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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 
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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 . 
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I NTRODUCT I ON 

F o r  many y e a r s  the r e  was a t end ency to r e g ard mou l d s  

in  g r a ins d e s t in e d  for  an ima l c o nsump t i on as  o f  l i t t l e  s ig ­

n i f i c anc e o ther than a s  g r o s s  spo i l ag e  o r g an i sm s . I nve s t i g ­

a t i o n s  o f  the po5s i b l e  ro l e  o f  t o x i c  fung i i n  d i s e a s e s  o f  

g r a in - f ed anima l s was c o n f in ed i n  the main to p r ob l em s  o f  

r e s t r i c t ed l o c a l  s i gn i f i c anc e ( F o rgac s and C a r l l ,  1962). 

However , i t  wa s the  d i s covery o f  a f l a t o x i n  in  1961 and t h e  

w i d e s p r e ad concern  wh i ch i t  g en e r a t ed , wh ich in sp i r e d  a va s t  

amount o f  r e s e ar c h  into  t he natural produ c t i on o f  myc o t ox in s  

and t h e  cons equent myc o t ox i co s e s  affe c t ing b o t h  an imal and 

human heal th , a s p e c t s  of which h ave b e en fu l l y  revi ewed in 

a numb e r  of r e c en t  pub l i c a t i on s  ( Purcha s e , 1974; Ro dr icks , 

197 6; Rod r i c k s  e t  a l . , 197 7; Wyl l i e  and Morehou s e , 1978 and 

Co l e  and Cox , 1981). 

Myco toxin  produc t i o n  c an o ccur anywhe re , in the f i e l d , 

o r  dur ing harvest , proc e s s ing , s t orag e and s h i pment , o r  

dur ing the f e eding p eriod on t h e  farm . Commod i t i e s  gr own 

and s t o r ed in a r e a s  whe r e  h i g h  l ev e l s  o f  ins e c t  damag e and 

p o o r  f armi ng and s to r ag e p r a c t i c e s  p r eva i l  app e a r  to  b e  the  

mo s t  s u s c ep t i b l e  ( C ieg l e r , 1978). Neve r the l e s s ,  na tural 

c o nt am i na t i on w i t h  a var i e ty o f  mycotox ins has b e en r epor t ed 

f o r  mo s t  o f  the maj or  ag r i cu l tural  c ommo d i t i e s  in  the wqr l d  

( He s s e l t ine , 19 74) and t ho s e  myco toxins cur r e n t l y  o f  mo s t  

c onc e rn ar e : a f l a t ox i n , t r i c ho the c en e s , z e aral enon e , o chra­

t o x i n , c i tr in i n  and some t r emo rg ens ( C i eg l er , 1978). How­

e v e r , t h e r e  are over 23 known myc o toxin s wh i ch c an b e  

a s s o c i a t ed w i th g r a ins and some o f  tho s e  curren t l y  l e s s  

we l l  known may prove  t o  b e  s i g n i f i c ant in t h e  futur e .  

The a f l a tox ins , p r oduc ed by  A sp e rgi l l u s  f l a v u s  and 

A .  p a ras i t i cus, hav e b e en the mo s t  s tud i e d  o f  the myco tox i n s  

a s s o c i a t ed w i t h  fung a l  c ontam i na t i on o f  fqo d s  and f e e d s  in  

g en e r a l  (Jone s ,  19 7 7) and a lmo s t  a l l  food c ommod i t i e s  are  

s u s c ep t ib l e  t o  contam inat i o n . The pr oduc t ion o f  myc o t o x i n s  

i n  a g r i cu l t u r a l  c ommo d i t i e s  and t h e  ensu ing myco t o x ic o s e s  

r e p r e s ent a n  e x t r eme ly c omp l ex s e r i e s  o f·i n t e r ac t ions  b et we<l 
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t h e  c aus a t ive fung i , the cont am i n a t ed produc t s , phy s i o chem­

i ca l  env i r o nment a l  fac t o r s  and t he intox i c a t e d  ho s t  ( C i eg l er , 

197 8 )  and a l t houg h  A. flavus  h a s  a wor l dwide d i s t r i bution , 

var ious  fac t o r s  may thus res t r i c t  t he areas in  wh i ch natural  

o u t b r e aks o f  a f lat ox i c o s e s  may o ccur . 

A c ons i d e r ab l e  amoun t  o f  r e s earch has b e en condu c t ed o n  

a f l a tox in c o n t am in a t i o n  o f  corn , wheat , r i c e , p e anu t s  and 

o ther ag r i cu ltural  commod i t i es , b ut r e l a t iv e l y  l i t t l e  s im ­

i l ar wo rk h a s  been pub l i s hed on b a r l ey , a crop  wh i c h  has  

b e c ome a maj o r  animal feeds tu f f  i n  many part s o f  the wor l d  

( Chang and Markak i s ,  1 9 8 1 ) . Thu s  there i s  s co p e  f o r  incr ea s ­

ing our und e r s t and ing o f  A .  f l a v u s  co ntamina t ion and a f l a ­

tox i n  produ c t i on in  this crop . I t  wi l l  no t b e  surpr i s ing 

if we r e c o r d  what  Hami l ton ( 1 9 7 8 ) h a s  no t e d  a s  b e ing s t at e ­

ment s made by a r e spec t ed s c i en t i s t  about a f l a t o x i n  in corn 

in  the U . S . A . : 1 9 71 :  "A . f l a v u s  d o e s  no t o c cu r  in U . S . A .  

corn . "  1 9 7 3 : "A .  flavus , but no t a f l a t oxin , o c cur s in  

U . S . A .  c o rn . " 19 7 5 :  "Af l a t o x i n  occurs  i n  U . S . A .  b u t  only  

in s ou thern c o rn . " and 1 9 77 :  "Af l atoxin o c cur s in  U . S . A .  

corn , even in  my l ab o r a tory . "  

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

Bar l ey i s  a hardy and drou ght - r e s istant c e r e a l , gr�wn 

in w i d e ly - d i s t r ibut ed areas o f  the g l obe  from s em i - trop i c a l  

r e g i ons t o  t he Arc t i c  C i rc l e . I t s pr oduc t i on du r ing the 

l a s t de cad e  has  expanded mo r e  r ap id l y  than that of any o f  

the o th e r  p r inc ipal  g ra in c r o p s  ( C ommonwe a l th Se c r e t a r i a t , 

1 9 7 3 ) . A l though i t  i s  a s t ap l e  human food in many p a r t s  o f  

the wo r l d , a s  w e l l  a s  b e ing p rodu c ed for the b r ew ing and 

d i s t i l l i ng indu s t r i e s  ( Chang and Markak i s , 1 9 8 1 ) , b a r l ey's 

mo s t  s i gn i f icant r o l e  i s  as an an imal  feed , and i t  i s  u s ed 

ext ens ive l y  by  manufac turer s o f  c ompound ed r a t ions  f o r  v a r ­

ious  c l a s s e s  o f  l iv e s to c k. 

I n  New Z ea l and , mo s t  o f  the b a r l ey g rown i s  u s ed a s  

an ima l  f e e d , w i t h  a l e s s e r  quan t i ty f o r  b r ew i ng purpo s e s . 

Curr e n t l y , t h e  mo s t  commonly grown cu l t ivars  a r e  Z ep hyr and 
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Tr iumph (Mc K i nno n , 19 8 3 ) . T h e  19 8 3  sta t i s t ic s  o f  the  N . Z .  

M i n i s t ry o f  Ag r i cu l ture  and F i sheri e s  (M . A . F . )  s how that  t h e  

ar e a  cu l t ivat ed i n  b ar l ey and t o t a l  y iel d s  incr e a s ed v e ry 

mar k e d ly dur i n g  t h e  1 9 8 2  .s e a s on in  c ompari son w i t h  o th e r  

c e r e a l s , p ar t i cu l a r l y  whe at  (Tab l e  1) . Thus bar l ey h a s  n o w  

b e come the mo s t  w i d e ly g rown o f  t h e  c a sh crop s ( ma i z e p r o d­

uc t i o n  in 19 8 2  was  o f  the o rd er o f  2 0 0 , 0 00 tonn e s } .  

Tab l e  1 .  C omp a r a t iVe area and y i e l d  o f  b ar l ey and whe a t  

g rown i n  New Z eal and , 19 7 8-19 8 2 . 

Whe at Ba r l ey ---

Ar e a  g rown Y i e l d  Ar ea grown Y i e l d  

Y e a r  ( 0 0 0  h e c t a r e s )  ( 0 0 0  t o nnes)  ( 0 0 0  hec tar e s )  ( 0 0 0  t o nn e s )  

19 7 8  9 1  3 2 9  71 2 5 9  

19 7 9  8 7  2 9 5  7 7  2 6 4 

19 8 0  8 6  3 0 6  6 6  2 2 8  

19 81 81  3 2 6  6 7  2 71 

19 8 2  7 6  3 2 0  94 4 0 7  

The sharp inc r e a s e  in barl ey o u tpu t in 19 8 2  was du� t o  

t h e  inc r e a s e d  d emand f o r  h i g h  qua l i ty mal t ing bar l e y ,  w i t h  

t h e  opening o f  a new p l ant in  t h e  N o r t h  I s l and, and th i s  

t r end i s  exp e c t ed t o  cont inue . Some 6 5 , 0 0 0  t o nn e s w e r e  u s ed 

f o r  ma l t ing purpo s e� dur ing 198 2  ( C an t e rbury M a l t ing C o . ,  

p e r s onal c ommun i c a t ion) . Approx imate ly 12,6 0 0  t o nn e s  o f  

t h e  crop we r e  k e p t  a s  s e e d  (M . A . F . , p e r sona l c ommun i c a t ion)  

and 6 2 , 0 0 0  t o nn e s  were expo r t ed (Mc Kinnon , 19 8 3 ) . Thu s , 

f r om ava i l ab l e  r e c o rd s , i t  c an b e  c a l cu l a t e d  t ha t  ab ou t 

2 6 7 , 0 0 0  tonne s o f  the 19 8 2  b ar l ey crop was ava i l ab l e  f o r  

u s e  a s  an im a l  f e ed . 

Such a s ub s t ant i a l  r i s e  in  t onnag e has ob v i ou s l y  r e qu ­

i r e d  a r ap i d  expan s ion o f  b o th c omme r c ial  and o n - f a rm s to r ­

a g e  fac i l i t i e s  and with t h i s  h a s  c ome pro b l em s  conc e rn ing 
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the avo i d e n c e  o f  g r o s s  spoil ag e o f  the g r a i n , w i th i t s  c o n ­

s equ e n t  r i s k  o f  c o n t am i n a t i o n  o f  an ima l f e e d s t u f f s  w i t h  

t ox i c  m i crob i a l  met abo l i t e s  a ff e c t ing a n im a l , and i nd ir ec t l y 

human , h e al t h . 

2 .  Gr a i n  St o rag e and Spo i l age  Prob l em s . 

Stud i e s  d o ne o n  s t o r a g e  fac i l i t i e s  a n d  c o nd i t i o n s  for  

s afe s to r a g e  of  who l e  g r a i n s  have i n  g en e r a l d e a l t  mo r e  w i t h  

whe a t  a n d  ma i z e t h a n  w i t h  b ar l ey . Ba l l ey ( 1 9 7 4 )  ha s d i s c u s ­

s ed t h e  ran g e  o f  ava i l ab l e  fac ili t i e s . T h e  mo s t  s imp l e  me t h­

o d s  i n c lude the p i l in g  o f  unpr o t ec t ed g r a i n  o n  the g r ound , 

o r  i n  underg round p i t s . Var ious t yp e s  o f  con t a in er s may 

a l s o  b e  u s e d , w i th varying degr ees o f  p r o t e c t i o n , or the 

g r a in may b e  bagged  and s t o r ed i n  p i l e s . Mo r e  advan c ed f a c ­

i l i t i e s  inc lude s t o r a g e  b in s  and s i l o s  o f  many s i z e s  and 

s hap e s  and typ e s  o f  c o n s t ruc t i o n . 

F a rm s to r a g e  f ac i l i t i e s  i n  New Z e a l and t end t o  r an g e  

from sma l l  wo o d e n  enc l o sur e s  i n  the b ar n , through sma l l  

ro und s t e e l  b in s  t o  s i l o - type f ac i l i t i e s , w i th or  wi thout 

a e r a t i o n  and o th e r  d ev i c e s  for c o n t ro l l in g  s t o rag e c ond i t ­

i o n s . Commer c i a l  s i l o s  tend t o  o f f e r  v e ry l ar g e  s t o r a g e  

s p a c e  w i th fas t han d l i n g  fac i l i t i es p r i o r  to  s t o r ag e , eg . 

for  c l ean i n g  and drying . Sto r a g e  c o nd i t i o n s  are u s u a l l y  

c o n t ro l l e d  we l l ,  e g . b y  aer a t i o n  and temp erature c o n t ro l , . 

o ft e n  w i t h  au tom a t i c  c o n t r o l  dev i c e s . 

To m a i n t a i n  g r a i n  qual i t y , i t  i s  n ec e s s ary t o  ma i n t a i n  

s af e  s torage  c o nd i t ion s . Th i s  mean s p r o t e c t ing t h e  g r a i n  

from weather a n d  a t t a ck b y  mi c r o o r g a n i sms , rodent s ,  i n s e c t s  

�nd b i rds . Acc i d e n t a l  i ntroduc t i o n  o f  mo i s ture and exp o sure  

to h i gh t emp e ratur e s  mu s t  b e  avo i d e d , o therwi s e  c o n t am i n a t i on 

w i l l  occur ( Ba l l ey ,  1 9 7 4 ) . 

I t  has b e en s t a t e d  that the wo r l d  l o s e s  about 2 0 %  o f  

i t s  food c ommo d i t i e s  b y  det e r io r a t i o n , mo r e  than ha l f  o f  

whi ch i s  due t o  the g r owth o f  mou l d s  (Mo r e au , 1 9 7 9 ) . I n  

1 9 6 0  such l o s s e s  we r e  c a l cul a t ed by t h e  F o o d  a n d  Ag r i cu l tu r e  



O r g an i s a t i o n  o f  the Un i ted N a t i o ns at many thous and s o f  

m i l l ions  o f  do lla r s  ( G o l umbj. c , 1 9 6 5 ) .  
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G r a in t ha t  i s  s p o i l ed o r  un f i t  f o r  human o r  an ima l c o n ­

sump t ion c an be recogn ized eas i l y  by  con s p icuou s , o b j ec t io n ­

ab l e  fea tures such a s  hea t ing , cak ing , d i s c o l o r a t i o n and 

o f f - o dour , and such fea tures are u s ed as  qua l i ty fac t o r s  in 

rout ine i n s pec t ion and g r a d i ng of var ious  g r a i n s  i n c l ud ing  

b a r l ey. Tes t s  o f  v i ab i l i ty and b i o chem i c a l  t es t s  ( fa t  ac id ­

i t y  and non - redu c ing sug ar  c ontenD c an b e  u s efu l a s  mea sures 

o f  the ex ten t  of the a c t u a l  damage wh ich has t aken p l ace . 

Du r ing the ear l y  s t ages o f  d eter i o r a t ion , however , inc ip ien t  

spo i l ag e  i s  u sua l ly detec t ab l e only  b y  sens i t ive ins trumen t s  

and tec hn i ques . 

I t  has  b een sug ges ted that o t her tes t s  may b e  u s ed to  

determ ine t he c ond i t i on of  app aren t l y  c lean cerea l g r a ins 

and to pred i c t  their fu ture s to r age behav i ou r , includ ing 

es t imat ions  of the fung a l  popu l a t i o n  ( Chr i s tenscn and 

Kaufmann , 1 9 74 ) . Moul d counts could be go o d  ind ices o f  

inc i p ient deter ioration and s tudies o f  the fung a l  flo r a  

c o u l d  be expec ted t o  p r ov i de u sefu l informat ion i n  a t tempt s 

to contro l spo i l ag e .  However , bec ause o f  the comp l ex s truc ­

ture o f  b ar l ey gra in ,  w i t h  its t ight c over ing o f  hu sk t i s ­

sue , c lear ly def ined techn iques for  as sessment o f  fungi 

present in t he var ious  l ayer s wou l d  be needed if such infor ­

m a t i o n  i s  t o  be used t o  g auge i nc ip ient deter i o r a t ion. 

Stud ies o f  the a c tual g ener a presen t  w i th i n  the gra i n  would 

a l s o be u seful when c on s i der ing t he r i s k o f  con t amin a t ion 

of  the g r a in w i t h  myco tox ins . 

3 .  S t ruc ture and Compo s i t i on of Bar ley G r a in. 

Bar l ey g r a in i s  a d r y , indeh i s cent f ru i t  b o t an i c a l l y  

known a s  a c aryops i s  ( Beng a l  and C lemencet , 1 9 6 2 ) . The 

b a s e  o f  the c aryop s is i s  o c cup ied by t he emb ryo and the 

rema inder b y  the s ta r chy endos perm . I n  hu l l ed b ar ley the 

s t ruc ture of the fru i t  is c omp l i c a ted by the pres ence o f  

the lemma and p a l ea o r  "hu s k". The l emma and p a l ea a r e  
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t ight ly wrapped around t he c ar yo p s i s  b u t  they are no t o rgan­

i c a l l y  fused w i th i t . 

3 . 1  The Caryops i s .  

The c aryo p s i s  o f  b a r l ey gr a i n  i s  comp o s ed o f  t he 

endo sperm , emb ryo , s cu t el lum and a l eu r o ne l ayer ( F i gure 1 ) . 

A t r ansver s e  s ection o f  the ma ture gr a i n  revea l s  t h a t  mo s t  

o f  the cel l s  o f  the endo s perm are f i l l ed with  s imp l e  and 

c ompound s t a rch gr a ins , wi th t he hem i c e l lul o se cel l wa l l s  

and rema ins o f  the p r o t op l a sm forming an i rregu l a r  network 

amo ngs t t he gr a ins (Benga l and C l emencet , 1 9 6 2 ) . The endo ­

sperm and emb ryo devel o p  together dur ing t he r ipen ing o f  

the seed . The s t ruc ture a s s o c i a ted w i th the emb ryo wh i c h  

secretes en z ymes and a b s orb s t he nu t r ient p r o du c t s  o f  en z yme 

a c t ion i s  a l ayer o f  p a l l i s ade cel l s , the s cu tel lum ,  wh ich 

i s  d i rec t l y  i n  contact  with the end o s perm ( Ha r r i s , 1 9 6 2 ) . 

I t  shares w i th the a l eurone l ayer the ab i l i ty t o  secrete 

d i a s t a t i c  e11zymes wh i ch ena b l e  t he young pl ant to u t i l i z e 

the s t arch wh ich i s  p resent in  t he en do sperm . The al eurone 

l ayer is c ompo sed of two to f our l ayer s of t h i ck - wa l l ed 

cel l s  ( a leur one c e l l s )  wh ich are more or  les s  rectangu l a r  

or  p o l ygo n a l  i n  shape ( Warnock  a n d  Pree ce, 19 7 1 ) . Aleurone 

cel l s  are f r ee o f  s t a rch bu t c o n t ain a leurone gr a ins and 

sma l l  globu l es o f  f a t t y  mater i a l  in  their pro t o p l a sm .  Th i s  

aleurone layer i s  r i ch i n  n i t ro genous  sub s t ances . 

3 . 2  The Hu s k . 

T he mature c aryops i s  i s  enc l o sed w i t h i n  t he l emma 

and p a l ea ( t he hus k) . The l emma , c omp r i s ing 6 0 %  o f  t he 

surface area o f  t he hus k ,  ex ten d s  s ome two - t h i r d s  o f  the 

way ar ound the gra in , i t s  margins over l app ing tho s e  o f  the 

p a l ea ( Harper and Lynch , 1 9 8 1 ) . T he hu s k  aver ages 1 3% o f  

the who l e  grain ( c omp are end o s perm 7 3 % ) . 

· Warno c k  and Preece ( 1 9 7 1 ) des cr ibed the b a r l ey hus k  a s  

being c ompo sed o f  four l ayer s ; a n  outer ep i derm i s  c on s i s t ing 

l argel y o f  el onga ted cel l s ; a l ayer of s c leren chyma f i bres ; 
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F i gure 1 .  S chemat i c  l on g i tudinal  and t r ansver s e  s ec t ions 

t hrough a b ar l ey g r a in showing t he d i sp o s i t ion 

of t he p ar t s .  

( F rom : Mal t in g  & Brew ing S c ience , Vo l . l ,  by  

Br i g g s  et  at . , 1 9 8 1 . )  
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a p arenc hyma l ayer , throug hou t whi ch run the f ib r o - va s cu l ar 

bund l es , and an inner ep iderm i s  o f  mo re or  les s po lygonal 

c e l l s , t r i chome s  and s toma t a . 

9 

Ano t her s t ru c ture as s o c i a ted wit h  the t rue husk i s  the 

p e r i carp l ayer , f o rmed from t he fu s i on of the inner ep i d - . 

erm i s  o f  the hu s k  w i t h  t he ou termo s t  l ayer s o f  t he c aryop s i s . 

The p e r i c arp cons i s t s  o f  s ever a l  l ayers  o f  l ongi tud ina l ly 

e l ong at ed c e l l s  wh i ch are very c omp r e s s ed in c r o s s - section 

and c an not eas i l y  be d i s t ingu i s hed . B r i g g s  e t  a l .  ( 1 9 81) 

cons i der the t rue hu sk and per icarp make up 9 - 1 4 %  o f  the 

dry wei g h t  o f  the who l e  b a r l ey and may be  con s i de red tog e th ­

er , s ince they a re fused t o g e ther and app ear t o  serve tl1e 

s ame func t ions . 

T he maj o r  po lys accha r i d e  c omponents  in t h e  c e l l  wal l s  

o f  b ar l ey hu s k  a r e  c e l lu l o s e , lign i n ,  hem icel lul o s e  and gums 

( F l ann i g an , 1 9 7 7 ) . The ava i l ab l e  informa t ion on  the r e l ative 

chem i c a l  compos i t i on of husk s and who l e  b ar l e y  i s  shown i n  

Tab l e  2 .  C e l lu l o s e  c ompr i s e s  about 5 % , hemi cel l u l o s e  about 

8 %  and gums 2 %  of  t he who l e  g r a in ( Br i g g s  e t  a l .  , 1 9 8 1 ) . 

The m a i n  hem i c e l lu l o s e  i s  a r ab inoxy l an (67% x yl o s e  and 1 1 %  

arab ino se , w i t h  sma l l  amoun t s  o f  4 - 0 - methyl g lu c o r o n i c  ac i d , 

g lu c o s e  and g a l a c t o s e  [Asp ina l l  and F e r r i er , 1 9 5 7 ]) . The 

hu s k  t i s s ue a l s o  cont a i n s  t r ac e s  of pro t e in , p o l ypheno l� , 

sug ar s , amino a c i ds and p e c t in . I t s s u r f ace l ayer s are 

p a r t i c u l a r l y  r i ch in  s i l i c a . 

3 . 3 Bar l ey G r a i n  a s  a Sub s t r a t e  for  Fung al G rowth . 

T he mo i s tu r e  conten t  (M . C . )  o f  the g r a in i s  an 

impo r t an t  f a c t o r  in r e l a t io n  to t he numb er o f  v i ab l e  fung a l  

propagules l i kely t o  be p r e sen t . L acey ( 1 9 7 1 )  h a s  no ted 

that  g r a in can b e  s to r e d  f o r  a l ong t ime w i t hout deter i o r ­

a t i o n  o n l y  i f  i t  cont a i n s  les s than 1 3 . 6 % w a t er. I f  c o n ­

d i t i o n s  b ec ome s u i table f o r  t he g r owth o f  fung i p resen t  a s  

do rmant s p o res o r  mycel ium , deter io r a t i on o f  the s tored 

g r a in s  c an inv o l ve a decrea se in  per c entage g ermina t i on o f  

the seed , d i s co l o r a t ion , v a r i o u s  b io c hem ic a l  changes , 



Tab le 2 .  Chem i c a l  compo s i t ion o f  who l e  barley and b ar l ey 
hu s k .  

C om:eo s i t i o n  Who l e  bar l er Hu s k  

Mo i s ture ( % )  1 4 . 5  7 . 4  

Pr o tein ( % )  9 . 5  7 . 1  

S t arch ( % ) 5 4 . 0  8 . 2  

F a t s  ( % ) 2 .  5 2 . 1  

Crude f ibre ( % ) 5 . 0  2 2 . 6 

S i l i c a  ( %  o f  t o t a l  a sh)  2 6 . 0  7 1 . 0  

Pho s ph a te ( a s  P20s , % o f  
to tal as h) 3 5 . 0  6 . 0  

Pen to  s ans  ( % )  9 . 0  7.0 . 0  

Non - ni t r ogenous ex t r ac t ( % )  3 . 0 2 2 . 0  

Amino a c i d s  ( No . )  1 8  ? 

Minera l s  ( No . )  1 4  ? 

Vi t am i ns ( No . )  5 ? 

F a t ty ac i d s  ( No . )  6 ? 

F r om Mo l l  ( 1 979 ) and Harr i s  and Doug l a s  ( 19 8 1 ) . 

myc ot o x in p r o duct i on (whi ch wou l d  c on s t i tute a hea l th h a z ­

ard f o r  man and his an ima l s )  and a l s o  hea t ing and c omp l e t e  

s po i l age o f  the g r a i n s  ( C hr i s tensen and Kaufmann , 1 9 6 5 ) . 

1 0  

Fung i g rowing on  s u c h  g r a i n  mus t b e  equ ipped w i t h  the 

neces s ary en z ymes req u i red f o r  the b reakdown o f  the g r a in 

and componen t s  such a s  s t arch and cel lu l o s e ,  b y  deg r ad i ng 

them t o  p r o duce the mono s ac ch a r i des neces s ary f o r  fun g a l  

g r owth . S ome o f  t hese en z ymes , such a s  amy l a ses  and 

1 , 3 - S- g lucana s es , are cons t i tu t ive in a wide range o f  fungi, 

b u t  o ther s , s u ch a s  cel lu l a ses and x y l anases , are adap t ive 

en z ymes ( F l ann i g an , 1 9 7 7 ) . F o r  examp l e ,  F l ann igan and 
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S el l ar s  ( 1 9 7 7 ) exami ned a number of fung i fo r t heir ab i l i ty 

to  p ro duce amy l a s e .  O n l y  one i s o l a t e  (Abs idi a  c o rymbife ra ) 

d i d  no t deg r ade s t arch . The mo s t  ac t iv e  was A .  fumiga t u s . 

I n  c ont ras t ,  F l ann i g an ( 1 9 7 0 b )  and F l an n i g an and S ell a r s  

( 1 9 7 2 )  , a s s ay ing fungal  i s o l a t e s  f o r  t heir ab i l i ty t o  

deg rade arab inoxy l an and carboxymethyl cel lu l o se , found 

mo s t  were ab le t o  b reak down arab inoxy l an , but fewer appar ­

ent l y  po s s es sed the ab i l i ty t o  release reduc ing sug ars  from 

cel l u l o s e ,  as  judged by degrad at i o n  o f  carboxymethyl. cel ­

lul o se .  Hes sel t ine e t  a l .  ( 1 9 7 0 )  tes ted 2 8  s t r a i n s  o f  the 

A .  f l a v u s  g r oup for  ass imi l a t i on of c arbon supp l ied from 3 6  

var ious compound s ,  and a l l  s t r a i n s  s howed po s i t ive u t i l i z ­

at i on o f  hemi cel l u l o se and pec t in but  no t cel lu l o se .  

The p r inc i p a l  mon o s accha r i de relea s ed b y  mo s t  fung i 

from arab inoxy l an i s  xy l o se , wh i ch i s  r e g arded a s  a g o od 

c arbon s ource fo r t he g r owth o f  many fung i ( Cochrane , 1 9 58) . 

F l ann i g an ( 1 9 7 0 b )  sug ges ted a c l as s i f i c a t ion o f  fung i b ased 

on their  xyl o l y t i c  and cel l u lyt i c  a c t i v i ty : 

1 .  Spec i es wh i ch seem t o  b e  s u i ted for g r owth on 

hu sks , in being ab l e  t o  deg r ade both maj o r  p o l y ­

s ac c har i d e  componen t s  ( cel l u l o s e  and arab inoxyl an) 

of the c e l l  wa l l s , e g . Tr i c h ode rma v i ride . 

2 .  Spec ies whi c h  are l e s s  wel l ad ap ted i n  tha t  th�y 

appear t o  deg rade only  o n e  c omp onen t , the a r ab ­

inoxy l an , eg . Bo try t i s  c i n e r e a . (A .  f la v u s  c an 

be inc luded w i t h in this g roup . ) 

3 .  Spec ies which appear p o o r l y  adap ted in  that the i r  

a c t i v i t y  ag a in s t  the s t ruc tura l p o l y s acchar i des i s  

l ow o r  absen t , eg . A l t e rn aria repens . 

Thus a r ange o f  fung i , inc l u d ing  i. f l a v u s , have the 

ab i l i ty to  be invo lved in s po i l ag e  p r o c es ses o f  b ar l ey g r a in , 

b u t  a number o f  o ther c on t r o l l ing f a c t o r s  determi n ing t he 

ac tual spec ies p resen t  have emerged a s  our knowl edge o f  the 

myco f l o r a  o f  g r a i n s  h a s  increa sed . 
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4 .  Myc o f l o r a  o f  Bar l ey G r a i n s . 

4 . 1  Ear ly I nves t iga t i ons . 

The as s o c i a t i on o f  fung i w i t h  cerea l g r a in s  h a s  

b een s tud ied f o r  many year s . B l a c k  a n d  Alsberg ( 1 9 10 )  and 

Al s berg and B l a c k  ( 1 9 13 ) , c i ted by Chr i s t ensen and Kaufmann 

( 1 9 7 4 ) , d i s cu s s ed rep o r t s  f rom I t a l i an wo rker s from the 

ear ly 1 9 00 ' s  dea l ing w i t h  c o rn imp o r ted from t he U . S . A .  and 

s uppo sed l y  made t ox i c  by  fung i .  However , in c ompar i s on wi th 

inves t i g at i ons on the myco f l o r a  of  whea t , c o rn , r i ce etc . , 

rel a t ively l i t t le spec i f i c  wo rk h a s  been done on t he myc o ­

f l o r a  o f  b ar ley g r a ins . 

Ear l y  inves t i g at i o n s  on b ar l ey tended t o  be in c omp ar ­

i s on wi th other cerea l s . I n  such ear l y  work , more a t tent i on 

was  p a i d  to  the " f i e l d fun g i "  ( i . e . A l t e rnari a , Fus a r i um , 

He lmi n thospori um et c . )  than to wha t  l a ter bec ame known a s  

the " s to rage fung i " . I n  1 93 S  Chr i s ten sen and Stakman 

s tud ied the rel a t i o n s h i p  between Fusa r i um and He lmi;lth o­

s p or i um in ba r ley seed t o  s e e dl ing b l igh t and y iel d . They 

s t a ted that the feeding value o f  b ar l ey wou l d  be  con s i der ab l y  

reduced i f  a l a rge per c entage o f  the b l i ghted kern e l s were 

a f fec ted w i t h  Gibbere l l a  s aubine t t i i  (F u s a1?i um sau bine t t1:� , 

and the b a r l ey was a l s o  l i kely t o  be t o x i c  t o  p igs . Go rdan 

( 1 9 4 4 )  s tud ied the o c curren ce o f  Fu s ari um spp .  i n  �tea t ,  

b a r ley and o a t s  from 1 9 3 7  t o  1 9 4 2 , i s o l a t ing Fusari um spp . 

from 3 9 %  o f  whea t s amp les , S S %  o f  b a r l ey s ampl es and S O %  o f  

s amples o f  o a t s . 

