  

6 . 1 . 1  V i ab l e  c ount s  

6 . 1 . 2  I nd ividu a l  genera  

6 . 2  Samp l e  cond i t ion and g enera 

i s o l at ed from husk t i s sues  

6 . 3  Samp l e  cond i t i o n  and c omp ara t iv e  

myc eli a l  s c o r e  ( C . M . S . ) , r e l a t i v e  

v i ab i l i t y  s c o r e  ( R . V . S . )  and 

Pag e 

4 9  

4 9  

so 

so 

so 

so 

ss 

ss 

ss 

ss 

5 8  

5 8  

58 

6 2  

6 5  

6 5  

6 5  

6 5  

6 9  

r e l a t iv e  myc e l i a l  s c o r e  (R . M . S . )  6 9  



7 .  Afl atox in Produc t i on b y  A .  f l a vus 

I s o l a t e s  

7 . 1  S c r e en i ng o n  c o c o nu t  a g ar 

7 . 1 . 1 Hus k  i s o l a t e s  

7 . 1 . 2  So i l  i s o l a t e s  

7 . 2 Af l at o x i n  p roduc t i o n  o n  s em i 

synthet i c  l i qu i d  m e d ium ( SMKY) -

s t a t ionary and s h aken cul ture 

7 . 2 . 1  Af l a t ox in d e t e c t ion by 

l o c a l l y- p r e p ared mini -

c o lumn s from SMKY s t a t ionary 

cul ture ex t r a c t s  

7 . 2 . 2  Afl atoxin d e t e c t ion by 

commer c i a l l y-prepared m ini 

c o l umns f rom SMKY s t at i onary 

P a g e  

7 2  

7 2  

7 2  

7 3  

7 5  

7 5  

and shaken c u l tu r e  ex trac t s  7 6  

7 . 2 . 3  T L C  s cr e en i ng method 

7 . 3  Afl atox in produc t i on on 

We e t - b ix med ium 

7 . 4  A f l atoxin  product i o n  on p e ar l e d  

7 9  

7 9  

b a r l ey and hu s ks 8 2  

DI SCUS S I ON 8 9  

REF E RENCES 1 0 4  



L I ST O F  TAB L ES 

P ag e  

Tab l e  1 .  Comp ar at ive a r e a  and y i e l d  o f  

b ar l e y  and whe a t  g r own in N ew 

Z e a l and , 1 9 7 8 - 1 9 82 . 

T ab l e  2 .  G e n e r a l  c ompo s i t ion o f  who l e  

b a r l ey and b a rl ey hu sk . 

T ab l e  3 .  De t a i l s  o f  the  s i l o s  from w h i ch g r a in 

was  co l l e c t e d , and the cond i t i on o f  

t h e  g r a in w i t h in e ac h . 

Tab l e  4 .  Mo i s ture  con t ents o f  b ar l ey g r a in 

s amp l e s . 

Tab l e  5 .  V i ab l e  count s o f  inner and out e r  

surfac e s  o f  b a r l ey hus ks . 

Tab l e  6 .  P r e s ence  of various A s pergi l li on 

ou t e r  and inn e r  surfaces  o f  hu s ks a s  

de t e rm in e d  b y  d i lu t i on p l at ing . 

Tab l e  7 .  P r e s ence  o f  g enera o ther  than A sperg i l lu s  

o n  o u t e r  and i nner surfac e s  o f  hu s k s  

a s  d e t e rmined b y  d i lu t ion p l a t ing . 

Tab l e  8 .  G e n e r a  i s o l a t e d  f rom 1 2  b ar l ey 

s amp l e s  by  the  d i l u t i o n  p l at i ng 

me t h o d  o n  PDA a t  2 5 ° C .  

T ab l e  9 .  Ass e s sment o f  fungal  hyphae 

o b s erved w i t h i n  t en hu sk s t r i p s / 

s amp l e  and the i r  v i ab i l i t y .  

3 

1 0  

3 1  

4 9  

5 1  

5 2  

5 3  

5 4  

5 7  

x i  



T ab l e  1 0 .  Sp e c i e s  i s o l a t e d  f rom husk s t r ip s  

a f t e r exam inat ion in v i t al s t a in 

f o r  the p r e s en c e  o f  myc e l ium 

(MSA and PDA a t  2 5 ° C) . 