Mead ( 1 9 4 2 ) concen t r a ted on the rel a t i on s h ip o f  s eed ­

b o rne d i sea s e  o f  b ar l ey t o  the f iel d fung i ,  p ar t i cu l ar ly 

He lmi n t hosporium s a t i v um; in p a r t i cu l ar , the rel a t i on s h ip 

o f  th i s  fungus and i t s  mycel ium t o  var i o u s  p a r t s  o f  the 

b a r l ey kernel and the devel o p ing  emb ryo . He c on s i dered the 

do rmant mycel ium p resent w i thin t he husk to  b e  capab l e  o f  

remaining viab le f o r  two t o  f ive year s . Mach acek e t  a l . 

( 1 9 S l )  per f o rmed an intens ive s tudy o f  Canad i an b ar ley ,  

when they tes ted tho u s ands o f  s amp les o f  whea t , b ar l ey and 
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o a t s  over a 7 - ye a r  per io d . T he myc o f l o r a  o f  d r ied b a r l ey 

g r a i n  s howed a resemb l ance t o  the myc o f l or a  o f  o t her cerea l 

g r a i n s  and A l t ernaria  t en u i s  was t he dominant f ie l d  fungus 

p resen t  on a l l  the cerea l s . 

F o l l owing rep o r t s  o f  many c a s e s  o f  vu lvov a g i n i t i s  o f  

p i g s  i n  many p a r t s  o f  the wo r l d  appa r e n t l y  rel a ted to  

mouldy b ar l ey ,  McErlean ( 1 9 5 2 )  i s o l ated F.  grami n e arum f r om 

the b ar l ey and t h i s  spec ies c aused s i gns o f  hypero e s trogen­

i s m  in  swine when fed exper imen t a l ly . Mc Erl ean su spec ted 

that  th i s  fungus p roduced a t ox in respon s i b l e  fo r tho s e  

symp t oms . 

Ho t s p o t s  due to  fung a l  g rowth a t t r a cted the  a t ten t i on 

o f  G i lman and Barron ( 1 9 3 0 )  who showed in  l ab o r a t o ry tes t s  

that  A .  f l a v u s , A .  n i g e r  and A .  fumi g a t u s  r a i sed the temp ­

er a ture o f  whea t , b arley and o a t s  w i t h  a M . C .  o f  18 % . In 

1 9 4 8 Chr i s ten sen and Go rdon con f i rmed and ex tended the se 

f i nding s and noted that A .  f l a v u s  and A .  candi du s wer e c om­

mon on mo i s t  s t ored g r a ins . Semen iuk ( 1 9 5 4 )  and Wa l l ace 

and S inha ( 1 9 6 2 )  s tudied the fun g i  a s s o c i ated w i th ho t s p o t s  

in f a rm- s tored g r a in s  and a l s o  found A .  f l a v u s  and A .  

candidu s  to  be c ommon . 

Det a i l ed s tud ies were done by L u t e y  and Chr isten sen 

( 1 9 63 ) o n  t he inf luence o f  M.C . , temper a ture and period o f  

s t o rage upon var i ous fung i ,  es pec i a l l y  Fusa r i um and He lmi n­

t h o s p o ri um . They sug ges ted t h a t  v i ab le field fun g i  d ie 

r ap i d ly in g r ain s h e l d  a t  a M;C . in  equ i l ib r i um wi th a 

rel a t ive hum i d i ty of 7 0 - 7 5 % . 

Tu i te and Chr i s ten s en ( 1 9 5 2 , 1 9 5 5 )  were t he f i r s t  t o  

s tudy the " s to r a ge fung i " i n  b a r ley in  det a i l , and t he 

g r owth o f  A sp e rg i l l u s  and Pe ni c i l l i um s pp . in  rel a t ion t o  

M . C .  T hei r resul t s  ind i c a ted tha t these fung i rema in s ta t i c  

when b a r ley i s  s to red a t  M . C .  o f  1 0 - 1 3 % , but  a t  M . C .  o f  

1 3 . 8 - 1 4 . 2 % A .  re s tr i c t u s  and s ome s pec ies o f  the A .  g la u c u s  

g r oup s uch a s  A .  repens , A .  ams te l o dam i and A .  ruber , in  

addi t i on t o  A .  candidu s  and Pe n i c i l l i um s p p . beg an t o  invade 
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the s e e ds . 

4 . 2  The Chang ing Fung a l  F l o r a  dur ir.g S t o r age . 

Af t er t h e s e  e ar ly s tud i e s , i t  b e c ame app ar ent that  

the r e  were d i s t i n c t  g roups o f  fung i a s s o c i a t e d  w i th g r a in s . 

a t  var ious s t a g e s  o f  s t orag e , and the fung i a s s o c i a t e d  w i th 

cereal  g r a i n s  b e c ame a maj o r  a r e a  o f  inv e s t i g at i on . 

Chr i s t e n s en and Kaufmann i n  19 6 5  c l a s s i f i e d  the fun g i 

o f  c e r e a l  g r a in s  into  three  typ e s : a)  F i e l d  fung i ,  wh i c h  

invade t h e  g r a in b e fore  harves t in g  and inc lude s p e c i e s  o f  

A l te rnaria� Fu s a rium , He lmi nthosporium and C l a do sporium . 

b )  S to r age fung i ,  wh i c h  invade the g r a ins a f t e r  harve s t ing  

and mainly i n c lude spe c i e s  o f  A s p e rg i l l u s  and Pe n i ci l l i um . 

c )  Advan c e d  de c ay fung i  such as  Fu s arium graminearum 

(Gib b e re l la ze a ) � Pap u lospora�  Chaetom i um and Sordaria spp . 

Chr i s t e n s e n  and Kau fmann c on s i de r e d  the s to r a g e  fung i 

to  b e  supe r f i c i a l l y p r e s ent on s e e ds a t  ha rve s t  and s t a r ted 

to b e  a c t ive in s t o red g r a in when the M . C .  was i n  the r ange 

o f  13 . 2 % to 18 % .  The A .  g l a ucus g r oup , A. rub e r  and A. 

res tri c t u s  were  a c t i v e  in  g r a in a t  t he l ower end of the 

rang e 13 . 2 % t o  15% . Abov e 1 5 %  the p r e dominant o r g an i sms 

were A .  candidu s , A. ochrac e u s , A .  f l avus , A .  v e rsico lo� 

and A .  tama r i i . Pen i cill ium spp . we r e  o f ten p r e s en t ,  e s p e c ­

i a l l y  in l o t s  h av ing a M . C .  ab ove 16 % and s t o r e d  at a l ow 

t emp e r a ture . 

Chr i s t en s en and Kaufmann ( 19 6 9 )  rep o r t e d  mo r e  than 15 0 

s p e c i e s  o f  fun g i from c e r e a l  g r a i n s  and conf i rme d tha t ker­

ne l s  we r e  no t e x t en s ive l y  invaded by  s to r age fung i a t  har­

ve s t ing . S im i l ar l y , C l ark e t  a l .  ( 19 6 6 )  found t h a t  A sp e r­

gi l l u s  and Pe n i c i l l i um s pp . we re a lmo s t  ent i r e ly a b s e n t  

from f r e s h l y - harve s t ed  b ar l e y .  

The s e quence o f  deve l o pment o f  the var i ou s  fung a l  

g roups we r e  t e rmed "ph as e s  o f  the myc o f l o r a  o f  the s to r e d  

g r a ins" b y  C l ark e t  a t .  (19 6 7 ) . P h a s e  1 c on s i s te d  o f  the 
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myc o f l o r a  b e fore o r  at harves t,  e g . A lternaria, C lado­

spo r i um , Fu s arium , Ep i c o ccum e t c . Pha s e  2 s howed a d e c l i ne 

o r  d i s appearance o f  the s e  fung i ,  e a r l y  in the s tora g e  p e r ­

i o d .  The r a t e  o f  d e c l ine was muc h  mo r e  r ap i d  a t  high  M . C .  

Pha s e  3 was charac t e r i z e d by a fun g a l  f l o r a  o f  very few 

sp e c i e s , and con sis t e d  larg e l y  of  ye ast s ( eg . Candi da s p p  . . 

and Han s enu l a  anoma l a )  and Peni c i l l iu m  roquefor ti, in c a s e s  

o f  h i gh M. C .  The fung i i n  thi s pha s e  p e rsis t e d  throug h o u t  

the 9 to  1 2  months  for wh ich s to r ag e  c on t inue d . Pha s e  4 

was the final  pha s e  and inc luded the appe aran c e  o f  typ i c a l  

" s t o rage  fun g i " s u ch as  A .  candi dus and s eve r a l  s pe c i e s  o f  

the A .  g l aucus g r oup . I n  the s e c on d  h a l f o f  t h e  s to r a g e  

p e r i o d  A b s i dia  c o rymb i fe ra, A .  t e rr e u s, A .  fumi g a tu s  and 

Mu c o r  p u s i l l u s  app e ar e d . 

Lacey ( 1 9 7 1 )  inv e s t i g a t e d  s ix un s e a l e d f arm si l o s  

l oade d  w i th mo i s t  b a r l ey g r a in and h i s  r e sults agre e d  w i th 

the pha s e s  o f  Cl ark e t  aZ . F l an n i g an ( 1 9 7 7 )  s tu d i e d  s po n ­

t an e ous heat ing o f  g r a i n  and no t e d  growth o f  thermo t o l e rant 

and the rmoph i l i c  or gan i sms s uch a s  A .  candidu s ,  A .  f l a v u s, 

A .  n i du lan s, A .  fumi g a t u s , A b s i di a  spp . and l a t e r  The rmo­

a s c u s  crus tac e u s  and Th e rmomyce s l angi n o s us.  

Al though the r e  is  no comp l e t e ly un i form w o r l d  p atte rn 

f o r  the occu r r e n c e  o f  fungi  in b arley g r a in , Mo r e au ( 1 9Z9 ) 

l i s t ed  the fo l l owing speci e s  wh i c h  c on t amina t e  barl e y  a s  

c ommon in mo s t  c ount r i e s : A l terna r i a ,  Fusarium ,  C la do s p o r i um 

and Mu cor ( dominant a t  harv e s t t im e ) ; A spergi l l u s ,  Pe n i ci l ­

l i um and A b s i di a  (mo r e  frequent a f t e r  s t orag e )  ; t hr e e  months 

a f t e r  harve s t  the mo s t  common sp e c i e s  a r e  P .  c y clop i um ,  

P .  ro quefo r t i ,  A b s i di a  corymb i fe r a ,  A sp e rgi l l u s  c andi dus 

and A .  terre u s . However , i f  t emp e r a tu r e s  r e a c h  3 7 - 4 5 ° C, 

t h e rmo phi l i c  s p e c i e s  such as A .  fumiga t u s ,  A .  t e rre u s ,  

A b s i dia  corymb i fe ra ,  Mucor pu s i l l u s  and Do c ty l omyce s crus­

tac e u s  may be  i s o l a ted . 

The  mo s t  i n t e n s ive work done o n  s t orage fung i wa s by 

F l ann i g an and c o l l e agues ( 1 9 6 9 , 1 9 7 0 a , 1 9 7 2  and 1 9 7 8 ) . I n  

1 9 6 9  F l ann i g an r ep o r t ed o n  h i s  i nv e s t i g at i on s  o f  the 
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mes op h i l i c and t hermo ph i l i c  o r  thermo t o l eran t ,  myc o f l o r a  

o f  b a r l ey .  He used three d i fferen t med i a  (po t a t o  dex t r o s e  

agar , ma l t  s a l t  a g a r  and t ryptone s oy a  ag ar) at  three d i f ­

feren t incub at ion temperatures ( 2 5 ,  3 7 ,  5 0 °C)' t o  i s o l a te 

fung i from non - d i s infec ted , sur face- d i s i n fec t e d  and hea t­

t rea ted who l e  b ar ley . The mo s t  c ommon s p e c ies  i s o l a ted 

were A l t e rnaria�  Pe ni c i l l i um spp . �  A .  g laucus�  A .  fumiga t u s ,  

A u r e o b a s i di um� C l adosporium�  Ep i c o cc um and A b s i di a  co ry­

mbife ra . 

I n  1 9 7 2  F l ann i g an and D i c k i e  exam ined a l l  s t ages o f  

comm e r c i a l  pea r l ing o f  b ar l ey f o r  human c on s ump t i on, u s ing 

d i rec t cul ture and d i l u t i on p l a t ing �etho ds . The mo s t  com ­

mon fung i o n  o r  in pea r l ed b ar l ey were found t o  b e  A l t e rnaria 

t e n ui s , A .  g l aucu9� C ladospo rium , Pen ici l l ium and Sp oro­

bo l omy ce s . T hey a l s o  no ted that the mo s t  viab l e ino cu l um 

wa s present in or  on the f i r s t  5 %  o f  the hu s k  and per i carp 

removed by abras i on du r ing the pearling p roces s .  These 

hus k  fragmen t s  were dom i nated by spec ies in  t h e  A .  g laucus 

g roup , A l t e rnaria t e n ui s , A ureo basi di um p u l l u l an s , Pen iai l­

l ium spp; Thermomy c e s  l an ugi nosu s , and actinomycetes and 

o ther b a c ter i a . These observat i on s add supp o r t  to the con­

ten t ion that mos t fung i are present on the outer par t s  o f  

the hu s k  t i s s ue and sugges t that  th e topo graph i c  d i s t r i b ­

u t i o n  o f  fungi c an be o f  s i gn i f i cance in l a ter gr a i n  deter ­

i o r a t ion . 

4 . 3 The Topo g r ap h i c  D i s t r ibu t i on o f  Fung i wi t h i n  

G r a i n s . 

4 . 3 . 1 Gener a l  d i s tr i bu t i on . 

T he s p a t i a l  d i s t r ib u t i on o f  fung a l  p r o p ­

agu l es w i t h i n  b a r l ey g ra in s  h a s  received s ome a t ten t i on . 

Pub l i shed work in gener a l  i n d i c ates that  hu s k  t i s s ue i s  

c on s i s tent ly more f requen t l y  c o l �n i z ed b y  fun g a l  mycel i a  

than i s  the c a ryop s i s . Mu l inge and Ches ter s ( 1 9 7 0 a) found 

t h a t  fung i were more frequent in hu s k s  than in  the c aryop ­

s i s  ( 5 %  in terna l g r a in infec t i on c omp ared w i th 6 5 - 8 0% 
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i n fec t i on i n  the hus k )  and Mu l inge and Ap i n i s  ( 1 9 6 9 )  s howed 

that  mo s t  s t o rage fung i were con f ined t o  the hu s k  t i s s ue .  

S i m i larly  F l ann i g an and D i c k i e  ( 1 9 7 2 )  n o t ed over 9 0 % o f  the 

v i ab le prop agules to  be l o cated in and on the hu s k , and 

Warno ck and Preece ( 1 9 7 1 )  f ound tha t fun g a l  mycel ium i s  

mo s t ly as s o c i ated w i th the hu s k  and per i c arp r a t her than 

t he c aryop s i s . 

The v a r i o u s  inves t i g a t o r s  devel oped d i f f e ren t techn iques 

f o r  i s o l a t ing  fung i from d i f feren t p ar t s  o f  the who le g r a in 

in  their a t temp ts t o  determ ine whi ch fung i  are s u r f ace c o l­

oni s t s , wh i c h  invade the hus k s  and wh i ch penet r a te the 

interior  o f  the g ra in . For ex amp l e ,  Mu l inge and Ches ters 

( 1 9 7 0 a) f o und that who le g r a in s  p l a ted on MSA p r o v i ded the 

h i ghes t v i ab l e coun t s  and suggested that  t h i s  was a ref l ec ­

t i on o f  the dep o s i t i on o f  fung a l  s p o res or mycel i um on the 

g r a in s u r f ace . A second ap pro ac h  b y  the s e  au tho r s  was to  

p l ate who le g rains  on  MSA a fter washing  w ith t ap and d i s t i l ­

led water . The res u l t s  o f  such c u l tu res were c on s i de red t o  

represen t  the fun g i  wh ich h a d  inva ded the hu s k s  and g r ain . 

A t h i r d  t rea tment , in wh i c h  the g r a ins wer e s ter i l i z e d  w i th 

fu l l - s t reng t h  s o d ium hyp o ch l o r i te ,  g ave t he l owes t  coun t s , 

After t he g r a i n s  were was hed an d dehuskcd , the h u s k s  and 

c aryop s i s  ha lves were p l a ted sep a r a tel y and the h i ghes t 

c oun t s  were ob t a ined from h u s k s . A l l  t he i s o l ates were 

A s p e rg i Z l u s  and Pe ni c i Z Z i um spp . (p lus s ome yea s t s )  and 
t h i s  may be because they used o n l y  MSA medi um . Bas i c a l ly  

s im i l a r  techn i ques we re u s ed b y  F l ann i g an ( 1 9 6 9 , 1 9 7 0 a) , 

as  h a s  b een d i s cus sed in the p rev i ou s  sec t i on . 

I t  therefo re seems that  the husk i s  the m a j o r  reser ­

vo i r  o f  p o ten t i a l  s p o i lage fung i ,  these being p resen t  b o th 

as  s p o res and as  mycel ium . 

4 . 3 . 2  Hyphal g r owth w i thin t h e  hu s k  t i s sue 

A number o f  i nves t i g a t o r s  h ave a t temp ted 

t o  f ind a s u i t ab l e  techn i que for  d i s t in g u i s h i n g  a c t u a l 

fun g a l  mycel ium o n  and w i th i n  t he husk t i s s u e  o r  ep i de rmi s 
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o f  var i ous g r a ins . Even withi n the hu s k  i t s e l f  i t  i s  n e c e s ­

s ary t o  d e t erm ine wh i c h  fung i a r e  s u r f a c e  co l on i s ts and 

wh i ch a c tua l l y  i nvade the hus k s . The a s s e s smen t o f  the 

actual  amoun t s  of i n t e rnal · myc e l ium p re s en t  and whe ther t h i s  

component  i s  p o t en t i a l ly capab l e  o f  t o x i n  pro duct ion i s  o f  

maj o r  impo r t ance ( Warnock and Pre e c e , 1 9 7 1 ) . 

S everal  autho r s  have deve l op e d  d i r e ct obs e rva t i on t e c h ­

n i qu e s  t o  s t udy fun g a l  hyphae w i t h i n  wh e a t  and b a r l ey s e e ds . 

Hyde ( 1 9 5 0 )  a t t emp t e d  to  e s t imate t h e  amoun t o f  fung a l  

hyphae pre s en t  i n  whe a t . Af t e r  a p r e l imin ary s o ak ing  o f  

the g ra in i n  wat e r , the ep idermi s was  r emoved and s t a ined 

with an i l ine b lue , b e fo r e m i cr o s c o p i c  e x amina t ion . He 

n o t ed tha t myce l ium was common l y  p r e s en t , s ome t im e s  in  a bun ­

d ance , b en e a th the p e r i carp , p a r t i cu l ar ly in a r e a s  whe r e  the 

e p i d e rmi s was l oo s e , i . e . at  the two ends o f  the gr a i n  o r  

a l ong the s i de s o f  the crea s e . Hyde d eve loped a quant i t ­

a t ive me tho d o f  a s s e s s ing the amount o f  the myc e l ium p r e s en t  

b a s e d  on the p ro duct o f  dens i t y and d i s tr i bu t ion e s t ima t e s . 

The i den t i ty o f  the  fun g i  was n o t  e s tab l i s hed . I n  ano t h e r  

s tudy , Hyde and G all eymo re ( 1 9 5 1 )  inve s t iga t ed t h e  i den t i ty 

o f  the subep i d e rm a l  mycel ium . Whe a t  g r a ins we r e  wa s he d , 

surface  s t e r i l i z e d , wa shed a g a in and p o r t ions  o f  the e p i d ­

e rm i s  s t r i pped from e ach g r a in and cu l tur ed . The mo s t  c om ­

mon i s o l at e  was A l t e rnaria tenu i s  ( 6 4 . 4 % ) . 

Me ad ( 1 9 4 2 )  s tud i e d  the myce l i um o f  He Zmin thospori um : 

s a t i v um in  b ar l ey g r a in . He u s ed bo t h  m i c r o t ome - s e c t i on ing  

of  who l e  gra ins and r emoval o f  s t r ip s  o f  l emma , p a l e a  and 

p e r i carp after  s o aking the kern e l s  i n  forma l i n - a c e t i c  a c i d ­

a l c o ho l  overn i g h t . T he s e  s ect i o ns o r  s t r ip s  wer e s t a in e d  

a n d  exam ined m i c r o s co p ica l l y . Myc e l i um was p r e s en t  i n  a l l  

o f  the s e ed  cove r ings , par t i cu l a r l y  a t  the p r o x im a l  e nd 

( he ad) o f  the k e rne l . No myc e l i um was found in the emb ryo . 

Tu i t e  and Chr i s t ensen ( 1 9 5 5 )  o b s e rved abundan t fung a l  

myc e l ium in the parenchyma l ay e r  o f  the hus k and l e s s  abun ­

d an t  hyphae in  t h e  p e r i c arp l ay e r  when they s e c t i o n e d  and 

s t a in e d  b ar l ey g ra i n , but they d i d  n o t  a t t empt i de n t i f i c a t i on 
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o f  these fung i .  

A mo r e  a c curate  d i rec t  ob serva t i o n  t e chn i que wa s u sed 

by  Warno c k  and Preec e ( 1 9 7 1 ) , u s i ng c r yo s t a t  s ec t ioning and 

pheno l - ac e t i c  a c i d - an i l ine b lue s t a in in g  fo r s t udying the 

d i s t r i bu t i on o f  the int ernal fung a l  myce l i a .  An as ses sment 

o f  ex tent of mycel ium p res ent wa s b a sed on  the numb er o f  

o b serva t i ons o f  " hyphal un i t s " i n  ser i a l  s e c t i on s . T hey 

f ound that  fun g a l  mycel ium wa s on ly p res en t i n  the paren ­

chyma l ay e r  o f  the l emma and p a l ea , and in  the p e r i c a rp 

l ayer . Warnock  ( 1 9 7 1 )  u s e d  the s ame as s es sment techn i que  

f o r  the en t i r e  sur f a ce of  the  hus k  w i t h o u t  s e c t i oning  and 

l a ter ( 1 9 7 3 a )  d e s c r i bed  the deve l o pment o f  i n ternal myce l ­

ium and i t s  o r i g in b e fore harves t .  He concluded tha t mycel ­

i a l  g rowth ( p a r t i cu l arly  o f  C la do sp or i u m )  in g r a ins o f  

b a r l e y  o r ig ina tes b o th from spo res depo s i ted ins i de the 

l emma and p a lea and from spo r e s  depo s i ted on t he an ther s . 

Ano t h e r  t e chn ique u s e d by  Wa rno ck ( 1 9 7 1 )  i nvo lved an 

ind i r e c t  f l u o r e s cent  ant ibody t e chn ique to d e t e c t  and de t ­

e rmine the extent  o f  Penici l l i um cy c lop i um myc e l ium i n  b ar ­

ley hus k . The amount o f  myc e l ium was es t imated by c oun t ing 

the numb e r  of s amp l ing un i t s  of e a ch lemma and pa lea in 

wh i c h  spe c i f i c  fluores cent s t a ined mycel ium was pre s en t  or 

ab s en t . I n  thi s  way he found the me an areas i n  whi c h  P .· 

cy c l op i um mycel ium was p r e s e n t , eg . 4 . 0 % f o r  the l emma an d 

4 . 7 % for t he p alea . I n  19 7 3b he p r e s en ted fu r t he r evi dence 

of the value of the immunofluores cence  met h o d  for detec t i on 

o f  A l t e rnaria , A s p e rg i l lu s  and Pe n i ci l l i um mycel ium and the 

es t ima t i o n  o f  the t o t a l  amoun t o f  the myc e l ium p res ent . 

S l i de cul tures o f  a number o f  fun g a l  s pec ies t rea ted w i t h  

ant i serum o f  A l te rnaria a l te rn a t a �  A .  f l a v u s  and P .  c y c l opiurn 

i nd i cated o n ly a rea s onable " genus - s pec i f i c" nature for eac h  

ant i serum . A s p e rg i l l u s  mycel ium wa s p r e s ent i n  mo s t  s amp l es 

ex am ined but c o u l d  not be i den t i f ied spec i f i c a l ly as  A .  

f l a v u s . 

T he above rev iew ind i ca t es t h a t  a l though A .  f l av u s  h a s  

frequen t l y  b een no t ed a s  a fun g u s  as s o c i a ted w i t h  heated, 
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spo i led g r a i n , l i t t l e  i s  known o f  i t s  pres ence i n  apparen t l y  

c lean s amp les o r  as my cel ium w i t h in o r  o n  hus k  t i s s ue o f  

b ar ley .  The l a t ter f a c t o r  c an be o f  c on s i derab l e  s i gn i f i c­

ance in  rel a t i on to  produ c t i on o f  a f l a to x in w i t h in the 

g r a in . 

5 .  A f l a t ox in Contamina t i on o f  Bar ley .  

I t  has been s t ated that c o rn i s  the g r a in i n  wh i ch 

a f l a t o x in c on t am inat i on i s  mo s t  l ikely t o  be enc ountered 

( S t o l o f f , 1 9 7 7 ) . I n  the Ph i l ipp ines 9 7 % o f  s amp les were 

po s i t ive , in Uganda 4 1 %  and in Tha i l and 4 0 % . A number o f  

survey s done on cerea l s  o ther than c o rn sugges t t he gener a l  

inc i den ce and level o f  a f l a t o x in in  such g r a in s and the i r  

produc t s , on a wo r l d  wide b a s i s , a r e  rel at ively l ow (Jones , 

1 9 7 7 ) , b u t  l i t t l e  work has  b e en pub l i s hed on b a r l ey. 

P ro b ab l y  the f i r s t  rep o r t  o f  a f l atoxin f r om b ar ley was 

from the Trop i c a l  Produc t s  I n s t i tu te in  L ondon wher e amoun t s  

o f  a f l a toxin at  b i o l o g i c a l l y s i gn i f i c ant level s were de tec­

ted in s amp les from around t he wo r l d (Wo g an , 1 9 6 8 ) .  Af l a­

t o x i n  was a l s o  i s o l ated from 1 7 %  o f  b a r l ey s amp l e s  in France 

( L aFon t and LaFon t , 1 9 7 0 )  and has al s o  been n o t e d  in  barley 

in Japan ( Kur a t a  and T an abe , 1 9 7 3 ) . I n  the U . K . , Hacking 

and B i g g s  ( 1 9 7 9 )  found a f l at o x i n  B 1 contam i na t i on at l evel s 

o f  1 2 5  � g / Kg in farm - s t o red mou l dy b ar l ey .  Rec en t l y  B ryden 

( 1 9 8 2 ) in  Aus t r a li a  summar i zed the r e su l t s o f  i nves t i g a t i on s  

o f  about 2 0  d i f feren t feed s t u f f s  an d c ompound fee ds  from 

Aus t r al i a .  S ome an ima l feed s were c o n t am i na ted w i t h  a f l a ­

t o x i n , pa r t i cu l ar ly B 1 • Bar ley s amp l es s howed about  1 4 %  

p o s i t ive s amp les w i th c on cen t r a t i ons rang ing between 1 0  -

5 0 0  � g / Kg .  Thus i t  seems that a l though n o t  rec o g n i z ed a s  

b e ing o f  any p a r t i cu l ar s ign i f i c ance in rel a t i on to  b a r l ey 

un t i l  qu i t e  recen t l y , a f l a t ox i n  con t aminat i on may wel l  

p rove t o  b e  o f  imp o r t ance in fu ture year s , p a r t i cu l arly  in  

v iew of  the cu rren t increa sed p r o duc t i on of  th i s  cereal 

and the neces s i ty for exp anded farm s torage . 



5 . 1  F ac t o r s  Af fec t ing A .  flav�i  G r o w t h  and Af l a t o x i n  

Produc t i o n. 

2 1  

Fac t o r s  i n f l uenc ing growth and toxin f o rmat i o n ' b y  

fung i in gener a l . d o  no t a c t  s in g l y  b u t  in  mu l t i p les 

( Hes sel t ine , 1 9 7 6 )  and g rowt h  and t o x in produ c t i on by A .  

f l a v us are no exc e p t i on. An under s t anding o f  these f a c t o r s  

i s  importan t  in  re l a t ion to  b o th n a tu r a l  con t am ina t i on o f  

feeds tu ffs  a n d  to  produc t i on o f  a f l a tox in i n  cu l ture . 

Jarv i s  ( 1 9 7 1 )  and Hes s el t ine ( 1 9 7 6 )  con s i de red a l l the 

f a c t o rs wh i ch may be involved and d i v i ded them into three 

g roups ; chemi c a l , phys i c a l  and b i o l o g i c a l . Al l the f a c t o r s  

were opera t ive dur ing s t o r age o f  the commodi ty b u t  n o t  a l l  

were effec t ive i n  the f iel d o r  a t  h a rves t .  M any o f  t he 

f a c t o r s  are i l l - def ined , eg . coun t ry ,  t ime o f  year , ag r i c ­

u l tur al prac t i ces , crop types and v a r iet ies , wea t her , 

s t or age and s h ipp ing cond it i on ( C ieg ler , 19 7 8 ) .  

Phys i ca l  fac t o r s  inc lude mo i s t u re conten t , rel at ive hum ­

i di ty ,  temp e ra ture , time , d evel opment o f  h o t  s p o t s , r ap i d i ty 

o f  drying and the rewet t i ng o f  g r a i n .  Of the s e ,  mo i s t ure 

content  and tempera ture are u s u a l l y  contro l l ing  fac t o r s  fo r 

the g rowth o f  the fungus . F o r  s t o red b ar ley ,  Chang an d 

Markak i s  ( 1 9 8 1) found that i f  the M . C. reached 1 6 % o r  h � gher 

a t  2 S ° C ,  a f l a t ox i n  contamina t i on m ay o c cur. The op t imum 

tempera ture f o r  a f l a t o x i n  produ c t i on ,  when o ther c ond i t i on s  

a r e  near op t ima l , i s  app r o x imately 2 7 ° C; t h e  l ower lim i t  i s  

ab out l 2 ° C  a n d  the upper l im i t  a b o u t  4 0 ° C  ( Dav i s  a n d  D iener , 

1 9 7 0 ) .  The op t imum temper ature for a c tual g r owth o f  A . 

fla .vu s  i s  around 3 3 ° C ,  w i t h  g rowth l im i t s  between 1 2 °  and 

l 4 ° C  ( Ho ck ing , 1 9 8 2 ) . 

In v i t ro t he t ime per i o d  f o r  max imum t ox in p r o duc t i on 

var ies a c c o rd ing to  the s t r a in , t he medi um u s ed , and the 

temper a ture o f  incuba t i on . Diener and Dav i s  ( 1 9 6 6 )  rep o r ted 

max imum yiel d s  a f ter 1 5  days a t  2 0 ° C  or 1 1  days a t  3 0 ° C .  

Max imum c oncen t r a t ion o f  a f l a t o x in in  the med ium i s  c o rrel ­

a ted w i t h  the exh aus t i on o f  fermen t ab le c arb o hydrate and 
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the onset o f  mycel i a l  au tolys i s  ( J arv i s , 1 9 7 1 ) . I n  the c a s e  
o f  s haken cu l tures t he incub a t i o n  t ime c an dec rea se t o  

about four t o  f ive days optimum and t he amount o f  a f l a t ox i n  

p r o duced i s  h i gher t han in s t ati onary cu l tures (Dav i s  and 

D iener , 1 9 6 -8 ;  Hes sel  t ine et a l . , 1 9 6 6 ) . 

Chemical  fac t o r s  include the nature o f  the s ub s t r a te , 

the minera l nu t r i en t s  ava i l ab le ,  C02 , 02 , pH and any chemi c ­

a l  trea tmen t to wh i ch the commo d i ty was  subj ec ted . A 

h i g her propo r t i on o f  t ox igen i c  s t r a i n s  o f  A .  f l a v u s  have 

been i s o l ated from o i l  seeds , espec i a l ly peanu t s  and c o t t on 

seed , than from r i c e  o r  so rghum (C ieg ler , 1 9 7 8 ) . F o r  any 

g i ven s t rain o f  A .  f l a v u s  the s ub s t r at e  w i l l  al s o  i n f l uenc e  

the amount o f  a f l a t o x i n  pro duced ( Bu t ler , 1 9 7 4 ) . 

I n  lab o r a t o ry s tud ies o f  t o x i n  product ion , v a r i o u s  c a r ­

b o n  sources have been used succes s fu l l y  in  syn thet i c  an d 

s emi syn thet i c  med i a  f o r  afl a t o x i n  p r o duc t i on . G luco s e ,  

s ucrose or  fruc t o s e  a r e  the prefer red carbon s ources 

(Mateles and Adys , 1 9 6 5 ; Dav i s  and D i ener , 1 9 6 8 ) . Dur i ng 

i t s  g rowth , the fungus al s o  req u i res  a number o f  t r ace elem ­

ent s  such as i ron and z inc ( D av i s  e t  a l . , 1 9 6 7 )  and v a r i ous 

v i t amins and am ino a c i ds , eg . t h i am i n , b i o t in .  Natural sub ­

s t r ates s uch as  g roundnuts , mai ze , r i ce and whea t h ave a l s o  

p roved sui t ab le and the yiel d o f  t o x i n  has frequen t ly b �en 

s uper ior  to that o b t a ined on s yn thet i c  m e d i a  ( S tubb l ef ield 

et  a l . , 1 9 6 7 ; Wi l dman et  a l . , 1 9 6 7 ; Shotwel l et  a l . , 1 9 6 6 ) . 

The hi ghes t amount o f  a f l at o x i n  p r o duced in cul ture ( 8  g / Kg )  

was rep o r ted by  Arsecu lera tne e t  a l .  ( 1 9 6 9 )  who u sed c o c onu t 

flesh as sub s t ra te .  

B i o l o g i c a l  fac t or s  include p l a n t  s t res s , p l an t  var iet a l  

d i f ferences , p resence o f  inver teb r a te vec t ors , degree o f  

fungus infec t i on , fung a l  s t r a in d i f ferences , s p o re l o ads  

and the gener a l  m i c ro b i o l o g i c a l  eco s y s tem .  Probably t he 

fungal  s t r a i n  i s  t he · mo s t  s i gn i f i c an t fac tor bec ause n o t  

a l l  s t ra ins o f  A .  flavus  are ab l e  t o  produce a f l a t o x i n  and 

even the t o x i g en i c  s t rains vary i n  their ab i l i ty t o  p r o du ce 

the vari ous a f l a t oxins  ( B t , B z , G t and G 2 )  ( Hes s el t in e  

( 

I 
I 
I 



e t  a Z .  , 1 9 7 0 ) . S t r a ins o f  t ro p i c a l  o r i g in s e em t o  b e  mo r e  

tox i g e n i c  than s t rains  from t emp e rat e r e g ions - 4 6 %  o f  the 

form e r  comp a r e d  to only 1 5 %  of the l a t t er ( J ac que t and 

Bo u t i b onnes , 1 9 7 0 , c i t e d  by M o r e au , 1 9 7 9 ) . Ac c o rd ing t o  

S t o l o f f  ( 1 9 7 7 ) , A .  paras i t i au s  i s  t h e  mo r e  l i ke l y  spec i e s  
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t o  b e  encoun t e r e d  in the warme r env i ronmen t s  and i t  i s  that  

sp e c i e s  wh i c h  i s  mo r e  l i ke ly t o  p roduce the g r e a t e s t  va r i e ty 

o f  a f l atoxin s . 

5 . 2  De t e rmina t i on o f  A f l a t o x in s . 

Ther e a r e  s ev e r a l  app r o a c h e s  for  inve s t i g a t ing the  

n a tu r a l  o c currence of  myc o t o xins  in f o o d s  and f e e ds . A 

d i r e c t , pre c i s e  but exp ens ive , app ro ach i s  t o  examine s u s p e c t  

m a t e r i a l  by  chemi c a l  me thods t o  de t e rmine wh e th e r  a s p e c i f i c  

myc o tox in o r  mix ture o f  myc o t ox in s  i s  a c tua l l y  p r e s e n t . An 

ind i r e c t  app roach i s  t o  i s o l a t e  fung i from the  sub s t ra t e  in  

pure cul ture , g row on a s u i t ab l e  m e d i um and then t e s t  f o r  

the i r  ab i l i ty to  pr odu c e  toxin . 

The d i r e c t  approach i s  the o n l y  de f in i t ive  way o f  

a s s e s s ing the s i gn i f i c an c e  o f  myc o t ox in - con t amina t e d  f e e d ­

s tu f f s  i n  n a tural outb r e aks  o f  di s e a s e . For  examp l e , the 

g rowth o f  A .  f l a v u s  from commod i t i e s  or th e i r  p r o du c t s  do e s  

n o t  automa t i c a l ly imp l y  t h e  p r e s e n c e  o f  a f l a t o x i n  i n  thos e 

commo d i t i e s . The s e  i s o l a t e s  may b e  n on - to x i g en i c  s t r a in s  

o r  g rowth o f  the fungus may no t have ac t iv e l y  o c curred i n  

t he c ommo d i t y , o r  o ccur r e d  t o  o n l y  a m inor d e g r e e . Conver ­

s e l y , a f l a to x in c an b e  d e t e c t e d  w i thout i t  b e i ng po s s i b l e  

t o  i s o l a t e  the  mou l d , p e rhap s b ec au s e  the fungus g r ew l ong  

a g o  and p r o duced  the t o x i n , b u t  t h e  fungus i t s e l f  h a s  s in c e  

d i s app e a r e d  ( Mo r e au , 1 9 7 9 ) . Howev e r , the d i r e c t  app roach 

h a s  l i t t l e  va lue when a c ommo d i ty is  s howing on ly inc i p i en t  

d e t e r i o ra t ion - i t  g iv e s  no indi c a t i on o f  the p o t en t i a l  s i g ­

n i f i c an c e  o f  any fun g i  wh i c h  may b e  p r e s en t , i . e .  the a c t u a l  

o r i g in o f  the myc o t ox in , n o r  c an i t  d i ffe ren t i a t e  t h e  a c t u a l  

l o c a t ion o f  t o x i n  p r o du c t i o n  w i th in t h e  s ub s t r a te , a s  s am ­

p l ing  p ro c e dure s r e qu i r e  b u l k  an a ly s i s  o f  the ma t e r i a l . 



The app ro ach t aken i n  th i s  inve s t i g a t i on was f i r s t  t o  

i s o l a t e  A .  f la v us s t rains , sub j e c t  t h em t o  a s c re en ing  

p r o c e dure  t o  d e t e rmine the i r  t o x i g en i c i ty , and t hen carry 

o u t  con f i rm a t o ry t e s t s  to  de t e rm i n e  the amoun t and typ e s  
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o f  a f l a t o x in which tox i g enic  s t r a i n s  we re ab l e  t o  p r o duc e . 

The s i gn i f i c ance o f  th i s  inform a t i o n  c o u l d  then b e  a s s e s s e d  

i n  r e l a t ion t o  t h e  a c tu a l  topograph i c  o r i g in o f  t h e  i s o l ­

a t e s . 

5 . 2 . 1  S c r e e n ing  p r o c e du r e s  f o r  fung a l  i s o l a t e s . 

A numb e r  o f  s c r e en in g  t echn iques a r e  ava i l ­

ab l e  wh ich u t i l i s e  the produ c t i on o f  f l uo r e s c en c e  on a g a r  

me d i a  o f  var i ous comp o s i t i on , e g . c o c onut a g a r  ( L in and 

D i an e s , 1 9 7 6 ) , co�n - s t e e p  l i qu o r  a g ar ( Hara e t  a l . , 1 9 7 4 )  

and pe anut e x t r a c t  a g a r  ( Conno l e , pe r s . comm . ) . O f  th e s e , 

c o c onut agar  i s  the mo s t  conven i en t . 

Co c onut was de s c r i b e d  by  Ar s e cu l e r a tne e t a l .  ( 1 9 6 9 )  as 

an ex c e l l e n t  sub s t r a t e  for a f l a to x i n  produc t i on . �nen 

grown on f r e s h l y - g r a t e d  cocon u t , a t o x i g e n i c  A .  f l a v u s  

s t r a i n  ( NRRL 2 9 9 9 )  p r o duced 8 mg ( t o t a l )  a f l a t o x in / g  c o c o ­

nut when incub a t e d  a t  2 4 ° C f o r  9 days  w i th ag i t a t ion . The s e  

autho r s  a l s o  u s e d c o c onut a g a r  me d ium t o  indu c e  f lu o r e s cence 

w i th in the agar . L a t e r , L i n  and D i anes  ( 1 9 7 6 )  u s e d  th i s  

me tho d suc c e s s fu l l y , us ing b o th f r e s h  co conut ex t r ac t and 

comme rc i a l  c o c onut ex t r ac t , f o r  s c re en ing a numb e r  o f  A .  

f l a v u s  i s o l a t e s . On ly a fl a t ox i n - p o s i t ive i s o l a t e s  showed 

char ac t e r i s t i c  b l ue or b lue - g r e en f l uore scence surround ing 

the  c o l ony on the  a g a r . 

L i n  and D i anes  n o t e d  that  the m inimum t ime r e qu i r e d  t o  

d e t e c t  f luo r e s cence on t h i s  med ium was 3 2  hour s w i t h  a 

s t rong a f l a toxin  p r o ducer  ( NRRL 2 9 9 9 ) , and 3 days ' incub ­

a t i on was s u f f i c i en t  for de t e c t i on o f  even ve ry we ak a f l a ­

t o x i n  p r o duc t ion . 



5 . 2 . 2  G e neral  ana lyt i c a l  pro c edur e s  

J o n e s  ( 1 9 7 7 )  l i s t ed t h e  g ener a l  s t ep s  fo r 

a f l a t ox in d e t e c t i on and anal y s i s  in  a g iven commo d i t y  o r  

fung a l  cu l ture . 
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a )  S amp l e  p r ep a r a t ion fo r ana l ys i s : the s amp l e , 

usua l ly ab out 1 to 5 Kg i s  g round and m i x e d  un t i l  the who l e  

s amp le  i s  homo g eneous . A 5 0  g ( us u a l l y )  sub - s amp l e  f o r  t he 

a c tu a l  analy s i s  i s  then taken us ing  qu a r t ering p ro c e du re s . 

b )  De fa t t ing : t h i s s t e p  may b e  ne c e s s ary i f  the 

m a t e r i a l  to  be an a l y s e d  con t a i ns mo re than ab ou t 5%  o f  

o i l  and o the r f a t ty mat e r i a l s . 

c )  Ex t r a c t ion and pur i f i c at io n  of extrac t : 

Su i t ab l e  s o lven t s  and c l e an - up p r o c e dure s are then u s e d to  

remove p o t en t i a l ly in t e r f e r ing f l u o r e s c en t  ma t e r i a l s  e t c . 

Mo s t  me tho ds of ext r ac t i on and pu r i f i c a t i on are  b a s e d  on 

the s o l ub i l i ty of a f l a tox ins in such o r g anic s o lven t s  as 

c h l oro form , me thano l , e than o l , a c e t o n e  and b en z ene , and 

the i r  ins o l ub i l i t y  in l i p i d s o l ven t s  s u ch as hexane , pe t ­

r o l eum e the r and d i e thyl e the r ( Mo r e a u , 19 7 9 ) . 

d )  Chrom a t o g r aph i c  s ep a r a t i on and as s e s sment D f  

a f l a t ox i n  conc e n t r a t ion in the e x t r a c t : var i ou s  t e chn i que s 

have b e e n  u s e d  f o r  s ep a r a t ing a f l a t o x ins but the more  pop ­

u l a r  s y s tems , two o f  whi c h  have b e en u s e d  in th i s  s tudy , 

invo lve thin - l ayer  chroma t o g r aphy and c o l umn chroma t o g r aphy . 

T L C  p r o v i de s  a r e a s onab l y  e as y  me thod for s ep a r a t ion o f  

the indiv i du a l  a f l a t ox ins . The u s e  o f  p l a t e s  c o a t e d  w i th a 

l ayer o f  s i l i c a  g e l  ( Ki e s e l  g e l G )  f o r  s e p ar a t ing the four 

a f l a to x in s  B 1 , B 2 , G 1  and G 2 was  f i r s t  r e p o r t e d  b y  D e  I ongh 

et a Z .  ( 1 9 6 2 , c it e d by  Mor e au , 1 9 7 9 ) . They u s e d  a mixture  

of  ch l o r o fo rm and me th an o l  ( 9 8 : 2 ) a s  dev e l op ing  s o lven t and 

c la s s i f i e d  the a f l a t o x i n  comp on e n t s  acc o r d ing to the i r  Rf ' s  

and c o l ou r . Sub s e quen t ly , d i f f e ren t so l v en t  s y s t ems h ave 

b e en u s e d . The Me tho ds  o f  the As s oc i at i o n  o f  O f f i c i a l  
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Ana l y t i c a l  Chem i s t s  ( 1 9 8 0 )  l i s t  1 2  such s o lvent s  wh i c h  c an 

b e  r e commend ed f o r  u s e i n  one - way chroma t og raphy s ys t em s . 

Many inve s t i g a t o r s  now us e 2 - d imens i on a l  TLC , par t i cu l a r l y  

when working w i t h  m i x e d  f e e d s tu f f s , a s  by  thi s me thod a f l a ­

toxin  i s  b e t t e r  r e s o l v e d  from c o ex t r a c t iv e s  ( Pat t e r s on and 

Rob e r t s , 1 9 8 0 ) . 

A common l y - u s e d  m e thod for the qu an t i t a t ive e s t ima t ion 

of a f l atoxins by  T L C  invo lves  d i r e c t  c ompari son of the 

inten s i ty o f  s p o t s  on  chroma t o g r am s  o f  t e s t  e x t r a c t s  exam ­

ined  unde r U . V .  l i g h t  w i t h  s t andards  o f  known concent r a t i on 

o f  a f l atoxin ( Ne s he i m , 1 9 6 4 ) , a l though e r rors o f  a s  much a s  

5 0 %  can b e  invo lved (Mo r e au ,  1 9 7 9 ) . Dens i t ome t r i c  o r  s p e c ­

t ropho tome t r i c  me tho ds  are  mo r e  a c cur a t e  ( Nabney and Neb i t t , 

1 9 6 5 ; Pons and Go l db l a t t , 1 9 6 9 ) . 

Min i c o lumn s a r e  a r e f inemen t  o f  l a r g e r  s c a l e  c o l umn 

chroma t o grap h i c  t e c hn i que s , and were  deve loped to prov i d e  

a s imp l e  and inexpens ive method f o r  u s e  at the p l an t  o r  

f i e l d  l eve l : to  enab l e  accep t an c e  o r  r e j e c t i on o f  l o t s  

( Rome r e t  a l . , 1 9 7 9 ) . They have mo s t ly been app l i e d  tu 

s urveys o f  p e anut  and c o rn s amp l e s . Hol aday ( 1 9 6 8 )  was 

t he f i r s t  to  r e p o r t  the use of m in i co lumn s for a f l a t o x in 

d e t e c t ion . The co lumn was p r e p a r e d  by f i l l ing  a l en g th o f  

4 mm d i ame t e r  g l a s s  tub ing w i t h  s i l i c a  g e l  t o  a depth  o � 
about 4 . 5  cm and deve l o ped w i t h  a c h l o rofo rm - me th an o l  

e x t r ac t  o f  the s &mp l e . Af l a t o x i n - po s i t ive s amp l e s  showe d 

a b lue f lu o r e s c e n t  b and a t  the l ow e r  end o f  the c o lumn 

when examined unde r  l ong - wave U . V . l i ght . Sens i t iv i ty was 

5 ppb ( Ho l aday , 1 9 6 8 ) . 

O f  the va r i ou s  m i n i co lumn m e t h o d s  in  u s e , a c omb ina t i on 

me thod , ( Ho l a d ay - Ve l a s c o )  for  a f l a toxin in c o rn has  b e e n  

ado p t e d  by b o t h  the As s oc i a t i on o f  O f f i c i al Ana l y t i c a l  

Chem i s t s and the Ame r i c an As s o c i a t i on o f  C e r e a l  Chem i s t ry 

( Shotwe l l  and Ho l aday , 1 9 8 1 ) , and a l s o  the I n t e rn a t i on a l  

Un i on o f  Pur e  and App l i e d  Chem i s t s  ( Rome r e t  a l .  , 1 9 7 9 ) . 

e )  C o nf i rm a t o ry t e s t s : add i t i on a l  chem i c a l  
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c o n f i rmatory t e s t s  a r e  n e e d e d  to  d i f f e r en t i at e unamb iguou s l y  

b e tween the a f l atoxins  and o t he r  f l u o r e s cent  c ompounds wh i c h  

m a y  b e  p r e s ent in an ex t r a c t  (Jones , 1 9 7 7 ) . Der iva t i z at ion 

d i r e c t l y  on t he chroma t o g ram u s ing , for  ex amp l e , a mixture  

of  a c e t i c  o r  form i c  ac i d  with t h i o ny l e  ch l o r i de , o r  t r i ­

f l u o r o a c e t i c  ac i d ,  can b e  u s e d  to  d i f fe r en t i a t e  a f l a t o x i n  

from a r t i f ac t s  ( Wi l ey a n d  Wa i s s , 1 9 6 8 ) . 

6 .  A IMS OF PROJ ECT 

With p a r t i cu l ar r e f er enc e to  A sp e rgi l lus  f l a v u s , t o : 

a .  Exam ine the t o t al  fun g a l  l o a d  and r e l a t i ve abundanc e 

o f  ind i v idu a l  s p e c i e s  on b o t h  inn e r  and ou t e r  surfac e s  

o f  the hu sks o f  f a rm - s t o r e d  b a r l ey g r a in s , i n  r e l a t i on 

to  d e g r e e  of spo i l ag e . 

b .  I nve s t i g a t e  the hyphae wi thin the hu sk t i s sue in 

r e l a t i on to th e i r  v i ab i l i ty and the i r  i den t i ty .  

and 

c .  Te s t  the s t r a i n s  o f  A .  f l a v u s  i s o l a t e d  for the i r  

ab i l i t y  to form a f l a t o x i n . 



MATER IALS AND METHODS 

1 .  Sampl e s  Exam i ned . 

1 . 1 S ource  o f  Sampl e s  

2 8  

S amp l e s  o f  b ar l ey g r ains  h e l d  in s t o r e  f o r  s to ck 

feeding purp o s e s  were  c o l l e c t e d from tw e lve f � rm s i l o s  in 

the Manawatu D i s t r i c t  du r ing the mo nth of Augu s t ,  1 9 8 1  ( F i g . 

2 ) . Al l g r a in h ad b e en s to r ed in s e a l ed meta l s i l o s  o f  

vary ing c ap ac i t i e s  ( T ab l e  3 )  for  four t o  f ive months exc e p t  

f o r  one s amp l e  ( PL )  wh ich had b e en s t ored  f o r  two y e a r s . 

Tab l e  3 a l s o  l i s t s the v i su a l  a s s e s sment o f  t h e  cond i t i on 

o f  the s amp l e s  a t  the t ime o f  c o l l ec t ion . 

1 . 2  S ampl e  C o l l e c t i on 

App ro x ima t e l y  2 Kg  s amp l e s  were c o l l ec t e d  from 

e ach s i l o .  I n  mo s t  c a s e s , t h e  s amp l e  was c o l l ec t ed f rom t h e  

up p e r  s u rface  o f  t h e  g r a i n  ma s s  b y  thoroughly m ix i ng an 

area of g r a i n  app roxima t e ly 1 m 2 x 30 cm deep b e fore  the 

s amp l e  was r emoved .  I n  two c a s e s  ( FH ' and SR)  s amp l e s  were  

c o l l e c t ed from the  s i l o  s hu t e . E ach s amp l e  was  p l ac e d  i n  a 

b r own mu l t i - wa l l  p ap e r  b ag ,  wh i ch was then s e a l e d w i t h  c e l l o ­

tape . S amp l e s  were h e l d  in a c o ld ro om ( 0 - 5 ° C ) unt i l  

requ i r ed . 

1 . 3 Mo i s ture  Cont ent 

1 . 3 . 1  At t im e  o f  int ro duc t i on t o  s i l o  

An app roxima t ion o f  the mo i s ture  cont ent 

of t h e  g r a i n  a t  t he t im e  of int ro duc t ion to  t h e  s i l os was 

rep o r t e d  by  t h e  ind iv i dua l  f arme rs from who s e  p r o p e r ty 

s amp l e s  were  c o l l e c t e d . 
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F i g u r e  2 .  S ourc e s  o f  f a rm - s t o r e d  b ar l ey s amp l e s  c o l l e c ted 

i n  the Manawatu D i s t r i c t . E a ch c o l l e c t ion s i t e  

i s  c o de d : MI . . . e t c . 



• MI 

• MO 

• 
Mar ton 

O fM 

Shannon 

Fei l ding 

·t 
No r t h  

LS • 

s s  • 

• SA 
• S R  

• S B 

3 0  
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T ab l e 3 .  De t a i l s  o f  the s i l o s  from wh ich g r a i n  was c o l l e c ­

t e d  and the c ond it ion o f  t h e  g r a in w i t h in each . 

Capac i ty S torage 

S ilo of s ilo Aerat ion perio d  

code ( Tonne s )  sys t em (months) V i sual condit ion o f  sampl e  

LS  200 + 5 Hea t ed , mouldy , grain mas s  in upper 

layer showed grey-coloured surfac e 

PL 100 - 2 4  Hea t ed , mouldy , mos t ly damaged gra in, 

caked , whi t e  and grey-co loured sur-

f ace ; grain weevils abundant . 

FH 75 - 5 Grain had b een t reated with " S ilo-

guard" * · Some grain was damaged ; 

dead grain weevils present . 

SA 80 - 4 Heat ed , mouldy , grey-co loured surface 

grain weevils abundant . 

S B  1 00 - 4 Grain �vas cone- shaped at bot tom o f  

s ilo ; mouldy , caked , some germinat ion 

MO t. o - 5 S l ightly mou ldy , grey-coloured , 

mainly at upper door of s i l o . 

AC 34 - 4 S l ightly mouldy. 

s s  9 2 + 5 Apparently c lean . 

MI 50 - 5 Appa ren t ly clean . 

S R  200 - 5 Apparently c lean . 

FC 80 - 4 Apparen t ly c l ean . 

FM 530 + 4 Apparently c lean ; grain had b een 

t r ea t ed with " S iloguard" * ·  

* Maldison 2% , Premium grade . 



1 . 3 . 2 L ab o r a t o ry d e t e rmi nat ion aft e r  s ampl ing 

The a i r  oven me thod was u s ed (Ai r  Oven 

Metho d ,  1 4 . 0 0 4 , AOAC 1 9 8 0 )  f o r  d e t e rmining the mo i s tu r e  

cont ent  o f  e ac h  s amp l e  w i t h in one w e e k  o f  c o l l e c t io n . 

P ro c edur e  

3 2  

1 .  Me t a l d i s he s  w i t h  fo i l  covers  we re d r i e d  a t  9 8 - 1 0 0 ° C  

for  two hours i n  a vented  a i r  oven , then c o o l ed in  

a d e s s i c a t o r  w i t h  c o ne . H 2 S0 4 a s  dry ing agent , and 

w e i g hed s o on a f t e r  r e a c h i ng room t emp e r a tur e . 

2 .  App r o x i m a t e l y  2 g o f  b ar l ey r emoved f rom the we l l ­

m i x e d  s amp l e  w a s  a c cu r a t e ly weighted i n t o  a d i s h . 

3 .  The s amp l e  was  h e a t ed to  1 3 0  ± 3 ° C  i n  the uncov e r e d  

d i s h e s  for  o n e  hour . ( T h e  dry ing p e r i o d  b e g an when 

the oven t emp e r a tu r e  was  ac tua l ly 1 3 0 ° C . )  

4 .  The d i shes  were  t r ans ferred to the d e s s i c a t o r  and 

we i g hed soon  a f t er r e ach ing room t emperatur e . 

1 . 4  Sub - s ampl ing . 

D i s po s ab l e  g l o v e s  were  worn to  thoroughly mix t h e  

g r a in s amp l e  a n d  app r o x im a t e l y  4 g sub s amp l e s  w e r e  taken 

r andomly and p l ac e d  i n  s m a l l s t e r i l e  p l as t i c  b a g s  f o r  

fu r ther p r o c e s s ing . 

2 .  Med i a , Re a g ents  and Appa r a tu s . 

2 . 1  Med i a . 

The  fo l l ow i n g  m e d i a  were u s ed : 

. I 
I 



a .  Po t a t o  D ex t r o s e  Agar ( PDA) : 

Po t a t o  infu s i o n  

D ex t r o s e  

Ag a r  

2 0 0 . 0  g 

2 0 . 0  g 

1 5 . 0  g 

1 R, D i s t i l l e d  w a t e r  

C h l o r amphen i c o l (to  a 

d i s s o lv e d  in  a l i t t l e  

f i n a l  c o ncentrat ion o f  

9 5 % a l co ho l )  wa s add ed 

to aut o c l aving for  1 0  m i nu t e s  a t  1 5  ps i .  

b .  Ma l t  S a l t  Ag ar (MSA) : 

M a l t o s e ( t echn i c a l )  

G ly c ero l 

B a c t o - P ep to n e  

B a c t o - agar  

NaC l 

D i s t i l l ed wa t er 

Au to c l av e d  f o r  1 0  m i nu t e s  a t  1 5  ps i .  

c .  C z ap e k- Dox Ag ar ( C DA) : 

Sucro s e  

S o d ium n i t r a t e  

D ip o t a s s ium phospha t e  

Magnes ium sulpha t e  

Po t a s s ium c h l o r i d e  

F e rrous  sulpha t e  

Ag a r  

D i s t i l l ed w a t e r  

Au t o c l av e d  fo r 1 0  m i nu t e s  a t  1 5  p s i .  

1 2 . 7 5 g 

2 . 7 5 g 

0 . 7 8 g 

1 5 . 0  g 

1 0 0 . 0 g 

1 R, 

3 0 . 0  g 

3 . 0  g 

1 .  0 g 

0 . 5  g 

0 . 5  g 

0 . 0 1 g 

1 5 . 0  g 

1 R, 

0 . 0 5 

p r i o r  

d .  Po t a t o - C a rro t Ag a r  ( PCA) ( Sporu l at i o n  M e d ium) : 

P o t a t o  2 0 0 . 0  g 

C ar ro t  2 0 0 . 0 g 

Tap water  1 R, 

3 3  

g /  R, ,  

The ing r e d i ents  were  b o i l ed for  2 0  m inut e s , s t ra ined 



and the v o lum e  adj u s t ed t o  1 � .  Then the r em a i n ing 

ingr e d i en t s  were  added : 

D ip o t a s s ium phosphate  

Ag a r  

Au t o c l av e d  f o r  1 5  m i nu t e s  a t  1 5  p s i .  

2 . 0  g 

2 0 . 0 g 

3 4  

e .  C o c o nu t  A g a r  - for p r ima ry s c r e en ing f o r  a f l a t o x i n  

produc t i on b y  A .  f la v u s  g roup i s o l a t e s . 

A 4 1 0 cm 3 c an o f  Co conu t C r e am , c o n t a ining cocoNu t 

c r e am ,  w a t e r , and po l y s o rb a t e  6 0  a s  manufa c tured b y  

Samo a T r o p i c a l  Produ c t s  L t d . w a s  us e d  as  co conu t  

s ource . 

" C o c onut C r e am" 

D i s t i l l ed w a t e r  

Ag a r  

p H  

Au to c l aved for 15  m i nu t e s  at 1 5  p s i  

2 0 0  cm 3 

6 0 0  cm 3 

1 2 . 0  g 

6 . 9  

and p l a t ed i n  

p l as t i c  p e t r i  d i s h e s . T h e  med ium was b e s t  u s e d  w i t h i n  

two weeks  o f  p r ep a ra t ion . 

f .  Sem i s yn t h e t i c  L i qu id Med ium ( SMKY) : 

( D i ener  & D av i s ,  1 9 6 6 . )  

Suc r o s e  - analyt i c a l  g ra d e  2 0 0 . 0  

Magn e s ium s u lp ha t e  0 . 5  

Po t a s s ium n i tr a t e  3 . 0  

Y e a s t e x t r a c t  ( D i f c o )  7 . 0  

D i s t i l l ed wat er 1 

pH 5 . 5  

g 

g 

g 

g 

� 

The m e d ium w a s  d i s p ens ed in S O  cm 3 quan t i t i e s  i n  

5 0 0  cm 3 c o n i c a l  f l a s ks . T h e  f l a s ks wer e  p lu g g e d  w i th 

c o t t o n  woo l  wrapped in  c he e s e  c l o t h  and the p lu g g e d  

mou th s e a l ed w i t h  a f o i l  c l o su r e  b e f o r e  au t o c l av ing 

for 1 0  m inu t e s  at  15  p s i .  



g .  We e t � b ix Med ium : 

Ma l t ed whe a t  b i s cu i t s  a s  manu f ac tured by San i t ar ium 

H e a l t h  F o o d  C o . , N ew Z e a l and , were  u s ed .  

C ru s hed We e t - b ix 

Tap w a t e r  

2 5 . 0 g 

1 2 . 5  cm 3 

D i s pens ed into a 5 0 0  cm 3 c on i c a l  f l a s k ,  p lu g g e d  

and s e a l e d a s  ab ove b e f o r e  b e ing aut o c l aved f o r  

1 5  minu t e s  a t  1 5  p s i .  

h .  P e ar l ed Bar l ey Med ium : 

A quant i ty o f  b a r l ey g r a i n  was  p e a r l ed mechan i c a l l y  

b y  Manaw a tu M i l l o f  F a rm Produ c t s  C o o p e r a t ive L t d . 

Hu s k s  and o t her sma l l p ar t i c l e s  we r e  removed b e fo r e  

we igh ing . 

P e a r l e d  b ar l ey 

T ap w a t e r  

5 0 . 0  g 

2 5 . 0  cm 3 

D i s p en s ed  into  a 5 0 0  cm 3 con i c al f l a s k  and p lugg ed 

and s e a l ed .  Left  overn i g h t  in  fridge  to  s o ak the 

g r a in s , then auto c l aved for 1 5  min� t es  a t  15  p s i . 

i .  Bar l ey Hu s k s  Med ium : 

3 5  

Co ar s e  hu s k s  ob t a i ned from t h e  p e a r l ing pro c e s s  w e r e  

s e ived through a 1 . 6 mm s i ev e to  r emov e  c o n t am inat ing 

s t arch g r a ins and very f ine hu sk part i c l e s ,  and t h e  

fo l l ow ing med ium p r ep ar e d : 

C o a r s e  hus k s  

T ap w a t e r  

2 5 . 0  g 

i 2 . 5  cm 3 

D i s p en s ed into  a 5 0 0  cm 3 con i c a l  f l a s k  and p l u g g e d  

and s e a l ed . So aked overn i g h t  in f r i d g e  then auto ­

c l aved for  1 5  m inut e s  a t  1 5  p s i .  