T ab l e  1 1 .  I s o l a t ions o f  A spe rg i Z Z u s  spp . from 

1 0  husk s t r i p s / s amp l e  a t  2 5 ° C ( 5  on 

Page 

5 9  

MSA , 5 o n  PDA) . 6 1  

T ab l e  1 2 . I s o l a t ions o f  genera o th e r  than 

A spergi Z l us f rom 1 0  hus k  s t r ip s /  

s amp l e  a t  2 5 ° C  ( 5  o n  MSA ,  5 o n  PDA) . 6 3  

Tab l e  1 3 .  Fung i i s o l a t e d  from b a r l e y  s amp l e s  

e i t her by  t he dil ut ion p l a t ing 

m e t ho d  or by  d i re c t  p l a t i ng of hu s k s . 6 4  

Tab l e  1 4 . Condit ion o f  bar l ey s amp l e s  and t h e  

mo s t  f r e quent i s o l a t e s  from O . S .  and 

I .  S. ( d i l ut i on p l a t ing me t hod ) . 6 8  

T ab l e  1 5 . Samp l e  cond i t i on in  r e l a t ion to t h e  

t o t a l  i s o l a t ions o f  A spergi l li  and 

o the r g en e r a  from 1 0  hus k  s t r ip s /  

s amp l e . 

T ab l e 1 6 . Re l at i on s h i p  b e tween comp a r a t iv e  

myc e l i a l  s c o re ( C . M . S . ) , r e l a t ive 

myc e l i a l  s c o re ( R . M . S . ) and r e l a t iv e  

v i ab i l i ty s co r e  ( R . M�S . ) from 1 0  

husk  s t r ip s / s amp l e . 

T ab l e  1 7 .  Scr e e n ing f o r  a f l at o x i n  p r o duc t i on 

o n  c o c o nu t. agar med ium b y  i s o l a t e s  

o f  A .  fZa v us f rom I . S . o f  b ar l ey 

hus ks and from s o i l . 

7 0  

7 2  

7 3  

xii 



Tab l e  1 8 .  A f l atoxin  p ro duc t i o n  by  A .  f l a v us 

i s o l at e s g rown on  s emi-s ynt h e t i c  

l i quid  m e d ium (SMKY) i n  s t a t i onary 

c u l ture a t  2 5 ° C  fo r 7 days . ( Detec-

P a g e  

t i on b y  l o c a l l y - p r epared m i n i c o l umn s . )  75 

Tab l e  1 9 . A f l a t ox in p ro duc t i on b y  A .  flavus 

i s o l a t e s  on s emi s ynthe t i c  l i qu i d  

m e d i um (SMKY) in s t a t i onary cu l tu r e  

a t  2 5 °C f o r  7 days . ( D e t e c t ion by 

c ommerc i a l  m i n i c o lumn . ) 

Tab l e  20 . A f l atox in p r o duc t i on by A .  flavus  

i s o l a t e s  on s emi s ynthe t i c  l i qu i d  

m e d ium ( SMKY) in  a shaking incub a t o r  

at  2 8 ° C  f o r  5 days . ( D e t e c t ion b y  

c ommer c i a l  m i n i c o lumns . )  

Tab l e  2 1 .  D e t e c t ion o f  a f l atox in b y  T L C  me t ho d  

in  ex t r ac t s  o f  s emi s ynthe t i c  liqu i d  

cu l tu r e  med ium ( SMKY) i n  s t at ionary 

and s haken cul ture . 

T abl e 2 2 .  Af l at o x i n  p r o du c t i on on W e e t - b ix 

me d ium by 7 A .  flavus  s t r a ins . 

T ab l e  2 3 .  A f l a t o x i n  p ro du c t ion on p e ar l ed 

b ar l ey and b ar l ey hu s ks m e d i a  b y  

3 A .  f l a v u s  AT - po s i t i ve s t rains 

and one AT - ne g a t ive s t r a i n . 