2 . 2 Reagent s . 

a .  T ryp an b l ue - v i t a l  s t a in : 

0 . 0 4 g t rypan b lu e *  was  d i s s o lved in  1 0 0  cm 3 1 %  

a c e t i c  a c i d  ( i n  s t e r i l e  d i s t i l l ed wa ter) . 

b .  Mo unt ing f lu i d  - L a c topheno l c o t t on b lu e : 

Pheno l crys t a l s  2 0 . 0 g 

L a c t i c  ac i d  2 0 . 0 g 

G lycero l 4 0 . 0  g 

D i s t i l l ed w a t e r  2 0 . 0  cm 3 

D i s s o lved by  g ent l e  h e a t  under  ho t t ap and 0 . 0 5 

co t ton b lu e  ( Po r r i er ' s  b lue)  was  then added . 

c .  Afl atoxin S t andard ( B and G ) : 

g 

A s t andard mixture o f  afl a toxins  wa s ob t a ined from 

S i gma Chem i c a l  Co . ,  U . S . A .  Each cm 3 o f  b enz ene­

a c e to n i t r i l e  ( 9 8 : 2  v/v)  m ixtur e cont a in e d  5 . 0  � g , 

1 . 5 � g ,  5 . 0  � g  and 1 . 5  � g  o f  B 1 , B2 , G 1  and G 2 
r e s p e c t ive l y . 

d .  T L C  d ev e l o pmen t s o l vent : 

3 6  

Chl o ro fo rm - a c et o n e - wa t er ( 8 8 : 1 2 : 1 . 5 ) w a s  u s ed a s  

d ev e l opment s o lvent i n  unl ined unequ i l i b r i a t ed g l a s s  

t anks . 

e .  Ext r a c t ion s o lvent : 

An a queous a c e t o n e  s o l u t ion w a s  p r e p a r e d  by  m1x 1ng 

8 5 0  cm 3 ac etone , 1 5 0  cm 3 d i s t i l l e d  w a t er and 8 cm3 

g l ac i a l  a c e t i c a c i d .  The s o lut ion wa s s to r e d  i n  a 

b rown b o t t l e . 

* BDH Chemicals L td . , Poole , England . 
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f .  L e a d  a c e t a t e  s o lut i o n . 

2 0 0  g n e u t r a l  l ead ac e t at e was d i s s o lved in d i s t i l l ed 

wa t e r , 3 cm3 g l ac i a l  ac e t i c  ac i d  added and t h e  s o l u t ion 

di l u t e d  t o  1 i. 

2 . 3  App a r a tus . 

2 . 3 . 1  M i n i c o lumns 

a)  L o c a l p r ep ar at i o n ,  as  des c r ib ed in 2 6 . 0 1 6  

AOAC 1 9 8 0 . · 

A 1 9  cm l ength  o f  g l a s s  tub ing o f  6 mm i . d . w a s  u s ed 

f o r  eac h m i n i c o lumn . A sma l l  p l ug o f  g l a s s  woo l  was 

t amp ed i nt o  one end of t h e  co lumn . The fo l l ow ing 

ma t e r i a l s were then add ed to the he i g h t s  ind i c a t ed 

in the f o l l ow ing o rd e r  and w i t h  cons tant t amp ing : 

C a l c iu m sulphate  ( anhydro u s )  8 - 1 0  mm 

F l o r i s i l *  8 - 1 0  mm 

S i l i ca g e l  1 6  - 2 0  mm 

N e u t r a l  a lum ina 8 - 1 0  mm 

C a l c ium sulph ate  ( anhydrou s )  8 - 1 0  mm 

A fur t h e r  smal l p lug  of  g l a s s  wo o l  wa s t amp ed on 

t op o f  the c o lumn ( F i g . 3 , A) and g en t l e  p r e s sure 

app l i e d  to  this  g l as s wo o l  p lug w i t h  a thin  g l a s s  

r o d  t o  a s s i s t  the comp a c t ion o f  ing r e d i en t s . 

the 

b)  Comme r c i al ly p repared  m in i co lumns wer e  

o b t a in e d  f r o m  Tudor  Sc i en t i f i c G l a s s  Co . ,  B e lverder e , 

U . S . A . The mat e r i a l s w i t h i n  the s e  c o lumn s a r e  s hown 

i n  F i g u r e  3 , B . 

Al l c o l umns we r e  s t o r e d  i n  a d e s s i c a t o r  c o n t a i n ing 

s i l i c a  g e l  as  dry ing a g e n t  for at l e a s t  5 days b e f o r e  

u s e . 

* Florisi l  - Reg is tered Trad e  Mark for a brand o f  ac t ivated 
Magnes ium s i l i ca t e .  
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F i gure  3 .  Compo nent s o f  the m i n i c o l umns u s ed for s c r e en ing  

cul ture  ex t ra c t s  for  a f l a t o x i n . 



Glass\vcol plug 
Calc ium sulpha t e  

Alumina 

S il i ca gel 

Flor i s i l  

Ca lcium sulphat e 

Glasswoo l plug 

19 cm 

A. Locally-pr epared . 

3 9  

1 5  cm 

F i l t e r  pulp 

A lumina 

Flo r i s il 

Fil t er pulp -

B .  Commercially-p r epared . 



2 . 3 . 2 Thin- layer Chroma tography (TLC ) 

2 0  cm x 2 0  cm a lum inium s he e t s  p r eco a t e d  w i t h  

s i l i c a  g e l  6 0  ( w i thout f l uo r e s c ent i nd i c a t or)  ( 5 5 5 3 )  wi t h  

a l ay e r  thi c kne s s  o f  0 . 2  mm , wer e  o b t a ined from E .  Me r e k , 

Darms t adt . 

3 .  Myco f l o r a  o f  B a r l ey G r a i n  Hus k .  

3 . 1 Fung i o n  out er sur fac e ( O . S . ) 

3 . 1 . 1 Samp l e  p r o c e s s i ng 

4 0  

1 g quant i t i e s  o f  e a c h  sub- s amp l e  ( Se c t i o n  

1 . 4 ) were ac cura t e l y  we i gh e d  into  s t e r i l e  univ er s a l  b o t t l e s  

( 1  o z , s c r ew- c ap ) . 1 0  s t e r i l e  g l a s s  b e ads and 1 0  cm 3 s t e r ­

i l e  d i s t i l l e d water  ( s . d . w . ) we re then added t o  e ac h . The 

s amp l e s  were mechan i c a l l y  s haken for 30 minu t e s  on a r e c i p ­

r o c a t ing s haker  g iv ing a 1 cm throw , 5 thriDws p e r  s e c ond . 

3 . 1 . 2  D i l u t ion p l a t ing and count ing p r o c edur e s  

Af t e r  t h e  s haking p e r iod t h e  sup ernatant 

was  imme d i a t e l y  de can t ed into ano ther s t e r i l e  unive r s a l  

b o t t l e . Thi s s u s pens i on w a s  shaken v i gorou s ly on a mix� r *  

fo r 2 0  s e conds b e fo r e  t r an s f e r ring 1 cm 3 i n t o  9 . 0 cm 3 o f  

d i l uent s . d . w .  A s e r i e s o f  d i l u t i o n s  ( 1 0 - 2 
t o  1 0 - 5 ) were  

p r ep a r e d  by s t andard t e c hn i que s . B e fo r e  e ac h  t r ans f e r , 

the suspens i on was s h aken v i g o rous l y  for 1 0  s e conds to  

p r event s e d imen t a t ion of  sus p ended ma t e r i a l . 

Dup l i ca t e  1 . 0  cm 3 quan t i t i e s  o f  the appropr i a t e  d i l ­

u t ions  we r e  t r an s f e rr e d  t o  ster i l e  p l as t i c  p e t r i  d i she s 

and 1 5  cm o f  mo l t en but  c o o l PDA med ium added and mixed  

tho roughly with  t h e  s u s p en s ion b e fo r e  l e av ing to  s e t .  

Al l p l a t e s  we r e  exam in e d  a f t e r  3 ,  5 and 7 days o f  

incub a t i on a t  2 5 ° C .  Su i t ab l e  p l a t e s  showing b e tween 2 0  and 

2 0 0  c o l on i e s  we r e  u s e d  to e s t im a t e  the t o t a l  v i ab l e  c oun t . 

* Super-mixer , Lab-Line Ins truments , Inc . , U . S . A . 



I d ent i f i c at i o n  p r o c edur e s  a r e  d e t a i l ed in  Sec t i on 4 .  

3 . 2 Fung i on I nner Sur f a c e  ( I . S . )  

3 . 2 . 1 S ampl e pro c e s s ing and d ehus k i ng 

Sub � amp l e s o f  2 g g r a in were r emoved from 

t h e  bulk s amp l e  and s o aked f o r  3 hours in  1 0  cm 3 s . d . w .  a t  

4 ° C .  The wa t e r  was  dr a ined o ff and the grain was t r e a t ed 

wi th 1 0  cm 3 o f  fu l l - s t r ength s o d ium hypo chl o r i t e  s o lu t i on 

for 1 minu t e  w i th o c cas i onal  s haking to  d i sp e r s e  a i r  bub ­

b l e s from t h e  g r a i n  sur f ac e s . The s t e r i l ant was t hen de c ­

ant ed o f f  and t h e  g r a in s  r in s e d  i n  s even chan g e s  ( 2 0 cm 3 

each)  o f  s . d . w . wi th v i gorous  h an d - shaking fo r � m i nu t e  

e ach t ime . 

The s amp l e  was  dra ined b y  a s e p t i c a l ly p l ac ing  the 

g r a ins onto three  l ay e r s  o f  s t e r i l e  f i l t e r  p ap e r  c on t a in e d  

i n  s t e r i l e  g l a s s  p e t r i  d i s he s . Th e g r a ins were  dehu s k e d  

w i th f l am e d  f o r c ep s , s t a r t ing  f rom t h e  prox imal  e n d  and 

p e e l ing to the d i s t a l  end and from the dors a l  s i de  to the 

ven t ra l  furrow , removing b o t h  t h e  l emma and the p a l e a .  

3 . 2 . 2  D i lu t i on pl a t i ng and count ing pr o c edur e s  

A l l  t h e  hu s ks f rom the 2 g who l e  g r a i n  

s amp l e  we r e  c o l l e c t ed i n  a s t e r i l e  unive r s a l  b o t t l e  and 

mechan i c a l l y  s haken w i th 2 0  s t e r i l e  g l as s  b e ad s  in 1 0  cm 3 

i . d . w . on  t h e  r e c ipro c a t ing s haker for  3 0  minu t e s .  The 

sup ernat ant was t hen d e c an t ed o f f . From thi s s u s p en s i o n  

s e r ia l  d i lu t i on s  were mad e a n d  p l a t e d  as  in  S e c t i on 3 . 2 . 1 , 

for v i ab l e  coun t s and ident i f i c a t ion . 

3 . 3 Fun g i  w i th in Hus k  T i s sue . 

41 

The hus ks were r ewashed  in s even c hang e s  of s . d . w .  

( 2 0  cm 3 e ach)  w i t h  v ig orous hand - sh ak ing for  � m inu t e  a t  

each change . 



3 . 3 . 1  M i c r o s copi c  exam i nat i o n  o f  s t a in e d  hus k  

t i s s u e  

4 2  

Ten hus k  s t r ip s  w e r e  ex amined i n  t rypan 

b lue v i t a l  s t a i n  ( S e c t ion 2 . 2 ) .  P r e l im i nary exp e r iment s 

had s hown that  t h e  v i t a l  s t a in a t  the concentrat i on s  u s e d  

had ve ry l i t t l e  e ff e c t  o n  the g rowth o f  a range o f  fung i 

t e s t e d . The s t r i p s  w e r e  s o ak e d  in  t h e  s t ain on a s l i de , 

w i t h  t he inn e r  s u r f a c e  o f  the s t r i p  upp e rmo s t , f o r  f iv e  

m inut e s . A cove r s l ip w a s  app l i e d  and t h e  en t i re s u r f a c e  o f  

t h e  s t r ip was t h e n  examined . T h e  p r e s ence o f  fun g a l  hyp h a e  

w a s  n o t e d  as p r e s en t  ( + )  or  ab s en t  ( - )  and t h e  myc e l i a l  

den s i ty e s t im a t e d  roughly o n  a s c a l e  1 +  to  5 + . 

3 . 3 . 2 Cu l tural exam ina t i on 

Aft e r exam i n ing t h e  hu sk s t r ip s  in v i t al 

s t a i n , five o f  the s t r ip s  were p l a t ed o u t  ont o MSA and f iv e  

onto PDA , be i n g  p l a c e d  equ i d i s t an t l y  o n  the agar surfac e .  

Bo t h  p l a t e s  we re incub a t e d  a t  2 5 ° C  for  two we eks  a f t e r  

wh i ch t h e  growth w a s  exam i n e d  and s ub c u l ture s m a d e  f o r  

i den t i f i ca t i o n  i f  n e c e s s ary . 

4 .  I dent i f i c a t i on and Ma int enance o f  I s o l a t e s . 

4 . 1  I d ent i f i c at i o n  

The i s o l at e d  fung i wer e i dent i f i e d  according  t o  

s t andard me t h o d s  o f  macro s c op i c  and m i cro scop i c  exam i na t i on 

and the cr i t e r i a  d e s c r ib e d  i n  B a rn e t t  and Hun t e r , 1 9 7 2 ; 

B a r ren , 1 9 6 8 ; E l l i s , 1 9 7 1 , 1 9 7 6 ; G i lman , 1 9 5 7 ; McG i nn i s , 

1 9 8 0 ; Rap er and F e nne l , 1 9 6 5  and Rape r  and Thorn , 1 9 6 8 . 

Non - s p o r u l a t ing c o l on i e s  were  subcu l tured o n  MSA and 

PDA and/or  P CA for one month , w i t h  p e r i od i c  examin a t i o n  

f o r  s p o r e s  b e fo r e  d i s c ar d i n g . 

I s o l a t e s  o f  the A .  f L a v u s  g r oup we re sub cu l tured o n  



CDA f o r  t h r e e  weeks a t  2 5 ° C t o  a l l ow fur t her s p e c i a t ion . 

4 . 2  S e l e c t ion o f  A .  fl av us s t r ains and s ource  o f  

c u l tu r e s  f o r  a f l a t o x in a s s ays 

4 . 2 . 1  B a r l ey i s o l a t e s 

5 2  i s o l at e s  o f  A .  f l avus  L i nk and thr e e  

i s o l at e s  wh i ch s eemed c l o s e r to  A .  p ara s i t i c u s  S p e a r  w e r e  

ob t a ined f r o m  b ar l ey hu s k s  in  t h i s  s tudy . 

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

4 3  

3 2  i s o l a t e s  from s o i l  s amp l e s  were  supp l i ed  

b y  Dr . M .  B ax t e r ; 9 were  A .  flavus  L ink and 2 3  A .  tamari i 

K i t a .  

4 . 2 . 3  Re f e r enc e s t r ain 

A cu l t u r e  of  A .  p aras i t i c u s  s t r a i n  N RRL 

2 9 9 9  ( a  h i g h  a f l at ox in - p r o duc ing s t r a in) was k indly 

supp l i e d  by D r . C .  F r e ke , N a t ional D a i ry Lab o ratory , 

H am i l t o n . 

4 . 3  Mai n t e nance o f  i s o l a t e s . 

The agar  s l an t  me thod us ing PDA i n  univer s a l  

b o t t l es was u s ed f o r  t h e  m a int enance o f  cu l tures , wh i ch 

we r e  h e l d  at  r o om t emp e rature w i t h  sub c u l tur ing and check­

ing  eve ry s ix month s . 

5 .  Cu l tu r a l  Methods  f o r  A f l a t ox in Produc t i on .  

5 . 1 C o c onut Ag a r  

A l l  A .  f l a v u s  � roup i s o l at e s  were grown o n  PDA 

s l an t s  for t h r e e  d ay s  a t  2 5 ° C ,  and then sub cul tured into  

the c en t r e  of  c o conu t  a g a r  and incub a t ed a t  2 5 ° C .  The 



p l a t e s  w e re v i ewed unde r l ong - wave U . V .  l ight ( 3 6 5  nm) i n  

a darkened r o o m  a f t e r  3 ,  5 and 1 0  d ay s  o f  incub a t i o n  t o  

d e t e c t  f luo r e s c ent mat e r i a l . 

5 . 2  Sem i s ynthe t i c  L iqu i d  Med ium . 

4 4  

F o r  t h i s  medium , 4 0  A .  flavus  g roup i s o l a t e s  were  

u s ed ; 34  from b ar l ey , 5 from s o i l  and the A .  p a ras i t i c u s  

s t rain  N RRL 2 9 9 9 . Spore s u s p ens i ons were  prep a r e d  from 7 -

1 4  day - o l d  cu l tu r e s  o n  PDA s l an t s , b y  add ing 5 cm 3 s . d . w .  

and de t aching the s p o r es b y  ag i t a t ion w i t h  a s t e r i l e  p l a t ­

inum l o op . 0 . 5 cm 3 o f  s p o r e  s u sp ens i on was ino c u l a t ed into 

a f l a s k  of SMKY . Af t e r  s hak ing t o  d i s t r ibute t h e  spor e s , 

the f l a s ks w e r e  incub ated in  e i th e r  a s t a t ionary p o s i t i on 

at  2 5 ° C  for 7 - 9  d ay s , or in  a s ha k ing incub a t o r *  a t  2 8 ° C  

for  4 - 5  days ( 1 0 0  rpm) . Al l f l a s k s  were wrapp e d  comp l e t e ly 

w i t h  fo i l  t o  d arken the cu l tu r e . 

5 . 3  We e t - b ix Med ium . 

S ix A .  f l avus  i s o l a t e s  ( 4  f rom bar l ey and 2 f rom 

so i l ) were  c u l tured on t h i s  s ub s t ra t e , and a l s o  s t r a i n  NRRL 

2 9 9 9 . 0 . 5  cm 3 o f  s p o r e  s u s p ens i o n  ( p r epared as in S e c t ion 

5 . 2 ) was inoc� l a t e d  ihto the med ium in 500  cm 3 c o n i c a l  

f l as ks and incub a t ed at 2 5 ° C  for  1 0 - 1 2  days . To  keep a .h i g h  

mo i s ture l eve l , 1 cm 3 s t e r i l e  d i s t i l l ed wa t e r  w a s  added 

d a i ly  for f ive  d ay s ; the r e a f t e r  0 . 5 cm 3 was a d d e d  unt i l  t h e  

t ime o f  harve s t ing ( th i s  t ec hn ique a l s o  m a i n t a ined t h e  

0 2 l ev e l ) . 

5 . 4  P e a r l ed B a r l ey and Bar l ey Hu s k s  Med i a . 

I no cu l a  o f  three  tox i g en i c  s t ra ins and one non ­

t o x i g en i c  s t ra i n  w e re p r ep ar ed a s  i n  S e c t i on 5 . 2  and us ed  

t o  i n o cu l at e  p e a r l e d  b a r l ey and b ar l ey hu s k s •  med i a .  The 

cul tures  were incub ated i n  s t at i onary cond i t i o n  at  2 5 ° C  for 

* Controlled environment incub a t o r  shaker , New Brunswick S c i en t i f i c  

Co . ,  Canada . 



1 0 - 1 2  d ays . 

6 .  Extrac t i on o f  Af l at o x i n  from Cu l tur e s . 

6 . 1  Ext r a c t ion from SMKY Cu l tu r e s  

4 5  

Chl o ro fo rm ( analyt i c a l  g rade)  was u s ed as  ext r ac ­

t i on s o lvent . 1 0 0  cm 3 CHC 1 3 ( 2 : 1  v/v)  was added to  t h e  

cul ture f l a s k  t o g ether  w i t h  approx ima t e l y  1 0 0  g g l as s b e ads . 

The f l a s k  was  l e ft fo r one hour w i t h  p e r i odic  s haking . The 

c o n t ents  w e r e  then f i l t e red t hrough 1 6  fo lds o f  che e s ec l o th ,  

t h e  c l o th was hed w i t h  2 0  cm 3 C HC 1 3 and the who l e  f i l t r a t e  

co l l e c t ed in  a 2 0 0  cm 3 d i s p ens ing b o t t l e .  Thi s  c rude 

extract  was  r e f i l t e red tw i c e  "throu g h  a fo lded c i r c l e  o f  

Wh atman No . 4 f i l t e r  p ap e r , c ove r ing  the funn e l  w i th  a g l a s s 

p e t r i  d i sh t o  r e duce evap o r a t ion . The f i l t er p ap e r  w a s  

was hed w i t h  1 0  cm 3 CHC 1 3 a f t e r  e a c h  f i l t r at i o n . 

Al l the ex t r act  was co l l ec t ed into  a 2 5 0  cm 3 s ep ar at o ry 

funnel and s haken v i g o rou s l y for  ab o u t  one m i nu t e ,  then l e f t  

f o r  1 0  minu t e s  t o  s epara t e  into  two l ayers . T h e  lower 

( C H C 1 3 ) l ay e r  was  dr a in e d  into  a 2 5 0  cm 3 round f l a s k , and 

t h i s  ex trac t concen t r a t ed by evapo r a t ing the CHC1 3 on a 

r o t ary evap o ra t o r *  ( avo i d ing dryne s s ) . The e x t r ac t w a s  

r e - suspended in  3 cm 3 CHC1 3 and s to r ed i n  a sma l l v i a l  pr i o r  

t o  analys i s  by m i n i c o lumn a n d  TLC . 

6 . 2  Ex t r ac t io n  from We e t - b ix , P ea r l ed B ar l ey and 

B ar l ey Hu sks  Me d i a  

T h e  method us ed  w a s  s im i l ar to  that  d e s c r ib e d  b y  

Pons e t  a l .  , 1 9 6 8 : 

6 . 2 . 1  S ampl e  e x t r ac t i o n  

2 5 0  cm 3 ext r ac t i o n  s o l vent ( Se c t i o n  2 . 2 . e) 

was added t o  t h e  con i c a l  f l a s k  conta i n ing t h e  fung a l  c u l ture  

* Buchi Rotavapor-R. 



and the who l e  c o v e r e d  w i t h  ab out 1 0 0  g s o l id g l a s s  b e ad s . 

The cu l ture c lump w a s  b ro ken w i t h  a s t a in l e s s - s t e e l  s p a t ­

u l a  into  sma l l  p i e c e s  and the f l a s k  then p lugged  and 

s e a l ed . The f l a s k  was shaken v i go rou s l y  for 3 0  m i nu t e s  o n  

a r e c iprocat ing shaker . The extract  w a s  f i l t e r e d  through 

a f o l ded c i rc l e  o f  Wha tman No . 4 f i l t er p aper . Abou t 1 5 0  

cm 3 o f  f i l t r a t e  w a s  co l l ec t ed . 

6 . 2 . 2  L e ad ac e t a t e  t r e a tment 

1 2 5  cm 3 o f  the c rude extract  was m e a s u r e d  

into  a 2 5 0  cm 3 b e ak e r  and 2 0  cm 3 d i s t i l l ed wa t e r , a n d  s ev ­

e r a l  c l e an b o i l ing c h i p s  ( an t i - bump ing g r anu l e s )  w e r e  

4 6  

added . The m ix t ur e was  s t i r r e d  and then bo i l ed o n  a s t e am 

b a th unt i l  t h e  v o l ume was r educ e d  t o  l 2 5  cm 3 • Af t e r  co o l ing 

t o  room temp e r a ture , the cont ent s were t r ans f e rr e d  to a 

2 S O  cm 3 gradu a t e d  c y l inder , was h ing t h e  b e aker w i th d i s t i l l ed 

w a t e r , and d i l u t e d  to  2 0 0  cm 3 • 4 g o f  f i l t er a i d *  were  

added and the who l e  m i x e d  we l l  b e fore  f i l ter ing through a 

fo l ded c i rc l e  o f  Whatman No . 4 f i l t e r  pap er . Ab o u t  1 7 0  cm 3 

o f  f i l t r ate w e r e  c o l l ec t e d . 

6 . 2 . 3  C h l o r o fo rm pa r t i t io n  

1 6 0  cm 3 o f  t h e  f i l t r a t e  was m e a s u r ed intp 

a Z S O  cm 3 g r adu a t ed cyl inder and S O  cm 3 CHC 1 3 added . T h e  

m ixture w a s  s haken v i g o r ou s l y  f o r  abo u t  1 m i n u t e  and then 

t r ans fe rred to  a 2 S O  cm 3 s epar atory funn el  and s h aken ag a in 

f o r  ab out 1 m i nu t e . The CHC1 3 ( l ow e r )  pha s e  was d r a ined  

through a s o d ium s u l phate  dry ing tub e ( Pons and Go l db l a t t , 

1 9 6 S ) . The f i l t r a t e  was  co l l e c t ed in  a c l ean 2 5 0  cm 3 b ea k e r . 

The e x t r ac t ion w a s  r epeated  w i t h  a s e cond S O  cm 3 quan t i ty 

o f  CHC1 3 • T h e  s o d ium s u l pha t e  tub e was wa shed w i th 2 0  cm 3 

o f  CHC 1 3 and the c omb ined C H C 1 3 ex t r a c t  ( about 1 0 0  cm 3 )  was  

t rans f erred i n t o  a 2 S O  cm 3 round f l a s k  to evapo r a t e  t o  n e a r ­

dryne s s  und e r  vacuum on a ro t a ry evap o r ato r ( avo i d ing  dry ­

n e s s  o f  extrac t ) . The extrac t wa s d i s s o lved in 3 cm3 C HC 1 3 

* C e l i t e  H y f l o - S u p e r c e l  f i l t e r  a i d . 



and t rans f e r r e d  t o  a sma l l v i a l  p r i o r  to  a f l a t o x in a s s ay 

by b o t h  minic o l umn and TLC  t ec hn i que . 

7 .  D e t e c t ion o f  Af l a tox i n .  

7 . 1 Min i c o l umn Me tho d 

7 . 1 . 1 T ec hn ique 

U s i ng a 5 cm 3 d i s p o s ab l e  syr ing e w i t h  a 

4 7  

1 5  g auge need l e , 2 cm 3 o f  extrac t s o lu t ion w a s  t r an s f e r r ed 

int o the mini c o l umn wh i ch was h e l d  upr i g h t  i n  a s up p o r t  

ra c k . T h e  CHC1 3 w a s  a l l ow e d  to  run t hrough t h e  c o lumn b y  

g r av i ty .  Wh en t h e  f l ow r a t e  was very s l ow , a rubb e r  b u l b  

a t t ac hed t o  the t o p  o f  t h e  co lumn was us ed  t o  p ro v i de g en t l e  

p r e s sure . Wh en the CHC 1 3 had comp l e t e l y  run t h rough ( 1 5 -

3 0  m i nu t e s )  3 cm 3 o f  e l u t i o n  s o l vent ( CHC 1 3 - a c e tone , 9 : 1 ) 

was d r a ined through . The c o lumn cou l d  then b e  exam ined i n  

a darkened room und er l o n g - wave U . V .  l i ght t o  d e t e c t  any 

b l u e  f luo r e s c en t  b and at the top o f  the Fl o r i s i l  l aye r . 

C omp a r i s on c o u l d  then b e  made t o  a r e f e r e nce m in i c o l umn . 

7 . 1 . 2  P r eparat i on o f  r e f e r ence m i n i c o lumn 

1 0 0  � t o £  a f l a t o x i n  s t andard s o lu t i on ( S e c ­

t i on 2 . 2 . c ) wa s added t o  0 . 9  cm 3 chl o ro form i n  a smal l v i a l . 

The ent i r e  s o l u t i on was  run into  a m i n i co l umn and 3 cm 3 

e l u t i on s o lvent  ( CHC1 3 - a c e t one , 9 : 1 ) was t h e n  p a s s e d  

through the c o l umn . The s o lvent was removed b y  forc ing i t  

through the co l umn w i th n i t ro g en ( p r e s sure a t  � 1 0  cm 3 /m i n . ) . 

The c o l umn was a l l owed to  dry and then wr app ed in fo i l  and 

s t o r ed in a f r e e z e r . T h i s  r e fe rence m i n i c o lumn conta ined 

0 . 5 � g ,  0 . 1 5 � g ,  0 . 5  � g and 0 . 1 5 � g / cm o f  B 1 , B2 , G 1  and 

G 2 r e s p e c t ive ly . 

7 . 2  Th i n - l aye r  Chroma t o g r aphy ( T L C) 



7 . 2 . 1  Spo t t i ng t echn ique 

A c omp l e t e  p l at e  ( 2 0  x 2 0 )  was u s ed f o r  

ana lys i ng 4 s amp l e s  s imu l t aneou s l y  o r  a ha l f - p l a t e  ( 1 0  x 

4 8  

2 0 )  for ana l y s ing 2 s amp l e s . A l i g ht penc i l  l in e  ( sp o t t ing 

l ine)  was marked  3 cm f rom the bo t tom edge o f  the p l a t e .  

Al iquo t s  o f  1 ,  5 and 8 � � o r  2 ,  5 and 1 0  � � from t h e  s tan­

dard a f l a t o x i n  and 2 ,  5 and 10  � � or  2 ,  5 and 1 2  � � f r om 

t e s t  s amp l e s  we r e  s p o t t e d  onto t h e  p l a t e s  us ing a 1 0  � � 

d i spo s ab l e  m i c ro - p ipe t t e * . The m i c ro - p i p e t t e  was d iv i de d  

w i th a wax p enc i l  e qua l l y  i n t o  4 p a r t s  t o  as s i s t  w i t h  e s t im ­

a t ion o f  al iquo t quant i ty .  Af t e r  app l i c a t i o n  o f  t h e  s amp l e s , 

the p l a t e  w a s  l e f t  for  5 - 1 0 m i nu t e s  t o  dry in  sub due d  l i g h t  

b e fore deve l op ing . 

7 . 2 . 2  T L C  dev e l opment 

The p l a t e s wer e d ev e l o p ed in s ub d u e d  l i ght  

1n 100  cm 3 c h l o ro fo rm- a c e t o n e - wa t e r  ( 8 8 : 1 2 : 1 . 5 ) ,  i n  an  

unl ined and unequ i l i b r i a t ed g l a s s  t ank , unt i l  t h e  s o lven t 

front reached  a mark 1 3  cm b eyond the s p o t t ing l in e . Then 

the p l a t e  wa s r emoved from the s o lvent and dr i e d  in  a dark 

fume cupb o a r d  for 20 m inu t e s  b e fo re b e ing exam i n e d  unde r  

l ong - wave U . V .  l i ght  in  a darkened room . 

* Lambdas , Drumrnond S cien t i f i c  Co . ,  U . S . A. 
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RESULT S 

1 .  Mo i s ture  C o n t e n t  (M . C . ) 

The l ab o r a t o ry e s t imat ions o f  t h e  M . C .  o f  t h e  samp l e s  

w e re l ower than t h e  values  provided b y  the farmers  and s a i d  

t o  b e  t rue a t  t h e  t ime o f  s to r ag e . On - farm de t e rm i nat i on s  

r ang ed from 1 3 %  ( 2  s amp l e s )  t o  1 6 %  ( s amp l e  FH) ( T ab l e  4 ) . 

Mo i s tu r e  cont en ts d e t erm i ned in the l ab o r ato ry showed a 

max imum o f  1 5 . 7 %  ( s amp l e  LS ) and a l ow o f  9 . 5 % ( s amp l e  S S ) . 

Tab l e  4 .  Mo i s tu r e content  o f  b ar l ey g r a i n  s ampl e s . 

S i l o  s amp l e  M .  C .  b e fo r e  M .  C .  at  

code  s t o r ag e  * s amp l i ng * * 

L S  1 4  1 5 . 7  

P L  1 3  1 1 . 9  

FH 16  1 0 . 5  

SA 1 4  1 2 . 1  

S B  1 4  1 2 � 0  

MO 1 4  1 3 . 9  

AC 1 4  1 2 . 0  

s s  1 4  9 . 5  

M I  1 4  1 4 . 7  

S R  1 4  1 2 . 2  

F C  1 4  1 0 . 0  

FM 1 3  9 . 6  

* = Mo i s ture c on t ent a t  t ime o f  int roduc t i on t o  s i l o s  as  

r epo rted b y  the  ind iv idua l f a rme r s . 

* *  = Mo i s ture  c o n t ent a t  t ime o f  s ampl ing ( l ab .  d e t e r ­

minations ) .  



2 .  T o t al Fun g a l  Load o f  I nner  and Out e r  Sur f a c e  o f  Bar l ey 
Hus ks . 

2 . 1  Ou t e r  s ur fa c e  ( O . S . )  

I n  T ab l e  5 ,  the  t o t a l  fun g a l  v i ab l e  c ount s a r e  

exp r e s s ed as  t h e  ave rag e c o l ony form ing un i t s  ( C . F . U . ) / g 

b a r l ey g r ai n , as de t e rm ined by t h e  t ec hn i qu e s  d e s cr i b ed 

in Me tho d s  3 . 1 .  Y ea s t  and b ac t e r i a  w e r e  o f  neg l ig ib l e  

p r o p o r t ions i n  a l l  th e s e  d e t e rminat i ons . 

The coun t s  f l uc tua t e d  b e tween 0 . 4  x 1 02 ( s aQp l e  S R )  

t o  2 . 6  x 1 0 6 ( s amp l e  L S ) . 

2 . 2  I nn e r  s u r fac e ( I . S . )  

Fung a l  count s o f  the inner sur fac e o f  hu s k s  as  

d e t e rmined b y  the t e chn iques  des cr ibed  in Methods  3 . 2 a r e  

a l s o  g iven i n  Tab l e  5 .  

The inn e r  s u r f a c e  v i ab l e  coun t s fluctuated b e tween 

0 . 1 x 1 02 ( s amp l e  FM) t o  4 . 1 x 1 0 � ( s amp l e  L S ) . Ex c e p t  

s o  

f o r  s amp l e s  FH a n d  S S , I . S . coun t s  we r e  low e r  than tho s e  

r e c o rded f r om the O . S . The ave r a g e  m e an d i f f er ence b e twe en 

t h e  two c o un t s  fo r a l l  1 2  s amp l e s  w a s  2 . 2  x 1 0 5 • 

3 .  Fung i I s o l a t e d  f rom I nner and Out e r  Sur fac e s  o f  

B a r l ey Hus ks . 

Only memb e r s  o f  t h e  g enu s A s p ergi l lu s  ar e cons i d e r e d  at 

s p e c i e s  l ev e l . Al l 12 s amp l e s exam ined by the d i lu t i o n  

p l a t ing t e chn i que y i e l de d  A sp e rg i l l i and they were  t h e  p r e ­

dominant fung i o n  b o t h  I . S . and O . S .  o f  s amp l e s  L S  t o  AC . 

The d i s t r ibu t ion o f  i s o l at ions o f  ind ividu a l  A sp e rgi l l u s  

s pp . i s  shown in Tab l e  6 and summar i z ed  in  T ab l e  8 .  A t o t a l  

o f  n i n e  sp e c i e s  w a s  i s o l at e d  from t h e  s amp l e s exam ined and 

a l l  s amp l e s  were  p o s i t iv e  for at l eas t one s p e c i e s . A .  

f l a v u s  was the mo s t  f r e qu en t  ( 1 1  o f  1 2  s amp l e s  p o s i t iv e ) ; 

7 s amp l e s  y i e l de d  A .  fum i g a t u s  and 6 A .  g la u cu s . The 



Tab l e  5 .  V i ab l e  count s o f  inner and outer  surfac e s  o f  

Ea r l ey hu s ks . 

C FU/ g g r ain 

Samp l e  Out e r  I nn e r  D i ffer enc e 

c o d e  s urface  surfac e * in c ount s 

L S  2 . 6  X 1 0 6 4 . 1  X 1 0 4  2 . 5 6 X 1 0 6 

P L  9 .  7 X 1 0 3 4 . 2  X 1 0 3 5 . 5 0 X 1 0 3 

F H  5 . 5  X 1 0 2 2 .  5 X 1 0 3 - 1 . 9 5 X 1 0 3  

SA 9 . 1  X 1 0 3 1 .  7 X 1 0 3 7 . 4 0 X 1 0 3 

S B  7 . 7  X 1 0 3 1 .  7 X 1 0 3 6 . 0 0 X 1 0 3 

MO 2 .  7 X 1 0 �+  5 . 6  X 1 0 2 2 . 6 4 X 1 0 4  

AC 4 . 9  X 1 0 3  1 .  4 X 1 0 3 3 . 5 0 X 1 0 3 

ss 0 . 7 4 x l 0 2 0 . 9  X 1 0 2 - 0 . 1 6 X 1 0 2 

MI 1 . 4  X 1 0 3  0 .  2 4  X 1 0 2 1 .  3 8  X 1 0 3 

SR 0 . 4  X 1 0 2 0 . 1 8 X 1 0 2 0 . 2 2 X 1 0 2 

FC 3 . 1  X 1 0 2 0 . 1 7 x l 0 2 2 . 9 3 X 1 0 2 

FM 3 . 1 X 1 0 2 0 . 1  X 1 0 2 3 . 0 0 X 1 0 2 

Ave r a g e  mean d i f f er ence : 2 . 2 X 1 0 3 

* C F U  o f  hu sks  o b t a ined from 1 g barl ey g r a in .  

5 1  

r ema 1 n 1 ng sp e c i e s  were found in  b e tween 1 and 3 s amp l e s . 

Mo s t  i s o l at io n s  o f  A .  g la u cu s , A .  fum i g a t u s  and A .  r e s t ri c ­

tus  w e r e  made from t he I . S .  but mo s t  A .  f l a v u s  i s o l a t e s  

we r e  o b t a in e d  from the O . S .  

The d i s t r ib u t i o n  o f  i s o l a t i ons o f  genera  o th e r  than 

A s p e rg i l lu s  s p p . f rom the I . S . and O . S .  o f  t h e  s amp l e s  

exam i n e d  b y  t h e  d i lu t i on p l a t ing method i s  shown i n  Tab l e  

7 .  T h e  mo s t  c ommon s p e c i e s  wer e  A l t e rnar i a  ( from 8 / 1 2  

s amp l e s ) ; C la do sp o r i um ( 7 / 1 2 ) ; and A u reobas i di um ( 7 / 1 2 ) . 



Tab l e  6 .  Presence o f  various Aspergi l li on outer and inner surfaces of husks as d e t ermined by d ilut ion pla t ing. 

Aspergi l lus 

s p ecies 

candid us 

c lavatus 

flavus 

� 
fwnigatus 

glaucus 

ornatus 

restrictus 

terre us 

versicolor · 
--- - --� 

LS PL FH SA SB 

I / S  0 / S  I / S  0 / S  I / S  0 / S  I / S  0 / S  I / S  0 / S  

+ 

+ 

+ 

+ 

+ 

+ 

+ 

* 
+ + +t + +t + 

+t + + 

+ + + + + 

+t ++ I +t 

+ 

+ 

* = +t the predominant species . 

+ + 

+t + 

+ 

+ + 

S ampl e code 

MO AC ss  MI SR FC 
-

I / S  0 / S  I / S  0 / S  I / S  0 / S  I / S  0 / S  I / S 0 / S  I / S  0/ S 

+ +t + + + + + 

+ + + + + 

+ 

+ 

FM 

I / S  0 / S  

+ 

V1 
N 



Tab le 7 .  Presence o f  genera o ther than Aspergul lus on outer & inner surfaces of hu sks as det ermined by d ilu t ion plat ing. 

Sampl e code 

- - - - - --

LS PL FH SA SB MO AC ss MI SR FC FM 

I / S  0/S  I/S  0/S  I / S  0/S  I/S  0/S  I / S  0/S  I./S  0/ S I / S  0 / S  I / S  0/S  I/S  0/S  I / S  0/S  I / S  0/S  I / S  0/ s 
* 

A Z ternaria · 
+ + + + + + + + +t + +t +t +t + t 

Aureo- + +t +t + +r +t + + + 
basidiwn 

Arthriniwn + 

Cladosporiwn + + + +t +t +t + + + 
Drechslera + 

Fonsecaea + 

Fusariwn + -1- + + + 

Moni lia + + 

Papulospora + + 
Penicilliwn + + + +t + + +t + + + + + + + 

Trichotheciwn + » 

Zygomycetes + + + 
Non-spor- + + + + + + + + 
ulating ** + 

Total g enera 2 2 .(3 2 2 4· 5 4 6 5 6 3 
--- --

* +t = the predominant g enus . ** = not included in t o t al oc currence est imation. 

VI 
I.M 



Tab l e  8 .  G ener a i s o l a t e d  from 1 2  bar l er s amEl e s  

d i lu t i o n  El a t ing me thod on PDA a t  2 5 ° C .  

Presence in 12 samp les 

Overall I nner surface Outer 

Genus No . % No . % No . 

Aspergi llus 12  100 10 83  1 1  

Peniai l Ziwn 9 75 6 50  8 

A lternaria 8 6 7  6 50 8 

Aureobasidiwn 7 58  4 3 3  5 

Cladosporium 7 58  3 25 6 

Fusarium 5 42  0 0 5 

Zygomycetes 2 1 7  1 8 2 

Arthriniwn 1 8 1 8 0 

Dreahs Zera 1 8 1 8 0 

Fonseaaea 1 8 1 8 0 

Moni lia 1 8 1 8 1 

Papu lospora 1 8 1 8 1 

Triahotheaiwn 1 8 1 8 0 

Aspergi l lus spp: 

A .  candidus 1 8 1 8 1 

A .  clavatus 1 8 1 8 0 

A .  flavus 1 1  9 2  6 50 1 1  

A .  fumigatus 7 5 8  .., 58  2 I 

A .  glaucus 6 s o  6 so 3 

A .  ornatus 1 8 1 8 0 

A .  res trictus 3 25  3 25 0 

A .  terre us 2 1 7  0 0 2 

A .  versicolor 2 
. .. 1 7  2 1 7  2 

N o t e :  "Zygomycetes " were mo s t ly Mucor spp . 

5 4  

hr the 

surface 

% 

92  

6 7  

6 7  

42 

50 

42 

1 7  

0 

0 

0 

8 

8 

0 

8 

0 

92 

1 7  

25 

0 

0 

1 7  

1 7  



Fu s arium was i s o l a t e d  from S s amp l e s , but from t h e  O . S .  

onl y .  

4 .  Pre s enc e , V i ab i l i ty and I d ent i ty o f  Hyphae w i t h i n  

Hu s k  T i s s u e . 

4 . 1 As s e s sment o f  fung a l  myc e l ium o b s erved w i t h i n  

hus k  t i s s u e  

s s  

Hus k  s t r i p s  from each  s amp l e  wer e exam ined  for  the 

p r e s ence  of hyphae  as de s c r i b ed in  Me tho d s  3 . 3 . 2 . Trypan 

b l ue s t ains  the l ive myc e l ium b lu e  or dark blue , hu s k  c e l l s  

s t ay ye l l owi sh b rown , spo r e s  and dead myc e l ium d o  n o t  s t ain , 

and s ome hyphae  appear  b rown o r  dark brown and do n o t  t ake 

up the s t a in ( P l a t e s  1 and 2 ) . The myc e l ium f r e quen t l y  

extended ov e r  t h e  I . S . o f  t h e  hu s ks , par t i cu l a r l y  a t  the 

two ends and a l ong the s i des  o f  the vent ral  furrow of the 

g r a in . In h e av i l y infe c t e d  s amp l e s  the myce l i um c ov e r e d  

t h e  comp l e t e  hu s k  surfac e . I n  m o s t s amp l e s , the hyphae 

were hya l in e , but s amp l e  PL s howed a l arge amoun t o f  b r own 

hyphae ( in s ome s t r ips i t  wa s > 8 0 %  o f  t o t a l  hyphae ) . 

The amount o f  myc e l ium in  e ach o f  the 1 0  s t r i p s  from 

e ach s amp l e  was  as s e s s e d  w i t h  the hypha l grad ing s c al e  1 +  

t o  5 +  ( Tab l e  9 ) . 

4 . 1 . 1  Re l a t ive Myc e l i a l  S co r e  

The t o t a l  numb e r  o f  s t r ip s  s howing hyphae from 

e ach s amp l e  o f  1 0  s t r ip s  examined b y  t ryp an b lu e  ranged 

b etween 7 / 1 0  t o  1 0 / 1 0 , and t h i s r a t i o  cons t i tut e s  the 

Re l at ive My&e l i a l  S c o re ( R . M . S . ) .  S s amp l e s  g av e  a R . M . S .  

o f  1 0 / 1 0 , 3 s amp l e s  9 / 1 0 , 3 s ampl e s  8 / 1 0  and one s amp l e  

7 / 1 0  ( Tab l e  9 ) . 

4 . 1 . 2  C omparat ive Myc e l i a l  S c o re 

The t o t a l  amount o f  a s s e s s ed myc e l ium ( to t a l  

p lus e s )  f o r  a l l  1 0  hus k s t r ip s  o f  individual  s amp l e s  i s  
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P l a t e  1 .  Fungal  hyph a e  ( s t a in e d  b lu e  b y  t ryp an b lu e ) , 

s e en on t h e  inner  surface  o f  t h e  hu s k ,  from 

S amp l e  FM ( c l e an ) . 

( 3 2 0  x ,  u s ing LBT f i l t er . )  

P l at e  2 .  Fungal  hyphae , h e avy invas i o n  o f  the inn e r  

sur fac e o f  the hu s k ,  from S amp l e  LS  (mouldy) . 

( 1 2 5  x ,  u s ing y e l low f i l t er . )  





Tab l e  9 .  A s s e s s m e n t  o f  funga l  hyph ae ob s e rv e d  w i t h i n t e n  hu s k  s t r ips / s ampl e  and the i r  v i ab i]-_i_!y. 

Abun d a n c e  o f  hyp h a e  

* * �<:: * * *  
S t r ip I 1 2 3 4 5 6 7 . 8 9 1 0  R . M . S .  C . M .  S .  R . V . S .  

-

S ampl e  c o d e  

L S  4 +  2 +  2 +  4 +  1 +  4 +  2 +  2 +  4 +  1 +  1 0  2 6 1 0  

PL 3 +  5 +  4 +  3 +  5 +  2 +  3 +  4 +  3 +  2 +  1 0  3 4  7 

FH 3 +  1 +  3 +  0 2 +  2 +  3 +  2 +  1 +  3 +  9 2 0  1 0  

SA 3 +  0 2 +  3 +  1 +  3 +  0 3 +  2 +  0 7 1 7  3 
. 

SB  4 +  4 +  3 +  3 +  2 +  2 +  2 +  4 +  4 +  2 +  1 0  3 0  10 

MO 0 2 +  0 3 +  2 +  . 1 +  2 +  3 +  1 +  3 +  8 1 7  4 

AC 1 +  1 +  2 +  3 +  1 +  2 +  3 +  1 +  2 +  1 +  1 0  1 7  8 

s s  3 +  0 2 +  3 +  2 +  3 +  0 2 +  3 +  2 +  8 2 0  1 0  

M I  1 +  2 +  3 +  3 +  1 +  0 1 +  3 +  2 +  2 +  9 1 8  4 

S R  . 1 + 1 +  0 2 +  1 +  1 +  2 +  1 +  2 +  4 +  9 1 5  1 

F C  1 + 3 +  3 + 3 + 1 + 2 +  1 + 3 +  4 +  1 +  1 0  2 2  0 

FM 1+ 2 +  1 +  2 +  0 0 3 +  1 +  1 +  1 +  8 1 2  0 

CJ1 

* R . M. S . = Relative Hycelial Score (Total No . st:cips showing hyphae/ 10) ; ** C . M . S .  = Compara tive Mycelial Score 
-.....) 

(Total pluses/sample) ; *�'' * R . V . S .  = Relative Viab ility S core (Total No . strips showing growth/ 10) . 



exp r e s s e d  a s  Comp ar at i ve Myc e l i a l  S c o r e  ( C . M . S . ) i n  T ab l e  

9 .  The  s c o r e s  r ang ed from 1 2  ( s amp l e  FM) t o  3 4  ( s amp l e  

PL)  • 

4 .  2 Hyp h a l  V i ab i l i_ty 

4 . 2 . 1  Re l a t i ve V i ab i l i ty Sco r e  

T ab l e  9 a l s o  comp a r e s  the o c c u r r en c e  o f  

fung a l  myc e l i a w i t h i n  h u s k  s t r i p s  t o  t h e i r  v i a b i l i t y as 

as s e s s e d  by the t e chn i qu e s  d e s c r i b e d  in Me tho d s  3 . 3 . 2 .  

The t o t a l  numb e r  o f  s t r i p s  s howing hyphae from e ach 

s amp l e  of 1 0  s t r i p s  exam i n e d  by trypan b l ue ( i . e . R . M . S . )  

rang e d  b e twe en 7 / 1 0  t o  1 0 / 1 0 . Ho weve r , when the s t r i p s  

we re cul tur e d , 2 s amp l e s  ( FM and F C )  showed no g rowth from 

any s t r i p , and the re was  g rowth from only 1 / 1 0  s t r i p s  from 

s amp l e  SR.  The remain ing s amp l e s  gave g r o�th  f r om 3 / 1 0  t o  

1 0 / 1 0  s t ri p s . The s e  r e s u l t s  are exp r e s s e d  a s  t h e  Re lat ive 

V i ab i l i ty S c o r e  ( R . V . S . )  in Tab l e  9 .  

2 s t r i p s  from s amp l e  S S  and one from s amp l e  FH  had 

f a i l e d to r e v e a l  hyphae , b u t  y i e l ded g r owth on cu l ture . 

4 . 2 . 2  Spe c i e s  i s o l a t e d  

5 8  

A s p e rg i l l u s  s pp .  w e r e  the pr edom i nan t 

i s o l a t e s  f r o m  s amp l e s  L S  t o  AC , but  o ther g en e r a , e s p e c i a l l y 

A l t e rnaria , were  common in the rema ining  s amp l e s .  The de t ­

a i l e d  r e s u l t s  a re l i s t ed  in Tab l e  1 0 , and s h ow that  in a l l  

b u t  4 s amp l e s  a s ing l e  s p e c i e s  was o b t a in e d  fr om ind i v i du a l  

s t r i p s . Two s amp l e s  ( F C  an d FM) had shown hyphae in the 

s t r i p s  exam i n e d  b u t  g ave n o  g rowth . Two s t r ip s  of s amp l e  

S S  s howed z e ro hyphal g r ading bu t g ave A l te rnaria i n  cu l ture, 

and one s t r i p  o f  s amp l e  FH  in wh i ch no hyphae had b e e n  de t ­

e c t e d  g ave A sp e rg i l l u s  re s tri c tus  when cul tured . 

A t o t a l  o f  7 A s p e rg i l l us  spp . we re i s o l a t e d  ( Tab l e  1 1 ) . 

O f  t he s e  A .  g l a u c u s  was  the mo s t  c ommon ( 2 0  i s o l at e s  from 



Table 10 . Species iso l ated from husk s t r ips after examina t ion in 

v i t al s t a in for the presence of mycelium . 

S t r ip cul tured on 

MSA PDA 

5 9  

- --

Sample S t rip Hyphal S t Yip Hyphal 
code . RVS no . grading Isolates no . grading Isolates 

LS 10 1 4+ A .  candidus 6 4+ A .  candidus 

2 2+ A .  candidus 7 2+ Penici Uiwn 

3 2+ A .  terreus 8 2+ A .  flavus 

4 4+ A .  terreus A .  fwnigatus 

A .  candid us 9 4+ Zygomycetes 

5 1+ A .  versico lor 10 1+ Zygomycetes 

PL 7 1 3+ A .  res trictus 8 4+ A.  flavus 

2 5+ , , 9 3+ Papu lospora 

3 4+ , , 

4 3+ , , 

5 5+ , , 

FH 10 1 3+ A .  res trictus 6 2+ A .  rectrictus 

2 1+ , 11 7 3+ " , 

3 2+ " " 8 2+ " " 

4 0 " " 9 1+ " , 

5 2.+ " " 1 0  3+ " , 

SA 3 1 3+ A.  fwnigatus 6 3+ A.  glaucus 

3 2+ A. glaucus 

S B  10 1 4+ A .  glaucus 6 2+ A.  glaucus 

2 4+ , , 7 2+ Moni lia 

3 3+ , , 8 4+ A.  glaucus 

4 3+ " " 9 4+ " " 

5 2+ " , 1 0  2+ , " 



Tab le 1 0 .  ( Cont inued . )  

Strip cultured on 

Sample 
cod e .  

MO 

AC 

ss  

MI 

SR 

FC 

FM 

MSA 

S trip Hyphal 
RVS no . grad ing Isolates 

4 4 3+ A .  glaucus 

5 2+ , , 

8 1 1+ A .  glaucus 

Penici l liwn 

3 2+ A .  glaucus 

4 3+ A .  versicolor 

Trichotheciwn 

PeniciUiwn 

5 1+ A .  glaucus 

10  1 3+ A lternaria 

2 0 , 

3 2+ , 

4 3+ , 

5 2+ , 

4 2 2+ A lternaria 

3 3+ , 

1 5 1+ A .  fwnigatus 

NA No growth 

NA No grmvth 

Total isola t es : 

Aspergi l lus s pecies 49 

Other g enera 2 3  

72 

S t r ip 
no . 

7 

1 0  

6 

7 

8 

10  

6 

7 

8 

9 

1 0  

7 
9 

6 0  

PDA 

Hyphal 
grad ing I so lates 

2+ Trichotheci wn 

3+ , 

2+ A.  glaucus 

3+ , , 

1+ , , 

1+ , , 

3+ A lternaria 

0 , 

2+ A.  fwnigatus 

3+ A lternaria 

2+ , 

1+ A lternaria 

2+ , 

. 

No grm.rth 

No growt h 

No growth 



Tab le 1 1 .  Iso lat ions of Aspergi l lus spp. from 10 husk s t rips/ sampl e  at 2 5
°

C ( 5  o n  MSA, 5 on PDA) . 

Aspergi l lus spp. 

S ample candidus flavus I furnigatus glaucus terreus res trictus versicolor Total 

PDA ! MSA 1 PDA 
-- isolates /  

code. MSA PDA MSA MSA PDA MSA PDA MSA PDA MSA PDA samp l e .  · 
-

LS 3 1 1 1 2 1 9 

PL 1 5 6 

. FH 5 5 10  

SA 1 1 1 3 

SB 5 4 9 

MO 2 I 2 

AC 3 4 1 8 

s s  1 1 

MI 0 

S R  1 1 

FC 0 

FM 0 

Total/ 3 1 0 2 2 2 1 1  9 2 0 10 5 2 0 

1 2 0  s t rips 
4 2 4 20 2 1 5  2 49 

8 . 2 %  4% 8 . 2% I 40% 4% 30% 4% 
- -- --

MSA = Malt Salt  Agar ( 30 isolates ) ; PDA = Potato Dextros e Agar ( 19 isolates ) . 0\ 
� 
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4 s amp l e s ) . A s p e l'gi l Z us spp . w e r e  pres ent i n  a l l  s amp l e s  

L S  t o  AC , b u t  only 2 o f  the rema in ing s amp l e s  y i e l d e d  i s o l ­

ates  o f  A s p e rg i l lu s  ( A . fum iga t u s ) . One s amp l e  ( L S )  y i e l d ed 

5 sp e c i e s , 3 s amp l e s 2 s p e c i e s , 5 s amp l e s  y i e lded 1 s p ec i e s . 

Samp l e s  MI , F C  and FM were  n e g a t ive f o r  A sp e rgi l l u s  spp . 

A .  f l a v u s  w a s  i s o l a t ed from o n l y  2 s amp l e s  ( L S and P L ) , and 

g rew only on PDA . Overal l ,  MSA g ave a g r e a t e r  numb e r  o f  

i s o l a t ions o f  A sp e rg i l l us s p e c i e s  than d i d  PDA a t  t h e  s am e  

incub a t i on t emp e r a tur e . 

O t h e r  fung i i s o l a t ed w e r e  mo s t l y  f i e l d fung i ,  and w e r e  

p r e s ent l e s s  fr equent ly than w e r e  A s p e rg i l lu s  spp . They 

s howed a s c a t t e r ed  occur r ence among the s amp l e s  exam ined . 

Sp e c i e s  o f  t h e  g enera  A l ternaria�  Pe n i c i l l i um�  Tric ho t h e c i um� 

Mo ni l i a �  Pap u l o spora and a l s o  Z y gomy c e t e s  were i s o l a t e d . 

A l t e rnar ia was  the mo s t  fr equent ( Tab l e  1 2 ) . 

5 .  Ove r a l l  P r e s ence o f  Funga l I s o l a t e s  in the B a r l ex 

S amp l e s . 

T ab l e  1 3  s e t s  out the ove r a l l  p r e s enc e o f  fung a l  g en e r a  

i s o l at ed from t h e  b ar l ey s amp l e s  exam ined by  t h e  tw o m e thods  

u s e d in t he s e  s tu d i e s , i . e .  by  d i l u t ion p l a t ing and b y  d i r ­

e c t  c u l t u r e  o f  hu s k  t i s s ue . N i n e A sp e rg i l l u s  spp . w e r e  

i s o l a t e d , A .  f l avus  having t h e  h i g h e s t  frequency f r om th� 

s amp l e s  b o th among the A sp e rg i l l i and among t o t a l  fung i 

i s o l a t e d ( i t o c cu r r ed in 1 1 / 1 2  s amp l e s ) . The nex t m o s t  

f r equent s p e c i e s  o f A sp e rgi l l u s  wa s A .  fumigatus , i s o l a t e d  

f r o m  1 0  s amp l e s .  A .  candidus , A .  c l ava tus and A .  o rn a t u s  

w e r e  e a c h  i s o l a ted from a s ing l e  s amp l e  onl y .  

I n  add i t i on t o  A s p e rgi l l i , 1 2  o th e r  fungal  g e n e r a  w e re 

i s o l ated , P e n i c i l l i um b e ing the mo s t  common ( i so l a t ed from 

� 9 s amp l e s ) . A l t e rnaria , C lado sp o rium and A ure ob a s i dium 

w e r e  each i s o l a t e d  from 7 o r  8 s ampl e s . 



Table 1 2 . Isolations of  genera o ther than Aspergi l lus from 10 husk s tr ips / sampl e at 25
°

C ( 5  on MSA, 5 on PDA) . 

Genus A lternaria Monilia Papulospora Trichotheciv.m Zygomycetes Penici l lium 
To tal 

Sample code MSA PDA MSA PDA MSA PDA .· MSA PDA MSA PDA MSA PDA isolates 

LS 

F L  

FH 

SA 

SB 

MO 

AC 

ss 5 4 

MI 2 2 

SR 

F C 

FM 

To t al / 12 0  s t rips 
7 6 0 

1 3  I 1 

% total isolations 59% I 4 . 5% 

(MSA = 9 i so lates ; PDA 

1 

1 0 

1 

4 . 5% 
-- ------

1 

1 

1 3  isola t es . )  

2 

2 

2 

0 2 0 2 2 

2 2 

I 9% 9% 
-------------- ---------

1 

1 

3 

1 3 . 6% 
- - ---------

I 
3 

1 

0 

0 

1 

2 

2 

9 

4 

0 

0 

0 

2 2  

---- ----

0\ 
tN 
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Tab l e  1 3 .  Fungi isolated from b ar l ey s ameles ei ther by the d i lu t ion 

pla t ing me thod or by d ir e c t  pl ating o f  hu sks . 

S omrl e code 

Fungal species LS PL FH SA SB HO AC s s  MI SR re FH 

Aspergi Z Zus_§?p_. 

A.  candidus + 

A .  c lavatus + 

A.  flavus + + + + + + + + + + + 

A .  fwnigatus + + + + + + + 

A .  g laucus + + + + + + + 

A .  ornatus + 

A .  restrictus + + + 

A .  terre us + + 

A .  versico Z.or + + + 

Penici l lium spp . + + + + + + + + + 

Fusarium spp . + + + + + 

A lternaria spp . + + + + + + + + 

Aureobasidiwn spp. + + + + + + + 

Moni lia cpp. + 

Papulospora ? + 

Trichotheciwn spp . + 

Zygomycetes + + 

Arthriniwn + 

Cladosporiwn + + + + + + + 

Drechs lera + 

Fonsecaea + 

Non-s poru l a t ing 
& unidentified + + + + + · + + + 



6 .  Re l at i o n s h ip_ o f  Sampl e  Cond i t i on t o  the Myc o f l o ra . 

6 . 1  Samp l e  cond i t i on , v i ab l e  c o unts and t h e  mo s t  

f r equent fungal g en e r a  i s o l a t e d by d i lut io n  

pl at i ng. 

6 5  

A c omp ar i s on o f  the app arently  ' mo u l dy '  o r  ' c l ean ' 

s t a t e  o f  t h e  s amp l e s in r e l a t i on to  to tal v i ab l e  counts and 

the  pre s en c e  o f  individu a l  g enera  c an now b e  made . At the  

t ime o f  co l l e c t i on , the s amp l e s ' cond i t ion had b e en a s s e s ­

s ed vi sual l y  a s  ' mouldy ' , ' s l i ght l y  mou ldy ' o r  ' c l e an ' , 

( Tab l e  3 ;  P l a t e s  3 & 4 ) . 

6 . 1 . 1  V i ab l e  coun t s  

Tab l e  5 l i s t ed t h e  r e s u l t s  o f  t h e  i nd ividual 

v i ab l e  coun t s  of both O . S .  and I . S .  for  e ach s amp l e . The s e  

d a t a  a r e  summa r i z e d i n  F i gure 4 .  Ou t e r  sur f a c e  coun t s  d i d  

no t c l e a r ly r e f l e c t  t h e  g ro s s  s amp l e  cond i t i on b u t  c ount s  

o f  the inn e r  surface  were  c on s i s t e n t l y  high e r  in tho s e  s am ­

p l e s  wh i c h  h a d  b e en c l a s s i f i e d  as mou l dy o r  s l i ght ly mou l dy .  

I nner s u r f a c e  coun t s  o f  de f in i t e l y  mou l dy s amp l e s  L S , PL , 

FH , SA and S B , and the s l i g h t l y  mo u l dy s amp l e s  MO and AC 
<:/ 

r anged b e tween 1 . 4  x 1 0 3 and 4 . 1  x 1 0 4 , and tho s e  o f  the 

app aren t l y  c l e an s amp l e s  S S , MI , SR , FC and FM b e tw e en 0 � 1 

x 1 0 2 to  0 . 9  x 1 0 2 • A ' c on d i t i on l ine ' cou l d  b e  e s t ab l i sh e d  

at  about 2 . 0  x 1 0 2 CFU/ g g r a i n  f o r  the s e  I . S .  coun t s . I f  

above t h i s  l eve l , the s amp l e  cou l d  b e  cons i d e r e d  as  mouldy . 

The s e  r e s u l t s  ag r e e d  w i th g ro s s  v i s u a l  j ud g ement o f  the 

s amp l e s ' cond i t i on but d i d  no t d i f f e r ent i a t e  b e tween mou l dy 

and s l i g h t l y  mou l d y .  

6 . 1 . 2  Ind i v i du a l  g e nera  

In  mou l dy s amp l e s  the  pr edominant g enera  

were  e i th e r  A sp e rg i l l u s  o r  Peni c i l l i um . I n  c l e an s amp l e s  

the s e  g en e r a  wer e i s o l at ed on ly o c c as i onal l y . Tab l e  1 4  

shows the  mo s t  f r e quent genus i n  e ach samp l e  ( I . S .  and O . S . )  

ob tained by d i l u t ion p l at ing  in  r e l a t i on to  the c ond i t ion o f  
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P l a t e  3 .  G ro s s  v i su a l  c o nd i t i o n  o f  two 

o n  t h e  l e ft ( S amp l e  S S )  c l e an and that  on the 

r i ght  ( S amp l e  L S )  mou l dy .  