. ) 

76 

78 

8 0  

82 

86 

x i i i  



L IS T  OF F I GURES 

F i gure 1 .  S ch emat i c  l ong i t ud i n a l  and 

t r ansve r s e  s e c t i on s  through a 

b ar l ey g r a in s how ing the  d i s po s i t i on 

Pag e 

o f  the p a r t s . 8 

F i gure 2 .  S o u rc e s  o f  f a rm - s t o r e d  b a r l ey 

s amp l e s c o l l e c t e d  in  t h e  Manawa tu 

D i s t r i c t . 

F i gure 3 .  C o mponents  o f  the  m i n i c o l umn s u s e d  

f o r  s c r e en ing  cul ture  f i l t r a t e  

e x t r a c t s  f o r  a f l a t o x i n . 

Figure 4 .  V i ab l e  coun t s  o f  out e r  and inner 

s ur fac e s  of hu s k s  in r e l a tion to  

3 0  

3 9  

g r o s s  vi sual  app e arance o f  samp l e . 6 7  

Figure 5 .  Re l a t i on b e tw e en the  comparative  

myc e l i a l  s c o r e  and the  r e l a t ive 

v iab i l i ty s co r e . 71 

x iv 



L I ST O F  PLAT E S  

P l a t e  1 .  

F o l l owing P a g e  

Fung a l  hyphae i n  hu s k  t i s su e , 

Pl a t e  2 .  

P l a t e  3 .  

P l a t e  4 .  

P l a t e  5 .  

P l a t e  6 .  

P l a t e  7. 

s t a in e d  b lu e  by t ryp an b l u e . 
' 

F un g a l  hyphae in  heav i l y - invaded 

hu s k  t i s su e . 

G ro s s  v i s ual cond i t i on o f  two 

s amp l e s . 

G r o s s l y - s po i l ed g r a i n  ( s amp l e  PL) . 

C o c o nu t  a g ar p l at e s , two i s o l at e s . 

C o conut agar p l a t e s , four i s o l a t e s . 

M i n i c o lumns ( Ho l aday-typ e ) . 

P l a t e  8 . 1 .  U s e  o f  m i n i c o l umns for  d e t e c t ion 

o f  a f l a toxin  f rom SMKY ( s haken 

c u l tu r e ) . 

P l a t e  8 . 2 .  T L C  analy s i s  o f  a f l a t ox i n from 

SMKY ( s haken cu l tu r e ) . 

P l a t e  9 . 1 .  M i n i c o lumn d e t ec t i on o f  a f l atox in 

f r om We e t - b ix medium ( b a r l ey 

i s o l a t e  and s o i l  i s o l a t e ) . 

P l at e  9 . 2 .  T LC analy s i s  o f  a f l a t o x ins from 

We e t - b ix med ium ( b ar l ey i s o lat e 

and s o i l  i s o l a t e ) . 

P l at e  1 0 . 1  M i n i c o l umn d e t ec t i on o f  a f latoxin 

f r om We e t - bix med ium ( b a r l ey 

i s o l a t e  and s t r a i n  NRRL 2 9 9 9 ) . 

5 6  

5 6  

6 6  

6 6  

74 

74 

7 7  

8 1  

8 1  

8 3  

8 3  

8 4  

XV 



F o l l owing Pag e 

P l at e  10 . 2 .  T L C  analy s i s  o f  a f l a t oxin from 

We e t - bix medium ( bar l ey i s o l -

a t e  and s t r a i n  NRRL 2 9 9 9 ) . 

Pl at e 11 . 1 . M i n i c o lumn d e t e c t i on o f  a f l a 

t o x i n  from s o i l  i s o l ate 8 
c u l tu r ed on  p e ar l ed bar l ey and 

bar l ey hu sks m e d i a . 

P l a t e  11 . 2 .  T L C  ana l y s i s  o f  a f l atoxin  p r o duced 

by s o i l  i s o l a t e  8 o n  p e ar l ed 

bar l ey and bar l ey hu s ks med i a . 

P l at e 12 . 1. Min i co lumn d e t ec t i o n  o f  a f l a t ox in 

produ c e d  by NRRL 2 9 9 9  cul tur ed 

on p ea r l ed bar l ey and bar l ey 

hu s k s  m e d i a . 

P l a t e  12 . 2 . T L C  ana lys i s  o f  afl a toxin pr oduced 

by NRRL 2 9 9 9  on p ear l ed bar l ey and 

barl ey hus k s  med i a . 

84 

8 7  

87 

88 

88 

xvi 