P l a t e  4 .  Mou l dy , g ro s s ly - spo i l ed g r a in ( Samp l e  P L , 

mou l dy ) . 





Figure 4 .  Viab l e  counts o f  out er and inner surfac e  of  husks in relat ion to gross visual appearance of sampl e .  
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Tab le 1 4 .  Cond i t ion o f  barley s amples and the most f r equent iso lates 

from ou ter and inner surfaces o f  husks ( d ilut ion pla t ing 

rr:ethod ) . 

S ample 
c od e  Condition 

Mo s t  frequent isola t e  

Inner surface Outer surface 

LS M Aspergi l lus spp. Aspergi l lus spp. 

PL M Aspergi l lus spp . Aspergi l lus spp. 

FH M Aspergi l lus spp. Aspergi l lus spp. 

SA M Aspergi l lus spp. Penici llium spp. 

SB M Aspergi l lus spp. AspergiUus spp. 

HO SM · Aureobasidium spp. Penicil lium spp. 

AC SM Auerobasidium spp . Aspergi l lus spp. 

S S  C Aureobasidium spp. Aw'eobasidium spp. 

MI C Cladosporiwn spp. Cladosporium spp. 

S R  C A lternaria spp. Cladosporium spp. 

F C  C A l ternaria spp. A lternm'ia spp. 

FM C A lternaria spp. A lternaria spp . 

M mouldy ; SM = s l ightly mouldy ; C = clean . 

the s amp l e  a t  the  t ime  o f  co l l e ct i o n . 

Asp e rgi l l us spp . were  the  p r edomi nant ( i . e . > 5 0 %  o f  

t o t a l  i s o l a t io n s )  i s o l a t e s  f r om the I . S . o f  5 s amp l e s  ( L S , 

P L , FH , SA and S B ) , a l l  mo u l dy ; 3 s amp l e s  ( S R , F L  and FM) , 

a l l  c l e an ,  had A l t e rna r i a  a s  the  p r e dominan t g enu s ; 2 s am ­

p l e s  s l i g h t l y  mo u l dy (MO and AC ) and 1 c l e an s amp l e  ( S S )  

had Aureo b a s i di um a s  t h e  pr edominant g enus . On e s amp l e , 

M I  ( c l e an) s howed C l ado s p o r i um . Peni c i l l i um wa s never  

p r e dominant o n  the I . S .  o f  any s amp l e . 

6 8  

S i m i l a r l y  o n  the O . S .  A s p ergi l l us  wa s the p r edominant 

g e nu s  i n  mou l dy s amp l e s  and a l s o  s l i g h t ly moul dy s amp l e  AC . 

Mou l dy s amp l e  SA and s l i ght ly moul dy s amp l e  MO had mo s t l y  

P e ni c i l l i um ;  2 c l e an s amp l e s  ( FL and FM) showed A l t ernaria 
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as p r e domi nant fungus , 2 showed C l ado sporium and o n l y  one  

s amp l e  ( S S )  had  A ur e o b a s i di um o n  O . S .  Thu s a d i f f e r ent ­

i a t i o n  o f  mo u l dy and s l ight l y  mouldy sam p l e s  cou l d  b e  made 

on  the  b a s i s  of pre dominan t  g enera  on O . S .  and I . S . 

6 . 2 S amp l e  Con d i t i on and Genera I s o l a t ed f r om Hu sk 

T i s s ues  

Tab l e  15  s ummar i z e s the  cultur e r e sul t s  from hu s k  

s t r i p s  ( 1 0 s t r i p s / s amp l e  i n  t o t a l ) , and l i s t s  the  m e an o c cur ­

rence o f  fun g a l  g enera  in t h e  two g roup s , mou l dy and c l e an .  

The mean o c currence o f  A sp e rg i l l us  in t he 1 0  hu s k  s t r i p s 

exam i n e d  was  6 . 7 in s amp l e s  1 - 7 (moul dy) , and o n l y  0 . 4  

i n  samp l e s  8 - 1 2  ( c l e an) . Th i s  r e sult i s  h i g h l y  s i gn i f ­

i c ant ( P  < 0 . 0 0 1 ) . Ex cept  f o r  s amp l e . - SS , wh i ch h ad y i e lded 

a high numb e r  of  A l t e rnaria  i s o l a t e s , i s o l a t ions  of  g en e r a  

o ther than A s p e rgi l l u s  were n o t  s u f f i c i ent t o  al l ow a v a l i d  

compar i s on t o  b e  made . 

The  re l a t i o n s h i p  b e twe en A sp e rgi l l i  and o th e r  g enera  

in b o th g roups  s how ed an  inve r s e  ( n e g a t ive)  c o r r e l a t i on 

wh i ch was s t a t i s t i ca l l y  s i g n i f i c ant  (r = - 0 . 4 8 8 , P < 0 . 0 5 ) . 

6 . 3 S amp l e  Cond i t ion and Comparative Myc e l i a l  S c o r e  

( C . M . S . ) , Re l a t ive V i ab i l i ty S c o r e  (R . V . S . )  and 

Re l a t i v e  Myc e l i a l  S c o r e  ( R . M . S . ) 

R . M . S .  ' s  wer e Ilo t markedly d i f f e r ent b e tween  s am ­

p l e s and b o r e  n o  r e l a t i on s h i p  t o  g r o s s  mou l dy o r  c l e an 

c ond i t i o n  ( T ab l e  1 6 ) . The C . M . S .  o f  mo u l dy s amp l e s  ran g e d  

from 1 7 - 3 4 ,  that  o f  c l e an s amp l e s  from 1 2 - 2 2 . Samp l e s  S S  

and F C  w e r e  c l ean but g ave s c o r e s  o f  2 0  and 2 2 . T h e  h i g he s t  

s co r e  o f  3 4  was no t e d  f o r  s amp l e  PL , and t h e  lowe s t  o f  1 2  

from s amp l e  FM . 

Ove r a l l ,  the v i ab i l i ty o f  myc e l i a  w i t h i n  t h e  s amp l e  

s t rips  ( R . V . S . ) was h i g h e r  i n  mou l dy samp l e s  than i n  the 

c l e an s amp l e s . Howeve r ,  c l ean s amp l e  S S  showed a h i g h  R . V . S .  

and mou l dy s amp l e  SA a low s c o r e . Tab l e  1 6  i nd i c a t e s  an 



Tab l e  1 5 .  Sample cond i t ion in relat ion to the total isolat ions o f  

Aspergi l li an d ot her genera from 10 husk s trips / s ample .  

S ample 
Isolates / sample 

cod e  Aspergil lus spp . Other genera To tal 

mean mean -- --

mouldy mouldy 

LS 9 3 12  

PL 6 1 7 

FH 10 0 1 0  

SA 3 0 3 

SB 9 1 10 

HO 2 2 4 

AC 6 . 7  8 2 1 . 3  10 

ss 1 9 10 

HI 0 4 4 

S R  1 0 1 

FC 0 0 0 

FH 0 . 4  0 0 2 . 6  0 

c l ean c lean 

7 0  

i nt e r e s t ing r e l a t i o n s hip ( a l s o shown in F i g . S )  b e twee� t h e  

t o t a l  numb e r  o f  hus k  s t r ips showing po s i t ive g rowth ( R . V . S . )  

and t he comp a r a t ive myc e l i a l  s c o r e  ( C . M . S . )  for  the two 

group s , mou l dy ( 7 ) and c l e an ( 5 ) . The d i ff e renc e s  b e tw e e n  

the  mouldy o r  c l e an g roups a r e  s t a t i s t i c a l l y  s i gn i f i c an t 

f o r  the s e  c r i t e r i a , i . e .  C . M . S .  and R . V . S . , ( P  < 0 . 0 5 ) . The  

C . M . S .  valu e s  f o r  t h e  mou l dy s amp l e s  r anged  b e tween  17  t o  

3 4  ( m e an 2 3 ) , and t h e  R . V . S .  values  b e tween 3 t o  1 0  ( m e a n  

7 . 4 ) . But c l e an s amp l e s  gave l ower s co r es for b o th c r i t er i a  

( mean C . M . S .  1 7 . 4  and mean R . V . S .  3 . 0 ) . 
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F i gu r e  5 .  Re l a t i o n  b e tw e e n  the compa r a t ive  myc e l i a l  s c o r e  

and the  r e l a t i v e  v i ab i l i ty s co r e . 
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0 1 0 +  2 0 + 3 0 +  4 0 +  

C o mp a r a t i v e  myc e l i a l  s c o r e  ( C . M . S . )  
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Tab l e  16 . Rela t ion ship between Comparat ive Myc elial S core ( C . M . S . ) , 

Rel a t ive Mycelial S core (R . M . S . ) and Relative V iab i l i ty 

S co r e  ( R . V . S . ) ,  f rom 10 husk s t r ips / s ample .  

S ampl e  
cod e 

LS 

PL 

FH 

S A  

S B  

MO 

AC 

s s  

MI 

S R  

F C  

FM 

S ample 
condition 

mouldy* 

mouldy 

mouldy 

mouldy 

mouldy 

mouldyl 
** 

mouldy) 
c lean 

cl ean 

c l ean 

clean 

clean 

R . M . S .  C . M . S .  R . V . S .  

1 0  2 6  1 0  

1 0  3 4  7 

9 2 0  1 0  

7 1 7  3 

1 0  30 1 0  

8 1 7  4 

1 0  1 7  8 

8 2 0  1 0  

9 1 8  4 

9 15 1 

10  2 2  0 

8 12 0 

* = H ave e i ther Aspergil lus or Penici llium sp p .  

o r  both a s  p redominant fung i . 

** Mouldy on O . S .  only . 

7 .  Af l a t o x i n  Produ c t i o n  by A .  f l a v u s  I s o l a t e s . 

7 . 1 S c r e en ing on C o c o nu t  Agar 

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

5 5  i s o l a t e s  o f  A .  flavus , c o ns i s t in g  o f  2 4  

i s o l a t e s  f rom the inn e r  s ur fa c e  and 3 1  i s o l at e s  from the  

outer  s ur f a c e  of  b a r l ey hus k s , w e r e  t e s t ed o n  c o c onut agar  

medium .  S t r a in NRRL 2 9 9 9  (A . paras i t i cus ) was i nc lu d e d  a s  

a known po s i t iv e  contro l .  Cu l tu r e  p r epara t io n  and examinat i on 
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unde r  l ong - wave ( 3 6 5  nm) U . V .  l i ght we r e  a s  d e s c r i b e d  i n  

Methods  5 . 1 .  NRRL 2 9 9 9  g ave a c l e a r  b l ue - gr e en f l uo r e s c enc e 

wi t h i n  4 8  h o u r s  and the  i nt e n s i ty o f  fluo r e s c en c e  inc r e a s e d  

u p  t o  5 day s . P l a t e  5 shows th i s  a f l a t oxin ( AT) - po s i t iv e  

s t r a in . Al l cu l ture s o f  t h e  b ar l ey hus ks i s o l a t e s  we r e  n e g ­

a t ive at  5 d ays and cont inu e d  n e g a t ive wh en exam i n e d  p e r i o d ­

i c a l l y up t o  2 1  days ( Tab l e  1 7 ) . The AT - n eg a t ive i s o l a t e  

P L 4  I . S . i s  a l s o  s hown i n  P l a t e  5 .  A few AT - ne g a t ive i s o l ­

a t e s  p r o duc e d  faint o ran g e - ye l l ow p i gmentat i o n  o n  the 

r e v e r s e  of cu l tu r e s  on  co conut agar and this p i gmen ta t i on 

was  s t rong e r  in the AT - po s i t i ve s t r a in NRRL 2 9 9 9 . 

T ab l e  1 7 .  S c r e e n i n g  f o r  a f l a t o x in p r o duct ion on coconu t  

a g a r  med ium b y  i s o l a t e s  o f  A .  f l a v u s  f rom I . S .  

and O . S .  o f  b ar l ey hu sks and from s o i l . 

S ou r c e  o f  i s o l a t e s  No . t e s t e d No . p o s i t i v e  % po s i t iv e  

B a r l ey hu s k s : 

S o i l : 

I nn e r  s ur fa c e  

Out e r  s ur fa c e  

NRRL 2 9 9 9 : 

2 4  

3 1  

3 2  

1 

0 

0 

7 * 

1 

0 

0 

2 2  

* S t r a i n  no s .  6 ,  7 ,  8 ,  1 8 ,  2 2 , 2 9  and 3 0 . 

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

3 2  A .  f l av u s  i s o l a t e s  f rom s o i l  (Metho d s  

4 . 2 . 2 ) w e r e  a l s o  t e s t e d  fo r the i r  ab i l i ty t o  p r o duc e AT o n  

c o c o nut a g a r  med ium . F l uo r e s c ence w a s  ev ident  w i thin 3 days 
i n  cu l tu r e s  of 7 ( 2 2 % ) of the i s o l a t e s , but the  int ens i ty 

o f  f l uo r e s c e n c e  was nri t as g r e a t  a s  that  w i t h  NRRL 2 9 9 9 . 

A l l t hes e i s o l a t e s  w e r e  A .  f l a v u s  L i nk . The AT - po s i t iv e  

i s o l a t e s  s ho we d  inc r e a s ing ly c l e a r  b lu e - g r e e n  f l uo r e s c e nc e  

up t o  1 0  d ay s  o f  o b s ervat ion . P l a t e  6 shows 2 AT - n eg a t iv e  
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P l a t e  5 .  C o conut a g a r  p la t e s . No . 1 :  co l o ny o f  

A .  paras i t i cu s  NRRL 2 9 9 9  ( AT - p o s i t iv e )  s howing 

b l u e - g r e e n  f luo r e s c e n c e  under  U . V .  l i g h t  ( 3 6 5  nm) . 

N o . 2 : c o l ony o f  A. f Z a v u s  L i nk i s o l a t e  PL4  I . S . 

f r om b ar l ey (AT - n eg a t iv e ) . 

P l at e  6 . C o c o nu t  a g ar p l at e s . No s . 1 and 2 ( up p e r ) : 

b ar l ey i s o l at e s  F C 3  I . S . and S B 3  O . S .  ( AT ­

n e g at iv e ) ; No s .  3 a n d  4 :  s o i l  i s o l a t e s  8 and 

1 8  ( AT - po s i t iv e ) . 





and 2 AT - po s i t iv e  cu l tures . Cul tur e s  tha t d i d  n o t  produce 

f l uor e s c en c e  w i th i n  10  days were  cons i d e r e d  to  be  AT ­

n e g a t i ve . 

7 . 2  Af l a t o x i n  pr o duc t i on on S e m i s yn t he t i c  L i quid  

M e d ium ( SMKY ) - S t a t i onary and  Shaken Cul ture . 

7 . 2 . 1  A f l a t o xin d e t e c t i on b y  l o c a l ly- p r epar e d  

minico lumn s from SMKY s t at i onary cul ture 

e x t r a c t s  

7 5  

2 4  I . S . i s o l a t e s  o f  A .  f l a v u s , 3 AT- p o s i t i v e  

s o i l  i s o l at e s  and t h e  AT - po s i t ive s t r a in NRRL 2 9 9 9  were  

g rown o n  5 0  cm 3 s em i s ynthe t i c  l i qu i d  med ium ( Me thods 5 . 2 ) . 

L o c a l l y - prep a r e d  m i n i c o lumn s ( s e e  F i g . 3A) we r e  u s ed f o r  

the as s ay o f  AT - p r o duc t i on in the cul ture f i l t r a t e  (Me t ho d s  

5 . 2  and 7 . 1 ) . Al l the  hu sk i s o l a t e s  w e r e  AT - n eg a t ive b y  

th i s  me thod ( T ab l e  1 8 ) . The s o i l  i s o l a t e s  and NRRL 2 9 9 9  

gave a c l e a r  b lu e  r in g  a t  t h e  F l o r i s i l  l ayer , wh ich s ome ­

t i mes  extended  t o  cov e r  t h e  s i l i ca g e l  l ayer ( p a r t i cu l a r l y  

NRRL 2 9 9 9 ) . Some o f  t h e  hus k i s o l a t e s  s howed a f a i n t  b l u e ­

wh i t e  o r  o r ang e f luo r e s c ent b and a t  the  upp e r  c a l c ium su l ­

p h a t e  l aye r , but t h i s  was cons i de r e d  a s  a fa l s e p o s i t ive . 

Tab l e  1 8 .  A f l a t o x in produc t i on by A .  flavus  i s o l a t e s  

g rown o n  s emi synthe t i c l iqu i d  medium ( SMKY) i n  

s t a t i o nary cu l ture � t 2 5 ° C for  7 days . ( D e t e c ­

t i on by  l o c a l ly-prepar ed m i n i co lumns . )  

S o u r c e  o f  i s o l at e s  No . t e s t e d No . po s i t iv e  

Hus ks I / S  i s o l a t e s  2 4  0 

S o i l  i s o l a te s  * 3 3 

NRRL 2 9 9 9  1 1 

* S t r a in no s . 6 , 8 and 1 8 .  
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7 . 2 . 2  Af l a t o x i n  de t e c t i on by commer c i a l ly- p r epa r e d  

m i n i c o lumns from SMKY s t a t i onary and s haken 

cul ture extrac t s  

a )  S t a t i onary c u l tu r e  

T ab l e  19  s how s the r e sul t s  o f  the  

s c r e e n ing t e s t  of  1 9  A .  flavus  i s o l a t e s  ( 1 3  hu s k s  i s o l a t e s , 

5 s o i l  i s o l a t e s  and s t r a in NRRL 2 9 9 9 ) . The c o illmns c on t a i n ­

i n g  e x t r a c t s  o f  the s e  cul tur e s  w e r e  o b s erved und e r  l ong - wav e 

U . V .  l i ght b e s i de the r e ference  m i n i c o lumn (Me thods  7 . 1 ) .  

A b lu e  fluo r e s c ent  b and was s e e n  in the centre  o f  the c o l umn 

or a t  the in t e r face  of the F l o r i s i l  and al imina l ay e r s . The 

width and i n t en s i ty o f  this  f l u o r e s c e n t  b and c o u l d  b e  u s ed 

to  roughly a s s e s s  the amount o f  a f l atoxin  co n t a ined  in t he 

ext r a c t  whe n compared to  the re ference  co lumn . P l a t e  7 

i l l u s t r a t e s  r e p r e s e n t a t ive r e su l t s  o f  the s e  t e s t s . Al l 

AT - p o s i t ive e x t ract s from so i l  i s o l a t e s  produ c e d  l e s s  

a f l a t o xin t h an that produced b y  NRRL 2 9 9 9 . 

T ab l e  1 9 . A f l a t o x i n  p r o duc t i on by A .  f l a v u s  i s o l at e s o n  

s em i s yn the t i c  l i qu i d  m e d i um ( SMKY) i n  s t a t i on a ry 
c u l ture a t  2 5 ° C f o r  7 day s . ( D e t e c t i on by 

c o mm e rc i a l  m i nico lumn . ) 

S o urce  o f  i s o l a t e s  No . t e s t ed No . po s i t iv e  

Hu s k  i s o l a t e s : 

I nner  s ur f a c e  7 0 

Outer  sur face 6 0 

S o i l  i s o l a t e s  * 5 5 

NRRL 2 9 9 9  1 1 

* S t r a in n o s . 1 8 , 7 ' 8 ,  3 0  and 2 9 .  
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P l a t e  7 .  M in i co l umns ( Ho l a d ay - typ e )  u s ed in  d e t e c t i on o f  

a f l a t ox i n  f rom SMKY ( s t a t i onary culture s ) . 

F rom l e f t : unus e d  c o l umn , r e f e r enc e , two 

b ar l ey i s o l a t e s  (AC l I . S . and S B l  I . S . )  (AT­

n e g a t i v e ) , s o i l  1 8  ( AT - po s i t iv e )  and NRRL 2 9 9 9  

( ve ry s t r ong AT - po s i t iv e ) . 
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b )  Shake cu l ture 

To  d 6 t ermine if  s ha k e  cu l tu r e  cond i t i o n s  

w e r e  b e t t e r  fo r AT - p roduc t i on , A .  f l a v u s  s t r a ins ( 2  s o i l  

i s o l a t e s , 5 hu s k s  i s o l a t e s  and s t r a in NRRL 2 9 9 9 )  wer e  ino c ­

u l a t e d i n t o  S O  cm3 SMKY med ium and incub a t e d  in a contr o l l e d 

e nv i ronment s h ake r  fo r 5 days . Ex t r ac t s  from hus ks i s o l a t e s  

cu l tu r e s  we r e  n e g a t i v e  a f t e r  t h i s  p roc e du r e . So i l  i s o l a t e s  

3 0  and 1 8 , and the NRRL 2 9 9 9  s t r ain produc ed a f l atoxin  i n  

g r e a t e r  quan t i ty than that  produc ed on the s ame med ium in 

s t at ionary cu l ture s ( Tab l e  2 0 ) . P l a t e 8. l sho ws t h e  g r e a t e r  

w i d t h  and i n t ens i t y  o f  the b l ue fluo r e s c ent b and from t he s e  

AT - p os i t ive s t ra i ns . 

T ab l e  2 0 . A f l atox in produc t i on by A .  f l a v u s  i s o l a t e s  on 

s em i s ynthe t i c  l i q u i d  med ium ( SMKY)  in a shak in g  

i ncub a t o r  at  2 8 ° C  f o r  5 days . ( D e t e c t ion by 

c o mm e r c i a l  

I s o l at ion 
r e fe r en c e  

s o i l 30  

P L l  0 / S  

P L 2  0 / S  

F H 3  I / S  

S o i l 1 8  

S S l  0 / S  

FH6  0/ S 

NRRL 2 9 9 9  

mini co lumns . )  

I s o l a t e s  
sour c e  

s o i l  

hu s k  

1 1  

1 1  

s o i l  

hu s k  

1 1  

r e f er enc e 

As s ay 
re s u l t 

+ 

+ 

+ 
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7 . 2 . 3  T L C  s c r e ening me thod 

The cu l tu r e  e x t rac t s  used fo r the m i n i c o l umn 

t e s t  we re a l s o  s ub j e c t e d  to  TLC anal y s i s  (Me tho ds 7 . 2 ) . TLC  

was used  t o  c onf i rm the pTevi ous r e s u l t s , to  a� o i d  any f al s e  

p o s i t iv e s  and to a t t emp t to s ep a r a t e  the a f l a t ox i n  c ompounds 

wi thin the e x t r a c t s .  An und i l u t e d  a f l at oxin s t andard w a s  

run on e a ch t e s t  p l at e . 

The d e v e l opm en t o f  the TLC  p l a t e s  in the chl o ro fo rm ­

a c e tone - wa t e r  mixture  g ave  we l l - s ep ar a t e d  round f l uo r e s c ent 

s po t s  o f  the  ind i v i dual a f l a t o x i n s , B 1 ,  B 2 , G 1  and G 2 c o n ­

ta ine d in  t h e  s t andard s o l u t i on .  

A v i s ua l  compa r i s on o f  the i n t ens i ty o f  f l uo r e s c e n c e  

o f  t h e  te s t  e x t r ac t s p o t s  w i t h  the  s t andard a l lowed an 

approximate  e s t im a t i on o f  the a f l a t o x in cont ent o f  e ac h  

cu l ture  ext r a c t . 

Tab l e  2 1  s hows the r e s u l t s  o f  s cr e ening 1 9  A .  f l a v u s  

i s o l a t e s  f r o m  b o th hu s k s  and s o i l , i n  add i t i on t o  NRRL 2 9 9 9  

on SMKY m e d i um .  1 2  extrac t s  we r e  examined from s t a t i onary 

cu l t ur e s  and 7 fr om shaken cu l t ure s .  The 4 i s o l a t e s  f r om 

s o i l  pro du c e d  a f l a t oxin B 1  and a t r a c e  amount o f  B 2 • The 

NRRL 2 9 9 9  cu l t u re p ro duced a l l  4 a f l a t ox in compo unds B 1 , ·  B2 , 

G 1 and G 2 . P l a t e  8 . 2  i l lus t r a t e s  th e s e  r e su l t s . A f l a to x in 

G 1  p roduced by  NRRL 2 9 9 9  on  SMKY medium wa s p r o du c e d  i n  

g r e a t e r  quan t i t y than B 1  ( B 1 , 2 2 2 2  P g / 1 0 0  cm 3 b u t  G 1 , 2 6 6 6  

p g / 1 0 0  cm 3 ) .  

7 . 3  Af l a t o x i n  P ro du c t i on on Weet - b i x  Medium 

A g roup o f  A .  flavus  i s o l a t e s  w e r e  t e s t e d  o n  2 5  g 

o f  c ru s h ed W e e t - b i x  for the i r  a b i l i ty to  f o rm a f l a t o x i n  

(Methods  5 . 3 ) .  T h e  cu l tu r e s  w e r e  ana lys e d  and t e s t e d  a s  i n  

Me thods 6 . 2  a n d  7 .  The re su l t s a r e  summa r i z e d  i n  Tab l e  2 2 . 

Al l o f  the  4 husk  i s o l a t e s  exam i n e d  wer e  AT - neg a t i v e , s o i l  

i s o l a t e  2 2  p r o duced only  a sma l l  amount o f  a f l a t o x in B 1 , 

s o i l  i s o l a t e  6 produ c e d  b o t h  B 1  and B 2 ( t r a c e )  ( P l a t e s  9 . 1  



Tab l e  2 1 .  D e t e c t i on o f  a f l a t o x i n  c omponen t s  by T L C  m e t h o d  

i n  e x t r a c t s  o f  s em i s yn the t i c l i qu i d  c u l ture  

m e d ium ( SMKY ) in s t a t io nary and  shaken cu l tu r e . 

I s o l a t e  

r e f e r ence  

FH3  I / S  

P L 2  I / S  

FHS I / S  

S o i l  2 9  

L S l  0/ S 

L S 3  0 / S  

L S 2  I / S 

S o i l  8 

SB 3 0/ S 

ACS  0 / S  

S RI I / S  

S o i l  3 0  

P L l  0 / S  

P L 2  0 / S  

FH3 I / S 

S o i l  3 0  

S S l  0 / S  

FH6 0/ S 

So i l  1 8  

NRRL 2 9 9 9  

S t andard 
a f l a toxin 

* 

* *  

I s o l a t e  C u l ture 

s o ur c e  cond i t i on B 1  

hu s k  s t a t i o n ary * 
I f  I f  

I f  I f  

s o i l  1 1  + 

hu s k  I f  

I f  1 1  

1 1  1 1  

s o i l  1 1  + 

hu s k  1 1  

1 1  1 1  

1 1  1 1  

s o i l  1 1  + 

hu s k  shaken * *  
1 1  " 

" 1 1  

s o i l  1 1  + 

hu s k  1 1  

I f  1 1  

s o i l  1 1  + 

r e f e r en c e  " + 

S i gma + 

I ncub a t ed at  2 5 ° C f o r  7 days . 

I nc ub a t e d  at  2 8 ° C  f o r  5 days . 

TLC  anal.z::s i s  

B 2 G 1  

trace 

trace 

trace 

trace 

trace 

+ + 

+ + 

8 0  

G 2 

+ 

+ 
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P l a t e  8 . 1 .  U s e o f  m i n i c o lumns f o r  d e t e c t ion o f  a f l a t o x in 

from SMKY ( s hak en c u l tu r e s ) . F rom l e f t : 

r e f e r en c e co l umn , b a r l ey i s o l a t e  ( S S l  O . S . )  

( AT - n eg a t i v e ) , s o i l  1 8  (AT - po s i t ive)  and 

NRRL 2 9 9 9  ( AT - p o s i t iv e ) . No t e  increas ing  

w i d t h  and int ens i ty o f  f luo r e s c e nc e . 

P l at e  8 . 2 .  T L C  an a l y s i s  o f  a f l a t o x i n  from SMKY ( s haken 

c u l t u r e s )  e x am i n e d  und e r  U . V .  l i ght ( 3 6 5  nm) . 

S :  a f l a t o x in s t andard ; 1 :  b ar l ey i s o l a t e s  

( S S l  O . S . ) (AT - n e g a t i v e ) ; 2 :  S o i l  1 8  ( AT ­

p o s i t iv e )  and 3 :  NRRL 2 9 9 9  (AT - po s i t ive) . 

S and 3 s howed s ep ar a t ion o f  t h e  fQur afl a ­

t o x i n  comp o n ent s ,  B 1 , B 2 , G 1  a n d  G 2 i n  

d e c r e a s i n g  o rd e r  o f  Rf . No .  2 s howed only  

B 1  and t r ac e  amount of  B 2 • 





T ab l e  2 2 .  Af l a t o x i n  produ c t i on on We e t - b i x med ium by 7 

A .  f l a v u s  s t r a ins . 

S c r e e n ing metho d s  

I s o l a t e  I s o l a t e  Mini co lumn T LC 

r e fe r enc e s ou r c e  B l B2 G 1 G 2  

S o i l  2 2  s o i l  + 

AC4 0 / S  hu s k  

S o i l  6 s o i l  + + t race 

S B 2  0/ S hu s k  

FMl 0 / S  hus k  

FH4 0/ S hu s k  

NRRL 2 9 9 9  j r e f e r ence  + + + + 

and 9 . 2 ) and NRRL 2 9 9 9  p roduc ed a l l  a f l atoxin c ompounds 

( B 1 , B2 , G 1 and G2 ) .  In the l a s t  c a s e ,  G 1 and G2 were  

p r oduc e d  in  g r e a t e r amount s than B 1  and  B2 ( l ZO O , 7 5 0 0 ,  
4 0 1 5 . - and 1 0 0 0  J.l g/ 2 5 g  r e spec t iv e l y) . 

+ 
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I t  w a s  no t i c e d  that the W e e t - b ix medium s e emed t o  s t im ­

u l a t e  the p r o duc t i on o f  o ther  fung a l  metabo l i t e s  w i t h  b l ue 

f l uo r e s c en c e by a l l the above c u l t u r e s  of A .  f l a v u s . Thi s 

p i gment a t i o n  c au s e d  f a l s e  po s i t iv e  r e adings in  t h e  m in i ­

c o l umn t e s t ( P l at e s  9 . 1  and 1 0 . 1 ) but  the i n t e r f e r en c e was 

r e duced  o n  the TLC me thod a s  t h e s e b l ue f l uo r e s c ent s p o t s  

s howed v e ry l ow R F  values  ( P l a t e s  9 . 2  and 1 0 . 2 ) . NRRL 2 9 9 9  

was  a l s o  s t i mu l a t e d  t o  p rodu c e  a weak o r ange f luo r e s c ent 

p i gment ( P l a t e s  1 0 . 1  and 1 0 . 2 ) . 

7 . 4  A f l a t o x in Produ c t i on on pear l e d  b a r l ey and hu s k s  

T ab l e  2 3  p r e s ents  the r e sul t s  o b t ained  f r o m  t e s t ­

i ng 2 s o i l  i s o l at e s  ( So i l  8 and 3 0 ; AT - po s i t i v e ) , one hus k  
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P l at e  9 . 1 .  Mi n i c o l umn d e t e c t i on o f  a f l a t o x i n  from W e e t ­

b i x m e d i um .  F rom l e f t : r e fe r ence co l umn , 

b a r l ey i s o l at e s  ( FMl O . S . )  ( AT - neg a t ive b u t  

s howing f a l s e  p o s i t iv e )  and So i l  6 (AT ­

p o s i t iv e . 

P l a t e  9 . 2 .  T L C  ana l y s i s  o f  a f l a tox i n s  from We e t - b i x  

m e di um . S :  a f l a t o x i n  s t andard s ; 1 :  b a r l ey 

i s o l a t e  ( FM l  O . S . )  ( AT - n e g a t ive)  and 2 :  

S o i l  6 ( AT - po s i t ive , p roduc ing o n l y  B 1 ) . 
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P l at e 1 0 . 1 . M i n i c o l umn d e t e c t i o n  o f  a f l a t ox in f rom We e t ­

b ix m e d ium . F r om l ef t : r e f e r en c e  co l umn , 

b ar l ey i s o l a t e  ( FH4 O . S . )  (AT - nega t ive  but 

s how i n g  f al s e  p o s i t iv e )  and NRRL 2 9 9 9  (very 

s t r o n g  AT - po s i t i ve ) . 

P l a t e  1 0 . 2 . T L C  a n a l y s i s  o f  a f l a t ox in f r om W e e t - b ix 

m e d i um ; S :  a f l at o x i n  s t andard ; 1 : barl ey 

i s o l a t e  ( FH4 O . S . )  ( AT - n e g a t ive )  and 2 :  

NRRL 2 9 9 9  ( AT - p o s i t iv e , s howing G 1  and G 2  

h i ghly f l uo r e s c e nt ) . 





i s o l at e  ( AC 2  0/ S ;  AT - ne g a t ive ) and s t ra i n  NRRL 2 9 9 9  on t h e  

two s ub s t r at e s , p e a r l ed b a r l e y  a n d  b ar l ey hu s k s  (Me tho d s  

5 . 4 ) . T h i s  exp er iment was made  t o  inve s t i g a t e  the ab i l i ty 
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of A.  f l a v u s  i s o l a t e s  to u t i l i z e  the p o l y s ac char ide com­

ponen t s  of the s ub s t r a t e s  as a c arb on s ource  - e i ther  s t a rc h ,  

the maj o r  c omponent in p e a r l e d b a r l ey , o r  c e l lu l o s e  and 

a rab inoxy l an , the  maj o r  componen t s  in the c e l l w a l l s  o f  

b a r l ey hu s k s . 

A l l  th e cul ture ext rac t s  w e r e  t e s t ed b y  t h e  m i n i c o lumn 

m e t ho d  and TLC , and a l l  exc e p t  t h e  hu s k  i s o l a t e  (AC 2 0 / S )  

show e d  po s i t iv e  r e s ul t s . 

The  amo unt o f  a f l a t o x i n  pro duced  on  p e a r l ed b a r l ey b y  

t h i s  m e t hod s e emed to  b e  g r e at e r  than that produ c e d  o n  

�MKY b u t  l e s s  than t h a t  on We e t - b ix med ium , a s  ind i c a t ed 

by the  f luo r e s c ent b and w i d t h  and the int ens i t y  o f  fluo r ­

es c e n c e  ( P l a t e s  1 1 . 1  and 1 2 . 1 ) . Af l a tox in produc t i on on 

the hu s k s  o n l y  was the  p o o r e s t  o f  the  various  m e d i a  t e s t ed . 

T L C  analy s i s  s how e d  s o i l  i s o l at e s  8 and 3 0  p r o duc ed a 

r e a s onab l e  amo unt o f  B 1  and a v e ry smal l amount o f  Bz  

( P l a t e  1 1 . 2 ) . S t r a in NRRL 2 9 9 9  pro duc e d  a l l  4 a f l atoxin  

c ompounds and a g a in G 1  and G z  p rodu c t ion w a s  h i g her than 

that o f  B 1  and B z . 

A b l u e  f l uo r e s c e nt compound which was no t a f l atoxin  

w a s  pro du c e d  b y  s t r a in NRRL 2 9 9 9 , p a r t i cul arly  on  p e a r l e d  

b ar l ey , b u t  t h e  produc t io n  o f  thi s w a s  l e s s  than t h a t  o n  

We e t - b i x .  NRRL 2 9 9 9  a l s o  produc ed a cons i d e r ab l e  amount o f  

y e l l ow - o r ang e f l uo r e s c ent mat e r i a l  ( P l a t e  1 2 . 2 ) . A s im i l ar 

m a t e r i a l  was  a l s o  produ c e d  by  o th e r  t e s t e d  i s o l a t e s , b u t  

i n  s ma l l e r  amoun t s . 



T ab l e  2 3 .  

A .  flavus 
s train 

NRRL 2 9 9 9  

S o il 3 0  

S o il 8 

AC2 0/S 

A f l a t oxin pro duc t io n  on  pe a r l e d  b a r l ey and 

b a r l ey hu s ks m e d i a  by 3 A .  flavus  AT -po s i t ive 

s t r a ins and one  AT - ne g a t ive  s t r a in . 

Screening methods 

I s o lates Mini co lumn TLC 
source Sub s trates 

B 1 Bz G 1 

r ef er ence pear led barley + + + + 

8 6  

Gz 

+ 

husks + + trace + trace 

s o i l  pear led barley + + + 

husks + + 

s o il p ea r  led barley + + trac e  

husks + + trace 

husk p ear led barley 

husks 
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P l a t e  1 1 . 1 .  Min i c o l umn det e c t i on o f  a f l a t o x in from i s o l at e  

So i l  8 cu l tured o n  pear l ed b ar l ey and 

b a r l ey h u s k s  me d i a .  F rom l e f t , S :  r e f e rence 

co l umn ; h :  hus k  m e dium and p :  p ear l ed 

b a r l e y  m e di um . 

P l a t e  1 1 . 2 .  T L C  analy s i s  o f  a f l a t o x in p r o duced  by i s o l at e  

S o i l  8 o n  p e ar l e d b ar l ey and b a r l ey hus ks 

m e d i a .  F rom l e f t , S :  a f l a t o x i n  s t andard ; 

h :  a f l at o x in p ro du c e d  on hu s k s  med ium ( B 1 )  

and p :  a f l a to x ins  p r o du c e d  on  p e a r l e d  

b a r l e y  ( B 1 and t r a c e  o f  B2 ) .  
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P l a t e  1 2 . 1 . M i n i c o l umn de t e c t ion o f  a f l a toxin p r o du c e d  

by  N R R L  2 9 9 9  cul t u r e d  o n  p e a r l e d  b ar l ey and 

b ar l ey hus k s  m e d i a . F rom l e f t , h :  a f l a t ox i n  

p r o du c ed o n  hus k s  m e d ium ;  S :  r e ference  

c o l umn and p :  a f l a to x in p roduced on  p e a r l e d  

b ar l e y  me d ium ( h i gh l y  f luo r e s cen t ) . 

P l a t e  1 2 . 2 .  T L C  an a ly s i s  o f  a f l a t o x i n  p r o duced by NRRL 

2 9 9 9  on p ear l e d  b ar l ey and b ar l ey hus ks  med i a . 

F r om l e f t : S :  a f l a t o x i n  s t andard ; h :  a f l a ­

t o x i n  p r o duc e d  o n  hus ks med ium , and p :  a f l a ­

t o x i n  p r o du c e d  o n  pear l e d  b ar l e y ,  whi c h  

s uppo r t e d  G 1  and G 2 • Some add i t ional fjuo r ­

e sc e n t  s p o t s  o f  unknown i dent i ty are s hown 

in p .  
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D I SCUS S I ON 

Eco l o g i c a l  s t ud i e s  o f  t h e  fung a l  f l o r a  o f  b a r l ey and 

o th e r  c e r e a l s  a r e  nec e s s ary b ec au se fung i a r e  a maj o r  c au s e  

o f  s p o i l ag e  and tox i n  p r o du c t ion in  s to r ed g r a ins . Fung i 

are s a id t o  rank s e c ond only t o  i ns e c t s  as a c aus e o f  d e t er ­

i o r a t ion and l o s s  i n  a l l  kinds o f  s to red pr oduc t s  throughout 

t h e  wo r l d  ( Chr i s t ens en & Kau fmann , 1 9 7 4 ) . Such s tud i e s  a r e  

p a r t i cul a r l y  impo r t an t  in  f arm- s t o r e d  ma t e r i a l , a s  t h e  r i s k  

o f  fun g a l  p rob l ems o c cu r r i ng i s  l ik e l y  t o  b e  h igher than 

when the g r a in i s  s to r e d  in  c ommerc i a l  s i l o s  und e r  c ar e fu l l y  

c on t ro l l ed cond i t ions . 

I f  myc o tox ins a r e  p roduc ed du r i ng any fung a l  s p o i l ag e  

wh i ch may o c cur , they may we l l  a f f e c t  an ima l h e a l th i f  s ub ­

s e quen t ly i n g e s t e d . When r e l at i v e l y  he avy contam inat i o n  

o c cu r s  myc o t ox ins may c au s e  s ev e r e  i l lne s s  and even mo r t a l ­

i ty in  l iv e s t o c k ; when produced in  l e s s er amount s t h ey may 

re s u l t  in  e c o nomic a l ly imp o r t an t  e f f e c t s  on animal p ro duc ­

t iv i ty and d i s eas e r e s i s tanc e . O t h e r  adve r s e  e f f e c t s  include 

t h e  l o s s  o f  who l e s omene s s  of  an ima l produc t s  des t ined fo r 

human consump t i on . An imal p ro duc t s  can b e  a s ou r c e  o f  con­

t inuing expo s ur e  of  human consumers  to myc o toxin� , in  

add i t ion to  more d i r e c t  exp� s u r e  r e l a t ed to  p l ant - d e r iv e d  

f o o d s  ( H e r z , 1 9 7 7 ) . 

T h i s  s tudy concen t r a t e d  on the fungal f l o r a  a s s oc i a t ed 

w i th b a r l ey g r a in , p a r t i cu l ar l y  t h e  b ar l ey hu s k ,  and on  the 

p r e s en c e  o f  A sp e rgi l l u s  flavus  and the po s s ib i l i t y  of  a f l a ­

t o x i n  p r o du c t ion . The  hu s k  w a s  cho s en f o r  s tudy b ec au s e  

p r ev i ous s tu d i e s  done o n  b a r l ey have s hown that fung a l  c o l ­

o n i z a t i o n  and i nvas ion i s  p r edominan t ly in t h e  hu s k ,  w i t h  

r e l a t ive ly l i t t l e  i n  t h e  c aryo p s i s  (Mu l ing e & Asp in i s , 

1 9 6 9 ; Mu l ing e & Ches t e r s , 1 9 7 0 a , 1 9 7 0b ; F l ann i g an & D ic k i e ,  

1 9 7 2 ; Wa rno c k  & P r e e c e , 1 9 7 1 ; Warno c k , 19 7 1 ; 1 9 7 3 a ; and 

Harper & Lynch , 1 9 8 1 ) . 

The  cho i c e  o f  t ec hn i qu e s  w a s  t h e  f i r s t  prob l em b ec aus e 

no  one med ium o r  t echn iqu e  i s  s u f f i c i ent t o  d i s c l o s e  a l l  o f  
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t h e  fun g a l  f l o r a  that  might  b e  p r e s ent i n  a g iven l o t  o f  

g r a in (Wal l ac e  & S inha , 1 9 6 2 ) . Probab ly the mo s t  w i d e ly 

u s ed t e chn i q u e  f o r  enumer at ion o f  fung i in c e r e a l s  i s  the 

' d i lu t i o n  p l at ing t echn i qu e ' ( F l ann i g an , 19 7 7 ) . The numb e r  

o f  c o l o n i e s  deve lop ing f r o m  e ach s amp l e  in  the d i lu t i o n  

p l a t ing t e c hn ique can b e  cons i d e r e d  to  b e  rep r e s en t a t ive 

of the fung a l  s p o r e s , hypha e and o ther p ropagu l e s  w h i c h  

may hav e b e en p r e s ent . However , t h e r e  a r e  s ome d i s advan t ­

ages  to  t h i s  t echn i que when i t  i s  u s ed a lone . Heav i l y  

sporulat ing s p e c i e s  t end t o  b e  ov e r - e s t imated wh i l e  pure l y  

myc e l i a l s p e c i e s  and weakly spo ru l at ing spec i e s  a r e  unde r ­

e s t ima t e d . T h e r e  i s  a l s o  no r e c o gn i t ion o r  e s t ima t io n  o f  

fung a l  myc e l ium wh i c h  may b e  p r e s ent  in , for  examp l e , hus k  

t i s sue and no t r e l e a s e d  dur ing t h e  s haking p e r iod . T hus 

t h e  d i lu t i o n  p l a t ing t e chn i que u s ed on bulk grain s amp l e s  

c anno t g iv e  a n  accurate es t ima t i o n  o f  the o c curr enc e o f  

fung i .  Fu r th e rmo r e , i t  w i l l  only  g i ve a general  i d e a  o f  

fung i p r e s e n t , w i thout ind i c a t ing wh i ch are from t h e  inner  

surface and wh i ch from the out e r  surface  of  hul l ed g r a ins . 

To overcome t h e s e d i s advan t ag e s  the pre s ent s tudy u s ed a 

v a r i e ty o f  t e chn iqu e s  invo lv ing b o th direc t ob s erva t ion and 

cul turing m e t ho d s , and u s e d sur f a c e  s t e r i l i z a t io n  at var ious  

s t eps  of  d e hu s k ing to mo r e  a c cur a t e ly a s s e s s  the  d i s t r ib ­

u t ion o f  t h e  myco f l o r a . Other p rob l ems , p a r t icu l a r l y  w i t h  

hu l l e d g r a in s  such  a s  b a r l e y ,  c a n  o c cur du e to s t i cky spo r e s  

adh e r ing t o  t h e  g ra in s u r fa c e , and g l a s s  b e ads we r e  u s e d  

dur ing t h e  s hak ing o f  s amp l e s  t o  l ib e r ate such s l imy and 

s t i cky spo r e s o 

A numb e r  o f  autho r s  have demon s tra ted the r e l a t ionship 

b e tw e en mo i s ture  content (M . C . )  and the g rowth o f  fung i o n  

g r a ins ( Chr i s t en s en , 1 9 6 4 )  and i t  i s  o ften imp l i e d  t ha t  

numb e r s  o f  fung a l  propagu l e s  a r e  r e l a t ed t o  M . C .  T h e r e  was , 

howeve r ,  no c l e ar r e l a t ionship  b e tween M . C .  and t h e  v i ab l e  

c ount s o f  t h e  farm- s to r e d  s amp l e s  examined i n  t h i s  s tudy . 

Only s amp l e  L S  s howed a re l at ive ly high  v i ab l e  count  and 

h igh M . C .  One  s amp l e  (M I )  s howe d  a r e l a t ive ly h ig h  M . C . , 

t hought t o  b e  due to l e ak ing s e ams in the s i l o , b u t  a l ow 

v iab l e  count a t  the t ime o f  s amp l ing . Samp l e  PL h a d  b e en 
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s to r e d  for  t wo y e a r s  and w a s  gro s s ly mou l dy , but  i t s  M . C .  

w a s  only 1 1 . 9 .  Wa l l ac e  and S inha ( 1 9 6 2 )  found no r e l a t i o n  

b e tween ' he a t e d  g r a in ' and M . C .  o f  b o th  whea t  and o at s , and 

t h ey found v a r i a t i o n  in  the M . C .  o f  the s ame s amp l e .  The s e  

v a r i a t ions  u s u a l ly were  g r e a t e r  i n  the v er t i c a l  than h o r i z ­

o n t a l  p l an e s � ind i c a t ing that  mo i s ture  t ends t o  mo ve upwards 

and that t h e r e  had b e en concent r a t i o n  near the s u r f a c e  o f  

t h e  s to re d  m a s s . P e rhap s  for  that  r e a s o n  i t  w a s  d i f f i cu l t  

t o  f ind a p o s i t ive r e l a t i on s h ip in t h i s  s tudy b e tween M . C .  

and v i ab l e  c o un t s . Chr i s t en s en & Kau fmann ( 1 9 7 4 )  d i s cus s ed 

t h e  d i ff e r e n c e s  in the M . C .  from p l a c e  to p l ac e  w i t h i n  t h e  

s ame b in a n d  found i t  a commo n p henomenon . They r e commended 

the d e t e rm i na t ion o f  the r ang e o f  M . C .  w i t h i n  a g iven b in 

o r  s i l o  b y  t aking s amp l e s  f r om d i f f e r ent p l a c e s . 

At l e a s t  in  c l ean s amp l e s , the numb er o f  fungal  p r op ­

agul e s  p r e s ent  on g ra in mus t  b e  a r e f l e c t i on o f  the numb e r s  

o f  s po r e s  e t c . dep o s i t e d  onto  the g r a in i n  t he f i e l d  and 

dur ing harv e s t ing and s to r a g e . The outer s u r f a c e  ( O . S . )  

count s ob t a ined in th i s  s tudy wou l d  t hus  have r e f l ec t ed the 

h i gh spore  p o pu l a t ion o n  t h e  O . S .  and cert a in g ener a , eg . 

Fu sarium mus t  have b e en pr e s ent only  a s  spo r e s  a s  they were  

n ever i s o l a t e d  from hus k  myc e l ium . I nner s u r f a c e  ( I . S . )  

coun t s  we r e  l owe r and a r e  l i kely  t o  r e f l e c t  e i ther fung a l  

inva s ion i n t o  the ins ide  o f  t h e  g r a in � or  s p o r e s  b e ing  dep ­

o s i t e d  in c r acked kern e l s  and the l o o s e  p o r t ion o f  t h e  two 

ends , p a r t i cu l ar l y  du r ing devel o pment o f  t h e  s e ed .  T h e  

r e s u l t s  r e p o r t ed a g r e e  w i th  t ho s e  o f  Chri s t en s en a n d  Kau f ­

mann ( 1 9 6 9 )  who found t he fung i o c curr ing a s  e x t erna l , 

dormant s p o r e s  were  much mo r e  abundant than tho s e  p r e s en t  

a s  l iv ing , i n t e rn a l  myc e l ium . 

I n  a l l  s amp l e s  except FH and S S ,  the O . S . c oun t s  were 

h i gher than I . S . count s .  Some A sp e rgi l lu s  s p e c i e s  a r e  

o smoph i l i c  ( e g . A .  r e s tri c tus ) and s amp le F H  s howed A .  

r e s tri c t u s  a s  the predom inant i s o l at e . Th i s  s amp l e  y i e l ded 

r e l a t ive l y  l ow v i ab l e  cou n t s  f rom the O . S .  on  PDA m e d ium ,  

but I . S . coun t s  on  the s ame med ium were h i gh e r . A mo r e  

accu r a t e  count may have b e en o b t a in e d  i f  M SA h ad b e en u s e d , 
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a s  � res tri a t u s  i s  a s l ow growe r  on PDA med ium . I n  s ampl e  

S S  t h e  O . S .  v i ab l e  count wa s s l ight l y  l ower than t h a t  o f  

t h e  I . S . count ( d i ffe rence - 0 . 1 6 x 1 0 2 ) .  A ure obas i di um was 

the pr edomi nant fungus on b o th s u r f ac e s . Th i s  is n o t  uncom ­

mon in c l e an s amp l e s , accord ing t o  o ther au tho r s . F o r  

e x amp l e , L a c e y  ( 1 9 7 1 )  found A .  p u l l u l a n s  was c ommon i n  c l ean 

b a r l ey s amp l e s . The l ower O . S .  c oun t may b e  du e t o  e i th e r  

t h i s  fungus ( a s  a f i e l d  fungu s )  s ta r t ing t o  d i s appe a r  f r om 

O . S .  f i r s t , b e c au s e o f  the comp e t i t i on with s t o rage fung i , 

o r  i t  may b e  due t o  invas ion o f  the ins ide o f  the hu s k  and 

s u b s equent s p a ring . F l ann i g an ( 1 9 7 0 b )  found A .  p u l lu l a n s  

m o d e r a t e l y  a c t ive  i n  deg rad ing hem i c e l lu l o s e ,  and Pugh 

( 1 9 7 3 )  found t h i s  s p e c i e s  a l s o  p r o du c e d pe c t ino lyt i c  en z yme s . 

I n  the s e  s tu d i e s ,  there was s ome s u g g e s t ion that  the p re s ­

e n c e  o f  A ur e o b a s i dium was a s ign o f  incip ient s p o i l ag e  a s  

i t  was pr e s en t  a s  pre dominant fung u s  only i n  s amp l e S S , 

wh i ch s howed t h e  h i ghe s t  I . S . count s o f  the c l ean s amp l e s , 

a n d  the s l i g h t ly mou l dy s amp l e s  MO and AC . 

Overal l ,  the O . S .  count s s howed a wide var i a t i o n  b e t ­

ween s amp l e s , even t ho s e  app arent l y  ' c l e an ' . The s e  c ount s 

d i d  no t s e em r e l a t ed  to  the app ar ent degree o f  moul d ine s s  

o f  the s amp l e s . Howeve r ,  I . S . count s d i d more  cons i s t e n t l y  

r e f l e ct  t h e  g en e r a l  c ond i t i on o f  t h e  g ra in . The  I . S .  c ount s 

a l s o  helped t o  re s o l ve the s t anding o f  ' s l i ght l y  moul dy ' 

s amp l e s . F o r  examp l e , the O . S .  c ount o f  MO , a ' s l i g h t l y  

mou l dy '  s amp l e , was 2 . 7  x 1 0 4 , wh i ch would p l ac e  i t  s e c ond 

to s amp l e  L S , wi thin the ' mou l dy ' c a t e g o ry . But i t s  I . S . 

c ount was on ly 5 . 6  x 1 0 2 , wh i c h  p l ac e d  i t  truly in an i n t e r ­

m e d i a t e  po s i t i on . The extent o f  mou l d ing cou l d  a l s o  b e  

c o n f irmed i n  r e l a t i on t o  the typ e s  o f  fung i wh i ch w e r e  

i s o l a ted , a n d  t h i s  wi l l  b e  d i s cu s s e d  l a ter . 

Thi s s tudy c oncentrat e d  m a i n l y  on s t o r a g e  fung i ,  p ar t i c ­

u l a r l y  A s p e rg i l l u s  s p e c i e s . A .  f l a v u s  wa s the mo s t  f r e quen­

t l y  i s o l at e d  A s p e rg i l lu s  s p e c i e s  b y  the d i lu t i on p l a t ing 

t e chnique and w a s  mo s t  frequent o n  t he O . S .  A .  f l a v u s  i s  

s a i d  t o  n e e d  a M . C .  ab ove 1 5 %  for  max imum dev e l opment 

( Ch r i s t ensen  & Kaufmann , 1 9 6 5 )  and a ppears  in g r e a t e s t  



numb e r s  only a f t er l ong p e r io d s  o f  s t o r a g e  ( C l a rk e t  a l . , 

1 9 6 6 ) . I t s h i g h  p r eval ence on O . S .  ( 1 1 / 1 2  s amp l e s )  i n  t h e  

p r e s ent  s tudy may s imp l y  be  a r e f l e c t ion o f  i t s  abundan c e  

in t h e  gene r a l  env i r onment . T h e  A .  g la u cus group a l s o  
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s howed frequent i s o l a t i on s  but were mo s t l y from I . S .  Many 

fa c t o r s  govern the typ e s  of fun g i  on s t o r ed g r a i n s , inc lu d �  

ing M . C . , amount o f  fung a l  ino culum , p e r i o d o f  s t o r a g e , type  

of  fung i contaminat ing the g r a in before  s t orage , e t c . 

F l ann i g an ( 1 9 7 8 )  found expo sure o f  the s e eds b e f o r e  harve s ­

t ing t o  fun g a l  s p o r e s , damag e o f  s e e d s  du r ing and a f t e r  

harv e s t  and t h e  c e l lu l o lyt i c  a c t iv i ty o f  any s to rage  fun g i  

p r e s ent , p l ayed a p ar t  i n  d e t e rmining whe ther fung i co l on i z ed 

the I . S . o r  s t ayed only on the O . S .  

O ther s p e c i e s  o f  A sp ergi l l u s , e g . A .  fumi ga tus  and 

A �  r e s tri c tu s  were al s o  p r e s ent p ar t i cu l arly on the I . S . 

A .  r e s tri c t u s  was predominant in mou l dy s amp l e s  only ( P L , 

FH and SA) , w i th no i s o l a t e s  from the O . S .  A .  re s tri c tu s  

i s  r e garded a s  a mo s t  impo r t ant fungus invo l ved in d e t e �i o r ­

a t i on o f  g r a i n  s t o r e d  a t  mo i s ture cont ent b e l ow l S %  

( Ch r i s t ensen , 1 9 6 3 ) . A .  g l aucu s was a l s o  i s o l a t e d  from 

mou l dy s amp l e s  only and a l though found on both s u r fac e s , 

i t s  h ighe s t  f r e quency was from the I . S .  The s e  r e su l t s  a g r e e  

we l l  w i th tho s e  o f  Chr i s t en s en and Kau fmann ( 1 9 7 4 )  who f o und 

tha t A .  g la u c u s  and A .  re s tri c tu s  we r e  cons i s t e n t l y  a s s o c ­

i a t e d  with i n c i p i ent d e t e r i o r a t ion . They we r e  the on l y  

s p e c i e s  tha t  c ou l d  g r ow o n  g r a i n  when the mo i s ture c on t e n t  

wa s i n  equi l ib r ium w i th a r e l a t ive hum i di ty o f  abou t 7 8 %  

t o  8 0 % . The s e  au tho r s  u s e d  the inci dence o f  A .  g la u c u s  i n  

g r a in as  a mon i t o r  o f  t h e  g r a in ' s cond i t i on .  I f  a l o t  y i e l d s  

A .  g laucus  f r om 2 0 %  t o  S O %  o f  s u r face - d i s in f e c t e d  k e rne l s , 

tha t l o t  shoul d  b e  r e g arded as  o f  que s t ionab l e  s t orab i l i ty .  

I f  A .  g lau c u s  i s  i s o l a t e d  from S O %  t o  1 0 0 %  o f  the kerne l s , 

t h e  l o t  i s  d e t e r i o ra t e d , even t hough v i s ib l e  d e t e r i o r a t i on 

may no t be  a p p arent . 

A .  fum i g a t u s  wa s a frequent A s p e rg i l lu s  s p e c i e s  f r om 

t h e  I . S . , b u t  was equal ly p re s ent  in b o th mou l dy and c l e an 

s amp l e s . T h i s  s p e c i e s has  a h i gh c e l l u l o ly t i c  a c t iv i ty 



( S e l l ar s  e t  a l . , 1 9 7 6 ) . Warnock ( 1 9 7 1 )  found A .  fum iga t u s  

t o  b e  the s e cond mo s t  frequent fungus i n  b ar l ey s amp l e s , 

w i th A .  g Za u c u s  the mo s t  common . 

Re sul t s  o b t a in e d  from d i lu t i on p l a t ing o ve r a l l  show 

that the mo s t  f r e quen t l y - occurr ing g enus was A s p e��i l l us . 

As s eve ral  s p e c i e s  o f  th i s  genu s are  we l l  known for  the i r  

ab i l i ty t o  f o rm myco toxins , obv i ou s ly the r i s k  o f  myc o ­

t o x in contam i n a t i on c ou l d  b e  a po s s i b i l i ty .  Har r i s on 
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( 1 9 7 5 ) inve s t i g a t e d  mo i s t  s to r a g e  o f  b ar l ey d e s t ined f o r  

a n imal f e e d  i n  t h e  U . K .  and found t ha t  o n e  o f  the chi e f  

mo u l d  con t am i n ant s wa s A .  f l a v u s , b u t  a f l atoxin  was no t d em ­

o n s t r a t e d i n  t h e  b ar l ey s amp l e s . Whe n  t h e  s tr a in s  i s o l a t e d  

f r om b ar l ey we re g rown on o ther f o o d s , including ma i z e and 

g ro undnu t , i t  was shown that they we r e  in fact capab l e  o f  

p r o duc ing a f l a to x i n .  However , Hack ing and B i g g s  ( 1 9 7 9 ) 

i s o l at e d  a f l a t o x i n  B 1 from p r e dominan t l y  A .  f l av u s  contam­

i n a t e d b a r l ey s amp l e s  from f a rm s t o r e d  g ra ins in  th e U . K .  

Among t h e  o the r s to r ag e fung i i s ol a t e d  and imp o r t an t  

a s  p o t en t i a l  myco t ox in produ c e r s  were  Penici l li um s p e c i e s . 

P e n i ci l l ium had a r e l a t iv e l y  h i gh f r e quency , p ar t i cu l ar l y  

f r om the O . S . , b u t  was predominan t i n  only two s amp l e s  ( S A  

a n d  MO) o n  t h e  O . S .  T h i s  genu s n e e d s  a mo i s ture c o n t en t o f  

a b o u t  1 8 . 5 %  and l ow t emp e r a ture  f o r  o p t imal deve l opment 

( Ch r i s t en s en & Kau fmann , 1 9 7 4 ) . Pen i c i l lium was ab s en t  

f rom 2 o f  the mou l dy s amp l e s  ( PL and FH) and was common in 

c l e an s amp l e s . T h i s  may be b e caus e t h i s  genus f r e quen t l y  

c o n t aminat e s  c e r e a l s  b e fo r e  s t o r a g e  ( F l ann i g an , 1 9 7 8 ) . 

F i e ld fung i r e corded from d i l u t i on p l a t i n g  s howed t h a t  

A l t ernari a w a s  t he mo s t  frequent fungu s among t h e  c l e an 

s amp l e s , fo l l owe d by C lado sporium and A u�eobas i di um . 

A l t e rnaria and A u � e o b a s i di um were  u s u a l l y  p r e dominan t on 

the I . S . , whi ch may b e  r e l a t e d  t o  the c e l l u l o l y t i c  a c t i v i ty 

o f  the s e  fun g i a s  we l l  a s  o th e r  fac t o rs whi ch h av e  b e en 

m en t i oned . A few c o l on1es  o f  Fu s a r i um spec i e s  w e r e  i s o l a t e d  

f r om t h e  O . S .  o f  5 s amp l e s , mo s t ly c l e an .  Fusarium i s  s a i d  

t o  d i e  re l a t ive l y  r ap i d ly i n  g r a in s tored  a t  M . C .  about 
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1 2 - 1 3 %  ( Chr i s t en s en & Kaufmann , 1 9 6 9 ) . Chr i s t ens en and 
Kaufmann ( 1 9 6 5 )  o b t a i ne d  A l t ernari a s p e c i e s from 9 0 % · o r  

more  o f  whe a t  kerne l s  o f  a g iven l o t  a f t e r  sur face  s t e r i l ­

i z a t i on , and o b t a in e d  no  s to r age fung i .  They con s i de r e d  

thi s g o o d  e v i de n c e  t h a t  t h e  s e e d  w a s  n ew l y  harve s t ed  o r  

t h a t  i t  h a d  b e e n  s to r e d  under con d i t i on s  t h a t  d o  n o t  p e rm i t  

de t e r i o r a t i on . 

Ov e r a l l ,  the fre quency o f  i s o l a t i on o f  fun g i  c o u l d  b e  

u s e d  t o  mon i t o r  the s amp l e ' s  c on d i t io n . The 1 2  s amp l e s  i n  

th i s  s tudy c o u l d  be c l a s s i fi e d  into  thre e group s : a )  

mou l dy s amp l e s  ( LS ,  PL , FH , SA and S B )  wh i ch showed A s p e r­

gi l l u s  and Pen i c i l l i um spec i e s  a s  the p re dominan t fun g i  

f rom b o th s u r f a c e s ; b )  s l i g h t l y  mou l dy s amp l e s  (MO and 

AC) , s howing A s p e rg i l l u s  and Pe n i c i l l i um to be  p r e dominan t 

from the outer  surfac e s  only , and c )  c l e an s amp l e s ( SS , M I , 

SR , F C  and FM) from wh i ch only f i e l d  fun g i (A l t e rnaria, 

C l ado sp orium and Aure o b a s i dium ) wer e i s o l at ed . T h i s  c l a s ­

s i f i c a t ion w a s  mo s t  cons i s t en t l y r e l a t ed t o  the I . S . v i ab l e  

coun t s  but no t to  the O . S .  v i ab l e  coun t s  a s  a l r e ady men t i o n ed. 

I t  w a s  c l ear  t h a t  h i g h l y  sporu l at ing g enera ( e i t her s t o r a g e  

o r  f i e l d  fung i )  produce a h i g h  v i ab l e count . T h e  b e s t  

examp l e s o f  t h i s  w e r e  s amp l e s  SA and MO wh i ch s howed h i gh 

v i ab l e  coun t s  ( 5 . 4  x 1 0 3 and 1 . 3 x l O � �v .  I S + O S )  b ec a u s e  

P e n i c i l l ium s p e c i e s  w e r e  the predominant fung i ,  p a r t i c u� a r l y  

from t h e  O . S . , and th i s  g enus i s  we l l  known to  b e  h i g h l y  

s p o r u l a t ing . 

Sp e c i a l  t e chn i qu e s  are  r eq u i r e d  t o  d e t e c t  t h e  p r e s e n c e  

o f  fung a l  myc e l ium in  g r a i n , e s p ec i a l ly in the e a r l y  s t ag e s  

o f  d e cay . I t  h a s  b e en s a i d  that the p r e s enc e  o f  myc e l ium 

m ay ind i c a t e  e a r l y  s t ag e s  o f  d e t e r i o r a t ion and c an b e  de t e c ­

t e d  long  b e fo r e  l o s s  i n  g r ad e  qual i t y  o c cu r s  ( Chr i s t en s en 

& Kau fmann , 1 9 7 4 ) . However , previous  r ep o r t s  do no t g iv e  a 

comp l e t e  p i c tu r e  o f  t h e  myc e l ium w i t h in the g r a i n  exam in e d , 

i t s  b iomas s ,  v i ab i l i t y  and iden t i ty . D i r e c t  p l a t ing t e c h ­

n i qu e s  have b e en u s e d  �y Chr i s t ens en , ( 1 9 5 7 ) , Mul i ng e and 

Ap i n i s  ( 1 9 6 9 ) , Mul ing e and Che s t e r s , ( 1 9 7 0 a )  and o tli e r s  for 

the i s o l a t i o n  and e s t imat ion o f  t h e  t o ta l  fung i p r e s ent  in 
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and o n  t h e  g r a in o f  b a rl ey , b u t  t h e  r e s u l t s  o f  t he t echn i qu e s  

o f  s u ch autho r s  were dependent o n  t h e  s el e c t iv i t y  o f  the 

med i a  u s e d  and t emp e r a tu r e  and l ength of incub a t i o n . They 

d i d  no t g iv e  an a s s e s sment o f  the amount of i n t ernal  myc e l ­

ium wh i c h  w a s  p re s ent and c o u l d  no t avo i d  grow th from any 

rema i n ing s p o r e s . No a t t emp t was  made t o  det erm ine the l o c ­

a t ion and amount o f  the myc e l ium p r e s en t  w i t h i n  any s p e c i f i c  

p a r t  o f  the s e ed .  Sue� myc e l ium i s  mo s t  imp o r t an t  from b o th 

the d e t e r io r a t ion and myc o t ox i n - produc t i on po i n t s  o f  v i ew .  

To overcome s u ch prob l ems , d i r e c t  o b s e rvat ion t e chn ique s 

were  emp l o yed by s ev e r a l  workers  ( Ox l ey & Jon e s , 1 9 4 4 ; 

Hyde , 1 9 5 0 ; Warnock & P r e e c e , 1 9 7 1 ) , a s  h a s  b e en d i s cu s s e d  

i n  the I n tro duc t ion . But  t h e s e  wo rke r s  c onc ent r a t ed on t h e  

a s s e s sment a n d  t h e  l o c a t ion o f  fung a l  myc e l ium o n ly , usua l l y  

mak ing no  a t t emp t a t  id ent i f i c a t ion and/ o r  as s e s sment o f  

v i ab i l i ty o f  s uch myc e l ium . Such d e t erm i na t i ons a r e  nece s ­

s ary t o  ind i c a t e  whe t h e r  d e t e r i o ra t ion and p o s s ib l e tox in 

p r o du c t i on h a s  occurr e d . C r i t i c a l  ident i f ic a t i o n  o f  the 

i n t e rn a l  myc e l ium was no t p o s s ib l e  in  t h e  work  of  such 

au tho r s  as  non- v i t a l  s t a i n s  were u s ed ( eg .  fuchs in , ana l i n e  

b l ue e t c . ) . Al l the ab ove autho r s  a g r e e d , howeve r , that 

d i r e c t  ob s e rva t io n  is  a mo s t  impor t ant t echn i qu e , a l though 

n o t  g iv ing an ab s o lu t e  m e a surement of  t h e  my ce l ium (Warno c k , 

1 9 7 1 ) . T o  overcome s om e  o f  t he s e p rob l em s , t h e  p r e s ent 

inve s t i g a t i o n  has  u s ed a v i t a l  s t a i n  to  a l l ow cu l tu r ing o f  

the ob s e rved hyph ae . I t  was  found that 0 . 0 4 %  t ryp an b lu e  

in  1 %  a c e t i c  a c i d  produc e d  c l ea r  hyp ha l s t a i n ing w i th m i n ­

i m a l  d am ag e o f  l iving hyph a e . 

T h i s  s tudy ha s a t t emp t e d  to d e t ermine the p re s enc e , 

amoun t , and , in a dd i t i o n , the v i ab i l i ty and i dent i ty o f  

fun g a l  myce l ium w i thin  t h e  hus k s . T o  avo i d  c o n t am i na t ion 

b y  spor e s , three  s t ag e s  o f  c l e aning the hu s k  w e r e  us e d  -

s u r f ac e  s t e r i l i z a t i o n , w a s h ing s everal  t imes w i t h  mechan i c a l  

s h a k i ng , and us ing g l as s  b e ads t o  l ib erat e any s t icky s p o r e s . 

I n  a s s e s s ing  the amount and v i ab i l i ty o f  myc e l ium a s s oc i a t ed 

w i t h  hu s k  t i s sue , t hr e e · s c a l e s  were u s ed :  r e l a t ive  myc e l ­

i a l  s co re ( RMS ) , comp a r a t ive myc e l i a l  s c o r e  ( CMS)  and r e l a t ­

i v e  v i ab i l i ty s c o re ( RV S ) . I t  i s  app rop r i a t e  to  ment i o n  
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her e tha t Hyde ( 1 9 5 0 )  and Warno c k  and P r e ec e  ( 1 9 7 1 )  u s ed two 

d i f ferent s c a l e s . Hyd e c al l e d h i s  s c a l e , u s e d  for  a s s e s s ­

ment o f  fung a l  myc e l ium in the sub ep id ermal l ayer  o f  whe a t , 
" hyphal s co r e" , c a l cul ated from rough e s t im a t i ons o f  fung a l  

d en s i ty and d i s t r ib u t ion . Warno ck and Pree c e  d e s cr i b ed an 

a s s e s sment t e chn i que b a s e d  on the numb e r  of obs erva t i o n s  o f  

what they c a l l e d  " hyphal uni t s "  p r e s ent in e ach s amp l ing  

un i t  ( t he s i z e  of  s amp l ing un i t  u s e d  was the  m i c r o s c o p e  

f i e l d  o f  v i ew at x 4 0 0  magn i f i c a t i on ) . From t h i s  t h e y  e s t im ­

a t e d  the to t a l  amount o f  hypha e . 

Rl\1S was the to t a l  numb e r  o f  s t r ip s  show ing hyphae o u t  o f  

1 0  s t r i p s  e x amined b y  trypan b lue p e r  s amp l e  o f  g r a i n . I t  

do e s  no t g i ve  a c l e ar indi c a t ion o f  the s amp l e ' s  cond i t i on 

b e cause  i t  exp re s s e s  only the p r e s ence o r  ab s ence o f  myce l ­

ium in e ach examin e d  s t r ip and take s no  account o f  v i ab i l i ty. 

T hus b o t h  mouldy and c l ean s amp l e s  can show s imi l ar s c o r e s , 

p a r t i cu l a rl y  when c l e an s amp l e s  are  in fect ed w i t h  f i e l d  

fung i .  The l owe s t  Rl\1S was ob t a ined from a mou l dy s amp l e , 

SA . ( Th i s  s amp l e  a l s o  showed the l owe s t  s c o r e s  among the 

mou l dy s amp l e s  us ing the o th e r  s c a l e s , CMS and RVS . )  I t  

i s  not  p o s s i b l e to exp l a in why , in th i s  s amp l e  only , fung i 

d i d  no t invade  the g r a in husk and s o  g ive a h i g h  RMS , when 

i t s  v i ab l e  count was so h i g h .  

The CMS r e f e r s  t o  the t o t a l  amoun t of a s s e s s ed myc e l ium 

( t o t a l  p l u s e s ) , wh i ch i s  c a l c u l a t e d  from the g r a d ing  s c a l e  

1 +  to . 5 + . T h i s  rough ly a s s e s s e s  the r e l at ive  amount o f  

myc e l ium s e en i n  indiv idu a l  hu s k  s t r ip s , a l t hough i t , too , 

expre s s e s  t h e  pr e s en c e  o f  myc e l ium o f  both f i e l d  and s to r a g e  

fung i ,  wi tho u t  d i f f e r ent i a t ion b e tween l ive a n d  dead  myce l ­

i um .  CMS w a s  u s e d  t o  c omp a r e  t o t a l  myc e l ium , and s e emed 

more u s e fu l  in  j ud g ing the g r a in ' s condit i on . Us ing t h i s  

s ca l e , the mo s t  mou l dy s amp l e s  s howed high CMS . Thu s  the 

CMS s c a l e  c ou l d  be of use in  d e t e rm i n ing the d e g r e e  o f  

s p o i l age  o f  b a r l ey g r ain . The h i ghe s t  score w a s  ob t a in e d  

f rom s amp l e  PL  whi ch w a s  s evere l y  spo i l e d , a s  no t e d  v i s u a l l y, 

a f t e r  hav ing b e en b adly s to r e d  f o r  two year s . Bu t even t h i s  

s amp l e  s howe d low v i ab l e  count c omp a r e d  w i th s amp l e  L S  whi ch 



was l e s s  sp o i l e d  v i s u a l ly . On ly one c l e an s amp l e  ( FC )  

s howed a re l a t ive ly h i gh CMS , but s h owed no g rowth a t  a l l  

( RVS) . Pos s i b ly t h i s s amp l e  was h e av i ly invaded b y  f i e l d  

fung i b e fo r e  harve s t ,  and t he s e  d i ed r ap i dly du r ing the 

s t o r ag e . 
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The th i r d  s c a l e , RVS , ind i c a t e s  the numb er o f  hu sk 

s t r ip s  examined by t rypan b l ue s howing s ub s e quen t fun g a l  

g rowth o u t  o f  1 0  hus k  s t r ip s / s amp l e . I t  w a s  o b t a ined us ing  

hu s k s  p r ev i ous ly examined m i c ro s co p i c a l l y  by v i t a l  s t a in in g , 

and then cu l tured on  PDA and MSA med i a . Acc o rding t o  t h i s  

s c al e  mo uldy s amp l e s  s how ed the h i g he s t  s c o r e , w i t h  the 

mo s t  f r equent i s o l a t e s  b e ing A s p ergi l l i , par t i cu l a r l y  the 

A .  g l a ucus g roup , A .  r e s t r i c t u s  and A .  fumiga tus . As h a s  

b e en d i s cus s e d , A .  g l a u c u s  and A .  r e s tri c tu s  are  r e g a rded 

as  the f i r s t  s t o r a g e  fun g i  to invade c e r e a l  g r a i n s  

( Chr i s t ensen  & Kau fmann , 1 9 7 4 )  and A .  fumig a t u s  i s  known to  

b e  a h i ghly ce l lu l o ly t i c  fungus ( S e l l ar s  e t  a l . , 1 9 7 6 ) . 

Among the f i e l d  fung i ,  A l t e rnaria was the mo s t  fr equen t . 

The f i e l d  fung i we r e  mo s t l y i s o l a t e d  from c l e an s amp l e s . 

The s e  r e s u l t s  ag r e e  we l l  with  tho s e  o f  Chr i s t ens en and 

Kaufm ann ( 1 9 6 9 )  who f ound tha t h i g h - g r a d e  l o t s of whe a t  

s how mo s t  o f  the l iv i ng myc e l ium b en e a th the p e r i c arp to  

be  t h a t  o f  A l t e rnaria ( a  fungus n o t  kn own t o  cau s e  d e t e r ­

i o r a t ion o f  s to r e d  s e e d s ) . I n  l ow - g r ade  l o t s , mo s t  o f  the 

l iv ing  myc e l ium was that of A sp e rg i l lu s  and Pe ni c i l l ium 

s p e c i e s . 

U s e  o f  2 m e d i a  ( PDA and MSA) fo r cultur ing hu s k  s t r ip s  

a l l owe d a b e t t er as s e s sment o f  t h e  r an g e  o f  spec i e s  p r e s en t . 

On ly 2 i s o l a t e s  o f  A .  f l a v u s  w e r e  o b t a ined from t h e  who l e  

hu s k  s t r ip s  ( bo t h  o n  PDA) , i nd i c a t i ng that  i t  wa s o f  l i t t l e  

s i g n i f i c ance a s  a c o l on i s er o f  hu s k  t i s sue . Thi s i s  p er h ap s 

no t surp r i s ing  as  a l though A .  f l a v u s  had b e en i s o l a t ed f rom 

1 1 / 1 2  s amp l e s  by  d i lut ion p l a t ing it was  found to be - pr edom­

inant only on  the O . S . , and p ro b a b l y  p r e s e n t  a s  s po r e s  o n l y . 

Thu s i t  wou l d  have b e en' washed  o f f  dur ing the prep a r a t i on 

o f  hu sk s t r i p s . I t  a l s o  n e e d s  a h i gh M . C .  and l ong s t o r a g e  

p e r i o d  t o  b e come p r e dominan t dur ing  s p o i l a g e . Hi ghe s t  



numb e r s  o f  A sp e rgi l l u s s p e c i e s  o ther than A .  f l a v u s  and 

A .  fumi g a t u s  were o b t a i n e d  f rom the mou l dy s amp l e s  on MSA 

med i um ,  ind i c a t ing t h a t  they were o smoph i l i c  fung i .  A .  

re s tri c t us and A .  g la u c u s  were  t h e  mo s t  f requen t .  

B e cau s e  o f  the comp l ex s tructure o f  bar l ey hu s k ,  i t  

p r o v e d  d i f f i cu l t  to  accur a t e ly as s e s s  the l o c a t i on o f  fun ­

g a l  myc e l ium in  rel at ion t o  i t s  i n t e r - and int r a - c e l l u l a r  

po s i t ion . Howeve r ,  i t  s e em e d  tha t mo s t  d e a d  hyphae were 

pr e s en t  in the  h e ad ( p roximal end)  s e c t ion , as  n o t e d  by the 

d i r e c t  ob s e rvat i on t e c hn i que and con f i rmed by g row t h  p a t ­

t e rns o n  d i r e c t  p l a t ing o f  s amp l e s . One sug g e s t i on for  

th i s  is  t h a t  mo s t  fungal  con t amina t i on ( infe c t i on)  s t ar t e d  

a t  the prox ima l end and then ext ended t o  cov e r  the o ther  

p a r t s  of  t h e  hu sk surfac e . The s e  r e su l t s  a r e  s im i l a r to  

t ho s e  of  Me ad ( 1 9 4 2 ) , a l so  s tudying b ar l ey g r a i n s . 

A comp a r i s on b e tween d i l u t i on p l at ing and d i r e c t  p l a t ­

ing  t e chn i qu e s  u s e d  i n  t h i s  s tudy ind i c a t e s  t h e  v al u e  o f  

u s ing  mu l t ip l e  t e chn i ques  for  the e x amina t i o n  o f  the fun g a l  

p o pu l a t ion o f  s tib s t r a t e s  such a s  b a r ley . A .  g l a u c u s  and 
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A .  fum iga t u s  were ob t a in e d  i n  r e as o n ab l e  numb e r s  b y  b o th 

m e t ho d s , b u t  A .  flavus  was i s o l a t e d  mo s t  f r e quen t ly b y  the 

d i l u t ion p l a t ing  m e t ho d . I n  cont r a s t ,  mo s t  A .  re s tri c tu s 

i s o l a t e s  we r e  obt ained by t he d i r e c t  p l a t i ng me thod . O ther 

g e n e r a  showe d  s im i l a r  d i f fe rence s ,  1 1  gene r a  b e ing i s o l a t e d  

b y  d i lut ion p l a t ing b�t only 7 by  d i r e c t  p l a t ing . Al t hough 

A l t e rnaria was a frequent fungus o b t a ined by b o t h  me tho d s , 

Fu s ar i um and C l ado sporium i s o l at e s  were ob t a ined by d i l u t ­

i o n  p l a t ing  me thods only . D i l u t ion p l a t ing  r e s u l t s  l arge l y  

r e p r e s ent i s o l a t e s  from s p o r e s  and l o o s e l y - a t t ached myc e l ium 

wh i ch may b e  p re s en t  on t h e  surfac e s  examined ,  wh i l s t  i s o l �  

a t e s  ob t a in e d  by d i r e c t  p l a t ing o f  husk t i s su e  shou l d  h ave 

b e en from hyphae wh i ch had invaded that t i s su e . Thus b o th 

t e chn i qu e s  u s e d  tog e ther  g ive  an overa l l  v i ew o f  the myc o ­

f l o r a  o f  t h e  b a rley . 
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T h i s s tudy has demons t r a t e d  that  b a r l ey g r a ins  can 
supp o r t  a c ons ide rab l e  myco f l o ra and that invas i on of  husk 

t i s su e  c an be app r e c i ab l e . Whe r ev e r  mou l d s  have g ro wn on 

f e e d s t u f f s , t h e r e  is  a lways the p o s s ib i l i t y  t h a t  b y - p r o duc t s  

o f  t h e i r  g rowth wi l l  prove t o x i c  t o  an ima l consume r s . 

Afl a t o x i n  i s  con s ide r ed a s  one o f  the mo s t  s i gn i f i c an t  myc o ­

tox ins  a f fe c t in g  an ima l and human he a l th .  Surveys o f  

agr i cu l tural  c ommodi t i e s , p a r t i cu l a r l y  tho s e  o f  maj o r  d i e t ­

ary componen t s , are needed to  prov i d e a me a s u r e  o f  the r i s k . 

I n  the r e s u l t s  o f  th i s  s tudy , A .  flav us was the mo s t  

fr equent i s o l a t e  from the 1 2  s amp l e s  exam ined , and the s e  

i s o l a t e s , t o g e ther w i th i s o l a t e s  f rom so i l , were  s c reened 

for  a f l a t o x in - p roduc ing a b i l i ty .  A var i e ty of cu l ture  

cond i t i ons w e r e  used  to  de t e rmine the  mo s t  favourab l e  con­

d i t i on s  f o r  toxin produc t i on by any toxigenic  s t r a ins . 

O f  the to t a l  8 7  i s o l a t e s  s c reened on c o c onu t a g a r , 

o n l y  7 s o i l  i s o l a tes  and s t r a in NRRL 2 9 9 9  showed f l u o r e s c e n t  

charac t e r i s t i c s  s imi l ar t o  t ho s e  no t e d  by  L i n  and D i anes  

( 1 9 7 6 ) . Three to f ive d ays ' incub a t i on p e r i o d  w a s  the b e s t  

t ime fo r l o o k ing fo r the f l u o r e s c ent zone . I t  w a s  found 

t h a t  S am o an c o conut c r e am ,  ava i l ab l e  in New Z e a l and , was 

s u i t ab l e  f o r  the prepar a t i o n  o f  c o conut agar , and t h i s  

m e d ium w a s  v e ry eff i c i en t  f o r  s cr een ing purpo s e s . A s  a ·  

r e s u l t o f  t h e  p re s ent  inve s t i g a t i ons , i t  can b e  r e c ommend ed 

t h a t  c o conut agar  b e  used  as  a fast  and cheap s c r e en ing 

t e s t , s o  t h a t  con t amina t i o n  by toxigenic  A .  f l a v u s  s t r a i n s  

can b e  inve s t igated  in v ar i ou s  env i r onmen t s  and c ommo di t i e s . 

The c o c onut agar  me t h o d  h a s  many advan t a g e s  for  s c r e en ­

ing purpo s e s . The c o conu t  p l a t e s  have a wh i t e b ackg round 

wh i ch enhan c e s  v i sua l i z a t i on o f  the fluo r e s cence and the 

m e d ium is s imp l e  and e a s y  to prepare , and c an there fore b e  

u s e d  f o r  s c r een ing l ar g e  numb e r s  o f  i s o l a t e s . T h e  coconu t 

a g ar s uppo r t s  only the p r o duc t i on o f  a f l a t o x i n  f l u o r e s cence 

and s o  i n t e r fe rence wi t h  o th e r  fluo r e s c en t  s ub s t ance s  i s  

avo i d e d . As s o c i a t ion o f  a f l a t ox in produc t i on wi th an 

o rang e - ye l l ow p i gmen t a t i on i s  c l a imed to p e rm i t  the qu i c k  



i dent i f i c a t ion o f  AT - po s i t ive i s o l a t e s  wi thout u s e  o f  U . V . 
i l lumi n a t i o n . Th i s  p i gmen t a t i o n  was n o t i ced by b o th 

Arsec u l e r a tn e  e t  a Z .  ( 1 9 6 9 )  and L i n  and D i an e s e  ( 1 9 7 6 )  as  

b e ing p r o duc e d  by only tox i g en i c i s o l a t e s , but t he s e  ob s e r ­

v a t i o n s  cou l d  no t b e  confirm e d  i n  t h e  p r e s ent s tudy . The  

iden t i ty o f  the p i gmen t i s  no t known but i t  was s ug g e s t e d  . 

that i t  may b e  ave rufin , an i n t e rm e d i a t e  in a f l a t ox i n  b io ­

syn the s i s  ( Donker s l o o t  e t  a l . , 1 9 7 2 ; L in e t  a Z . , 1 9 7 3 , and 

L i n  & D i ane s e , 1 9 7 6 ) . 

1 0 1  

Aft er s c reen ing o n  c o c onut ag ar , fu r ther i nv e s t i g a t i o ns 

on o t h e r  med i a  ( s emi s ynthe t i c  [ SMKY ] , Weet -b ix , p e ar l e d  

b a r l e y  and b ar l ey hus ks )  o f  b o t h  p o s i t ive and s e l ec t ed neg ­

at ive i s o l at e s  were mad e  to d e t erm ine t h e  influence o f  

nut r i t i o nal f a c t o r s  and cu l tu r a l  cond i t io ns o n  t o x i n  p r o d ­

uc t i on . Th e s e  t e s t s a l s o  a l lowed confirmat ion o f  r es u l t s  

for p o s i t ive i s o l a t e s  and d e t e rm inat ion o f  wh i c h  a f l a tox i n  

componen t s  w e r e  p roduced , us ing t h e  m i n i c o l umn and T L C  

t echn i qu e s . 

Ag ain o n ly s o i l  i s o l a t e s  and NRRL 2 9 9 9  we r e  found to  b e  

p o s i t iv e . S haken cu l tur e c o nd it ions w e r e  b e t t e r  for  t o x i n  

produ c t ion t h a n  s t a t i o nary c o nd i t ions when us ing l iqu i d  

medi a ,  and t h i s  i s  in agreement w i t h  o ther inv e s t i g a t o r s  

(He s s e l t ine e t  a Z . , 1 9 6 6 ) . T h e  r e s u l t s  ob ta ined from SM�Y 

c o n f i rmed a l l t h e  b a r l ey i s o l a t e s  to b e  nega t ive and a l l  

p o s i t ive i s o l a t e s  o n  c o c onut agar  were  confirmed t o  b e  

po s i t ive . 

Two ma i n  d i sadvan t a g e s  w e r e  no t ed fo r l o c a l l y - p r epared 

m i n i c o lumns . F i r s t l y , s c a t t e r ing of  F lo r i s i l  p ar t i c l e s  

a l ong  the co l umn w a l l  may c o n t am ina t e  the o ther chem i c a l  

l ay e r s  du ring p ack ing . Thu s  f l u o r e s c ent spo t s  w i l l  b e  s e en 

no t only  in t h e  d i s c r e t e  F l o r i s i l  l ayer  but  s c a t t e r e d  a long  

t h e  c o l umn . S e cond ly , the uneven p r e s sure  us ed f o r  p ac k ing  

t h e  c o l umn a f f e c t ed the r a t e  o f  s o lvent f low through the 

c o l umn and s om e t imes  a i r  p r e s s u r e  was needed to  incr e a s e 

t h e  r a t e  o f  f l ow .  T h i s  may r e s u l t in  m i s shap ing o f  the 

chem i c a l  l ay e r s . However , t h e  c omme r c i a l  m i n i c o l umn s w e r e  



s a t i s f ac to ry and the me thod cou l d  b e  c onveni ent ly u s ed f o r  

s c r e en ing f o r  a f l atox in p ro duc t i on . 

The TLC t e chn i qu e  was u s ed to  f ind wh ich a f l a t ox i n  c om­

ponents  were p roduced and to  at t emp t some deg r e e  of  quan t i f ­

i c a t ion . Howeve r ,  h ig h  e rro rs a r e  po s s ib l e  i n  quant i t a t ive 

e s t ima t ions of  a f l atox i n  b y  visual  comp a r i s o n  of  int en s i ty 

o f  f luo res cence  w i t h  a f l atox in s t andards . Ac c o rd ing t o  

Pons ( 1 9 6 8 )  e rr o r s  inherent i n  v i sua l a fl a tox in e s t im a t i o n  

c a n  app roach ± 2 0 - 3 0 %  o f  t h e  amount p r e s ent o n  T L C  p l a t e s . 

Such po s s ib l e  e rro rs were  a c c ep t ib l e  in the p r e s en t  w o r k  as  

t h e  main purpo s e  w as to  s c r e en the i s o l a t e s  f o r  the i r  ab i l ­

i t y  to form t h e  var ious  afl atox in component s .  

The TL C a s s ays showed that  t h e  p o s i t ive  s o i l  i s o l a t e s  

p ro duc ed ma i n l y  a f l a tox in B 1 , a l t hough t race amounts  o f  B 2  

we r e  a l s o  found . Th i s  i s  a no t unexp ec t ed r e s u l t a s  a f l a t ­

o x i n  B 1 i s  we l l - known t o  b e  a common contaminant o f  many 

c ommo d i t i es t hroughout the w o r l d  ( Bryden , 1 9 8 2 ) . 

Var i at i o n  o f  amount s  o f  a f l a t o x i ns B and G p r o du c e d  b y  

d i f fe rent i s o l at e s  h ave b e en no t i c e d  b y  s ever a l  inv e s t i g a t ­

o r s  ( Dav is e t  a l .  , 1 9 6 6 ; D i ener & D av i s , 1 9 6 6 ) . D i en e r  and 

Dav i s  found that  mo r e  G 1  than B 1  was produced on  b o t h  SMKY 

and shredded whe a t  b i s cu i t s . The r e s u l t s  repo r t e d  h e r e  · sup ­

p o r t  thes e f i nding s . The amount s  o f  G 1 and G z  produced  b y  

NRRL 2 9 9 9  w e r e  found t o  b e  h i gher t han B 1  and B 2  o n  SMKY , 

We e t - b ix and p e ar l ed b a r l ey , b u t  no t on b ar l ey hus k .  I t  i s  

p o s s ib l e  that  B 1 i s  d e g r ad e d  f as t er than G 1 o r  even c onve r ­

t e d  to  ano th e r  a f l atox in me t ab o l i t e dur ing g r owth on  the s e  

med i a o r  du r ing  analys i s . 

F al s e  f luo r e s c en c e , wh i t e  o r  wh i t e - b lue and s om e  o f  a 

ye l l ow - o rang e  co l our , was  encoun t e r ed i n  the m in i c o l umn 

s c r eening s . T h i s  f l uo r e s c en c e  w a s  p roduced mo s t l y  f r om 

extrac t s  o f  We e t - b ix and p e ar l e d  b a r l ey .  The s e  med i a  a l s o  

supp o r t e d  b lu e  o r  b lu e - green  f l u o r e s c e n t  spo t s  o f  v e ry l ow 

Rf value on TLC . I t  i s  no t e a s y  to  s ay i f  the s e  fluo r e s c ent 

mater i a l s  w e r e  a f l a t o x in compone n t s  o ther than B and G ,  or 

1 0 2  



f luores cent ma t e r i a l s  from the med ium i t s e l f . The l a t t e r  

i s  the mo r e  l i ke l y .  

I t  s e emed l o g i ca l  t o  examine b a r l ey hu s k  med ium i n  

the s e  s t ud i e s  as fungal  myc e l ium had b e en found m a i n l y  in  
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t he hus k  and p e r i c arp t i s sue . Al s o  C h ang and Markak i s  ( 1 9 8 1 )  

o b t a in e d  l arg e amoun t s  o f  a f l a t ox in ( 8 5 1  � g / Kg )  from a hul l ed 

b a r l ey cu l t ivar comp ared to a very sma l l  amount ( 3 6  � g/ Kg )  

on  a hu l l - l e s s  b a r l ey cu l t ivar under the s ame cul tural  c o n ­

d i t ions . I n  t h e  p r e s en t  inve s t i g a t ions a f l a t ox in p r o du c t ion 

on p e a r l ed b a r l ey was r e a s onab l e .  However , i t  was found 

that al though b a r l ey hus k s  s upp o r t e d  produc t i on of a f l a tox in 

c ompounds , p ar t i cu l arly B 1 , the amount was t h e  l owe s t  among 

the va r i ous med i a  t e s t e d . 

No informa t ion i s  av a i l ab l e on the inc idence o f  AT ­

p r o duc e r s  i s o l a t ed from s o i l , b u t  i t  i s  we l l  known that  

A .  flavus  is  a cons t i tuent of  the myc o f l o r a  of  air  and s o i l  

and i s  found i n  l iving o r  dead p l ant s and an ima l s  througho u t  

t h e  wo r l d ( D i ener  e t  a Z . , 1 9 7 6 ) . 

The f ind ing o f  7 / 9  s o i l  i s o l at e s  o f  A .  f l a v u s  L ink t o  

b e  AT - p ro duc ers  ind i c a t e s  that N ew Z e a l and environment s c an 

s upp o r t  t o x i g e n i c  s t r a i n s  and the s e  may pa s s  to a g r i cu l tur a l  

c ommo d i t i e s . How ever ,  b ar l ey g r a in do e s  no t appear to b e  a 

s i g n i f i c ant s ou r c e  o f  a f l atox i g enic  i s o l a t e s , even though 

mo s t  s amp l e s  were contam ina t e d  by  A .  flav u s . Even though 

a va r i e ty of methods  was  u s ed , a l l  b ar l ey i s o l a t e s  t e s t e d  

w e r e  found t o  b e  non - t o x i g en i c . One cou l d  no t c l a im t h a t  

the me d i a  and cond i t i o n s  u s e d  were  no t conduc ive t o  a f l a t ­

o x i n  p ro duc t i on a s  the f ind ing o f  some p o s i t ive s o i l  i s o l a t e s  

i n  add i t ion t o  po s i t iv e  r e sul t s  w i th NRRL 2 9 9 9  o n  the var i o u s  

m e d i a  g ave a g o o d  ind i c a t ion tha t the con d i t i ons , i . e .  m e d i a ,  

t emp e r a ture , mo i s ture e t c . we re favourab l e  for  a f l a tox in 

p r o duc t ion . 

The b ar l ey s amp l e s  examine d  may no t ,  how ever ,  b e  ab s o l ­

ut e l y  f r e e  from myco t o x i n  con t amina t ion a s  s ev e r a l  o f  the 

o th e r  s t o r ag e fung i i s o l at e d  a r e  known to  produ c e  various 

myco tox ins , but  have no t b e en s tu d i e d  in thi s i nve s t i g a t ion . 
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